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Dear Reader,

Thank you for choosing Mastering Autodesk Inventor 2011 and Autodesk Inventor LT 2011. This
book is part of a family of premium-quality Sybex books, all of which are written by outstand-
ing authors who combine practical experience with a gift for teaching.

Sybex was founded in 1976. More than 30 years later, we're still committed to producing consis-
tently exceptional books. With each of our titles, we're working hard to set a new standard for
the industry. From the paper we print on, to the authors we work with, our goal is to bring you
the best books available.

I'hope you see all that reflected in these pages. I'd be very interested to hear your comments and
get your feedback on how we’re doing. Feel free to let me know what you think about this or
any other Sybex book by sending me an email at nedde@wi Tey. com. If you think you've found

a technical error in this book, please visit http://sybex.custhelp.com. Customer feedback is
critical to our efforts at Sybex.

Best regards,

0\ 1,

Neil Edde
Vice President and Publisher
Sybex, an Imprint of Wiley
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Introduction

Autodesk Inventor was introduced in 1999 as an ambitious 3D parametric modeler based not on
the familiar AutoCAD programming architecture but instead on a separate foundation that would
provide the room needed to grow into the fully featured modeler it is now, a decade later. Inventor
2011 continues the development of Inventor with improved modeling, drawing, assembly, and
visualization tools.

The maturity and continued development of the Inventor tool set coincides with the
advancement of the CAD market’s adoption of 3D parametric modelers as a primary design
tool. And although it is important to understand that 2D CAD will likely never completely
disappear from the majority of manufacturing design departments, 3D design will increas-
ingly become a requirement for most. With this in mind, we have set out to fill the following
pages with detailed information on the specifics of the tools, while addressing the principles
of sound parametric design techniques.

Who Should Read This Book

This book is written with a wide range of Inventor users in mind, varying from beginner to
advanced users and Inventor instructors:

¢ Beginner Inventor users who are making the move from traditional 2D CAD design to
Inventor 2011. These readers might have experience with AutoCAD and will possess an
understanding of basic design and engineering concepts, as well as a desire to improve
their skill set and stay competitive in the marketplace.

¢ Intermediate Inventor users who are self taught or have gone through formal Inventor
training during their company’s initial implementation of Inventor and are looking for
more information on a specific module within Inventor. This book also targets users look-
ing for a desktop reference to turn to when they come upon an area of Inventor they do not
encounter on a day-to-day basis.

¢ Advanced Inventor users who have mastered the Inventor tools used over and over daily
but want to conquer the parts of the program they do not utilize during their normal
design tasks. This book also targets advanced users who want to add to their skill set to
move up the ranks within their current company or want to expand their knowledge in
pursuit of a new position with another employer.

¢ Inventors of any skill and experience level who are preparing for the Inventor Associate or
Professional exam.

¢ CAD and Engineering instructors looking for text to use in instructor led classroom training,.
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Attempting to learn all the tools in Inventor can be an intimidating experience, because of the
wide range of task-specific modules available. It is the goal of this book to separate these modules
into easy-to-tackle chapters relating to real-world situations for which the tools were designed,
while also including chapters on general Inventor tools, techniques, and design principles.

What you will learn. The following pages will explain the Inventor settings while teaching you
how each tool functions. Just as importantly, though, these pages are filled with the tips and
techniques learned by the authors while spending years using, researching, and discussing
the tools that are Autodesk Inventor. You should come away from reading this book with a
solid understanding of the capabilities of Inventor and a strong idea of how to tackle your
design challenges in the future, as well as an abundance of timesaving tips and tricks.

What you will need. The files needed to complete the tutorial projects in this book can be
downloaded from the Sybex Publishing website at:

www. sybex.com/go/masteringinventor2011

Download the collection of zip files, and extract all of the files to a folder on your computer, such
as \My Documents\Mastering Inventor 2011.In this folder you will have a subdirectory for
each of the 19 chapters, plus a file called Mastering Inventor 2011.1pj, as shown here:
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Once the files are in place, set the Mastering Inventor 2011 project active:
1. From within Inventor, close any open files.

2. From the Get Started tab, select the Projects button.

3. From the Projects dialog box select the Browse button.

4

. From the Choose Project File dialog box browse to the Mastering Inventor 2011 folder
and select the Mastering Inventor 2011.1ipj file and click Open.

5. Note that the Mastering Inventor 2011 project is denoted as being the active project with a
check mark.

6. Click Done to close the Projects dialog box. Now you are ready to get started. You'll find

a more detailed explanation of working with and setting up projects in Chapter 2, “Data
and Projects.”

To install and run Inventor, you should consult the system requirements information found
on the installation media and ensure that you have a system capable of running Inventor com-
petently. For basic educational purposes dealing with small tutorial-sized assemblies, Autodesk
recommends a minimum of 2 GB of RAM and 16 GB of available hard disk space to accommodate
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the installation files and temporary files created during the installation. Note that these are the
minimums to install and run the program, and you might see slow performance when executing
operations that require heavy calculations.

We recommend a 64 bit operating system with a minimum of 6GB of RAM for doing pro-
duction work on moderate-sized assemblies and encourage you to consider an appropriate
workstation when considering large assembly design. You can find more information about
workstations specs and large assemblies in Chapter 9.

The Mastering Series

The Mastering series from Sybex provides outstanding instruction for readers with intermediate
and advanced skills in the form of top-notch training and development for those already working
in their field as well as clear, serious education for those aspiring to become pros. Every Mastering
book includes the following:

¢ Real-world scenarios, ranging from case studies to interviews, that show how the tool,
technique, or knowledge presented is applied in actual practice

¢ Skill-based instruction, with chapters organized around real tasks rather than abstract
concepts or subjects

¢ Self-review test questions, so you can be certain you're equipped to do the job right

What Is Covered in This Book
This is what the book covers:

¢ Chapter 1, “Inventor Design Philosophy,” covers how to design the “Inventor way” when
transitioning from other 2D or 3D design applications.

¢ Chapter 2, “Data and Projects,” examines file structures and search paths and explains
project file types and configurations.

¢ Chapter 3, “Sketch Techniques,” explores the principles of creating parameter-driven
sketches for use in modeling features and parts.

¢ Chapter 4, “Basic Modeling Techniques,” conquers creating parametric features and
building 3D parts models.

¢ Chapter 5, “Advanced Modeling Techniques,” explores complex feature creation including
sweeps, lofts, and more.

¢ Chapter 6, “Sheet Metal,” covers how to create accurate sheet-metal models and flat pat-
terns as well as how to create documentation and set up sheet metal styles and templates.

¢ Chapter 7, “Part and Feature Reuse,” examines the different methods for reusing parts and
features for maximum consistency and design efficiency.

¢ Chapter 8, “Assembly Design Workflows,” covers a thorough understanding of this key con-
cept of Inventor design, including the use of assembly constraints, subassemblies, and more.
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Chapter 9, “Large Assembly Strategies,” explores the tips and techniques to getting the
best performance out of your Inventor workstation and considers upgrade requirements
for the future.

Chapter 10, “Weldment Design,” explores Inventor’s weldment modeling environment and
the weldment documentation tools.

Chapter 11, “Functional Design,” gives you a thorough look at this collection of Inventor
design accelerators and considers the difference between standard modeling and func-
tional design.

Chapter 12, “Documentation,” covers how to use the Drawing Manager and presenta-
tion files to create both traditional, 2D annotated drawings as well as animated assembly
instructions.

Chapter 13, “Inventor Tools Overview,” examines this collection of Inventor utilities
including AutoLimits, the Design Assistant, the Drawing Resource Transfer Wizard, style
tools, and much more.

Chapter 14, “Exchanging Data with Other Systems,” shows the available options for
importing and working with solid models from other CAD packages.

Chapter 15, “Frame Generator,” covers how to get the most out of this utility when creating
structural frames from Inventor’s library of common shapes.

Chapter 16, “Inventor Studio,” covers this powerful tool set to create photorealistic images
and animations of all your Inventor models.

Chapter 17, “Stress Analysis and Dynamic Simulation,” explores the simulation tools used
to analyze load stress and mechanism motion on your models.

Chapter 18, “Routed Systems,” covers the cable and wire harness and tube and pipe envi-
ronments and their uses in creating routed design layouts.

Chapter 19, “Plastics Design Features,” explores the tools used specifically for plastics
design as well as the general tools used in specific ways for plastics design. Also included
is the Inventor Tooling module used to design mold tooling for plastic part design.

Appendix A, “The Bottom Line,” gathers together all the Master It problems from the chapters
and provides a solution for each.

Appendix B, “The Autodesk Certification Exams,” points you to the chapters in this book
that will help you master the objectives for each exam.

How to Contact the Authors

We welcome your feedback concerning Mastering Autodesk Inventor 2011. We want to hear what
you liked, what you didn’t, and what you think should be in the next edition. And if you catch us
making a mistake, please tell us so that we can fix it on our errata page (available at waw. sybex.com/
go/masteringinventor2011) and in reprints. Please email us at inventormasters@gmail. com or
contact Wiley customer service at http://support.wiley.com.

Thank you for purchasing Mastering Autodesk Inventor 2011; we hope it helps you on your way to
happy and successful inventing, and we look forward to hearing your comments and questions.



Chapter 1

Inventor Design Philosophy

In this chapter, you will be introduced to the concept of parametric 3D design and the general
tools and interface of Inventor. This chapter will focus on the concepts of parametric modeling
and the work flow, tools and interface elements found in Inventor that are used to turn your ideas

into a design.
In this chapter, you will learn how to:

Create parametric designs

Get the “feel” of Inventor

Use the Inventor graphical interface
Work with Inventor File Types
Move from AutoCAD to Inventor

Create 3D virtual prototypes

* ¢ 6 o o

Use functional design

Understanding Parametric Design

Autodesk Inventor is first and foremost 3D parametric modeling software. And although it has
capabilities reaching far beyond the task of creating 3D models, it is important for you to under-
stand the fundamentals of parametric 3D design. The term parametric refers to the use of design
parameters to construct and control the 3D model you create.

Creating a Base Sketch

Most typically, the 3D model starts with a 2D sketch, which is assigned dimensions and 2D sketch
constraints to control the general size and shape. These dimensions and constraining geometries
are the parameters, or input points, that you would then change to update or edit the sketch. For
instance, Figure 1.1 shows a base sketch of a part being designed.

FIGURE 1.1
Creatinga - = 300 i
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70
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You can see four dimensions placed on the two rectangles defining the length and width
of each, along with a fifth dimension controlling the angle at which the two rectangles relate.
These dimensions are parameters, and if you were to change one of them, at any point during
the design or revision of the part, the sketch would update and adjust to the change.

Creating a Base Feature

In addition to 2D sketch parameters, you add parameters to control the 3D properties of parts as
well. This is done by using the sketch to create a feature, such as an extrusion, that gives a depth
value to the sketch. The depth dimension is a parameter as well, and it can be updated at any
time to adjust the part model as required. Figure 1.2 shows the previous sketch after it has been
given a depth using the Extrude tool.

FIGURE 1.2

A basic part model
created from the
sketch

FIGURE 1.3
Adding features to
complete the part
model

Adding More Features

Once the part is three dimensional, more sketches can be added to one surface or another of the
3D shape, and that new sketch can be used to create some feature that further defines the form
and function of the design. The model is then enhanced with more features such as holes, fillets,
chamfers, and so on, until it is complete. Each added feature is controlled by still more param-
eters defined by you, the designer. If a change is required, you simply update the parameter and
the model updates accordingly. This type of parametric design allows you to build robust and
intelligent models very quickly and update them even faster. Figure 1.3 illustrates the typical
workflow of adding secondary features to a base feature to fully realize the part design, in this
case a simple pivot link.

Using the Part in an Assembly

Once the part model is built up from the features you create, you can use it in an assembly of
other parts created in the same manner. You can copy the part to create multiple instances of
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the same part, and you can copy the part file to create variations of the original part. In order

to assemble parts, you create geometric relationships called assembly constraints defining how
the parts go together. The constraints are parameters that can be defined and revised by you at
any time in the design process as well. Part models can be arranged into small assemblies, and
placed into larger assemblies, to create a fully realized subassembly structure that matches the
way your design will be built on the shop floor. Figure 1.4 shows the part model from the previ-
ous illustrations placed multiple times in a subassembly and then that subassembly placed in a
top-level assembly.

FIGURE 1.4

A subassembly and
an assembly model
using the part
model

Making Changes

This process of creating parameter-based sketches, to define parameter-based features, to design
a parameter-driven part, to then be used in parameter-driven assemblies, is essentially paramet-
ric design. Of course, as with building anything, there are general rules and best practices to be
learned and followed in order to prevent your work from “falling apart.” For instance, what if
the pivot link used in the previous examples were to incur a design change that made one leg
of the link longer? How would the holes be affected? Should they stay in the same place? Or
should they stay at some defined distance from one end or the other?

Anticipating changes to the model is a large part of being successful with Inventor. Imagine,
for instance, that a simple design change required that the pivot link become 50mm longer on
one leg. This should be a simple revision that requires you only to locate the dimension con-
trolling that leg length and change the parameter value. Unfortunately, if you did not follow
the best-practices guidelines when creating the part originally, the change in the length might
displace the secondary features such as holes and material cuts and require you to stop and fix
each of those as well. This is one of the most frustrating parts of learning Inventor for any new
user who has not taken the time to learn or follow the known best practices of parametric mod-
eling. Fortunately for you, within the pages of this text you will learn how to create models that
are easy to update and do not “fall apart” during design changes.

Understanding History-Based Modeling

Inventor is often referred to as a history-based modeler, meaning that as you create sketches
and turn them into features, and then add more features and still more features, each addition
is based on a previous feature, and so the model is said to have history. This history is recorded
and tracked in the model browser. The model browser is a panel that displays on-screen and
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shows every feature you create during the design of your part. Figure 1.5 shows the model
browser for the pivot link file.
FIGURE 1.5 1ot Link.pt
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You can see that each feature is listed in the browser in the order it was created, forming a
history tree. In order to create a part that handles changes predictably, you must create a solid
foundation on which to build the rest of the model. In most cases, when you are designing a part
model you will start off with a sketch, much like the one shown back in Figure 1.1. This base
sketch will be your foundation, and therefore you must create it to be as stable as possible.

Looking Closer at Sketch Dimensions

A large part of creating a stable sketch is understanding the way Inventor’s sketch dimensions
work. To do so you might compare Inventor dimensions with AutoCAD’s standard dimensions.
When you created a design in AutoCAD, that design process was not much different from cre-
ating the same design on a drawing board. But in AutoCAD you can draw precise lines, arcs,
circles, and other objects and place them precisely and with accurate dimensions reflecting your
design, in a way that you cannot do by hand. When a design requires modification, you erase,
move, copy, stretch, and otherwise manipulate the existing geometry more quickly than you
can by hand as well. But other than those gains in speed and accuracy, the workflow is much the
same as working on a drafting board. In short, AutoCAD automates drafting tasks but does less
to speed up and enhance the design process.

DRIVEN DIMENSIONS

Standard dimensions in AutoCAD are called driven or reference dimensions. A driven dimen-
sion is controlled by the geometry, and it reflects the actual value of the geometry that is refer-
enced by the dimension. If you stretch a line, for example, the dimension attached to the line
will update to the new value. If you think about it, the only reason for a dimension on a typical
AutoCAD drawing is to convey the value of a feature or part to the person who is going to build
it. If you import that 2D file into a CAM package, no dimensions are needed because the line
work contains all the information about the part.

PARAMETRIC AUTOCAD

Starting with AutoCAD 2010, you can create 2D parametric dimensions and constraints much
like Inventor.
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DRI1VING DIMENSIONS

The workflow in Inventor sketching is substantially different from that of traditional AutoCAD,
even beyond dimensions. In Inventor, you create sketches in 2D and then add geometric con-
straints such as horizontal, vertical, parallel, and so on to further define the sketch entities. Adding
the geometric constraints allows line work to adjust in a predictable and desired manner and helps
control the overall shape of the sketch. Once geometric constraints are in place, you add paramet-
ric driving dimensions to the sketch geometry. By changing the value of the dimension, you change
or drive the size of the sketch object. As you can see, the Inventor dimension is far more powerful
than the standard AutoCAD dimension because it not only conveys the value of a feature or part
but also serves as a design parameter, allowing you to change the dimension to update the design.
Figure 1.6 shows dimensions being edited in a sketch on the left and the result of changing three
of the dimensions on the right.

FIGURE 1.6 h . 250 " ) 20
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Part Modeling Best Practices

A solid sketch is the foundation on which stable parts are built. Many new users do not under-
stand the importance of having fully constrained sketches, and they find it highly frustrat-

ing to have a model fail when a simple change is made, all because a sketch was not properly
constructed.

KEEP SKETCHES SIMPLE

The most effective way to create a healthy sketch is to keep it simple. The purpose of keeping your
base sketch simple is to get it fully defined, leaving no part of it up for interpretation. Undefined,
sketch entities (lines without defined lengths, circles without defined diameters, and so on) will
most likely not update properly and will cause your sketches to distort and break when you try

to update them. And because you will base the rest of you model on the initial sketch, your entire
feature tree comes crumbling down, requiring you to have to stop and spend time rebuilding it
again. If the idea of simple sketches seems not to fit the type of design you do, understand that
most any design will benefit from the simple sketch philosophy. More important, if you start out
employing simple sketches, you will more quickly master the sketch tools and then be ready to
create more complex sketches when a design absolutely requires it.

CREATE SIMPLE FEATURES FROM SIMPLE SKETCHES

Another aspect of creating simple sketches is that it allows you to create simple features.
Parametric feature-based modeling relies on the creation of numerous simpler features
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within the model, to achieve a complex design in the end. By creating a number of features
within the model, you are able to independently change or modify a feature without rebuild-
ing the entire model. An example of editing a feature would be changing a hole size. If you
create a base feature first and then create a hole feature in that base feature, you can makes
changes to both independently.

PATTERN AND MIRROR AT THE FEATURE LEVEL

Although there are mirror and pattern (array) tools in the sketch environment, it is generally
best to create a single instance of the item in the sketch, then create a feature from it, and create
a mirror or pattern feature from that feature. The logic behind this is based on the previous two
ideas. First, this approach keeps the sketch simple. Second, should the mirror or pattern feature
need to be updated, it is much easier to do so as a separate feature.

CREATE SKETCH-BASED FEATURES AND THEN PLACED FEATURES

Part features can be broken into two categories: sketch based and placed. Sketch-based features, as
you might guess, are created from sketches. Placed features are features such as fillets and chamfers
that are placed on model edges or faces and have no underlying sketch. Issues arise when placed
features are created too early in the development of the part, because you may then be required to
dimension to the placed feature, which creates a weak dependency, for instance, if you place fillets
along the edges of a part and then use the fillet edges to define the placement of a hole. But then

if you realize that machining capabilities require a beveled chamfer edge rather than a rounded
filleted one, the hole feature is sure to fail. Keep this in mind as you create placed features such as
fillets and chamfers, and reserve placed features for the end stages of the part.

UNDERSTAND DEPENDENT AND INDEPENDENT FEATURES

Parametric model features are typically either dependent or independent of one another. A
dependent feature is dependent on the existence or position of a previously created feature. If that
previously created feature is deleted, then the dependent feature will either be deleted also or
will become an independent feature. Each part file contains default origin geometry that defines
the X, Y, and Z coordinates of the part. These origin features are used to create the first sketch in
every part by default. An independent feature is normally based on an origin feature or is refer-
enced off the base feature.

For instance, in order to create the base feature for the pivot link, you would create a sketch
on a default origin plane, such as the XY plane. Because the XY origin plane is included in every
part file and cannot be changed, your base feature is stable and independent of any other fea-
tures that may follow. To create a hole in the base feature, you would typically select the face of
the base feature to sketch on. Doing so would make the hole feature dependent on the base fea-
ture. The hole feature then, is inherently less stable than the base feature, because it relies on the
base feature to define its place in 3D space.

Although the specifics of how sketches, features, and parts are created will be covered in the
chapters to come, remember these principles concerning part file best practices, and you will
find Inventor (and any other parametric modeler) much more accommodating.
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Assembly Modeling Best Practices

Once you've created part files, you will put them together to build an assembly. And when you
do, you want to build it to be as stable as possible, so that if you move, replace, or remove a part,
the rest of the assembly will not fall apart. There are two parts to an assembly: links to the com-
ponents it is made of and the geometric information about how those parts fit together. Basic
assemblies are not much more than that, and understanding those two concepts will go a long
way toward building stable assemblies.

UNDERSTAND FILE LINKING AND RELATIONSHIPS

The assembly file can be thought of as an empty container file to start. Once you place the first
part in the assembly, the assembly file contains a link to that part file. When you place a second
part and fit it to the first, the assembly then contains links to the two files and the information
about how those files go together. If you decide to rename the first part file, and do so using
Windows Explorer, the assembly file will still be looking for the file by the old name. When this
happens, you will be prompted with a file resolution dialog box, asking you where the file went.
You can then browse and manually point the assembly to that file, and it will record the new
name in its internal link. If you decide to move the second part file to some other folder than its
original, the assembly file might again prompt you to find it manually, depending on the folder
structure. It should be your goal to never need to resolve file links manually, and understanding
this part of how assemblies work is the first step in doing so. In the coming chapters you will
learn how to set up Inventor properly so it can find your files without issue.

A1LwAYs MAINTAIN AT LEAST ONE GROUNDED COMPONENT

To understand how grounded parts help you build stable assemblies, you should first under-
stand a little about the assembly model browser. Figure 1.7 shows the model browser for an
assembly model of a small hobby-type CNC router.
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The model browser shows an assembly named Router Base at the top and under it three other

assemblies named Y-Axis Assembly, X-Axis Assembly, and Z-Axis Assembly. The Z-Axis Assembly

is expanded in the browser so you can see the parts it is made of as well. You should note that the

7
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Router Base assembly is shown in the browser with a pushpin icon. This denotes that this assem-
bly is grounded or pinned in place, and its coordinates cannot accidentally change. Keeping one
grounded component in each assembly will allow you to fit other parts to it without it moving. You
might imagine the old carnival game where you throw a ball at a pyramid stack of metal bottles. To
win the game you had to knock down all of the bottles. However, if the bottle in the center on the
bottom was nailed down, it was impossible to win the game, and as a matter of physics, it was more
difficult to knock down the bottles next to it. Having a grounded component in your assemblies,
one that is “nailed down,” will likewise keep your assemblies from falling apart as you build on to
it. You should note that by default the first component you place will automatically be grounded.
You can unground it and ground another if need be, but you should always maintain at least one
grounded component. You can also have more than one grounded component.

MAKE YOUR MODELS MimMiC THE MANUFACTURING PROCESS

The simplest advice that we can give to new users on the subject of assemblies is to structure them
as you would in real life. If in the design you plan to assemble several parts into a transmission
and then drop that transmission into a housing, then you should make the transmission a subas-
sembly and insert it into the upper-level housing assembly. By making your models mimic the
manufacturing process, you can also find possible flaws in your design, such as fasteners that can-
not be accessed or areas where parts may interfere with each other during assembly.

In some instances a model will be developed in the research and development department
and then handed to the manufacturing engineering department to be built. Although R&D may
enjoy the freedom of “dreaming up” anything they can think of, an effective R&D designer will
always have one eye on what can actually be built. Keep this in mind during the initial develop-
ment cycle, and it will prevent those downstream of you from having to re-create much of your
work. However, if restructuring the components into more or less subassemblies is required
after the initial design, Inventor has demote and promote tools to assist with that. These tools
will be covered in the chapters to come.

CONSTRAIN TO ORIGIN GEOMETRY

Each part file has default origin geometry built in. You should build parts around the origin
geometry whenever possible. For instance, a transmission has gears, bearings, seals, and so on
that are all concentric with the shaft. If you model all the parts so their x-axes will be aligned in
the assembly, then it will be more stable. If you constrain the parts by selecting model features,
you run the risk of constraints failing after a revision to a part that changes or removes the ref-
erenced geometry. In order to build a completely bulletproof assembly, you could constrain each
part to the origin geometry of the assembly. In this way no matter how the geometry of the parts
change, it will not cause issues with assembly constraints.

You will learn more about how to create assemblies, set up search paths to avoid manual
file resolutions, and work with grounded components in the coming chapters, but you should
remember these concepts and work to abide by them.

Understanding the “Feel” of Inventor

To the new user, Inventor’s ever-changing interface may seem a bit disorienting. Taking a few
minutes to understand why menus and tools change from one context to another will go a long
way in getting comfortable with the “feel” of Inventor and anticipating the way it works.
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Understanding the Intuitive Interface

The overall interface of Inventor might be called context intuitive, meaning that it changes
menus depending on task and environment. Inventor works by grouping tools onto tabs that
offer only the tools needed for the appropriate task at hand. If you are sketching a base feature,
the tools you see are sketch tools. In Figure 1.8 the 2D Sketch tab is active, and displayed are
tools you use to create and dimension sketches.
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Upon the completion of a sketch, click the Finish Sketch button on the far right and you will
exit the sketch. In doing so, the Model tab becomes active and the Sketch tab is hidden. This
allows you to see the tools that are appropriate for the immediate task and only those tools,
without having to hunt around for them. If you create a new sketch or edit an existing one, the
Sketch tab is immediately brought back. Figure 1.9 shows the active Model tab.
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When you work with assemblies, the tool tab changes to the Assemble tab (as shown in
Figure 1.10), allowing you to place components, create new components, pattern them, copy
them, and so on. There are also a number of other tabs shown that you can switch to at any time
in order to use those tools.
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When you create a 2D drawing of parts or assemblies, you are automatically presented with
tools needed to create views and annotation. By default the Place Views tab is displayed because
you need to create a view of a model before annotating it. However, you can manually switch to
the Annotation tab by double-clicking it. Figure 1.11 shows the active Place Views tab and the
inactive Annotate tab next to it.
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As you can see, the collection of tabs (called the Ribbon menu) changes intuitively with every
task or environment you switch to. With a task-based user interface, there is no need to display
every possible tool all at once. In the next section you will explore more of the user interface.

Using General Tools vs. Specific Commands

In this section you'll compare the way Inventor tools are set up with those of AutoCAD. If you've
never used AutoCAD, you can still gain some insight from this section, although you may have to
use your imagination concerning the references to AutoCAD. A key difference between AutoCAD
and Inventor is that in AutoCAD many commands are very specific. For example, there are dif-
ferent dimension commands for lines, angles, and circles. In contrast, Inventor has one General
Dimension tool that creates the appropriate dimension based on what you select.

For instance, in AutoCAD you might select the horizontal dimension tool to place a dimen-
sion on a horizontal line, then select the diameter dimension tool to place a dimension on a hole,
then select a radius dimension tool to place a dimension on a fillet, and so on. But in Inventor
you select the General Dimension tool, select a horizontal line, and you get a horizontal dimen-
sion; then without exiting the dimension tool, you select a circle, and you automatically get a
diameter dimension. And of course to dimension a fillet, you continue with the general dimen-
sion tool, and you will automatically get a radius dimension.

When in Doubt, Right-Click

Inventor is very right-click driven, meaning that many of the options are context specific and can
be accessed by right-clicking the object in question. For instance, if you want to edit a sketch, you
right-click the sketch in the browser and choose Edit Sketch. The same is true of a feature. If you
wanted to change a hole feature from a countersink to a counterbore, you would right-click it in
the browser and choose Edit Feature. You can right-click many objects in the graphics window,
with no need to locate them in the browser.

Also worth mentioning are the options in the context menus. For instance, if you are editing a
part in an assembly, and want to finish the edit and return to the assembly level, you could use the
Return button on the Sketch tab menu, or you could just right-click (taking care not to click any
sketch object) and choose Finish Edit from the context menu. Both options do the same thing.

DRAWING IN AUTOCAD BECOMES SKETCHING IN INVENTOR

The fundamental difference between traditional AutoCAD and Inventor is that in AutoCAD you
draw and in Inventor you sketch. The difference sounds subtle but is very important. In AutoCAD
you likely construct lines precisely to specific dimensions to form the geometry required. In Inventor
you create lines and geometry that reflect the general form and function of the feature and then use
constraints and dimensions to massage it into the desired shape. This is probably the single biggest
stumbling block that experienced AutoCAD users face when starting to use Inventor.
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Using the Inventor Graphic Interface

The Inventor graphic interface might be different from what you are accustomed to in other gen-
eral software applications and even different from other design software. In Figure 1.12, you see
the entire Inventor window, which shows an assembly file open for editing.
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Inventor Title Bar

Starting at the upper left of the Inventor window, the Inventor button has a drop-down panel
similar to the File menu in previous versions. The title bar includes two toolbars:

¢ The Quick Access toolbar has frequently used tools.
¢ The Help toolbar provides access to help files and Autodesk websites.

You can customize the Quick Access toolbar for each file type by selecting and deselecting
icons from a list. The list of available tools can be accessed by clicking the drop-down arrow
shown on the far right of Figure 1.13.

FIGURE 1.13
The Inventor but-
ton and Quick
Access toolbar
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Table 1.1 defines all the Quick Access toolbar icons available for the different file types.

TABLE 1.1: Quick Access toolbar icons

#E w08

B

5§ oo

A5 Material =

DEFINITION

The Newiconlaunches the New File dialog box. The drop-down list allows you to cre-
ate anew part, assembly, drawing, or presentation file using the standard templates.

The Openiconlaunches the Open dialog box. It displays alocation defined in your
active project.

The Save icon saves the file.

The Undoicon undoes the last action. The Undo list tracks changes for the current
Inventor session, not just the current document. If you have two part files open, this
icon will undo changes that are made in both files. Undo will also close files if your
undo sequence takes you back past the point of a file being opened or created.

The Redoiconrestores a change that was removed with Undo. It will reopen a file that
was closed with Undo.

The Open From Vaulticon opens a file in your Vault.

The Printicon launches the Print dialog box. Drawings have a special Print Drawing
dialog box with more controls.

TheiProperties icon launches an Inventor file properties dialog box.

The Projectsiconlaunches a dialog box to manage project files. Project files are used
to help maintain references between files. You can have only one active projectata
time, and you can’t switch projects when a file is open.

The Returnicon switches from the current environment to the previous one. For
example, if you are editing a part in an assembly, Return will take you back to the
assembly environment.

The Update icon updates the files. For example, if you edit a part in an assembly, other
parts might need to be updated because of the changes. It is grayed out unless the file
needs to berefreshed.

The Selecticon allows you to choose a filter for object selection.

The Color Override setting allows you to change the display color. Thisis alocal over-
ride and does not change the component. For example, if you place a bolt in an assembly
and change the color to Gold, the next bolt you place will still have the original color.
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TABLE 1.1: Quick Access toolbaricons (CONTINUED)
ICON DEFINITION
| + The Design Doctoriconlaunches a dialog box that helps you diagnose and repair
issues with afile. Itis grayed out unless thereisanissue.
| m The Update All Sheetsiconisused in the drawing environment to update all the
sheetsinadrawingatonce.
The Parametericonis used to access the parameters table where you can rename,
,};;' change, and create equationsin dimension and design parameters.
The Measure icon brings up the measure tool, allowing you to take distance, angle,
== loop, or area measurements from model edges, vertices, and faces.

The Help toolbar, shown in Figure 1.14, gives direct access to help files and Autodesk web-
sites. Table 1.2 defines each Help toolbar icon.

FIGURE 1.14 h e e e m

The Help toolbar

TABLE 1.2: Help toolbar icons
DEFINITION

The Search icon finds help topics that contain the keywords you enter in the field. You can click
the down arrow next to the Searchicon to select a specific section of Inventor Help.

= §
._z

The Subscription Centericon displays information from the Subscription Center site.

Gl
i

=)

The Communication Centericon displays information from the Communication Center site.

_.-
|

I

The Favoritesicon displaysitems that you have marked as favorites. This can include help top-
ics and items from the Subscription Center and Communication Center.

The Help Topicsicon launches Inventor Help. You can also press F1 to access Help at any time.
Pressing F1 while in acommand will activate Help for that specific command.

c

S &

Inventor Graphics Window Tools
Inventor has two sets of tools for manipulating the graphics window:

¢ The ViewCube is used to change the view orientation.

¢ The Navigation Bar has tools such as Zoom and Pan.
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EXPLORING THE VIEW CUBE

The ViewCube, shown in Figure 1.15, is a 3D tool that allows you to rotate the view. Here are
some viewing options:

¢ Ifyouclick a face, edge, or corner of the cube, the view rotates so the selection is perpen-
dicular to the screen.

If you click and drag an edge, the view rotates around the parallel axis.
If you click and drag a corner, you can rotate the model freely.

If you click a face to have an orthogonal view, additional controls will display when your
mouse pointer is near the cube.

The four arrowheads pointed at the cube rotate the view to the next face.

The arc arrows rotate the view by 90 degrees in the current plane.

FIGURE 1.15
The ViewCube
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If you click the Home icon (looks like a house), the view rotates to the default isometric view.
Clicking the drop-down arrow, or right-clicking the Home icon, reveals several options to change
the default isometric view behavior. For instance, you can modify the home view to any view you
like, and you can reset the front view in relation to your model so the named views of the cube
match what you consider the front, top, right, and so on.

USING A WHEEL MOUSE AND 3D INPUT DEVICE

Using a wheel mouse with Inventor is recommended. Scrolling the wheel will perform a Zoom In/
Out, while pressing the wheel will perform the Pan function. In Inventor, the wheel zoom is reversed
from AutoCAD. You can change this setting by going to the Tools tab, clicking Application Options,
selecting the Display tab, and selecting Reverse Direction in the 3D Navigation group.

Another useful tool for navigating in Inventor is a 3D controller device. A popular brand is the Space
series made by 3Dconnexion. These devices are small “joysticks” or “pucks” that sit on your desk.
The user grasps the puck, and by making very slight movements with the device, the model on the
screen moves. Pulling, pushing, and twisting the puck allows you to zoom, pan, and orbit the model
on-screen. Although you may find these devices awkward at first, most users say they could never
work as efficiently without one after just a few days of use.
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A Look AT THE NAVIGATION BAR

Continuing with the interface tour, you'll see the navigation bar located on the right side of the
graphics window. At the top of the bar is the steering wheel. Below the steering wheel are the other
standard navigation tools: Pan, Zoom, Orbit, and Look At. Figure 1.16 shows the navigation bar.

FIGURE 1.16

The Navigation Bar

You can use the navigation bar’s steering wheel to zoom, pan, walk, and look around the
graphics area. Also available is the ability to rewind through previous steering wheel actions.
The steering wheel has more functionality than can be explored in this book. You should review
the help topics for more information (click the steering wheel and then click F1).

NAVIGATION TOOLS TUTORIAL

You can find a full tutorial exploring each of the navigation tools built right into Inventor, complete
with tutorial files. To run through the Navigation Tools tutorial select the Get Started tab on the
Ribbon menu and then click the Tutorials button. This will bring up the built-in Tutorial Learning
Resource page. Select the New Users tab and choose the Navigation Tools selection below.

This will bring up a Tutorials help pane. You can advance through the tutorial by using the list on
the left, or if you prefer to hide the list to gain more screen space, use the small arrows in top-right
corner.

In order to follow the built-in tutorials, you’ll need to point Inventor to the files by setting the project
search path to tutorial_files. To do so follow these steps:

1.

g1 A W N

In Inventor, close any open files.

From the Get Started tab, click the Projects button.

In the Projects dialog box, select tutorial_files from the list.
Click the Apply button at the bottom of the Projects dialog box.

Note the check mark next to tutorial_files in the list, denoting that it is the active project, and
then click Done to close the Projects dialog box.

Now you can return to the Tutorials help pane and follow along. More information about projects
can be found in the next chapter.
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The Ribbon Menu

The Ribbon menu is similar to the one introduced in Microsoft Office 2007 in that it is composed
of tabs and panels. Each tab contains panels for a particular task, such as creating sketches, and
each panel contains related buttons. As previously mentioned, the Ribbon will change to the
proper tab based on the current task (for example, sketching brings up the Sketch tab), but you
can select a different tab as needed.

You can customize the Ribbon menu by doing the following:

Turning off tool button text, reducing icon size, or using a compact icon layout
Turning off panels that you don’t use

Adding frequently used commands to a tab

Minimizing the Ribbon

Undocking the Ribbon so it becomes a floating tool palette

* 6 6 o o

Docking the Ribbon on the left, right, or top of the Inventor window

THE GET STARTED TAB

Most of the icons on the Get Started tab link to help topics. The Launch tools are used to access
and create files. The User Interface Overview tools help you find your way around Ribbon menus.
You can use the What’s New button to read about the new features for the current release, as well
as the last few releases. The Learn About Inventor tools contain a Getting Started guide, built in
tutorials, (including files to use), and a collection of learning resources.

Of particular note is the Show Me Animations tool. It links to a comprehensive set of short
videos that show you the “picks and clicks” of how to accomplish tasks in Inventor. For
instance if you want to see how Inventor’s Direct Manipulation tools work, you can click the
Show Me Animations button on the Getting Started tab and select Parts - Direct Manipulation
from the Show Me Animations topics list. You can use these to your benefit as quick reminders
for tasks that you may not complete often and when you need a helpful reminder of how a par-
ticular tool works. Figure 1.17 shows the Get Started tab and its tools.

DEY 4 @5 ¢

Get Started tab [ .
|
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New Open Projects Ribbon  Ribbon Command
Introduction Tutoral Locator
Launch Lhser Inibesface Overview
z o
' b G
9 C] ) -
what's Getting Tutorials Learning Show Me
New Started Resources Animations
New Features Learn about Inventor
S
THE VIEW TaB

The View tab, shown in Figure 1.18, has controls for object visibility and appearance, window
control, and navigation. There are some variations in the icons, depending on the environment,
but most of the icons are used in all of the modeling environments.
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FIGURE 1.18
The View tab
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The Visibility panel has tools for controlling which objects are visible. When you click Object
Visibility, a large list is displayed so you can control the appearance of your graphics window.

The Appearance panel has tools for controlling the way models are displayed. You can switch
between orthographic (parallel model lines appear parallel) and perspective (parallel model
lines converge on a vanishing point) views. Additionally you can display the model in a number
of visual styles, such as Realistic, Shaded, Shaded with Edges, Illustration, and many more.

Also on the Appearance panel you can set the model display to include shadows and reflec-
tions for an ultra realistic on-screen look. You should be aware that depending upon your
hardware specifications, you may notice a performance lag when using some of these enhanced
styles. For that reason you may want to use a basic set of settings during most of your work and
then switch to the more realistic ones once a model is complete. Experiment with these settings
to see what works best for you.

VISUAL STYLES AND WINDOWS XP

Inventor 2011 includes a number of enhanced visual styles, shadows, and reflection options not
found in earlier versions. These enhancements are dependent upon the presence of DirectX 10. And
because Windows XP does not support DirectX 10, the enhanced visual styles will not be available.
If you are running XP you will want to go to the Tools tab, select the Application Options button,
click the Hardware tab and then select the Compatibility option. No loss of visual styles found in
previous versions of Inventor will be experienced, but you will not be able to use some of the newer
visual styles.

Another important option found on the Appearance tab is the View Camera Projection setting,
which allows you to choose between orthographic and perspective views. Setting the perspective
options current displays the model with a vanishing point, as it would be in the real world. Using
the orthographic option displays the model with points of the model projected along parallel lines
to the screen.
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Using a perspective view may be desirable when viewing the model in a 3D view but can
be distracting when sketching on a flat face or viewing the model from a standard 2D ortho-
graphic view, because you see what appears to be tapering faces and edges. However you can
get the best of both projections by setting the ViewCube to Perspective With Ortho Faces so that
the model is displayed in orthographic mode when one of the standard orthographic faces is
active and is displayed in perspective mode in any other view. To do this, simply right-click the
ViewCube and you will see the option. Note that this setting is per document rather than for the
application itself. So you will typically need to do this for each model.

Most of the tools in the Windows panel are standard controls, such as switching tiling win-
dows. If you click User Interface, a list of items such as the ViewCube and the status bar are dis-
played. The Clean Screen icon hides most of the UI elements. Only the title bar and a minimized
Ribbon bar are displayed. Although the Clean Screen setting certainly maximizes your screen
real estate, it turns off one very critical interface object, the browser pane. In order to use the
Clean Screen effectively you must turn it back on. To do so, use the User Interface drop-down
and select the Browser option. You can click the small drop-down arrow to the right of the tabs to
return the display of the tool panels.

Also on the View tab is a Navigate panel. The tools in the Navigate panel are the same as
those found on the navigation bar, as discussed earlier in the chapter.

BEFORE YOU BEGIN...

In the next section you will be using the tutorial files that accompany the book. Before you begin, ensure
that you have downloaded the tutorial files from www. sybex.com/go/masteringinventor2011.
Place the files in a folder on your computer (such as \My Documents\Mastering Inventor 2011), and
then be sure to set the Mastering Inventor 2011 project active:

1. From within Inventor, close any open files.

2. From the Get Started tab, select the Projects button.
3. From the Projects dialog select the Browse button.
4

. Fromthe Choose Project File dialog browse to the Mastering Inventor 2011 folder and select the
Mastering Inventor 2011.ipj file and click Open.

5. Note that the Mastering Inventor 2011 project is denoted as being the active project with a
check mark.

6. Click Done to close the Projects dialog box.

Now you are ready to get started. You’ll find a more detailed explanation of working with and set-
ting up projects in Chapter 2, “Data and Projects.”

The Browser Pane

The Browser Pane (often called the model browser) is a listing of everything that makes up an
Inventor file. The part browser shows all of the features, the assembly browser shows all of the
components, and the drawing browser shows the sheets with the views. Because Inventor files are
similar to actual parts and assemblies, the browser plays an important role in navigating the files.



USING THE INVENTOR GRAPHIC INTERFACE

USING THE BROWSER
In this section, you will explore the behavior of the browser pane when working in Inventor by
opening an assembly and making an edit to one of its parts:

1. Go to the Get Started tab, and click Open.

2. To ensure that you are looking at all the files in the Mastering Inventor 2011 project
(and only the files in this project), click Workspace in the Open dialog box, as shown in
Figure 1.19.
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3. Check to see that the Files of Type box is set to Autodesk Inventor Files as shown in
Figure 1.19 and then browse for and open the file called mi_1a_001.1iam, in the Chapter
01 folder.

TURNING ON FILE EXTENSIONS

It’s often helpful when working with Inventor files to be able to view the files extensions. By default
Windows has the extensions for known files types turned hidden. To show file extensions follow
the steps below for your operating system:

Windows XP: Open any folder, and then select “Folder Options...” from the Tools menu. Next select
the View tab, and uncheck the Hide Extensions for Known File Types option.

Windows Vista: 1. Open Folder Options by clicking the Start button, then clicking Control Panel,
then clicking Appearance and Personalization, and then clicking Folder Options. Uncheck the Hide
Extensions for Known File Types option.

Windows 7: 1. Open Folder Options by clicking the Start button, then clicking Control Panel, then
clicking Folder Options. Next select the View tab, and uncheck the Hide Extensions for Known File
Types option. (If Folder Options is not available, change “View By” to “Large Icons” at the top right
of the Control Panel.)
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When opening an assembly file, the Assemble tab of the Ribbon bar is active. You'll notice
that in the model browser (to the left of the screen) all items are shown in a white background,
with no portion of the model browser grayed out. You are currently in the top level of the assem-
bly, meaning that the uppermost level of the assembly is currently active and ready for edits.

4. Click the plus sign at the left of the Representations folder to expand the folder to show
View, Position, and Level of Detail.

Figure 1.20 shows the contents of the assembly in the model browser with the representations
folder expanded.
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You can expand any portion of the Model browser by clicking the plus sign to the left of the
item. In Figure 1.20, starting from the top, you can see a folder containing the representations
categories, including view representations, position representations, and level of detail (LOD)
representations. These representations allow the user to create various view states of the assem-
bly. For example, Figure 1.20 shows that the Position folder contains a view called Open, which
represents the press in a fully extended position, and another called Closed that shows the press
with the ram all the way down.

5. Expand the Position node to see the various positional representations and then right-
click on Open and choose Activate to see the position change.

You can switch back and forth between Open and Closed to see the model in both posi-
tions. In Chapter 8, “Assembly Design Workflows,” you'll find more information about
representations, including how to set up positional representations.

TURNING ON A MISSING MODEL BROWSER

Although it isn’t common to need to turn the Model browser off, you can do so. More commonly,
you may accidentally turn it off by clicking the X button on the right side of the browser title bar.
To display it again, go to the View tab, and click the User Interface button found on the Windows
panel. Most likely, you’ll want to have all the items in this list selected.
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EpIT A PART

Next you'll continue with the exploration of the browser by setting a part file active for edits,
and making a change to a part feature.

6.

In the browser double-click the part called Face_Plate_mi_1 to set it active for edits. If
you hover for a moment over the icon the plus sign may automatically expand, you can
disregard that and just double click the icon.

Note that it is best practice to get into the habit of double-clicking the icon next to the com-
ponent name, rather than the name itself, because the latter may initialize an edit of just the
name depending upon the speed of your clicks. Double-clicking the icon will activate the
component for editing in place, within the assembly. Once a component is activated, all other
portions within the Model browser will be grayed out. With the faceplate part activated, you
will notice the Model tab becomes active in the Ribbon menu, and the model browser shows
all the features of the faceplate. Both changes reflect that you are now editing a part file, and
are therefore working at the part editing level of the model hierarchy, with part feature tools
ready for selection.

Examining the features within the active part, you can see a folder named Solid Bodies,
the standard Origin folder and then all of the features that were created to make the face-
plate, such as extrusions, holes, fillets, and so on. You will also notice a red X at the bot-
tom of the part signifying the end-of-part (EOP) marker.

CONTROLLING COMPONENT TRANSPARENCY

Itis generally helpful to set the display settings so that as you activate one component in the context
of an assembly, the other components become ghosted or transparent. This allows you to see which
component you’re actively editing and yet still reference other components in the assembly. You
can toggle the Transparency setting on and off by going to the View tab and clicking the Component

Transparency drop-down found on the Appearance panel.

7.

Click and hold on the EOP marker and drag it up the model tree until you see a black bar
above Extrusionl, and then drop it there.

You should see all of the features become grayed out in the browser and the faceplate dis-
appear in the graphics area. Essentially you have rolled back the history of the faceplate
to before it contained any features.

To bring the features back, click and hold on the EOP marker and drag it until you see a
black bar under Extrusionl, and then drop it there. You'll see this base feature become
visible again.

Do this for each feature in the tree, and you will step through the sequence of features
and get an idea of how the faceplate was created. Note that some features are on the
back side of the faceplate so you may not see them, depending upon your viewing angle.
Ensure that you have the EOP back at the very end of the part (below Fillet3), before con-
tinuing to the next step.
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FOUR WAYS TO USE EOP MARKERS

Since part features are listed sequentially in the order they were created, the EOP marker allows
you to figure out how a part was constructed. Dragging the EOP marker to the top and then drag-
ging it down one feature at a time recreates the part. This can be useful when working with parts
designed by others and can be used as a powerful learning tool.

You can use the EOP marker to insert a feature anywhere in the model tree. For instance if you
meant to create a hole before creating a rectangular cut, you could just use the EOP to suspend the
rectangular cut feature, and then place the hole feature. Then to bring the rectangular cut back,
you’d move the EOP back to the bottom.

Because part features are based hierarchically in that one is based on another, oftentimes a change
to a primary feature will break a secondary one, which in turn breaks another, and another, and so
on. The cascade of error down through the feature tree can be intimidating and appear to the new
user as if every single feature will need to be rebuilt. In most cases though, if you move the EOP up
to just below the first errant feature and then fix it, the following feature will be fixed as well. If
not you would repair it and step down to the next one, and the next one, until all are healthy again.
Using the EOP to fix features in the order they were created is the best way to approach the task.

In addition, dragging the EOP marker to the top of the part file and leaving it there reduces the
overall part size significantly. This is a good way to reduce a file size if you need to email a part file
to someone. When they receive it they can just drag the EOP down and then see the part as you
designed it. Likewise, if you encounter a blank file in your modeling session, be sure to check the
Model browser to make sure the EOP marker has been dragged to the bottom of the part file.

10. Next double-click the icon for Extrusionl in the faceplate feature tree (or right-click
Extrsuionl and choose Edit Feature). This activates the feature for editing.

11. Replace the value of 0.5 in with 5mm, taking care to enter the unit suffix mm in small
case letters, then click OK and you'll see your edits take place.

12. To have a closer look at the change select the face on the View Cube marked Right. Then
place your cursor over the faceplate in the graphics screen, and use your mouse wheel to
zoom in to the faceplate. Note that you zoom to wherever your cursor is pointing on-screen.

You will see the change has created a gap between the faceplate and the end of the frame of
the press, as shown in Figure 1.21.
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RETURN TO THE ASSEMBLY

Now that your part feature is edited, you will leave the part level and return to the assembly
level where you started out.

13. On the Model tab click the Return button on the far right.

Notice that the faceplate is pulled back against the frame. This is the power of a parametric
model. Because the arbor press assembly has parameters defining the mating constraints of the
faceplate and frame, it automatically adjusts to the change you made by holding those parameter
values.

You should also notice that in the model browser, you no longer see the feature tree of the
faceplate that included the extrusions, holes and so on. Instead you see a list of Flush, Mate, and
Insert constraints. These are constraint objects that exist and are accessed at the assembly level.
In order to access the part features (extrusions, holes and so on) again you would simply edit the
part as you did before.

As demonstrated in this quick tour of a typical assembly structure, the Inventor Ribbon tabs
and model browser are unique and intuitive to the environment you are in at the time. You can
close the model without saving changes to conclude this exercise. In the next example, you will
explore the changes encountered in the Styles Editor located on the Format tab.

Task-Based Dialog Boxes

In addition to the tabs of the Ribbon menus updating based on the current environment as
described in the previous section, some Inventor dialog boxes are also task-based. Instead of
containing every control needed for every environment, most dialog boxes display only the
controls necessary for the current task. Follow these steps to see an example of this:

1. To open an assembly, go to the Get Started tab, and click Open.
2. From the Chapter 01 folder select the file called mi_1a_002.1iam, and then click Open.

3. Select the Manage tab from the Ribbon menu and then select Styles Editor, as shown in

Figure 1.22.
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When the Style And Standard Editor dialog box opens, the styles collection relating to the
assembly file will be shown, as in Figure 1.23. You will notice that while working with an
assembly (or part), three style areas are available: Color, Lighting, and Material.
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4. Close the Style and Standard Editor dialog box and then click the small X icon located
just above the View Cube to close the assembly file. Note that there is an X at the very top
right of the screen that closes Inventor completely; if you accidentally select that one sim-
ply restart Inventor and continue to the next step.

5. From the Get Started tab, click the New button.

6. In the New File dialog box, set the Default tab active and choose the Standard.idw icon,
and then click OK. This creates a new Inventor drawing file.

7. With the new drawing file active, select the Manage tab from the Ribbon menu, and then
click the Styles Editor button. You will see that the style area option reflects styles per-
taining to drawings, as shown in Figure 1.13.

FIGURE 1.24 P Style and Standard Editor

The Inventor Style .
) - = Standard
And Standard Edi- Nefault Standard (ANST)
. #-,0 Baluon Standarc
tor (drawing mode) %~ Centar Mark Name
+-$B Datum 1arget Difalc
11 I Dimersinn

The drawing style collection contains various dimension styles, layers and layers names, line
type settings, object defaults, text styles, and other settings related specifically to 2D drawing
styles. If you compare Figure 1.23 and 1.24 you will see that the Styles Editor contains different
styles collections depending upon the type of file you are working with. This is just one example
of the way that Inventor uses task-based dialogs to present only the options that make sense.
Figure 1.25 shows another, comparing two Extrude dialog boxes; one is for a solid feature and
the other is for a surface feature.
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Because the task of creating a surface extrusion is different than creating a solid extrusion
some options are simply grayed out and not available. You will notice this throughout Inventor
as options are offered and suppressed depending upon the task at hand. You can close the
drawing file you have open without saving changes and continue on to the next section.

Learning the File Types in Inventor

In AutoCAD, you might be used to having the .dwg file format as your main file format, in
Microsoft Word you might use primarily just a . doc file, and in Microsoft Excel you might use
the .xTs file type for most of the work you do. All three of these commonly used programs use
a single primary file type throughout. Inventor, on the other hand, follows the structure com-
mon to most other 3D modelers in the engineering field today, and uses different file types for
different tasks.

Why So Many File Types?

The purpose of using multiple file types is so that the data load is distributed into many differ-
ent files, instead of placing all information in one file. For instance, you use an .1ipt file to create
an Inventor part file, an .iam to assemble that part with other parts, and then you use an IDW to
make a detail drawing of the parts and the assembly.

Placing the data in multiple files permits quicker load times, promotes file integrity, and
vastly improves performance across the board on large designs. As an example, when you open
an assembly made of 12 different part files, only the information concerning the file paths, the
way the parts fit together in the assembly, and the information required to display the parts is
loaded. Only when you decide to edit a part is the information about all of the parts features
loaded. As you've already explored in the previous section, having different file types allows
you to have environment-specific tools for working with each file type, as well.

Another payoff of multiple file types is exemplified in the comparison between the way
that AutoCAD handles model space/paper space and the way that Inventor handles the same
tasks. To put it simply, in Inventor the part and assembly files are the model (model space), and
the drawing file is in effect paper space. Using multiple file types to handle the separate tasks
required for modeling versus detailing simplifies the interaction between both tasks, and as
a result, the headaches of managing model space and paper space that exists in AutoCAD are
eliminated in Inventor.

Here are the primary file formats commonly used in Inventor:

.ipj: Inventor project file - is used to manage file linking paths
.ipt: Inventor single part file -is used to create individual parts
. iam: Inventor assembly file - is used to assemble part together

*

*

*

¢ .ipn:Inventor presentation file - is used to create exploded views of assemblies

¢ .idw: Inventor 2D detail drawing file - is used to detail part, assembly and presentation files
*

.dwg (Inventor): Inventor 2D detail drawing file - just like the IDW, DWG is used to detail
part, assembly and presentation files
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¢ .dwg (AutoCAD): AutoCAD nonassociative drawing file - is used to convert an Inventor
drawing file to a standard AutoCAD file

¢ .xIs: Excel files that drive iParts, threads, and other data - is used to manage tabled data,
linked or embedded in a part, assembly or drawing file

Although this list may seem intimidating, once you become familiar with Inventor, having
many different file types will be less of a concern. The benefit of using multiple file types to have
fully associative, automatically updating designs is a cornerstone of most 3D parametric model-
ers. Performance and stability in the use of Inventor requires good data management principles,
including storing the saved files in an efficient and organized manner. This subject will be intro-
duced later in this chapter and expanded upon it in Chapter 2.

Drawing Files in Inventor

Originally Inventor had just one drawing file type, the .dwg. Then with the release of Inventor
2008, the Inventor .dwg was added. Inside of Inventor the two files are almost identical. However,
the Inventor .dwg can be used outside of Inventor, in AutoCAD. This allows work to be shared
between Inventor and AutoCAD users. Just like an . idw file, an Inventor . dwg file will update
whenever parts or assemblies linked to the file are changed and updated.

Note too that if you have . 1idw files you want to turn into Inventor . dwg file or vice versa,
you can do so by using the Save As option and then changing the Save As File Type option.
This process can even be batched and scheduled to run overnight using the Task Scheduler,
which you can open by selecting Start > All Programs > Autodesk » Autodesk Inventor
2011 > Tools » Task Scheduler.

WORKING WiTH DWGS

You can use .dwg files in a number of ways in Inventor. Although Inventor does not support the
creation of AutoCAD entities, you can utilize AutoCAD geometry in Inventor sketches, Inventor
drawings, title blocks, and symbol creation.

When creating a new part file in Inventor, you can copy geometry directly from an AutoCAD
.dwg and paste it into an Inventor sketch. AutoCAD dimensions will even be converted into
fully parametric Inventor dimensions. However, only minimal sketch constraints will be cre-
ated when doing this. Using the Auto Dimension tool within the Inventor sketch environment,
you can apply sketch constraints to the copied AutoCAD data quickly. It is important to remem-
ber that many AutoCAD drawings contain fundamental issues such as exploded or “fudged”
dimensions and lines with endpoints that do not meet. Copying such drawings into an Inventor
sketch will of course bring all of those issues along and will typically provide poor results.

Another way to use AutoCAD data in Inventor is in an Inventor . dwg file. Often you’ll have
symbols in AutoCAD in the form of blocks that you want to use on a drawing in Inventor,
such as a directional flow arrow or a standard note block. Although you could re-create these
symbols in Inventor, you can also simply copy the block from AutoCAD and paste it into the
Inventor .dwg, or use the Import AutoCAD block option to import blocks without the need to
open AutoCAD. This functionality exists only within an Inventor .dwg and is not supported in
an Inventor . idw. In fact, it is one of the few differences you'll notice between an Inventor . dwg
and an Inventor .1idw from within Inventor.

You can open an Inventor . dwg file in AutoCAD and edit it, but with some limitation. The
primary limitation is that the Inventor objects are protected from modification. AutoCAD
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dimensions and other entities can be added and will remain intact when the file is opened
again in Inventor, but as a rule, objects must be edited in the application from which they were
created.

Creating DWG Files from Inventor Drawings

Users of Inventor may often find that they are called upon to create native AutoCAD . dwg files
from Inventor .1idw files for use by customers or other people within the company. A user may
create a . dwg file by simply performing a Save Copy As and saving it as an AutoCAD . dwg file.
The newly created . dwg file will not be associative to the Inventor part or assembly or . idw file,
and will not reflect any changes made to the part, assembly, or Inventor drawing file. It is com-
mon to use Save Copy As on an Inventor drawing and save it to an AutoCAD . dwg just before
making revision changes, thereby preserving a copy of the drawing in a static state at that
revision level. Once the static copy is saved, revision edits can begin, and the original Inventor
drawing will update automatically.

DWG FILE S1ZE

Although the benefits of using an Inventor DWG instead of an IDW may be favorable, you should
be aware that the extra abilities of the DWG file do come at the expense of file size. Inventor DWG’s
are typically two to three times larger than identical IDW files. If you create large assemblies, it is
advisable to use the IDW template as opposed to the DWG in order to keep files manageable. The
extent at which the DWG in Inventor is employed will largely be determined by the amount of col-
laboration required between Inventor and AutoCAD users.

Another aspect of working with an Inventor .dwg in AutoCAD is that whereas the Inventor
.dwg does not contain a model space by default, once it is opened in AutoCAD, you can access
model space. From model space in an Inventor .dwg, you can use the Insert command to place
the Inventor drawing views of the model as AutoCAD blocks. These blocks will update auto-
matically so long as they are not exploded and remain in the current . dwg. However, you can
explode the blocks and/or copy them into other . dwg files without worrying about having a neg-
ative impact on the Inventor . dwg. If objects such as these blocks are added to the .dwg’s model
space in AutoCAD, you will then be able to access model space for that file in Inventor. However,
you will only be able to view, measure, and plot the model space objects.

If you are familiar with the X-Ref tools in AutoCAD, there are some interesting workflows
that can be explored by inserting the block forms of the Inventor drawing views into the
Inventor .dwg and then using X-Ref to insert them into other AutoCAD drawings. The result
is that the drawing with the X-Ref will update when the Inventor file updates, allowing the
Inventor user to make edits on parts and assemblies and the AutoCAD user to get those updates
automatically in his or her layouts.

Moving from AutoCAD to Inventor

If you are moving from AutoCAD 2D to Inventor 3D modeling, you can have a great experience
in the process if you put design concepts used in AutoCAD on the shelf while learning Inventor.
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If your experience is like that of many others who made the transition from the drawing
board to drawing lines in AutoCAD, it was difficult to say the least. At first you may have been
frustrated with spending more time creating electronic drawings than it would have taken to
produce the drawing with the board. However, a key reason for the acceptance of AutoCAD
was the ability to make edits far more quickly than you could with eraser and paper. Once you
master Inventor, you will find the same benefit of faster edits, as well as the many benefits that
parameter-based design has to offer.

Making the move to Inventor successfully requires some evaluation of current methods
of design in AutoCAD. The following are some of the evaluation steps in planning your suc-
cessful move:

¢ Assess your current directory structure of AutoCAD drawings. How do you store, name,
and reuse current AutoCAD files? Will the structure be compatible for storing Inventor
documents, or is it time to take a deep look at your data management structure?

¢ Determine how you will manage Inventor files. Inventor utilizes projects to manage
assemblies, drawings, and associated part files. What worked in AutoCAD will probably
not be the ideal scenario in Inventor.

¢ Document your current design workflow when using AutoCAD. Is it time to reevaluate the
design process in light of the efficiencies that may be gained when using Inventor? How
are revisions, engineering change orders, and production currently being managed, and
how can Inventor improve on the design-to-manufacturing processes?

¢ Determine whether your current computer hardware and network are up to the task of
implementing and using Inventor. What gets by for using AutoCAD will seldom work for
the demands of 3D modeling in Inventor.

¢ Setaside time for training and implementing Inventor. If you have multiple users, it might
be best to consider phasing Inventor in over a period of time, allowing new users to accli-
mate themselves to a new way of design.

If you take the time to plan your leap into Inventor, your chances of success are greatly
improved. The rewards of a successful transition can be a savings in time, money, and effort.
There are many, many proficient AutoCAD users who today seldom ever open AutoCAD, as
they have mastered the tools in Inventor and use it for all of their design work. On the other
hand there are many industries that require both mechanical design and layout work. Because
AutoCAD handles the layout tasks better than Inventor, and Inventor the design work better
than AutoCAD, these users will probably always use both tools together.

3D models vs. 3D Virtual Prototypes

Starting out, you may simply be interested in learning how to create 3D models, but as you
progress you should understand the concept of 3D Virtual Prototypes and how they differ from
a simple 3D model.

What Is a 3D Virtual Prototype?

So, what is a 3D virtual prototype? Put simply, it’s a prototype that functions (and malfunctions)
just like the physical prototype that has not yet been built. It is far more than a just a 3D model.
The virtual prototype consists of a main assembly, which contains many subassemblies that
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have individual parts. All these components are constrained in such a way that the fit and func-
tionality of all parts and mechanisms can be visualized, tested, and proven before any parts are
manufactured. Scrap and rework are minimized or eliminated if the design is fully completed
and proven in Inventor before it ever reaches the shop floor.

Why a 3D Virtual Prototype?

Historically actual prototypes have been built to test or validate a design, and help discover
weaknesses, limits of functionality, or areas that require a redesign due to an inability to manu-
facture cost effectively. Although the goal of prototyping is to perfect the design and save time
and money associated with a failed design that reaches the market, the prototyping process
itself can become costly and time consuming as well. In days past, prototyping was often the
only way to know for certain if a design that was conceived and detailed on paper or in 2D CAD
would really work. Even the best engineer or designer could not anticipate everything needed
to create an accurate design the first time around. As mistakes were made, scrap was generated,
and redesign and retooling was required.

FEWER PHYSICAL PROTOTYPES

Although you may never be able to go straight from Inventor to your first article design, you can
use Inventor to reduce the number of physical prototypes needed to get there. More and more,
creating physical prototype after physical prototype is becoming a part of “the old way” of doing
things. It worked when you produced a small number of product units and had plenty of time
and resources to lend to the project. It worked when material costs were relatively low. And it
worked because it was the only method of testing and proving a design available.

In contrast, today’s competitive marketplace is unlikely to afford you the luxuries of time
and materials for repeatedly building physical prototypes, and you are expected to get a large
portion of any design right the first time around. Clearly, anything that can be done to reduce
or eliminate physical prototyping will greatly influence the financial health and competitive
strengths of the company you work for. This is where creating a 3D virtual prototype becomes
important.

UsING ALL THE TooLs

Making the virtual prototype allows the designer to explore the function of a mechanism before
lengthy design and engineering time is expended on a design that just won’t work. Developing
the virtual prototype eliminates the part procurement and creation process, slashing the design
time even further. The virtual prototype can be proven further with the use of stress analysis
and dynamic motion simulation to find and correct weaknesses in the design, rather than just
ensuring that everything is overbuilt and calling it a good design. Interference between compo-
nents is also easily discovered while still in the design process. The use of functional design in
the prototyping process allows engineers to properly determine loads, power, stresses, inertia,
and other properties before a machine is built. Weights, center of gravity, and other physical
characteristics are at your fingertips during any stage of the design.

MORE THAN JusT 3D

So now that you have Inventor you are guaranteed to cut time and money from the design pro-
cess, right? Unfortunately that’s not the case. Over the years, as design tools have evolved, so
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too have the ways we design. However, it is possible to use new design tools in the same man-
ner we used the old tools if we are not careful. As companies moved from the drafting board to
AutoCAD, many users continued to use AutoCAD in much the same way they used the board.
Not reusing data in the form of blocks and block libraries and not employing block attributes to
pack those blocks with intelligence are common examples of this.

In much the same way, it is possible to use Inventor as if it is AutoCAD. Creating 3D models
simply for the sake of generating a 2D shop print is a common example of this. To ensure that
you are getting the most out of Inventor, you want to make sure your designs are more than just
3D models. You want to use Inventor to create 3D virtual prototypes. You want to ensure that
your 3D models are more than a collection of features and instead relate parameters from one
feature to update based on the edits of another. You want your model to reflect the intent of the
overall design accurately, anticipating change and revision and making it as robust and intel-
ligent as you can. You want your model to be more than just 3D; you want it to be a 3D virtual
prototype.

TOO BUSY GETTING DRAWINGS TO THE SHOP TO BUILD VIRTUAL PROTOTYPES?

You have deadlines to meet, you’re trying to learn a new design tool (Inventor), and you are being
told to spend more time building models? Deciding when to build a virtual prototype depends
on your business and the complexity of the design. At some point, everyone has probably given
rough sketches to the shop to get a part made, but no one wants to do that on a regular basis. In the
beginning, the work you do with Inventor will probably lean more toward just a 3D model and less
toward a 3D prototype, and that’s okay.

As you continue to work, look for areas where you can improve your models and make them more
intelligent. If you know a design is likely to change, build your model with those changes in mind. The
better the model, the easierit is to verify that a replacement component will fit properly, and doing
amajor redesign on a product will go more smoothly if you have a solid base from which to work.

Keep in mind that Inventor has a large and deep tool set, but if you’re like most people who use it
in the real world, you’ll probably not use many of these tools. If you create a lot of steel frames and
weldments, it’s likely that you will not have a big need for the plastic features tools. Take the time
to understand and learn all of the tools available so that you know what Inventor has to offer, but
then focus on the parts you need and use most often, and get the most out of those tools.

Understanding Functional Design

Part of creating a fully functioning, 3D Virtual Prototype is using the Functional Design tools.
Functional design is an Autodesk term for a knowledge content tool that moves the user from creat-
ing geometrical descriptions (mere 3D modeling) to capturing knowledge. For instance, if you had
the need to create a spring, what tools would you use? You could use the coil tool and develop

a nice spring-shaped model. However, if the actual goal was to determine what size spring you
needed for a particular set of load inputs, then you'd want to use the Compression Spring genera-
tor. You can use the functional design tools to analyze the function (load of a spring) and solve the
design problems (what size spring is required), rather than spending time on modeling a solution
needed to create 3D representations.
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THE V-BELTS GENERATOR

An example of functional design and its benefit is the use of the Inventor’s V-belts Generator.
Traditionally, to design a pulley system, you would lay out the pulleys in positions as required by
the design and then choose a belt that met the design requirements and came as close as possible to
fitting the pulley spacing. The result oftentimes is that no common belt size fits the pulley spacing.
The functional design approach to this task allows you to specify the belt from a standard catalog of
belt sizes at the same time that you are creating the rest of the system. In this way, you know from
the outset that the design is indeed functional and will work in the real world.

Functional design supports design through generators and wizards that add mechanical con-
tent and intelligence to the design. By using the components within Inventor functional design,
you can create mechanically correct components automatically by entering simple or complex
mechanical attributes inside the generator.

Using the functional design components within Inventor provides many advantages:

¢ Youshorten the design and modification process through the use of intelligent
components.

You produce a higher level of design quality and accuracy.

Functional design provides a more intuitive design environment, compared to creating
complicated geometrical designs.

¢ Functional design can eliminate the need for physical prototypes for the purpose of ana-
lyzing stress and movement.

The following portions of Autodesk Inventor are part of the functional design system:
Design Accelerator

Frame Generator

Inventor Studio

AutoLimits

Content Center

* 6 6 o o

Bolted Connection Generator

The Design Accelerator
The Design Accelerator is an important component of the functional design system, provid-
ing the user with engineering calculation and decision-making support to identify and place
standard components or create standards-based geometry from the input provided by the
user. Design Accelerator tools automate selecting standard parts and creating intelligent
geometry. The initial design quality is improved by validating against design requirements.
Standardization is simplified by selecting the same components for the same tasks.

The Design Accelerator provides a set of component generators and calculators that are
able to create mechanically correct standard components automatically by entering simple or
detailed information.
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The Bolted Connection Generator

The Bolted Connection Generator is one example of a functional design tool. It can create and
insert a complete bolted connection all at once by sizing the bolt diameter and length, by select-
ing the right parts and holes, and by assembling all the components together. You can create
templates for common fastener stacks that you might use every day, as well.

The Frame Generator

The Frame Generator will create internal or external frame assemblies for machines. The Frame
Generator functions by creating a skeleton part to define the frame within an assembly file.
You then use the skeleton to place and size the frame members. You can then use multiple skel-
etal models within an assembly to create frame members, and you can create frame members
between skeletal models. You can also create frame members from the vertices and edges of
existing subassemblies. This ability allows you to build framing between other components
within an assembly. Joining frame members together and adjusting the end treatments for con-
nection between members is a simple matter when using the Frame Generator. Joining frame
members with weld gaps and coped joints is supported.

The Inventor Studio

Inventor Studio is an environment within Autodesk Inventor with a complete set of tools for
creating and editing renderings and animations. With Inventor Studio you will be able to create
animated renderings and photorealistic still images of parts and assemblies to help visualize the
appearance and motion of designs before they are built. Inventor Studio allows you to specify
geometry and apply settings for background lights and cameras to create a scene for rendering
or animation. You can create and save multiple animations within any one assembly file. You
can use Inventor constraints and parameters to drive animations within the assembly file. In
addition, any changes that are made in the part or assembly file will be transferred and reflected
in the rendering and animation files.

AutoLimits

The AutoLimits tool monitors selected aspects of the design relative to boundaries that the
user specifies. If results fall above or below the boundary limits, a warning indicator is dis-
played. AutoLimits can also be used to measure distance, length, volume, mass, and so on.
Once AutoLimits are created, they constantly monitor to make sure the design still fits its
requirements.

The Content Center

The Inventor Content Center libraries provide the designer with standard parts (fasteners,
steel shapes, shaft parts, and so on) and part features. You can access the Content Center
libraries from the Content Center in the Assembly tool panel, and you can share the libraries
between users to provide a high level of standardization. The Content Center dialog box per-
mits you to look up and insert standard parts and features into an assembly design. You can
create custom Content Center folders to allow users to create custom parts for use within the
Content Center. Content Center parts allow users to specify ANSI, DIN, ISO, and other inter-
national standard parts within the design environment.
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Create Parametric Designs The power of parameter-based design comes from the quick
and easy edits, where changing a parameter value drives a change through the design. In
order to make changes easily, though, you need follow certain general rules, so that the
changes update predictably.

Master It You want to create a model of a base plate, a rectangular-shaped part with
a series of holes, and rectangular cutouts. What would your initial sketch look like in
Inventor?

Get the “Feel” of Inventor Inventor’s interface contains many elements that change and
update to give you the tools you need to perform the task at hand. Getting comfortable with
these automatic changes and learning to anticipate them will help you get the “feel” of Inventor.

Master It You create an extrude feature using the Extrude button, but cannot seem to
find an Edit Extrude button. How can you edit the extruded feature to change the height?

Use the Inventor Graphical Interface Inventor 2011 uses the Ribbon Menu interface first
introduced in Inventor 2010. This Ribbon consists of grouped tools that make finding tools
intuitive once you become familiar with the basic layout.

Master It You are trying to draw a line on the face of a part, but you cannot seem to find
the sketch tab in the Ribbon. How do you get it back?

Use the Inventor File Types Inventor supports many different file types in its native envi-
ronment, separating tasks and files to improve performance and increase stability.

Master It You have trouble keeping the various file types straight because all of the file
icons look rather similar to you. Is there a way you can see which file is what type?

Move from AutoCAD to Inventor If you are making the move from AutoCAD to Inventor,
you are not alone; most Inventor users have made that transition as well. You may find that
over time you use AutoCAD less and less, or you might find that Inventor and AutoCAD
both have a place in your design work. It is largely dependent upon the industry you work in.

Master It You find Inventor to be a bit foreign and wish it worked more like AutoCAD.
How can this be overcome?

Create 3D Virtual Prototypes It is important to understand that the full power of Inventor
is realized when your models become more than just 3D, and become true prototypes of the
object of your design.

Master It You want to make your models as intelligent and as close to real life as pos-
sible, so how do you get started?

Use Functional Design Functional design includes a number of tools in Inventor. Most
often, though, the design accelerators are what come to mind when one hears the term
Functional Design.

Master It  You need to fasten two assemblies together, but are not certain what size bolt
to use; is there anything in Inventor that will assist with that?






Chapter 2

Data and Projects

In many design and manufacturing environments, teamwork is a way of life—an essential part of
getting a product to market quickly. Concurrent design among multiple team members requires
coordination, discipline, and organization. In other situations a designer might work primarily as
a stand-alone user, collaborating with others but generally creating and accessing files as a single
user. In either case, effort invested in setting up an efficient file management system saves time
while designing parts and provides safeguards against rework and downstream errors for the

designer. When working as part of a design team, the value increases exponentially.
In this chapter, you will learn how to:

¢ Understand how project search paths work
¢ Setup library and Content Center paths

¢ Create and configure a project file
*

Determine the best project type for you

What Is an Inventor Project?

You can think of Project files in Inventor simply as configuration files which tell Inventor where
to look for component files when working with assemblies and drawings. For instance, an
Inventor assembly file is essentially an empty “bucket” into which parts (and subassemblies) are
placed and assembled. Therefore, the assembly file contains only the file path references for the
components it is composed of, and the information about how those components are assembled.
As a result, the location of referenced files is a key issue. If, when opening an assembly, refer-
enced files cannot be found at the search path recorded in the assembly file, a manual file resolu-
tion process is activated. This happens most often when component files are moved or renamed
outside the cone of search established in the Project file.

Project Files and Search Paths

Project files are often referred to as IPJ files, as that is the project file extension. You can create a
project file (. ipj) anywhere it makes sense to do so and Inventor will look at that location and
lower in the directory structure for the files in your design. Take a moment and study the file
structure shown in Figure 2.1.

Figure 2.1 shows a typical job based folder structure, where all files are located on the
Engineering (I:) drive. Engineering contains three subfolders: CAD Files, Data Sheets, and
Templates. In the CAD Files folder are three more folders: Content Center Files, Designs,
and Library Files. The Designs folder contains a folder for each job number, and subfolders
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containing revisions. So where would you create an Inventor project file? There are two basic
solutions: create multiple .1ipj files for each new job or create a single all encompassing .1pj
file for the entire engineering drive. Which method you should use depends largely on the way
your engineering department operates.

FIGURE 2.1 "] Engineering (I:)
Ajob based folder —{"] CAD Files
structure ——[ | Content Center Files

—— [ Deslgns
=) 07-0114-01
=07 07-1121-01
"] 08-0501-16
~[ | 08-0614-10

L.‘ ] Rev 1
[ ] Rev2
"] Library Files

—[" | Data Sheets
— ] Templates

JoB BASED .1PJ SETUPS

You could create one project file for each of the four jobs. You would have a file named
07-0114-01.1ipj in the 07-0114-01 folder, one named 07-1121-01.1pj in the 07-01121-01
folder and so on. This strategy can work fine if you typically work on one project at a time,
and then “close” the project upon completion. In Inventor, you would simply switch to the
specific project file that matches the job number you are working on (for example 07-0114-01)
and because the .1pj file is stored in that folder, Inventor will only search for design files in
its Workspace. The workspace is defined as the folder containing the .ipj folder and every-
thing below it. It may help to think of a workspace as search cone, starting at the .ipj and
spreading out from that point.

This job-based approach is fairly intuitive and is what people generally think of when they
see the phrase project file; one .1pj file for each job/project. This is a common approach when
jobs have long development cycles, and designs are very specific to that job.

But what happens if you want to use a part that was created for job 07-0114-01 in job 08-0614-
10? You could place the part into the 08-0614-10 assembly, but the next time you opened that
assembly, Inventor would not be able to find it, because it exists outside of the 08-0614-10 work-
space. If you were to move a part file from the 07-0114-01 folder into the 08-0614-10, then Inventor
would not find it while you were working on job 07-0114-01, because it would now be outside of
its workspace. Likewise if you moved the file up to the Designs folder, or the CAD Files folder,
or to (almost) any location that is not next to or below the 07-0114-01.1pj file, Inventor would
not find it, so long as you are working with that project file. If you copy the file to the 08-0614-10
folder then you have two versions of it and it becomes difficult to track changes, because you
need to update both copies to keep everything up to date.

The solution would be to configure the .1ipj file to include a Library. When a folder is config-
ured to be a library in an . ipj file, Inventor sees all of the files in that folder (and its subfolder)
as read-only. This protects commonly used files from being accidentally changed and upsetting
all of the many designs that may be using them.

To solve the issue of the commonly used part in this example, you would configure each of
your .1ipj files to use the folder named Library Files as a library of approved, read-only parts, to
be used across multiple jobs. Whenever you open an assembly, Inventor first looks in the library
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path for the parts, and then looks at the workspace. So to convert a part created as part of the
07-0114-01 job into a library part you would follow these steps:

1. Copy the file to the library folder.

2. If the original file has a job specific name, rename it according to a defined library
nomenclature.

3. Open the assembly (or assemblies) that use the original part.

4. Use the replace components tool to replace the original part with the library part in the
assembly(s).

5. Save and close the assembly(s).

6. Delete the original part, so that no duplicate is present.

SINGLE .IPJ SETUPS

Using the same folder structure as shown in Figure 2.1, you could use a single all-encompassing
.ipj file and set it in the Designs folder. By doing so, you would be setting the workspace at that
level. This configures Inventor’s search paths to look for files in the Designs folder and every-
thing below it. Essentially you have expanded the search cone by moving it up a level. Now if
you need to use a part that resides in the 07-0114-01 folder in the 08-0614-10 assembly, you can do
so and Inventor would be able to find it, without requiring it to be in a library folder.

Of course you can still use library folders when using the single .1pj file approach, and in
fact it is generally recommended that you do convert common parts to library parts when they
are being used in many different designs. Because folders configured as libraries in the .1ipj file
are handled as read-only, this protects them from accidental modifications.

One major caveat to using just a single .1ipj file is that in order to prevent the possibility of the
wrong part being loaded in an assembly, it is important for every part located in the search path
to have a unique name. If Inventor finds two files named BasePlate01, it will either use the first
one it finds or stop and make you decide which one to use. In either case, you should consider a
nomenclature that references the job number, date, or other unique identifier in the name.

ITEM BASED SETUPS

If your company uses an item based file management setup, and tracks each part you create or
purchase as an item, then you are probably not concerned with job numbers as much as you are
about part numbers. Most likely you will want to employ a single .1ipj file setup as described
above, and again place the .1ipj file in the Designs folder. Additionally your file structure may
be a bit more flat and look like Figure 2.2, where the Designs folder has no subfolders.

FIGURE 2.2 "] Engineering (I:)
Anitem-based —{ ] CAD Files
folder structure ——[ ] Content Center Files
—— [ Deslgns
—— 0] Library Files
—[ "] Data Sheets

— ] Templates
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In this flatter structure you can simplify the folder structure and drop all files into the
Designs folder as shown in Figure 2.3.
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Of course, you could still populate the Designs folder with subfolders named by product line,
top level item, or for each job just like in Figure 2.1, as well. Typically it is best to set up the .1ipj
file to accommodate your current file management system. However, if your current system is a
mess or is simply no longer a good fit for your company, you might take the time to reorganize
and plan out a good system, and set up Inventor accordingly.

Library Folders

As described previously, library folders contain existing, shared components. Library folders
are useful repositories for purchased parts such as fasteners, clamps, motors, and connectors,
as well as any other common, standard components. Library folders are defined in the .1ipj file.
Once the .1ipj file is configured, all components stored in a folder designated as a library file
are considered to be read-only by Inventor. This prevents the component from being uninten-
tionally edited or from being revised without appropriate approvals. For example, before you
modify a design that was completed as part of another job, it’s important to determine where
else that part was used. The goal is to ensure that the changes you plan will not render the part
unusable for other designs.

Library folders should be located outside the main .1ipj workspace path. In the job-based
directory structure example shown in Figure 2.1, the Libraries folder is on the same directory
level as the Designs folder and therefore outside the workspace search path. Library folders can
be located anywhere outside the primary project data path, even on different drives or mapped
servers. You should note that if you set up a library path in the .1ipj file to a folder that does not
exist, Inventor will create the folder as specified in the path. So a good way to set up libraries
is to set the path, and let Inventor create the folder, so that you know it’s in the right place, then
populate the folder with the library files.

LiBRARY EDITOR .IPJ FILES

So if folders configured as library files are configured as read-only in the .1ipj file, how are con-
trolled, purposeful, revisions carried out on library files? The answer is to create a regular .ipj
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file that is configured to look at the Library file as a standard folder. For instance you might
create an .ipj file in the Library Files folder and assign it no library path. You would then use
this .1ipj file only when doing library maintenance. Because this . ipj has no library path called
out, the files are not handled as read only. Often- times in a large engineering department only a
couple of people have access to the library editor project. When other team members see a need
to change a library file, they would submit a change order and the designated person(s) would
then make the change.

Content Center Files

In the previous illustrations you may have noticed a folder called Content Center Files. This is
a special kind of library file that stores component files generated by the Content Center. This
folder path is specified in the .1ipj file, much like a library file is.

It is important to understand what Content Center is and how it works. The Content Center
libraries are collections of table data containing the definitions for how to create 800,000-plus
standard parts and features. This database is managed by the Desktop Content settings or the
Autodesk Data Management Server (ADMS). Once you've installed the content libraries, you can
use this content in your designs. To do this, choose a component from the database to place
into your design, typically by using the Place From Content Center button in the assembly.
Understand that it is at this point that the Content Center part file is created. Up until this point,
the part existed only as a definition in the database table.

In your .1pj, you need to specify a Content Center file store location so that Inventor knows
where to save the file, and where to find it next time. The file store folder will include additional
subfolders where Content Center files will be stored once used in your designs. These additional
folders are created automatically as parts are created. The next time a part is specified from the
Content Center libraries, Inventor first searches the Content Center file store directories and
then creates the part from the database only if the part file does not already exist in the file store
location. It is required that the Content Center file store location be outside the main project data
path. From this discussion of libraries, you can see that high importance is placed on planning
the correct part locations and workflow.

How Search Paths and Project Files Are Used

Inventor’s .ipj files are easy to create and use, provided you understand how Inventor uses
them. An Inventor project file is a configuration file that lists the locations and functions of
each search path. Inventor uses these definitions to resolve file links and locate the files needed
for the parts and assemblies on which you want to work. Figure 2.4 shows how Inventor loads
assemblies and parts inside an assembly file.

When opening an assembly file, Inventor resolves files by searching for the first file to be
located within the assembly file. Inventor first looks in the library folders for that file. Next,
Inventor searches in the local workspace for the file. When a file is not found in any of the refer-
enced folders, Inventor launches a manual file resolution dialog box offering you the opportu-
nity to browse and point to the file.



40

CHAPTER 2 DATAAND PROJECTS
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Exploring Project File Types

As mentioned previously, file management in Inventor is handled through the use of a project
file (*.1ipJ). A project file is simply a configuration file set up and used to control how Inventor
creates and resolves file links, where you edit files, how many old versions of the files to keep,
and how Content Center files are stored and used. In the early days of Inventor, Autodesk
offered two basic project types: single-user and multiuser projects. At this point, the Vault proj-
ect has replaced the earlier multiuser project types.

Unless you have installed Vault, you have only one project type to choose from by default,
the single-user project. The name single-user could be considered a misnomer, because this proj-
ect is widely used by one-man shops and multi-seat design departments alike. The term single-
user does not mean that only one user can access the files in that project as it might suggest, but
instead it refers to the fact that there are no means of preventing files from being accessed for
editing while another user is already editing the file. This can create a “last-man-to-save-wins”
situation, if care is not taken.




CREATING THE PROJECT FILE

@ Real World Scenario
SINGLE-USER PROJECTS AMONG MULTIPLE USERS

What happens when two users access the same file using a single-user project? Typically this is first
noticed when one of the two tries to save the file. Inventor notifies the person trying to save that he
or she is not working with the most current version, and gives the other user’s name (depending
upon network setup) so you know what is going on. Inventor instructs the user that he or she must
save the file as a different name in order not to lose the changes made.

Typically, at this point a conversation takes place to determine how to proceed. If the first person
is decided to be the one who needs to save changes, then the file they were working on is saved as
another name, then the original file is deleted (or renamed as a reserve) and the other file is renamed
to replace the original. In this way the changes have been preserved to the original files.

Although this may seem like a terrible hassle, there are many design departments that use single-
user projects in a team setting effectively and only rarely run into this situation. More than likely
you already have an idea of how often you and your colleagues handle the same files at the same
time. But if try to use single-user projects and find this situation happens fairly often, then you
should consider a true multiuser project.

Many design departments use single-user projects effectively in collaborative environments
because of workflows that lend themselves to this type of project or by simply maintaining good
communication among the design team. For collaborative environments that require some safe-
guard against situations where users could potentially save over one another’s work, using a
multiuser project (Vault project) is recommended.

Vault is a data management application that, as the name implies, locks down files for their
protection. Once a file is in Vault, it is checked out by a user in order to be edited. Vault typically
resides on a file server where the entire design team can access it. When the file is checked out
of the Vault server, it is placed on the user’s local machine for editing. The next user who comes
along and attempts to access that file can access only a read-only version. Once the first user is
finished editing, the file is checked back into Vault and automatically versioned.

It is also important to note that Inventor installs with a default project setup. The default proj-
ect is typically not used for production work because it is not fully configurable and will almost
always lead to file resolution issues, because it has no defined search path.

Creating the Project File

In Inventor, two project file configurations are available:

Single-user A single-user project allows you to work in a file structure that is wholly con-
tained on your system or on a network server location. This project file type is the simplest
project file type to create and works well when users are not working on the same design
concurrently.

Vault Autodesk Vault is an easy-to-use data management tool that integrates work cre-
ated with Inventor, Inventor Professional, AutoCAD Mechanical, and AutoCAD Electrical.
It includes features that allow design teams to track work in progress and maintain version
control in a multiuser environment. Design reuse is facilitated by consolidating product
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information and storing it in one place. Vault is a SQL database environment. A subset of the
SQL environment exists in all current Windows operating systems (back to Windows 2000).

Vault installs separately from Inventor. The Vault installation checks to make sure that your

system is compatible and that auxiliary programs required for operation are installed. Vault
is included with all versions of AutoCAD and Inventor.

Now, which type of project is best for you?

One or more designers can use projects using Vault. Single-user projects are most commonly
used when there is a single seat of Inventor in the company or when only one designer works on
a particular job more or less exclusively.

Multiuser Vault projects rely on a Microsoft SQL Server environment, which can be as
simple as the Autodesk data management server, which supports up to 10 users with the default
Microsoft SQL Server Express database. If you have a larger workgroup or require a higher
capacity, a full version of Microsoft SQL Server is recommended. In addition, a workspace folder
located on the individual user’s system is required. Data servers should be on a separate server
with rapid data access hard drives dedicated to the engineering department’s use.

Inventor 9 and earlier allowed you to create shared and semi-isolated project file types. If you
are currently using either legacy project type, then you should consider moving to Vault since
Autodesk may not support the legacy types in future versions.

CREATING A GOOD DATA MANAGEMENT PLAN

A good data management plan is the key to using Inventor projects successfully. Using Vault will
not resolve a poor project file or data management strategy.

One part of a successful Inventor deployment is the hardware and network on which the software
will run. It is important that the engineering group has buy-in by the IT group. You will need to
discuss several issues with this group, including hardware for servers and workstations, the network
setup (100 Base-T or Gigabit), mapped network drives, and user permissions. A good server can be
the difference between success and failure in your rollout.

Although you do need to think about your file structure, don’t obsess over it. Most likely you will
end up changing the structure at least a few times before you settle on a final structure. Keep an
open mind, and realize that if you have five people in a room discussing file structures, you’ll end
up with five different ideas. Again, involve IT in your discussions.

Finally, you should designate one person in engineering to be the engineering administrator. This
person needs to have administrative privileges on the engineering server or network share. IT may
resist, but you need to keep pushing. This is important because you will need the ability to easily
create, delete, and move files and folders without having to submit a help-desk ticket. Nothing will
slow down a design process faster than having to wait for IT to make a simple change. Explain this
need to your IT administrator, and most likely they will understand.

Creating Single-User Projects

calf Probably the best way to learn about projects is to create a “test” single-user project. Single-
OBJECTIVE user projects allow you to open, edit, and save files without checking the files in or out. In the
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following sections, you will investigate the single-user file project mode. Once you gain an
understanding of single-user projects, you will be ready to investigate the other project file
types. To create a test project, you will use the Inventor Project Wizard.

THE INVENTOR PROJECT WIZARD

To get the most out of this exercise, open your version of Inventor, ensure that you have closed
all the open files, and then access the Inventor Project Wizard by going to the Get Started tab
and clicking the Projects button.

1. In the Projects dialog box, click the New button at the bottom.

2. You will see two options in the Inventor Project Wizard, as shown in Figure 2.5. Select
New Single User Project, and then click Next.
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3. Enter MI_Test_Project in the Name input box.
4. Enter C:\ MI_Test_Project in the Project (Workspace) Folder input box.
Figure 2.6 shows a Project File page specifying the project.
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5. Click Next to advance to the next page of the wizard.

6. If you already created a folder for your library files and used those library folders in
a previous project, those locations will appear on the Select Libraries page, shown in
Figure 2.7. When creating a new project, you can choose to include some, all, or none of
the defined library locations. Click the Finish button to include no libraries at this point.
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7. Click OK in the message box informing you that the project path entered does not
yet exist.

8. Click Finish to create and save your new project file. The newly created project file link
will appear in the list in the Projects dialog box.

SWITCHING AND EDITING PROJECTS

Only one project can be active at a time. To switch projects, you must first close all files that are
open in Inventor. You cannot edit the file paths of the active project, but you can edit items such as
Content Center libraries that are included. You can edit anything in a non-active project.

THE ProOJECTS D1ALOG Box

calf Now that you have created your sample project file, you'll explore the options and settings avail-
OBJECTIVE able for your new project. To activate and use your new project, highlight the new project and
click Apply. You can also activate or select a new project link by double-clicking the project link.
Notice that MI_Test_Project has a check mark next to the project name indicating that the project
is now active, as shown in Figure 2.8.
In the lower pane, you can view and access parameter settings for the following:

¢ The project type

Optional included project file
Style library options
Libraries you want to use
Frequently used subfolders

Folder options

* 6 6 o o

Other project options
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Right-click a parameter group to view the settings available within that group. Within the
Project group, you can change the project type, view the project location, and include other proj-
ect files. Project types were discussed earlier in this chapter. The project location is a read-only
parameter. Included files deserve some additional discussion because the Included File param-
eter allows you to apply a master project to your current project; this setting, as well as the other
project settings, are discussed in the coming pages.

Included Files

Although it’s not required, you can include an existing project in the configuration of the cur-
rent project by right-clicking Included File. The properties and settings in the project file that
you attach override the settings in the current project file. This is useful for restricting and con-
trolling a user’s ability to change the project file. Also, if you frequently create new project files,
you might consider creating a master project file that contains library locations and other set-
tings you commonly use and then include the master project file in each new project file.

Workspace

For single-user projects, the workspace is defined by the location of the project file (*.1p3J).
For Vault projects, the workspace is defined on the workstation and is configured to match the
Working Folder setting in the Vault settings. The workspace is the folder that files are copied
to when they are checked out. The Workspace folder may include several subfolders contain-
ing various aspects of the design. Examples of subfolder types might be Parts, Assemblies,
Drawings, or other subfolders as deemed necessary.

Workgroup

The workgroup search path specifies a location outside the current project file paths where
Inventor can search for existing files that are not included in a library. A workgroup is specified
when the project is created. Each single-user project should have no more than one workgroup.
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Style Library

Inventor uses styles to specify dimensions, text, colors, materials, and other properties. This is
similar to styles used in AutoCAD. However, Inventor allows you to store styles locally within
the templates or in an external style library that may be used with any project file.

The Use Style Library function in projects specifies whether the project uses only local styles,
local styles and the style library, or just local styles and a read-only version of the style library.
The read-only style library is recommended for projects that have multiple users. With mul-
tiple users, changing or editing the style library on the fly can cause downstream problems. To
change the Use Style Library parameter, right-click and select the new setting,.

Remember that for your projects you can right-click to select another option when it is appro-
priate. Click Yes if you want to be able to edit styles in this project. Click Read-Only (the default)
if you want to access style libraries and local styles without enabling style-editing capabili-
ties. Click No if you want to restrict access to styles located within the current file and project
template.

Library Options
Next on the list are libraries. Library folders are located outside the project file path. They may
be located anywhere on your system or on your server. If you are sharing library files, it is rec-
ommended that you place them on your server in a commonly accessed location. The contents of
directories specified as libraries in the project file are considered read-only by Inventor.

In your newly created project file, you have not added any library folders. If at any time you
want to add library folders, you can do so by right-clicking Libraries and choosing Add Path,
Add Paths From File, or Paste Path, as shown in Figure 2.9.
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You can manually add a path, either by browsing or by typing a new file location. Be sure to
give the library a descriptive name that identifies the contents of that file location. Add Paths
From File permits extracting library paths from another project file. Paste Path allows the user to
copy and paste. Once you have specified library paths, the Delete Section Paths option becomes
available, and you can remove paths not needed by the project. Deleting unused library paths
reduces search and resolution time.

Shortcuts to Frequently Used Files

Frequently used subfolders are similar to the bookmarks you can set in Internet Explorer. The
subfolders must already be nested within the current project workspace, workgroup, or library.
Adding frequently used subfolders to your project provides navigation links in your open, save,
and placed dialog boxes so you can quickly navigate to those locations. The Samples project is a
good example of frequently used subfolders.
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Folder Options

The Folder Options setting allows your project to access other file locations than are speci-

fied on the Files tab of the Application Options dialog box. Keep in mind that you may have to
close and reopen Inventor in order to reinitialize the optional project file locations. You can use
this option to specify different default locations for templates, design data, styles, and Content
Center files. When the locations are set to the defaults, then the location/storage of the files is
specified on the Files tab of the Application Options dialog box. Right-click any of the options to
change the storage and access location.

Project Options

Expand the Options heading to show the global defaults for the selected project. The Options
settings in a project determine file management functions; right-click an option to edit it.

Versioning and Backup

Use the Options setting to determine how many old versions or backup copies of each file to
save. The Old Versions To Keep On Save option specifies the number of versions to store in the
Old Versions folder for each file saved. The first time a file is saved in a project, an Old Versions
folder for that file is created. When the file is saved, the prior version is moved automatically to
the file’s Old Versions folder. After the number of old versions reaches the maximum in the set-
ting, the oldest version is deleted when a newer version is moved into the folder.

INVENTOR OLD VERSIONS AND AUTOCAD .BAK FILES

Inventor versioning is similar AutoCAD’s backup scheme. AutoCAD creates a * . bak file saved in the
same folder as the design. Inventor saves the backup files in a separate Old Versions directory.

All versions located in the Old Versions folder have the same name and extension, except
that a number is appended after the name. The default setting of 1 creates one backup file in the
Old Versions folder. If you are working with a very complex assembly or model, you can specify
additional backup versions; however, remember that with each additional backup version
you are creating additional files (and using additional space) on your hard drive. Setting Old
Versions to -1 will cause Inventor to save all backup files.

File naming Conventions

The listing called Using Unique File Names in the Options is the setting that forces the user to
create unique part names for all files in the project, including subfolders. Libraries are excluded
in this option. The recommended setting for using unique file names is Yes. Proper design
workflow demands that each unique part have a unique name, and that name will not be used
for any other part. When parts are reused, you should ensure that any revision to that part be
acceptable to all designs where that part is used. If that revised part cannot be used in all the
designs, then you should use a new part name, because you have now created an additional
unique part.
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Setting the Using Unique File Names option to Yes forces unique file names for every file you
create within the project. Duplicating file names results in resolution errors because the project
search path is a relative path; it’s relative to the location of the project file.

THE ProJECTS D1AL0OG Box’s TooL PANEL

The tool buttons along the right side of the lower pane of the Projects dialog box provide access
to tools that allow you add, edit, and reorder project parameter settings and paths; check for
duplicate file names; and configure the Content Center libraries used for the active project.

Use the magnifying glass icon located on the lower, right side of the Projects dialog box to
check your project paths for duplicate filenames, as shown in Figure 2.10.
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WHY RELATIVE PATHS?

An Inventor assembly file records relative paths when it links a subassembly or single parts to itself.
The use of relative paths in assembly files allows the relocation of an assembly and its associated
parts and subassemblies to other locations on servers or drives without requiring the resolution of
anew location. Relative paths, however, introduce the danger of the assembly locating only the first
of two parts that happen to have the same name. For instance if you’ve saved a file name Part1in two
different file folders, Inventor will resolve the link to the first one it finds and then stop searching.

To prevent the possibility of the wrong part being loaded in an assembly, it is important for every
part located in the search path to have a unique name.

The Projects dialog box supports the configuration of one or more Content Center libraries.
The Content Center provides multiple database libraries that can be used in assemblies or by the
Design Accelerator (Functional Design System).

If you elected to install Content Center libraries while installing Inventor, you must configure
the Content Center libraries in the project before you can access them. Click the Content Center
icon in the lower right-hand corner of the project-editing dialog box. Then select the Content
Center library or libraries you want to use, and click OK. Figure 2.11 shows the Configure
Libraries dialog box.

Select the Content Center libraries you think you’ll use. Installing all the Content Center
libraries may slow your system down significantly when you are accessing Content Center
because Inventor will need to index each library upon initialization.

When you finish editing the project file, click Save, and then make sure your desired project
file is active before clicking Done to exit the Projects dialog box.
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Creating Multiuser Projects

Working as a team can increase productivity many times over. In a collaborative design environ-
ment, multiple users may be working on a project at the same time. When you create a multiuser
project, you have the option to choose the Vault (if Vault is installed), shared, and semi-isolated
project types. As stated earlier, Vault works in a similar fashion to a semi-isolated project. It pre-
vents you from working on the original version of a file located inside Vault. Each user creates

a local Vault project file that specifies a personal workspace located on the local drive and that
includes search paths to one or more master projects.

To edit a “Vaulted” file, the user must check the file out of Vault. The process of checking the
file out copies the file to the local workspace. Whenever the file is checked out for editing, the
original stored in Vault is flagged as “checked out” to that particular user. Other users can view
the checked-out files in read-only mode, but they can't edit the checked-out file.

The user who checked out the file can edit and save the file in his local workspace without
checking the file back into Vault. When he saves the file, he will be prompted to choose whether
he wants to check the file back into Vault. If he chooses to check the file into Vault, the file will
be saved into Vault and is then available for editing by a different user. Optionally, he may save
the file into Vault but keep it checked out to his local workspace, allowing other users to view
the updated file without being able to edit it.

PROJECT SHORTCUTS

If you right-click in the project in the Project dialog box you can choose delete to remove it from the
list. But if you browse out and look, you’ll see the . ipj file is still there. What is going on?

When you create a new project file or point Inventor to an existing project file, Inventor will create
a shortcut to that file. When you choose Delete and remove the project from the list, you are not
actually deleting the . 1pj file, but instead deleting the shortcut. When you choose browse and
locate the . ipj file to add back to the list, the shortcut is recreated.

The shortcut path can be set by going to the Tools tab of the ribbon menu, then Application Options
» Files tab > setting the Projects Folder path.
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Collaborative design project files are created using the Inventor Project Wizard in much the
same manner as a single-user project file. The file resolution process within a collaborative proj-
ect file functions in the same way.

With Vault installed on your server or your own system, you can create and configure a Vault
project. If Vault Explorer is not installed on your system, then you cannot install or create a
Vault project on your system. Before you create your first Vault project, verify that Vault is cor-
rectly installed and that you can open and create a new Vault file store using the ADMS console.
The new Vault file store must be accessible on your local system from Vault Explorer. If Vault
functions correctly, you are now ready to create a Vault project file. As with a single-user project,
use the Inventor Project Wizard to name the project, specify the workspace, assign libraries for
use with the project, and configure project parameters.

Again, as in other project file types, you will need to edit the default settings in your project
file and optionally configure your Content Center for use.

The Bottom Line

Understand how project search paths work Knowing how Inventor resolves file paths
when it opens linked files, such as assembly and drawings, goes a long way toward helping
prevent broken links and repair links that do get broken.

Master It What type of file does Inventor use to point the assembly file to the parts that
it contains?

Set up library and Content Center paths Library and Content Center paths are read-only
library configurations set up in the project file.

Master It When you set up a library or Content Center path to a folder that does not
exist, what happens?

Create and configure a project file Project files are a key component to working successfully
in Inventor, however, for many people this is a one-time setup. Once the project is created for
the most part you just use it as is.

Master It After creating a project file initially, you want to make one or more changes to
the configuration, but you can’t seem to do so. What could be the problem?

Determine the best project type for you Although the Autodesk solution to a multiuse
environment is Autodesk Vault, many people may not be able to use Vault. For instance, if
you use another CAD application that links files together like Inventor, Vault will likely not
know how to manage the internal links for those files.

Master It Because you generally do not work concurrently on the same files as your
co-workers you think you might be best to set up a single-user project for now, while you
continue to investigate the Vault solution, but you are not sure if that will work.



Chapter 3

Sketch Techniques

This chapter will cover the principles of creating parametric sketches used in part or assembly
modeling. All the skills in this chapter are based primarily on creating a single part, whether in
a single-part file or in the context of an assembly file.

Inventor utilizes two types of sketches, a 2D sketch and a 3D sketch. A 2D sketch is created
on any geometry plane and is the more common of the two types. A 3D sketch is not limited to
a sketch plane and can be comprised of geometry in any point in space. 3D sketches are often
created from existing geometry. Both 2D and 3D sketches are controlled by two basic parameter
types: dimensions and sketch constraints.

In Inventor, sketches are generally “roughed out” with basic geometry and sketch constraints
first and then fully defined with dimensions that drive the geometry.

The dimensions dictate the length, size, and angle of the sketch geometry. For the dimensions
to do this predictably, sketch objects must know how to interact with one another. This interaction
is defined by the sketch constraints. This chapter will cover how to create a part and the features
of basic 2D sketches, including the tools and settings that govern their creation. Also covered is
how to use AutoCAD data to create sketches.

In this chapter, you'll learn to:

¢ Set up options and settings for the sketch environment
Create a sketch from a part file template

Use sketch constraints to control sketch geometry
Master general sketch tools

Create sketches from AutoCAD geometry

* 6 6 o o

Use 3D sketch tools

Exploring the Options and Settings for Sketches

Before you jump into creating a part sketch, take a look at the options and settings Inventor
provides for sketches. Options and settings in part files are located in two different areas of
Inventor depending upon whether the focus of these settings affects the application (Inventor)
or the document (your part file). You'll look at both application options and document options
in this section.
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BEFORE YOU START...

Before you begin, ensure you have downloaded the tutorial files from www . sybex.com/go/
masteringinventor2011. Place the files in a folder on your computer (such as \My Documents\
Mastering Inventor 2011),and then be sure to set the Mastering Inventor 2011 project active:

1. From within Inventor, close any open files.

2. From the Get Started tab, select the Projects button.
3. From the Projects dialog, select the Browse button.
4

. From the Choose Project File dialog, browse to the Mastering Inventor 2011 folder and select
theMastering Inventor 2011.1pj file and click Open.

5. Note that the Mastering Inventor 2011 project is denoted as being the active project with a
check mark.

6. Click Done to close the Projects dialog box.

Now you are ready to get started.

Application Options
Application options change settings for your installation of Inventor. You can adjust the applica-
tion settings as follows:

1. From the Tools tab, click the Application Options button.
2. Then choose the Sketch tab, as shown in Figure 3.1.
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The application options on the Sketch tab are as follows:

The Constraint Placement Priority area The options in this section determine the primary
method of inferred constraint placement. In Inventor, your line work employs sketch constraints
to tell lines, arcs, and circles how to interact with one another. Many of these constraints are
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placed automatically while you sketch based upon the existing geometry. This automatic place-
ment is called constraint inference. Parallel And Perpendicular, the default setting, will look

first for relationships between geometry, before looking at the coordinates of the sketch grid.
Horizontal And Vertical does just the opposite. Figure 3.2 shows constraint placement with par-
allel and perpendicular on the left and horizontal and vertical on the right.
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The Overconstrained Dimensions area This area controls the way redundant dimensions
are handled in sketches. As an example, if you sketch a rectangle of approximately 200 millime-
ters long and then place a dimension on one of the horizontal lines and set the dimension to be
precisely 200 millimeters, the rectangle will stretch horizontally to be exactly 200 millimeters.
But if you apply another dimension from the left vertical line to the right vertical line, Inventor
will either warn you of the overconstrained situation or automatically place the dimension

as a driven dimension. A driven dimension is one where the value is determined by the geom-
etry, rather than a driving dimension that determines the value of the geometry it is placed on.
Figure 3.3 shows a driving dimension at the top and a driven dimension in parentheses.
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The Display area Located in the upper-right portion of the Sketch tab, this area gives you
settings for grid lines, minor grid lines, axes, and a 2D coordinate system indicator. All of
these options set different visual references in the form of grid lines and coordinate indica-
tors. You can experiment with these settings by deselecting the box next to each option and
clicking the Apply button while in sketch mode. To ensure that your screen matches the illus-
trations in this chapter, you can deselect all the options in this area except for the Grid Lines
box, as shown in Figure 3.1.

The Display Coincident Constraints On Creation check box If selected, this option dis-
plays a yellow dot at all sketch points where coincident constraints are placed when sketch-
ing. Hovering your mouse pointer over the dots displays the coincident constraint symbol, as
shown on the left in Figure 3.4. If the check box is not selected, these coincident symbols are
not displayed initially, as shown on the right of Figure 3.4 but can still be displayed by press-
ing the F8 key (Show All Constraints) while in a sketch.

The Constraint And DOF Symbol Scale setting This simply controls the size of the
icons present when viewing sketch constraints. You can see coincident symbols on the left
of Figure 3.4.
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FIGURE 3.4
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The Spline Fit Method area This determines the initial type of transition for a spline
between fit points. Figure 3.5 shows two splines drawn with the same input points. On the
left, the standard spline solution is in bold with the AutoCAD solution dashed; on the right,
the standard solution is dashed with the AutoCAD solution in bold.

FIGURE 3.5
Standard spline fit
(left) and AutoCAD
spline fit (right)

Standard Creates a spline with a smooth continuity (G3 minimum) between points.
This spline type tends to overshoot at sharp transitions. Use this for Class A surfaces
such as automotive design.

AutoCAD Creates a spline using the AutoCAD fit method (G2 minimum). This is not
used for Class A surfaces.

Minimum Energy Sets the fit method to create a spline with smooth continuity (G3
minimum) and good curvature distribution. Multiple internal points are used between
fit points, resulting in a nice heavy curvature. This can also be used for Class A surfaces,
but it takes the longest to calculate and creates the largest file size.

ABOUT CURVE CLASSIFICATION

Curves are classified by how smooth the continuity is where they connect to one another. This
classification is as follows:

L 2

*
*
*

Go controls the position at which curves touch one another.
G1 controls the tangent angle at which curves connect.
G2 controls the radius at which curves connect.

G3 controls the acceleration or rate of change of curves.

The Snap To Grid check box This allows your mouse pointer to snap to a predefined grid
spacing. The grid spacing is controlled per file in the Document Settings, as will be discussed
in the coming pages.
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The Edit Dimension When Created check box This permits immediate input of a dimension
value while applying sketch dimensions. This option can be toggled on and off by right-clicking
while using the Dimension tool and selecting Edit Dimension from the context menu.

The Autoproject Edges During Curve Creation check box This allows you to reference
existing geometry from your sketch plane and have that geometry automatically included
in your sketch. As an example, if you sketch on the top face of a part that has a hole on the
bottom face, you might want to find the center of the hole to reference in your sketch, but
since that hole exists on a different plane, it needs to be projected up into your current sketch
before you can do so. Enabling this option allows you to “rub” your mouse over the hole
and have it automatically projected into your sketch. Figure 3.6 shows a line being sketched
from the middle of the cylinder to the center of a hole on the bottom face. With this option
on, simply rubbing the edge of the hole will project it to the top face so that the line can be
sketched to the center of the projected circle. This option can be toggled on and off by select-
ing AutoProject in the right-click menu of most of your sketch tools such as Line, Circle, Arc,
and so on.

FIGURE 3.6

Autoprojecting a

hole edge while

sketching on the

top face -

The Autoproject Edges For Sketch Creation And Edit check box This automatically projects
the edges of the face when you create a sketch on it. Although this can be convenient in some
cases, it can also become counterproductive because it places extra line work into your sketches.
This can add a level of complexity to your sketches that is not required. Figure 3.7 shows the
results of selecting this option.
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The Look At Sketch Plane On Sketch Creation check box This reorients the graphics win-
dow so that you are always looking perpendicular to the sketch plan while creating or editing
a sketch.

The Autoproject Part Origin On Sketch Create check box This automatically projects the
part’s origin center point whenever a new sketch is created. The origin center point is point
0in the X, Y, and Z directions. Projection of this point makes it easy to constrain and anchor
your sketch. If this option is not selected, you are required to manually project this point.
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FIGURE 3.8
Point alignment
inferring endpoint

FIGURE 3.9

A 3D sketch line
with and without
Auto-bend With
3D Line Creation

The Point Alignment On check box This allows endpoints and midpoints to be inferred by
displaying temporary, dotted lines to assist in lining up sketch entities. Figure 3.8 shows an
endpoint being located using the Point Alignment option.

The Enable Heads-Up Display (HUD) check box This allows you to input numeric and
angular values directly into input boxes when creating sketch entities. For instance, if you
were to sketch a circle without HUD on, you'd rough in the approximate size and then use
the Dimension tool to give the circle an exact diameter. With HUD, you can specify the
diameter as you create the circle. Clicking the Settings button opens the Heads-Up Display
Settings dialog box where you can adjust the HUD settings.

The Auto-bend With 3D Line Creation check box This allows corners to be automatically
rounded when creating a 3D sketch. This feature can be turned on and off via the right-click
menu when using the Line tool in a 3D sketch. Figure 3.9 shows two corners created without
the auto-bend feature enabled and four corners created with it enabled through the right-
click menu. The default auto-bend radius size is set per file via the document settings, but
can be edited once the bends are created.
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To set changes made to the application options, you can click the Apply button. You can save

the changes you make to the application options for backup or distribution among other users by
clicking the Export button at the bottom of the Application Options dialog box. In the resulting
Save Copy As dialog box, simply specify the name of the . xm1 file, and click OK. You can import
this .xm1 file at any time to restore your custom settings by using the Import button at the bottom
of the Application Options dialog box.
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Document Settings

In addition to the previous settings, which are set application-wide, there are also settings that
control options per file. Document settings vary depending upon the file type you are in. For
part files, you can modify the sketch settings by clicking the Document Settings icon on the
Tools tab of the ribbon menu while you are in an open part file. Once open, click the Sketch tab
to access the following settings:

Snap Spacing This sets the spacing between snap points to control the snap precision when
sketching in the active part or drawing. This is relevant only when using the Snap To Grid
option on the Sketch tab of the Application Options dialog box. The settings for the x- and
y-axes can be different.

Grid Display This sets the spacing of lines in the grid display for the active file.

Line Weight Display Options These set the options for line weight display in the sketch
environment. This setting does not affect line weights in printed model sketches but merely
the on-screen display.

Auto-bend Radius This sets the default radius for 3D sketch line corners when the auto-
bend feature is used.

You may want to configure the document settings in a template file and then save those settings
back to that file so they are always set to your specification. To do so, click the Inventor button at the
top left-hand corner of the screen, and select Save As > Save Copy As Template. This will open the
template file location and allow you to save the file as a template. Note that Inventor uses the tem-
plate path to designate templates rather than a separate template file extension. Therefore, any .ipt
file saved under the template path is considered a template.

CHANGING THE UNITS OF A PART FILE

If you start a part file using the wrong template (inches instead of millimeters or millimeters instead
of inches), you can change the base units of the file by clicking the Document Settings icon on the
Tools tab of the ribbon menu and going to the Units tab. Changing the base units will automatically
convert parameters but will not override parameter inputs. For instance, if you entered a value of
3 inches for a dimension and then change the units of the file to millimeters, the dimension will
show 76.2 mm; however, when you edit the dimension, you will see the original value of 3 inches.

Sketching Basics

Now that you've explored the sketch options and settings, you will explore the sketching tools
by placing sketches on an existing 3D part. This will give you an introduction to creating 2D
sketches in 3D space. The basic workflow for creating any 2D sketch is as follows:

¢ Establish the plane on which you want to sketch.

¢ Project geometry from existing feature in order to position new geometry.
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Create geometry such as lines, arcs, circles, and so on.

Place sketch constraints on the geometry so the lines, arcs, and circles know how to relate

to one another.

¢ Dimension the geometry so it is fully defined and there is no part of the sketch that can be
accidentally adjusted.

Keep these basic steps in mind as you go through the following steps and explore the basics
of sketch creation. To get started, you will open an existing file and use the faces of the part to

sketch on.

1. Click the Inventor button, and choose Open (or press Ctrl+O on the keyboard).

2. Browse for the file named mi_3a_001.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

This file consists of a stepped block with one beige face, one face with two holes in it, and
one face with a triangular feature on it. To start off, you will create a sketch on the top beige face.
Before getting started, set your application options so you will not see any unexpected results as

you follow these steps.

3. From the Tools tab, select the Application Options button.

4. In the Application Options dialog box, click the Sketch tab.

5. In the Sketch tab, ensure all of the check boxes shown in Figure 3.10 are set as shown.

FIGURE 3.10
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6. Click Apply and Close to set your sketch options, and close the Application Options

Dialog box.

7. Hover your cursor over the ViewCube until you see the Home icon (looks like a house),
and then click it to ensure you are looking at the model from the predefined home view.

8. From the Model tab, select the Create 2D Sketch button.

In order to create a 2D Sketch, you must select a plane to sketch on, as indicated by the glyph
now present at your cursor (it looks like a pencil and paper). You should also note the input
prompt found either at the bottom left of your screen or at your mouse pointer, depending upon

the Dynamic Prompting settings you have active.

9. Click on the beige face to create the new sketch on it.
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TURN ON DYNAMIC PROMPTING

Asyou use the various available tools, Inventor will prompt you with a short message concerning the
input needed from you to complete the task. By default the prompts are displayed at the lower left of
the screen. To help you notice them better, you can set them to display on-screen at your cursor. To
do so, go to the Tools tab and click Application Options. Select the General tab, and select the Show
Command Prompting (Dynamic Prompts) check box, and then click Apply and Close.

Once you've selected the face, you'll notice the change in the tools displayed on the ribbon
menu and the activation of the Sketch tab. You should also notice the browser has grayed out all
of the other features and only the new sketch (it should be named Sketch6) is active.

You'll also notice a sketch point (small dot in the center of the beige face) has been automati-
cally created. This is the 0,0,0 origin point of the part. It has been automatically projected into
your sketch due to the Autoproject Origin on Sketch Create setting, as shown in Figure 3.10. You
will next project more geometry into your sketch.

10. Select the Project Geometry tool from the Sketch tab, and then click somewhere in the
middle of the beige face. You will now see the rectangular edges of the beige face dis-
played as sketch lines.

11. Right-click and choose Done to exit the Project Geometry tool (or press the Escape key on
the keyboard).

12. In the browser click the plus sign next to the Sketch6 browser node. You will see a pro-
jected loop listed under the sketch.

The projected loop was created by projecting the beige face into your sketch. These projected
sketch lines are currently locked in place to always remain associative to the face from which
they were created. In the next step you will break the associative link between the projected
edges and the face.

13. Right-click on the projected loop in the browser and choose Break Link.

When you break the link, the projected loop node disappears in the browser and the projected
lines around the beige face change color. The color change indicates that the sketch lines are no
longer associated with the face.

Click and drag on any of the projected lines. You'll notice they can be dragged around any-
where in the sketch plane. Because the sketch plane extends out past the beige face, the lines can
be dragged out even beyond the extents of the face. A 2D sketch stretches out infinitely in the two
directions that make up the plane. Next you'll clean up the projected lines and project more lines.

14. Hold down the Ctrl key on the keyboard and select all four of the lines. Notice the color
change indicating the selection status of the lines. If you want to remove a line from the
current set of selected objects, you can click it again while holding the Ctrl key. To add it
back, you would click it again, still holding the Ctrl key.

15. With all four lines selected, right-click and choose Delete.

16. Next select the Project Geometry tool again, and this time select just the circular edges of
the two holes.
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Watch the color coded selection closely to ensure you are getting just the hole edges and not the
entire face the holes are on. If you choose the entire face, you will get the four rectangular edges
and the two hole edges and a projected loop will be created under the sketch in the browser. If you
do accidentally select the face, use the Undo arrow on the Quick Access toolbar and then repeat
step 16.

Since you selected just the circular edges, there is no projected loop created. However, the
circles are still created so that they are associative to the holes from which they were created.
This means that if the original holes change locations or diameter, the projected circles will
adjust accordingly.

Another point to note is that when you project the edges of the holes into your sketch, they
are projected up onto the sketch plane, even though the holes are at a lower elevation. To see
this clearly, you can use the ViewCube to adjust your viewing angle.

17. Click the face of the ViewCube labeled Front, and you will be able to see the projected
edges are in the same plane as the beige face you created your sketch on.

18. Click the Home icon on the ViewCube to set your view back to the home view.

Next you will break the link with the projected circles and the holes they were created from.
Since no projected loop was created when you projected just the edges, there is no projected loop
node listed under the Sketch node in the browser. Instead you will break the link by selecting the
circles in the graphics area.

19. Right-click on one of the circles and choose Break Link from the context menu. It will
change colors indicting it is no longer associative to the hole and, therefore, no longer
constrained in place.

20. Click on the non-associative circle and note you can resize it by clicking and dragging the
circle itself, and you can move the circle by dragging the center point.

In the next steps, you will exit the current sketch and then delete the entire sketch. Then you
will create a new sketch and create some geometry. Then you will use projected geometry to
position and constrain the new geometry.

21. Click the Finish Sketch button on the Sketch tab (or right-click and choose Finish Sketch).
Notice the Sketch node is no longer highlighted in the browser and that the Sketch tab
has disappeared, leaving the Model tab active.

22. Right-click on the Sketch6 node in the browser and choose Delete. You will notice
the sketch node is removed from the browser and, therefore, the projected circles are
removed from the graphics area.

Next you'll create a sketch on the face that has the triangular cut in it. Rather than using the
Create 2D Sketch button as you did before, you will create the sketch through the right-click
context menu.

23. Right-click on the face that has the triangular cut in it, and then choose New Sketch. You will
see the new Sketch node created in the browser, the Sketch tab appear in the ribbon menu,
and the projected origin point appear in the sketch (the dot in the center of the triangle).

24. Click the face labeled Front on the ViewCube to look perpendicular to the sketch plane.
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25. Select the Circle tool from the Draw panel of the Sketch tab.

UBEEE[':'TTWE 26. Click to the left of the model as shown in Figure 3.11 to set the center of the circle. Then
type 100 in the Heads Up Display input box, and press the Enter key on the keyboard to
set the diameter. (If you do not see the Heads Up Display input check your settings with
those shown in Figure 3.10).

FIGURE 3.11
Placing a circle

in the sketch v
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27. Select the Project Geometry tool from the Sketch tab and then select the face with the
triangular cutout.

28. Select the Dimension tool from the Sketch tab and then click the projected bottom point
of the triangle and the center point of the circle. Drag you cursor down until you see the
dimension.

29. Click on-screen to set the dimension and then enter 150 into the input box, and click the
green check mark to apply the input.

You will see the circle is repositioned to be 150 mm from the point of the triangle. This is
what is meant by a driving dimension. The circle’s position is driven by the dimension.

30. With the Dimension tool still active, select the center point of the circle and then the hori-
zontal line of the triangle, and drag your cursor to the left until you see the dimension.

31. Click on-screen to set the dimension and then enter 150 into the input box, and click the
green check mark to apply the input.

32. Right-click and choose Done to exit the Dimension tool.

At this point your sketch should be fully constrained as noted in the lower right of the screen,
and it should resemble Figure 3.12.

FIGURE 3.12
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33. Use the Finish Sketch button to exit the sketch.

34. Click the Home icon on the ViewCube to set your view back to the home view.
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This concludes the steps in this exercise. You can close the file without saving changes or experi-
ment with this part and create more sketches just for fun. As you create 2D sketches in Inventor,
you will often do so by selecting a face on the existing model, as you did in this exercise. If no plane
exists, you can create what is called a work plane and sketch on it (work planes will be covered in
the next chapter). When you create a new file, Inventor automatically creates a sketch and places it
on one of the predetermined default origin planes. These planes include the YZ plane, the XZ plane,
and the XY plane. In the next section, you will create a new part from a template file and create a
base sketch.

Creating a Sketch in a New Part

When you create a new part file from a template, Inventor creates the first sketch for you. In
the following steps, you will create a new part file and further explore the tools used to create
sketch entities. To create a part model in Inventor, you will typically start with a 2D sketch and
build a base feature from that sketch.

Creating a New Part File from a Template

You create new part files from an .1ipt template. Once you open the .ipt template, you will auto-
matically be in the sketch environment. In this exercise, you will use the Standard(mm) .ipt file.

TURN OFF THE HEADS UP DISPLAY

In order to explore sketch fundamentals in the next exercise, you should disable the Heads Up Display
(HUD) tools. The HUD tools allow you to place dimensions as you create sketch geometry, rather than
having to go back and place dimensions later. Although the HUD tools are very helpful, and you will
most likely want to turn them back on later, for the purpose of understanding sketch constraints and
degrees of freedom, it is best to leave the dimensioning as a final step. To disable the HUD tools, go
to the Tools tab and click Application Options. Select the Sketch tab, and uncheck the box labeled
Enable Heads-Up Display (HUD). You can turn this helpful feature back on later, but understand that
the following steps assume it is disabled and your results may not match the exercise otherwise.

1. Click the Inventor button, and choose New » New (to create a file from the list of tem-
plates), or just press Ctrl+N.

2. In the New File dialog box, click the Metric tab, and select the Standard(mm).ipt icon, as
shown in Figure 3.13.

3. Click OK to create a new part file based on this template.

Creating Lines Using the Line Tool

Your screen should now show the Sketch tab set active on the Ribbon, and a sketch called Sketchl
has been created and set current in the Model browser. In the following steps, you will create simple
geometry using the Line tool. These steps will focus on creation of 2D sketch constraints as well.

1. Pause your mouse pointer over the Line tool in the Sketch tab’s Draw panel. (See
Figure 3.14 for the location of the Line tool.)
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Note the tool tip that appears, providing the tool name, keyboard shortcut (in this case L),
and a brief description of the tool. If you hover the pointer over long enough, a second stage
of the tool tip appears with a more detailed description of the tool.

Click the Line button to start the Line tool.

Hover your mouse pointer over the dot in the center of the drawing area. This is the 0,0,0
origin point that has been automatically projected into Sketchl.

Note that when your mouse pointer moves over the dot, it changes to a green dot and
shows a small glyph symbol. This green dot is a snap symbol indicating that a point,
endpoint, or midpoint has been located. The glyph symbol indicates a sketch con-
straint is being placed. In this case, it is a coincident constraint, which ensures the
endpoint of the line will stay coincident to the projected origin point. See Figure 3.15
for reference.

Start your line on this point by clicking the dot and releasing the mouse button.

Move your mouse pointer directly to the right, and you will see another glyph indicating
that a horizontal sketch constraint is being placed. The horizontal constraint ensures the
line will stay positioned horizontally. Note that if you move your mouse pointer so that
the line is being drawn at an angle, the glyph disappears.
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TURNING ON THE PROJECTED ORIGIN POINT

1f you do not see a sketch center point in your file, close the file, and follow these steps to turn this
option on:

From the Get Started tab, select the Application Options tab.
Then choose the Sketch tab.

Select the Autoproject Part Origin on Sketch Create check box.
Click OK.

Start a new file using the Standard(mm) . 1ipt template.

FIGURE 3.15
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Notice the status bar at the bottom of the screen indicating the length and angle of the
line as you move the mouse pointer. Click the graphics window while the horizontal
glyph is displayed to create a line roughly 45 mm long (the length is shown at the bottom
right of the screen). Don’t worry about getting an exact length. You will set the precise
length later; for now, you are just “roughing in” a general shape. Note the line continues
when the first line segment is placed, and you can add more segments as required.

Move your mouse pointer straight up to add another line segment, and note another
glyph appears at the mouse pointer. This is a perpendicular glyph indicating a sketch
constraint is being placed that will hold the first and second line segments perpendicular
(see Figure 3.16 for reference).

Click the graphics window to create the second segment at roughly 45 mm long and
perpendicular to the first segment.

Right-click, and choose Done to exit the Line tool. Note that the Esc key will also exit the
active tool, as indicated in the right-click menu.

FIGURE 3.16
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You should now have a single horizontal line and a single vertical line making a backward L
shape. If you made a mistake, simply use the Undo icon at the top of the screen (or press Ctrl+Z)
to undo and try again. Leave this file open for use in the next set of steps.

Understanding Sketch Constraints

calf The glyphs you were observing while creating the line segments were indicators that Inventor
OBJECTIVE was placing sketch constraints automatically as you were sketching the lines. By default the
sketch constraints have their visibility turned off. To see the sketch constraints that are present
and how they work, continue with the following steps:

1. Right-click anywhere in the graphics window other than on the lines, and choose Show
All Constraints (or press F8 on the keyboard). You will now see the sketch constraint
icons for the constraints that were inferred as you created the line segments.

2. Hover your mouse pointer over the perpendicular constraint at the corner of the two line
segments to see both lines highlighted, which indicates that these are the objects involved
in this particular constraint definition.

3. Hover your mouse pointer over the yellow dot at the corner of the two line segments,
and you will see two coincident constraints appear, as shown in Figure 3.17. Hovering
your mouse pointer over each will highlight the line to which they belong. Coincident
constraints are initially “rolled up” in this way because they are generally very numerous
and tend to clutter the sketch when all constraints are shown.

WHEN IN DOUBT, RIGHT-CLICK

Inventor is very right-click driven, meaning that oftentimes you can find the option you are looking
for by right-clicking the object you are dealing with.

In Inventor the right-click context menus are specific to the objects you have selected. If no objects
are selected, right-clicking gives you the default right-click menu.

Unlike in some other applications, the Esc key does not clear selected on-screen entities in the
graphics area. Instead, you can click any blank area in the graphics area to ensure you have nothing
selected before right-clicking. This way you can be certain the right-click context menu you get is
not specific to an accidentally selected object.

4. Click the X on any of the constraints to hide just that particular constraint.
FIGURE 3.17

Showing
constraints
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Next right-click anywhere in the graphics area other than on the lines, and choose
Hide All Constraints (or press F9 on the keyboard). You can toggle the visibility of all
sketch constraints on and off as needed in order to determine how sketch entities are
constrained together.

Select the corner point of the two line segments, and hold down and drag around in a
circle. You will notice the horizontal line will stretch as required but will always remain
horizontal; the vertical line will always remain perpendicular.

Select the uppermost endpoint of the vertical line, and drag around in a circular motion.
Note the two lines will adjust lengths as permitted but will always honor the sketch con-
straints they have placed on them.

Let up on the end of the line, and press F8 to show the constraints again.

Right-click the horizontal constraint.

. Choose Delete to remove this constraint.

Press F9 to hide the constraints again.

Click the corner of the lines, and hold down and drag around in a circular motion. Note
the lines will stretch and adjust orientation but will maintain their perpendicular and
coincident relationships.

At this point, the constraints present in your sketch were all inferred (placed automatically).
Letting Inventor infer sketch constraints is the quickest and often most desirable way to place
sketch constraints; however, sometimes you'll need to constrain sketch elements manually. To
do so, you can use the constraint tools found in the Constrain panel of the Ribbon.

To place the horizontal constraint back on the line from which you removed it, follow these steps:

1.

FIGURE 3.18 |
Placing a hori-
zontal constraint
manually

Go to the Constrain panel of the Ribbon, and click the Horizontal Constraints icon, as
shown in Figure 3.18.
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2. Click the first line segment you sketched to set it back to horizontal. Be careful to
select the line itself and not the midpoint of the line (the midpoint shows as a green
dot when selected).

Use the Line tool to add three more line segments to the sketch to complete the shape, as
shown in Figure 3.19. Pay attention to the cursor glyphs as you sketch, and do not be concerned
with the precise lengths of the lines or the angle of the diagonal line. You can keep this file open
for use in the next set of steps or close it and use the file provided.

FIGURE 3.19 @ (P
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CONSTRAINT INFERENCE AND PERSISTENCE

You can suppress the automatic placement of sketch constraints (constraint inference) by holding down
Ctrlon the keyboard as you sketch. You can also disable constraint inference and persistence using the
Constraint Inference and Constraint Persistence buttons in the Sketch tab’s Constrain panel.

If constraint persistence is disabled, you will still see the constraint glyph icon when sketching,
and you will be able to place sketch entities in accordance with the displayed glyph; however, no
actual constraint will be placed on the sketched object. For instance, sketching a line that is ori-
ented perpendicular to an existing line without actually having a perpendicular constraint placed
automatically is possible by toggling off the constraint persistence. Coincident constraints at the
endpoints of the lines will still be placed.

Constraint persistence is automatically disabled if constraint inference is turned off, but inference
can be on with persistence turned off. You can also control which constraints are inferred by right-
clicking in a sketch and choosing Constraint Options.

Using Degrees of Freedom to View Under-Constrained Sketch Elements

Typically your goal is to create fully constrained sketches so that no aspect of the sketch can be
changed without deliberate action. To examine your sketch for under-constrained elements, you
can use the Degrees of Freedom (DOF) tool. To explore DOF, you can use the file you have been
working with in the previous steps or open the file called mi_3a_002.1ipt from the Chapter 3
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directory of the Mastering Inventor 2011 folder. Ensure Sketchl is active for edits by right-clicking
it and choosing Edit Sketch.

1. To view the DOF arrows for your sketch entities, right-click anywhere in the graphics
area that is not on a sketch object, and choose Show All Degrees Of Freedom. Your sketch
should resemble Figure 3.20.

FIGURE 3.20 =
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2. Notice the arrow indicators showing the DOF for each sketched line.

3. Drag aline endpoint, and you will see the sketch lines will drag only in a direction or
orientation that follows the DOF arrows. If your sketch becomes distorted in an undesir-
able way, use the Undo icon at the top of the screen or press Ctrl+Z to set it back as it was.

DRAGGING TO REFINE YOUR SKETCH

Experienced Inventor users rely on the click-and-drag technique to fine-tune the general shape of
a sketch rather than trying to get things precisely right from the beginning. Become familiar with
this technique so you can use it to your advantage.

4. To toggle the DOF visibility back off, right-click again, and choose Hide All Degrees
Of Freedom.

5. Note that you can right-click an individual sketch object or a selection set of sketch
objects and choose Display Degrees Of Freedom to show the DOF for just those
selected objects.

6. Right-click and choose Show All Degrees of Freedom again to have these displayed for
reference in the next steps.

Using Dimensions to Fully Constrain a Sketch

To work toward your goal of a fully constrained sketch, you will now add dimensions to lock down
lengths, angles, and so on. Adding dimensions will remove degrees of freedom from your sketch
objects and help you define the intent of your design. You will use the General Dimension tool to
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place dimensions on your sketch. Note that although the tool is called General Dimension, the but-
ton simply reads Dimension. You can continue with the file you are working or open the file called
mi_3a_002.1ipt from the Chapter 3 directory of the Mastering Inventor 2011 folder. If opening the
prepared file, ensure Sketchl is active for edits by right-clicking it and choosing Edit Sketch, and
then right-click and choose Show All Degrees of Freedom.

1. On the Sketch tab of the Ribbon, click the Dimension icon in the Constrain panel, as
indicated in Figure 3.21.

FIGURE 3.21
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2. In the graphics area, click the bottom horizontal line, and drag down to display the
dimension.

3. Click below the line to place the dimension, and you should see an Edit Dimension box,
as shown in Figure 3.21. If you do not see the Edit Dimension box, you can right-click
anywhere in the blank space of the graphics area and click Edit Dimension to ensure that
this box shows up after placing each dimension. Then simply click the dimension to open
this input box.

4. In the Edit dialog box, type Length = 45. Because you are working in a millimeter-based
part file, the units are assumed to be 45 mm, and Inventor will add the mm automatically.

Notice the Edit Dimension box caption reads something such as d0. This indicates that this
dimension parameter is named d0. Initially, Inventor names the first dimension used in the file
do, the next is named d1, and so on. By entering Length = 45, you are renaming the dimension
from dO to Length and changing this length value from the sketched value to a precise value
of 45 mm. You are not required to rename your dimensions, but it is good practice to name any
that you intend to reference later.

5. Click the green checkmark in the Edit Dimension box, or press the Enter key to set the
dimension value. Take note that the dimension “drives” the sketch to be 45 mm long. Also
notice that some of the DOF arrows have been removed.
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6. Click the 45 mm dimension to edit it. Notice that the Edit Dimension box caption now
reads Length and the value now reads 45 mm.

7. Change the value to 50 mm, and click the green checkmark.

8. Next click the bottom horizontal line again and drag up, but do not click to place the
dimension. You will see the same horizontal dimension displayed.

9. Click the top horizontal line, and drag down, and you will see the dimension change
from the horizontal dimension evaluating the length of the bottom line to a vertical
dimension evaluating the distance between the top and bottom lines.

10. Click in the graphics area to place the dimension.

11. Enter Width =

12. Click the 50 mm dimension you placed in the previous steps. Notice that clicking one
dimension while editing another will create a reference between the two.

13. Complete the formula to read Width = Length/2, as shown in Figure 3.22.

14. Click the green checkmark or press the Enter key to set the dimension value. Observe that
the Width dimension is evaluated at half the Length dimension and that it displays an fx:
before the value to denote that there is a function used to evaluate this dimension. Also
notice that more DOF arrows have been removed as you have further defined the sketch.

15. If your sketch has become a bit skewed, exit the Dimension tool by right-clicking and
choosing Done (or by pressing the Esc key).

16. Click the top endpoint of the vertical line to the right, and drag it so that the general
shape of the profile is restored.

17. On the Sketch tab of the Ribbon, click the Dimension icon in the Constrain panel, or just
press D on the keyboard to start the Dimension tool again.

18. Click the vertical line to the right, and then click the diagonal line. Take care to click the
lines and not the endpoints of the lines, because doing so will result in a different dimen-
sion type.
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19. Click in the graphics area to place the dimension. You will be presented with an edit box
for an angle dimension. Enter Anglel = 108, and click the green checkmark.

20. Lastly, on the Sketch tab of the Ribbon, click the Equal button in the Constrain panel to
place an equal constraint. Select the top horizontal line and the vertical line on the right
to set those two lines equal.

Your sketch is now fully constrained and should resemble Figure 3.23.

FIGURE 3.23 [ |
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A fully constrained sketch is evident by taking note of the following:
¢ Allthe DOF arrows are now gone.
¢ You will see Fully Constrained in the status bar at the bottom right of the screen.

¢ Your sketch lines will have turned a different color than they were originally, before
becoming constrained.

Understanding the Save Options

At this point, you may have seen a save reminder balloon in the top-right corner of the screen.
It is always good practice to save often when working in any application. To save a part file, you
must first exit the sketch and then save:

1. On the Ribbon’s Sketch tab, click Finish Sketch in the Exit panel. Or right-click in the
graphics area and choose Finish Sketch from the menu.

2. Click the Inventor button, and then select Save.
3. Select the Chapter3 folder, and name the file mi_001.

You should be aware of all the save options you have and how they differ. These can all be
accessed by clicking the Inventor button and choosing Save or Save As from the Application
menu. Here’s a list:

Save Choosing this option saves the active document contents to the file specified in the
window title, and the file remains open.
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Save All Choosing this option saves all open document contents to the file specified in the
window title, and the files remain open.

Save As Choosing this option saves the active document contents to the file specified in the
Save As dialog box. The original document is closed, and the newly saved file is opened. The
contents of the original file are unchanged.

Save Copy As Choosing this option saves a copy of the active file as specified in the Save
Copy As dialog box, and the original file remains open.

Save Copy As Template Choosing this option saves a copy of the active file as a template to
the template folder, and the original file remains open.

ADJUSTING THE SAVE OPTIONS

Inventor does not have an automatic save function but instead has a save reminder utility that
allows you to save by just clicking within the bubble to launch a standard save operation. To adjust
the save timer settings, select the Application Options button and then select the Save Tab.

Making a Sketch Active for Edits

To save a file, you are required to exit the sketch. To continue making edits to the sketch once
saved, you need to set the sketch active for edits. Here’s how to activate the sketch:

1. Locate Sketchl in the Model browser to the left of your screen, and either right-click and
choose Edit Sketch or double-click the browser sketch icon.

2. Notice that the Sketch node listed in the browser consists of the sketch icon and the
sketch name. Clicking the sketch name once and then again (don’t double-click) allows
you to rename the sketch. Therefore, you may want to develop a habit of double-clicking
the sketch icon rather than the sketch name to set a sketch active for edits.

Look at the browser and notice that the rest of the browser nodes are grayed out and Sketch1
is highlighted, letting you know that the sketch is active for editing. You'll also notice that the
sketch tools are available.

Using Construction Geometry
Now that the sketch is active, you will add more geometry and dimensions to further explore
the sketch tools. You'll start by sketching a line and then converting that line to a construction
line. Construction geometry is often used to help locate and constrain normal sketch geometry.
The primary difference between construction geometry and standard geometry is that construc-
tion geometry is filtered out of profile calculations. In other words, if you have a part profile consist-
ing of a rectangle and you run a construction line down the middle of it, resulting in two halves of
the original profile, Inventor will ignore the construction line and see only one profile when you go
to create a solid part from the sketch. To create a construction line in your sketch, follow these steps:

1. Click the Line tool in the Sketch tab’s Draw panel. (Recall you can access the Line tool by
pressing the L key on the keyboard as well.)
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2. Start the line at the bottom-left corner of the profile, keeping an eye on your mouse
pointer to ensure that you see the green dot (indicating the endpoint) and the constraint
glyph (indicating a coincident constraint is being inferred).

3. Set the second point of the line on the midpoint of the diagonal line. Again, you should
see a green dot and a coincident glyph, as shown in Figure 3.24.

FIGURE 3.24
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4. Right-click and choose Done to exit the Line tool.
5. Select the new diagonal line you just created.

6. On the Sketch tab (to the far right), click the Construction icon in the Format panel, as
shown in Figure 3.25.

Notice the line has changed from a solid line to an orange dashed line, indicating it is now a
construction line.

Using the Polygon Tool and Creating an Aligned Dimension

Next you will need to add a polygon to the midpoint of the construction line and manually place
a constraint to position it in place. You will then need to place a dimension to size it:

1. In the Sketch tab’s Draw panel, click the Polygon tool.
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2. Select the midpoint of the diagonal construction line, keeping an eye on your mouse
pointer for the green midpoint dot and the coincident glyph.

3. Leave the polygon settings at the defaults, and drag out the size and orientation to
roughly match Figure 3.26.
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4. In the Sketch tab’s Constrain panel, click the Parallel constraint icon.

5. Choose any of the flats on the polygon and the diagonal profile line, as shown in
Figure 3.27, to make the two lines parallel.

6. In the Sketch tab’s Constrain panel, click the Dimension tool.

|

. On the polygon, click two opposing points, as shown in Figure 3.28, to create a dimension
between the two points.

FIGURE 3.27
Setting the two
edges to be parallel
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8. Pull your mouse pointer to the side to preview the dimension. Notice that the orientation
wants to be horizontal or vertical depending upon the location of your mouse pointer.

9. Right-click and choose Aligned to force the aligned solution for this particular dimension.
10. Click the graphics window to place the dimension.
11. Enter Hex_Size = 0.375 in.

12. Click the green checkmark or press the Enter key to set the dimension value. Notice that
although you entered an imperial unit of inches, Inventor converted the value automati-
cally to the file default of millimeters. This is a powerful function that allows you to use
dimension inputs to do conversion calculations on the fly.

USING AN UNDERSCORE IN PARAMETER NAMES

When specifying parameter names, keep in mind that spaces are not allowed, but you can use
underscores.

CREATING MIXED-UNIT FORMULAS

You can mix any acceptable units in the same parameter formula and allow Inventor to do the con-
version. For instance, entering the following into a dimension is perfectly acceptable:

3.25ft-1m+3cm+0.1251in

This would return a value of 23.775 mm in a millimeter part.

Using Offset and Creating a Three Point Rectangle

You will now use the Offset and Three Point Rectangle tools to create more sketch geometry:
1. In the Sketch tab’s Modify panel, click the Offset tool.

2. Before selecting any geometry, right-click anywhere that is not on the sketch geometry.
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3. Ensure that the Loop Select and Constrain Offset options are both selected.
¢ Selecting Loop Select means that all joined geometry will be selected as a loop. With
this option toggled off, individual line or curve segments are selected.
¢ Selecting Constrain Offset means the new geometry is constrained to be equidistant
to the original. If you turn this option off, the new geometry is created unconstrained
to the original.
4. Click the polygon, and drag to the outside.
5. Click the graphics window to set the offset distance.
6. Right-click and choose Done (or press the Esc key) to exit the Offset tool.
7. In the Sketch tab’s Constrain panel, click the Dimension tool (or press D on the keyboard)
8. To dimension the offset, select an edge of the original polygon, and then select the corre-
sponding edge on the new offset polygon.
9. Drag the dimension out from the center of the polygon, and place it anywhere.

10. Enter Hex_Offset = 1/16", and click the green checkmark. The result should appear simi-
lar to Figure 3.29.

11. In the Sketch tab’s Draw panel, click the Rectangle flyout, and choose Rectangle Three
Point, as shown in Figure 3.30.

12. Create the rectangle using the three points shown in Figure 3.3, click the top left point
first, then the top right point, and then the bottom middle point. Make certain you are
seeing the green snap dots and coincident constraint glyphs at each point.

13. Right-click, and choose Done. If your rectangle is not fully constrained, click the corner
and drag it away from the line, and then back to the line, and set it on the line when you
see the constrain glyph.

FIGURE 3.29

The offset polygon
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This completes the creation of most of your sketch objects in this exercise. Save your file and
use it in the next set of steps. Your sketch should resemble Figure 3.32.

To TRIM OR NOT TO TRIM

You can find the Trim tool in the Sketch tab’s Modify panel. Although you might be tempted to use
the Trim tool to tidy up the sketch, keep in mind that in Inventor you are creating solid models from
these sketches, and therefore trimming “extra” lines from a sketch is not required.

More important, though, trimming these “extra” lines in a sketch often does more harm than good.
This is because all the lines in the sketch have constraint relationships between them. When you
use the Trim tool, you are inadvertently removing constraints that were holding your sketch objects
together. As arule, use the Trim tool only when necessary.

You might find the Split tool is actually what you want. Split will divide a line into separate segments
without removing them. And it will also maintain sketch constraints. You can find the Split tool in
the Sketch tab’s Modify panel as well. Hover your mouse pointer over it for a moment and you will
get a dynamic tool tip showing you how it works.

FIGURE 3.32 A
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Creating Driven Dimensions

Now you'll take a look at creating driven dimensions and editing the parameters you just cre-
ated through the Parameters dialog box. Because dimensions define the parameters of your
design, you can use them to control the design intent. Other times you may want to place a
dimension that does not drive the design but instead is driven by other parameters. In those
cases, such dimensions are called driven dimensions.

Unlike Inventor’s standard parametric dimensions, driven dimensions do not change the
geometry but instead change when the geometry changes. Driven dimensions are created either
by placing a dimension on already defined geometry or by explicitly making them driven.

You can use your current file or open the file called mi_3a_003.ipt from the Chapter 3 directory
of the Mastering Inventor 2011 folder. If opening the prepared file, ensure Sketch1 is active for edits
by right-clicking it and choosing Edit Sketch. Follow these steps to explore driven dimensions:

1. Double-click the 50 mm Length dimension.
2. Replace the value of 50 with 60, and press the Enter key.

3. Take note that the vertical dimension retains the intent of your design and remains at
half the Length value.

4. In the Sketch tab’s Constrain panel, click the Dimension tool (or press D on the keyboard).

5. Select the vertical line on the right of the sketch, and click the graphics window to place
the dimension.

6. You will be presented with a dialog box warning you that this dimension will overcon-
strain the sketch. Click Accept to place the dimension as a driven dimension.

Notice the dimension is created in parentheses, denoting it is driven by other parameters
and, therefore, is considered a reference parameter. Driven dimensions are useful in capturing
dimensions for use in the calculations of other features.

7. Next switch from the Sketch tab to the Manage tab on the Ribbon.

8. Click the Parameters tool. This will open the Parameter dialog box listing all the dimen-
sions you've created in this part as parameters, as shown in Figure 3.33.

9. Enter Vertical_Leg for the Reference Parameter name. Be sure to use an underscore,
rather than a space.

10. Change the Length value from 60 mm to 65 mm.

:_H Reference Param. ..
fas mm 15.561 mm
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If you have the Immediate Update check box selected, the dimension is automatically updated
in the sketch. If not, then you will need to manually update the dimension by go to the Quick
Access bar at the top left of the screen, and click the Update button, as shown in Figure 3.34.

FIGURE 3.34 _ 2
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11. Ensure the Immediate Update check box is selected and then click Done to return to
the sketch.

12. Right-click in the graphics area and choose Dimension Display » Expression from the
right-click menu.

13. Observe the dimension names and expression values and then right-click in the graphics
area and choose Dimension Display > Value from the right-click menu to set the dimen-
sion display back to display the calculated value.

You can leave this file open and use it in the next set of steps.

DIMENSION ARRANGEMENT

Although the arrangement of sketch dimensions is not all that important because these dimensions
will ultimately be consumed by a solid model, it is still helpful to be able to read them in the sketch.
You can rearrange jumbled sketch dimensions by clicking the text/numbers and dragging them as
you like. Note too that this must be done once you’ve exited the Dimension tool, because clicking
a dimension with the Dimension tool active edits that dimension.

You'll notice that because of the intelligence you've built into the sketch, when you modify
and update the Length dimension (parameter) value, the dependant values change as well.

Next, you'll change a driving dimension to a driven dimension and a driven to a driving. By
doing this, you can modify the intent of your design and change which parameter is a key input.
You can use your current file or open the file called mi_3a_004.ipt from the Chapter 3 directory
of the Mastering Inventor 2011 folder. If opening the prepared file, ensure Sketchl is active for
edits by right-clicking it and choosing Edit Sketch.

1. Click the 65 mm Length dimension.

2. In the Sketch tab’s Format panel, click the Driven Dimension tool. Notice that the Length
dimension is now set in parentheses, indicating that it is now driven rather than driving.

3. Double-click any blank area in the graphics window to unselect the previous dimension.
4. Select the vertical dimension that is in parentheses.

5. Click the Driven Dimension tool again to toggle this dimension from a driven to a driv-
ing dimension.

6. Double-click the vertical dimension to edit its value.
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7. Enter 15 mm, and click the green check mark. Notice that the Vertical_Leg parameter
now drives the Length parameter, which drives the Width dimension. You should be
beginning to see the power of parametric design.

8. You can close this file without saving changes.

Now that you've been introduced to the basics of creating a parametric sketch, take a more
in-depth look at these tools in the next sections.

Taking a Closer Look at Sketch Constraints

In this section, you'll take a closer look at each of the available sketch constraints. As you proceed,
it may occur to you that you could use some sketch constraints in place of the one suggested in the
exercise steps. Be aware that as you create sketch constraints, there are often multiple solutions to
get the same result.

In the following exercises, you will be opening a series of part files, setting the sketch within
active for edits, and applying different sketch constraints. Each of these files demonstrates the
function of a different type of sketch constraint. All of these files contain a sketch called <--
Double Click to Edit (Sketch 1). You will edit the sketch in each file and apply the appropriate
sketch from the Constrain Panel of the Sketch tab, as shown in Figure 3.35.
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Tangent Constraint

The tangent constraint places one object or edge in a tangency to another object or edge. Objects
can be tangent to another even if they do not share a physical point. Follow these steps to explore
the tangent constraint:

1. Click the Inventor button, and choose Open (or press Ctrl+O on the keyboard).

2. Browse for the file named mi_3h_001.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. Press the F8 key to show all the constraints. Note there is no tangent constraint between
the large circle and the lines.

5. In the Sketch tab’s Constrain panel, click the Tangent button. Click the line and circle, as
shown in Figure 3.36.

6. Repeat to set a tangent constraint on the top line and the same circle.

7. Right-click, and choose Done.
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FIGURE 3.36
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8. Press the F8 key to show all the constraints, and note the new tangent constraints.

9. You can exit the file without saving once you are finished.

Perpendicular Constraint

calf The perpendicular constraint constrains objects or edges to be always perpendicular. Follow
OBJECTIVE these steps to explore the perpendicular constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_002.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose Edit
Sketch.

4. In the Sketch tab’s Constrain panel, click the Perpendicular button.

5. Click the line, as shown in Figure 3.37, and then select either of the horizontal lines.

FIGURE 3.37 \(
Placing a perpen-
dicular constraint

6. Right-click, and choose Done.
7. Press the F8 key to show all the constraints, noting the new perpendicular constraint.

8. You can exit the file without saving once you are finished.

Parallel Constraint

call The parallel constraint constrains objects or edges to be always parallel. Follow these steps to
OBJECTIVE explore the parallel constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_003.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

81
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3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. In the Sketch tab’s Constrain panel, click the Parallel button.

5. Click the line as shown in Figure 3.38, and then select the lower horizontal line.

FIGURE 3.38
A4
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constraint

6. Right-click, and choose Done.
7. Press the F8 key to show all the constraints, and note the new parallel constraint.

8. You can exit the file without saving once you are finished.

Coincident Constraint
cell The coincident constraint places objects or points in contact with another object. Follow these
OBJECTIVE steps to explore the coincident constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_004.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. In the Sketch tab’s Constrain panel, click the Coincident button.
5. Click the center of the circle and then on the center point, as shown in Figure 3.39.
FIGURE 3.39
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6. Right-click, and choose Done.

7. Next, click the endpoint of the vertical line at the top-right corner of the rectangular shape,
and hold down as you drag to close the profile. Note that a coincident constraint is placed.
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8. Press the F8 key to show all the constraints, and note the new coincident constraints, as
shown by the yellow dots.

9. Hover your mouse pointer over the dots to see coincident constraint symbols.

10. You can exit the file without saving once you are finished.

Concentric Constraint

ol The concentric constraint places arcs and circles so that they share the same center point. Follow
OBJECTIVE these steps to explore the concentric constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_005.1pt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. In the Sketch tab’s Constrain panel, click the Concentric button.

5. Click the edge of the circle and then the arc, as shown in Figure 3.40.

FIGURE 3.40
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6. Right-click, and choose Done.
7. Press the F8 key to show all the constraints, and note the new concentric constraint.

8. You can exit the file without saving once you are finished.

Collinear Constraint

caff The collinear constraint lines up a line object or ellipse axis on the same line as another line
OBJECTIVE object or ellipse axis. Follow these steps to explore the collinear constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_006.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.
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4. In the Sketch tab’s Constrain panel, click the Collinear icon.

5. Click the lines as shown in Figure 3.41.

FIGURE 3.41
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6. Right-click, and choose Done.

7. Press the F8 key to show all the constraints, and note the new collinear constraint.

8. You can exit the file without saving once you are finished.

Horizontal Constraint
caff The horizontal constraint makes an object line up parallel to the x-axis. Two points may also line
OBJECTIVE up horizontally. Follow these steps to explore the horizontal constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_007.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. In the Sketch tab’s Constrain panel, click the Horizontal button.

5. Click the line as shown in Figure 3.42, noting the new horizontal alignment.

FIGURE 3.42
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6. Next click both of the points, as indicated in Figure 3.42, noting that they will line up
horizontally.

7. Right-click, and choose Done.
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8. Press the F8 key to show all the constraints, and note the new horizontal constraints.
9. You can exit the file without saving once you are finished.
Vertical Constraint
calf The vertical constraint makes an object line up parallel to the y-axis. Two points may also line
OBJECTIVE up vertically. Follow these steps to explore the vertical constraint:
1. From the Get Started tab, select the Open button.
2. Browse for the file named mi_3h_008.ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.
3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.
4. In the Sketch tab’s Constrain panel, click the Vertical button.
. Click the line as shown in Figure 3.43, noting the new vertical alignment.
FIGURE 3.43 | 3 |
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6. Next click both of the points as indicated in Figure 3.43, noting that they will line up

vertically.
Right-click, and choose Done.
Press the F8 key to show all the constraints, and note the new vertical constraints.

You can exit the file without saving once you are finished.

Equal Constraint

CERT

The equal constraint makes two objects equal in length or radius. Follow these steps to explore the

OBJECTIVE equal constraint:

1.
2.

From the Get Started tab, select the Open button.

Browse for the file named mi_3h_009.1pt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

In the Sketch tab’s Constrain panel, click the Equal button.

Click the two circles as shown in Figure 3.44, and notice that they become equal.
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FIGURE 3.44
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6. Click the lines, as indicated in Figure 3.44, noting that they too will become equal. You
can make two of the vertical lines equal if you'd like as well.

7. Right-click, and choose Done.
8. Press the F8 key to show all the constraints, and note the new equal constraints.

9. You can exit the file without saving once you are finished.

Fix Constraint
ol The fix constraint anchors any geometry or point in place within the part sketch. You should use
OBJECTIVE this constraint sparingly. Follow these steps to explore the fix constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_010.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. Drag the corner as indicated in Figure 3.45, and notice that it may be repositioned freely.
FIGURE 3.45

Placing a fix
constraint

In the Sketch tab’s Constrain panel, click the Fix button.

Click the same corner as before.

Right-click, and choose Done.

Drag the corner again, and notice that it is now fixed to that position.

© ® N o U

. Next apply another fixed constraint to the vertical line next to the rectangle, and be sure
to click the line rather than the endpoint.
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Right-click and choose Done to exit the constraint tool, and then drag either endpoint of
the line. While the line position is fixed, the endpoints are still free to change.

Press the F8 key to show all the constraints, and note the new fix constraints.

You can exit the file without saving once you are finished.

Symmetric Constraint

The symmetric constraint creates a “mirror” constraint between two similar objects. This con-
straint relies upon a line to serve as a centerline about which objects are to be symmetrical. You
need to specify the centerline only once during the command cycle. Follow these steps to explore
the symmetric constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_011.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. In the Sketch tab’s Constrain panel, click the Symmetric button, as indicated in
Figure 3.46.

FIGURE 3.46
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Click the circle on the left, and then click the circle on the right.

Next click the centerline, and observe that the circles become symmetric.
Continue by clicking a line on the square on the left side of the sketch.

Click the corresponding line on the rectangle on the right. Notice that this time you did
not need to select the centerline. When using the symmetric constraint, you need only to
establish the centerline once.

Continue making the sketch symmetric by selecting lines on the left of the sketch and
then selecting the corresponding line on the right side.

Right-click and choose Done when the sketch is symmetric.
Press the F8 key to show all the constraints; note the new symmetric constraints.

You can exit the file without saving once you are finished.
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Smooth Constraint

The smooth constraint creates a continuous curvature (G2) condition between a spline and
another sketch object, such as a line, arc, or spline. The G2 condition brings the curve out past
the tangency point to create a smooth transition from one curve into the next. Follow these steps
to explore the smooth constraint:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_012.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, double-click Sketchl to edit it. Or, right-click it, and choose
Edit Sketch.

4. In the Sketch tab’s Constrain panel, click the Smooth button.

5. Click the spline and arc as indicated in Figure 3.47.

6. Right-click, and choose Done.
7. Press the F8 key to show all the constraints; note the new smooth constraint.

8. You can exit the file without saving once you are finished.

Gaining More Sketch Skills

There are many tools available in the sketch environment, each used to draw different types of
geometry or modify geometry in a different way. Many of these are covered in the following
pages, but as a reminder, if you hover your mouse pointer over the tool and then pause, you
will see a tool tip appear; hover a bit longer, and a larger, more informative tool tip will appear.
These progressive tool tips are a great help when attempting to use tools that you don't often
use and need a helpful hint remembering what they do and how they do it.

Creating Arcs

You can create sketch arcs by using one of three arc tools available in Inventor’s sketch environ-
ment. All three arc types are available in a drop-down menu in the Sketch tab’s Draw panel.
Once placed, the three arcs behave the same; it is simply the manner in which they are created
that differentiates them.
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A three-point arc is an arc defined by two endpoints and a point on the arc. The first click

sets the first endpoint, the second sets the other endpoint, and the third point sets the direction
and radius of the arc, as shown in Figure 3.48.

FIGURE 3.48 1

A three-point arc ll"ﬂﬂ_hh'“ ~.. 3

A center point arc is an arc defined by a center point and two endpoints. The first click sets

the center point, the second sets the radius and start point, and the third point sets the endpoint
and/or arc length, as shown in Figure 3.49.

FIGURE 3.49 S 9
A center arc N

A tangent arc is an arc from the endpoint of an existing curve. The first click must be on the

endpoint of an existing curve and sets a tangent constraint on the endpoint. The second point
sets the end of the tangent arc, as shown in Figure 3.50.

FIGURE 3.50
Atangent arc
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Additionally, you can create arc segments while using the Line tool, as illustrated in Figure 3.51.

FIGURE 3.51 ;
Creatinganarc ~ ——t—-—-—
with the Line tool
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To do so, follow these steps:

1.
2.

From the Get Started tab, select the Open button.

Browse for the file named mi_3h_013.1pt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open. The goal here is to re-create the oblong
shape already present in the sketch.

In the Model browser, double-click Sketchl to edit it. Or, right-click, and choose
Edit Sketch.

In the Sketch tab’s Draw panel, click the Line icon.

5. Click the projected origin point as the start point of the line, and then release the mouse

10.

button. This is the small dot located below the oblong and at 0,0 of the sketch.

Next pull your mouse pointer to the right, ensuring you see a horizontal or parallel
glyph, indicating that your line is horizontal.

Click the screen to set the second point of the line, and then release the mouse button.

Now to sketch an arc without exiting the Line tool, click and hold the endpoint you just
created, and then (still holding down on the mouse button) drag your mouse pointer out
to preview the arc. If the arc previews in the wrong direction, simply return your mouse
pointer to the endpoint and try again. It may be helpful to “trace” the guideline cross and
exaggerate the arc size to get the direction established and then bring your mouse pointer
back in to get the size you want.

Release the mouse button to end the arc and continue the Line tool.

Continue creating line/arc segments, or right-click and choose Done to exit the Line tool.
Practice this a few times, and you'll have it mastered in a short time.

Creating Automatic Tangents with the Line Tool

When adding tangent line segments to a circle or arc, you can apply the tangent constraints
automatically. To do so, start the Line tool, and click and hold on the circle or arc on which you
intend to create the tangent line. You will see a tangent glyph. You can drag the line segment out
to the length and direction desired. Figure 3.52 illustrates this technique.

FIGURE 3.52

Create automatic 2

tangents with the

Line tool by click- [:?
ing and holding as

you drag from an

arc or circle.

Understanding Point/Center Points

You can use the Point/Center Point tool, found in the Sketch tab’s Draw panel, to create center
marks for locating hole centers and specific coordinate points. Center points are used by the
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Hole and Sheet Metal Punch tools in the modeling environment to automatically locate hole cen-
ters. Points, or sketch points as they are often called, are initially ignored by the Hole and Punch
tools but can be manually selected for use. Another key difference between the two point types
is that sketch points are deleted when the associated geometry is deleted. Center points are not.
You can change the center point to sketch points, or vice versa, by selecting the point and
clicking the Center Point button on the Format menu of the Sketch tab, as shown in Figure 3.53.

FIGURE 3.53
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Projecting Geometry

When creating a sketch on the face of existing geometry or a work plane, you can project existing
points and edges into the sketch by using the Project Geometry tool found in the Sketch tab’s Draw
panel. To take a quick look at this functionality, follow these steps:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_014.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

In the Model browser, double-click Sketch3 to edit it. Or, right-click, and choose Edit Sketch.
In the Sketch tab’s Draw panel, click the Project Geometry icon.

Click the edges of the red oval-shaped profile.

o U os oW

When you have the complete profile projected into the sketch as shown in Figure 3.54,
click the Finish Sketch button.

7. Next, in the Model browser, double-click Sketch4 to edit it. Or, right-click, and choose
Edit Sketch.

8. Once the sketch is active, right-click and choose Slice Graphics (or press F7 on the key-
board) to slice the part along the sketch plane.

FIGURE 3.54
Use the Project
Geometry tool to
project the profile
into the active
sketch.
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9. In the Sketch tab’s Draw panel, click the drop-down for Project Geometry and choose Project
Cut Edges. You'll see the sliced edges are now projected as sketch lines into the sketch. These
lines can be used to dimension or constrain other sketch geometry too, and will remain asso-
ciative to the sliced features. Oftentimes a work plane is used to create a sketch in the middle
of a part such as this. Work planes are covered in Chapter 4, “Basic Modeling Techniques.”
For now you finish the sketch and close the file without saving changes.

Learning More About Dimensions

In this section, you'll take a look at more Dimension tools and settings to help you master this
very important part of sketch creation.

UsING ONE GENERAL DIMENSION TooL To Do IT ALL

It is important to understand that you get different results from the Dimension tool depending
upon what geometry is selected or in what order it is selected. Here are the dimension types you
can place with the General Dimension tool:

Linear dimension from one object.

=] 100 =

Linear dimension between two objects.

|<j 100 =

Aligned dimension between two objects: select the objects and right-click to choose

the Aligned solution.
=
T -,
._I_s-- _,.-"‘HFF
! Cora [Exc]
Rigrad
ety
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Angular dimension between two edges.

Angular dimension between three points.

135.00

Dimensions to circles or arcs: select the object and then right-click to switch between diameter
or radius solutions for either arcs or circles.

25 97.5

Done  [Esc]
Cﬁ Radius
|7 Edit: Dimension

a . "
#= Previous Yiew FS

Home Yiew  F&

Howe T,
Dimension to the center of arcs and circles: select the first element of the dimension and then click
anywhere on the arc or circle. Note the linear glyph indicating the linear solution you will get.

<1 50 >
2

—

Dimension to the tangent of arcs and circles: select the first element of the dimension, and
then click the tangent when you see the tangent glyph appear.

[ ] a1 |
=) 0J =
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SETTING UP AUTOMATIC DIMENSIONS

In addition to the General Dimension tool, Inventor has an Automatic Dimension tool. It is
generally poor practice to use the Automatic Dimension tool to apply all dimensions to your
sketches because it will do so in an illogical way. However, you can benefit from this tool by
placing the dimensions that define the intent of your design with the General Dimension tool
and then allowing the Automatic Dimension tool to place the remaining dimensions to fully
constrain the sketch.

To take a look at the Automatic Dimension tool in action, follow these steps:

1.
2.

8.
9.

From the Get Started tab, select the Open button.

Browse for the file named mi_3h_015.1pt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

In the Model browser, locate Sketch1, and double-click to edit or right-click and choose
Edit Sketch.

In the Sketch tab’s Constrain panel, click the Automatic Dimension icon. Notice that the
Auto Dimension dialog box shows the number of dimensions required to fully constrain
the sketch.

Accept the default settings to add both dimensions and constraints.

With the Curves button enabled, select all of the geometry in the sketch (you can do this
quickly with a selection window).

Click Apply to add dimensions to the selected geometry.
When finished, click Done.

You can close the file without saving changes.

Note that you can also use the Automatic Dimension tool to apply just sketch constraints by
deselecting the Dimensions check box.

'WORKING WITH SKETCH CENTERLINES

You can create centerlines in sketches by either creating a regular line and then changing it to a
centerline or by changing the line type to centerline first and then creating the line. Dimensioning
to a centerline gives you a diametric solution by default, but you can opt for a linear solution by
right-clicking and deselecting Linear Diameter, as shown in Figure 3.55. In the following lists, you
will find the steps for both methods of centerline creation, as well as how to change the solution
when dimensioning to a centerline.

FIGURE 3.55
Dimensioning to a

centerline

% Done [Esc]

v Linear Diameter

v Edit Dimension
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To change to centerline line type before creating sketch geometry, follow these steps:

1. Ensure the sketch is active for editing by double-clicking it or right-clicking and choosing
Edit Sketch.

2. On the Sketch tab, click the Centerline icon in the Format panel.

3. Now use the Line tool to sketch lines as you would normally. Note that the Centerline
icon stays pushed in (On) until you click it again.

To change an existing line to be a centerline, follow these steps:

1. Ensure the sketch is active for editing by double-clicking it or right-clicking and choosing
Edit Sketch.

2. Select the sketch lines you intend to be centerlines.
3. On the Sketch tab, click the Centerline icon in the Format panel.
To create a dimension to a centerline, follow these steps:

1. Ensure the sketch is active for editing by double-clicking it or by right-clicking and
choosing Edit Sketch.

2. On the Sketch tab, click the Dimension icon in the Draw panel.
3. Select an object to the side of the centerline.

4. Click the centerline. Note the diametric diameter.

5. Right-click, and note the Linear Diameter option.

6. Place the dimension on the screen.

Measuring Geometry

You can gather measurements from your model without placing a dimension by using the
Measure tools. You can access these tools from the Tools tab or by right-clicking any empty place
in the graphics area of the screen and choosing Measure from the context menu. When using the
Tools tab, you can click the drop-down on the Measure panel to reveal the Region Measure tool.
The measurement tools include the following:

Measure Distance Measures the length lines and arcs, the distance between points, and the
radius or diameter of a circle.

Measure Angle Measures the angle between two lines or points.
Measure Loops Measures the length of closed loops.
Measure Area Measures the area of enclosed regions.

Measure Region Measures the area, perimeter, and the Area Moment Of Inertia properties
of sketch loop regions. This tool is available only while editing 2D sketches. Figure 3.56 shows
the use of the Measure Region tool.
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Creating Sketches from AutoCAD Geometry

Converting accurate, dimensioned 2D drawings eliminates redrawing all of the original geom-
etry. Inventor allows selective importing of 2D drawings with associative geometry directly into
a new part sketch. If you have an existing drawing library of 2D AutoCAD files, you may find it
beneficial to use those file to create new 3D feature-based parametric parts in Inventor. Success
in importing existing drawings depends on the following criteria:

¢ The AutoCAD file must contain accurate original geometry.
¢ Duplicate geometry must be deleted from the AutoCAD file.

¢ Proper AutoCAD drawing techniques must be employed in creating the AutoCAD file. For
example, there must be only one line segment between any two points. Two shorter lines
appearing as a single line will be imported exactly as drawn in the AutoCAD file.

¢ For dimensions to be converted to Inventor parametric dimensions, the existing AutoCAD
dimensions must be associative to the geometry. Disconnected dimensions (AutoCAD
Defpoints not snapped to the proper geometry location) will cause problems when con-
verted to Inventor dimensions.

Importing Existing AutoCAD Designs

You begin the process of converting an AutoCAD drawing to Inventor parts by creating a new
part file. When in active sketch mode, you can import AutoCAD sketch geometry by going to
the Insert panel on the Sketch tab and clicking the Insert AutoCAD File icon. To see this process
yourself, follow these steps:

1. From the Get Started tab, select the Open button.

2. In the New File dialog box, click the Metric tab, and select the Standard(mm).ipt icon.
3. Click OK to create a new part file based on this template.

4. On the Insert panel of the Sketch tab, click the Insert AutoCAD File icon.
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5. In the resulting dialog box, select the file Importl.dwg from the Chapter 3 directory of
the Mastering Inventor 2011 folder.

6. Click Open to start the conversion process. Once the AutoCAD file opens, you will move
into a series of Import Destination Options pages. The first page is mostly grayed out except
for specifying units, constraining endpoints, and optionally applying geometric constraints
upon import under most conditions. Set your selections as shown in Figure 3.57.

7. Click Finish to complete the import.

CREATING SKETCHES FROM A GRAPHICS IMAGE

Occasionally you may need to create a part from a scanned image or napkin sketch. To do this, you
can insert the image right into your sketch and sketch over the top of it. Although this is generally
not a good approach for reproducing precise machined parts, it is a valid workflow when designing
consumer products where the general shape and feel of parts needs to be captured. If you have a
need for this type of design on a regular basis, you may want to investigate Autodesk AliasStudio
as well. Here are the general steps for creating sketches from an image:

1. Place animage into a part sketch by clicking the Insert Image icon on the Sketch tab.

2. Browse for the image you want to place into the sketch, and choose Open when the image
is located.

3. The mouse pointer is then attached to the upper-left corner of the image. Next click an insert
point for the image.

4. Once the image is placed on the screen, the edges of the image can be dimensioned and con-
strained like any other sketch entity.

Now you can sketch on top of the image, tracing the edges to create the profile and then using general
dimensions to tweak the sketch as required.
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When an AutoCAD drawing is imported into a sketch, Inventor records the unit type of the
AutoCAD file. By default, the unit type is displayed within the import dialog box but grayed
out. If the unit type is not correct or the unit is of a different type than you require, you may
input a different input unit type.

Selecting the Constrain End Points box allows insertion of coincident constraints between sketch
objects found to have endpoints that occupy the same coordinates. When the Apply Geometric
Constraints box is checked, Inventor will add minimal constraints to the imported AutoCAD
geometry. Note too, that although some dimensions will not be imported, those that are will be
parametric Inventor dimensions. Figure 3.58 shows the result of importing file, Import1. dwg.
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If the AutoCAD geometry was created at the 0,0 origin, then it should import into Inventor
at the same location. If the AutoCAD geometry is not located at the origin of the sketch, then
you can use the Move command, selecting both the geometry and any dimensions, to move the
entire imported sketch into the proper location. You might also prefer to redefine the geometry
origin in AutoCAD and then import or re-import it into Inventor.

You should note that this imported drawing might be further broken down into separate
features. For instance, each hole could be a separate feature. Note too that having the round
corners modeled as features separate from the base feature allows for easier edits in Inventor.

Copying and Pasting Existing AutoCAD Designs into Inventor

Although using the import wizard as described earlier works without having AutoCAD open or
even installed, you can import AutoCAD geometry in an even more efficient manner by simple
copying from an open AutoCAD file straight into an Inventor sketch, as described in these steps:

1. Open the existing file in AutoCAD.
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2. From an open AutoCAD file, simply select the geometry you want to import, right-click,
and choose Copy, thereby copying the selected objects to the Windows Clipboard.

3. Next, in Inventor and with a 2D sketch active for editing, simply right-click and choose
Paste. You will be presented with a bounding box preview of the pasted entities.

4. At this point, you can right-click and choose Paste Options to ensure that the insert scale
is correct or simply click the graphic window to place the pasted geometry.

Although importing geometry from AutoCAD can be an efficient way to reuse existing
AutoCAD files, experienced Inventor users generally prefer to model parts from scratch rather
than importing from AutoCAD. Importing from AutoCAD almost never provides results that
are in line with the design intent of the part unless you just get lucky. Although you may find
this to be helpful initially, you will learn that importing AutoCAD files has a place in Inventor
but should not be used as a substitute for creating robust parametric Inventor models.

Creating and Using 3D Sketches

3D sketches permit the creation of nonplanar 3D features. 3D sketches are created in single-part
files only and comprised of geometry located in various XYZ locations or points within the file.
Although a 3D sketch may lie in a 2D plane, in most designs that will not be the case. 3D sketches
should never be used for creating geometry that could be created within the 2D sketch environ-
ment. The 3D sketch tool is accessible only from within the part environment; however, you can
project geometry from an assembly into the part to create the 3D sketch.

Creating a 3D Path
3D sketches are often used to define paths for modeling features such as sweeps and lofts and
are generally created based on existing geometry. You can use a 3D sketch to create objects such
as tubes, pipes, and wires, as well as negative features such as cam paths, recessed parting lines,
and so on.

In this exercise, you will use the 3D Line and Spline tools to create a path along which a pro-
file can be swept. This is a common use of 3D sketches. To start the exercise, follow these steps:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_016.1pt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Model tab, click the drop-down arrow on the Sketch panel below the Create 2D
Sketch icon, and then click the Create 3D Sketch icon. Or right-click in an empty area of
the graphics window, and choose New 3D Sketch.

Notice that although this is a part file, it has some reference surfaces in it already. These
were included simply to emulate a situation where you might be creating a part within the
context of an assembly. You will learn more about creating parts within an assembly in
the chapters to come.

There is also a 2D Sketch called Profilel already in the Model browser; you'll use this sketch
at the end of this exercise. Your goal is to create a 3D sketch running from the center of the
connection input of the box through each of the large holes in the flange brackets.

29
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4. On the 3D Sketch tab, click the Spline tool icon.
You will see the Inventor Precise Input toolbar appear along with the 3D coordinate triad. The triad
displays the X, Y, and Z planes and the corresponding axis in the form of three arrows. The red
arrow indicates the x-axis, the green arrow indicates the y-axis, and the blue arrow indicates the
z-axis. Notice that the triad is first positioned at 0,0,0.
5. Specify a start point for the spline by clicking the front, circular edge of the

connection input.
6. Next click the center of the large hole of the first triangular flange bracket. It makes no

difference if you choose the front or back edge of the hole.
7. Do the same for the other two flange brackets.
8. Right-click and choose Create to complete the spline.
9. Then right-click again, and choose Done to exit the Spline tool. Your screen should look

similar to Figure 3.59.

FIGURE 3.59 T W
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In the next section, you will add a 3D line to your 3D spline.
Using the 3D Coordinate Triad and Precise Redefine
Before continuing with the 3D sketch, take a moment to explore the 3D coordinate triad and its
CERT . . R . . .
OBJECTIVE functionality. Each part of the triad is selectable for different tasks, as you'll see in the coming

paragraphs. Figure 3.60 shows the anatomy of the triad.
1. Still in the 3D sketch, click the Line tool icon on the 3D Sketch tab.
2. Notice the return of the triad and Precise Input toolbar.
3. Click the endpoint of the spline to set the start of the line on this point.

You will see the triad move to the spline endpoint. Notice that the triad is not lined up with
the bracket flange. To remedy this, you will use the Precise Redefine button found on the
Precise Input toolbar.

4. Click the Precise Redefine button, as shown at the top of Figure 3.61.
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5. Then select the shaft of the red arrow.

6. Next click the bottom edge of the triangular flange bracket toolbar, as shown on the left of
Figure 3.61.

7. Click the Precise Redefine button again, and this time click the green arrow shaft.

8. Then click the small edge indicated in the center of Figure 3.61. The triad orientation
should now resemble the far right of Figure 3.61.

9. Next, click the triad plane between the blue and green arrows to isolate that plane to
sketch on. It should highlight red and then stay shaded when selected, and you will see
a 0 placed in the X cell of the Precise Input toolbar.

10. Fill out the rest of the input cells so that you have X =0, Y = 6, Z = 0.5, and press Enter.

Note you can hit the Tab key to switch between the X, Y, and Z input cells. Values will be
input as relative coordinates. Recall that with relative coordinates the new input coordinate
point is based on the previous point rather than the absolute 0,0,0 origin point. You will now
have a line running from the end of the spline out at 6 inches in the y-axis with a slight rise
in the z-axis.

11. Still in the Line tool, right-click, and ensure that Auto-bend is selected in the right-click
menu. Auto-bend will place a radius at the corners in your line route. The default radius
size can be set by selecting Document Settings from the Tools tab and then going to the
Sketch tab. Once bends are placed, they can be edited like any other dimension.
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12. With the Line tool still active, click the plane between the green and red arrows on the
triad to isolate the XY plane, and fill out the rest of the input cells so that you have X = 4,
Y =4, Z = 0. Press Enter on the keyboard to set this line. You will see a small dimensioned
radius at the corner of your two line segments. This is a result of the Auto-bend option.

13. Right-click and choose Done to exit the Line tool. Your 3D sketch should resemble
Figure 3.62.

FIGURE 3.62 ; i
3D sketch path

14. Click the Dimension icon in the 3D Sketch tab, and add dimensions, as shown in Figure 3.63.
Notice you want to edit the bend radius that was created with the Line tool.

FIGURE 3.63
3D sketch dims

15. Right-click and choose Done to exit the Dimension tool.
16. Then right-click, and choose Finish 3D Sketch.

As a test to see whether you have successfully created your 3D sketch for its intended pur-
pose, run a sweep along the path. Recall that there is a 2D sketch in the browser named Profilel.
This will be your sweep profile, and the 3D sketch just created will be your path.

1. In the Model tab’s Create panel, click the Sweep icon. Profilel will be automatically
selected as the sweep profile unless you have another unconsumed, closed profile sketch
in your part, in which case you will need to select Profilel manually.

2. Once the profile has been selected, ensure that the Path button in the Sweep dialog box
is enabled, and then click the 3D sketch you just created. Your sweep should look like
Figure 3.64.
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You will look at the Sweep tool in more depth in Chapter 5, “Advanced Modeling
Techniques.” As a final note, the connection box and triangular bracket flanges have been
derived into this part file as a reference feature. In the real world, once done with the part,
you would locate that feature in the browser and turn off the visibility. To do this, expand the
feature in the browser called DerivedPartl.ipt. Right-click the feature called Derived Work
Body1, and uncheck the visibility box. If you'd like, you can save and close the part.

Exploring More 3D Sketch Tools

In addition to the Line and Spline tools used for sketching 3D geometry, several tools permit
you to include and combine existing geometry to create 3D sketch elements.

INcLUDING 3D GEOMETRY

You'll often need to use edges of parts as a path for another feature, in much the same way that
you project geometry in a 2D sketch. In a 3D sketch, however, you are not really projecting the
geometry onto a sketch plane but simply including it for use in your 3D sketch. To see how this
works, follow these steps:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_017.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

This file has a 2D sketch named Lip Profile already created and ready to be used in a sweep fea-
ture. However, before you can do that, you must define a path along which to sweep the profile.

3. On the Model tab, click the drop-down arrow below the 2D Sketch icon in the Sketch
panel, and then click the Create 3D Sketch icon. Or, right-click in an empty area of the
graphics window, and choose New 3D Sketch.

4. On the 3D Sketch tab, click the Include Geometry icon. Next click each edge, as shown in
Figure 3.65, to define the sweep path.

5. Once the edges are selected, right-click, and choose Finish Sketch.

The path created by including geometry could not have been created with a 2D sketch

because it does not exist in a single plane. You can use this path to sweep the profile if you'd like.

103
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USING AN INTERSECTION CURVE

calf You can use a 3D sketch to find the intersection of two surfaces, sketch profiles, work planes, or
OBJECTIVE some combination thereof. The resulting sketch is fully associative and will update automatically
should the curves change. To see it in action, follow these steps:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_018.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Model tab, click the drop-down arrow below the 2D Sketch icon in the Sketch
panel, and then click the Create 3D Sketch icon. Or, right-click in an empty area of the
graphics window, and choose New 3D Sketch.

4. On the 3D Sketch tab, click the Intersection Curve icon.

5. Next click the surface and the curved face, as shown in Figure 3.66.

FIGURE 3.66 Al Bakeiertian Cive
3D intersection

curve

6. Right-click the surface and choose Visibility to toggle the visibility off. Note the resulting
intersecting curve.

7. Click OK.

8. You can close the part without saving changes.
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UsING THE PROJECT CURVE TO SURFACE TooL

You can find intersections of curves and faces using the Project Curve To Surface tool in a 3D
sketch. This tool has three variations of output. Geometry created using these tools will adjust if
the original geometry changes. Or, if desired, the link can be broken from the parent geometry
to prevent it from adjusting automatically. To see it in action, follow these steps:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_019.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Model tab, go to the Sketch panel, and click the drop-down arrow below the 2D
sketch icon. Then click the Create 3D Sketch icon. Or, right-click in an empty area of the
graphics window, and choose New 3D Sketch.

4. On the 3D Sketch tab, click the Project To Surface icon.

The first output, Project Along A Vector, requires a face, a curve, and a direction. Projecting
to a continuous face such as a cylinder results in a 3D sketch entity that follows the surface as
if the curve were slicing straight down through the face.

5. Click the face of the cylinder.

6. Then click the Curves button. Note the Direction button, which allows you to change
the projection direction. In this case, the default direction will work, so you can leave
this as is.

7. Click the line on the far left.

The second output is called Project To Closest Point and projects curves in the shortest pos-
sible path normal to the surface. The result of a 3-inch line to a convex surface would be a
curve less than 3 inches, because the endpoints of the line would take the shortest path to the
curve, rather than wrapping about it.

8. In the Output area of the Project Curve To Surface dialog box, click the middle button to
choose the Project To Closest Point output.

9. Click the face of the cylinder.
10. Click the Curves button.
11. Click the line in the middle.

The third output is Wrap To Surface. This output creates a curve that will be the same overall
dimension as the curve from which it was created. If you wrap a string around a cylinder, the
string stays the same length.

12. In the Output area of the Project Curve To Surface dialog box, click the right button to
choose the Wrap To Surface output.

13. Click the face of the cylinder.
14. Click the Curves button.
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15. Click the line on the right.
16. Click OK.
17. You can close the part without saving changes.

Figure 3.67 shows all three outputs; note the different outputs created from three identical
lines. You can break the link of the projected curves by locating the curves in 3D sketch from the
Model browser, right-clicking them, and choosing Break Link. You must have the sketch active
for edits to break the link. Doing this disallows the ability for the projected curves to update if
the founding geometry is updated.

FIGURE 3.67

. Frabelt D D S o e
Project Curve To _..ad?"""-."."'\-.dd
Surface tool Iy | Faces — ! r.:?_'__{"
Bl
[F] e R | meecn 7—<’
El_ [ conc | 3

UsING A HELICAL CURVE

calf You can create 3D helical curves such as thread paths and coils by using the Helical Curve tool
OBJECTIVE within the 3D sketch tools. Helixes can be specified by pitch and revolution, pitch and height,
revolution and height, or a true spiral. A helix can be combined with other 3D sketch objects to
compose as complex a path as required.

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_020.1ipt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Notice the existing 2D sketch consisting of a single line.

4. On the Model tab, go to the Sketch panel, and click the drop-down arrow below the 2D
sketch icon. Then click the Create 3D Sketch icon. Or, right-click in an empty area of the
graphics window, and choose New 3D Sketch.

On the 3D Sketch tab, click the Helical Curve icon.
For the start point, select one end of the line.
Select the other end of the line for the endpoint of the helical curve.

Click in the graphics window to rough in the diameter.

© ® N oo W

Set the precise diameter value in the dialog box, as shown in Figure 3.68.
10. Enter 10 mm for the pitch.

11. Enter 5 for the revolutions.
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12. Click OK.

FIGURE 3.68
A helical curve
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13. Examine the resulting helical curve, as shown in Figure 3.66.

14. Note you can change the inputs of the curve by right-clicking it and choosing Edit
Helical Curve.

15. You can close the part without saving changes.

USING A SILHOUETTE CURVE

You can create an associative 3D curve along the outer boundary of a body as defined by a
selected direction. Imagine a beam of light cast on an object from a single direction. The curve
created where the shadow line begins would be the silhouette curve. You can use the Silhouette
Curve tool to determine the parting line of organic shapes; just follow these steps:

1. From the Get Started tab, select the Open button.

2. Browse for the file named mi_3h_021.1pt located in the Chapter 3 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Model tab, go to the Sketch panel, and click the drop-down arrow below the 2D
sketch icon. Then click the Create 3D Sketch icon. Or, right-click in an empty area of the
graphics window, and choose New 3D Sketch.

On the 3D Sketch tab, click the Silhouette Curve icon.

For the Direction selection, click the work axis.

Click OK.

4.
5. For the Body selection, click anywhere on the part.
6.
7.

Note the resulting curve, as shown in Figure 3.69.

You can exit the sketch and close the file when finished.
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You can break the link of the projected curves by locating the curves in 3D sketch from the
Model browser, right-clicking them, and choosing Break Link. Doing this disallows the projected
curves to update if the founding geometry is updated.

FIGURE 3.69 {crustn Yhoreettn Corse
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REFINING AND CONSTRAINING A 3D SKETCH

You can anchor and constrain a 3D sketch in much the same fashion as you do with a 2D sketch
using dimensions and constraints. Additionally, with 3D splines, you can add vertex points and
control curve fit with handles. Further refining can take place because you can adjust the fit
method and spline tension to create the exact curve shape desired.

Best Practices for Working with Sketches

Here is a list of points to keep in mind as you continue working with sketches in Inventor. Keep
in mind that sketches are the foundation for good modeling, and therefore the importance of
creating stable, fully constrained sketches cannot be overstated.

*

*

L 2

Keep sketches simple.
Your goal should always be to have a fully dimensioned and constrained sketch.

Sketches that are not fully constrained tend to distort unpredictably when you make modi-
fications and updates.

Rough out size and shape before adding dimensions and constraints in order to avoid dis-
torting the sketch when dimensions and constraints are added.

Add dimensions to lock down shape, and then come back to change the size.

Endpoint, midpoint, center, and intersection snap points can be helpful when creating
sketch entities, but be aware of how they affect dimensions compared to selecting the line
itself rather than the snap points.

You can use backspace to clear last selected points; for instance, if you select a point for the
corner of a line and then realize you should have selected another point instead, use back-
space to clear the first selection and then start the line where it should have been.

Use Centerlines to define revolution axes and diametric dimensions.

Use Construction lines to further define sketches and create “helper” geometry.
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¢ When you need to select multiple sketch entities, you can use a crossing selection or a win-
dow selection. A crossing selection is created from right to left and selects any object that is
touched or contained by the window. A window selection is created from left to right and
selects only objects that are completely contained in the window.

Use the Delete key on the keyboard to quickly remove accidentally created geometry.

Use the Split tool rather than the Trim tool when you can, as it does not break previously
defined constraints.

¢ Turn off automatic edge projection, to avoid extra sketch geometry, and only project the
edges you need. This will make sketches easier to edit.

¢ Reserve Fillets and Chamfers for feature level whenever possible. Although you can fillet
and chamfer at the sketch level, it is generally best to keep your sketches simple and fillet and
chamfer the solid features rather than the sketches.

¢ You can create pattern and mirrored geometry in the sketch, but it is generally best to make
a simple sketch and then pattern or mirror the feature. The results are often the same, but
the feature patterns are much easier to edit.

The Bottom Line

Set up options and settings for the sketch environment Understanding the settings
and options that apply to the sketch environment is an essential first step in working with
Inventor.

Master It You want to configure your own set of options and settings for your sketch
environment and then back them up and/or distribute them to other workstations. How
would you do this?

Create a sketch from a part file template Creating a sketch in a blank template file is the
fundamental step in creating 3D parametric models. You will use this basic step to start most
of your part designs.

Master It How would you capture the intent of your design when creating a base sketch
for a new part?

Use sketch constraints to control sketch geometry Understanding what each sketch con-
straint does when applied will allow you to determine when to use each type. Recall that
often more than one constraint will work in any given situation.

Master It How would you create a sketch that allows you to test “what if?” scenarios
concerning the general shape and size of your part?

Master general sketch tools Learning the features and tricks of the sketch tools will allow
you to master Inventor sketching,.

Master It You are given a print of mixed units to work from and need to enter dimensions
exactly as they are on the print. You understand that you can enter any dimensions in any
unit simply by adding the correct suffix. But how would you create a radius dimension on a
circle or a dimension from the tangents of a slot?



110 |CHAPTER 3 SKETCHTECHNIQUES

Create sketches from AutoCAD geometry You can use existing AutoCAD files to create a
base sketch for an Inventor model of the same part.

Master It You have many existing 2D AutoCAD drawings detailing legacy parts. You
want to reuse these designs as you convert to 3D modeling. How would you proceed?

Use 3D sketch tools Much of working with a 3D parametric modeler can be done by
sketching in a two-dimensional plane and then giving depth to the sketch to create 3D fea-

tures. However, sometimes you need to create paths or curves that are not planar. In those
cases, you use the 3D sketch tools.

Master It You know the profile of a complex curve as viewed from the top and side
views. How would you create a 3D sketch from this data?



Chapter 4

Basic Modeling Techniques

This chapter covers the principles of creating a 3D parametric part, which makes it one of the most
important chapters in this book. You'll start by looking at the general options and settings associ-
ated with Inventor and part files and then move on to a basic exercise exploring the fundamentals
of creating parametric models. Then you’ll take a deeper look at the options and tools found in the

primary feature tools.

All the skills in this chapter are primarily based around creating a single part, whether it be
in a single-part file or in the context of an assembly file. Do yourself a favor and learn or review
these basics before jumping into the more complex features.

In this chapter, you'll learn to:

Set application options and settings for part modeling
Create basic part features

Use the Extrude tool

Create revolve parts and thread features

Create work features

Use the Fillet tool

Create intelligent hole features

® 6 6 6 o o

Bend parts

Exploring Application Options and Settings for Part Modeling

As in previous chapters, you should make sure that your settings in Application Options match
the approach we're using in this book. This will ensure that the examples you work on will
match the results you see here.

Specifying Global Settings

You maintain global settings for Autodesk Inventor within the Application Options dialog box. For
this section of the chapter, we will be concentrating on the Part tab in Application Options, which
allows you to maintain part-specific settings. You can adjust the application settings as follows:

1. On the Tools tab, click Application Options.

2. Then choose the Part tab, as shown in Figure 4.1.
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Sketch On New Part Creation This section allows you to predetermine in which origin
plane the first sketch will be placed. If No New Sketch is selected, then Inventor will create
a new part file without an initial sketch. You can then determine the origin plane for the
first sketch.

Construction This setting determines whether created surfaces will be translucent by
default or opaque like parts are.

Auto-hide In-line Work Features This option allows automatic hiding of a work feature
when it is consumed by another work feature. For instance, if you create a work plane by click-
ing a work axis and a work point, the work axis and work point will be stacked under the work
plane in the browser.

Auto-consume Work Features And Surface Features This option allows Inventor to con-
sume surfaces when converted to a solid, in addition to consuming work features.

3D Grips These settings affect how 3D grips can modify a part file. In normal use, 3D grips
allow you to modify part features by selecting and dragging a grip. If a dimension is control-
ling the feature, then the dimension will update to reflect the changes in the part.

If Never Relax is selected, then any features controlled by the dimension will not change.

When Relax If No Equation is selected, a dimension value will update unless that dimension
value is determined by an equation. Selecting Always Relax will always allow the use of 3D
grips, even when controlled by an equation. The Prompt setting will prompt you to accept
any changes during drag operations.

The settings in the Geometric Constraints area control how constraints will be handled during
drag operations. Never Break prevents grip editing when sketch constraints are controlling a
sketch. Always Break allows constraints to be broken as required during grip edits. The Prompt
setting asks you to make a decision on a case by case basis for each grip edit.

Edit Base Solids These settings allow you to choose between the Legacy Solid Edit Environment
and the Inventor Fusion preview tools, provided the fusion add-in has been loaded.
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Specifying Document-Specific Settings

To change the options in a specific part file, you'll need to access the part’s Document Settings
dialog box by going to the Tools tab and clicking Document Settings while that part is open.
The Document Settings dialog box that opens allows specific settings for an individual file in
the following areas:

¢ Lighting styles

Materials

Units

Modeling dimension display values
Individual sketch settings

Model values

* 6 6 o o

Bill of materials (BOM)
Default tolerances

Any changes made in the part’s Document Settings dialog box will be applied only to the
current document. Current document settings will not affect the settings in other parts within
an assembly.

Figure 4.2 shows the part’s Document Settings dialog box with the Standard tab active. The
Standard tab controls the active lighting style of the current graphics window. In addition, you
can set the physical material properties of the current part here.

FIGURE 4.2
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The Standard tab allows you to set the Active Lighting Style, the Physical Material of the part,
and the Display Appearance. The lighting style is selected from a preset list in the drop-down
menu as is the physical material. The display appearance is configured by clicking the Settings
button and adjusting the various settings in the resulting dialog box. In order to set part to use
the display appearance settings configured in the part file, you must first go to the Display tab
of the Application Options dialog box and select Use Document Settings.



114

CHAPTER 4 BASIC MODELING TECHNIQUES

THE UNITS TAB

The Units tab allows you to set the input, as shown in Figure 4.3. The settings on this tab allow
you to change the unit specification values. As an example, you could open a metric (mm) part
and change the input settings to inches.
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Modeling Dimension Display Precision These settings allow you to define the model
dimension’s display precision by the number of decimal places and define how that dimen-
sion will be displayed. Many people prefer the Display As Expression setting because it shows
the dimension name along with any expression that exists in the dimension; if no expression
exists, then the dimension name and dimension value are displayed.

Default Parameter Input Display This setting allows you to see the parameter name in
the input box when editing a dimension or feature input. Figure 4.4 shows the difference
between the two settings.
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THE SKETCH TAB

On the Sketch tab, shown in Figure 4.5, you can adjust how the 2D sketch tools work and appear
in an active sketch. In addition, you can change the preset value for Auto-Bend Radius in the 3D
Sketch area.

Snap Spacing This allows you to set the spacing between snap points to assist with precise
layouts. For instance, if you are using Frame Generator to create a steel frame with uprights
at 2000 mm on center, then you might set the snap spacing to 2000 mm and then go to the
Sketch tab in the Application Options dialog box and set the sketch to Snap to Grid. Then
when creating your skeletal base sketch, you can set line segments and spacing to 2000 mm
with precision.



EXPLORING APPLICATION OPTIONS AND SETTINGS FOR PART MODELING | 115

FIGURE 4.5 | Bocument Settings m
The Sketch tab in

) Shraben | Lkit | SEmtTh  digg | B0l ik | Dubadl Tuke s
Document Settings

Al werich:
Foig B o Mo
¥ UL 2 77| wrepe e i

¥ B e ML D

:
|

i iisghid Tipde Minsinne
SRR LG Wisgnis
Towhap T | po sty
31 Miechap | i Bimighh by Bange [rilreria

[ E rLanm ST o LA 4 A
a0 Bawichi
7m il Fadin

Grid Display These settings allow you to set the major and minor grid spacing. If the
Snaps Per Minor were set to 2 with the 2000 mm snap spacing used in the example above,
then the spacing between grid lines would be 4000 mm. If the Major Every setting were set
to 5, then distance between the major grid lines would be 20,000 mm. In order to display
grid lines, you would go to the Sketch tab in the Application Options dialog box.

Line Weight Display Options These options allow the display of unique line weights in
model sketches. Note that this does not influence line weights in printed model sketches.
True Line Weights displays line weights on-screen as they would appear on paper regardless
of the on-screen zoom level. Display Line Weights by Range displays line weight according to
the entered values.

3D Sketch This area involves only one setting, the Auto-Bend Radius. When creating a 3D line,
you can turn on the Auto-Bend option and have intersecting line corners automatically rounded.
This setting controls the default radius at which bends are created. Once they are made, the
bends can be edited to a different value.

THE MODELING TAB

Figure 4.6 shows the Modeling tab, which allows changes to the behavior while modeling the
current active part.
Here are the settings found on the Modeling tab of the Document Settings dialog box:

Adaptivity Used In Assembly This is available only when a part is adaptive. When dese-
lected, an adaptive part becomes static. This setting can be controlled by right-clicking an
adaptive part in the assembly browser also.

Compact Model History This allows Inventor to purge all rollback document history when
you save the current file. Compacting the model history improves performance in large assem-
bly files. You should select this option only when performance is affected in large assembly
files or when existing disk space is limited.

Advanced Feature Validation This permits Inventor to use a different algorithm to compute
features. Using this option can produce more accurate feature results in rare cases such as
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Shell, Draft, Thicken, and Offset features. However, this option is slower in calculation than the
default option and should be used only on rare occasions where the accuracy of the model may
be in question.
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Maintain Enhanced Graphics Detail This enables graphics information to be saved with
the file on disk. This information is used in the graphics display if the display quality is set to
Smoother in Application Options.

Participate In Assembly And Drawing Sections When not selected, the part will default to
None in the section participation settings of an assembly or drawing section view. However,
you can adjust each instance of the part to section or not section as needed. For instance, if you
created a part file for an O-ring and intended to use it in the design of several shaft assemblies,
you could set deselect this option in the O-ring file to ensure the O-ring remained un-sectioned
in the section drawing views of the shafts you used the O-ring on. If you needed to show a par-
ticular section view of the shaft assembly with all parts sectioned, you would do so by setting
the section participation settings for the O-ring to section, in that one section view.

Tapped Hole Diameter This determines how the size of tapped hole features are controlled.
Thread representations in drawings are generated correctly only when Tapped Hole Diameter
is set to Minor.

User Coordinate System Click the Settings button to access the UCS Settings dialog box
where the UCS naming prefix can be set, the default plane defined, and the visibility of UCS
and its features determined.

3D Snap Spacing This sets the spacing between snap points in 3D sketches. This setting
also controls the snap precision when using the Move Bodies tool to free drag a solid body.
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Initial View Extents This sets the initial visible height and width of the graphics window
when creating a model from a template. For instance, if you create a lot of steel frames, you
may find it helpful to create a template with the setting adjusted so that your initial sketch

is not always zoomed in to a very small area. Configure this setting in your template files to
affect new files. You can set the initial height and width of the graphics window. This setting
affects only the initial sketch when using a template. When creating a secondary sketch or
opening an existing part, the view is controlled by the size of the part.

Naming Prefixing This sets the default file naming for parts generated from multibody
part designs. Again, these tools are covered in Chapter 5, “Advanced Modeling Techniques.”

Make Components Dialog Clicking Options in the Make Components Dialog area opens
the Make Components Options dialog box. The Make Component settings shown in the
options dialog box are specific to the active project. These options are employed when creating
multibody parts, as described in Chapter 5.

THE BiLL OF MATERIALS TAB

The Bill Of Materials tab determines the structure of the current file and how that structure
relates to the bill of materials in an Inventor assembly. Figure 4.7 shows the default settings for
structure and quantity.

FIGURE 4.7 f; " m
. . Part1 Document Settin

Bill Of Materials Vgs - ﬁ
tab in Document | Standard | Units || Sketch | Modeling | Bill af Materials | Defaulk Tolsrance |
Settings

Defaulk BOM Structure

BEE Marmal w

BEE Marmal

[k Inseparable

i Purchased

Lixt Reference
Unit Guankity
1 Each

Base CQuantity
IEach ,1;

Base Unit

E &

Ok ] [ Cancel Apply




118 |CHAPTER 4 BASIC MODELING TECHNIQUES

You can add BOM structure properties to individual parts in the Document Settings dialog
box. Figure 4.7 shows the choices available in a model or assembly file for setting individual file
properties. Here are the details:

Normal These components are given an item number and included in quantity calculations.
The placement of normal parts in the bill of materials is determined by the parent assembly
properties. A normal subassembly may be composed of any combination of inseparable, phan-
tom, purchased, and reference parts without having any effect on how those parts are listed in
the BOM. Normal is used for most components.

Inseparable These components are assemblies that allow the inclusion of press-fit, glued,
welded, or riveted components that might be damaged if taken apart. A good example is a
hinge that is fully assembled but should be listed in the BOM as a single part. Although the
Inseparable structure is listed in the part’s Document Settings dialog box, it is intended as
an assembly property.

Purchased These components are parts that are not normally fabricated or manufactured
by your company but instead purchased from vendors. Any purchased component, whether
part or assembly, will be listed in a parts-only parts list. A purchased component assembly
will not normally have the component parts listed in the BOM, since that component will be
purchased as a single unit.

Phantom These components exist in the design but are not included as specific line items
in the BOM. A construction assembly that exists as a container (subassembly) within a
higher-level assembly, simply to hold a number of components together for assembly pur-
poses, can be set to Phantom. When this assembly is set to Phantom, it will not appear in
the parts list; however, the parts included within the construction assembly will be listed
as individual parts. Phantom components are ignored by the BOM. No item number is
assigned, and no quantity calculations are performed on the phantom assembly. However,
the quantity of individual parts contained within the phantom assembly will be multiplied
by the quantity of the phantom component included in the top-level assembly.

Reference These components are used to provide reference information within an assembly
design. An example of a reference part might be a product container placed in a conveyor assem-
bly. The conveyor components are the parts and assemblies you are designing, but the container
is required to ensure the clearance and function of your design. In a drawing, reference parts
will be indicated in the view as hidden line geometry. Reference components are excluded from
the BOM and are excluded from quantity, mass, and value calculations.

THE DEFAULT TOLERANCE TAB

Figure 4.8 shows the Default Tolerance settings. Creating tolerance values affects sketches and
parts only. Adding tolerance values to a part file requires that you select either Use Standard
Tolerancing Values or Export Standard Tolerance Values, or you can select both options.

You can select the Use Standard Tolerancing Values box to use the precision and tolerance
values set in this dialog box. You can select the Export Standard Tolerance Values box to export
tolerance dimensions to the drawing environment.

Once you've selected an option, you can then add linear or angular tolerance values. You can
add any number of tolerance values by precision to this part. When you have added your values
to the part, click Apply to stay in the dialog box and apply the new settings to this tab, or click
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OK to apply the settings and exit the dialog box. Chapter 5 covers the use and setup of part tol-
erances in more detail.
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CREATE YOUR OWN TEMPLATE FILES

This may seem like a lot of settings, and it’s true there are a lot, but you really need to set them
only once. Open a template, make all your settings the way you want them for a particular type of
part (for instance an inch unit part), and then use the Save Copy as Template option. It will then be
available as a template when you create a new part. Make another template for metric parts. Make
perhaps another for sheet-metal parts and so on. You can make as many as you’d like, each with its
own set of document settings specific to the template.

A good idea is to make a folder in your template directory named Customor Our Templates. Store
all your templates in this directory. This folder (and any other folder in the template directory) will
show up as a tab in the New File dialog box. This way, you will still have access to Inventor’s standard
templates as well as your company’s custom templates.

You can set the template file location in two places:

@ Gotothe Tools tab of the Ribbon, click Application Options, and select the File tab in the dialog
box that opens.

€ Go to the Get Started tab of the Ribbon, click Projects, and select the Folder Options entry in
the dialog box that opens.

Keep in mind that if these two settings are not the same, Inventor uses the Projects setting.

Creating Basic Part Features

Inventor 3D part modeling is based upon the principle of creating a base feature and then adding
features to the base feature to build a more complex part. Figure 4.9 illustrates the basic workflow
for creating a part composed of multiple features.
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FIGURE 4.9 ;
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As you create parts in Inventor, you should keep in mind the following concepts because
each will go a long way toward making your modeling endeavors more productive:

*

Anchor and orient your base sketch to the 0,0,0 origins of the part file. This will make your
parts much easier to manage as you go forward. The base feature will generally be the largest
feature in the part, unless there is a specific reason for not making it so.

Look for areas of your design that are likely to change, and create your part features to
accommodate these future edits. As an example, the plate thickness of a support might
likely change as loads are determined throughout the rest of the design. Creating the plate
sketch from the end view and then extruding the length would make it easy to modify the
length of the plate but not as easy to modify the thickness. Therefore, a better choice would
be to create the base sketch of the top view and extrude the thickness.

Identify relationships between design parameters. For instance, the distance from the edge
of a part to the edge of a bolt hole might be required to be always 2x the diameter of that hole.

Keep an eye out for patterned and symmetrical design features. It is much easier to create
and modify the first instance of a pattern than it is to edit several identical features that
were created separately.

Build logical feature dependencies. Features are dependent upon other part geometry when
you cannot delete or modify a portion of the part or feature without affecting another feature
built later in the part. As an example, if you were to create a simple block and then create an
additional feature on that block, then you could not delete the block without upsetting the
new feature.

Reserve fillets and chamfers for the end of the part as much as possible. Because these fea-
tures often change, it is best to place them at the end of the design process. Placing them at
the beginning of the design and then having to change them is likely to upset other features
that you have created afterward that might depend on the filleted or chamfered edges.

Create simple sketches to create simple features to create complex parts. Using numerous
features within a 3D model allows simplified control over modifications of the model in the
future. Separate features may be suppressed or modified to alter the design without having
to make changes in a complicated sketch. Instead of attempting to create all the geometry in
a single sketch, we’ll analyze the proposed part first.
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CONSIDER MODELING VS. MACHINING

Although the “design as you’d manufacture” paradigm is a great philosophy to follow when creat-
ing 3D parts, there is a major difference between modeling and machining. One major difference
is that you have the ability to add material when modeling, whereas a machining operation only
takes away material. Deciding which route to take depends on what resources are available in your
shop and how much time you have.

Modeling and machining are important subjects to consider when designing parts. Inventor offers
a lot of features that may make it easy to design a part that might be impossible or at least very
expensive to make with the tooling equipment your shop has available. In some cases, although a
part may be easier to model as one piece, it might be less expensive to machine as multiple pieces.
Also, consider the size of the equipment and tooling, such as end mills and drills, when creating
parts. For example, in Inventor you can create very small fillets or square corners in a design, but
try to machine a 0.010’ fillet in a cavity that is 3’ deep, and you’ll likely earn a scolding from the
people on the shop floor who are required to turn your design into reality.

One example for how to make a realistic design for your shop is the fixture block, as shown here. If
a CNC machine center is available, this simple part is easy to model in Inventor and not a problem
to create in the shop.

However, without a CNC approach, even this simple model might prove to be difficult and/or expen-
sive to produce by more traditional machining techniques. Reconsidering the design to match the
shop’s abilities will be required. In this case, you might consider a sandwich block design of simple
parts welded and fastened together to achieve the same end result, as shown here.

Although this might require more thought and planning on your part within Inventor, it will make the
design achievable with the tools and technology at hand. Often the best resource for helping you deter-
mine what your shop’s capabilities are will be the people who will actually be making the parts.
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Simplifying Your Sketches

There is probably no concept that will help you master creating parts in Inventor that is more
important than the idea of creating simple sketches from which to build simple features that will
add up to create complex parts. Standard 2D drafting practice requires that you place all part
details or components within a single view. However, it is not good practice to use the same 2D
drafting workflow within any feature-based 3D modeler. Complicated sketches can drag down
sketching performance and virtually eliminate easy changes to features. Consider the part shown
in Figure 4.10. This illustration shows the base sketch which is then revolved to form the shaft.
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Now compare the same part modeled using the simple sketches approach shown in
Figure 4.11.
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The version in Figure 4.10 would prove difficult to modify, due to the number of sketch con-

straints and dimensions required to create it. Most likely a seemingly simple change would result
in the breaking of some part of the sketch. By comparison the version in Figure 4.11 would be easy
to modify because each feature is broken out into its own sketch or placed feature.
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Of course, sometimes creating a more complex sketch is required, but if you follow the simple
sketch rule of thumb, you will find Inventor much more accommodating, and you will quickly
master part creation and be ready to tackle complex sketches when they are needed.

Creating a Base Feature

In the pages to follow, you will create a part similar to the part shown in Figure 4.11. To do so,
you'll begin by creating a new part file from the Standard(mm).ipt template:

1. On the Get Started tab, click the New button.
2. On the Metric tab of the New File dialog box, select the Standard(mm).1ipt template.

3. On the Sketch tab, click the Rectangle button, and place the rectangle so that the origin
point is to the inside.

PROJECTING THE ORIGIN POINT

If you do not see an origin point in your sketch, you may want to take this opportunity to turn on the
option that will automatically project it into every new sketch. To do this, just follow these steps:
1. Onthe Tools tab, click Application Options.

2. Then choose the Sketch tab.

3. Ensure that the Autoproject Part Origin On Sketch Create option is selected, and click OK.

4. Startanew file from a template, and you will see that the origin point is now present.

4. On the Sketch tab, click the Line tool, and sketch a diagonal line from corner to corner of
the rectangle.

5. Next select the diagonal line, and then click the Construction button in the Format panel
on the Sketch tab (toward the far right). This converts the diagonal line from a standard
line to a construction line so that Inventor will ignore it as a profile entity. Your line
should now be dashed and will have changed colors.

6. In the Constrain panel of the Sketch tab, click the Coincident button, and place a coinci-
dent constraint between the midpoint of the diagonal line and the origin point.

7. Use the Dimension tool found on the Sketch tab to dimension the sketch at 150 mm by
300 mm as shown in Figure 4.12.

FIGURE 4.12
Initial sketch
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8.
9.

10.

11.

Right-click and choose Finish Sketch, and then click the Extrude button on the Model tab.

If needed, click the corner of the ViewCube to find an isometric view of the sketch so you
can see the preview (if it’s not displayed, go to the View tab, go to the Windows panel,
click the User Interface button, and click the drop-down arrow).

Generally Inventor will select the profile for you if you have just one closed profile pres-
ent to extrude. If the profile is not selected, click anywhere in the rectangle to select it. If
you did not make the diagonal a construction line, you will need to select both triangular
halves of the rectangle.

Enter 25 mm in the Distance input box. Click the arrow buttons to change the extrude direc-
tion just to see how the preview updates. Then click the left arrow button, and click OK.

Creating a Second Feature

Now that you've created your base feature, you will continue by adding features to it. Before
doing so, it is a good idea to save your part. To do so, click the Save icon from the Quick Access
bar at the top of the screen, or click the Inventor button and then select Save. You can save the
file in the Chapter 4 folder and name it anything you like.

Now that the part is saved, it’s time to create a second feature:

1.

On the Model tab, click the Create 2D Sketch button, and then click the large front face of
the part (or right-click the face and select New Sketch). Sketch2 is now created and active.

. Use the ViewCube to orient your view of the part so that you have a flat 2D view of your

sketch plane with the rectangle running horizontally on your screen.

If you see sketch lines outlining the base feature, then you have the Autoproject Edges
For Sketch Creation And Edit option turned on. If you do not see those sketch lines, select
the Project Geometry tool on the Sketch tab, and select the face again to project the edges.

ENABLING PROJECT EDGES ON SKETCH CREATION

If you see the outline of the faces automatically projected into your new sketches, you may want
to consider turning it off. In general, it is not recommended to use this. It may be helpful in the
beginning, but be aware that your sketches can become cluttered with unneeded geometry. When
all edges are projected, it is more difficult to determine the design intent and can make editing
sketches difficult. Instead, consider disabling this option and developing a practice of projecting
only necessary edges.

To do so, follow these steps:
1. Go to the Tools tab, and click Application Options.
2. Then choose the Sketch tab.

3. Ensure that the Autoproject Edges For Sketch Creation And Edit option is selected to enable it
or deselected to disable it, and click OK.
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4. Sketch a rectangle on the face selected for the sketch. Place this rectangle in the middle of
the face, being careful not to accidentally constrain it to the origin point or the edge of the
base feature (you will relocate it using a sketch constraint later).

5. Select the Circle tool on the Sketch tab, and sketch a circle at the end of the rectangle
starting with the midpoint of the vertical line on the right and snapping to the endpoint
of the top or bottom line. You don’t need to trim the circle before converting this sketch
into a feature, and in fact, unneeded trimming of sketch entities often works against you
because it may remove sketch constraints.

6. Use the Dimension tool on the Sketch tab, and add a dimension to the circle. Rather than
just entering a value, enter Diameter = 40 mm, thereby assigning the dimension a name
and a value (be sure you have named this dimension, as you will be using it in the steps
to come).

7. You'll next create an equation for the length of the rectangle based on the length of the
diameter value. With the Dimension tool, select the edge of the rectangle, and enter Slot_
Length =.

8. Then click the 40 mm diameter dimension you just created. This will link the two
dimensions. Finish the equation with *5 so that your end equation reads Slot_Length =
Diameter*5. Note that you must use an underscore here because spaces are not allowed
in parameter names. Your sketch should look similar to Figure 4.13.

FIGURE 4.13
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9. Create a coincident constraint between the midpoint of the left vertical line of the rect-
angle and the midpoint of the left, projected, vertical line of the base feature.

USE WORK FEATURES TO ANCHOR YOUR SKETCHES

Another way to anchor this sketch to the midplane of the rectangle is by using work features. Before
starting a sketch, click the Plane icon found on the Work Features panel. Select one side of the rect-
angular feature and then the other. This will create a parametrically centered work plane.

Thenyou can create a sketch and use the Project Geometry tool and select the edge of the work plane.
This will project the work plane as a line onto the sketch plane. You can then use thisline as a centerline
inyour sketch creation sequence. If you were to ever change the size of the base feature, then the work
plane, the projected line, and hence this sketch would all update and remain centered.
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10. Select one (or all) of the projected lines of the base feature, and convert it to a construction
line (this ensures that Inventor will not attempt to extrude the large projected profile in
the next step).

11. Finish the sketch, and choose Extrude on the Model tab.
12. If needed, use the ViewCube to view the part from an isometric view.
13. Select the rectangle and the circle you just created for the profile.

14 Click the Cut button (the second button down in the list of operation buttons) so that
the profiles will be cut out of the base feature. Your preview should be red when the
Cut operation is selected. Check the direction arrow to ensure that the cut is going in
the correct direction.

15. In the Extents drop-down, select All. The All option extrudes the profile through all
the current features of the entire part in the specified direction or in both directions
if you chose the Midplane option. If the size of the base part features change, then the
cut extrusion feature will update accordingly. Click OK when your options look like
Figure 4.14. And then save your file.
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Creating a Sketch-Based Hole Feature

Hole features are very powerful components of Inventor. Many methods are available for creating
Hole features. You can create holes in the following ways:

¢ By utilizing existing sketches containing sketch center points
¢ By distance from two planar edges

¢ Onaface by referencing concentric edge

¢ By using a work point feature

You can continue with the file you are working on or open the file called mi_4a_002.1ipt.
Follow these steps to create another sketch, and then use that sketch to place a hole:

1. On the Model tab, click the Create 2D Sketch button, and then click the large front face of
the part (or right-click the face and select New Sketch). Sketch3 is now created and active.

2. If needed, use the ViewCube to orient your view of the part so that you have a flat 2D
view of your sketch plane with the rectangle running horizontally on your screen.
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You might see the outline of the sketch plane face automatically projected into your
sketch (if not, click the Project Geometry button, and select the sketch plane).

On the Sketch tab, select the Offset button found on the Modify panel.

5. Before selecting anything to offset, right-click and ensure that both the Loop-Select and

Constrain Offset options are selected.

¢ Loop-Select - when selected this option selects lines/curves joined at their endpoints.
Deselect to select one or more lines/curves individually.

¢ Constrain Offset - when selected this option constrains the distance between the new
geometry and the original to be equidistant.

Click the radius, and then drag the offset profile so that it is created to the inside of the
part. Then right-click and click Done.

Place a dimension between the offset profile and the outside edge of the part, and enter
Offset = 20 mm in the input box (again, be sure to name this, because you will be using it
in the steps to follow).

Window-select the entire part/sketch so that all of the lines are selected, and then click
the Construction button and convert the lines to construction lines.

SELECT OBJECTS WITH A WINDOW SELECTION

You can create multiple entity selections using what is referred to as a Window Selection. Window
selection sets include objects differently depending upon whether the window is created left to
right or right to left:

L 2

Position the pointer slightly above and to the left of the left-most entity to select, and then click
and drag the pointer slightly below and to the right of the right-most entity that you want to
select. All objects that are fully enclosed within the rectangle are selected and highlighted.

Position the pointer slightly below and to the right of the right-most entity to select, and then
click and drag the pointer slightly above and to the left of the left-most entity that you want
to select. All objects that are enclosed by and/or intersected by the rectangle are selected and
highlighted.

You can use the Ctrl and Shift keys to add and remove entities to the selection sets.

10.
11.
12.

Select the Point tool on the Draw panel of the Sketch tab, and place a point on the corner
of the offset loop, as shown in Figure 4.15.

Finish the sketch, and choose the Hole tool from the Model tab.
If needed, use the ViewCube to view the part from an isometric view.

The Hole tool should have automatically selected your sketch point; if not, ensure the
Placement drop-down is set to From Sketch and the Centers button is selected, and then
select the sketch point on-screen.
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13. In the Termination drop-down, select Through All to ensure that the hole depth always
cuts through the part. Then set Type to Tapped, set the Threads options to ISO Metric
Profile M10x1.5 (as shown in Figure 4.16), and then click OK; finally, save your part.
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SELECTING SKETCHED HOLE CENTERS

The Hole tool will automatically select sketched center points as long as only one visible uncon-
sumed sketch is available. If you find that the Hole tool is not picking up your center point automati-
cally, check to see that you haven’t accidentally created an extra sketch in the model tree. You can
hover your mouse pointer over the sketch node in the browser to see the sketched entities highlight

on the screen. If you determine that you have accidentally created an extra sketch, you can right-
click it and click Delete.

Note too that only center points (small cross marks) are automatically selected by the Hole tool, and
simple points are not. However, you can manually select simple points for hole placement. You can
also convert center points to simple points, or vice versa, by using the Center Point button on the
Sketch tab (you’ll find it next to the Construction tool).
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Creating a Rectangular Hole Pattern

So far, the features you've created have been based on a sketch. These types of features are, there-
fore, referred to as sketched features. Features not based on sketches are referred to as placed features.
Placed features are solely dependent upon existing part geometry. Later in this section, we will
discuss the steps necessary to create a placed feature in the form of a rectangular pattern.

When creating patterns, you have the choice of creating them at the feature level or at the sketch
level. For instance, you could have patterned the sketch point using a sketch pattern and then have
placed multiple holes at once using the Hole tool. It is generally best, though, to create patterns as
features rather than sketch patterns. There are two reasons to consider feature patterns:

¢ A feature pattern saves time when creating spaced, multiple instances of a feature, and it
makes editing the spacing easily accessible.

¢ Using a feature pattern in a part allows you to later use that pattern to create a component pat-
tern in an assembly and follow the original part pattern. For instance, if you placed this part
into an assembly, you could pattern a bolt to occupy every hole within the pattern by simply
constraining one bolt into the original hole feature and then use the Component Pattern tool
to automatically pick up the hole pattern count and spacing. The Component Pattern tool is
available only within the assembly environment.

First you'll need to determine the pattern spacing. From the creation of the second feature, you
know that the round end of the slot has a width of 40 mm. From the creation of the placed hole,
you know that the offset from the slot edge is 20 mm. From this information, you will determine
that the spacing of the two rows of holes are (2 x offset value) + 40 mm, therefore 80 mm. Assume
the design specification requires eight holes in each row and that they need to be spaced at a
distance of 25 mm apart. With this information, you are now ready to proceed with creating the
hole pattern. You can continue on with the file from the previous section or open the file called
mi_4a_003.1ipt.

1. On the Model tab, click the Rectangular Pattern button found on the Pattern panel.

2. In the Rectangular Pattern dialog box, you are being asked to select the features to pat-
tern. You can select the hole from the graphics area, but may find it easier to do so from
the Model browser. No matter the method you use, check the Model browser to ensure
that Holel and only Holel is highlighted (you can use Ctrl+click to deselect any acciden-
tally selected features).

3. Next, click the arrow button under Direction 1, and select the edge of the slot cutout. Use
a direction button to change the direction if required, and set the count and spacing to
8 and 25 mm, respectively. You can confirm that your settings look similar to Figure 4.17.

4. Next, click the arrow button under Direction 2, and select one of the short ends of the
part. Use a direction button to change the direction if required, and set the count to 2.

Although you could just change the spacing value to 80 mm and complete the pattern, you
might want to consider what would happen if the width of the slot feature were to change. If
that were to happen, the hole pattern spacing would stay at 80 mm and no longer remain sym-
metric to the slot width. To avoid this, you will make the pattern spacing parametric by calling
the dimensions of earlier features into your pattern spacing. In this way you are building a
formula right into the pattern so that if those dimensions change, the spacing setting will follow.
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5. To do this, first clear the Direction 2 length input box.

6. Next click the arrow at the right of the length input box, and click List Parameters from
the flyout shown in Figure 4.17.

7. Choose Diameter from the list, then choose List Parameters again, and finally choose Offset.
8. Edit the input to read Diameter + 2* Offset.

9. If the text shows in red, there is an error. When you have a valid formula, it will display
in black. Check the preview, ensure that the pattern looks correct, and then click OK.
Confirm that your part looks like Figure 4.18, and then you can save your file.

FIGURE 4.18
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hole pattern

Editing Sketches and Features

You will often need to modify a sketch and/or feature after you have created it. Oftentimes you
may find that because designs are similar, it is most efficient to copy an existing part and then
make changes to the copy.

In the next steps, you'll edit some of the features you've just created, but before doing so, it will
be helpful to understand the behaviors associated with the model tree and browser nodes. When
a feature is sketch based, you can expand the plus sign next to it to reveal the sketch. Likewise,
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when a feature has multiple elements such as a pattern, you can expand it to view and control each
element. If a feature is placed rather than sketch based, it may not have any elements and, there-
fore, will lack a plus sign. Figure 4.19 shows the anatomy of the three browser nodes.
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The extrusion is based on Sketchl, as you can see. However, the hole in Figure 4.19 is a placed
feature based solely on the edges of other features and, therefore, contains no sketch (you'll
place a hole of this type in the pages to come). The pattern, when expanded, shows the features
that it contains and each occurrence of those features.

EDITING A SKETCH

To edit a feature or a sketch, you can right-click it and choose Edit Feature or Edit Sketch, or you
can double-click the browser node icon for that feature/sketch. Be sure to double-click the node
icon rather than the node text; otherwise, you set the text active for renaming. Follow these steps
to explore the edit procedures of features and sketches:

1. On the Get Started tab, choose Open (or press Ctrl+O on the keyboard).

2. Browse for the file named mi_4a_004.1ipt located in the Chapter 4 directory of the
Mastering Inventor 2011 folder, and click Open.

3. In the Model browser, right-click Extrusion2, and choose Edit Sketch. You'll notice that
the sketch becomes active for edits and the part displays in a rolled-back stage as it
existed when the sketch was originally created.

4. You want to edit the diameter dimension and change it to an inch-based value. To do so,
double-click the dimension, type 2 in into the input box, and then press Enter.

You'll notice that Inventor converts the value to a millimeter equivalent for you. You can mix
units as required, but know that any value that does not have a unit is assumed to be the part’s
base unit. This means if you were to enter 2 without the “in” suffix, the diameter would be set to
2 mm, because this part is mm based.

5. Click the Finish Sketch button on the Sketch tab (or right-click and click Finish Edit) to
return to the feature level of the part.
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You'll also notice that as a result of the sketch edit of the diameter, the length of the slot
cutout adjusts automatically as well, because it contains a formula to ensure that it is always
5x the diameter of the circle.

EDITING A FEATURE

Note that the spacing for the rectangular pattern adjusted automatically on each side of the
slot cutout but did not adjust for the length of the pattern. This is because the pattern contains
a parametric formula that controls the width spacing but not the length. To fix this, you'll edit
the rectangular pattern, as shown in these steps:

1. Double-click Rectangular Patternl in the browser to open the edit dialog box.

2. On the left side, clear the value of 25 mm, click the arrow button, choose List Parameters
from the flyout, and select Slot_Length from the list.

3. The spacing is now adjusted so that the holes are patterned at the Slot_Length value.
Looking at the preview, obviously this is not correct. To fix this, click the drop-down at
the bottom left, and change it from Spacing to Distance. Click OK to accept these changes.

You may decide that the rectangular pattern needs to include features that were not originally
present when the pattern was created, such as Extrusion3 and Chamferl found in this part. If you
edit the pattern, you'll notice that the part rolls back to the state that existed at the time of the pat-
tern; therefore, you cannot add the new features to the pattern. To resolve this, you will reorder
the features and then edit the pattern.

4. In the Model browser, select Extrusion3 and Chamferl, and drag them above the rectan-
gular pattern.

You can reorder features in this way so long as they are not dependent upon one another. For
instance, if you attempt to drag Chamferl above Extrusion3, you'll find that it can’t be done. This
is because the chamfer is based on the geometry of the extrusion.

5. Once the features have been reordered, double-click the rectangular pattern to edit it, or
right-click and choose Edit Feature.

6. Ensure the Features button is pushed in, and select Extrusion3 and Chamferl from the
Model browser so that they are added to the pattern. Your preview should update as well.
Click OK to accept these changes.

You may decide that although the pattern provides the correct spacing of the elements, you need
to exclude some of the middle instances to accommodate other features. You can do this easily by
suppressing the instances you do not need and still maintaining the constant pattern spacing.

7. Expand the rectangular pattern feature in the browser, and note all the instances of the
patterned features are listed as occurrences.

8. Roll your mouse pointer down over the list, and you will see the instances highlight
on-screen indicating which occurrence they are.

9. Identify the fourth and fifth instances on each side of the pattern, right-click them, and
choose Suppress. You can do this one at time or hold Ctrl as you select them and suppress
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them all at once. Notice that these occurrences are no longer present on the part and are
marked with strikethrough in the browser. Figure 4.20 shows the results of these edits.
You can close the part without saving changes.

FIGURE 4.20
The edited part

Repairing Features and Sketches

Ordinarily, you want to create chamfer and fillet features at the end of the overall part creation
process. Creating chamfers and fillets at the end of the process reduces errors because of feature
dependencies associated with these features. In the following exercise, however, you will create
a chamfer before creating a hole and then make a change to illustrate both the folly of creating
placed features too early in the design and the method of repairing a feature error:

1. On the Get Started tab, choose Open (or press Ctrl+O on the keyboard).

2. Browse for the file named mi_4a_007.1ipt located in the Chapter 4 directory of the
Mastering Inventor 2011 folder, and click Open.

. Select the Chamfer tool on the Model tab, and select the corner indicated with the red arrow.

3

4. Set the distance to 30 mm, and click OK.

5. Next, click the Create 2D Sketch button and create a sketch on the yellow face.
6

. Use the Point tool to place a point near the chamfered corner, dimension it as shown in
Figure 4.21, and then click Finish Sketch.

7. Select the Hole tool on the Model tab, and place a counterbore hole as shown in
Figure 4.21.

8. Next itis decided that the chamfered corner will not work with this design and should
have been a rounded corner. To make this change, right-click the chamfer feature in the
Model browser, and choose Delete from the menu.

9. Because the counterbore hole is dependent upon the chamfer, you are prompted with
the option to keep it or let it be deleted also. You will choose to keep it by deselecting the
Dependent Sketches And Features box and clicking OK.



134 |CHAPTER 4 BASIC MODELING TECHNIQUES

FIGURE 4.21 Hale : Hole2
Dimensions from Hecement
the chamfered &7 From skateh [v]
corner _
. Solds
(}@E _'l |‘_auln .;
Drill Poink Termanaton
o g - Mot [w]
ofif ok oE Wi
o)

10. Notice the Hole feature in the browser now has a marker symbol next to it indicating this
feature is “sick” and is in need of some repair. Expand the Hole2 feature node, and you
will see the sketch is also marked as “sick.” Right-click the sketch, and choose Recover, as
shown in Figure 4.22.
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11. In the Sketch Doctor dialog box, you will see a list of the issues present in the problematic
sketch. Click Next to see the recommendations for resolving this problem. The recom-
mendation is to edit the sketch.

12. Click Next again, and you will see there is only one treatment option in this case.

13. Click Finish and then click OK in the message box informing you that you are being
taken to the sketch environment.

Depending upon the extent of the error, the Sketch Doctor may offer you the ability to delete
objects, close open loops, and so on. Of course, you could have just edited the sketch originally
and ended up with the same result, in this case. But in cases where you do not know the extent
of the problems, the Recover option is often helpful in determining the issue.

14. In the sketch, you will see the unresolved sketch entities highlighted in a magenta color.
Right-click the magenta line, and choose Break Link. This breaks the link with the missing
chamfer edge but does not fully fix the problem.
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15. Select the magenta endpoint(s), and use the Break Link option on it/them as well. This
results in the diagonal line being underconstrained. You have two choices to resolve this:

¢ Use the coincident constraint along with the General Dimension tool to lock down the
diagonal line.

¢ Delete the diagonal line and its referencing dimensions, and re-dimension the hole
center point off the edge of the base part.

16. Once you have re-constrained the hole center by one of these methods, click Finish
Sketch, and return to the feature level of the part. Notice that the hole and sketch are
no longer “sick.”

17. Choose Fillet from the Model tab, and select the same edge previously used by the chamfer
to place a 30 mm fillet. Once done you can close the file without saving changes.

Although there is probably no way you will ever completely avoid having to repair features
and sketches, using placed features such as chamfers and fillets as late in the design as possible
will go a long way toward reducing these issues. You should also strive to avoid referencing
these features with dimensions when they are present.

Exploring the Extrude Tool

calf Although you have explored the basics of creating extrude features, you have many options
OBJECTIVE to understand before you can truly master this simple but powerful tool. In the next several
pages, you will open a series of files that have been set up to demonstrate the various options
to you. You can find all of these files in the Chapter 4 directory of the Mastering Inventor
2011 folder.

DIRECT MANIPULATION TOOLS

The Direct Manipulation tool set is a set of user interface tools introduced in Inventor 2011 that
enable you to modify a model while viewing the changes in real time. The buttons on the In-Canvas
Display correspond to the buttons and inputs found in dialog boxes and menus. You can choose
to use the Direct Manipulation tools or use the traditional dialog boxes and menus to achieve the
same result.
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The Direct Manipulation In-Canvas Display consists of manipulator arrows, mini toolbars, selec-
tion tags, and value input boxes.
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Once you become comfortable with the Direct Manipulation tools you can right-click on the dialog
box of the each tool and choose Auto-hide in order to save screen space.

Extrude Taovo

Shone ; ® Clnse  Al+F4
v Aulu-hidk

| 1 o P

You should note that you cannot disable the Direct Manipulation tools when using the standard
Inventor interface; however, if you are using the classic interface (no Ribbon Menu), the Direct
Manipulation tools are disabled.

To learn more about Direct Manipulation go to the Get Started tab and click the Tutorials button.
Select the Introduction to Direct Manipulation tutorial on the New Users tab of the Tutorial Learning
Resource dialog box.

Extruding with Cut and Taper

You can use the Extrude tool’s Cut option to remove material from your parts. Although you
may think of this as a tool to create holes, keep in mind that Inventor’s Hole tool is the better
choice to create standard holes because of the advanced detailing functions that accompany the
Hole tool. With that said, the Cut option in the Extrude tool will allow you to cut material using
any sketched profile that you might come up with.

1. Open the file named mi_4a_010.1pt.

2. Click Extrude on the Model tab (or Type E on the keyboard).

3. Select the rectangle shape for the extrude profile, and set the distance to 20 mm.
4.

Choose the Cut option and just drag the manipulator arrow down into the part; notice
that the preview turns red and the direction automatically switches. Change the direc-
tion so that the preview is going up out of the part, and then click OK.

5. Note that an error is generated, and it states the feature you specified did not change the
number of faces. Keep this in mind as you use the Extrude tool. Inventor will generally
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set the correct direction for you, but occasionally you might need to set the direction
manually. Click Edit to return to the extrude options.

6. Change the direction again so that you are indeed cutting the part.
7. Click the sphere on the manipulator arrow or click the More tab as shown in Figure 4.23.

8. Enter -12 in the Taper input box, and click OK. When finished, you can close the part
without saving changes.
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Extruding with Intersect
cefl You can create complex shapes by sketching the two separate side profiles and then using the
OBJECTIVE extrude Intersect option to keep the combined volume of the two, as shown here:

1. Open the file named mi_4a_012.1pt.

2. Click Extrude on the Model tab (or Type E on the keyboard).

3. Select the visible sketch for the extrude profile (if not automatically selected).
4. Change the Extents drop-down from Distance to AlL
5

Click the Intersect button, and ensure the extrude direction is correct (or use the mid-
plane option to extrude both directions).

6. Check your settings against Figure 4.24 and then click OK, and you will see that only
the volume shared between the existing solid and the intersect profile is kept. When
finished, you can close the part without saving changes.
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Extruding Surfaces from Open Profiles

In addition to creating solids with the Extrude tool, you can also create surfaces. If the profile is
open and there is no other geometry to relate to, the surface solution is automatically selected.
For closed profiles, you are required to switch the output from solid to surface manually, as
shown here:

1.
2.

10.

Open the file named mi_4a_014.1ipt.
Select Extrude on the Model tab (or Type E on the keyboard).

. The visible shape will automatically be selected because it is the only available profile.

Because it is found to be an open profile, the Surface output is automatically selected as well.

Change the distance to 25 mm, and set the direction arrow to the midplane option so that
the surface is extruded out in both directions from the profile. And then click OK.

To explore how to create a surface extrusion from a closed profile, right-click Sketch2 in
the browser, and turn on the visibility.

Select the Extrude tool, and notice that Inventor automatically selects the profile and sets
the output to Solid.

Click the Surface button to change the output to an extruded surface, and then change
the Extents option to To.

This allows you to specify a point or surface to extrude to. You might notice that the
surface created in the previous step was created in two halves. Select the arc-shaped
half (rather than the spline-shaped half), and notice the preview terminates as if the
arc half wrapped around.

Deselect the check box next to the To selection arrow (the Terminate Feature On Extended
Face check box) and you will notice the preview terminates at the furthest extent of the
selected surface, matching the spline shape.

Click OK to create the extruded surface.

Figure 4.25 compares the two termination solutions when using the To option. Keep in mind
that although this example used surface extrusions, the To option works the same for Solids.
You can close the file without saving changes.

FIGURE 4.25
Extruded surfaces
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Extruding Solids from Open Profiles

In addition to extruding surfaces from open profiles, you can extrude solids, provided sufficient
geometry is present to allow the open profile to solve correctly. This technique employs the Match
Shape option and is the default solution when an open profile is selected in the Extrude tool while
the solid output is selected. To do this, follow these steps:

1.
2.
3.

FIGURE 4.26
Extruding an /\

open profile

Open the file named mi_4a_016.1ipt.
Select Extrude on the Model tab (or Type E on the keyboard).

Click the arc profile, and notice that the Match Shape check box is automatically
selected; in addition, the preview has extended the arc down toward the plate to pro-
vide a closed profile.

Click in the highlighted profile to select it.
Change the Extents drop-down to Distance and enter 60 mm.

Set the Direction to go into the base plate feature, and click OK. Your result should look
like Figure 4.26. You can close the file without saving changes.

To take a look at the Match Shape option and how it can be used to change the output, you'll
open a file that has two possible solutions for the final matched shape. One solution will match the
shape of the existing geometry, and the other will not. Follow these steps to see how this works:

1.
2.
3.
4

6.

7.

Open the file named mi_4a_018.1ipt.
Select Extrude on the Model tab (or Type E on the keyboard).
Click the visible profile sketch in the center of the part.

You'll notice that Inventor attempts to create a closed profile from this open profile by
extending the profile past the extents of the existing geometry. Select the profile on the
side with the grid feature.

Change the Extents drop-down to Distance, enter 1 mm, and click OK. Notice how the
extrusion fills the shape of the part.

Next edit the extrusion you just created, and deselect the Match Shape box. And then
click OK.

You'll notice that the extrusion runs through the grid feature ignoring the shape.

Figure 4.27 compares the results of an open profile extrusion with and without the Match
Shape option selected. You can close the file without saving changes.
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Extruding with To

It is often helpful to extrude to existing geometry rather than entering a distance value. In this
way, if the existing feature changes, so too will your extrusion, and you can extrude to faces and
vertices as well as work planes and work points, as shown here:

1. Open the file named mi_4a_020.1pt.

2. Select Extrude on the Model tab (or Type E on the keyboard).
3. For the profile, select one of the rectangular profiles.

4. Change the Extents drop-down from Distance to To.
5

. Select the yellow face, and click OK. You will receive an error stating that the termination
plane does not completely terminate the profile due to the way that the yellow face would
wrap around in a circle if extended.

6. Click Edit in the error dialog box to return to the Extrude dialog box.

7. Uncheck the Terminate Feature On Extended Face check box in the Extents area, as
shown in Figure 4.28, and then click OK.
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8. Next use the Extrude tool and select the remaining rectangle.

9. Change the Extents drop-down from Distance to To.
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Select the red face, and you will see the preview terminates along the extended red face.

Uncheck the Terminate Feature On Extended Face check box in the Extents area, and you
see the preview extend to the yellow face.

Click OK to create the extrusion. You can close the file without saving changes.

Follow these steps to take a look at some other Extrude To options:

1.
2
3.
4

Open the file named mi_4a_022.1ipt.

. Select Extrude on the Model tab (or Type E on the keyboard).

For the profile, select one of the ellipse-shaped profiles.

Change the Extents drop-down from Distance to To 5. Select the yellow face, and ensure
that the Terminate Feature On Extended Face check box is checked. In this case, you
would receive an error if this check box were not selected.

5. Click OK and you'll see that the ellipse face takes on the angle of the face to which you
extruded.

6. Use the Extrude tool again, and select the other ellipse profile, and change the Extents drop-
down from Distance to To, once again. This time select the work point for the terminating
object, and click OK.

7. You'll see that the ellipse extrudes up to the work point height as shown in Figure 4.29.
You can close the file without saving changes.
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Oftentimes when extruding to a cylindrical face, you will need to set the extrude to solve for the
minimum solution since the face is continuous all the way around. To do this, follow these steps:

1.
2.
3.
4

Open the file named mi_4a_024.1ipt.
Select Extrude on the Model tab (or Type E on the keyboard).
For the profile, select the hex-shaped profile.

Change the Extents drop-down from Distance to To, select the outside face of the pipe,
and then click OK.
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You will notice that the hex shape stops at the closest face of the pipe. This is because the
Minimum Solution option was defaulted to. However, if the goal was to extend the profile to
the furthest extent of the cylindrical face, you would need to adjust the settings to the farthest
extent of the cylindrical face.
5. To fix this, edit the extrusion you just created, and click the More tab (or click the sphere
on the on-screen manipulator arrow).
6. On the More tab, select the Minimum Solution uncheck box as shown in Figure 4.30, and
then click OK.
You'll see that without the Minimum Solution option selected, the extrusion extends to the
far side of the selected face. You can close the file without saving changes.
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Extruding with To Next
caff Similar to extruding to a selected entity, you can use the To Next option and let Inventor auto-
OBJECTIVE matically select the next available surface or face for you. It should be noted that solutions with

through voids may not work with this option.

1.
2.
3.
4.
5.

6.
7.

Open the file named mi_4a_026.1ipt.

Select Extrude on the Model tab (or Type E on the keyboard).

For the profile, select the rectangular profile marked Profilel.

Change the Extents drop-down from Distance to To Next, and click OK.

Repeat the same steps for Profile2. You will receive an error because the extrusion cannot
build to this solution.

In the error message dialog box, click Edit, and then set the extrude extents to To.

Select the back (yellow) face for the face to extrude to, and then click OK.

Oftentimes the geometry may require a bit of experimenting to get the solution you want.
Just knowing the abilities and limitations of each option goes a long way toward knowing how
to proceed. You can close the file without saving changes. Figure 4.31 shows the results of using
the To Next extent option.
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Extruding Between

culf You may need to define the beginning and the end of an extrusion that are not common to your
OBJECTIVE sketch plane. To do this, you can use the Between option:

1. Open the file named mi_4a_028.1pt.
. Select Extrude on the Model tab (or Type E on the keyboard).
. For the profile, select Circle.

2

3

4. Change the Extents drop-down from Distance to Between.

5. Select both pipe-shaped pieces to define the from and to options.
6

. Because you are extruding to hollow objects, you'll need to use the minimum solution
option. Click the More tab, and ensure the Minimum Solution check box is selected.

7. Then flip the direction using a direction button next to the Minimum Solution check box.
Click OK.

Figure 4.32 shows the results of using the Between extent option. You can close the file with-
out saving changes.
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Extruding Multibodies

culf You may have noticed a couple of other buttons in the Extrude dialog box, one called Solids and
OBJECTIVE the other called New Solid, as shown in Figure 4.33. These options allow you to create separate

143
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solid bodies within the part or choose which existing solid bodies to modify. To explore the
multibody extrude options, follow these steps:
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Follow these steps:
1. Open the file named mi_4a_030.1pt.
2. Select Extrude on the Model tab (or Type E on the keyboard).

3. For the profile, select the visible rectangular sketch profile (if it is not automatically
selected).

4. Change the Extents drop-down from Distance to To, and select the yellow face on the
existing part.

5. Click the New Solid button, as shown in Figure 4.34, to set this extrusion as a separate
solid body and then click OK.

Because you used the New Solid option, you now have a part file with two separate solid
bodies. You can expand the Solid Bodies folder in the browser to identify each one. Currently,
the second solid interferes with the first and needs to be dovetailed to fit.

6. From the Modify panel of the Model tab select the Combine button.

7. Choose the new solid for the Base selection and choose the original solid (the one with
the yellow face) as the Toolbody selection.

8. Set the operation to Cut (middle button).
9. Select the Keep Toolbody check box and then click OK.

You should see the original solid disappear and the new solid result in a dovetail where it
intersected with the first. Expand the Solid Bodies folder and ensure that you have two solid
bodies still. If not, use the Undo button and repeat steps 6 through 9.

10. Right click either of the solids, and choose Show All to turn the visibility of the solid
back on.

Next you'll use an existing sketch to cut a notched edge into both of the solid bodies at the
same time.
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11. Locate the sketch named Base Inset Sketch in the Model browser and right-click on it and
select Visibility.

12. Use the Extrude tool, set to Cut, and then use the Solids button (found under the Profile
button) to select both dovetailed bodies.
13. Set the distance value to 6 mm and then click OK.

You can use the ViewCube to examine the resulting cut. You'll learn more about multibody
parts in Chapter 5, including how to use the Make Components tool to write out each solid body
as an individual part file. You can close the file without saving changes.

FIGURE 4.34 Extrude ﬁ
A multibody part [ |

shape | More
Citents

Prufile E] o E
% it

Qutput [F]H =l

P o [ cand ]

Creating Revolved Parts and Threads

call Creating turned and revolved parts is a regular occurrence in many engineering departments
OBJECTIVE because of the types of parts designed and manufactured. The parts consist of circular features
around a common axis. There are actually two different workflows for creating circular parts, each
with its own advantages and disadvantages. Creating threads on a part presents another challenge.

You can create circular parts using a single sketch and revolving it around a centerline axis.
Alternatively, you can create multiple circular extrusions to produce the same part.

There are also two different workflows for creating thread features on a part. You can add
threaded features to any circular component by means of the thread feature, which creates cosmetic
threads on the part, or through the use of the coil feature, which creates physical threads. Typically,
physical threads are created only when that geometry is required for the model. Generally, using
cosmetic threads is sufficient because they are an intelligent feature that can be retrieved in the
detail drawing of the part and called out as per the specifications of the feature.

Creating Revolved Cylindrical Parts

calf Revolved cylindrical parts utilize a sketch with a center axis. Figure 4.35 illustrates two ways

OBJECTIVE to create the same sketch. The view on the left shows a sketch profile anchored at the origin

and dimensioned from the origin. The view on the right illustrates the same sketch, anchored
at the origin but dimensioned from a created centerline, which creates diametric dimensions.
The two sketches will create the same revolved feature, the difference being that the centerline
allows you to dimension the sketch using diameter dimensions to maintain the design intent
of the part.
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The centerline is created with the use of the Line tool with the Centerline tool toggled on. In this
example, the centerline was created starting at the origin point and continuing to the right of the
sketch, extending beyond the sketch for selection ease. When dimensions are created on the sketch
and terminated at the centerline object, they will actually extend to the other side of the revolved
part diameter.

The advantage of creating a revolved profile, rather than creating stacked circular extrusions,
is that the relationship of every portion of the sketch can be easily visualized from the start. The
disadvantage is that a contour sketch is not always easily edited to remove or change a portion
of the feature. In addition, if the sketch is not fully dimensioned and constrained, it can create
errors down the line with faces and edges. For this reason, you should always fully dimension
and constrain your sketches. Figure 4.36 shows the finished revolved feature.

FIGURE 4.36
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Creating Extruded Cylindrical Parts

An alternate method, using extruded circular features, provides better control and can allow for
editing of each individual portion of the cylindrical part. Essentially, this is the building-block
approach of creating one feature after another until the entire cylindrical part is created. Figure 4.37
shows the finished extruded feature.

The advantage to this approach is that the same part design is comprised of four separate
features, each one individually editable without affecting other portions of the part.

The disadvantage with this approach is that it takes a small amount of additional time to
create the part and create features that are dependent upon the previously created feature. If
any extrusion in the middle of the part is deleted, then, prior to deletion, the next feature down
the model tree will need to be reassociated with a different face.
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SHOULD YOU USE REVOLVED OR EXTRUDED CYLINDRICAL PARTS? IT DEPENDS!

Although neither revolved nor extruded cylindrical parts are inherently better, each has its place
and its pros and cons. The extruded method is typically easier to edit and follow, but you may end
up with many features to create a simple part. Also, editing one section of the cylinder may require
editing several other features (for example, if you shorten one section by 30mm but want to keep the
overall length unchanged, you will have to edit other features to add back this 30mm). The revolved
method, on the other hand, allows you to control all the features in one place and more easily link
the dimensions of the sketch so that changing one of the dimensions will change the others.

Revolves can be parts or features and solids or surfaces. Follow these steps to see how
revolves are created:

1.
2
3.
4

Open the file named mi_4a_032.1ipt.

. Select Revolve on the Model tab.

For the profile, select the rectangular sketch profile and the small circle.

Click the Axis button in the Revolve dialog box, and then select the line indicated on the
part for the axis.

5. Set the operation to Cut so that you are milling out the revolved profile.

6. By default the Extents drop-down is set to Full, giving you a 360-degree revolve. In this
part, though, a full revolve cut would cut away part of the existing feature. So, you will
set the Extents drop-down to Angle instead. Notice the other extents options available.
They should all look familiar as options from the Extrude tool.

7. Set the angle to 180, and then click OK. Figure 4.38 shows the revolve options.
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Next you'll use the Revolve tool on an open profile to create a revolved surface. You'll then
use a tool called Thicken to turn the surface into a solid.

1.
2.

3.

Open the file named mi_4a_034.1ipt.

Before creating the revolve feature, you need to supply the sketch with some missing
dimensions. To do so, right-click Sketchl in the browser, and choose Edit Sketch.

Place dimensions from the points shown in Figure 4.39 to the centerline, and you'll notice
that because the line is a centerline type, the dimensions are automatically diameter dimen-
sions. Before placing the dimension, you can right-click and choose Linear Dimension if a
diameter is not the correct choice.

FIGURE 4.39 ’.épfgﬁoo mm—[%—‘
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10.
11.

12.
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Once you've added the dimensions, click the Finish Sketch button, and click Revolve on
the Model tab.

For the profile, select the sketch profile.
Click the Axis button, and then select the centerline.

Because the sketch was an open profile, the Surface output is automatically selected. Click
OK to create the revolved surface.

Next you'll add some fillets. On the Model tab, click the Fillet button, and click the inter-
secting circular edges on the surface feature.

In the Fillet dialog box, change the radius to 12 mm, and then click OK.
In the surface panel on the Model tab, click the Thicken/Offset button.

Click the Quilt option in the Thicken/Offset dialog box to allow you to select all the sur-
face faces at once, and then click anywhere on the surface. Then click OK.

Rotate the part around or use the ViewCube, and you’ll see that the surface is still visible.
Locate it in the Model browser, and then right-click and turn its visibility off. Figure 4.40
shows the revolved shape.
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Creating Threaded Features

Inventor offers the option of creating cosmetic threads that represent actual threads in the part, and
it creates 2D geometry information for detailing those threads. Cosmetic threads are created with

a threaded hole feature. Or you can use the Thread tool on the Feature panel bar to add threads to
existing part features. The thread features are added to the Model browser as a separate feature.

CosMETIC THREADS

Creating cosmetic threads on a circular part is a relatively simple procedure. Cosmetic threads
work by wrapping a scaled graphic around the feature to represent threads. This allows the
model file size to stay smaller because it is not required to calculate all of the extra edges and
faces of the threads. However, the cosmetic Thread tool does create fully intelligent thread fea-
tures based on the specifications you choose, allowing you to detail the threads quickly and
accurately in the drawing environment.

In the following steps, you will use the Split tool to divide a cylindrical surface into multiple
faces and then apply cosmetic threads to them:

1. Open the file named mi_4a_036.1pt.
2. Select the Split tool in the Modify panel on the Model tab.

3. Select Work Planel for the Split tool, select the face of the cylinder it runs through, and
then click OK.

4. Right-click the edge of the Work Planel, and choose Visibility to turn the plane off. Recall
that work planes are selectable only by their edges.

5. Now that the part is divided into two faces, click the Thread button in the Modify panel,
and select the shortest face.

6. Click the Specifications tab, set the size to 17, and the designation to M17x1, and then
click Apply.

7. Switch back to the Location tab, and click the end of the middle cylinder.
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8. Uncheck the Full Length check box, and enter 5 mm for the Offset and 30 mm for the
Length. Click the direction button if you do not see the threads appear. Click Apply.

9. Run your mouse pointer over the third cylinder, and notice that as you get closer to one
end or the other, the offset and direction switch.

10. Click the face, and apply another set of threads of any type you like; when you're done,
click OK. Figure 4.41 shows the Thread tool options.
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COSMETIC THREADS ARE USUALLY SUFFICIENT

Unless you are going to actually cut threads directly from your 3D model, cosmetic threads are
usually sufficient. The advantage of these threads is that they contain all the thread information

in the model that can later be extracted in a drawing without carrying the burden of complex
modeling features.

Inventor pulls its thread specification information from the Thread. x1s file found in the Design
Data folder. You can edit this file to contain custom thread specifications and include proprietary
threads or industry-specific threads not commonly listed.

PHYSICAL THREADS

You can create physical threads using the Coil tool. Physical threads create large file sizes
compared to cosmetic threads and can seriously affect performance and assemblies. As a
result, physical threads should be used only where absolutely necessary, such as the design
of a bottle or jar top or other geometries such as a worm gear.

1. Open the file named mi_4a_038.1pt.

2. Inthe Model browser, select the sketch called Thread Cut Sketch, right-click, and select
Edit Sketch.

3. Right-click and choose Slice Graphics (or press F7 on the keyboard) to temporarily slice
away the material that hinders your view of the sketch. Recall that this option is available
only while creating or editing a sketch that runs through a solid.
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4. Zoom in on the sketch, change the depth dimension to 2 mm, and then click the Finish
Edit button to exit the sketch.

5. Zoom out (or double-click the mouse wheel to zoom all), and then click the Coil tool in
the Create panel on the Model tab.

6. Select the sketch profile if it does not automatically select, and then select the work axis in
the center of the cylinder for the axis.

7. Use a direction button to ensure the coil is running the correct way, and then click the
Cut button.

8. Click the Coil Size tab, change the pitch to 4 mm and the revolution to 12, and then click OK.

Figure 4.42 shows the Coil Size tab. Be aware that you can create coils by specifying pitch
and revolution, revolution and height, and pitch and height, or by defining a spiral. Also note
the suffix of ul shown in the revolution dialog box. This suffix just means that the value is unit-
less. You do not have to specify this because Inventor will do so as needed.
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Creating Work Features

cefff Work features are construction geometry, used when part geometry is not present to create new
OBJECTIVE features. There are three types of work features: work planes, work axes, and work points. In addi-
tion to work features that you might create, each part contains origin planes, axes, and an origin
point. You can view these by expanding the Origin folder in the Model browser, right-clicking
each feature, and selecting Visibility, as shown in Figure 4.43. Note that in this illustration the 3D
indicator arrows have been drawn in for clarity. If it helps you, though, you can turn the indicator
on and have it display in the lower left of your screen by going to the General tab of the Application

Options dialog box.
Work Planes
caff A work plane is an infinite construction plane that is parametrically attached to a feature or features,
OBJECTIVE typically to help you define other geometry. Work planes are created based on the geometry you

select. Every work plane type is created by defining a location and an orientation. The following
illustrations show the ways you can create work planes. You can open the corresponding part files
and follow along. The part files are named mi_4a_040.ipt through mi_4a_50.1pt, as shown here.
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Midplane between two parallel planes Two parallel planar faces or work planes (see
mi_4a_040.1ipt).

Three point Any three endpoints, intersect points, midpoints, or work points (see
mi_4a_041.1ipt).
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Normal to axis through point A linear edge or axis and a point, in either order (see
mi_4a_042.1ipt).

Parallel to plane through point A planar face or work plane and any point, in either order
(seemi_4a_043.1ipt).

Two co-planer edges Any two co-planar edges (see mi_4a_044.1ipt).
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Offset from plane Click a face, and drag in the direction of the offset. Enter the value of the
offset (negative values are acceptable). (See mi_4a_045.1ipt.)

Angle to face around edge A part face or plane and any edge or line parallel to face (see
mi_4a_046.1pt).

Tangent to surface and parallel to plane A curved face and a planar face or work plane, in
either order (see mi_4a_047.1ipt).
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Tangent to surface through edge A curved face and a linear edge, in either order (see
mi_4a_048.1pt).

Tangent to surface through point A line with ends coincident with the cylinder axis and
edge and the tangent point on the cylinder edge (see mi_4a_049.1ipt).

Normal to curve at point An edge or sketch curve and a vertex, edge midpoint, sketch
point, or work point on the curve (see mi_4a_050.1pt).

Midplane of a torus A torus shape (see mi_4a_051.1ipt).
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Here are some other points to remember about work planes:

*

You can right-click a work plane in the browser or the graphics window and then select
Show Inputs to see how that work plane was created.

You can move work planes by clicking an edge and dragging. This will slide the work
plane in the plane of its definition only.

When you place the mouse pointer on any corner of the work plane, a resize arrow appears,
allowing you to drag the corner of the work plane to resize it.

You can also right-click and set a work plane to Auto-resize, allowing it to resize off the
extents of the part as it changes.

Work planes have a positive and negative side to them. The Normal (positive) side has an
orange tint, and the non-normal (negative) side has a blue tint. You can right-click a work
plane and choose Flip Normal if needed.

If you do not have the geometry you need present when creating work planes, you can right-
click and choose Create Axis or Create Point in order to create an “in-line work feature.”
In-line features are stacked in the Model browser and automatically set not to display.

When you start the Work Plane tool, you can right-click and choose Repeat Command to set the
work feature tools to stay on until you right-click and choose Done. This helps when you are
creating a lot of work features, because you do not have to keep clicking the button each time.

Work Axes and Work Points

A work axis is a construction line of infinite length that is attached to a part based on the geometry
used to create it. You can create a work axis on linear edges through circular faces and edges;
through any combination of work points, midpoints, and vertex points; along 2D and 3D sketch
lines; and at the intersection of work planes.

Work points may be created at the intersection of planes, surfaces, edges, work axes, 2D or 3D
sketch lines, work points, and sketch points, in any combination. They can also be placed directly
on sketch points, vertex corners, center points, edge midpoints, or grounded work points.

To see the practical application of the features, it’s best to actually create them:

1.
2.

Open the part file named mi_4a_052.1pt.

Click the Plane button on the Work Features panel of the Model tab, click and hold down
on the yellow face of the base plate feature, and drag out to create an offset plane. Enter
100 mm for the offset value. You may need to use the ViewCube to change the view so
you can see the yellow face.

In the browser, click the work plane node slowly twice, and rename it to OP-1.
Next expand the Origin folder in the model tree, right-click the z-axis, and choose Visibility.

Use the Work Plane tool again, and click the z-axis and the offset plane you just created
(you can select these in any order). Enter 27.5. Remember that work planes are selected by
their edges.

In the browser, click the work plane node slowly twice, and rename it to AP-1.
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7. Expand the browser node for AP-1, and note that it has “consumed” the OP-1. You can
right-click AP-1 and deselect Consume Inputs if you'd like.

8. Now you find the intersection of the two planes with a work axis. Click the Work Axis
tool, and simply select both work planes.

9. In the browser, click the work axis node twice slowly, and rename it IA-1.

RENAMING WORK FEATURES

Taking the time to rename work features can be helpful if you find that you must create and edit a
lot of them. However, if you use just one or two here and there, it may not be that helpful. Using a
consistent naming scheme will help you easily determine the work feature’s use. Use OP for Offset
Plane, 1A for Intersect Axis, and so on.

Keep in mind that if you right-click a work feature and choose Redefine Feature, you can change
the definition of a work feature and, therefore, might need to rename the feature if your naming
scheme incorporates that information. For example, an offset plane may become an angle plane
and, therefore, might be renamed from OP-4 to AP-6. Use what makes sense to you.

FIGURE 4.44 () mi_4b_052.ipt.ipt
A work axis at the
intersection of two
work planes

10. Double-click AP-1 to edit the angle value (double-click the browser node icon, not the
text). Change the angle from 27.5 to 72.5, and click the green check mark (or press Enter
on the keyboard).

11. Notice the work plane did not update. Changes to work plane definitions must be manu-
ally updated. In the Quick Access toolbar (at the top of the screen), click the Update but-
ton (it looks like a lightning bolt). Figure 4.44 shows the intersection axis and the model
tree at this stage.
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12. Next select the Work Axis tool, right-click, and ensure that Repeat Command is selected;
this simply allows you to place multiple work features in succession without having to
return to the menu to push the button each time.
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13.

14.

15.

16.

17.

18.

Select the cylindrical face of each of the holes in the cylinder. This runs a work axis
through the center of each hole. Rename these axes to CA-1, CA-2, and CA-3.

Select the Work Point tool, and then select OP-1 and CA-1, then OP-1 again and CA-2, and
finally OP-1 a third time and CA-3. This places a work point at the intersection of the
plane and axes.

Right-click the edge of OP-1, and choose New Sketch. This creates a new sketch on the
work plane.

Right-click, and choose Slice Graphics (or press the F7 key) to temporarily clear the
other geometry. Note that if you change your view to the opposite side of the sketch
plane and then toggle the Slice Graphics option, you can change which side of the
sketch is being sliced.

Select the Project Geometry tool on the Sketch tab, and select each of the work points and
IA-1. This will create a sketch point at each work point and a line at the axis location. You
could also get the same results by selecting only axes.

Create a sketch as shown in Figure 4.45. (All dimensions are 15 mm. Use project geometry
to get the work points into your sketch.)
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19. Finish the sketch, and extrude the profile 10mm away from the other features.

20.

21.

22.

Create a work axis from the tip of the obelisk-shaped feature to the corner of the plate-
shaped feature. The resulting axis should run through the cylinder. Name the work
axis PA-1.

Create a work point by selecting the cylinder first and then PA-1. Be sure to select PA-1 on
the side of the cylinder closest to the plate corner to ensure that the work point is created
on the correct side of the cylinder.

Select the Hole tool on the Model tab, and set the placement drop-down to On Point.
Select one of the work points you created for the Point input and its corresponding axis
for the Direction input.
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23. Set the diameter to 10 mm and the Termination drop-down to Through All, and then
click Apply. Repeat this for each work point.

24. Note that the hole running through the cylinder may not cut as you would expect. To
resolve this, select the crescent-shaped face, and then choose Delete Face on the Model tab
on the Surface panel. Ensure that the Heal option is selected as shown in Figure 4.46, and
then click OK.

FIGURE 4.46
Using Delete Face
with the Heal
option to clean up
the Hole feature

25. Finally, right-click each work feature, and turn off its visibility. You can use the Ctrl key
to select them all first as well. Work features should always have their visibility setting
explicitly turned off at the part level so that their visibility can be controlled indepen-
dently at the assembly level.

WORK FEATURE VISIBILITY VS. DISPLAY

Many Inventor users fight the control of visibility of work features (work planes, work axes, and work
points) because of a lack of understanding of the tools available to control it. There are basically two
methods of making work features not display on-screen:

& Right-click the work feature, and toggle off Visibility. (Always use this at the part level.)

¢ Onthe View tab, click Object Visibility, and then use one of the options listed. (Do not use this
at the part level, only at the assembly level.)

These two methods both turn off the display, but only the first toggles the Visibility setting for
each object. The second is a display override that suppresses the work feature display but does not
change the Visibility setting.

The difference between the two methods becomes important at the assembly level. If you’ve used the
Object Visibility tool to “override” the work feature visibility setting at the part level, you will find
that all of the work features will display when you place the part into an assembly This requires you
to toggle them all off again at the assembly level, and you will be required to do so for each instance
of the part placed. You could use the Object Visibility tool in the assembly and suppress the display of
all the work features for the entire assembly, but doing so doesn’t allow you to access one or two work
features at a time. As a result, you end up with all or none of the work features displaying.

In order to properly control work feature visibility, you should develop the habit of always right-
clicking on the work features at the part level and explicitly toggling off the visibility setting, and
never use the Object Visibility override in a part. If you do this, then when the part is used in an
assembly, you can control the work features on an individual basis, per instance of the part. Then you
can use the Object Visibility tool to toggle all of the visible work features on and off effectively.
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Creating Fillets

The Fillet tool in Inventor may seem daunting at first because of the number of buttons and
combination of options, but once you understand the layout of the dialog box and the intended
use of the options, you'll be able to create fillets of all types. There are three basic types of fillets:

Edge fillets These are fillets created based on selected edges.
Face fillets These are fillets created between two faces or face sets.

Full round fillets These are fillets that are tangent to three adjacent faces or face sets.

When you start the Fillet tool (on the Modify panel of the Model tab), it will default to edge
fillets. You can switch the fillet type by using the buttons on the left of the dialog box.

Edge Fillets

Edge fillets are the most common type, and, therefore, naturally they have the most options.
When Edge fillet is the active type, you'll see three tabs across the top of the dialog box, allow-
ing you to set the following Edge fillet subtypes: Constant, Variable, and Setbacks.

CONSTANT FILLETS

Constant fillets have the same radius along the entire length of the edge. On the Constant tab,
you can select a group of edges and then set the radius and type. You can create a new size
group by clicking the Click To Add row in the selection pane and changing the radius size.
Figure 4.47 shows two constant fillets groups being created. In this case, each group contains
only one edge, but they vary in radius. Note the pencil icon indicating that the row is being
edited. No edges can be selected at this time. To set the row ready to select edges, simply click
the pencil icon so that it changes to an arrow.
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FILLET FAILURES

One of the most common issues with edge fillets arises when you select multiple edges that con-
verge on a single corner vertex. Unfortunately, when this happens, the error message erroneously
indicates an issue with the fillet size. However, you can generally resolve these issues by removing
one or more of the competing edges from the selection, applying the fillet feature, and then apply-
ing another fillet feature using the removed edge(s). Keep this in mind as you place edge fillets,
and remember that just because you can place multiple size edge fillets all in one feature, it isn’t
always the best solution.
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Also on the Constant tab you can change the selection method from Edge to Loop or Feature.

Figure 4.48 shows the selection method set to Feature and the results of selecting a hole. Note
that all edges created by the hole feature are selected.
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You can also select All Fillets (inside corners) or All Rounds (outside corners) to apply fillets to
a part quickly, where it makes sense to do so. Figure 4.49 shows the same part with the two options
applied to it for comparison. Keep in mind that you can select all rounds and fillets at once, as well.

FIGURE 4.49
All fillets vs.
all rounds

&l Fillets

VARIABLE FILLETS

In contrast to constant-edge fillets are variable edge fillets. Variable edge fillets can have multiple
radius sizes along the length of the edge. To create variable fillets, you click the Variable tab and
then select an edge to make it variable. By default, the start and endpoints are added to the right
pane. You can add points by simply clicking the edge in the place or places you want to transition
to a different radius.

Once points are selected, you can change the radius and position of each point. The number
listed in the Position column is a decimal percent of the edge length rather than the length. For
instance, Figure 4.50 shows a point has been added at 60 percent of the edge length coming off
the start end.
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SETBACKS

Setbacks define the corner where multiple edge fillets come together. Once you select edges
in the Constant tab, you can switch to the Setbacks tab and select corners to apply setbacks to.
Setbacks are typically used for cast and molded parts where the corners cannot be too sharp.
On the Setback tab, select a corner using the Vertex pane first. Then enter a setback distance
for each edge. Setback values should be no longer than the length of the edge they are placed
on. You will typically get an error if you attempt to specify a value that is larger. If you click
the Minimal check box, the setbacks will automatically adjust to the smallest length that can be
built. Figure 4.51 shows a setback being created as well as the result.
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Face Fillets

Face fillets add fillets between two selected face sets. These faces or sets of faces do not need to
share a common edge. You can adjust the radius once the fillet is previewed, but typically if you
do not get a preview, it indicates an invalid selection set. You can add more faces, or you may
need to use a different type of fillet solution.

Two options are selected by default:

Include Tangent Faces Use this option to allow the fillet to continue over tangent, adjacent
faces. Deselect this to ensure that the fillet is only between selected faces.

Optimized for Single Selection Deselect this when making multiple selections per face set.
When this is selected, the selection automatically changes from selection set 1 to selection set 2.

Figure 4.52 shows a face fillet created between the two dark faces.
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Full Round Fillets

Full round fillets can be used to quickly round over a feature without having to know the radius
that would complete the full round. You can use this to create a full round on faces that are not
parallel also. To create this type of fillet, simply select the faces in the order that they occur from
side to center to other side, and the center face will be replaced with the radius face. Figure 4.53
shows a full round. The selection options are the same as described previously for the face fillet.
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Creating Fillets

In this section you'll create the various types of fillets discussed in the previous pages. To do so
open the file called mi_4a_053.1pt.

1.

10.
11.

Select the Fillet tool from the Modify panel of the Model tab (or type F on the keyboard).

First, you'll create a simple edge fillet. Select the vertical edge where the yellow and blue
faces intersect.

Set the fillet radius to 18 mm and click Apply.

Next you'll create a variable fillet. Click the Variable tab in the Fillet dialog box.
Select the edge where the purple and red faces intersect.

Set the radius for the Start and End Points to 2 mm.

Click on the word Start to set the dialog box from edit mode back to selection mode, and
then click anywhere on the edge between the purple and red faces.

Change the radius to 6 mm and then set the Position to 0.5 in order to set the new vari-
able point to be half way between the start and end points. Note you could add another
variable point to further define the variation of the fillet. In this case though, just click
Apply to create the variable fillet.

Next you'll create a fillet setback. To do so switch back to the Constant tab and set the
radius to 2 mm.

Click the pencil icon in the current row to set it from edit mode to selection mode.

Select the edge between the yellow and pink face and then the edge between the yellow
and green face. It may help to zoom in on the corner.
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12,
13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

In the fillet dialog box, click the Click To Add text to add another row to the list.

Change the radius to 3 mm and then click the pencil icon to set the row back to
selection mode.

Select the edge between the pink and green face.
Select the Setbacks tab in the fillet dialog box.

Choose the corner where the yellow, pink and green faces intersect. You should see the
vertex highlight as you locate it.

Enter 6 mm for all of the setback values, and then click Apply to create the fillets with
setback.

Next you'll create a face fillet. Click the Face Fillet button on the left of the fillet dialog box
(the one in the middle).

For Face Set 1, choose one of the orange faces, for Face Set 2 choose the other. Then
click Apply.

And finally, you will create a full round fillet. Click the Full Round Fillet button on the
left of the fillet dialog box.

Select the tan faces on the protruding front feature in consecutive order (the right face for
Side Face Set 1, the top face for Center Face Set, and the left face for Side Face Set 2,
for example).

Click OK to create the fillet and close the fillet dialog box.

Have a look at the fillet features in the browser tree. You can right-click on any of them and
choose Edit Feature to adjust the fillet as needed. In order to add or remove edges to any given
fillet feature, you can use the Ctrl key and then click the edges on-screen. Figure 4.54 shows
the part before and after fillets were applied. You can close the file without saving changes.

FIGURE 4.54
Before and
after fillets

I” \\\
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Note that if you try to place fillet along the edges where the pink and red faces intersect, you
will receive an error due to the way the resulting fillet tapers. However, if you also choose the
corresponding edges on the opposite of the rounded feature, the fillet will build without issue.
Keep this in mind as you work with fillets that form sharp tapers. You can close the file without
saving changes.
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COLOR OVERRIDES

In order to change the color of any individual face on a model, you can right-click on the face and
choose Properties from the context menu. You can do the same for entire features, by right-clicking
them in the browser and choosing Properties.

To remove color overrides, you can expand the Solid Bodies folder in the browser and right-click on
a solid and choose Properties. In the Body Properties dialog box, you can set the Body Color Style
to As Part, select the Strip Overrides check box, and then click OK. Be aware that parts translated
from other file formats often come in with many color overrides and the Strip Overrides action can
take a while to process.

Hole Features

Using Inventor’s Hole tool, you can create counterbore, countersink, spotface, and drilled holes
with user-defined variables such as thread designation and drill point angle. You can also specify
a simple hole, a tapped hole, a tapped tapering hole, or a clearance hole.

Using the Thread and Clearance Spreadsheets

Two external files are related to the Hole tool. These are Thread.x1s and Clearance.x1s. Both
files load at the time of installation to a Design Data folder in the install directory location, such
as C:\Program Files\ Autodesk\Inventor 2011\Design Data. If the Design Data folder has been
relocated, you can determine its location by following these steps:

1. Go to the Get Started tab, and click Projects.

2. In the Project File editor, ensure that you are looking at the correct project, and locate and
expand the Folder Options node in the lower pane.

3. Note the Design Data path listed.

4. If the Design Data path says = Default, then your project is reading the path from
Inventor’s options, so you should go to the Tools tab, click Application Options, and go
to the File tab in the dialog box that opens. Note the Design Data path listed.

Once the path is determined, you can browse to the path and find the Thread and Clearance
spreadsheets and make customizations as follows. To edit the thread spreadsheet, follow these steps:

1. Close Inventor.

2. Make a copy of the original spreadsheet, and store it in a safe location (this is just a
precaution).

3. Open the Thread. x1s file in Microsoft Excel.

4. To add or modify custom thread designations for an existing thread type, do the
following:

A. Choose the worksheet you want to customize.
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G.

Edit the values in the Custom Thread Designation column to include your designations.
These will then be available in the thread and Hole tool and can be recovered in hole
notes in a drawing.

Edit cell B1 to change the name Inventor displays in the Hole and Thread tools.

Edit cell D1 to change the order that Inventor lists the thread types in the Hole and
Thread tool dialog boxes.

. To add a new thread type, complete these tasks:

Copy an existing worksheet of the same type (parallel or taper).
Rename the custom worksheet as required.

Delete most or all of the rows below row 3. You may want to keep at least one row to use
as a reference, at least temporarily.

Add rows as required.
Edit cell B1 to change the name Inventor displays in the Hole and Thread tools.

Edit cell D1 to change the order that Inventor lists the thread types in the Hole and
Thread dialog boxes.

Hover your mouse pointer over cell A1 to see the tool tip containing the letter designa-
tions, and mark your sheet as appropriate.

6. Save the spreadsheet.

7. Restart Inventor. Changes are read when Inventor loads.

Modifying Clearance.x1s is a very similar process.

Creating Holes in Parts
You have four options for placing holes with the Hole tool:

*
*
*
*

From Sketch
Linear
Concentric

On Point

To explore these placement options, open the file named mi_4a_053.1ipt from the Chapter 4
folder of the Mastering Inventor directory, and follow these steps:

1.
2.

Select the Hole tool on the Model tab (or type H on the keyboard).

You'll notice the Placement option is set to From Sketch. This is because Inventor has
detected that there are two sketches available for use. Click Cancel to exit the Hole tool.

Right-click Sketch5 in the Model browser, and choose Visibility to turn the visibility of
this sketch off.
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4. Start the Hole tool again. This time Inventor detects that there is a sketch available and
automatically selects the center point found in that sketch.

5. Click the counterbore option, and set the counterbore, as shown in Figure 4.55, and then

click OK.
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6. Right-click Sketch5, turn the visibility back on, and then click the Hole button again.
Notice that it selects the center points automatically again. This is helpful; however, you
do not want the hole in the hex-shaped cutout to be the same size as the others in this
sketch. Hold down the Ctrl key, and click the center point at that location to remove it
from the selection.

7. Choose the spotface option, and notice that it is essentially the same as the counterbore
with the exception of the depth measurement. In the spotface, the depth is measured
from the bottom of the bore. Set the spotface as shown in Figure 4.56, and click OK.

FIGURE 4.56 .
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8. Since you removed the one center point before placing the spotface holes, you will reuse
that sketch to place the next hole. To do so, that sketch must be visible. The Hole tool has
toggled the visibility back off, so you need to locate Sketch5 again, and make it visible.

9. Place a simple drilled hole using the center point in the hex-shaped cutout. Set the termi-
nation to Through All and the diameter to 9 mm, and click OK. Then turn the visibility
of the sketch off one last time.

10. Start the Hole tool again. You'll note that because there are no longer any visible sketches,
the From Sketch option is no longer the default placement option. Set the placement to
Concentric, and select the top face of the part for the Plane input.
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11. Next you need to specify a concentric reference. Select one of the yellow faces (or the
circular edge of the yellow face).

12. Set the hole to the countersink option, and then set the inputs as shown in Figure 4.57.
Click Apply (not OK just yet).

FIGURE 4.57 ,
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13. Set the plane, use the other yellow face to place another countersink of the same size, and
then click OK.

14. Change your view so that you can see the work point at the work axis intersection of the
green face.

15. Start the Hole tool again, and set the placement option to On Point.

16. Select the work point for the point input and then the work axis for the direction. Flip the
direction if needed, using the button next to the Termination drop-down.

17. Leave the hole at the simple drilled option, and set the Termination drop-down to To.

18. For the To selection, click the bore face of the counterbore hole, and click the Terminate
Feature check box.

19. Click the Clearance Hole option, set the options as shown in Figure 4.58, and click OK.

FIGURE 4.58
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20. Rotate the part so that you can see the underside, and zoom in on the feature with the
red face.

21. Start the Hole tool again, and select the red face for the Face input.

22. Next select one of the longer straight edges for Referencel, and set the dimension to 8 mm.
Select one of the shorter edges, and set the dimension to 12 mm.

23. Set the termination to Through All and the hole type to Taper Tapped Hole.

24. Choose Din Taper from the Thread Type list, set the size to M5, and then click OK. You'll
note that the hole is cut with the appropriate taper.

You can close the part without saving changes when you have created all of the holes.

As you can see, the Hole tool has an abundance of options allowing you to specify holes in
a variety of ways. Keep in mind that features created with the Hole tool carry more intelligence
with them than a simple circular extrude cut. This is particularly true when you begin to detail
a part in the drawing environment.

Setting Tolerance Values in Holes

You can set tolerances for hole dimensions in the Hole dialog box. When setting a hole dimension,
right-click a dimension edit box, and then select Tolerance, as shown in Figure 4.59.

FIGURE 4.59
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You can use these general steps to access the tolerance settings:
1. In the Tolerance dialog box, change the values as desired:
¢ In Precision, click the arrow to set the decimal precision of the dimension.

¢ In Evaluated Size, select Upper, Nominal, Median, or Lower to use when evaluating
the dimension. This will set the size at which the hole is actually created.

¢ In Type, click the arrow, and select a tolerance type for the selected dimension.
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2.

3.

Depending on your selection, enter values to set the upper and lower tolerance range and
the tolerance for the hole and shaft dimensions (for Limits and Fits).

Click OK.

This will return you to the Hole dialog box. Keep in mind that although the value in the
hole input will not change, the hole will be drawn to the tolerance you selected in the model.
For instance, if the Upper option were selected in the hole shown in Figure 4.58, the hole would
measure 6.012 mm rather than 6.000 mm. More about using tolerances is covered in Chapter 5.

Bend Parts

You can use the Bend Part tool to bend a part based on a sketched bend line. You can specify

the end of the part to bend, the direction of the bend, the angle, the radius, or the arc length.

You can find the Bend Part on the Modify tab of the Model tab. By default, it is hidden from

view and must be accessed by using the flyout (the small black triangle on the Modify panel).
Here are some guidelines to be aware of when using the Bend Part tool:

*

*

Sketches used for bend lines must be visible and unadaptive and should be located on a
plane or surface that contacts the part.

A sketched line on the top face of a part does not allow for the part to be bent down, only
up, whereas a sketch that runs through the part allows the bend to be built up or down.

Bend Part does not account for bend allowances in the way that sheet-metal features do
and, therefore, should not be used with sheet-metal parts.

You can specify the bend by Radius & Angle, Radius & Arc Length, or Arc Length & Angle.

Follow these steps to create a simple bend part:

1.
2
3.
4

5.
6.

7.

Open the file named mi_4a_058.1ipt.

. Select the Bend Part tool from the flyout of the Modify panel.

Select one of the sketch lines as the bend line.

. Adjust the arrow buttons so that just the end is bent up. Notice if you try to bend the end

down, it will not work. This is because of the position of the sketch.
Set the radius to 100 mm, and then click OK.

The bend will consume your sketch, so you will need to expand the Bend feature in the
Model browser and then right-click the sketch and choose Share Sketch.

Create another bend to your specifications, experimenting with the other solutions.

Figure 4.60 shows the Bend Part tool in action. You can close the file without saving changes
when finished.
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The Bottom Line

Set application options and settings for part modeling Understanding the settings and
options that apply to the modeling environment is essential for getting the results you want
from Inventor.

Master It You want to configure your options and settings for your sketch environment
and then back them up and/or distribute them to other workstations. How would you go
about doing this?

Create basic part features In this chapter, you learned how to plan a workflow that allows
you to create stable, editable parts that preserve the design intent.

Master It You need to create a fairly complex part consisting of many extrusions, re-
volves, sweeps, or lofts. In addition, you will need to create holes, fillets, chamfers, and
other part modifiers. This part may need significant modification in the future by you
or by other designers.

Use the Extrude tool The Extrude tool is one of the most common feature tools in the
Inventor modeling tool set. Understanding the options and solutions available in this tool
will prove useful throughout your designs.

Master It Imagine you need to create an extruded feature but don’t know the exact
length; instead, you know the extrude will always terminate based on another feature.
However, the location of that feature has not been fully determined just yet.

Create revolved parts and thread features Creating revolved features and parts in
Inventor can often resemble the creation of turned part and features in the real world.
Applying thread features to a cylindrical face allows you to specify threads without having
to actually model them.

Master It Let’s say you have a part that you intend to fabricate on a lathe. Although you
could create the part with a series of stepped circular extrusions, it occurs to you that the
Revolve tool might work also.
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Create work features Using work features, work planes, work axes, and work points enable
you to create virtually any part or feature. Work features are the building blocks for sketch
creation and use.

Master It Your design will require creating features on spherical and cylindrical faces.
You need to precisely control the location and angle of these features.

Use the Fillet tool The Fillet tool has a great deal of functionality packed into it. Taking the
time to explore all the options on a simple test model may be the best way to understand all
the options.

Master It You are trying to create a series of fillets on a part. You create four sets of edge
selections to have four different fillet sizes, but when you attempt to apply them, you re-
ceive an error stating that the feature cannot be built.

Create intelligent hole features Although you can create a hole in a part by sketching a
circle and extrude cutting it, this is typically not the recommended approach.

Master It You need to create a part with a series of various-sized holes on a plate. You
would like to lay out the hole pattern in a single sketch and then use the Hole tool to cut
the holes to the sizes required. However, when you select the From Sketch option in the
Hole tool, it selects all of the holes, so you're thinking you must need to sketch out the
hole pattern as circles and then use the Extrude tool to cut them out.

Bend parts You can bend a portion of a part after you define a bend line using a 2D Sketch
line. You can specify the side of the part to bend, the direction of the bend, and its angle,
radius, or arc length.

Master It You need to create a model of a piece of rolled tube and would like to specify
the bend direction, but when you use the direction arrow, you get a preview in only one
direction.
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Advanced Modeling Techniques

Chapter 4, “Basic Modeling Techniques,” introduced some of the basic modeling techniques required
when creating a 3D parametric part. Modern parametric modeling utilizes numerous tools to create
stable, editable parts. The basic workflow of creating a part is to create a base feature and then build
upon that base. The tools used to build the additional features can vary depending upon your need
and may range from simple extruded features to complex combinations of different feature types.

In this chapter, you will be exploring some of the more complex and curvy modeling tech-
niques. Some of these features involve creating a base profile sketch along with support sketches
used for defining paths and shape contours. Such features are based on the same rules used to
create simpler features, such as extrudes and revolves, but they take it to the next level by using
multiple sketches to define the feature. Other advanced features covered in this chapter depart
from these concepts and move into new territory of feature creation. In either case, having a
strong understanding of sketch creation and editing principles is assumed and recommended.

All the skills in this chapter are primarily based on creating a single part, whether in a part
file or in the context of an assembly file.

In this chapter, you will learn how to:

Create complex sweeps and lofts

Work with multi-body and derived parts

*

Utilize part tolerances

*

Understand and use parameters and iProperties

L 4

Troubleshoot modeling failures

Creating Complex Sweeps and Lofts

Now that you have moved on from creating simple features, you can explore the use of sweeps
and lofts to create features of a bit more complexity. Both sweeps and lofts require one or more
profiles to create a flowing shape. Sweeps require one sketch profile and a second sketched
sweep path to create 3D geometry. Lofts typically require two or more sketch profiles and
optional rails and/or points that assist in controlling the final geometry.

Creating and Using Sweeps

You can think of a sweep feature as an extrusion that follows a path defined by another sketch.
2D or 3D sketch paths can be used to create the sweep feature. As with most Inventor geometry,
a sweep can be created as a solid or a surface. You should note that sweeps can add or remove
material from a part, or you can use the Intersect option as you can with the Extrusion tool. If
your intent is to create multi-body parts, then you can choose the New Solids option also.
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CREATING 2D PATHS

When creating a sweep feature, you will typically want to first create the path sketch and then
create a profile sketch that will contain the geometry to be swept along the path. To create the
profile sketch, you will need to create a work plane at the end of your path. This work plane will
be referenced to create a new sketch. It’s not mandatory that you create the path and then the
profile, but it is easier to define the profile sketch plane (that is, a work plane) by doing it this
way. Normally, this geometry will be perpendicular to one end of the sweep path.

A basic rule of sweep features is that the volume occupied by the sweep profile may not inter-
sect itself within the feature. Self-intersecting features are not currently supported. An example
of a self-intersecting feature is a sweep path composed of straight-line segments with tight
radius arcs between the segments. Assuming that the sweep profile is circular in nature with a
radius value larger than the smallest arc within the sweep path, the feature will self-intersect,
and the operation will fail. For a sweep to work, the minimum path radius must be larger than
the profile radius. In the 2D sketch path example shown in Figure 5.1, the path radius is set at 12
mm. Knowing that the minimum path radius value is 12 mm, you can determine that the sketch
profile radius must be less than or equal to this value.

FIGURE 5.1 [ :'_.
2D sketch path = 1
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CREATING THE SWEEP PROFILE

Once a sketch path has been created, you can create a work plane on the path and then sketch
the profile on that plane. To see this process in action, follow these steps starting with the cre-
ation of the path:

1. On the Get Started tab, click the New button.

2. On the Metric tab of the New File dialog box, select the Standard(mm).1ipt template.
3. Create a 2D sketch as shown in Figure 5.1.
4

Once you've created the sketch path, right-click and choose Finish Sketch; then click the
Plane button on the Model tab to create a work plane.

5. Select the endpoint of the 2D sketch path and then the path itself to create the plane. This
creates a plane on the point normal to the selected line. Figure 5.2 shows the created work
plane.

6. Once you've created the work plane, right-click the edge of it, and select New Sketch.

7. In the new sketch, use the Project Geometry tool to project the 230 mm line into this new
sketch. It should come in as a projected point.

8. Next, create a circle anchored to the projected point, and give it a value of 20 mm in
diameter.
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FIGURE 5.2
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plane on which to "
sketch
9. Finish the sketch, and select the Sweep tool. If you have a single sweep profile, then it
should automatically select the profile and pause for you to select a path.
10. Select a line in the path sketch to set it as the path.
Note that you can select either Solid or Surface for the feature. The sweep type will
default to Path, and the orientation will default to Path also. The Sweep tool also has an
option to taper the sweep feature, as shown in Figure 5.3.
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A number less than zero for the taper will diminish the cross section as the profile fol-
lows the path. A positive number will increase the cross section. If the taper increases the
cross section at the radius of the path, to a value that exceeds the radius value, then the
feature will fail because this will create a self-intersecting path.
11. Adjust the taper to a negative value to see the preview update. Note that if you enter a

positive value that’s 0.5 or more, the preview will fail, indicating a self-intersecting path.
Set the taper back to 0, and click OK to create the sweep.

You'll notice that this sweep feature consumes both sketches in the browser, just as an
extruded feature consumes the sketch it is created from. To edit the sweep you can expand
the browser node by clicking the plus sign and access both the profile and path sketches to
make edits. You can also right-click on the sweep feature node and choose Edit Feature to
change the options in the sweep dialog. Explore the ways to edit the sweep you just created
and then you can close the file without saving changes. In the next section you will look at
more sweep options.
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Exploring Sweep Options

Although sweeping along a path is the default option, you can also utilize the Path & Guide Rail
or Path & Guide Surface option to control the output of the Sweep tool. These options provide
additional control for more complex results. Often these options are utilized on sweeps based
upon a 3D sketch path, but this is not required.

PATH & GUIDE RAIL OPTION

The Path & Guide Rail option provides a means to control the orientation of a profile as it is swept
along a path. In Figure 54, the rectangular sweep profile will be swept along the straight path but
controlled by the 3D helical rail. This approach is useful for creating twisted or helical parts.

FIGURE 5.4 s
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The 3D helical rail is guiding the rotation of the profile even though the sweep profile is fully
constrained with horizontal and vertical constraints. Creating this part starts with creating
the sweep path as the first sketch, followed by creating a second sketch perpendicular to the
start point of the sweep path. The 3D helical rail is created using the Helical Curve tool in a 3D
sketch.

1. Open the file mi_5a_004.1ipt from the Chapter 5 directory of the Mastering Inventor 2011
folder.

2. Click the Sweep button on the Model tab.

3. Change the Type drop-down to Path & Guide Rail, choose the straight line as the path
and the helix as the guide rail, and then click OK. Your result should resemble Figure 5.5.
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Using guide rails to control the path and further define the shape of the sweep greatly
expands the range of shapes you can create with the Sweep tool. You can close the current file
without saving changes and take a look at the use of a guide surface in the next section.

PATH & GUIDE SURFACE OPTION

At times you will need to sweep a profile that will conform to a specific shape and contour. This
is often necessary when working with complex surfaces, particularly when cutting a path along
such a surface. In the following exercise, you will use some surface tools to manipulate a solid
shape while exploring the sweep guide’s Surface option.

1.

2.

On the Get Started tab, click Open, and open the file named mi_5a_006.1ipt found in the
Chapter 5 folder.

Click the small arrow on the Surface panel of the Model tab to see the Replace Face tool.
Figure 5.6 shows the Surface panel expanded.
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Click the Replace Face tool, select the red face as the existing face, then select the wavy
surface for the new face, and finally click OK.

Right-click ExtrusionSrfl in the browser, and select Visibility to turn it off.

Click the Plane button on the Model tab, click and hold down on the yellow surface, and
then drag up to create an offset work plane at 85 mm.

Right-click the edge of the work plane, and choose New Sketch.

Use the Project Geometry tool, and select the wavy face. This will result in a projected
rectangle in your sketch.

Create a circle with the center point at the midpoint of the projected rectangle and tan-
gent point on the corner of the rectangle so that your results look like the image on the
left of Figure 5.7. Click the Finish Sketch button to exit the sketch.
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9.

10.

11.

FIGURE 5.8
Creating a sweep

profile

12.
13.
14.

15.

FIGURE 5.9
Path vs. Path &
Guide Surface

Click the Create 3D Sketch button on the Sketch panel, or right-click in the empty space of
the graphics window and choose New 3D Sketch from the right-click context window.

Click the Intersection Curve tool from the 3D Sketch tab, and choose the circle and the
wavy face. Finish the 3D sketch and turn the visibility of the 2D sketch and the work
plane off. The result will be a curve as shown on the right of Figure 5.7.

Create a 2D sketch on the front face, as shown in Figure 5.8. Be sure to select the projected
edges and make them construction lines so that Inventor won't pick up the entire front
face as a sweep profile. The top two corners will be coincident to the curved construc-
tion line along the top. When the sketch is fully constrained and completed as shown in
Figure 5.8, click Finish Sketch.

Next, select the Sweep tool, and choose the profile you just sketched for the profile input.
Select the 3D intersection curve for the path.

Click the Cut button to ensure that this sweep removes material from the part, and
click OK.

The resulting cut sweep will be too shallow in some places, as shown on the left of
Figure 59.
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16. Edit the Sweep, and set the Type drop-down to Path & Guide Surface. Select the wavy
surface as the guide surface, and then click OK. The result will look like the image on the
right of Figure 5.9.

Using a guide surface to match the exact curvature of a complex shape is often the only way
to achieve the type of features found on plastic parts and other consumer products of stylized
form. You can close this file without saving changes and move on to the next section to explore
lofted features.

Creating Loft Features

Whereas a sweep allows the creation of single profile extruded along a path, lofted features
allow the creation of multiple cross-sectional profiles that are utilized to create a lofted shape.
The Loft tool requires two or more profile sections in order to function. Rails and control points
are additional options to help control the shape of a lofted feature. A good example of a lofted
shape is a boat hull.

LorT WITH RAILS

You could create a boat hull by defining just the section profiles, but you can gain more control
over the end result by creating a loft with rails. Figure 5.10 shows the completed wireframe
geometry to create a section of a boat hull. The geometry includes four section sketches, each
composed of a 2D spline sketched onto a work plane. There are two rails: the top and bottom
composed of 3D sketch splines.

Loft with rails

.-"-.
__.-"'--.
. .r"-.

geometry

1. On the Get Started tab, click Open, and open the file named mi_5a_008.ipt found in the
Chapter 5 folder.

2. Select the Loft tool in the Model browser.

3. Since the four section sketches are open profiles, the Loft tool will automatically set the
output to Surface. Select the four cross section sketches in consecutive order, front to back
or back to front.

179
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4. Then click Click To Add in the Rails section of the dialog box, and select 3D sketches
named Raill and Rail2.
5. If you have the Preview option selected at the bottom of the dialog box, you should see
a preview of the surface indicating the general shape, as shown in Figure 5.11. Click OK,
and the surface will be created.
FIGURE 5.11 Lok
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PATCH AND STITCH SURFACES

That concludes the lofting part of the boat hull, but if you'd like, you can continue with the
following steps to learn a bit more about working with surfaces.

6.

7
8.
9

10.
11.

To finish the hull, select the Mirror tool on the Pattern panel of the Model tab.
Select the hull surface for the Features selection, and then click the Mirror Plane button.

Expand the Origin folder in the browser, click YZ to use as the mirror plane, and click OK.

. Next you will create a 3D sketch to create a line for the top edge of the transom (back of

the boat); right-click in the graphics window, and choose New 3D Sketch.
Click the Include Geometry button, and select the back edges of the hull.

On the 3D Sketch tab, click the Line tool, and draw a line across the back of the boat to
form the top of the transom. Draw another line across the bottom of the transom where
the two sides do not quite meet. Click Finish Sketch when the lines are drawn.

TURNING OFF THE TRANSLUCENCY OF SURFACES TO SEE BETTER

1f you have difficulty seeing the end points when attempting to draw the 3D Sketch line, you can
expand the mirror feature in the browser, locate the loft surfaces, and then right-click and deselect
Translucent.

12.

Select the Boundary Patch tool on the Surface panel, and select your 3D sketch lines and
the projected geometry to create a surface for the transom. When creating boundaries,
you need to select the lines in the order that they occur in the boundary. Click Apply, and
then create another boundary patch across the top by selecting the two edges of the sides
and the top edge of the transom.
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13. You'll notice the gap in the base of the hull. Use the Boundary Patch tool to create a sur-
face by clicking both edges of the gap and the small edge at the bottom of the transom.

14. Next, select the Stitch tool on the Surface panel, and select all five of the surfaces you cre-
ated. It’s easiest to window select them all at once.

15. Then click Apply and Done.

USING THE SHELL TooL

cullf You should now have a solid boat. Of course, you would probably like to shell it out at this point.
OBJECTIVE Before doing so, be sure to save your file. This is just good practice before running calculation-
intensive operations like the Shell tool, particularly on free-form shapes like this boat hull.

16. Once your file has been saved, select the Shell tool on the Modify panel of the Model tab.
17. Click the top face for the Remove Faces selection, and set Thickness to 10 mm.

If your system is a bit undersized, you might want to skip the next two steps and just click
OK now to let the shell solve for just one thickness. Otherwise, you'll specify a unique thickness
for the transom.

18. Click the >> button to reveal the Unique Face Thickness settings, click the Click To Add
row, and then click the transom face.

19. Set the unique face thickness value to 30 mm, and click OK to build the shell. Figure 5.12
shows the completed boat.

FIGURE 5.12
The completed
boat

Although at this point you have gone far past the initial lofted surface to finish out the boat
model, you started out by creating a loft from the 2D sketch profiles and then used the 3D
sketches as rails to further define the shape. Of course, if you are a boat designer, you might see
a few areas of the design that need improvement. But for now you can close the file without sav-
ing changes and move on to explore the Area Loft options in the next section.

AREA LOFT

calff Area loft is used in the design of components where the flow of a gas or liquid must be precisely
OBJECTIVE controlled. Area loft is a different way of controlling the finer points of creating a loft shape.
Figure 5.13 illustrates what might be considered a fairly typical loft setup, consisting of three

section profiles and a centerline. The goal here is to create a loft from these profiles but to create
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a fourth profile to control the airflow through the resulting part cavity so that it can be choked
down or opened up.

FIGURE 5.13
Area loft profiles

1. On the Get Started tab, click Open, and open the file named mi_5a_010.1ipt found in the
Chapter 5 folder.

2. Start the Loft tool, and select the three sections in order starting with the small rectangu-
lar shape.

3. Right-click, choose Select Center Line, and then click the centerline sketch line running
down the middle of the profile sketches.

4. Right-click again, and choose Placed Sections; notice as you choose an option from the
right-click menu that the dialog box updates to reflect your selections. You could have just
as easily used the dialog box controls to do this, but oftentimes it is nice not to create the
extra mouse travel.

5. Slide your mouse pointer over the centerline, and then click roughly halfway between the
circular section and the middle section.

Once you click a location, the Section Dimensions dialog box appears, as shown in

Figure 5.14, giving you control over the position and section area of the placed section. You
can switch the position input from Proportional where you enter a percentage of the center-
line length to Absolute, which allows you to enter an actual distance if you know it.

In the Section Size area, you specify the actual area or set a scale factor based on the area of
the loft as calculated from the sections before and after the one you are creating. On the far
left, you can switch the section from driving to driven, letting the area be calculated from the
position. Any number of placed sections can be used to create precise control of the feature.

FIGURE 5.14 Section Dimensions X
Section Dimen-
sions dialog box o
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6. Leave Position set to Proportional Distance, change the position to 0.75, set the area to
800 (as shown in Figure 5.14), and click OK. You can access the section again by double-
clicking the leader information.

7. Double-click the End section leader text, and change it from driven to driving using the
radio buttons on the left. Notice that you can set the area but not the position.

8. Change the area to 800, and then click OK.

Figure 5.15 illustrates the placed loft section and the modified end section.

FIGURE 5.15
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You may have noticed that by changing the end section to an area of 800 square millimeters,
you altered the size of the end profile from the original shape, in this case slightly reducing the
diameter of the circle. Keep this in mind as you create area lofts and you can use the original
sketch to just rough in the shape and not worry as much about getting the size exactly right,
until you refine the area loft profile. Of course, as always, you should still fully constrain the
sketch profile. You can close this file without saving changes and have a look at the centerline
loft options in the next section.

CENTERLINE LOFT FEATURE

caff The centerline loft feature allows you to determine a centerline for the loft profile to follow, just
OBJECTIVE like you did with the area loft. In the following steps, you'll create a wing feature using the cen-
terline loft and look at some of the condition options available in lofted features as well:

1. On the Get Started tab, click Open, and open the file called mi_5a_012.1ipt found in the
Chapter 5 folder.

2. Click the Loft button, and select the yellow face of the wing stub feature and the sketch
point at the end of the arc as sections.
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3. Right-click, choose Select Center Line, and then click the arc. Notice how the lofted shape
now holds the centerline, as shown in Figure 5.16.

FIGURE 5.16
A loft with and
without centerline

4. Click the Conditions tab in the Loft dialog box so you can control the curve weight and
transition type at the work point and wing stub profile.

5. Click the drop-down next to the Edgesl (Section) and set it to Tangent. Change the
weight to 0.5 to adjust the blend from the wing stub feature.

6. Click the small drop-down to set Point Sketch2 to Tangent and then set the weight to 1.5.

7. Currently, the loft is extending out past the work plane. Often this can be a problem
because the work plane may have been established for the overall length of the part. To
resolve this, set the drop-down to Tangent To Plane, and select the work plane on the
screen. Notice the adjustment. Figure 5.17 shows the preview of the adjustments before
and after the tangent plane is selected.

FIGURE 5.17 Loft 1
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8. Click OK, and examine your lofted shape.

9. You can use the Mirror tool to mirror the loft you just created and the wing stub feature
using the work plane in the tail area. Figure 5.18 shows the complete design.

Here is the full list of conditions available, depending upon the geometry type:
Free Condition No boundary conditions exist for the object.

Tangent Condition This condition is available when the section or rail is selected and is
adjacent to a lateral surface, body, or face loop.

Smooth (G2) Condition This option is available when the section or rail is adjacent to a lat-
eral surface or body or when a face loop is selected. G2 continuity allows for curve continuity
with an adjacent previously created surface.
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Direction Condition This option is available only when the curve is a 2D sketch. The angle
direction is relative to the selected section plane.

Sharp Point This option is available when the beginning or end section is a work point.

Tangent This option is available when the beginning or end section is a work point.
Tendency is applied to create a rounded or dome-shaped end on the loft.

Tangent To Plane This is available on a point object, allowing the transition to a rounded
dome shape. The planar face must be selected. This option is not available on centerline lofts.

FIGURE 5.18
The design with
the wing loft
mirrored

The angle and weight options on the Conditions tab allow for changes to the angle of lofting
and the weight value for an end condition transition. In this example, if the endpoint condi-
tion is changed to Tangent on the work point, the weight is automatically set to 1 and can be
adjusted. Click the weight, and change it to 3 to see how the end condition will change in the
preview. Experiment with the weight to see the changed conditions. If a value is grayed out,
then the condition at that point will not allow a change.

Creating a Part Using Loft and Sculpt

There are a couple of things to keep in mind when creating sketches to be used as lofts. First,
you should always project the endpoints of rails into your profile sketches, or vice versa, so that
the rail will map to the profile correctly. Second, it often helpful to create work surfaces or helper
geometry to sketch on so that you know you are working in the right location and orientation as
you sketch. In these steps, you'll create a lofted surface and use it to create a lofted solid:

1. On the Get Started tab, click Open, and open the file named mi_5a_014.1ipt found in the
Chapter 5 folder.

2. Extrude the rectangle up 30 mm, making sure to do so as a surface rather than a solid
(select the surface output in the Extrude dialog box).
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3. You will now create a sketch on one of the larger side faces of the extruded rectangle.
Create a 200 mm arc and then dimension it 7 mm from the corners of the referenced
edges, as shown at the top of Figure 5.19.
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4. Create the same sketch on the opposite face of the extruded surface. The orientation of
both sketches in relation to one another can be seen on the right of Figure 5.19.

5. Next, create a sketch on one of the ends of the extruded surface as well.

6. Project the ends of the arcs from the side sketches into this sketch for reference. The pro-
jected end points should show as center points. Use these projected points for the start
and end of the arc. The sketch should look like the bottom left of Figure 5.19.

7. Create the same sketch on the final face of the extruded surface, as well following the
same steps as in the previous step.

8. Select the Loft tool and set the Output option to Surface.

9. Choose the two end sketches as the sections and the two side sketches as rails then click
OK. The result will be a twisted surface.

10. Select the Mirror tool and choose the lofted surface for the Features selection.

11. Next click the Mirror Plane button in the Mirror dialog box, and choose the XY origin
plane (you may have to expand the Origin folder to see it), then click OK.

The result should put the mirrored surface below the extents of the extruded rectangular
surface. In order to remedy this you next use the Extend Surface tool to bring the rectangular
surface down to the mirrored surface.

12. On the Surface panel, select the Extend Surface tool (you may need to use the drop-down
arrow on the Surface panel to reveal this tool).
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13. Next select all the edges of the rectangular surface.

14. Set the Extents drop-down to the To option, and then select the mirrored surface. Then
click OK.

Once the edges are extended down to the mirrored surface, you could use the Trim tool on
the Surface panel to trim the rectangular surfaces down to the lofted surface, but in this case
it is not actually necessary. Whether you decide to trim them or not the next step will be to
use the Sculpt tool to fill in the enclosed volume of the surfaces.

15. Select the Sculpt tool on the Surfaces panel, select all three of the surfaces, and then click
OK to create the solid. Figure 5.20 shows the results.

FIGURE 5.20
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The Sculpt tool can use surfaces, work planes, and solid faces as 3D boundaries to “flood
fill” any volume that exists. If there is not a “water-tight” volume, no solid can be created. You
can use Sculpt to cut material from a solid as well. When cutting with Sculpt, the profile can be
open. This tool differs from the Stitch tool in that surfaces do not need to be trimmed and in
its ability to cut material. You can open the part named mi_5a_016.1ipt found in the Chapter 5
folder, and experiment with using the Loft tool to cut material. Figure 5.21 shows the result of
using the Sculpt tool to cut the combined volume of the two open profile extruded surfaces from
the solid. Notice the >> button has been expanded to reveal the direction controls used to get
the final result.
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Creating Multi-body Parts

calf It is possible to create a multi-body part file with separate solids representing each part of an
OBJECTIVE assembly and then save the solids as individual parts, even having them automatically placed
into an assembly. Creating multiple solid bodies in a single part file offers some unique advan-
tages compared to the traditional methods of creating parts in the context of an assembly file.
For starters, you have one file location where all your design data is located. Second, it is often
easier to fit parts together using this method, by simply sketching one part right on top of the
other, and so on.

These two advantages are also the main two disadvantages. Placing large amounts of data
(and time and effort) into a single file can be risky should that file be lost. And creating a part
with an overabundance of interrelated sketches, features, and solid bodies can create a “house
of cards” situation that makes changing an early sketch, feature, or solid a risky endeavor. Used
wisely, though, multi-body parts are a powerful way to create tooling sets, molds, dies, and
other interrelated parts.

If you do large machine design, you would be best off to create many smaller multi-body
part files rather than attempting to build one large one. Or you might find that using multi-body
parts will work well for certain interrelated components, while using traditional part/assembly
techniques works for the rest of the design.

Creating Multiple Solids

In the following steps, you'll explore the creation of multi-body parts by building a simple trig-

ger mechanism. The challenge here is to define the pawl feature on the trigger lever as it relates

to the hammer bar. Figure 5.22 shows the trigger mechanism in its set position on the left and at
rest on the right.
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As the trigger lever is engaged, the hammer bar overcomes the pawl (lip), and the spring is
allowed to force the hammer bar to swing. In the following steps you’ll explore the multi-body
solid options as you use one solid to determine the precise fit with the other.

1. On the Get Started tab, click Open, and open the part named mi_5a_016.1pt found in
the Chapter 5 folder.

2. Create a sketch on the front face of the plate.

3. Create a rectangle, as shown in Figure 5.23, using the top hole as reference to anchor the

rectangle.
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4. Extrude the rectangle 3 mm away from the plate, and use the New Solid option in the
Extrude dialog box (leave the circle unselected from your extrude profile so that you end
up with a hole).

5. When you click OK, you'll see that the Solid Bodies folder in the model tree now shows two
bodies present, one representing the base plate and another representing the hammer bar.

6. Create another sketch on the front of the plate, and create another rectangle toward the
bottom, referencing the end of the hammer bar as shown in Figure 5.24.

FIGURE 5.24
The trigger-lever
sketch T

7. Extrude the rectangle 3 mm away from the plate, use the New Solid option in the Extrude
dialog box, and then click OK. This completes the base feature for the trigger lever.
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8.

10.

Expand the Solid Bodies folder in the browser, and notice there are three solids listed (if
you see fewer than three, edit your extrusions, and make sure you used the New Solid
option).

Double-click the text that is your hammer bar, and rename it Hammer Bar, for reference
later.

Right-click on the solid that is your trigger lever and choose Properties. In the resulting
dialog set the name to Trigger Lever and change the color to blue, then click OK.

Here are several things to note at this point:

¢ If you expand the browser node for each solid listed in the Solid Bodies folder, you
can see the features involved in each.

¢ You can right-click a solid or solids, choose Hide Others to isolate just the selected
ones, and then use Show All to bring back any hidden solids.

¢ You can select the solid and then choose a color style from the Color Override drop-
down on the Quick Access toolbar (at the very top of your screen).

¢ You can right-click each solid and choose Properties to set the name and color, view
the mass properties, and strip previously, overridden values. For instance, if you'd
set just the front face of one of the solids to be red and then decided you wanted the
entire solid to be blue, you could use the strip overrides option to remove the red face
and set the entire solid to blue. If you did not use the strip override option the red face
would remain red and the other faces would become blue.

Using One Solid to Shape Another

Next you'll create the pawl notch in the trigger lever. To do so, however, you will first make

a copy of the hammer bar and then turn that solid into a combined solid that represents the
hammer bar in both the set and resting positions. After that, you'll cut that solid away from the
trigger lever. You can continue on with the file from the previous steps or open the part named
mi_5a_017.1ipt found in the Chapter 5 folder.

1.

2.

Use the ViewCube to change the view so that you can see the cylindrical face of the hole
in the hammer bar, and then choose the Circular Pattern tool on the Patterns panel.

Select the Pattern A Solid option, and click the hammer bar for the Solid selection.

Click the edge or face of the top hole for the rotation axis, and set the placement count
and angle to 2 and 15 degrees, respectively.

Use the button at the top right corner of the dialog box to set the output to Create New
Solid Bodies (the right-most button).

Ensure that the rotation direction is going counterclockwise, use the flip button if not,
and then click OK.
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If you expand the Solid Bodies folder in the browser you will see there are now four solids,
the last being the patterned copy of the hammer bar. You will now turn the visibility of the
original hammer bar off and use the copy to cut a pawl notch in the trigger plate.

6. Right-click on the solid named Hammer Bar in the Solid Bodies folder and choose
Visibility, to hide that solid.

7. Select the Circular Pattern tool again, and choose the Pattern A Solid option, as you did
before.

8. Click the edge or face of the top hole for the rotation axis, and set the placement count
and angle to 2 and 15 degrees, respectively.

9. Set the rotation direction to go clockwise using the flip button. This should place the pat-
terned copy in place of the original hammer bar.

10. This time use the button at the top right corner of the dialog box to set the output to Join,
then click OK. This will merge the selected solid with the new patterned one.

11. Select the Combine tool on the Modify panel, and select the blue trigger lever for the Base
selection.

12. Select the fused, rotated body for the Toolbody selection, and then set the operation type
to Cut so that you are subtracting it from the trigger lever. Then click OK.

13. Select any solid in the Solid Bodies folder, and choose Show All to turn the visibility of all
solids back on.

Now that you've solved the trigger pawl shape and size by using a multi-body part, you
could finish the parts by adding features to each body. You'll note that if you create an extrusion,
for instance, you can select which solid to add that extrusion to. If it is a cut extrusion, you can
select multiple bodies and cut them all at once. The same is true of fillets, holes, and so on.

MovVE BobDIES

You can also use the Move Bodies tool to reposition solids, once they are created. Try it on your
trigger mechanism parts. Note that you have to click the edges or outlines of the preview object,
rather than on the original object as you might suppose. You can also create a rotation using the
Move Bodies tools, or you can move and rotate a body at the same time by creating a two-line
action in the Move Bodies dialog box. Figure 5.25 shows the Move Bodies options.
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Free Drag. Move via X, Y, or Z offsets, or better yet, just click the preview and drag it.

Move Along Ray. Select an edge or axis to define the move direction, and then specify an
offset value or just click and drag it in that direction.

Rotate. Select an edge or axis to define the rotational pivot, and then specify an angle or
click and drag it.

Click to Add. Create as many move actions as you want and do them all at once.

SPLIT SOLIDS

Another tool that you may find useful when working with multi-body parts is the Split tool. For
instance, if you create a simple solid block by sketching a rectangle on the XY plane and then
extruding it 40 mm in both directions, you could then use the XY plane as a parting line to split
the solid into two separate solids. You could also create a sketched curve and extrude it as a sur-
face and use it to split the solid.

MAKE PART AND MAKE COMPONENTS

Once you have created your multi-body part, you can write out each solid as an individual part
file. The resulting part files are what are known as derived parts. You can think of these derived
parts as just linked copies of the solid bodies. If you make a change in the multi-body part, it
will update the derived part. You can break the link or suppress the link in the derived part as
well. Using the Make Part and Make Components tools allows you to detail each solid body
individually in separate drawings. If you attempt to detail the multi-body part in the drawing
you are will see all of the solids at once. There is no control to turn off individual solid bodies in
a drawing view.

Additionally, you can choose to take your multi-body part and write the whole thing to an
assembly. The assembly will consist of all the derived parts placed just as they exist in the multi-
body part. These files will be grounded in place automatically so that no assembly constraints
are required to hold them in place. If you decide you would like to apply constraints to all or
some of the parts, you can unground them and do so, as well as organize them into subassem-
blies, and so on.

You should be aware, too, that any additional modeling that you do in the derived part or
assembly will not push back to the multi-body part file. Although this may seem like a limita-
tion, it can also be viewed as a good thing, allowing for the separation of design tasks that some
design departments require. Here are the general steps for creating components from a multi-
body part file:

1. Click the Make Components button on the Manage tab, and then select the solid bodies
you want to create parts of.

2. Select additional solids to add to the list or select from the list, and click Remove From
Selection to exclude any solids that you decide you do not want to create parts from.

3. Select Insert Components In Target Assembly, and then set the assembly name, the tem-
plate from which to create it, and the save path, or clear this option to create the parts only.
If the assembly already exits, use the Target Assembly Location’s Browse button to select it.

4. Click Next to accept your selections, as shown in Figure 5.26.
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5. The next dialog box allows you to name and set paths for the derived parts. Click the cells
in the table to make changes for the parts as required:

¢ Click or right-click the cells to choose from the options for that cell type, if any.

¢ You can shift select multiple components and use the buttons above the Template and
File Location columns to set those values for multiple parts at once.

6. Click Include Parameters to choose which layout model parameters to have present in the
derived parts.

7. Click Apply or OK to make the components, as shown in Figure 5.27. If the component
files are created in an assembly, the assembly file is created with the parts placed and left
open in Inventor, but the assembly and parts are not saved until you choose to do so. If you
choose to create the parts without an assembly, you are prompted to save the new files.
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You can set default behaviors of the Make Components dialog box in a multi-body part
file (or a template file) by going to the Tools tab, clicking Document Settings, going to the
Modeling tab in the dialog box that opens, and clicking the Options button. Figure 5.28
shows these options.
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Creating Derived Parts and Assemblies

You can create parts derived from other components using the Derive tool. Common uses of
the Derive tool are to create scaled and mirrored versions of existing parts, to cut one part from
another part, and to consolidate an assembly into a single part file. Nonlinear scaling is accom-
plished using an add-in available in the Inventor installation directory.

Creating Derived Parts

Derived parts are base solids that are linked to the original feature-based part. Modifications
are allowed to the derived part in the form of additional features. Original features are modi-
fied in the parent part, and changes to the parent part are moved to the derived part upon save
and update. There is no reasonable limit to the number of times the parent part or succeeding
derived parts can be derived again into more variations.

Deriving a Part File
To derive a single part file, follow these steps:

1. From a new part file, select the Manage tab, and then click the Derive tab.
2. In the Open dialog box, browse to the part file, and then click the Open button.
3. Select from one of these derived styles:

¢ A single solid body with no seams between faces that exist in the same plane

¢ A single solid body with seams
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¢ One or more solid bodies (if the source part contains multiple bodies)

¢ A single surface body

4. Use the status buttons at the top to change the status of all the selected objects at once, or
click the status icon next to each individual object to set the include/exclude status.

5. Optionally, click the Select From Base button to open the base component in a window to

select the components.

6. Specify scale factor and mirror plane if desired.

7. Click OK.

If the part being derived contains just one body, it is displayed on-screen. If the part being
derived is a multi-body part with only a single body set as visible in the part, it is displayed
on-screen. If the part being derived is a multi-body part with more than one visible body, none
of the bodies is displayed on-screen. Select the bodies to include by expanding the Solid Bodies
folder and toggling the status. To include all bodies, select the Solid Bodies folder, and then click
the Include Status button. Figure 5.29 shows the Derived Part dialog box.

FIGURE 5.29
Derived part
options

Deriving an Assembly File
To derive an assembly file, follow these steps:
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1. From a new part file, select the Manage tab, and then click the Derive tab.

2. In the Open dialog box, browse to the assembly file, and then click the Open button.
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3. Select from one of these derived styles:
¢ A single solid body with no seams between faces that exist in the same plane
¢ A single solid body with seams
¢ One or more solid bodies (if the source part contains multiple bodies)
¢ A single surface body

4. Use the status buttons at the top to change the status of all the selected objects at once, or
click the status icon next to each individual object to set the include/exclude status.

5. Optionally, click the Select From Base button to open the base component in a window to
select the components.

6. Click the Other tab to select which component sketches, work features, parameters,
iMates, and part surfaces to include in the derived assembly.

7. Click the Representations tab to use a design view, positional, and/or level of detail rep-
resentation as the base for your derived part.

8. Click the Options tab to remove geometry, remove parts, fill holes, scale, and/or mirror
the assembly.

9. Click OK. Figure 5.30 shows the Derived Assembly dialog box.
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Modifying Derived Parts
Often you will need to modify a derived part source file after having derived it into new part.
In order to do so, you can access the source part or assembly from the Model browser of the
derived part by double-clicking it in the browser or by right-clicking it in the browser and
choosing Open Base Component. The original file is opened in a new window where you can
make changes as needed. To update the derived part to reflect changes to the source file, use the
Update button found on the Quick Access toolbar (top of the screen).

You can edit a derived part or assembly by right-clicking it in the browser and choosing Edit
Derived Part or Edit Derived Assembly. This will open the same dialog box used to create the
derived part so that you can change the options and selections you set when the derived part
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was created. Updates will be reflected in the file when you click OK. The Edit Derived Part or
Edit Derived Assembly options are unavailable if the derived part needs to be updated.

You can also break or suppress the link with the source file by right-clicking the derived
component in the browser and choosing the appropriate option. Updates made to the source file
will not be made to the derived part when the link is suppressed or broken. Suppressed links
can be unsuppressed by right-clicking and choosing Unsuppressed Link From Base Component.
Breaking the link is permanent and it cannot be restored.

Using the Component Derive Tool

Another way to derive components is to use the Derive Component tool on the Assembly Tools
tab while in an assembly file. This tool allows you to select a part on-screen (or select a subas-
sembly from the browser) and then specify a name for the new derived part file. You'll then be
taken into the new derived part file. The resulting derived part or assembly uses the default
derive options and the active assembly representations as they are saved in the source file. You
can use the edit option in the derived part to change the settings if needed.

Using Nonlinear-Derived Part Scaling

You can accomplish nonlinear part scaling in Autodesk Inventor by using an add-in that you can
find at C:\Program Files\Autodesk\Inventor 2011\SDK. The first time you access the SDK
folder, you will need to unpack the user tools by double-clicking the UserTools.msi file.

Once the tools are unpacked, you can go to C:\Program Files\Autodesk\Inventor 2011\
SDK\UserTools\DerivedPart_SP and run the Install.bat file. After installing the macro, a
Derived Part (Scale/Position) button will be available on the Add-Ins tab. Selecting the Derived
Part (Scale/Position) button will introduce a new dialog box, shown in Figure 5.31, permitting
you to browse to the part file that will be scaled and allowing individual X, Y, and Z scale value
inputs. You can use the same button to edit the derived component or right-click as you would
any other derived component. Please note that this is not part of the Inventor software that is
officially supported by Autodesk and is provided for your use as is.
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Working with Patterns

calf Inventor includes two tools to create patterns:

1
et ¢ Rectangular Pattern tool

& Circular Pattern tool

The Circular Pattern tool does just what you'd expect it to; it patterns a feature or set of
features around an axis. The Rectangular Pattern tool also does what you'd expect, plus more.
Using the Rectangular Pattern tool, you can create a pattern along any curve. If you select two
perpendicular straight lines, edges, or axes, the result will be a rectangular pattern. However,
if you select an entity that is not straight, the pattern will follow the curvature of the selected
entity also.

Rectangular Patterns
caff Rectangular patterns use straight edges to establish the pattern directions. You can select a sin-
OBJECTIVE gle feature or several features for use in the pattern. Be sure to check the Model browser to see
that you have only the features that you intend to pattern select, because it is easy to accidentally
select base features when attempting select negative cut features. Start your exploration of pat-
terns by creating a simple rectangular pattern, as shown here:

1. On the Get Started tab, click Open.

2. Browse for the file named mi_5a_018.1ipt located in the Chapter 5 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Rectangular Pattern tool on the Pattern panel of the Model tab.

4. With the Features button enabled, select the three features whose names start with the
word switch in the browser.

5. Right-click, choose Continue to set the selection focus from Features to Directionl, and
then click the straight edge, as shown in Figure 5.32. Use the Flip Direction button to
ensure that direction arrow is pointing toward the round end of the part.

6. Set the count to 4 and the spacing length to 10 mm.
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7. Click the red arrow button under Direction?2 to set it active, and then click the straight
edge along the bottom, as shown in Figure 5.32.

8. Set the count to 5 and the spacing length to 10 mm.

9. Click the Midplane check box in the Direction2 settings to ensure that you get two
instances of the pattern to each side of the original.

10. Click OK, and you will see the resulting pattern.

Circular Patterns
calf You can pattern features around an axis using the Circular Pattern tool. Angular spacing
OBJECTIVE between patterned features can be set in two ways:

Incremental Positioning specifies the angular spacing between occurrences.

Fitted Positioning specifies the total area the pattern occupies.

FIGURE 5.33 4 at 90 degrees
Incremental vs.
Fitted positioning
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Fitted Incremental

Figure 5.33 shows the same pattern of four occurrences at 90 degrees but set with different
positioning methods. You can enter a negative value to create a pattern in the opposite direc-
tion, and you can use the Midplane check box to pattern in both directions from the original.
Continue from the previous exercise with the open file, or open mi_5a_020.ipt to start where
that exercise ended:

1. In the Model browser, select the end-of-part marker, and drag it down below the feature
named Indicator Cut.

. Select the Circular Pattern tool on the Pattern panel of the Model tab.

. With the Features button enabled, select the feature named Indicator Cut.

2
3
4. Right-click and choose Continue to set the selection focus from features to axis.
5. Select the center face of the feature named Indicator Stud Hole.

6.

Set the count to 4 and the angle to 90; then click the >> button.
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7.

8.

In the Positioning Method area, click the Incremental option so that the four occur-
rences of the pattern are set 90 degrees apart, rather than being fit into a 90-degree span.
Alternatively, you could set the angle to 360 and leave the positioning method to Fitted
and get the same result.

Click OK. Figure 5.34 shows the resulting circular pattern.
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You'll note that your patterned objects require some adjustments. One of the occurrences
of the Indicator Cut interferes with the switch feature, and the one opposite of that does
not cut through the part correctly (use the ViewCube to look at the underneath of the part
to see this clearly). To resolve this, you will first edit the circular pattern and change the
way the occurrences solve, and then you'll suppress the occurrence of the switch feature
in the rectangular pattern.

Right-click the circular pattern in the browser and choose Edit Pattern, or double-click it
in the browser.

Click the >> button to reveal the Creation Method area, and then select the Adjust To
Model option. This allows each instance of the pattern to solve uniquely based on the
geometry of the model when the feature is using a Through or Through All termination
solution.

Click OK, and examine the pattern again and you'll notice that the top instance of the
Indicator Cut that was not cutting all the way through the part now is.

Expand the Rectangular Pattern in the browser to reveal the listing of each pattern
occurrence.

Roll your mouse pointer over each occurrence node in the browser until you highlight the
one that interferes with the circular pattern.

Right-click that occurrence, and choose Suppress.
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Any occurrence other than the first can be suppressed to allow for pattern exceptions or to
create unequal pattern spacing. Figure 5.35 shows the adjusted patterns.

FIGURE 5.35 e o : .
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Patterns Along Curves

Although the Circular Pattern tool allows you to pattern objects around a center axis, it does
not provide a way to keep the patterned objects in the same orientation as the original. To do
so, you can use the rectangular pattern. Keep in mind that the term rectangular pattern is a bit
of a misnomer; this tool might more accurately be described as a Curve Pattern tool, because it
allows you to select any curve, straight or not, and use it to determine the pattern direction(s).
Continue from the previous exercise with the open file, or open mi_5a_022.1pt to start where
that exercise ended:

1.

® NS U R W N

10.

11.

12.

In the Model browser, select the end-of-part marker, and drag it down below the feature
named Pin Insert Path Sketch.

Select the Rectangular Pattern tool on the Pattern panel of the Model tab.

With the Features button enabled, select the feature named Pin Insert Cut.

Right-click and choose Continue to set the selection focus from Features to Directionl.
Click the sketched curve (line or arc).

Set the count to 10, and notice that the preview extends out into space.

Click the >> button to reveal more options.

Click the Start button in the Directionl area, and then click the center of the Pin Insert
Cut on-screen to set that center point as the start point of the pattern.

Change the solution drop-down from Spacing to Curve Length, and note that the length
of the sketch curve is reported in the length box.

Change the solution drop-down from Curve Length to Distance, and then type -14 at the
end of the length value to compensate for the start and end point adjustments.

Toggle the Orientation option from Identical to Direction1 to see the difference in the
two, and then set it back to Identical.

Click OK to set the pattern. Figure 5.36 shows the resulting pattern and the dialog box
settings.

201
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Spiral Patterns

In addition to creating patterns based on edges and sketches, you can use surfaces to define the
pattern direction. In this exercise, you'll create a surface coil to use as a pattern direction. You
can continue on from the previous exercise with the open file, or you can open mi_5a_024.1ipt
to start where that exercise ended.

1.

2.

b

® N oo

In the Model browser, select the end-of-part marker, and drag it down below the feature
named Coil Pattern Sketch.

Select the Coil tool on the Model tab.
In the Coil dialog box, set the output to Surface.

Next choose the line segment in the Coil Pattern Sketch at the base of the part for the
Profile selection.

Select the visible work axis in the center of the part for the Axis selection.
Click the Coil Size tab, and set the type to Revolution and Height.

Set Height to 25 mm and Revolutions to 4.

Click OK to create the coiled surface.

You'll now create two work points based on the coil location for use in placing holes.
Once the holes are placed, you can pattern them using the surface coil.

Click the Point button on the Work Features panel of the Model tab, and select the vertical
tangent edge and the surface coil to create work points at the intersections, as shown in
Figure 5.37.
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WORKING WITH PATTERNS

Click the Hole tool on the Model tab, and set the Placement drop-down to On Point.

Select one of the work points for the Point selection, and then select the flat side face of
the part to establish the direction.

Set the termination drop-down to To, and then select the inside circular face of the part.
Set the diameter to 3 mm, and then click Apply.

Repeat the previous three steps to place the second hole, and then click OK.

Click the Rectangular Pattern button on the Model tab.

Click the two holes for the features (it might be easiest to select them from the browser),
and then right-click and choose Continue.

Select the surface coil for Directionl, and use the Flip button to change the direction so
that you see the previewed pattern.

Set the count to 10 and the length to 10 mm.
Click the >> button, and choose Direction1 for the orientation.
Set the Compute option to Adjust, and then click OK to create the pattern.

Right-click the coil and work points and turn off the visibility of these features to see the
finished part clearly. Figure 5.38 shows the pattern.
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Pattern Solids
caff Oftentimes a part can be modeled as a base feature and then patterned as a whole in order to
OBJECTIVE create the completed part. Once patterned, nonsymmetric features can be added, and/or pat-

terned occurrences can be suppressed. You can also use the Pattern Entire Solid option to create
separate solid bodies when creating multi-body part files is the goal. To take a look at patterning
these options, open the part named mi_5a_028.ipt, and follow these steps:

1. Select the Rectangular Pattern tool on the Pattern panel of the Model tab.

2. Click the Pattern A Solid button so that the entire part is selected to be patterned. Notice
the two buttons that appear in the top-right corner of the dialog box:

Join This option is used to pattern the solid as a single solid body.

Create New Bodies This option is used to the solid as separate solid bodies, for multi-
body part creation.

3. Leave this option set to Join, and set Direction1 to pattern the solid in the direction of the
part width four times at a spacing of 10 mm.

4. Set Direction2 to pattern the solid in the direction of the part thickness two times at a
spacing of 3 mm, as shown in Figure 5.39.
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5. Next, expand the pattern in the Model browser, and right-click to suppress the two mid-
dle occurrences on the top level. Roll your mouse pointer over each occurrence to see it
highlight on-screen to identify which occurrences are the correct ones. Figure 5.40 shows
the results of suppressing the correct occurrences.
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6. Now you'll pattern the entire solid again, select the Rectangular Pattern tool again, and
click the Pattern A Solid button.

7. Set Direction] to pattern the solid in the direction of the part length two times at a spac-
ing of 50 mm.

8. Set Direction2 to pattern the solid in the direction of the part width two times at a spac-
ing of 40 mm, as shown in Figure 5.41.
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9. Create a new 2D sketch on one of the long narrow faces, and project the tangent edge of
the slot cuts, or sketch a rectangle on the face. Do this for both ends of the face. Then use
the Extrude tool, set the extents to To, and select the vertex as shown in Figure 5.42. The
result will be the removal of all the partial slot features.
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10. Create another sketch on the same face and sketch an arc from corner to corner, and set
the radius to 400 mm. Then use the Extrude tool to extrude just the arc as a surface (click
the Surface Output button in the Extrude dialog box). Set the extents to To again, and
select the same vertex as you did before.

11. Select the Replace Face tool from the Surface panel of the Model tab. You may have to
expand the arrow on the Surface panel to expand the drop-down in order to find the
Replace Face tool.

12. Select the two recessed faces for the Existing Faces selection, and then select the extruded
surface for the New Faces selection, as shown in Figure 5.43.
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FIGURE 5.43
Replacing faces
waleerae
|T|u:n||-uu
L] v panen

13. Next create a sketch on the top face, and create two rectangular profiles to use for creat-
ing an extrude cut, as shown in Figure 5.44. This cut removes the middle slots and holes
resulting in two long slots down the middle.
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14. Finally, select the Shell tool from the Modify panel. Choose the bottom face as the
Remove Faces selection, and set the Thickness to 1 mm. Figure 5.45 shows the finished
part from the top and bottom views.

FIGURE 5.45
The finished part
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Dynamic Patterns

It is often desirable to have features such as holes set up in a standard spacing that will dynamically
update based on changes to the overall length. You can do this by setting up your patterns with
parameter formulas to calculate the spacing from the length parameter. Parts set up in this way can
then be saved as template parts, allowing you to select them for new part creation and simply edit
the length parameter. To set up a dynamic pattern, open the file named mi_5a_032.1ipt, and follow
these steps:

1. Click the Manage tab, and select the Parameters tool.

2. Notice that many of the dimensions in this part have been named. This is good practice
when creating formulas. To create a formula to determine the spacing, click the Add but-
ton in the lower-left corner of the dialog box. This will create a new user-defined param-
eter. Enter Adjust_Len for the parameter name (recall that you are not allowed spaces in
parameter names).

3. Click the unit cell, and set the Units to ul, meaning unitless.

4. Type isolate(Length - End_Offset;ul;mm) into the Equation column. There are two
parts to this equation:

Length — End_Offset Subtracts the distance from the end of the part from the overall
length of the part

Isolate(expression; unit; unit) Neutralizes the distance unit mm so that the Adjust_
Len parameter can read it as unitless

5. Next click the cell for the Count equation, and enter isolate(ceil(Adjust_Len /
Spacing);ul;mm) into the cell. There are three parts to this equation:

Adjust_Len/Spacing Divides the adjusted length distance by the value specified in the
pattern spacing

Ceil(expression) Bumps the value up to the next highest whole number

Isolate(expression; unit; unit) Neutralizes the distance unit mm so that the Count pa-
rameter can read it as unitless

6. Next, click the Done button, and then use the Update button to update the part (you
can find the Update button on the Quick Access bar at the top of the screen). Figure 5.46
shows the parameter dialog box.
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You may notice that because the length value is currently set to 111 mm that the last hole is
running off the part. Because the equation used the Ceil function to bump the calculated value
to the next whole number, the count will always be on the high end. Depending upon the part
length, this may leave you with an extra hole. You can suppress the occurrence of this hole in the
Model browser quite easily. Another approach is to remove the Ceil function and allow Inventor
to round the calculated value up or down automatically. Depending upon the length and spac-
ing values, this might leave you with a missing hole at the end of the pattern, where a value gets
rounded down. Both are valid options, and you can decide which works best for your situation.

Edit Extrusion1 to adjust the part length, and try different values to see how the count drops
out. You can also open the files named mi_5a_033.ipt and mi_5a_034.1ipt to examine similar
hole patterns. Inmi_5a_033.1ipt, the pattern uses the Distance option in the pattern feature
to evaluate the length of the part. It holds an end offset value and then spaces the holes evenly
along that distance.

Inmi_5a_034.1pt, the pattern is calculated from the center of the part rather than coming
off one end. These are just a few examples of how to use user parameters to create dynamic pat-
terns. There are other variations as well. In the next section, you'll take a more in-depth look at
parameters.

Setting Parameters and iProperties

Parameters in part and assembly files can provide powerful control over individual parts and
assemblies while also improving efficiency within designs. Part parameters enable the use

of iParts, which are a form of table-driven part. Assembly parameters enable the use of table-
driven assemblies and configurations. Parameters are accessed through the Tools menu and
within the Part Features and Assembly tool panels.

iProperties

iProperties, generically known as Windouws file properties, allow the input of information specific
to the active file. The iProperties dialog box is accessed through the File drop-down in Inventor.
iProperties are a powerful way to pass information from the model files to the drawing file,
allowing you to fill out information in title blocks, standard notes, and parts list automatically.
The dialog box contains several tabs for input of information:

The General tab Contains information on the file type, size, and location. The creation
date, last modified date, and last accessed date are preserved on this tab.

The Summary tab Includes part information such as title, subject, author, manager, and
company. Included on this tab are fields for information that will allow searching for similar
files within Windows.

The Project tab  Stores file-specific information that, along with information from the
Summary, Status, Custom, and Physical tabs, can be exported to other files and used in link
information within the 2D drawing file.

The Status tab Allows the input of information as well as the design state and dates of each
design step.

The Custom tab  Allows the creation of custom parameters for use within the design.
Parameters exported from the Parameters dialog box will also appear in the list. Formulas
can be used within a custom parameter to populate values in preexisting fields within the
Project and Status tabs.
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SETTING PARAMETERS AND IPROPERTIES

The Save tab Determines the behavior of the current file upon save.

The Physical tab Allows for the changing of material type used in the current file and
displays the calculated physical properties of the current part such as mass and moment of
inertia, as determined by the material type.

Active use of iProperties will help the designer in improving overall productivity as well as
the ability to link part and assembly information into 2D drawings. Adding search properties in
the Summary tab will assist the user in locating similar files.

Custom iProperties are either created manually in the custom tab of iProperties or created
automatically by exporting individual parameters from the parameter dialog. Custom iProper-
ties may be linked to drawings and assemblies for additional functionality.

ACCESSING IPROPERTIES THROUGH WINDOWS EXPLORER

When you right-click an Inventor file in Windows Explorer and choose Properties, you can select the
iProperties tab from the file properties dialog box. Clicking the iProperties button on the iProperties
tab opens the Inventor iProperties dialog box just as you would see it in Inventor.

This can offer people in the office who do not have access to Inventor the ability to view and change
iProperties when needed. For instance, someone in the Manufacturing department can use this
to set the Mfg. Approved Date iProperty once a part has been successfully built on the shop floor
based on a given drawing and/or part file.

You can also use the Details tab accessed in this way to quickly check the Inventor file version in
order to confirm the Inventor version the file was created in and last saved under.

Part Parameters

Part parameters are composed of model parameters, user parameters, reference parameters, and
custom parameters. Model parameters are automatically embedded as a part is dimensioned
and features are created. Most are a mirror image of the sketch creation process. As each dimen-
sion is created on a sketch, a corresponding model parameter is created, starting with a param-
eter called d0 and continuing with the label value being incremented each time a new parameter
is created. When you name a dimension, you are changing the automatically assigned param-
eter name. To access the list of parameters, click the Manage tab, and select the Parameters but-
ton. Figure 547 represents a typical parameter list.
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Looking at the columns across the top of the dialog box, you will see columns for the param-
eter name, unit type, equation, nominal value, tolerance type, model value, parameter export,
and descriptive comments. Take a look at each of these columns:

Model Parameters The values in this column correspond to the name of the parameters
assigned as the part is built. Each parameter starts with a lowercase d followed by a numeric
value. Each of these parameters can be renamed to something that is more familiar such as
Length, Height, Base_Dia, or any other descriptive single word. Spaces are not allowed in the
parameter name. Hovering your mouse pointer over a name will initiate a tool tip that will
tell you where that variable is used or consumed.

Unit The unit type defines the unit used in the calculation. Normally, the unit type will be
set by the process that created it. When a user parameter is created, you will be presented
with a Unit Type dialog box when clicking in the Unit column. This will allow you to select a
particular unit type for the user parameter.

Equation This either specifies a static value or allows you to create algebraic style equations
using other variables or constants to modify numeric values.

Nominal Value This column displays the result of the equation.

Tolerance This column shows the current evaluated size setting for the parameter. Click the
cell to select Upper, Lower, or Nominal tolerance values. This will change the size of toler-
ance features in the model.

Model Value This column shows the actual calculated value of the parameter.
Key A parameter can be made a key by selecting the key check box for the parameter row.

Export Parameters These check boxes are activated to add specific parameters to the cus-
tom properties for the model. Downstream, custom properties can be added to parts lists and
bills of materials by adding columns. Clearing the check box will remove that parameter as

a custom property. After a parameter is added, other files will be able to link to or derive the
exported parameter. Text and True/False parameters cannot be exported.

Comment This column is a descriptive column used to help describe the use of that param-
eter. Linked parameters will include the description within the link.

USER PARAMETERS

User parameters are simply user-created parameters. They are parameters that are created by
clicking the Add button in the lower-left portion of the Parameters dialog box. You can add
numeric, text, and true/false parameters, however, only numeric parameters may be exported or
contain expressions. Text and True/False parameters can be created for use in iLogic rules. User
parameters can be used to store equations that drive features and dimensions in the model. The
user-created parameter can utilize algebraic operators written in the proper syntax that will cre-
ate an expression in a numerical value.
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ARC LENGTHS AND PARAMETER FORMULAS

There is not a way to specify an arc length with the General Dimension tool when creating sketch
entities or determine an arc length for use as dimension. However, you can use a parameter formula
to either determine or specify the arc length, as shown here.
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At the top the ArcLength parameter is used to specify the arc length and determine the arc radius.
At the bottom the Radius is specified and the ArcLength parameter is calculated from it.

REFERENCE PARAMETERS

Reference parameters are driven parameters that are created through the use of reference
dimensions in sketches, the use of derived parts, attached via a linked spreadsheet, created
by table-driven iFeatures or created through the use of the application programming interface
(API). For instance, Inventor sheet-metal parts create flat pattern extents, which are stored as
reference parameters.

FORMATTING PARAMETERS

You can right-click on a Parameter in the Parameter dialog box and choose Custom Property
Format to access the Custom Property Format settings. There you can change Property Type,
Units, Format and Precision, as well as control the display of Unit Strings, Leading Zeros, and
Trailing Zeros. For instance if you have a part dimension on a part length of 100.00 mm and you
want to call that length in part description, but do not want to see the units string (mm) or the
zeros after the decimal point, then you would set a custom property format for that parameter
and uncheck the Unit String and Leading Zeros options.
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PARAMETER FUNCTIONS

One of the most important part of working with Parameters is the ability to create expressions
using the available parameter functions. The functions in Table 5.1 can be used in user param-
eters or placed directly into edit boxes when creating dimensions and features.

TABLE 5.1:

SYNTAX

cos(expression)
sin(expression)
tan(expression)
acos(expression)
asin(expression)
atan(expression)
cosh(expression)
sinh(expression)
tanh(expression)

acosh(expression)

asinh(expression)

atanh(expression)

sqrt(expression)

sign(expression)

exp

floor(expression)

UNIT TYPE

Unitless
Unitless
Unitless
Angularity
Angularity
Angularity
Unitless
Unitless
Unitless

Angularity

Angularity

Angularity

Unit"o.5

Unitless

Unitless

Unitless

Functions and Their Syntax for Edit Boxes

DESCRIPTION

Calculates the cosine of an angle.

Calculates the sine of an angle.

Calculates the tangent of an angle.

Calculates the inverse cosine of a value.
Calculates the inverse sine of a value.
Calculates the inverse tangent of a value.
Calculates the hyperbolic cosine of an angle.
Calculates the hyperbolic sine of an angle.
Calculates the hyperbolic tangent of an angle.

Calculates the inverse hyperbolic cosine of a
value.

Calculates the inverse hyperbolic sine of a
value.

Calculates the inverse hyperbolic tangent of a
value.

Calculates the square root of a value. The units
within the sqrt function have to be square mm
inorder to return mm. For example, sqrt (144
mm”2) returns12.

Returns o for anegative value, 1if positive.

Returns an exponential power of a value.

For example, exp(100) returns 2.688E43.

Returns the next lowest whole number.

For example, fToor(3.33) returns 3.
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TABLE 5.1: Functions and Their Syntax for Edit Boxes (CONTINUED)
SYNTAX UNIT TYPE DESCRIPTION
ceil(expression) Unitless Returns the next highest whole number.

For example, ceil(3.33) returns4.
round(expression) Unitless Returns the closest whole number.

For example, round(3.33) returns 3.
abs(expression) Any Returns the absolute value of an expression.

For example, abs(3%-4) returns12.
max(expressionl; expression2) Any Returns the larger of two expressions.

For example, max(3;4) returns 4.
min(expressionl; expression2) Any Returns the smaller of two expressions.

Forexample,min(3;4) returns 3.
Tn(expression) Unitless Returns the natural logarithm of an

expression.
log(expression) Unitless Returns the logarithm of an expression.
pow(expressionl; expression2) Unit'expr2 Raises the expression1 to the power of

expression2.

For example, pow(3 ul;2 ul)returnsg.
random() Unitless Returns arandom number.
isolate(expression;unit;unit) Any Used to convert the units of an expression.

Forexample, isolate(Length;mm;ul) where

Length =100mm, returns 100 ul.

PI Internal Returns the constant equal to a circle’s circum-
Parameter ference divided by its diameter 3.14159265359

(depending upon precision).

For example, PI*50 mm returns 157.079633.

E Internal Returns base of the natural logarithm
Parameter 2.718281828459 (depending upon precision).
* 1unitor/ 1 unit Any Used to convert unit types of an expression

much like isolate.

For example, 100mm *10 uTl returnsanerrant
value for a unitless parameter.

100 mm / 1 mm * 10 ul returns1000ul.
100 mm * 10 ul / 1 mm alsoworks.
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@ Real World Scenario

SETTING UP USER PARAMETERS IN YOUR TEMPLATES

Although many times parameters are used to control design input on a per-design basis, you can
often use pre-established parameters in template files so that the part file requires the change of
only a couple of key parameters in order to create a new variant of standard part. User parameters
are especially powerful when creating these types of template parts.

Consider, for example, a standard-type mounting bracket. The general shape is carried through in
alliterations, but you can identify several key dimensions that are driven by the particulars of each
new design situation. Dimensions such as length, width, height, or thickness are good examples of
parameters that can be identified and set up in a template part.

Other things to consider for use as parameters would be critical dimensions such as hole locations
from the edge of the part, hole sizes, hole counts, and hole spacing. If the hole offset is determined
by the material thickness and hole size, then a formula can be established in the part template to
calculate the minimum offset value.

Once the part parameters are created and tested for accuracy, the part can be turned into a template
by using the Save Copy As Template option in the Save As menu. This will save the part file in the
TempTate directory. Template parts can be as simple or complex as you need, but generally this
works best for simple parts. For more complex parts, consider creating iParts, covered in Chapter
7, “Part and Feature Reuse.”

When creating parameter-based template parts, you might want to consider creating user param-
eters with descriptive names for all the key parameters so that they are all grouped together. This
way, you (or another user) can quickly identify key parameters used to drive the design later when
creating parts in your real-world designs.

Assembly Parameters

Assembly parameters function in much the same way as part parameters, except that gener-
ally they will control constraint values such as offset and angle. When authoring an iAssembly,
other parameters will be exposed for usage such as assembly features, work features, iMates,
and component patterns, as well as other parameters that may exist within an assembly.

Adding Part Tolerances

Inventor allows you to analyze parts in a manner that ensures valid fit and function at dimen-
sional extremes. When parts are assembled within an Inventor assembly file, you can check

to ensure the parts can be assembled without interference, by setting each part to evaluate at
the upper or lower tolerance value. By specifying dimensional tolerances within parts, you are
capturing valuable design data that will assist in manufacturing and assembly. In addition to
creating the parts separately, and then assembling them, you can use multi-body parts to create
mated parts in one file, making it easy to design tolerances across multiple parts.
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LESS 1S OFTEN MORE WITH TOLERANCES

When considering part designs for manufacturing, be careful not to apply precise tolerance values
where they are not necessary for the design and assembly. Excessive and unneeded tolerances during
the design phase can substantially increase the cost to manufacture each part. The secret to good
design is to know where to place tolerances and where to allow shop tolerances to occur.

Tolerances are an important tool for communicating design intent to manufacturing. Large
tolerances indicate that the dimensions aren't critical to the part’s function, while tight toler-
ances indicate that manufacturing needs to pay extra attention to that machining operation.
Loosening up tolerances can help manufacturing reduce the reject rate, while tightening up cer-
tain tolerances can reduce rework during the assembly process or in the field.

Tolerances in Sketches

You can add tolerances to any individual sketch dimension by right-clicking and choosing
Dimension Properties to set precision and tolerance values for that individual dimension. You
can also access the tolerance setting from within the dimension edit box in order to set the tol-
erance as you set the value. Altering the dimension to adjust for tolerance and precision using
either method will not affect any other dimension within the part. However, a global file toler-
ance can be specified within a part using the Document Settings and will affect every dimen-
sion within the model.

In addition to the Dimension Properties and the dimension edit box option, you can access
and modify tolerances in the Parameters dialog box. Using the Parameters controls, you can set
parameter values for multiple dimensions to include the tolerance as needed. No matter how
you access the tolerance setting there are four options you can use to evaluate the dimension/
parameter:

+ Upper. The upper tolerance value in a stacked display. This value should Maximum
Material Condition (MMC). For a hole, the smallest diameter is MMC, while for a shaft the
largest diameter is MMC.

A Median The midway point between the upper and lower tolerances. This is commonly
used when CNC machines are programmed from the solid model.

-Lower The lower tolerance in a stacked display. This value should be Least Material
Condition (LMC). For a hole, the largest diameter is LMC, while for a shaft the smallest diam-
eter is LMC.

O Nominal This is the actual value of the dimension.

Figure 5.48 shows the access to the tolerance settings through the sketch dimension edit box,
as well as the settings in the Tolerance Dialog box. In this case a deviation tolerance is placed
on the 36 mm diameter, and the model is set to evaluate at the upper value (note the plus sign is
selected). Since this document’s settings are defaulted to three places, all sketch dimensions are
in three places to start. In the illustration the precision has been set to just two decimal places,
for just this dimension.
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TOLERANCE VERSUS ALLOWANCE

Tolerance — Is the acceptable (but undesired) deviation from the intended (nominal) dimension.

Allowance — Is the intended (desired) difference of dimensions between two mating parts, depend-
ing upon the type of fit specified.

Setting Global File Tolerances

Adding tolerances during the design phase pays dividends down the road. There will be fewer
errors creating drawings, and it provides clues to design decisions that are useful when updat-
ing an existing part. You might find that using standard tolerances makes the design process
more efficient because the designer needs to focus only on the general tolerance for a dimension
(two-place vs. three-place tolerance) and apply special tolerances where needed. You can create
custom templates to store tolerance types and other settings for each standard. When the part is
created using such a template, standard tolerance values can be overridden for specific dimen-
sional values, or you can override all tolerances within a file or just a specific dimension.

An example of this type of tolerance would be a tolerance rule that states that all decimal
dimensions held to two places shall be +/- 0.05, and all decimal dimensions held to three places
shall be +/- 0.001, meaning a dimension of 0.50 would be held to an upper limit of 0.55 and a
lower limit of 0.45, whereas a dimension of 0.500 would be held to an upper limit of 0.501 and a
lower limit of 0.499.

You can create and modify global tolerance values within a single part by going to the Tools
tab, clicking Document Settings, and then clicking the Default Tolerance tab within an active
part file or template. By default, a file will not be using any tolerance standards. In Figure 5.49,
the Use Standard Tolerancing Values box has been select to enable the addition of new standards
for the file. In order to export the tolerance values to the drawing files, the Export Standard
Tolerance Values check box has been selected as well.
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Once set, the dimension in the part will evaluate at the nominal value, meaning that if you
entered a value of 36 for a part length then that is what the length would be. To evaluate the
model at its upper limit at +/- 0.001, you would edit the dimension for the length and set the
precision to three places, and the evaluated size to Upper (using the + button). The length would
then change to 36.05, if using the earlier example. The default tolerances are set to +/- tolerances.
To select another tolerance standard, simply override the existing tolerance values in the toler-
ance setting, and choose another tolerance type, such as deviation. You can see all of this in
action in the following steps:

1. On the Get Started tab, click Open, and open the part named mi_5a_035.1ipt found in
the Chapter 5 folder.

2. Select the Tools tab and then click the Document Settings tab.

3. Select the Default Tolerance tab and notice there are two linear and one angular toler-
ance standards already set up. Note that there is a linear precision for one decimal and
another for two decimals but there is not one for three decimals. Keep this in mind as
you proceed.

4. Click the check box to use the standard tolerancing values, and then click Apply, and the
Close.

Now that the part is set to use a global part tolerance, you will edit a dimension and change
the precision setting to two decimals so that it will use one of the global, linear tolerance set-
tings. It is important to note that the dimension precision for all of the dimensions in the part
are currently set to three decimal places (the default setting).

5. Edit the 15 mm dimension by double-clicking on the text of the dimension.
6. Click the fly-out arrow in the dimension input box and select Tolerance.

7. Set the precision to just one decimal place, and then click the blue plus sign to evaluate
the dimension at its upper value.
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8.

9.

10.

11.

Click OK to exit the Tolerance dialog box, and then click the green check mark in the
Dimension Edit box.

Although the sketch automatically updates to evaluate the dimension at its upper value,
you’ll need to update the model to see the solid update. Click the Update button on the
Quick Access bar (at the top of the screen, it looks like a lightning bolt).

To evaluate the entire part at the lower value, go to the Manage tab and select the
Parameters button.

In the Parameters dialog box, click the red minus sign in the Reset Tolerance area, and
then click the Update button in the dialog box to see the Model Values column update.

Compare the nominal and model values in the parameter table to see that some of the dimen-
sions are now reevaluated. Since the dimension default precision for the part is set to three
places, the 25 mm and 3 mm dimensions are using that precision, for which no tolerance was
set, and therefore have no lower value. Don’t be confused by the precision being displayed in
the Parameters table, as that precision is display only. You can click the Equation cell for each
dimension, and then right click and choose Tolerance to access the tolerance and precision set-
tings for each dimension, in order to see or change the actual precision for each dimension.

12,
13.

14.

Click Done to exit the parameter dialog.

To change the global dimension precision go to the Tools tab and click Document
Settings.

Select the Units tab and set the Modeling Dimension Display for Linear Dim Display
Precision to two places, then click OK.

Now the 25 mm dimension is using the file default precision of two places, and since it is still
set to evaluate at the lower value, it changes to 24.99. You can begin to see the power of using
tolerances in your models to evaluate tolerance ranges as you design. You can close this file
without saving changes. In the next section you'll look at using Limits and Fits tolerances.

PART TOLERANCES IN DRAWINGS

Keep in mind that when a part moves forward into the drawing environment, it will reflect the
current evaluated model dimensions, and will only show the tolerance callout for retrieved
dimensions.

Typically it is best to create multiple dimension styles with various precision and/or tolerance
options in the drawing environment and handle tolerance dimensioning for the print using those
tools. You must keep in mind that the tolerance settings in the part are designed to function with
the assembly environment and allow calculating tolerances and stack-ups within the assembly.
They are not meant to provide tolerancing in the drawing environment.
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Limits Fits
A fit tolerance defines the way two components mate together. There are three basic categories

of fits:

*

*

Clearance - allows the mating components to slide together freely, allowing them to be
assembled and disassembled easily.

Transition - provides a fit close enough to securely hold the two components together, but
still allowing them to be disassembled.

Interference - often called a Press fit or Friction fit, provides a means to hold two compo-
nents together by slightly oversizing one component that fits into the other. Some force
is required to achieve the fitting of the two components together, and disassembly is not
intended.

You can create parts according to fits by adding tolerance values to sketch dimensions and
setting the tolerance type to one of the Limits/Fits options. Using a fits table as a reference you
can then set the tolerance according to the desired fit type.

In the following exercise you will edit a part and set tolerances for the two mating solid bod-
ies, using Table 5.2 as guide for the fits. To start off you will set the inside and outside diameters
to use tolerances based off of a common diameter of 36 mm. The goal is have a loose fit that
allows the insert to slip freely into the sleeve.

1.

NS oW

10.
11.
12.

On the Get Started tab, click Open, and open the part named mi_5a_036.1pt found in
the Chapter 5 folder.

Select the dimension called Sleeve_ID, and double-click on it to bring up the Dimension
Edit box.

Click the fly-out arrow and choose Tolerance from the list.

Set the Type drop down to Limit/Fits-Show Size Limits.

Set the Hole drop down to H11, in order to create a loose running fit as listed in Table 5.2.
Click the red minus sign to evaluate the inside diameter at its lower limit.

Click OK to exit the Tolerance dialog box, and then click the green check mark in the
Dimension Edit box.

Next, select the dimension called Insert_OD, and double-click on it to bring up the
Dimension Edit box.

Click the fly-out arrow and choose Tolerance from the list.
Set the Type drop down to Limit/Fits-Show Size Limits.
Set the Shaft drop down to c11, in order to create the other half of the loose running fit.

Click the blue plus sign to evaluate the outside diameter at its upper limit.
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FIGURE 5.50
Dimensions show-
ing limit/fits

CHAPTER 5 ADVANCED MODELING TECHNIQUES

13. Click OK to exit the Tolerance dialog box, and then click the green check mark in the
Dimension Edit box.

14. Zoom in on the cutout in the sleeve and you’ll see a green arrow on one corner. Zoom in
closer on the green arrow and you will see the gap between the diameter sketches of the
sleeve and insert reflecting your tolerance edits. However, the model itself currently dis-
plays no tolerance and needs to be updated to match the sketch.

15. Click the Update button on the quick access toolbar (looks like a lightning bolt at the top
of the screen).

You should see a gap between the solids, providing a loose running fit. Because the current
model is being evaluated at the extremes (the upper tolerance for the inside diameter and the
lower for the outside diameter), you can determine whether the current design will provide the
correct fit. In the real world you might determine that the outside diameter of the insert needs to
be less than 36 mm for the nominal value so that you can ensure a better fit.

Continue with the following steps to explore more options when working with part
tolerances.

16. Zoom back out and then click once on any blank area of the graphics screen (to clear
any currently selected entities) and then right-click and choose Dimension Display, and
choose Tolerance from the fly-out menu. This will show you the evaluated dimension val-
ues, as shown in Figure 5.50.

17. Right-click on either of the dimensions and choose Dimension Properties.

You'll notice that you can set and adjust the tolerance options in this menu as well. You
can use the document settings tab to set up standard tolerances for the entire file and change
the precision and dimension display. These are the same settings you accessed by editing the
dimensions and parameters in the previous steps.

This concludes the formal steps of this exercise, but you can continue experimenting with
the tolerances using Table 5.2 as a reference. For instance you might set up a press fit, and evalu-
ate the inside diameter at the upper value and the outside at the lower, to check to see if there is
indeed enough interference to provide a solid press fit when both dimensions are evaluated at
their extremes.
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TABLE 5.2:

TYPE

Clearance

Clearance

Transition

Transition

Interference

Interference

Example of limits and fits using hole basis (note: this is not a complete fits list
and is provided as reference for this exercise only)

FiT

Loose Running

Sliding

Locational

Keying

Press

Shrink

USE

General fits with smaller clearances.

Very small clearances for accurate guiding of
shafts, with no noticeable clearance once

assembled.

Snug fit with small clearance. Parts can be
assembled and disassembled manually.

Small clearances or slight interferences. Parts
canbe assembled with little force, such asa rub-

bermallet.

Guaranteed interference, using cold pressing.

Medium interference, using hot pressing or large

force cold pressing.

HOLE

H11

H7

H7

H7

SHAFT

c11

g6

jh

ké

pé

s6

Troubleshooting Failures with the End-of-Part Marker

Once in a while, even the most skilled design engineer experiences a modeling or design failure.
The part may be supplied by a customer or co-worker who has not practiced sound modeling
techniques, or you may have to drastically modify a base feature in a part you designed. These
edits change a base feature to the point that dependent features cannot solve, and a cascade of

errors can occur. Knowing how to fix these errors can save you hours of work

One of the best ways to troubleshoot a part and determine exactly how the part was origi-
nally modeled is to use the end-of-part (EOP) marker to step through the creation process. In the
Model browser, drag the end-of-part marker to a location immediately below the first feature.
This will effectively eliminate all other features below the marker from the part calculation.

Often when making modifications to a part, you might change a feature that causes errors to
cascade down through the part. Moving the end-of-part marker up to isolate the first troubled
feature allows you to resolve errors one at a time. Oftentimes, resolving the topmost error will
fix those that exist after it. Figure 5.51 shows a model tree with a series of errors. On the right,
the end-of-part marker has been moved up.

FIGURE 5.51
Using the end-of-
part marker to
troubleshoot fea-
ture errors
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Step 1: Editing the First Feature

Normally, the first feature will start with a sketch. Right-click the first feature, and select Edit
Sketch. Examine the sketch for a location relative to the part origin point. Generally, the first
sketch should be located and anchored at the origin and fully dimensioned and constrained. If
the sketch is not fully constrained, then add dimensions and constraints to correct it.

If you see sketch entities highlighted in a magenta color, you probably have projected geom-
etry that has lost its parent feature. To resolve errors of this type, it is often required to break
the link between the missing geometry and allow the projected entities to stand on their own.
To do so, right-click the objects in the graphics area or expand the sketch in the browser, and
right-click any projected or reference geometry that are showing errors; then choose Break Link.
This frees up the geometry so that it can be constrained and dimensioned on its own or simply
deleted. Figure 5.52 shows the Break Link option being selected for a projected loop.
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Once the sketch is free of errors, you can return to the feature level. Often you'll be greeted
by an error message informing you that the feature is not healthy. Click Edit or Accept. Then
edit the feature. Most often you will simply be required to reselect the profile or reference geom-
etry. Once the feature is fixed, drag the end-of-part marker below the next feature, and repeat
the step. Continue through the part until all sketches are properly constrained.

Occasionally, a base sketch may become “lost” and may need to be reassociated to a sketch
plane. To do so, you can right-click and choose Redefine, as shown in Figure 5.53. Depending on
how drastic the change in sketch plane is, this may be all that is required. Often, though, you
will need to edit the sketch, clean up some stray geometry using the Break Link option, and
then dimension and constrain it so that it is stable.

Step 2: Moving the EOP Marker Down One Feature at a Time

Step 2 might be called “learn from your mistakes” (or other people’s mistakes). When you have
part/feature failures, you should take advantage of them and analyze how the part was created
to determine why the sketch or features became unstable. It’s always good practice to create the
major features first and then add secondary features such as holes, fillets, and chamfers at the end
of the part. On occasion, loft and sweep features may fail or produce incorrect results because
fillets and chamfers were created before the failed feature. To determine whether this is the case
in your model, suppress any holes, fillets, chamfers, or any other feature that you might think is
causing the failure.
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FIGURE 5.53 Sepeal
Redefining a sketch P N
N
=

Once the failed feature is corrected, introduce one suppressed feature at a time until you
encounter a failure. This will identify the cause. You may then attempt to move the offending
feature below the failed feature and examine the result. If you are unable to move the offending
feature, then reproduce the same feature below the failed feature, and leave the original sup-
pressed. When the problems are corrected in a part, you can go back and delete the suppressed
offending features.

Although it’s not always a silver bullet, you might want to try the Rebuild All tool right after
fixing the first broken sketch or feature. Very often if the fix was fairly minor, Rebuild All will
save you from having to manually edit dependent features one at a time. You can access this tool
by going to the Manage tab and selecting Rebuild AlL

USING THE END-OF-PART MARKER TO TIME TRAVEL

The end-of-part marker is a powerful, yet often neglected, tool. With this tool, you can go “back to
the future” and edit or add features to your model. A good example of using the EOP marker is to
preserve design intent. Let’s say you created a base feature, placed some holes down the center of
the part (based on dimensions), and then altered the side faces of the part. The holes are linked to
the unaltered edges of this part. You now want to tie the holes to the midplane of this part regard-
less of the feature size.

You could do this by placing a centered work plane down the part. However, you cannot do this
now because when you go back to edit the hole sketch, the work plane would not be available for
projection onto the sketch plane. You also cannot drag the work plane above the holes because it
was created on the new, altered base feature faces. In this case, you’ll want to drag the EOP marker
above the hole feature. Now you can place the work plane centered on the two faces. Drag the EOP
marker back down to the bottom of the tree. Now edit the hole feature and project the work plane
so that the hole centers can be constrained to it.

You can also use the EOP to reduce file size when you email a model. If you drag the EOP to the top
of the browser, only the feature tree (commonly called the part DNA or part recipe) is saved to disk.
When the EOP marker is dragged down to the bottom again, all the feature data is recalculated.
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The Bottom Line

Create complex sweeps and lofts Complex geometry is created by using multiple work
planes, sketches, and 3D sketch geometry. Honing your experience in creating work planes
and 3D sketches is paramount to success in creating complex models.

Master It How would you create a piece of twisted flat bar in Inventor?

Work with multi-body and derived parts Multi-body parts can be used to create part files
with features that require precise matching between two or more parts. Once the solid bod-
ies are created, you can create a separate part file for each component.

Master It What would be the best way to create an assembly of four parts that require
features to mate together in different positions?

Utilize part tolerances Dimensional tolerancing of sketches allows the checking of stack-up
variations within assemblies. By adding tolerances to critical dimensions within sketches,
parts may be adjusted to maximum, minimum, and nominal conditions.

Master It You want to create a model feature with a deviation so that you can test the
assembly fit at the extreme ends of the tolerances. How would this be done?

Understand and use parameters and iProperties Using parameters within files assists
in the creation of title blocks, parts lists, and annotation within 2D drawings. Using param-
eters in an assembly file allows the control of constraints and objects within the assembly.
Exporting parameters allows the creation of custom properties. Proper usage of iProper-
ties facilitates the creation of accurate 2D drawings that always reflect the current state of
included parts and assemblies.

Master It You want to create a formula to determine the spacing of a hole pattern based
upon the length of the part. What tools would you use?

Troubleshoot modeling failures Modeling failures are often caused by poor design prac-
tices. Poor sketching techniques, bad design workflow, and other factors can lead to the
elimination of design intent within a model.

Master It You want to modify a rather complex existing part file, but when you change
the feature, errors cascade down through the entire part. How can this be done?



Chapter 6

Sheet Metal

The sheet-metal functionality in Inventor is extremely powerful, centered around productivity

and capturing your manufacturing intent. When you first begin working in the sheet-metal envi-

ronment, you may feel overwhelmed; however, a mastery of some basic fundamentals can make

Inventor sheet metal straightforward and highly integrated with your manufacturing environment.
In this chapter, you'll learn to:

¢ Take advantage of the specific sheet-metal features available in Inventor
Understand sheet-metal templates and rules

Author and insert punch tooling

Utilize the flat pattern information and options

Understand the nuances of sheet-metal iPart factories

Model sheet-metal components with non-sheet-metal features

Work with imported sheet-metal parts

Understand the tools available to annotate your sheet-metal design

® 6 6 6 O o o

Harvest your legacy sheet-metal styles into sheet-metal rules

Understanding Sheet-Metal Parts

The sheet-metal environment was introduced in Inventor R2. Since sheet-metal parts have so
many unique requirements, such as flat patterns and manufacturing-specific features, a modi-
fied part file is used. Sheet-metal parts use the same .ipt file extension, but extra sheet-metal
capabilities and data are added.

Sheet-metal design is driven by manufacturing considerations. A basic sheet-metal part consists
of flat faces joined by bends. For cost-effective manufacturing, all the bends and corner reliefs are
generally the same radius. The sheet-metal environment captures sheet thickness, bend, and relief
information in a rule and the rule is then used during modeling. This saves you considerable time
during design because the features automatically use the settings in the rule. If you have to make a
change, such as a different material thickness or bend radius, you can select a different rule, and the
part automatically updates.

Many sheet-metal parts are brackets or enclosures that are made to fit a particular assembly.
The sheet-metal tools were designed to simplify the process of creating and updating models.
For example, you can change a bend to a corner seam simply by right-clicking the bend in the
browser and selecting Change To Corner from the context menu.
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FIGURE 6.1
Face base feature
containing an
internal profile
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Getting to Know the Features

The Inventor sheet-metal environment contains numerous specialized tools to help you design
components that follow your sheet-metal manufacturing guidelines and process restrictions.
The following sections describe general feature classifications and capabilities that will provide
you with a quick road map to the features. Once you understand how the features work, you
will be able to build models that capture your design intent.

Starting with a Base Feature

Out of all the sheet-metal features provided, only four of them create what are referred to as base
features. Base features are simply the first features that appear in the feature history. The tools
that can create base features are as follows:

& Face

¢ Contour Flange
¢ Contour Roll

¢ Lofted Flange

FACE

The Face tool is the simplest base feature; it utilizes a closed profile to produce a simple extru-
sion automatically set to the Thickness parameter value. The profile can be constructed out of any
shape and can even contain interior profiles, as shown in Figure 6.1. Profiles for face features are
often generated from the edge projections of planar faces or surfaces, and this capability enables
numerous assembly-based and derived workflows.

CONTOUR FLANGE

The Contour Flange tool is a sketch-based feature (using an open profile) that has the ability to
create multiple planar faces and bends as the result of a single feature, as shown in Figure 6.2.
Profile sketches should contain only arcs and lines; if sketch intersections are not separated by an
arc, a bend will be automatically added at the intersection equal to the BendRadius parameter, as
determined by the sheet-metal style. To create base features with a profile sketch, contour flanges
have a width extent option called Distance, which allows a simple open profile to be utilized to
create a sheet-metal condition extrusion of the thickened, filleted profile.
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FIGURE 6.2
Contour Flange
base feature

You can use the Contour Flange tool to create sheet-metal base features; in fact, it is often the
fastest way to create them. Although you could create the part shown in Figure 6.2 using the Face
tool and then adding flanges, it would be more time-consuming. Using the Contour Flange tool
has one drawback, however: since you are combining many features, you lose some flexibility for

revising the shape.
Follow these steps to explore the basics of creating a base feature with the Contour Flange tool:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_001.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Contour Flange tool from the Create panel of the Sheet Metal tab.
4. For the Profile selection, click anywhere along the sketch profile.

Depending upon where you selected on the sketch, the preview will show to either the
outside or inside of the sketch. Also notice that the corners at each end of the 25 mm leg
are automatically rounded even though no radius was specified in the sketch. This is due
to the predefined BendRadius parameter.

5. Use the Flip Side buttons (three arrow buttons) to change the preview so you can see how
each changes the result. Then set the preview to look like Figure 6.2 so that the preview
is to the inside of the sketch profile, and therefore holding the overall dimensions of the
sketch.

6. Enter 6 mm in the Bend Radius input box, and notice the corners at each end of the 25
mm leg are updated.

Entering a value in the Bend Radius input box overrides the predefined BendRadius
parameter and sets this contour flange feature to always use 6 mm. If the part were set to
use another predefined style, bends in this feature would not update to follow the style but
would instead stay at 6 mm.

7. Click the >> button to expand the Contour Flange dialog box (if it isn't already expanded)
and then set the Distance input box to 150 mm.

8. Use View Cube to change the view so that you can see the direction of the contour.
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9. Click the Distance Mid-plane button so that the part is created equally to both sided of
the sketch.

10. Click OK to create the feature.

In the preceding steps you created a base feature using an open profile sketch and the
Contour Flange tool. From this point you could begin adding secondary features as required.
You can close this file without saving changes and you'll continue looking at other tools used
to create base features.

CoNTOUR ROLL

The Contour Roll tool is a variation on the Contour Flange tool. To create a Contour Roll you
sketch an open profile, but you revolve it instead of extruding it. Sketch geometry is limited to
lines and arcs, and the Contour Roll tool will automatically add a bend at line intersections. The
rolled hat flange in Figure 6.3 was created using the simple sketch geometry shown.

FIGURE 6.3
Contour roll
base feature

Follow these steps to explore the basics of creating a base feature with the Contour Flange tool:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_002.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Contour Roll tool from the Create panel of the Sheet Metal tab.

4. Set the Unroll Method drop-down box to Centroid Cylinder if it is not already. For the
Profile selection, click anywhere along the sketch profile.

5. Select the centerline for the Axis selection.
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Note the options in the Unroll Method drop-down box.

& Centroid Cylinder - the neutral cylindrical surface is derived by the centroid location of
the profile, based off of the selected axis. The Neutral Radius and Unrolled Length are
displayed.

& Custom Cylinder - allows you to select a sketched line to define the cylindrical neutral sur-
face. The Unrolled Length is displayed.

& Developed Length - allows you to enter the developed length, and displays the adjusted
Neutral Radius.

& Neutral Radius - allows you to enter the Neutral Radius, and displays the adjusted
Unrolled Length.

These options all derive the developed length by multiplying the rolled angle by a neutral
radius, but differ from one another by the type of input specified.

6. Set the unroll method to Custom Cylinder, and select the sketch line denoted as Custom
Neutral Axis for the Neutral Axis selection. Note the displayed Unrolled Length.

7. Set the unroll method to Neutral Radius and enter 60 mm into the input box. You'll notice
the displayed Unrolled Length adjusts based on the change.

8. Set the unroll method to Developed Length and enter 100 mm into the input box. You'll
notice the displayed Neutral Radius adjusts based on the change.

9. Click OK to create the feature.
10. Next click the Create Flat Pattern button on the Sheet Metal tab.

11. Right-click on the Flat Pattern node in the browser and choose Extents. You'll see the
width of the flat pattern has been held to 100 mm.

12. Click the Close button in the Flat Pattern Extents dialog box.
13. Click the Go To Folded Part button on the Sheet Metal tab to return to the folded model.

In the preceding steps you created a base feature using an open profile sketch and the
Contour Roll tool. You can close this file without saving changes and you'll continue looking
at other tools used to create base features. Before continuing though, you can open the file
called mi_6a_003.1pt to create a secondary contour roll feature based off of the first.

LoFTED FLANGE

The Lofted Flange tool creates sheet-metal shapes typically seen in HVAC transitions and material
handling hoppers. Figure 6.4 shows a square-to-round transition. Basically, you create sketches of
the beginning and end of the transition, and then use the Lofted Flange tool to transition between
the two. The Lofted Flange tool gives you the option of a die form or a press brake transition. For
press brake transitions, you can define the bends by chord tolerance, facet angle, or facet distance.
The chord tolerance is the distance between the angled face and the theoretical curved surface. As
the chord tolerance is decreased, more facets are added.

229
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To create a lofted flange, follow these steps:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_004.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Click the Lofted Flange button in the Create panel.
4. Select the square and the circle for the profile selections.

5. In the output area of the dialog box, click the Die Formed button, and note that the pre-
view changes to remove the press brake facets and that the facet controls in the dialog
box are hidden.

6. Click the Press Brake icon and use the Facet Control drop-down to experiment with the
Chord Tolerance, Facet Angle and Facet Distance options to familiarize yourself with
their behavior.

¢ The Chord Tolerance value sets the maximum separation distance from the arc segment
to the chord segment.

¢ The Facet Angle value sets the maximum angle to the chord segment at the facet
face vertex.

The Facet Distance value sets the maximum width of the length of the chord.

The Converge check box sets the bends of the flattened faceted sections to converge
near a singular point.

Deciding which of these options to use, depends largely on the design inputs you know and
the equipment to be used to create the part on the shop floor.

7. Ensure the Converge check box is not selected, and set the Facet Control drop-down to
Facet Distance, and change the distance to 50 mm.

Note that there is a glyph icon at each of the transition corners on the model preview. If you
hover your cursor over them you can see them better. Clicking one of these Bend Zone Edit Glyphs
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displays a dialog box to change the facet control and also displays individual glyphs for each
bend. The Bend Zone Edit dialog box enables you to change the facet control for that corner, as
shown in Figure 6.5. Clicking one of the bend glyphs displays a Bend Edit dialog box that enables
you to override the bend radius and Unfold Rule for an individual bend.
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8. Click one of the Bend Zone Edit glyphs.
9. Click the check box in the Bend Zone Edit dialog box, and select Number Of Facets.
10. Enter 2 in the edit field, and note the preview updates.

11. Click one of the Bend Edit glyphs, and then click the Bend Radius check box in the
resulting Bend Edit dialog box.

12. Change the bend radius to BendRadius*10 and note the preview.

13. Click OK, and note that the Bend Edit glyph has changed. A pencil is added to indicate
that it has been overridden.

14. Click OK in the Bend Zone Edit dialog box. Hover your mouse pointer over the glyph,
and note that a pencil has been added to it as well.

15. Click OK in the Lofted Flange dialog box to create the feature.

16. Click the Create Flat Pattern button on the Sheet Metal tab. Note that the part isn’t flat-
tened because it is a continuous piece.

17. Click the Go To Folded Part button on the Sheet Metal tab to return to the folded model.

To get the lofted flange transition to flatten you'll need to create a rip feature in one of the
faces. The Rip tool will be discussed in the Adding, Removing, or Deforming Material section
in the pages to come. For now you can close the file without saving changes and continue to the
next section to explore the creation of flanges.

Creating Secondary Flange Features

Once a base feature is created you can add secondary features in the form of flanges. Flanges are
simply planar faces connected by a bend, and can be created using a number of different tools.
The Flange tool automatically creates bends between the flanges and the selected faces. You can
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also use the Contour Flange tool to create several flanges at once. The Hem tool allows you to
create specialized flanges to hem sharp edges or to create rolled flange features. Another tool
commonly used along with these tools is the Face tool. Depending on the selected tool, you can
either control flange options or allow Inventor to apply predefined relationships and values.

FLANGE

The Flange tool creates a single planar face and bend for each edge selected with controls for defin-
ing the flange height, bend position, and relief options at the edge intersections. For flanges refer-
encing a single edge, width extent options are also available by clicking the >> button in the Flange
dialog box. If multiple edges have been selected for flange locations, corner seams are automatically
added, as shown in Figure 6.6. The bend and corner seam dimensions follow the sheet-metal rule
unless a value is entered to override them per feature. The preview displays glyphs at each bend
and corner seam. If you click a glyph, a dialog box displays so you can override the values.
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Creating Basic Flanges

To explore the Flange tool follow these steps:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_005.1pt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Flange tool from the Create panel of the Sheet Metal tab.
4. Click the Loop Select Mode button (on the left of the of the Edges selection box).

5. Place your cursor over the top face of the hexagonal shaped base feature. Click the edge
when you see all 6 edges highlight. Note that if you chose the bottom edge rather than
the top, you can use the Flip Direction button to change the direction.

6. Click the Edge Select Mode button and then hold the Ctrl key and de-select one of the
selected edges. The Edges selection box will indicate that you now have only 5 selected.

7. Set the flange height to 100 mm.
8. Set the flange angel to 60.
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9. Click the Corner tab, and uncheck the Apply Auto-Mitering check box to observe the
preview change, then re-select the Apply Auto-Mitering check box to allow the flanges to
flare out into the miters corners.

10. In the Miter Gap input box enter 1 mm, in order to reduce the gap size from the current
default value (the GapSize parameter is currently set at 3 mm.)

11. Click Apply to create the 5 flanges, and leave the Flange dialog box open (recall that OK
creates the feature and closes the dialog box).

12. Click the Shape tab and ensure the Edge Select Mode is selected.

13. Click the edge that you removed from the previous selection set. Note that if you chose
the bottom edge rather than the top, you can use the Flip Direction button to change the
direction.

14. Set the Flange Angle to 90.

15. Set the Height Extents drop-down box to To, and then click the top most corner vertex of
any of the existing flanges. Figure 6.7 shows the To point being selected.
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16. Click OK to create the flange.

If you click the Front plane on the view cube you can see all the flanges terminate in the same
plane. Keep this in mind as you create flanges of varying angles. You explore the tools used to
close the remaining gaps in this flange combination later in this chapter when looking at the
Corner Seam tool, but for now you can close the file without saving changes, and continue to
explore the Flange tool.

Control Flange Widths

In this next set of steps you'll create flanges of varying widths, by adjusting the extents options:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_006.1pt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Flange tool from the Create panel of the Sheet Metal tab.
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4.
5.

Select the top edge of the yellow face to place a flange along the edge.
Set the flange height to 50 mm and leave the angle at 90 degrees.

Note that currently the flange runs along the extents of the edge. If you imagine the flat pat-
tern that would result from adding this flange, you'll understand that creating this flange would
create a conflict at the inside corner. Although Inventor will not prevent you from creating the
flange as is, it will issue an error to the flat pattern. To resolve this you will set the flange width
and an offset to hold it back from the corner. There are four possible Width Extents settings:

*

*

The Edge option runs the flange the length of the selected edge.

The Width option allows you to specify the width of the flange, and position it with cen-
tered on the selected edge or offset from a selected reference.

The Offset option allows you to specify offsets from both ends of the selected edge.

The From To option allows you to specify a start and end reference to establish the
flange width.

The option you use will depend on the result you are trying achieve and the available
existing geometry.

6.
7.
8.
9.
10.
11.

12.
13.

Click the >> button to expand the Flange dialog box.
Change the Width Extents Type to Width.

Enter 96 mm in the Width input box.

Switch the option from Centered to Offset.

Enter 0 mm for the offset value.

Click the outside end of the selected edge to establish the offset point. Use the Flip Offset
button to redirect the flange if needed.

Click OK to create the flange.

Click the Go To Folded Part button on the Sheet Metal tab to have a look at the resulting
flat pattern.

Although the flange width options are easy to overlook because they are initially hidden in
the more options area of the dialog box, you should keep these options in mind as you create
flanges. For now, you can close this file without saving changes. Here are more options to be
aware of when creating flanges:

Flange Height Datum There are three Height Datum solutions available. These options
control which faces are used to determine the height measurement. In Figure 6.8 each of the
options is shown using a 40 mm flange.

*

*

Bend from the intersection of the two outer faces measures the flange height from the intersection
of the outer faces, as shown on the left of Figure 6.8.

Bend from the intersection of the two inner faces measures the flange height from the intersection
of the inner faces, as shown in the center of Figure 6.8.
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& Parallel to the flange termination detail face measures the flange height parallel to the flange
face and tangent to the bend, as shown on the right of Figure 6.8.
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Orthogonal and Aligned Flanges You can use the Aligned VS Orthogonal toggle button to
determine whether the height measurement is aligned with the flange face or orthogonal to
the base face. In Figure 6.9, the flange on the left is set to orthogonal while the measurement

FIGURE 6.8
Flange height
datum solutions

on the right is aligned.
FIGURE 6.9 ;
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Bend Position There are four options to select from to determine the bend position relative
to the face of the selected edge. Figure 6.10 compares the four options, with the dashed line
representing the selected edge of the base feature.

FIGURE 6.10 |
Bend positions
compared

The Inside of base face extents option positions the flange so that it honors the overall dimension
of the selected base part, as shown on the far left of Figure 6.10.
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FIGURE 6.11

A multi-edge Con-
tour Flange feature
with automatic
mitering and large
radius bends

The Bend from Adjacent Face option holds the face of the selected edge as the start of the bend,
as shown on the center left of Figure 6.10.

The Outside of base face extents option positions the inside face of the flange so that it remains
outside of the face of the selected edge, as shown on the center right of Figure 6.10.

The Bend tangent to side face option holds the bend tangent to the face of the selected edge, as
shown on the far right of Figure 6.10.

Old Method When checked, this option disables the new functionality introduced in
Inventor 2008. If you open a file created in an older version the features will likely have this
option selected. You can uncheck the box to update the file to use all of the available options.
There really is no reason to check this box on parts that you create with the current version
of Inventor.

Bend and Corner Edit Glyphs Although you will often create flanges along multiple edges
as a single flange feature, you can still control the bend and corner options individually by
using the edit glyphs displayed on the features in the graphics area. You can access the edit
glyphs by expanding the Flange node in the browser and then right-clicking on the Bend or
Corner and choosing Edit Bend or Edit Corner. Once displayed you can simply click on the
edit glyph for the bend or corner you want to edit and make changes on an individual basis.
You can also click the edit glyphs during the creation of flanges as well. Once bends or cor-
ners are edited, they can be reset to the defaults by expanding the Flange node in the browser
and then right-clicking on the Bend or Corner and choosing Reset All Bends/Corners.

CONTOUR FLANGE

In addition to creating base features as explored previously, the Contour Flange tool can also be
used to add flanges to an existing feature. Since the Contour Flange tool uses open profile sketches,
it is ideal for quickly creating complex shapes and enclosures designs. As discussed earlier, the
Contour Flange tool can either automatically bend line intersections or use sketched arcs for
bends. Contour flanges automatically create a bend between the contour flange and a selected
edge on an existing face. The sketch profile for the Contour Flange tool does not need to be coinci-
dent with the edge; it simply needs to be sketched on a plane that is perpendicular to it. If the
sketch profile is coincident with an edge, a bend will automatically be positioned to connect
the sketch profile to the face. If the sketch is not coincident with a reference edge and the width
extent option is changed to Distance, the result will be a contour flange that isn't attached to
the part.

Just like in the Flange feature, automatic mitering of adjacent flanges and the placement of
corner reliefs occur when multiple edges are selected, as shown in Figure 6.11.




GETTING TO KNOW THE FEATURES

To explore the Contour Flange tool a bit more follow these steps:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_007.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Contour Flange tool from the Create panel of the Sheet Metal tab.
4. Select the visible sketch profile as the Profile selection.
5. Select one of the edges (top or bottom) that have the two work planes running through it.

You'll note that you cannot add any more edges to the selection. This is because the sketch is
disconnected from the base feature, and therefore can only be used to create a flange along the
one edge. Next you'll use the work planes to define the width of the flange.

6. Click the >> button to expand the dialog box and reveal the Width Extents options.

7. Set the Type drop-down box to From To.

8. Select the two visible work planes as the From and To selections.

9. In the Bend Extensions area, click the left button (Extend Bend Aligned to Side Faces).
10. Click OK to create the Contour Flange.

You should notice the flange width starts and stops at the work planes selected for the width
extents. You'll also notice the edge of the base feature extends out to meet the flange. This is due
to the Bend Extension option. The Bend Extension options are as follows:

& Extend Bend Aligned to Side Faces will extend the base feature out to meet the flange.

& Extend Bend Perpendicular to Side Faces will extend the flange out to meet the base fea-
ture. This is the default.

You'll explore these options a bit more in the section covering how to use the Face tool to cre-
ate flanges, but for now you'll edit the flange and toggle this option to compare the results.

11. Right-click on the Contour Flange feature in the browser and choose Edit Feature.

12. In the Bend Extensions area, click the right button (Extend Bend Perpendicular to
Side Faces).

13. Click OK, and note that the flange has now extended to the base feature, as shown on the
right of Figure 6.12.

FIGURE 6.12
Bend Extension
options
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14. Next right-click on Sketch3 in the browser and turn the visibility on.
15. Select the Contour Flange tool from the Create panel of the Sheet Metal tab.
16. Select the sketch profile in Sketch3 as the Profile selection.

17. Select the five edges of the hex shaped face that were not used in the previous contour
flange.

18. Notice the automatic mitering of the corners, then click OK to create the flanges.

As you can see the Contour Flange can be used to quickly create multiple bend flanges from a
basic open profile sketch. This is often the quickest way to create even simple flanges when they
are the same on all edges of a base feature, particularly when the flanges require a miter fit. You
can close this file without saving changes, and continue on to the next section to explore Hems.

Hem

The Hem tool is like a contour flange because it has the ability to create multiple planar faces
and bends for a selected edge, but it is restricted to predefined common hem profiles and geo-
metric relationships.

To explore the different hem flange types and options follow these steps:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_008.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

In this file each of the four hem types has been created on the left of the part. You can use the
cutouts on the right to create a hem matching each of the ones on the left. Once you have experi-
mented with the hem types using the cutouts. Continue on to create a hem on the edge of the
yellow face.

3. Use the View Cube to find a view of the yellow interior face.
Select the Hem tool from the Create panel of the Sheet Metal tab.
Set the Type to Single.

Select the edge along the outside of the yellow face.

Set the Gap to 2 mm.

Set the Length to 12 mm.

e ® N oo @ A

. Click the >> button to expand the dialog box.
10. Change the Width Extents Type to Offset.

11. Use the appropriate offset input box to set the end that will interfere with the existing
hem to 5 mm.

12. Set the other offset to 0 mm, so that no offset is created.

13. Click OK to create the Hem flange.



GETTING TO KNOW THE FEATURES ‘ 239

Although the Hem tools are fairly straight forward, it is often the use of offsets that allow you
to place hems as needed. You can close this file without saving changes and continue on to the
next section.

FACE

ol The last feature capable of creating flanges is the Face tool. The Face tool uses a closed profile
OBJECTIVE sketch, and it can automatically create an attaching bend to a selected edge. This automatic case is

very powerful because it allows you to create a skeletal surface model of your design, project the
planar surfaces into sketches, and create face features with attaching bends. The manual controls
can be utilized to connect face features to preexisting geometry, create double bends (joggles), or
even deselect edges that have been automatically inferred because they share a common edge.

You can also use the Face tool to create models from 2D flat patterns that had been created
in another application such as AutoCAD. By importing the 2D flat pattern, the Face tool can
be used to thicken it to the desired value. A flat pattern can be produced for a planar face (no
unfolding needs to actually occur), which enables the use of special translation tools, Drawing
Manager consumption, and a variety of other uses.

In the following steps you'll derive a frame into your sheet metal part and use it as a reference to
create a face. You'll then create another face and use the built in Bend tools to connect them.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_009.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Manage tab click the Derive button on the Insert panel.

4. Browse for the file named mi_6a_888.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

5. In the Derived Part dialog box select the Body As Work Surface button at the top. This
brings the frame in as surface that can be turned off later.

6. Click OK to create the frame surface.

7. Expand the mi_6a_888 node in the browser and right-click on the Frame:mi_6a_888.1ipt
node.

8. From the right-click context menu, deselect the Translucent option. This will make the
frame edges easier to see.

9. Next right-click on the face of the frame side with the triangular corner gussets and
choose New Sketch to create a 2D sketch on the side of the frame.

anEE[';‘TTWE 10. Click the Project Geometry drop-down menu and select Project Cut Edges. This will
project the face of the fame into the sketch. Alternatively, you can use the Project
Geometry tool and select the four outer edges and the eight holes.

11. Once the projected edges are created, click the Finish Sketch button to return to the Sheet
Metal tab.

12. From the Sheet Metal tab select the Face button.



240

CHAPTER 6 SHEETMETAL

13.

14.

FIGURE 6.13
Face from a T
derived frame P mi_fia_n09.nt

15.

16.

17.
18.

19.

Choose the sketch boundary(s) so that the entire side of the frame, minus the holes, is
selected.

Ensure the face is not going into the frame, use the Offset button if the direction needs to

be adjusted, and then click OK to create the face feature with holes. Figure 6.13 shows the

fame and face.
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Next locate the sketch called Flange Sketch in the browser and then, right-click on it
and choose visibility from the right-click context menu. This sketch was prepared in the
sheet metal file ahead of time for this tutorial, but it the real world you would create it by
referencing the frame as you did for the first face feature.

From the Sheet Metal tab select the Face tool again and choose the rectangular profile
minus the slots, as the Profile selection.

Use the Offset button to ensure the face is coming out away from the frame.

Click the Edges button in the Bend area of the dialog box, and then select the left vertical
edge of the first face feature. This will create a bend connecting to two faces.

Click OK to create the new face with bend feature.

If you examine the slotted flange face you might notice that it does not rest on the face of the
frame. This is because the pre-made sketch that you made visible was created on a work plane
at 302 mm from the center of the 600 mm wide frame. By using the offset work plane a 2 mm
gap was created, allowing space for the bend radius, insert studs, and spacer hardware that
might be required.

As a final note, be aware that when you are done with a derived work surface (the frame
in this case) you can right-click on it in the browser and toggle off the visibility. This leaves
only the sheet metal part showing. In order to create the next sheet metal part of the frame,
such as the front or back covering, you would create a new sheet metal part and derive the
frame in again. Once all of the parts are complete, you can place them into an assembly file
knowing that they will all fit around the frame they were based on. For now though, you can
close this file without saving changes and continue on to the next section.
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Adding, Removing, or Deforming Material

Once the general shape of a sheet-metal component is roughed in, generally material will need
to be either removed or. Several sheet-metal-specific features have been created to optimize the
process of adding, removing and deforming sheet metal parts because most sheet-metal manu-
facturing operations (punch presses, for example) create features perpendicular to the surface.
The current capabilities of Inventor assume that these manufacturing operations are done in the
flat prior to folding and therefore should not interfere with unfolding (Inventor does not support
post-folding manufacturing operations such as gussets, for example).

Cur

The Cut tool is a special sheet-metal extrude. It creates a hole based on a sketched profile. The
Cut tool helps simplify the options of the regular Extrude tool because the distance parameter
defaults to Thickness, and therefore cut features automatically update if the sheet metal part
is changed to use a different material thickness. If a cut is not intended to be the full depth
of the material thickness, you can enter an equation based off of the thickness value, such as
Thickness/2 to create half thickness cuts.

The Cut tool can also wrap the sketch profile across planar faces and bends, as shown in
Figure 6.14. This option is particularly helpful because it allows you to force a uniform cut across
multiple planar faces and bends with a value greater than zero and equal to or less than Thickness.

USING CUTS

With sheet-metal parts it is often best to create your base features and flanges and then apply the
cuts as required. You will find that this provides a more stable model when creating a flat pattern,
and allows you to edit features individually. It is recommended you use the Cut tool whenever
possible rather than creating voids in the base sketch. You should also use the Cut tool rather than
using Extrude to cut, as general rule.

FIGURE 6.14
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To explore the options of the Cut tool follow these steps:
1. Click the Get Started tab, and choose Open.
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7.

Browse for the file named mi_6a_010.1pt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

Select the Cut tool from the Modify panel of the Sheet Metal tab.

Click OK to create the cut feature. Note how the cut remained only in top plane, and is
not accurate for a slot that would be cut in the flat pattern.

Right-click on the cut feature in the browser and choose Edit Feature.

Select the Cut Across Bend check box, note the preview, and then click OK to see the cut
through the part across the bends.

Edit the cut feature again, and enter Thickness/2 in the extents distance input box, and
then click OK.

As you can see the Cut tool allows you to create cutouts in the formed part that are accurate
to the way the cutout is created in the flat pattern. To see the difference between a cut across
bends and an extrude cut continue with the following steps.

8.

9.
10.
11.
12.

13.

14.

Next locate the sketch called Sketch3 in the browser and then, right-click on it and
choose visibility from the right-click context menu.

Click the Model tab and select the Extrude button.
Select the profile in Sketch3 as the profile selection.
Set the Extents drop-down box to All

Click the Cut button in the Extrude dialog box, ensure the direction is correct, and then
click OK.

Use the View Cube to look at the part from the Top view and note the difference in the
extruded cut and the one using the Cut tool.

Click the Sheet Metal tab and select the Go To Flat Pattern button to examine the issues
with the extruded cut.

If you measure the length of the two cuts you'll see the extruded cut exceeds the intended
150 mm length, even though the sketches for both sketches are set at 150 mm. When you are
finished comparing the two cuts, you can close the file without saving changes, and continue
to the next section.

PuncH TooL

You can use the Punch tool to either remove material or deform it by placing predefined Punch tool

geometry, as shown in Figure 6.15. Punches are special versions of iFeatures; they can be predefined

with additional manufacturing information and can be built using a variety of standard and sheet-

metal features. The “Authoring and Reusing Punches” section discusses punch features in detail.
To explore the methods and options used to place punch features, follow these steps:

1.
2.

Click the Get Started tab, and choose Open.

Browse for the file named mi_6a_011.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.



GETTING TO KNOW THE FEATURES

3. Select the Punch tool from the Modify panel of the Sheet Metal tab.

4. In the Punch Tool Directory dialog box, use the scroll bar in the left window to locate the
Chapter 6 folder.

5. Locate and select the file called Knockout_73x.ide, and then click Open.
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SETTING THE SHEET METAL PUNCH TOOL DEFAULT LOCATION

By default Inventor is set to look for the punch library in the install directory on your local drive. If
working on a network share drive you will most likely want to point the Punch tool to automatically
go to a path on the network. To do so go to the Tools tab, click the Application Options button, select
the iFeature tab, and set the Sheet Metal Punches Root to the path of your choosing.

6. Because this part has two visible sketches no centers are automatically selected. Select
any one of the center sketch points on the part.

7. Continue selecting center points and note that you can only select points that share the
same sketch.

8. When you have added all of the center points you can (it will either be three or four
depending upon which sketch the points are in), click the Size tab.

9. Enter 35 mm for the diameter value, then click in the space below the Diameter row in the
dialog box.

10. Click the Refresh button to see the diameter update on-screen. Note that if the diameter
does not update, you probably did not click out of the Diameter row to set the edit. The
refresh option is a bit “picky” in this way. Keep in mind, however, that the punch preview
does not need to be refreshed to build correctly.

11. Next click the Finish button to create the punches.

12. Right-click and choose Repeat PunchTool, and then In the Punch Tool Directory dialog
box, use the scroll bar in the left window to locate the Chapter 6 folder.
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13. Locate and select the file called Knockout_73x.1ide, and then click Open.

14. You'll notice that because you only have one visible sketch now, all of the center points in
the sketch are automatically selected.

15. Click the Geometry tab and then select the Centers button.

16. Press and hold the Ctrl key on the keyboard and then deselect any one of the selected
center points, by clicking the sketch center points. Note that it is often easier to do this
when viewing the sketch from straight on.

17. With all but one of the available center points selected, change the Angle to 45 degrees.
Note that all of the current punches are rotated.

18. Click Finish to create the punches.

19. Locate the sketch with the unused sketch point in the browser and then right-click on it
and choose Visibility to turn it back on.

20. Right-click and choose Repeat PunchTool, and then In the Punch Tool Directory dialog
box, use the scroll bar in the left window to locate the Chapter 6 folder.

21. Locate and select the file called Knockout_73x.ide, and then click Open.

22. The final center point should be automatically selected, if not select it and then click
Finish to create it at the default size and orientation.

In the preceding steps you explored the options and methods used to place sheet-metal
punches. Later in this chapter you will learn how to create sheet-metal punches of your own.
For now, you can close this file without saving changes, and continue on to the next section.

CORNER ROUND AND CHAMFER

Corner Round and Corner Chamfer are special sheet-metal tools that allow you to remove or
break sharp edges similar to filleting and chamfering. Edge selection has been optimized within
the two tools, filtering out edges that are not normal to the sheet top and bottom faces for easy
application. To explore the methods and options used to place round and chamfer features, fol-
low these steps:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_012.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Corner Round tool from the Modify panel of the Sheet Metal tab.

4. Set the Radius to 8 mm, and then click the pencil icon in the Corner Round dialog box to
change the focus from edit to select.

5. Select the two sharp corner edges on the green flange, and then click OK.

6. Right-click and choose Repeat Corner Round, and then set the Select Mode radio button
to Feature.

7. Next, select any of the yellow flanges and you will see all of the sharp corners for the fea-
ture called Flangel are automatically selected.
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8. Change the Radius to 15 mm, and then click OK to create the rounds.
9. Select the Corner Chamfer tool from the Modify panel of the Sheet Metal tab.

10. Select the remaining two sharp corners and set the Distance to 18 mm, then click OK to
create the corners.

As a final step you might want to right-click on Flangel in the browser and choose Properties
from the right-click context menu and set the Feature Color Style to As Part. You can do the same
to Flange2 as well. When finished you can close the file without saving changes and continue to
the next section.

CORNER SEAM

The Corner Seam tool allows you to extend (as shown in Figure 6.16) or trim flange faces in order
to manage the seam between them and select corner relief options. The Corner Seam dialog box
contains numerous options for specifying the seam and contains two fundamentally different dis-
tance definition methods: Maximum Gap and Face/Edge. In older versions of Inventor, only the
Face/Edge method was available for the Corner Seam tool. The face/edge method works for many
situations but also tends to suffer from an inability to maintain a constant seam gap between
planar faces that do not have an identical input angle. The maximum gap method was developed
from the perspective of a physical inspection gauge, where the nominal value of the seam is
exactly the value entered at every point; but you just might need to twist the tool as you draw it
through the seam.

FIGURE 6.16
Corner seam
feature, applying
the No Overlap
seam type

Creating a Basic Corner Seam
To explore the Corner Seam tools and its options follow these steps:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_013.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Corner Seam tool from the Modify panel of the Sheet Metal tab.

4. Select the left edge of the yellow face, and either edge of the blue face next to it. In the pre-
view the red edges represent the material to be removed and the green edges represent
the material to be added.
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In the Seam area of the Corner Seam dialog box, select the Symmetric Gap option, if not
already selected

Set the Gap to 1 mm and notice the change to the preview.
Click Apply to create the seam feature.

Select the right edge of the orange face, and either edge of the blue face next to it, and then
click OK to create this seam and close the dialog box.

As you can see Corner Seams are useful when needing to close up a corner between two
seams. You can close this file without saving changes and continue with the next set of steps to
explore more of the settings in the Corner Seam tool.

Understanding Corner Seam Gap and Overlap Settings

In these steps you'll explore the gap and overlap settings found in the Corner Seam tool:

1.
2.

10.

Click the Get Started tab, and choose Open.

Browse for the file named mi_6a_014.1pt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

Select the Corner Seam tool from the Modify panel of the Sheet Metal tab.

Select the short edge of the orange flange nearest the yellow flange, and the short edge of
the yellow flange nearest the orange flange.

You'll note that the preview show the two flanges come together in a 45 degree miter.
Click the Overlap button to see the preview change to extend one of the flanges out so it
overlaps the other.

Click the Reverse Overlap button to see the opposite overlap in the preview.
Click Apply to create the seam.

Next click a short edge of the yellow flange nearest the blue flange and a short edge of the
blue flange nearest the yellow flange.

Set the Seam option to Maximum Gap Distance (if it is not already), and select the
Symmetric Gap button.

Click OK to create the corner seam, and use the click the Top face on the View Cube to
observe the corner of the yellow and blue flanges. Note it may be helpful to zoom up on
the corner.

If you were to measure the gap distance at the inside vertices between the two flanges it will
be 3 mm, which is what the GapSize parameter is set to, as shown on the left of Figure 6.17.

11.

Edit the corner feature you just created and switch the radio button to Face/Edge
Distance, and then click OK.

Now the GapSize parameter holds the distance between the face and edge of the two flanges
as shown on the right of Figure 6.17.
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12. Edit the corner feature again and this time click the Overlap button.
13. Enter 0.5 in the Percent Overlap input box, and then click OK.

You will see that the yellow flange overlaps the edge of the blue flange exactly half way or fifty
percent. You can specify the overlap as a percentage of the flange thickness using a decimal value
ranging from 0.0 to 1.0. For instance, 1.0 equals 100 percent, 0.5 equals 50 percent, and so on.

14. Edit the corner feature once again and click the Reverse Overlap button.
15. Enter 1.0 in the Percent Overlap input box, and then click OK.

You will see that the blue flange now overlaps the yellow flange completely, or the full
100 percent. Figure 6.18 shows a comparison of overlap values with the same gap setting.
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In the previous steps you explored the gap and overlap settings of the Corner Seam tool. You
can close this file without saving changes and continue with the next set of steps to explore one
more set of options in the Corner Seam tool.

Understanding Corner Seam Extend Options

In the following steps you will look at the options for controlling the way flanges are extended
when their edges are not perpendicular:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_015.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Corner Seam tool from the Modify panel of the Sheet Metal tab.
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4. Select the shorter edge of the blue flange and the closest edge of the yellow flange.

5. Click the >> button in the Corner Seam dialog box and set the Extend Corner option to
Perpendicular, then click Apply.

6. Select the taller edge of the blue flange and the closest edge of the orange flange.

N

Click the >> button in the Corner Seam dialog box again (if needed) and toggle the
Extend Corner option between Perpendicular and Aligned to see the difference.

8. Then set the Extend Corner option to Perpendicular and click OK.

Figure 6.19 shows a comparison of the Perpendicular and Aligned extend options. In
the image on the right the front most flange use the aligned solution and the other uses the
Perpendicular solution.

FIGURE 6.19
Perpendicular and
Aligned extend
corner options

As you can see becoming familiar with all of the settings in the Corner Seam tool can offer a
great number of combinations, and in the end provide the exact corner you are trying to achieve.
You can close this file without saving changes and continue on to explore the Fold tool.

FoLDp

The Fold tool enables you to design a flange with a unique profile by allowing you to sketch the
position of the bend centerline on a planar face, and then fold the part using the sketch line, as
shown in Figure 6.20.

FIGURE 6.20
Fold tool being
applied to a face
with a spline
contour

This tool is a sketch consumption feature and contains numerous controls for specifying
exactly how a planar face should be manipulated into two planar faces connected by a bend.
The sketch bend centerline must be coincident with the face extents, requiring you to project
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edges and constrain the sketch. When utilizing the Fold tool, remember that the feature works
from the opposite design perspective of other sheet-metal features, where bend allowance is
actually consumed, not added to the resulting folded feature. The Fold tool can be combined
with the Face tool to help import preexisting 2D flat patterns and then deform them into their
final shape.

To explore the Fold tool follow these brief steps:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_016.1pt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Select the Fold tool from the Create panel of the Sheet Metal tab.

4. Select the visible sketch line on the circular feature for the Bend Line selection.

b

Use the Flip Side and Flip Direction buttons to set the preview arrows so that they are
going up and out from the center of the part.

Set the Fold Angle to 45 degrees and the Bend Radius to 16 mm.
Use the Fold Location buttons to set the fold so that it does not include the cutout.

Click OK to create the folded feature.

© ©® N 9

In order to reuse the sketch containing the bend lines you'll need to make it visible again.
To do so, expand the Fold feature in the browser, right-click on the sketch and then
choose Visibility from the right-click context menu.

10. Create a fold for each of the remaining lines, setting the Fold Angle to 90 degrees, the
Bend Radius to 2 mm, the Fold Location to Centerline of Bend, and use the flip controls to
set the folds so they are all going up and out from the center of the part.

Although not the most commonly used of the sheet metal tools, the Fold tool can be very use-
ful in some circumstances. If you happen to have a lot of flat pattern drawings done in AutoCAD
for instance, you can use the Fold tool to convert them to folded models. You can close this file
without saving changes and continue on to explore the Bend tool in the next section.

BEND

The Bend tool allows you to connect two planar faces by selecting a pair of parallel edges. Since
Inventor supports the modeling of multiple lumps, the Bend tool can add either a single bend or
a double bend (joggle) depending on the number of selections you make. For design situations
in which multiple lumps have been produced, the Bend tool is often used to combine the lumps
into a single body.

There are four possible double bend results, depending on the orientation of the edges and
which option you choose. If the sheet-metal edges face the same direction, then either a full round
bend, or two bends connected with a face is created. If the sheet-metal edges face in opposite direc-
tions, then a joggle is created with either two 45-degree bends and one edge fixed or both edges
fixed and the angle calculated. In both cases, the faces will be extended or trimmed as necessary to
create the bends.
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Exploring Bend Options

The following example demonstrates the various ways in which double bends can be created:

1.
2.

11.

12,
13.

14.

15.
16.
17.

Click the Get Started tab, and choose Open.

Browse for the file named mi_6a_017.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

Select the Bend tool from the Create panel of the Sheet Metal tab.

Select an edge along each of the yellow faces for the Edges selection. Note the Full Radius
and 90 Degree double bend controls are enabled.

Set the Double Bend option to Full Radius.

Toggle the Flip Fixed Edge button and note how the preview updates. Then set it
so that the upper face is the fixed edge (the preview will display partially into the
lower face).

Click Apply to create the Bend feature.
Select an edge along each of the orange faces for the Edges selection.

Set the Double Bend to use the 90 Degree option.

. Set the Flip Fixed Edge button so that the lower face is the fixed edge, and the bend pre-

views on the outermost edge.

Click OK to create the Bend feature, and note how lower face width is carried through to
the upper face.

Right-click on the Bend feature you just created in the browser and choose Edit Feature.

Click the Extend Bend Aligned to Side Faces button in the Bend Extension area, and then
click OK. Notice how the upper face width is now carried through to the bend.

Select the Bend tool again, and choose the edge of the blue face on the small feature with
two holes, and then select the edge of the blue face on the large base feature (indicated
with the arrow). Keep in mind the selection order is important for this step. When you
have the correct order, the preview should show the upper feature being extended down
into the lower base feature.

Set the Bend Radius to 18 mm, and then click OK.
Right-click on the Bend feature you just created in the browser and choose Edit Feature.

Change the Double Bend option to use Fix Edges, and the click OK.

Although this file showcases the available options of the Bend tool, you would not typically
create faces that just float in space above or below one another. Instead these tools are often used
to created bends on faces that are modeled to fit around other existing parts. You can close this
file without saving changes, and have a look at the next steps to see the Bend tool used in a more
realistic manner.
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Using the Bend tool to create an Enclosure

In the following steps you will mirror an existing side of an enclosure around the centerline of a
derived frame, and then use the Bend tool to join the two halves:

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_018.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Click the Mirror button on the Pattern panel of the Sheet Metal tab.

4. Select the features called Right_Side_Face, Front_Flange, and Back_Flange from the
browser for the Features selection.

5. Click the Mirror Plane button in the Mirror dialog box, and then choose the visible YZ
plane. Recall that you must select work planes by clicking their edges in the graphics
area, or by selecting them from the browser.

6. Click OK to create the mirror feature.
7. Select the Bend tool from the Create panel of the Sheet Metal tab.

8. Select the top edges of the two sheet metal faces, leave the Double Bend option set to 90
Degree, and note the preview of the bend connecting the two faces.

9. Click OK to create the bend feature. Figure 6.21 shows the two sides being connected

with the Bend tool.
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In the previous steps you have not only created bends, but have essentially defined the entire top
face of the enclosure with the Bend tool. Using the bend tool to connect faces in this way can be a
quick way to use geometry projected in from an assembly or a derived work surface. You can close
this file without saving changes and continue on to the next section to explore the Rip tool.

Rip

The Rip tool creates a gap in a sheet-metal part. A common workflow is to create a transition
with the Lofted Flange tool and then add a Rip feature so it can be flattened. The Rip tool creates
a gap that is cut normal to the selected face. The rip tool interface is optimized to create a simple
gap with minimal inputs.
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Inventor has three options for creating a rip:

Single Point If the corner of a face is selected as the single point, the rip will follow the edge. If
a sketch point located on an edge is selected, then the rip will be perpendicular to the edge.

Point To Point For Point To Point, a linear rip is created between the two points.

Face Extents For face selection, all edges of the face are ripped.
Follow these steps to create a simple Rip feature on a square to round transition:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_019.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

Click the Rip button in the Modify panel on the Sheet Metal tab.
Set the Rip Type drop-down box to Point to Point.

Select the yellow face for the Rip Face selection.

I

Select the midpoint of the arc along the top of the yellow face, and the midpoint of the arc
along the bottom of the yellow face for the Start and End point selections.

7. Then click OK to create the Rip feature. Figure 6.22 shows the Rip tool selections.
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Creating Rip features allows you to open up a part for unfolding, in quick and easy manner.
Keep in mind, however, that you can use an extruded cut to do this as well. In most cases though,
the Rip tool will be the best tool to use. You can close this file without saving changes and con-
tinue on to the next section to explore the Unfold and Refold tools.

UNFOLD AND REFOLD

The Unfold and Refold tools are a powerful tool combination that allows you to unfold and then
refold the model. There are several reasons to do this:

¢ Toadd features in the unfolded state
¢ Torefold the model in bend order to see the manufacturing stages of the part

¢ Tochange the orientation of the folded model in space
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One of the limitations in previous versions of Inventor was that you couldn’t fold a deforma-
tion. Using Unfold or Refold, you can add a deformation that crosses the bend zone and then
refold it. Since the deformation is simply calculated around the bend, there can be distortion
issues when the deformation is large with respect to the bend radius. For best results, limit the
deformation to the thickness. For larger deformations, make sure the final results match what
would be created in the shop.

Many sheet-metal parts are complex, with several bend order possibilities. Using Unfold or
Refold allows you to experiment with bend order so you can determine the best way to manu-
facture the part.

Changing the orientation of the folded model is an interesting workflow. When you unfold
a model, you select a face that remains stationary. When you refold the model, you also have to
select the stationary face. If you don't select the same face, the model will have a different orien-
tation when you are done.

Unfolded vs. Flat Pattern

The flat pattern is a separate model object that shows the completely flattened part for documen-
tation. The flat pattern also contains manufacturing information such as bend direction. Unfold
and Refold features can’t be directly accessed in the drawing, so you can’t have views showing
different states of the same model. To show intermediate fold states in a drawing, use derived
parts or an iPart to create models with refold features suppressed, and then create views of
those models.

Unfolding and Refolding Sheet Metal Parts

The Unfold/Refold process is straightforward. The selections have filters for the correct geometry,
so you are not required to focus on a small target.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_020.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Click the Unfold button in the Modify panel.
4. Select the blue face on the part for the Stationary Reference selection.

5. Select all the bends on the folded model. Each bend will highlight when you hover your
mouse pointer over it, so you know when you have a valid selection. The unfolded preview
updates as you select each bend. Alternatively you can use the Add All Bends button.

6. Click the Sketches button, and select the visible sketch in the graphics window, so that it
is unfolded to match the face it resides on.

7. Click OK. The model should look like Figure 6.23. Note that a copy of the sketch was placed
on the unfolded model and that the original (Sketch12) is still displayed as a reference.

8. Right-click on Sketch12 in the browser and choose Visibility to toggle of its visibility, so
that the copied sketch can be more easily viewed.
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You may have noticed that there was an option to turn off the visibility of the parent sketch
in the Unfold tool as well. Most likely that is the way you would handle copied sketches, but in
this case you've been instructed to do this manually to observe the way the sketches are copied.

9. Next, click the Cut button in the Modify panel.
10. Select the two oblong profiles in the copied sketch, and click OK.
11. Select the Model tab, and click Extrude.
12. Select the two oblong profiles in the copied sketch.

13. Click the fly-out arrow in the Distance input box and choose List Parameters, and then
select Thickness from the list.

14. Click the Symmetric button so that the extrusion will extend equally both directions from
the sketch plane, and then click OK.

15. Expand the Unfold1 feature in the browser and right-click on Sketch12:Copy and choose
Visibility to turn off the sketch.

16. Select the Sheet Metal tab, and click Refold in the Modify panel.
17. Select the yellow face on the part.
18. Click the Add All Bends button to automatically select all the bends. Then click OK.

Note that the model is in a different position than it was before the unfold action since the
yellow face was kept stationary during the refold. If you drag the End-of-Folded marker above
the Unfold feature, the model will be in its original position.

Unfolding and Refolding Contour Rolls Features

You can also Unfold or Refold a contour roll. If the tools detect that the part is a contour roll,
work planes are displayed on each end face. Since a flat reference face is required, you can select
one of the work planes and then unfold the contour roll, as shown in Figure 6.24.

PROJECT FLAT PATTERN

A well-hidden segment of sheet metal-specific functionality is a special version of sketch projec-
tion called Project Flat Pattern (nested at the end of the sketch projection fly-out). Project Flat
Pattern is available from the folded model environment and is utilized to include the projected
edges of the flattened sheet-metal component, oriented to the sketch plane that is active.
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This option is very powerful when combined with the Cut Across Bend option because it
allows you to create parametric dimensions and constrained relationships from the perspective
of the flattened sheet. When utilizing the Project Flat Pattern option, it isnt necessary to select
every face; just pick the ones at the extremities (ensuring that theyre on the same flattened side
of the part as your sketch), and all the connecting planar faces and bends will automatically be
included.

In the following steps you'll use the Project Flat Pattern tool to place sketch entities as they
would be on the flat pattern. You'll then use the Cut Across Bends option of the Cut tool to create
the features in place on this rather extreme example of a bent sheet metal part:

1.
2.

6.

Click the Get Started tab, and choose Open.

Browse for the file named mi_6a_021.1pt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

Select the orange face and create a new 2D sketch on it.

Click the drop-down arrow next to the Project Geometry button and select Project Flat
Pattern from the drop-down menu. See Figure 6.25 for reference.

Select one of the yellow faces to project the chain of faces between it and the orange face
into the sketch, then select the other yellow face to complete both sides.

Next try and select the blue faces to project into the sketch, and you'll note that nothing
happens.

This is because the blue faces are actually opposite the original orange face when this part
is flattened out. You could select the underside of the blue faces to include them into the sketch,
but in this case you can just use the green faces.

7.

Select the green faces to project the remainder of the flat pattern into the sketch. Keep in
mind that you really only need to project the faces you plan to use in the sketch, but for
this example you've been instructed to select them all.

Next add three circles to the sketch. Two of the circles are to be placed at the center points
of the projected yellow faces, and will be 50 mm diameters, and the third circle will be

25 mm in diameter and is to be placed in line with the center of the part and 375 mm off
the tip of the orange face. Figure 6.25 shows the completed sketch.
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9. Click the Finish Sketch button when the sketch is complete, and then select the Cut tool
from the Modify panel.

10. Select all three of the circles in for the Profile selection.
11. Select the Cut Across Bend check box, and then click OK.

The result is the circular cuts are placed on the folded model in accordance with their posi-
tion in the flat pattern. This ability to layout features in the flat pattern and then cut them across
existing bends is a subtle but very powerful tool. Keep in mind, too, that the projected flat pat-
tern is fully associative and will update along with changes made to the features from which it
was created. You can close this file without saving changes and continue on to the next section.

Using Sheet-Metal Templates and Rules

Inventor offers the ability to create sheet-metal rules that can be stored in the Inventor style
library. The style library makes sheet-metal definition information more manageable, reusable,
and ultimately more powerful than simply using a template file to manage sheet metal styles;
however, using sheet-metal styles and templates to manage material and unfolding setups are
both supported.

What Are Sheet-Metal Rules?

Sheet-metal parts of a certain material and thickness often share bend, corner, and gap parameters.
The unfold, bend, and corner settings as well as representation of punch features in the flat pattern
and the bending angle or open angle option when the part is shown in the flat pattern all make up
a sheet-metal rule. For instance you might have a sheet-metal rule called 3 mm Galvanized Steel.
In this rule the material would be set to galvanized steel, the thickness to 3 mm, and the bend, cor-
ner, punch representation, and flat pattern bend angle settings would be configured to output those
features consistently.

When a new part is created you can select the predefined sheet-metal rule and the part will
follow the settings outlined within it. When a new feature such as a flange is added, the bend
and corner options defined in the rule are automatically used to define it. If a setting such as a
corner relief needs to deviate from the rule, it can be modified in the feature as needed. If the
part is changed to use a different sheet-metal rule, the overridden settings honor the overrides,
and all others update to match the rule settings.
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Creating a Sheet-Metal Rule

Sheet metal rules are created and accessed in one of two ways. You can go to the Manage tab
and click the Styles Editor button, or you can click the Sheet Metal Defaults button found on the
sheet-metal tab. The Sheet Metal Defaults dialog allows you to specify the sheet-metal rule, and
whether to use the thickness, material style, and Unfold Rules defined in the sheet-metal rule

or to override them. To create or edit a sheet-metal rule click the Edit Sheet Metal Rule button
(looks like a pencil), and you will be taken to the Styles and Standards Editor. Figure 6.26 shows
the sheet-metal rule options in the Styles and Standards Editor.
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Follow these general rules to create a new rule:
1. Select an existing rule and click the New button at the top of the screen.
. Enter a name for the new rule.

Set the Sheet Material and Thickness.

Set an Unfold Rule to use.

g A~ W N

. Set the Gap thickness to use. You can set this to Thickness so that it will update to match
the sheet thickness, or set it to a fixed value.

Set the Bend Angle to either bending angle or opening angle.
Set the Flat Pattern Punch Representation style.
Click the Bend tab and set the bend options.

o ® N 9

Click the Corner tab and set the corner options.

10. Click the Save button along the top of the Style and Standard Editor dialog box. The rule
is now saved in the current part file.

11. Optionally right-click on the new Unfold Rule name in the left-hand list and choose Save
to Style Library to write the new Unfold Rule to the external style library XML file.

12. Click Done to exit the Style and Standard Editor dialog box.

257
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BEND AND CORNER QUICK REFERENCES IN THE HELP FILES

Autodesk has done a good job of hiding the help references for many of the sheet metal features.
However once you find them they are very helpful in determining what these options adjust. Once
found you can create a Favorites link so they are more accessible. Here are a couple you might want
to add to your favorites:

Sheet Metal Bend Options: Press F1 to bring up the help pages. Go to the Contents tab of the help.
Expand the tree to find Autodesk Inventor, Parts, Sheet Metal Parts, Sheet Metal Features, Faces,
and then click the Quick Reference tab in the right-hand pane. Select Sheet Metal Bend Options.

Sheet Metal Corner Options: Press F1 to bring up the help pages. Go to the Contents tab of the help. Expand
the tree to find Autodesk Inventor, Parts, Sheet Metal Parts, Sheet Metal Features, Corner Seams, and
then click the Quick Reference tab in the right-hand pane. Select Sheet Metal Corner Options.

To add them to the favorites, click the Favorites tab and click Add in the left-hand pane, while view-
ing the page. Once added you can rename them via the right-click menu.

SHEET-METAL RULES VS. SHEET-METAL STYLES

Sheet-metal rules are set up using the Style and Standard Editor. Initially the rules are created
in a part file as a local style, meaning they exist in that part file only. If you save the part file as

a template file, then all of your new parts will contain the sheet-metal rule. In addition to using
templates to mange sheet-metal rules you can add the rules to the Styles Library. Style Libraries
are XML files that are stored externally to the part files, and therefore can be used by newly cre-
ated parts or existing parts. You save a rule to a library by right-clicking on the rule in the Style
and Standard Editor and selecting Save to Style Library (assuming your project (.1ipj) file is set
up to use a Style Library).

UNFoLD RULES

Whenever you fold a sheet-metal part on the shop floor, some material deformation occurs at
the bend location. To the outside of the bend the material stretches and to the inside of the bend
the material is compressed. In order to calculate this deformation for each bend Inventor uses
Sheet-Metal Unfold Rules. Sheet metal Unfold Rules control the method of unfolding used to cre-
ate the flat pattern for a folded sheet-metal part. You can create Unfold Rules using a K-factor or
a Bend Table.

K-Factors

K-factors define the theoretical percentage of the material thickness where a folded part is neu-
tral and neither expands or contracts. The reason that this surface is referred to as the neutral
surface is that it defines a measurable position within the bend that has the same length value
in the folded and unfolded states. For instance if your material is 10 mm thick and you use a
K-factor of 0.44, bends and folds are calculated so that deformation of the bend takes place at 4.4
mm (or 44% of the material thickness). Unfolding with a K-factor is accomplished by determin-
ing the bend allowance (the amount of material required to produce a bend) for a given bend
by using the sheet thickness, the bend angle, the inner bend radius, and a K-factor value. The
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K-factor you use will depend on numerous factors, including material, thickness, and tooling.
Most likely, you will need to perform a number of test bends on a specific press brake to deter-
mine the ideal K-factor for you.

Determining the developed flat pattern length using a K-factor uses the following equation:

Total Length = Leg 1 + Leg 2 + Bend Allowance
Where the bend allowance is calculated using:
BA=Pi (A / 180) (R+K x T)

BA =bend allowance

¢ R =inside bend radius
& K=K-factor
& T =material thickness

A =bend angle in degrees
Figure 6.27 shows a basic bend.
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CusTOM UNFOLD EQUATIONS

In addition to K-factors Bend Tables you can created custom unfold equations to use as an unfold
method. You can find more information concerning custom unfold equations by going to the Index
tab of the help file searching the keyword Unfolding and then selecting Sheet metal equations from
the list.

To create an Unfold Rule to use a K-factor follow these general steps:

1. Click Manage tab and select the Styles Editor button to open the Style and Standard
Editor dialog box.

2. Click the plus sign to the left of the Sheet Metal Unfold Rule node in the left-hand pane of
the Style and Standard Editor dialog box to display the existing Unfold Rules.

3. Click the existing default rule to serve as the template for the new rule.
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Click the New button along the top of the Style and Standard Editor dialog box.

Enter the name of the new sheet metal Unfold Rule, and click OK.

Ensure the unfold method is set to Linear.

Enter a new K-factor value.
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Click the Save button along the top of the Style and Standard Editor dialog box. The rule
is now saved in the current part file.

9. Optionally right-click on the new Unfold Rule name in the left-hand list and choose Save
to Style Library to write the new Unfold Rule to the external style library XML file.

10. Click Done to exit the Style and Standard Editor dialog box.

Bend Tables

An alternative to using K-factors is to create a Bend Table. Bend Tables are the most accurate
method of unfolding as they created by taking measurements of actual bent test parts of the
exact material and thickness made on the shop floor. In order to create a Bend Table in Inventor
you must first gather accurate bend information by creating bend tests. The granularity of

the experimental values is up to you. It could be based upon 15-degree increments or perhaps
0.5-degree increments; it depends on how much experimental data you have.

Typically a number of test blanks are cut from a given material and thickness and then bent
to the most common angles and radii used. By measuring the folded sample using virtual sharp
locations, the values obtained will inherently be too large. The overmeasurement of the test fold
sample needs to be compensated for by deducting an amount of length. By subtracting your
combined measurements from the initial measurement of the sample taken prior to folding,
you will be able to determine the value of excessive length (overmeasurement); this is what gets
entered into the Bend Table and is where the method name bend deduction comes from. Bends
are then calculated as:

Total Length = Leg 1 + Leg 2 — Bend Deduction
You can set up a test Bend Table as described in the following steps:
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_6a_022.1ipt located in the Chapter 6 directory of the
Mastering Inventor 2011 folder, and click Open.

3. From the Sheet Metal tab select Sheet Metal Defaults.
4. Click the Edit button for Unfold Rule (looks like a pencil).

5. In the Styles and Standard Editor expand the Sheet Metal Unfold node from the list on
the left (if not already), select Default_KFactor and then click the New button at the top.
This creates a new Unfold Rule based from the existing one.

6. Enter Mastering Bend Table for the name and click OK.
7. Change the Unfold Method drop-down box to Bend Table.

8. Set the Linear Unit to millimeter (mm) to match the units of this part file.
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9. Click the Click Here To Add row in the Thickness box, and enter 2.00, for 2 millimeters.
10. Enter 30 into the left-most cell of the table to define the angle at 30 degrees.
11. Enter 1.0 into the top-most cell to define the bend radius at 1 mm.

12. Enter 0.5 into the cell to the right of the angle cell and just under the bend radius cell.
This is the bend deduction (in this case 0.5 is a hypothetical value).

13. Next add another bend angle row by clicking on the cell containing 30 and choosing
Insert Row.

14. Enter 45 for the angle and 0.6 for the bend deduction.

15. Next add another bend radius column by clicking on the cell containing 1.000000 and
choosing Insert Column.

16. Enter 2.0 in the column header for the bend radius and then enter 0.55 for the 30 degree
row and 0.65 for the 45 degree row.

17. Add a third row of 60 degrees with a 0.70 and a 0.75 bend deduction in the 1.000000
degree and 2.000000 degree columns, respectively.

18. Add a third column of 3.0 mm with 0.60, 0.70, and 0.80 for the 30, 45 and 60 degree rows,
respectively.

19. Bends greater than 90 deg and bends less than 90 deg are handled differently, so in
this case you want to set the Angle Reference radio button to use the Bending Angle
Reference (A) option. This allows the table to match the existing part. If you wanted to
use the Open Angle Reference (B) your table angles would need to be 150, 135, and 120.

20. Click Save and then Done to finish the Bend Table.

21. In the Sheet Metal Defaults dialog box choose Mastering Bend Table from the Unfold
Rule drop-down box, to make it the active Unfold Rule for this part, and then click OK.

BENDING ANGLE AND OPEN ANGLE REFERENCES

Originally the Inventor Bend Table was designed to reference an “open angle” datum structure
(which is still default) for measuring bends. However, Inventor’s sheet-metal features all use a
“bending angle” datum structure to create bent features. As a means to bridge this disparity in
measurement convention, the Bend Angle option at the top of the Bend Table interface allows you
to declare in which structure your values were measured; Inventor will use this option to convert
the values internally if necessary. Keep in mind, the angular values are not altered within the table
when this option is changed.

As you can see the process of creating a Bend Table in Inventor is a straightforward endeavor.
Typically the real work is in creating the test blanks and bends to gather the information to put
into the table.
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Here are a few more things to know about creating Bend Tables:

*

Note that you can reorder rows and columns by clicking on the header cell and dragging
them into place.

You can also right-click on the top left-most cell and choose Paste Table to paste in a
table copied from an Excel spreadsheet. Likewise you can choose Copy Table to copy
the table into Excel.

You can add a Bend Table for each thickness required by clicking the Click To Add row in
the Thickness box.

If the bend deduction is outside of the values defined in the table, Inventor uses the Backup
K-factor. You can imagine this like an insurance plan that allows you to obtain a flat pattern
even if your Bend Table doesn’t define what deduction to use for smaller or large combina-
tions of bend angle and radius.

For combinations that fall within the table boundaries but not exactly at angle/radius
coordinate values, Inventor uses linear approximation to derive a value; depending on the
change in bend compensation between steps in the table, you can achieve better results
with smaller angle increments.

You can specify a Table Tolerance to allow Inventor to include thicknesses, radii, and
angles that are within the specified tolerance. For example if the angle tolerance is 0.004
and an bend angle measures 30.002, Inventor would use the 45 degree row in your table
to calculate the deduction.

To test the Bend Table you can examine the flat pattern, where a sketch has been placed to
display the flat pattern length. Because the part file has a current thickness of 2 mm, a bend
angle of 60 degrees and a bend radius of 2 mm the bend deduction indexed from the Bend Table
will be 0.75 mm, as shown in Figure 6.28.
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In this case then the bend deduction is calculated as follows:

Leg

1 + Leg 2 - Bend Deduction = Total Flat Patten Length

25mm + 25mm - 0.75 mm = 49.25 mm

If you were to change the angle to 45 degrees and check the flat pattern again, and you would

expect

to see:

25mm + 25mm - 0.65 mm = 49.35 mm
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What would happen if you were to set the angle to 37.5 degrees which is halfway between
30 and 45 degrees? Because the Bend Table has no entry for 37.5 degrees Inventor uses a linear
extrapolation of the bend deductions of 0.55 mm for 30 degrees and 0.65 mm for 45 degrees and
arrives at the halfway point of 0.60 mm for 37.5 degrees. If you check the flat pattern you will
expect to see:

25mm + 25mm - 0.60 mm = 494 mm

ABOUT K-FACTORS AND BEND TABLES

The most common question asked about flat patterns concerns the use of K-factors and Bend Tables.
Which to use depends upon your manufacturing processes and the capabilities of your machines.
These are the key questions to ask when determining which is right for you:

4 Do you outsource your sheet-metal manufacturing?
¢ How accurate do your parts need to be?

Whether you build the parts in-house or you outsource them, you should be able to get the data from
the shop. If your sheet-metal shop is unsophisticated, they may use rules of thumb to determine the
bend allowance. In that case, you need to work with them to determine whether a K-factor or a Bend
Table is the best solution. One of the advantages of using sheet-metal rules is that you can create rules
for each shop. For example, if you generally use your shop but you outsource when you are busy, you
can select the rule for the other shop, and the flat pattern will automatically update.

In general, K-factors are used for parts with large tolerances. Since the K-factor is an approxima-
tion, the actual value will vary depending on the machine. For parts with very tight tolerances, you
need to know specific compensation values for the bend radius and angle for the machine, material
type, and thickness. Depending on the material, you might need different values depending on the
grain direction. For extremely tight tolerances, you might need different values for each shipment
of material. The good news is that the use of sheet-metal rules pushes all of this work onto the
manufacturing department. Since the flat pattern and drawings update automatically, the shop can
simply select the proper rule, update the model and drawing, and have the correct information.

Bend Compensation

In addition to K-factors and Bend Tables you have the ability to enter an expression for a Bend
Compensation. Instead of entering values for specific bend angles and using linear interpolation
between the values, you can enter ranges of bend angles that use an expression to determine

the proper compensation within that range. To access the Bend Compensation settings, go to the
Manage tab, click the Style Editor button, and then expand the Sheet Metal Unfold node in the
left pane. Finally, select BendCompensation. Figure 6.29 shows the BendCompensation settings.

Working with Styles and Templates

If your project location is set to use the style library, then it is important to understand what
has been defined within your template and what has been stored within the style library. As an
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example, imagine if you were to have a sheet-metal rule named MyRulel with the Thickness
value equal to 0.2 mm stored only locally in your template file and a another sheet-metal rule
also named MyRulel but with the Thickness value equal to 0.5mm stored in your style library.
Each time you start a new design from the template referencing MyRulel, you will see a
Thickness value of 0.5mm being applied.

e ———

= ke = [ W ¥ i gl £ % T B g LT ETTC
Kol = 25 = i g ] O g~ [T

el L L b g B 0 g
Fowhop bTockm B e e
bl LI

The reason for this is that the style library is the “published” source of your standards;
its definition will always win. After saving your design, if you want to make changes to the
Thickness value of MyRulel, you can apply the changes without fear that they might be auto-
matically overwritten, because this occurs only when creating a new document using the tem-
plate. (As a side note, if you did want to overwrite the local/document definition with the style
library’s definition, right-clicking an existing rule will present a context menu from which you
can select Update Style, which will manually refresh the rule’s definition in the document.)

It is a good practice when using the style library to have perhaps a single sheet-metal rule
embedded in your template file. Once you know what sheet-metal rule you want to apply to
your model, selecting it either in the Style And Standard Editor dialog box or in the Sheet Metal
Defaults dialog box will automatically draw the information into the active document. This
process keeps extraneous information out of your document, providing a smaller footprint,
and helps reduce the chance of style information mismatch. If you have a template file that has
numerous sheet-metal rules stored within it, after publishing them to the style library, you can
use the purge functionality with the Style Management Wizard to remove them.

Authoring and Reusing Punches

The most common method to cost effectively cut or deform sheet metal is by using a punch
machine. Since this process is so fundamental to the sheet-metal manufacturing environment,
Inventor sheet metal contains a special Punch tool feature. Inventor Punch tools are a special-
ized subtype of iFeatures that embody unique capabilities and a simplified placement process.

Exploring Punches and iFeatures

The process of creating a punch is almost identical to creating a standard iFeature, but you
need to be aware of a few key differences. Different from regular iFeatures, punches require
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the inclusion of a sketch center point in the insertion sketch; this is the highest-level sketch con-
sumed by a feature that you are including in the published punch feature. The iFeature extrac-
tion dialog box actually checks for the inclusion of this sketch point to ensure you don’t go to
the trouble of publishing punches that cannot be placed. After you have created your Punch
tool geometry, go to the Manage tab, and click Extract iFeature to begin the publishing process.
Located at the top of the Extract iFeature dialog box is a type group that contains a Standard
iFeature option and a special subtype Sheet Metal Punch iFeature option. Select the Sheet Metal
Punch option when creating a punch iFeature.

The vast majority of the options in the iFeature extraction dialog box are generic to standard
iFeatures and punches, but once you have selected the punch subtype option, you will see that
the Manufacturing and Depth fields become enabled. Punch tools have the ability to store addi-
tional manufacturing information that is introduced during the creation process. The Punch ID
field is where you can store a string that represents the Punch tool number.

The simplified representation selection control allows you to select a 2D sketch representa-
tion or symbol that you want to display in the flat pattern instead of the actual formed shape.
The sketch must also contain a center mark so that it can be oriented with the punch’s insertion
center mark. The Punch Depth field is where you can enter a value that reflects the intended
throw depth of your tool into the sheet face. For example, when creating a dimple or a half shear,
you need to specifically call out a Punch tool depth to ensure that the formed feature turns out
exactly as you expect. The Punch Depth field allows you to enter a value or even a parametric
expression that specifies this tooling depth.

REFERENCING PARAMETERS

If you want to create a parametric expression that references a parameter, that parameter must be
consumed within the Punch tool’s definition. A good example of such a parameter is Thickness.

Since published Punch tools are in fact just special versions of iFeatures, they are saved with . ide
file extensions and can be opened within Inventor for edit. Once the Punch tool is opened, utilize
the Edit iFeature tool to alter embedded information or add information that was not originally
included. This capability could enable you to add Punch tool numbers as well as punch depth infor-
mation to Punch tools that had been published prior to the availability of these data sources.

Creating Successful Punches

When deciding how to create the geometry and parametric relationships for your punch, you
may want to follow a few guidelines to improve the potential for successful authoring, ease of
placement, and the computational result. Creating successful punches (and iFeatures) takes a
little longer than regular modeling since you're trying to anticipate conditions in which your
tooling will be placed and establishing expectations of how it will react. The following sections
touch on two areas that are commonly the root of punch problems.

AvoipING WORK GEOMETRY

Although it’s a common practice to use work geometry to model features, this practice is never
a good idea when creating punches (or iFeatures). The most problematic type of work geometry
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is the work plane, which has a defined normal direction that cannot be robustly persisted or
recovered within the authored punch. Work planes are often ideal when modeling your punch
tooling because you require a midplane in order to sketch a uniform cross section that can be
swept. Sometimes a careful progression of additional features can help you compensate for this
work plane requirement.

For example, in the process of creating a dimple, you might need to cut out material and then
sweep a deformed cross section in its place. Instead of cutting out the entire round, cut out only
half of the profile so that a planar detail face is created in the center. You can sketch your dimple
cross section upon the detail face before cutting away the remaining half round. The dimple
can be finished by sweeping the profile around the original cut profile. During this process, it’s
critical to remember that any projections or sketch references must exclusively be made to the
top face, or unintentional orientation references might be inferred. This solution didn’t require a
work plane but utilized the same references that you might have obtained by creating one. Since
all the features were based on the geometry originally defined from the punch’s insertion face,
the computation is stable.

SETTING THE PARAMETERS WITHIN YOUR PUNCH

Punch features (and iFeatures) consume parameters that can be utilized to vary the size of the
families of punches or help adapt your punch to different conditions. Sheet metal in particular
has a number of reference parameters that are guaranteed to be in any sheet-metal document
since the sheet-metal rule ensures their creation. These parameters can be either useful or det-
rimental, depending on how you utilize them. For example, when we made the round cut while
creating the dimple, we utilized the parameter Thickness to define its cut depth. In that case,
this was a good idea since you would want the cut depth to be able to accommodate a variety of
sheet thicknesses for which it might be placed upon in the future.

Defining the various radii in the dimple cross-section sketch is a very different situation. If you
reference a sheet-metal parameter when creating the cross section, it might change significantly
when utilizing different sheet-metal rules with a variety of sheet thicknesses. The tool may fail,
since the value might change in unexpected ways that cannot be computed. Although tooling
generally has well-known radius values, sometimes it seems convenient to define these values as a
proportion of a parameter. Resist this practice, and choose all parameter values carefully.

Using Alternate Representations

Punch tools have a unique ability to change between formed and 2D representations in the flat
pattern; this capability is enabled by a technology called alternate punch representations. To enable
the alternate representation functionality, during the punch-authoring process you are afforded the
opportunity to select a 2D sketch that depicts a representation you desire. The sketch geometry can
be something similar to the formed geometry; it can be constructed of the projected edges of the
formed geometry (this representation can change if it interacts with other features), or it can be a
simple sketch that represents the Punch tool symbolically. To orient the 2D representation sketch to
the insertion sketch of the Punch tool, you must insert a single center mark. You can in fact use the
same sketch for both inserting the Punch tool and defining the alternate representation.

Regardless of whether the Punch tool represents removed or deformed material, the 2D
alternate representation (2D Sketch, 2D Sketch And Center Mark, and Center Mark Only) can be
displayed on the flat pattern in place of the actual punch, as shown in Figure 6.30.



AUTHORING AND REUSING PUNCHES | 267

FIGURE 6.30 J r_J

Sample electrical

box flat pattern O O
with formed punch

knockouts and 2D @) o
alternate represen-

tation knockouts

displayed L) ®

To change the punch representation in a flat pattern, first ensure that you have the flat pat-
tern set active for edits (right-click the Flat Pattern node and select Edit Flat Pattern), and then
right-click the Flat Pattern browser node and choose Edit Flat Pattern Definition. Click the
Punch Representation tab, and then choose the representation type from the drop-down. You
may need to use the ViewCube to view the opposite side of the flat to see the 2D representation
depending upon the specifics of how your punch was placed relative to your default orientation.

You can replace the formed punch with the simplified representation as long as it does not
interfere with the outer contour/profile of the flat pattern. If the punch does intersect the flat
pattern outer contour and a 2D alternate representation is selected, you will be prompted with
a notification that will alert you to the fact that these punches could not be replaced. The punch
alternate representation is set within the active sheet-metal rule within the options on the Sheet
tab. The punch representation can also be overridden from within the flat pattern environment
using the Flat Pattern Definition dialog box’s Punch Representation tab controls.

Placing Your Punch

The process of applying a published Punch tool to your sheet-metal design is fairly straightforward.
In fact, the reason why Punch tools are special versions of iFeatures instead of standard iFeatures is
to make the placement process faster and more reliable. As discussed in the previous section, when
authoring a Punch tool, the first sketch-based feature referenced to create the Punch tool needs to
contain a single sketched center mark. To place a Punch tool, another sketched center mark is all
that is needed. To place a Punch tool, follow these general steps:

1. Create a 2D sketch containing a sketched center mark.
2. Launch the Punch tool from the Modify panel of the Sheet Metal tab.

3. Once the Punch Tool Directory dialog box appears, select a Punch tool file from the cata-
log list.

4. Once you've selected the tool, the interface will change to the Punch Tool dialog box and
display options for changing the punch, geometry, and size (if available within the punch
definition); select Geometry.

5. On the Geometry tab, enter an angle to rotate the Punch tool preview.

6. Click Finish to create the iFeature.
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ADDITIONAL INPUTS WHEN PLACING A PUNCH

If you run into a situation in which your punch needs additional geometric inputs to orient properly,
you should know that Punch tools can be authored with these additional inputs predefined. The
inputs will be automatically captured during the authoring process, which may or may not be your
intention, and displayed on the Geometry tab during placement.

Patterning Your Punch

You can use a few methods to pattern punches within a sheet-metal design. Since a sketched
center mark (center point) is required for inserting the punch, you can create an array of center
marks within a sketch to apply numerous punches at the same time. When you launch the Punch
tool, it will attempt to automatically select all visible center marks in your sketch as long as only
one sketch is visible. This method also allows you to utilize the Geometry tab, which “centers”
selection control to either add center marks that were not participating or deselect center marks
that you do not want a punch placed at, as shown in Figure 6.31. One powerful capability of pat-
terned sketch center marks is the creation of irregular patterns that are produced by deselecting
specific center marks in symmetric array. The sketched pattern method works, but it is limited to
patterning within a single plane (2D sketch plane) and has some performance impacts when pat-
terning large numbers of punches.
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The second method for patterning punches is to insert a single punch feature and then use
the rectangular or circular patterning features to create additional punch instances. Although the
definition process is similar, you can create nonplanar arrays and achieve additional performance
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enhancements. When you click the >> button of the Rectangular Pattern and Circular Pattern
dialog boxes, an option called Optimize is available. Whenever you are trying to pattern large
numbers of punches, features, or iFeatures, this option should be enabled to improve perfor-
mance. Irregular punch patterns can also be produced using this method but must be computed
as a symmetric array first, and then individual child occurrences can be suppressed using the
feature browser.

Working with the Flat Pattern

The flat pattern derived from the folded model ties the design to the manufacturing environ-
ment. Within Inventor, the flat pattern model is an actual flattened version of the folded model
versus a sheet that has been pieced together and thickened. Numerous tools, utilities, and data
sources have been provided to enable the flat pattern to suit your individual manufacturing and
documentation needs.

The flat pattern contains a wealth of manufacturing information that is stored progressively
during the design process. Punch and bend information is stored within the flat pattern model
specifically so that customers working with drawings, customers working with the API, or those
who want to translate the flat pattern to a different file version can control all their options in
a common location; the flat pattern is commonly referred to as the jump-off point for all down-
stream consumers.

The following sections detail these capabilities and tools.

Exploring the Flat Pattern Edit Features

The flat pattern environment has its own panel bar containing a customized set of modeling tools
drawn from the Part Features panel bar and the Sheet Metal Features panel bar. The flat pattern
tools are referred to as flat pattern edit features, because they are intended to apply small alterations
to the flat pattern model instead of large-scale modeling. Flat pattern edit features are applied
only to the flat pattern, whereas folded model features are applied first to the folded model and
then carried over to the flat pattern. The flat pattern can be imagined as a derivative of the folded
model, establishing a parent-child relationship (flat pattern edit features are not reflected in the
folded model). There are many situations in which the generated flat pattern is not exactly what
you need for manufacturing; flat pattern edit features are ideal for making small associative
tweaks that previously required exporting the flat pattern to an external (disassociated) file.

Adding Manufacturing Information to the Flat Pattern

There are two features specifically designed to allow you to add manufacturing information
to the flat pattern. The Bend Order Annotation tool enables you to specify the order in which
bends are created. The Cosmetic Centerlines tool marks bend locations, such as cross brakes,
where there is mild deformation.

Bend Order Annotation When you click the Bend Order Annotation icon in the Manage
panel, the bends are automatically numbered. The context menu has two options for overrid-
ing the numbering: Directed Reorder and Sequential Reorder. Directed Reorder automatically
renumbers any bends between two selected bend number glyphs. Sequential Reorder renum-
bers bends as you pick them. You can also renumber individual bends by double-clicking the
number glyph. This allows you to renumber a few bends in a complex flat pattern. Inventor will
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automatically renumber the remaining bends in a flat pattern, but any bend numbers that are
already overridden will not update. As a result, you need to renumber the largest series of bends
first and then manually renumber any remaining bends.

Cosmetic Centerlines Cosmetic Centerlines capture bend information in the flat pattern
without changing the model. After you create a sketch with the desired bend locations, click
the Cosmetic Centerline icon in the Create panel. You can select the sketched lines and edit the
bend information.

Using the Flat Pattern Definition Dialog Box

You can manipulate the flat pattern model by using a tool called Edit Flat Pattern Definition,
which is available by right-clicking anywhere in the graphics area and selecting Edit Flat Pattern
Definition. The Flat Pattern Definition dialog box allows you to control a number of aspects per-
taining to the flat pattern’s orientation and the information stored within it.

The first tab of the Flat Pattern Definition dialog box relates to the flat pattern orientation.
The selection control allows you to select either an edge or two points to define the horizontal
or vertical orientation. The orientation of the flat pattern is very important, because the implied
x-axis is utilized to calculate the rotational angle of Punch tools that have been applied to the
model. By orienting the flat pattern to your specific punch equipment, the required tool rotation
angle should be directly available from your flat pattern.

Since the flat pattern base face is going to be either the face already selected or the backside, the
control of the base face has been simplified to a “flip” option. Base face definition is critical because
it establishes a directional reference for bends and punch tooling as well as an association with the
Front navigation tool view and the default Drawing Manager view.

The second tab is the Punch Representation tab, which allows you to override the representation
setting in the sheet-metal document without having to edit the active sheet-metal rule.

The third tab is the Bend Angle tab, which allows you to declare how bend angles should
be reported to the APl and Drawing Manager. As an example, this means that by changing the
Bend Angle option to an open angle, Drawing Manager annotations of your flattened bends
will recover the complementary angle of the bending angle.

Manufacturing Your Flat Pattern

There is a very close association between sheet-metal design and manufacturing, and the flat
pattern solution within Inventor embraces this relationship. Inventor generically supports the
ability to translate models to a variety of file formats, but Inventor sheet metal actually has its
own utility to support the translation to .sat, .dwg, and .dxf formats. After selecting the Flat
Pattern browser node, you can right-click and select Save Copy As; this launches the Flat Pattern
Translation dialog box. For . sat files, a simple option defining the file version will be presented.
For .dwg and . dxf file formats, an extensive list of options and file-processing capabilities are
made available to you.

Within the Flat Pattern Translation dialog box, you will find standard options for file type,
but there is also a Layer tab that supports layer naming and visibility control. The last tab is
the Geometry tab, which allows you to decide whether you want to apply a variety of manufac-
turing-specific options to the translation. The first of these options is for spline simplification,
because many CNC profile manufacturing centers cannot leverage splines and are restricted to
arcs and lines.
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This utility allows you to apply faceting rules to break the outer contour of flat patterns into
linear segments. The second options group relates to the post-processing of the translated file,
allowing you to force the 2D result into positive coordinate space and to merge interior and outer
contours into polylines, which may be critical for a path-based tool. Sometimes you'll need addi-
tional tool path manufacturing information in your .dxf/.dwg output. For this, the flat pattern
has the ability to export unconsumed sketches created on the flat pattern. Only visible sketches
are exported, and a layer called IV_UNCONSUMED_SKETCHES was added to support the col-
lection of these sketches.

Using Sheet-Metal iPart Factories

iParts are part configurations or part families that allow you to create a base part and then add

a table to it. Once the table is added the part features can be suppressed or configured to create

a family of parts based on the original. The configured part is referred to as an iPart factory, and
the individual configurations are called members. Sheet metal iParts have a number of uses from
creating variations of basic parts, to creating progressive die parts.

Consuming Sheet-Metal Rules

In the “Using Sheet-Metal Templates and Rules” section earlier in this chapter, we discussed a
number of advantages related to the move from templates to the style library. An additional advan-
tage that we didn’t discuss was that this evolution also makes sheet-metal rules and Unfold Rules
consumable by iPart factories. In a nutshell, this means configurations of sheet-metal parts can

be differentiated exclusively by referencing different rules. So, from the perspective of the folded
model, identical fit and function designs can be made with completely different manufacturing
processes reflected per member file.

For example, a bracket could be designed and configured in basic mild steel or optionally in an
upgraded stainless steel version. Sheet-metal configurations via iParts could be very beneficial and
profitable to a company that deals in varieties of components that need to fit into the same space
but utilize different materials and/or manufacturing processes. On the other front, the folded
model might be identical for all members, but a different sheet-metal Unfold Rule could be used to
accommodate different manufacturing locations of your component.

With the addition of flat pattern edit features and named flat pattern orientations being
added to the iPart definition (the new Sheet Metal tab within an iPart author table), full support
for sheet-metal manufacturing configurations can also be realized in Inventor. There has been
a great deal of discussion about Autodesk’s digital prototyping strategy within the CAD/CAE
community, but the enhancements in Inventor with regard to sheet-metal configurations and
manufacturing configurations really deliver on the promise of this concept.

Using Folded and Flat Members

We alluded to the next significant enhancement to sheet-metal iParts in the discussion of flat
pattern edit features: flat pattern models are now included within member files. In the past, a
single flat pattern was computed for the iPart factory, and changing the active folded member
simply forced the flat pattern to be recomputed. Although this might not sound so bad from
the perspective of the factory, once a folded member file is generated to disk, this limitation
becomes apparent.
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Before Inventor 2009, factory member files did not contain a flat pattern model, only the factory
did. When you created a drawing of an iPart factory flat pattern, you were actually documenting
the active factory member’s flat pattern. This meant you would need to defer updates of your draw-
ing so that you could ensure that when editing you had the correct folded member selected so as to
not change the result of the flat pattern view. Since Inventor 2009, both the folded and flat pattern
models are generated to disk, allowing you to create flat pattern documentation referencing the
member file flat pattern instead of the factory.

For sheet-metal designers who already have iPart factories with sheet-metal member files
on disk, a number of provisions have been added to help get the additional flat pattern body
out to the instantiated member files. The first thing to remember is that Inventor migration has
changed over the years to have minimal impact on files; this has been done to reduce the per-
formance impact of opening a legacy file or files in a newer version of Inventor. This also means
that aspects such as getting the newly available flat pattern information into an existing file will
not be automatic.

There are a number of scenarios in which it is fundamentally detrimental to have these
updates automatically push out, most notably for a situation in which Vault, Product Steam,
or other PDM system is utilized for data management. The iPart factory member nodes
support a context menu entry called Generate Files, as shown in Figure 6.32. This tool is
intended to support the batch creation of member files on disk; it can also be used to force
updates, such as the flat pattern, out to the member files already in existence. In addition,
you can use a pull method versus a push method. If you open the iPart factory, execute the
Rebuild All operation, and then save the rebuilt and migrated data, the member files when
individually opened will see that they are out-of-date with the factory. Selecting the now-
enabled Update button within the individual member file will then draw in the flat pattern
information automatically.
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iParts for Fold Progression

If you have the need to show the order a part is created such as detailing progressive dies, you
might want to explore the use of iParts and the unfold tool. Once a folded part is complete,
you can convert it to an iPart and use the unfold tool to detail each step of the progression. In
the iPart the unfold features can then be suppressed to show the part folding back up. Because
each iPart member (in this case representing the same part in different stages) can be detailed
on a drawing, you can quickly illustrate the progression of the blank flat to finished part.
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Modeling with Non-Sheet-Metal Features

Although the sheet-metal feature set is extensive, sometimes using non-sheet-metal features can

be helpful or possibly even required to accomplish your design. The challenge when using non-
sheet-metal features is to honor the guiding principles of sheet-metal design so that the resulting
component can be unfolded; in addition, you want to incorporate sheet-metal conditions so that the
features are manufacturable and therefore cost effective.

Selecting Problematic Features

Although it’s possible to design sheet-metal components using lofts, solid sweeps, and shells,
these features can produce unpredictable and hard-to-control results. The Loft tool, unless highly
restricted, produces doubly curved surfaces that cannot be unfolded properly. Although it’s pos-
sible to utilize rails to control loft curvature, it’s time-consuming and invariably frustrating.

Solid sweeps are a measure better than lofts, but these too can create unintended doubly curved
surfaces. The Shell tool can be used nine times out of ten to successfully create a legitimate sheet-
metal feature, but the tenth time, if it doesn’t work and it’s not clear why, will be confounding, If
you use the parameter Thickness to shell your component, you'll probably be in fairly good shape,
but there are certain situations in which the Shell tool cannot assure uniform thickness after the
shell. These situations are not always simple to predict.

Using Surface-Based Workflows

By far, the most successful non-sheet-metal feature workflows typically leverage a surface that
is later thickened. The reason that these workflows are so successful is that it’s often easier to
ensure that the resulting model embodies sheet-metal conditions (the side faces are perpen-
dicular to the top and bottom faces) since the part can be thickened normal to the surface.
When constructing surfaces that will be thickened, the Extrude and Revolve tools are excel-
lent choices because they have restricted directions in which features are created, which can
help ensure that only cones, cylinders, and planes are created (these can be unfolded). The
Sweep tool is possibly another good choice, but care needs to be taken to ensure that the pro-
file and the sweep path do not contain any splines or ellipses that might prevent unfolding.
For each of three previously mentioned features, the sketch profile geometry should ideally
be limited to arcs and lines to help ensure the creation of unfoldable geometry. Another com-
mon surface-generating workflow is to use Derived Component, where you select the Body As
Work Surface option when placing the derived component into the sheet-metal file. This work-
flow can be combined well with either a thicken feature or a sheet-metal face feature after cre-
ating projected sketches for each planar surface.

One of the biggest benefits of working with surfaces is that you can apply complicated
alterations to the surface prior to thickening. Some of the most common features utilized to
create cutting surfaces are Extrude, Revolve, and Sweep. The Split tool (and perhaps Delete
Face) can be utilized to remove faces from the thickened surface selection. When using the
Sweep tool, the Guide Surface Sweep option is ideal because the swept profile is rotated
along the path to ensure that it remains normal to the guide surface. Sometimes a thickened
sheet-metal component needs to be trimmed with a complicated profile. For these situations,
a swept surface combined with the sculpt feature can result in a model that still has sheet-
metal conditions.
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Working with Imported Parts

The Inventor sheet-metal environment has been designed to work with imported geometry,
because its solid unfolder is concerned with topology, not with features. This means that
imported parts can be brought into Inventor and unfolded as well as modified with additional
features. To be successful working with imported sheet-metal models, you must follow a few
general guidelines.

Setting Yourself Up for Success

There are two main methods for importing parts into Inventor: the Open dialog box and the Import
tool that’s on the Insert panel of the Manage tab. If you are able to use Open (which is preferred),

a standard part template is going to be utilized by default to embed initial styles and document
options, so the first step will be to use the Convert To Sheet Metal tool to draw the sheet-metal
subtype options and rules into the document. If you use the Import tool from within an empty
sheet-metal document, the imported geometry will be in the form of a surface. To work with this
geometry, you will need to thicken each surface, which can be a time-consuming process. It is rec-
ommended, when possible, to “open” imported parts so that a solid body can be recovered.

The next step you need to accomplish is the measurement of the sheet thickness of your
imported model; once you have this value, you can match it with an appropriate sheet-metal rule
(or create a new one). Matching the thickness can be as simple as taking a measurement from the
sheet and overriding the Thickness value within the Sheet Metal Defaults dialog box with a simple
copy and paste. Since the solid unfolder works with evaluated topology to facilitate the unfolding,
the thickness of the actual part must match the thickness of the active sheet-metal rule exactly.

If the imported part contains portions that are not of uniform thickness, proper unfolding
may not be possible; spend some time evaluating your imported model to ensure that it con-
forms to sheet-metal conditions. If your imported model contains faces defined by splines or
ellipses, you are not going to be able to unfold your part. In these cases, removing these faces
and replacing them with faces defined by tangent arcs may be an acceptable modification.

Converting Components

On the Environments tab is the Convert To Sheet Metal tool. The purpose of this tool is to take
a component that has been designed with a regular part template and convert that document
to a sheet-metal subtyped document. This means all the sheet-metal reference parameters and
the default sheet-metal rule and Unfold Rule are automatically added to the document.

You can also convert a sheet-metal part back to a part document. Basically this deletes the flat
pattern and disables the sheet-metal functionality, but the sheet-metal parameters are not deleted.

BE CAREFUL WHEN CONVERTING BACK TO A STANDARD PART

You should convert a sheet-metal part back to a standard part file only if the manufacturing process
fora part has changed. Some people have gotten into the habit of using the convert tool to access the
part-modeling tools. Using the convert tools to navigate back and forth can have undesirable effects.
Most notably, it can delete your flat pattern and break associations with downstream documenta-
tion; therefore, use the convert tools sparingly.
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Annotating Your Sheet Metal Design

The Drawing Manager environment contains several tools and functions specifically focused on
helping you document your sheet-metal design. A quick overview of sheet-metal-specific tools
might help you understand them a bit better.

Creating a View of Your Sheet-Metal Design

The first step in creating your documentation will be to choose which model file to reference,
but sheet metal has the added requirement of deciding between a folded model and a flat pat-
tern view, as shown in Figure 6.33. Once a sheet-metal model file is selected on the Component
tab, a Sheet Metal View options group will appear immediately below the file’s path informa-
tion. The displayed options allow you to choose between creating a folded or flat pattern view
and, in the case of a flat pattern, choose whether you want center marks to be recovered for any
embedded Punch tools. The default view options will change based on your selection, because
the flat pattern has a clear distinction between its top (default) face and its bottom (backside)
face. The actual orientation of the 3D flat pattern defines what is a top and what is a bottom face.
This also impacts bend orientation with respect to what is reported as up and what is reported
as down. All punch angular information is based on the virtual x-axis previewed during flat
pattern orientation.
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The Model State tab may also be of interest, because sheet-metal iPart members can be individu-
ally selected when a factory file is referenced, as shown in Figure 6.34. Choosing between a folded
model and flat pattern is also necessary when creating a drawing view of the sheet-metal iPart
member. If the member has not already been placed, selecting the member from the Drawing View
dialog box will automatically create the file.

The last tab is the Display Options tab, which is important because it controls whether sheet-
metal bend extents should be drawn in the view as well as controls other annotations such as
work features and tangent edges, as shown in Figure 6.35.



276 |CHAPTER 6 SHEETMETAL

FIGURE 6.34 | Ohrareet g Wi |
Drawing Manager: | -
) . | m. Ml W -_ﬂﬂﬂ'w
Drawing View S e i
dialog box’s Model F Ak P Pt ] —
State tab with L !_H_w._w s
options displayed = e n
for sheet-metal e :Iuprﬂ
iPart member view Rk Mo, Limes oo L’:L’.“.L"».p
creation e s
E Fruiocdiors @Eﬂ

ey | S Lo Ty

LI w14 = yi R BT lﬂ E E I!I -

Q s s | racsi |
FIGURE 6.35 [Greartog T = |
Drawing I

. Comgacascad: | iodol S, | Ty Upcad
Manager: Drawing Hrir e
. . s #ll Pierd [nmrersiore HE
View dialog box’s Taret
. . L]
Display Options [
tab with options = Mawaad Pl 4
displayed for sheet- & e :.:'upuu
metal bend extents e i A W
[T
Tl Moot B
W Jed A
[ 1] '-'I E Fruictiors @ EIJ
N | i ke Ty
|. w14 - Y A BT lﬂ EE .
I3 [ - = | rancs |

Adding Bend, Punch, and Flat Pattern Annotations

Once you've created the view of your sheet-metal component, you can switch to the drawing
Annotate tab to complete the documentation of your design. The sheet-metal annotation tools
within the Drawing Manager are specific to flat pattern views. You can add bend notes and
punch notes, as shown in Figure 6.36. Bend notes allow you to recover bend angle, bend direc-
tion, bend radius, and K-factor (not on by default) for any bend centerline. The punch note
allows you to select a formed punch, center mark, or 2D alternate punch representation in order
to recover the punch angle, punch direction, punch ID, and punch depth (punch ID and depth
need to be added to the Punch tool description when authored). When editing the punch note,

you will also see a Quantity option that allows you to recover the number of instances of the
same Punch tool in the view.
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You can utilize the General Table tool to create a Drawing Manager Bend Table (not to be con-
fused with Bend Tables utilized for unfolding) that documents all the bends in a selected view.
To create a Bend Table, follow these steps:

1. Select General from the Table panel of the Drawing Annotation tab.
2. Select an existing flat pattern view.

3. Decide whether the chosen columns are acceptable (bend direction, angle, and so on); if
not, alter the selected columns.

4. Choose the Bend ID format, and enter a prefix if desired.
5. Click OK to create the Bend Table.

Punch table creation is a little different, because it has been incorporated within the preexisting
Hole Table annotation tools. The reason that punch support was combined with hole tables is that
you most likely used the Hole tool out of convenience, not necessarily to convey a manufacturing
process. To make sure all of this tool-based information is consolidated together, an enhancement
to hole tables was made. After invoking the Hole Table — View tool and selecting a flat pattern
view, you will see that the standards in the toolbar have changed to reflect predefined hole table
standards. Within this list (as shown in Figure 6.37) is an example standard for punch tables,
which prevents you from having to first create a standard hole table and then editing it to add all
the punch information columns.
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From within the Text tool, you can reference the sheet-metal flat pattern extent values by select-
ing a new Sheet Metal Properties option from the Type list, as shown in Figure 6.38. Once you've
selected the Sheet Metal Properties type, the Property list will provide options for entering the flat
pattern extents area, length, or width in the text box.
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USE SHEET-METAL MANUFACTURING ANNOTATION EFFECTIVELY

You may have noticed that different toolmakers and machinists like to see different annotations.
Although there are some definite right and wrong ways to annotate a part, there is alot of gray area
concerning this also, because there is no specific way to annotate the part “correctly.” It is in these
areas where you must talk to your fabricators and outside vendors to determine what information
they’d like to see on the prints and to explain what type of annotation you plan to provide. Don’t
be afraid to ask the fabricators what information would make their job easier. As long as it does not
impact your workflow dramatically, it might just save you some time and money on your parts.
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The last annotation tool that can interact with sheet-metal properties is the Parts List tool. To
recover flat pattern length and width extents within the parts list, follow these steps:

1. From within your sheet-metal model, right-click on the file name node in the Model
browser and choose iProperties.

2. Select the Custom tab and create a new custom iProperty named Length.
3. Ensure the type is set to Text.

4. Enter a value of = <FLAT PATTERN LENGTH> cm.

5

. Repeat steps 2—4 for a custom iProperty named Width, entering a value of = <FLAT
PATTERN WIDTH> cm.

6. Save the sheet-metal model file.

7. From within the Drawing Manager, launch the Parts List tool.
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8. Using the Select View tool, select a flat pattern view of the sheet-metal model containing
the custom iProperties, click OK, and place the parts list on your drawing.

9. Right-click your parts list, and select the Edit Parts List tool.
10. Right-click the table, and select Column Chooser.
11. Select the New Property tool, and enter Length.
12. Repeat step 11, creating an additional property named Width.
13. Once complete, click OK.
14. Select the new column named Length, right-click, and select the Format Column tool.
15. Change the formatting and precision of the length to match your needs.
16. Repeat step 15 for the Width column, clicking OK when complete.

SAVING TIME WITH CUSTOM IPROPERTIES

If this information is something you might routinely want to access, create the custom iProperty
values in your sheet-metal template file so that they are always available.

Harvesting Legacy Sheet-Metal Templates

During the discussion concerning the move from a template-based style environment to a style
library, you may have been wondering how to actually go about making the switch. Luckily,
some tools ship with Inventor that can help extract your previously defined sheet-metal style
information. To determine whether these tools can work for you, the following sections detail
some challenges that you might run into while harvesting your styles as well as some informa-
tion pertaining to the tools that can help you through the process.

Parameter Indirection

One aspect of legacy sheet-metal styles that has no precedence in the style library relates to
parameter indirection. In versions of Inventor previous to 2009, sheet-metal users were able to
build sheet-metal styles that were driven by referenced parameters that in turn referenced exter-
nalized data sources (in other words, an Excel file). Within the XML-based style library, there is
no way to ensure that the externalized file containing the parameter information will be found,
so parameter indirection has never been supported.

However, numerous sheet-metal designers use this capability quite successfully to construct
sheet-metal configurators. With this in mind, Inventor continues to support the use of linked
parameters within the sheet-metal rule definition; it simply doesn’t allow sheet-metal rules con-
taining parameter indirection to be published to the style XML library. Since sheet-metal rules
exist as document-level objects as well as published style XML entries, there’s no reason you
can’t use externalized parameters with the sheet-metal template.
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The Hidden Tools of Harvesting

When discussing the sheet-metal transition to the style library, a common question is often
asked: what happens to my data? The good news is that Inventor can preserve and migrate all
the sheet-metal style information that is stored in each sheet-metal document, whether the style
is active or not.

Once users see that the data is still all there, the next question generally is this: how do I
move my sheet-metal template styles to the style library? As a means to sort through and pub-
lish your sheet-metal styles as sheet-metal rules, two additional tools have been provided: the
Style Library Manager and the Style Management Wizard. These utilities work in conjunction
with Inventor and are fundamentally intended to support the process of making the big change
away from templates and toward the style library. This also means these tools are typically used
infrequently since it’s not every day that new style information is made ready for consumption
in the style library. With this in mind, we’ll walk through these tools to ensure that you under-
stand how to successfully publish your data.

STYLE MANAGEMENT WIZARD

The Style Management Wizard, also known as the harvester, allows you to select specific target
files that contain style information and either purge that style information or publish it to style
library XMLs. Although the harvester supports that capability to search all the files in a given
project, most sheet-metal customers use a single template that contains every bit of sheet-metal
style information they’ve ever thought of. This consolidation of information is one of the main
problems that influenced the move away from templates and toward the style library, because
most customer sheet-metal files are packed with style information that has never and will never
be used.

The harvester also allows individual files to be added, regardless of the project location in
which they reside. For the majority of sheet-metal customers, a single targeted file might contain
all the style data you want to harvest and publish into the sheet-metal rule style XML file. The
harvester then needs to know what to do with the extracted information. You can either create
a new style library destination or select an existing style library (for example, your Inventor
design data folder), but be cautious because this will overwrite any styles or rules that have an
identical name.

This is in fact an important aspect of the Style Management Wizard—the last imported
style definition for a given style name wins. Once you initiate the harvesting of style informa-
tion, you will have to wait about five minutes because Windows, Inventor, and the harvester
all have to work through some processes; don’t exit—it will succeed.. .just give it some time.
When the harvesting is finished, you will see a log entry that reflects that the target file was
successfully harvested.

BE CAREFUL WHEN HARVESTING

Different from the Style And Standard Editor dialog box within Inventor, the harvester will allow
you to publish sheet-metal rules that contain parameter indirection (in other words, a linked Excel
file or references to model parameters), but the published rule will fail when referenced. Be careful
to preview the contents of files from which you intend to harvest style/rule information.
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To successfully accomplish the harvesting of your sheet-metal style information, you will
need to complete a few preparation tasks. First, the file or files that you intend to extract styles
information from must be migrated to the current version of Inventor. The next step is that you
should ensure the project file containing the referenced file(s) has its Use Style Library option
set to Yes. Lastly, ensure that the location you will be writing style information to is not read-
only. It is not uncommon for the Design Data folder (the default location is C:\Program Files\
Autodesk\Inventor 2011) to be set to read-only; if you're going to edit the styles in this location,
you might want to verify that theyre editable. If you want to harvest the style information from
a specific file, follow these steps:

1. Launch the Style Management Wizard from the following location: Start > All
Programs > Autodesk > Autodesk Inventor 2011 » Tools > Style Management Wizard.

2. Once you arrive at the welcome screen, click Next.

3. Select a project file location that contains a file that you want to harvest sheet-metal style
information from, and then click Next.

4. Select the folder icon in the upper-left corner in order to add a specific file to the harvest-
ing queue.

5. Once selected, you will see the filename and file path in the harvest queue; click Next.

6. The next page allows you to select between harvesting and purging styles information;
we will use the default option, which is Harvest Styles Into A Target Style Library.

7. Next you must choose whether you want to create a new style library based on your target
file or edit an existing style library. For this example, you will edit the Inventor 2011 Design
Data library, but you may want to create a new library to verify the results. Click Next.

MY NEW LIBRARY IS MISSING STYLES

When you create a new library based upon a target file, only the styles located within that specific
file will be used. Material, color, and various other styles may not be present within your target file
and therefore will not be harvested.

8. The last step is to click Start to begin the process of extracting your sheet-metal style
information.

9. When the harvesting log says it has finished and the Pause button changes to Finished,
you have completed the harvesting process.

STYLE LIBRARY MANAGER

The Style Library Manager is a utility that allows you to manipulate styles that have already been
published to a style XML file. Different from the Style Management Wizard, the Style Library
Manager allows you to copy, rename, and delete styles. For the purposes of sheet-metal library
management, you'll likely use the Delete function the most. An important key to remember when



282

CHAPTER 6 SHEETMETAL

working with the Styles And Standard Editor dialog box is that style information can be added to
the library only from within Inventor; there is no support within Inventor to delete items from the
style XML files.

Although there is a tool named Purge Style within the right-click menu of a style (as shown
in Figure 6.39), all of these tools are from the perspective of the document-level version of the
style, the cached style. Update Style, for example, overwrites the cached style information with
whatever is in the style file. If the style existed only in the cache, Update Style would never
become enabled. The only entry in the Style right-click menu that adds information to the
style XML file is Save To Style Library. For any editing of the style XML that requires renam-
ing or deleting, you will need to utilize the Style Library Manager. To access the Style Library
Manager, select Start > All Programs > Autodesk » Autodesk Inventor 2011 > Tools > Style
Library Manager.
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Take advantage of the specific sheet-metal features available in Inventor Knowing what
features are available to help realize your design can make more efficient and productive use
of your time.

Master It Of the sheet-metal features discussed, how many require a sketch to produce
their result?

Understand sheet-metal templates and rules Templates can help get your design started
on the right path, and sheet-metal rules and associated styles allow you to drive powerful
and intelligent manufacturing variations into your design; combining the two can be very
productive as long as you understand some basic principles.

Master It Name two methods that can be used to publish a sheet-metal rule from a
sheet-metal part file to the style library.

Author and insert punch tooling Creating and managing Punch tools can streamline your
design process and standardize tooling in your manufacturing environment.

Master It Name two methods that can be utilized to produce irregular (nonsymmetric)
patterns of punch features.
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Utilize the flat pattern information and options The sheet-metal folded model captures
your manufacturing intent during the design process; understanding how to leverage this
information and customize it for your needs can make you extremely productive.

Master It How can you change the reported angle of all your Punch tools by 90 degrees?

Understand the nuances of sheet-metal iPart factories Sheet-metal iPart factories enable
you to create true manufacturing configurations with the inclusion of folded and flat pattern
models in each member file.

Master It  If you created sheet-metal iPart factories prior to Inventor 2009, any instanti-
ated files contain only a folded model. Name two methods that you could use to drive the
flat pattern model into the instantiated file.

Model sheet-metal components with non-sheet-metal features Inventor doesn't always
allow you to restrict yourself to sheet-specific design tools; understanding how to utilize
non-sheet-metal features will ensure that your creativity is limitless.

Master It Name two non-sheet-metal features that can lead to unfolding problems if
used to create your design.

Work with imported sheet-metal parts Understanding the way in which Inventor accom-
plishes unfolding as well as how to associate an appropriate sheet-metal rule are keys to suc-
cessfully working with imported parts.

Master It Name the one measured value that is critical if you want to unfold an
imported part.

Understand the tools available to annotate your sheet-metal design Designing your
component is essential, but it’s equally important to understand the tools that are available
to efficiently document your design and extract your embedded manufacturing intent.

Master It What process is required to recover flat pattern width and height extents
within your Drawing Manager parts list?

Harvest your legacy sheet-metal styles into sheet-metal rules Using the harvesting utilities
provided, you can extract your legacy sheet-metal styles and publish them into style library
sheet-metal rules, pre-associated to material styles, sheet thickness values, and sheet-metal
Unfold Rules.

Master It How can you extract sheet-metal style information from legacy part files or
template files for the purpose of publishing it with a Sheet-Metal Rule?
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Chapter 7

Part and Feature Reuse

The ability to reuse parts and features in other designs is an important step to increasing produc-
tivity. Inventor provides this ability through several different workflows. This chapter introduces

you to several methods that will assist you in achieving your goal.

Developing the proper workflow for your company will depend on several criteria.
Depending on your involvement with the functional design aspect of Inventor, you may be
converting some iParts to Content Center components. Additionally, you may decide to utilize
iParts and iFeatures for design development if your design needs require them.

In this chapter, you will learn how to:

Create and modify iParts
Create and use iFeatures and punches
Copy and clone features

Link parameters between two files

* & o o

Configure, create, and access Content Center parts

Working with iParts

iParts differ from standard parts in that they are essentially table-driven part factories, allow-
ing for many different variations to be generated from the same basic design. When an iPart
is inserted into an assembly, a dialog box appears and allows you to specify a variation of the
original part from the table.

Within the iPart factory, you can configure feature sizes by specifying different values for
the same parametric dimension, you can choose to include or suppress entire features, and you
can configure the iProperties of a part. In addition to these general configuration controls, you
can configure thread features and work features such as work planes, axes, and points. There
are two basic forms of iParts: table-driven and custom. Both types can be combined to create a
table-driven part that allows custom input.

Each original iPart, often called a factory part, generates individual derived, noneditable mem-
ber parts. Member parts placed within an assembly can be substituted with a different member
of the factory. When a member part is replaced, generally all existing assembly constraints will
be retained.

iParts bring several advantages within assemblies. They essentially function as completely
different parts, allowing dimensional changes, feature suppression, transfer of iProperties, and
other values.
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Creating and Modifying iParts

iParts are created from an existing part. Existing parts already contain features and parameters.
Although you can modify a standard part by changing the parameter values, this will affect the
part wherever it is used. To create configurations of a standard part, you must first convert the
part into an iPart.

You can publish iParts to a custom content folder for use as Content Center components or
as additional content for functional design such as Frame Generator and Bolted Connections.
Published iParts can also be used in other aspects of functional design where allowed.

MODIFYING THE PARAMETER LIST

Before converting a standard part into an iPart, you should first modify the parameter list and
rename the parameters to something more meaningful than the default names, such as renam-
ing d1 to Length. To explore these tools, follow these steps:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_001.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Click the Parameters button on the Manage tab.

4. The Parameters dialog box opens, and you'll note that many of the parameters have been
named already. Name the unnamed parameters d0, d1, and d2 to Length, Width, and
Height, as shown in Figure 7.1, and then click Done to exit the Parameters dialog box.
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T1PS FOR WORKING WITH PARAMETERS

Recall that you cannot use spaces in parameter names; however, you can use an underscore or capital
letters to help separate words in the parameters names, such as Base_length or BaseLength.

Be aware that modifying the parameter name after creating an iPart table will not automatically
update the parameter name in the table; therefore, parameters should always be named before
being included in the iPart table in order to maintain consistency.

Parameter names will be used as column header names in the iPart table. Parameters that have
been renamed will automatically be pulled into the iPart table. You can manually add unnamed
parameters to the iPart table; however, it is best practice to give all parameters to be used in the
iPart meaningful names.

Selecting the Export Parameter column permits creation of custom iProperties within the part file.
By exporting parameters as iProperties, you can easily access them in parts lists and BOMs.
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'WORKING WITH IPARTS

CREATING THE IPART

After you've modified the parameter list, you then create the iPart table, configure it to include

columns of features you want to modify, and add rows for each new configuration of the part
you want to create.

1. On the Author panel of the Manage tab, click the Create iPart button. All the named
parameters will automatically show up in the iPart table.

2. To remove columns that you do not want to include in the table, click the parameter in
the right pane, and use the << button. You can also select column headers in the table
and then right-click and choose Delete Column. Remove all the columns except Length,
Width, and Height.

3. Add a row to the table so that you can create a variation of this part. Right-click anywhere
in row 1, and choose Insert Row.

4. Set Height to 40 mm, and leave the other values as they are.

5. Create additional rows until you have eight rows with the Length, Width, and Height val-
ues as shown here:

Length Width Height
100 mm 50 mm 20 mm
100 mm 50 mm 40 mm
100 mm 75 mm 20 mm
100 mm 75 mm 40 mm
200 mm 50 mm 20 mm
200 mm 50 mm 40 mm
200 mm 75 mm 20 mm
200 mm 75 mm 40 mm

6. Once your table is complete, click OK.

7. Find the Table node in the browser, and click the + sign to expand the node. You will see
each member (variation) of the iPart table listed, as shown in Figure 7.2.
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You can switch between each member of the iPart by double-clicking it or by right-clicking it
and choosing Activate. Making changes to the features or sketches will change the active mem-
ber but will not automatically update the table. If you make a change and then go to set another
member active, you will be prompted to save the changes to the table or discard those changes.
This is because the default edit mode is set to edit the entire iPart factory rather than the mem-
bers individually. Changes made in the table will be carried through to the members either way.
You'll learn more about adjusting the edit scope in the “Working with Sheet-Metal iParts” and
“Changing Color in iParts” sections.

EDITING THE IPART TABLE

To edit an iPart, you can double-click the Table node in the Model browser, or you can right-click
and choose Edit Table. You can also right-click and choose Edit Via Spreadsheet to edit the table
with Microsoft Excel. Although some iPart table-editing tasks can be done in both Inventor and
Excel, others should be done only in Inventor. Follow these steps to explore the process of edit-
ing an iPart table:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_003.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Right-click the table in the browser, and choose Edit Table.

4. In the iPart Author dialog box, right-click the Length column header, and choose Key.
Then click the arrow and select 1 to designate that this is the first parameter by which
this part should be specified.

5. Set the width to be key 2 and the height to be key 3; then click OK to close the iPart
Author dialog box.

6. Right-click the table in the browser, and choose List By Keys. This sets the members to be
listed by parameter keys in descending order, creating a drill-down tree so that you can
select the length, then the width, and then the thickness, as shown in Figure 7.3. Note that
the active member is designated by a check mark next to the appropriate key.

FIGURE 7.3
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KEY SELECTION IS IMPORTANT WHEN CREATING IPARTS

You should take time to consider how your users will utilize the parts. For example, consider a
socket head cap screw iPart. In the iPart, you might have diameter (%", 5/1¢", 3/s"), pitch (UNC or
UNF), length (2", 3", 4", 5"), and material (stainless steel, alloy steel). Each of these columns could be
key 1, but you should consider what makes it easiest to navigate to the correct part. In many cases,
you might want to make the material the primary key with the diameter, pitch, and length as the
second, third, and fourth keys. This means that the user will first select the material and only then
be presented with the remaining diameters, pitches, and lengths for that given material. It would
be a poor choice (in most cases) to have the pitch as the primary key because this is usually not the
first descriptive factor when choosing a fastener.

7. Next, right-click the table in the browser, and choose Edit Table again.
8. Click the Properties tab to see the list of iProperties that are available for this part.

9. Locate the Project category in the left pane, and expand it to reveal the Description
property.
10. Select Descriptions, and use the >> button to include it in the iPart table.

11. Confirm that the Description column shows as a column in the table, and then click OK.

12. Right-click the table in the browser and choose Edit Table via Spreadsheet to open the
table in Microsoft Excel.

13. Select cells F2 through F9, and then right-click and choose Format cells.

14. Set the cells to General, and click OK. This is necessary to allow Excel to evaluate the
expression you will build in the next step.

15. Incell F2, enter= C2&“X“ & D2 & “X*“ & E2.
16. Right-click cell F2, and choose Copy.

17. Then select cells F3 through F9, and right-click and select Paste. Figure 7.4 shows the Excel
table complete.
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18.
19.

20.
21.

22.

Save the spreadsheet and close Excel.

Because your table now contains data that is not in the part file, you will be prompted to
update the file. Click Yes in the message dialog box.

Right-click the table in the browser, and choose Edit Table.

In the iPart Author dialog box, notice that the cells in the Description column are high-
lighted to inform you that there is a formula in those cells.

Click OK to exit the iPart Author dialog box.

CONVERTING AN IPART TO A STANDARD PART

You can convert an iPart to a standard part file by right-clicking the table in the Model browser and
choosing Delete. The part will assume the active members’ feature values and states.

INCLUDING AND EXCLUDING FEATURES

A common use of iParts is to create a configuration of a part family that might include features
in some cases and not include them in others. You can add a column to the table to control fea-
ture suppression. To do this, follow these steps:

1.
2.

On the Get Started tab, click the Open button.

Browse for the file named mi_7a_005.1pt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

Right-click the table in the browser, and choose Edit Table.
In the iPart Author dialog box, click the Suppression tab.

Select the feature called Round_Bossl, and click the >> button to add it as a column in the
table.

Enter suppress for the all the 100 mm length rows.

SUPPRESSING VS. COMPUTING

You can enter suppress or compute, S or C, and 0 or 1 for the suppress/compute cells. You can mix
these options as well, meaning you can change only some values from Compute to S, for instance.

Click the Verify button to ensure that you haven't entered a value that will not work, such
as entering a spelling error. Errant cells will highlight in yellow, and you should fix them.

Click OK to return to the model.

Use the browser tree to activate different members, and notice that the boss features will
be suppressed for all the 100 mm members. Figure 7.5 shows the iPart Author dialog box.
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You'll notice that by suppressing the boss feature, both instances of the boss are suppressed.
This is because the boss was mirrored. To suppress just one boss, you could suppress the mir-
ror feature; however, doing so would suppress one of the revolved features as well, because it
was included in the mirror. Keep this in mind when creating left and right configurations of the
same part. Oftentimes you will need to create separate features so that they can be controlled
independently.

CREATING STACKED, TOGGLED FEATURES

Often when creating part configurations, you might need to create two features at the same location
so you can toggle between the two features depending upon the configuration. For instance, you
might have an existing rectangular cut but then want to add an oblong cut in the same location so
you can set the iPart to toggle between the two. When you attempt to place the oblong, Inventor
warns that the feature did not change the number of unique faces and then results in an error. To
correct this problem, simply accept the error and then right-click the oblong and choose Suppress
Features. Then you can set up the iPart table to toggle between the two features.

INCLUDING OR EXCLUDING WORK FEATURES IN IPARTS

You can use the Work Features tab to indicate whether each work feature is included or
excluded individually. A common use for this would be to create several work features in an
iPart and then include only the one that is to be used for mating the specific iPart member in the
assembly environment so as to control a specific offset value.

WORKING WITH THREADED 1IPART FEATURES

You can change the thread parameters of a tapped hole or external thread feature for each mem-
ber of the iPart table independently. Just use the Thread tab to include any thread parameters,
which will vary. You should include all parameters that will vary between any of the table mem-
bers; otherwise, the hole/thread feature may generate errors when switching between members.
Oftentimes these errors may not become apparent until you attempt to publish your iPart to
Content Center.
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An example of this would be if you neglected to add the Class parameter to the table, even
though not all of the members in the table have the same thread class. The thread class would
then be set to the original thread class and would not get changed when the iPart is switched to
a thread that does not include the original thread class. The same would be true of course if the
Class column was included but wasn’t changed.

'WORKING WITH SHEET-METAL 1PARTS

You can specify the sheet-metal rule, the sheet-metal unfold, and a named flat pattern orienta-
tion for individual members in an iPart. To edit the bend order, you must edit the member scope
as opposed to making the edits per the iPart factory. Once the iPart is set to Member Scope,
bend order changes in the flat pattern are set to the active member. To do this, you need to first
enable the iPart/iAssembly toolbar:

1. Go to the Tools tab, and click Customize on the Options panel.

2. In the Customize dialog box, select the Toolbars tab, and select the iPart/iAssembly tool-
bar from the list.

3. Click the Show button to turn the toolbar on.
4. Click Close, and then click and drag the toolbar to the desired position.

5. Click the drop-down, and click the Member Scope button, as shown in Figure 7.6.
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Once the scope is set to edit just members, you simply set the member you want to edit to be
active and then make the bend order changes needed.

CHANGING COLOR IN IPARTS

To set iPart members to be different colors, you can create a custom iPart parameter on the
Other tab and set it to the Display Style Column option. Then you can edit each member row

of the iPart to be a different color. It is important that the name matches exactly, however, so be
careful to match case. This means that entering red for Red will cause a mismatch. To avoid this,
it is recommended that you use the Member Scope edit mode, as described in the previous sec-
tion, to make color style edits to the part. This way, you can just set the member active, change
its color, and have the color change recorded in the iPart table automatically. To set up a color
column, follow these steps:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_012.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.
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3. Right-click the table in the browser, and choose Edit Table.
4. In the iPart Author dialog box, click the Other tab.

5. On the Other tab, click the Click Here To Add Value line.
6. Type Color for the value name.

7. Right-click the column header, and choose Display Style Column, as shown in Figure 7.7.
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8. Type Default into the Color column for each of the three rows. Then click OK to exit the
iPart Author dialog box.

SETTING COLORS

Note that if you do not enter Default or some other valid color style, you will receive a warning that
states “Errors occurred while setting factory to specified member.” You can click Accept and then
edit the table again.

9. Ensure the iParts/iAssembly toolbar is active. To do this, follow these steps:
A. Go tothe Tools tab, and click Customize.
B. Click the Toolbars tab.
C. Select the iPart/iAssembly toolbar from the list.
D. Click the Show button.
E. Click the Close button.

F. Click the drop-down, and click the Member Scope button.
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10.

11.

12.
13.
14.

15.

From the Quick Access bar (located at the top of the screen), select the color style drop-
down, and choose Blue.

Expand the iPart table, use the keys to set the 25 mm x 50 mm member active, and then
set its color to Red.

Change the edit scope to Edit Factory Scope using the iParts/iAssembly toolbar.
Use the keys to set the 50 mm x 50 mm member active, and then set its color to Green.

Right-click the table in the browser, and choose Edit Table. You will receive a message
asking whether you would like to set the table to match the document (that is, the part).
This demonstrates that when you are making edits to the model with the edit scope set
to Factory, the changes to members do not get written back to the table automatically.
Using the Member Scope edit option is therefore recommended. You also get this mes-
sage if you change the active member because the table is verified every time you switch
members.

Click Yes, and then take a look at the Color column to ensure that the colors match what
you have set them to.

EXPLORING THE AUTHORING OPTIONS

The Options button located in the lower-left corner of the authoring dialog box allows you to
create and edit part numbers and member names for iParts. You will typically want to set these
naming options before you begin adding rows to the iPart table so that as rows are added, they
are automatically named according to these options.

Notice the disk symbol located in the Member column header in Figure 7.8. This indicates
that the Member column will be used as the filename for each iPart member. If you prefer to
have the Part Number column used for the filenames, you can right-click that column header
and select File Name Column.
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A Member Name value is automatically created for each member as rows are added based on
the settings for part number and member name options. You can override these by editing the
table in Excel, and you can even use a formula to create the names based on a concatenation of
other column values in the table.
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GENERATING MEMBER FILES

Once your iPart table is complete, you may want to generate the parts from the table. You can
do this so that the parts are established ahead of time, or you can allow the files to be generated
automatically as they are used. If you have an iPart table with two dozen rows, it might make
sense to generate them ahead of time. However, if you have an iPart table of 200 member rows,
then it might make sense to allow parts to be generated only when that particular size is used.
To generate member part files, right-click the table, and choose Generate Members. Each mem-
ber in the row will be created as a derived part based on the table values. Because these parts
are often used over and over in many assemblies, it is often recommended that they be stored
in a library folder. Recall that folders designated as libraries in your project file are handled as
read-only by Inventor.

The library directory where you want to save the iPart members is set up by you, and it is
required that you use the same name as the factory library but preceded with an underscore. As
an example, if you place the iPart factory file in a library folder named Fasteners, Inventor will
automatically place all iPart members generated from that factory part in a second library folder
named _Fasteners.

However, you are not required to store iParts in libraries. If you do not use libraries and you
place an iPart member into an assembly or use the Generate Members option, Inventor will
create a folder of the same name, and at the same level as the iPart factory, and store the iPart
members there. For example, if you have an iPart factory file named ClipBracket.ipj saved at
C:\Mastering Inventor), then when ClipBracket.ipt is used in an assembly, a subdirectory
called ClipBracket is created (C:\Mastering Inventor\ClipBracket), and the iPart member
file is created there. Custom iPart members are always stored in a location specified by the user.

CREATING CUSTOM 1PARTS

A custom iPart is an iPart factory that has one or more columns designated as a custom parame-
ter column. A custom parameter column allows input of any value and, in turn, generates a cus-
tom iPart with infinite variations. Custom iParts are valuable for creating tube and pipe lengths,
structural steel members, and other parts that require unique size input at the time of insertion.

To designate a column as a custom parameter column, simply right-click the column, and
select Custom Parameter Column. Columns that are set as keys are not permitted to be custom
columns. Rather than setting an entire column to be custom, you may want to set just the col-
umn entry for a single member to be custom. To do this, you can right-click any cell in a nonkey
column and choose Custom Parameter Cell. After that, you can right-click and set both columns
and cells to restrict input to a specified range and increment.

Here is a common example of setting a range for a fastener part:

1. You set the Length column to be custom.

2. You set the range so the fastener can be placed only in lengths from 25 mm to 150 mm, as
shown in Figure 79.

3. You set the increment to 5 mm so that the lengths are limited to standard sizes.
4. When you place the custom iPart into an assembly, you specify the increments.

5. Unlike standard iParts, you save custom iParts to a location of your choice at the time of
placement.
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TESTING THE IPART

Before placing a completed iPart into production for others to use, test the accuracy and inter-
face of your part by inserting the iPart using Place Component within a blank assembly file.
Using Place Component, insert every member in the table, and inspect and/or measure the
placed component.

Moving the test forward, create an IDW file with a base view of your assembly. You will
also need to generate a parts list with the desired columns and verify the accuracy of each
cell. Once you are assured of having accurate member components, you can then place this
iPart into a project library folder. If you will be using this iPart in conjunction with the
functional design features of Inventor, you will need to publish the factory iPart to a custom
Content Center library.

NO ZERO-VALUE DIMENSIONS

You should not attempt to create a zero-value dimension as a method of suppressing features,
because they will cause errors within iPart generation. It is better to create a column to suppress
individual features, rather than attempt to do so through dimensions.

EDITING THE IPART FACTORY

Editing an original iPart factory follows the same workflow as creating an iPart. If you've placed
the original iPart factory into a project library folder, then within that same project, it will not be
able to be edited. Instead, create a new project file for the purpose of editing library parts. When
creating a new project file, define the workspace for the project file by locating the project file

in the main libraries subfolder. Any subfolder within the library path will now be editable with
this specific project file.

With the new Library Edit project file active, open the iPart you want to edit. Locate the table
in the Model browser, and either double-click or right-click to activate the iPart Author dialog
box. At this point, you can edit any part of the table. When you have completed your editing,
you can save the part to its original location.
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You can convert an iPart factory component into a standard parametric part by deleting the
table attached to the iPart. Simply right-click the table in the Model browser, and select Delete.
The part will revert to a parametric part with no history of the iPart functionality in the part.

Using iParts in Designs

calf Using an iPart in an assembly design is a little bit different from creating parts within an assem-
OBJECTIVE bly. With standard parts, you can edit any feature by activating the part. An iPart member or
child cannot be edited since it is a derived component created by the factory or parent part.
To change between iPart members, follow these steps:

1. Locate and expand the iPart in the assembly browser tree.
2. Right-click the table.
3. Choose Change Component.

This opens the iPart placement dialog box, which allows you to specify a new member to be
used in place of the existing one. Figure 7.10 shows the specific selection path for changing the
component. This replacement procedure will replace only the selected component instance.
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If you want to replace all exact duplicate members of the iPart within this assembly, follow
these steps:

1. Right-click the part within the graphics window or the Model browser.
2. Select Component.

3. Choose Replace All. A dialog box will appear allowing you to select the same iPart
factory.

4. Once the original iPart factory is selected, you will be prompted with the iPart placement
dialog box to allow you to select the specific member to be used as the replacement.

When a component is replaced with a different member of the same family, as with iParts,
normally all assembly constraints will be retained. If the replaced component is of a different
family, then the assembly constraints might be broken. The same is true of parts in the same
family if the original part used a certain feature to constrain to and the replacement part has
that feature suppressed.
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FIGURE 7.11
Sheet-metal part
with iFeatures

IPART FACTORIES IN ASSEMBLIES

You should be aware that Inventor does not allow you to place an iPart factory file into an assembly.
Attempting to do so results in a member of the factory being placed. However, be aware that if you
create a part file, place it into an assembly, and then turn it into an iPart factory, that changing the
factory table does not place a member file, but simply updates the factory. Using factory files in
assemblies is not the intended workflow for iParts.

Working with iFeatures

iFeatures are features that have been extracted from an existing part file and configured for
reuse in other parts. If you are familiar with AutoCAD, you might relate iFeatures to blocks, in
that you can write out blocks for reuse in other drawings. Any feature based upon a sketch can
be used as an iFeature. Once extracted, the iFeature is stored in a catalog and can be placed into
any other part file. Inventor is supplied with a number of standard iFeature parts. iFeatures can-
not currently be published to Content Center.

Using iFeatures in your designs can greatly simplify your workflow and accelerate produc-
tivity, especially if your designs contain repetitive features. Figure 7.11 shows an example of a
sheet-metal part that could be created in less than 10 minutes using iFeatures.

iFeatures support sheet-metal features as well as normal part features. iFeatures are stored
in the Catalog subfolder of the Inventor program in four subfolders. You can create additional
subfolders as required. iFeatures are also available online from such locations as http://cbliss
.com, www . sdotson.com, and others.

The following are some tips for working with iFeatures:

¢ Keep your iFeatures clean, and do not include projected geometry or reference geometry
unless required.

¢ Ifdependent geometry is required, have it dependent only on geometry within the
iFeature.

¢ Youshould avoid the use of origin work planes, axes, and the origin center point for work
features.

¢ Use parallel and perpendicular constraints to other geometry in the iFeature, rather than
horizontal and vertical constraints.
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¢ Know that updates to table-driven iFeatures do not update existing instances of the
iFeature.

¢ SaveiFeatures before placing in other parts.

Creating iFeatures

Once you have a part that consists of a feature or features that you want to reuse during the
design of other parts, you can easily extract those features and place them into the catalog. The
chief advantage of using iFeatures is that the original part does not need to be open in order to
copy the feature. In addition, you can alter any of the parameters at will when inserting the fea-
ture into a new part.

To reuse a part feature, select the Extract iFeature option on the Tools drop-down menu.
Select the feature to be reused from the Model browser or the graphics window. If additional
features exist that are dependent upon the selected feature, they will be added to the iFeature
as well but can be deleted during iFeature creation if not needed. Figure 7.12 illustrates how to
remove a dependent feature while creating an iFeature.
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A standard iFeature similar to this will require a profile plane only in order to position the
geometry onto a new part. In this example, you will notice that the named parameters and val-
ues are transferred from the existing part into the new iFeature. In Figure 7.13, you will notice
that prompts will be added for each of the named parameters. When inserting this iFeature into
a different part, you will be prompted to enter new values for these parameters if desired.
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PLACING AN IFEATURE

To place an iFeature in a standard part (not sheet metal), you simply browse to the stored
iFeature and then select the face you want to use for placement. During the placement, you can
adjust the rotation angle and size parameters. To see a simple example of how iFeatures are
extracted and placed, follow these steps:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_017.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Manage tab, click the Extract iFeature button.

4. In the Model browser, click Extrusion2 as the selected feature, and the dialog box will be
populated with the parameter information found in that feature.

5. Click the parameter named E2_Ext_Ang, and use the << button to remove it from the
parameter list.

ADJUSTING EXTRACTED FEATURES
In this case, the parameters have been renamed previously using the Parameters dialog box. However,
you can adjust parameter names and the corresponding prompts at this point if needed.

You can also adjust the default values for the parameters without adjusting the current model. Add
lists and ranges to each parameter using the Limits column.

6. For this example, accept the default for the rest of the parameters, and click Save.

7. Notice that Inventor takes you straight to the Catalog folder. This location is specified
in the Application Options dialog box and can be changed if needed. Choose a location
under Catalog or create your own subdirectory, and name this iFeature SquareSocket
.ide. If warned about saving outside of the project path, click Yes.

8. Place the iFeature back into the model as a test. On the Manage tab, select the Insert iFea-
ture tool.

9. Click the Browse button to go to the Catalog folder automatically.
10. Locate the SquareSocket feature you just created, and click Open.
11. Select the top face of Extrusionl to use as the profile plane.

12. Once the plane is selected, set the angle to 45 degrees, use the flip arrow to ensure that
the feature placed in the correct direction, and then click Next.

13. Enter 0.5 for the E2_Circ_Dia parameter and then click the Refresh button to see the
diameter of the feature adjust. Once the size parameter has been adjusted, as shown in
Figure 7.14, click Next.
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14. You will be presented with two options for placing the iFeature; choose Activate Sketch
Edit Immediately, and click Finish.

15. You will see that the iFeature sketch is set and ready to be edited.
16. Finish the sketch, and close the file.

TAKING THE TIME TO CONSTRAIN THE SKETCH

You should also notice that the sketch is currently underconstrained. In particular, it has no dimen-
sions or constraints holding it in position. You can place general dimensions into the sketch to anchor
it in place. Also present are some relic geometry that originated from the sketch from which the
iFeature was extracted. It is poor practice to extract iFeatures without cleaning them up first, so
eliminate this stray geometry.

It is also good practice to create a separate part file from which to generate an iFeature rather
than attempting to use a part file designed for production. You can copy the part features from a
production part into your iFeature test part using one of the copy or cloning methods discussed in
the upcoming pages.

EDITING AN IFEATURE FILE

Once iFeature files (.ide) have been extracted and tested, you can open them in Inventor and edit
them much like iParts. Follow these steps to explore the options involved in editing an iFeature:

1. On the Manage tab, click the Place iFeature drop-down, and click the View iFeature
Catalog button, as shown in Figure 7.15. This will take you directly to the Catalog folder
in the Inventor program files where all iFeatures are stored.

2. Locate and open the file named SquareSocket. ide that you created in the previous exer-
cise. If you did not complete that exercise, you can open the file named mi_7a_025.ide
from the Chapter 7 directory of the Mastering Inventor 2011 folder.

Use the Edit iFeature icon to refine parameter names, sizes, and instructional prompts for the
placement of iFeatures. If the iFeature has dependent features, you can edit them as well. You
can also rename the iFeature if you want to configure it in a more in-depth manner by using the
iFeature Author Table dialog box.
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The iFeature Author Table dialog box allows a table to be added to the iFeature so that rows
and columns can be added to configure the iFeature in the same way that you configured a part
file using the iPart Author dialog box. Once you've added the table to the iFeature, you can fur-
ther edit it by clicking the Edit Using Spread Sheet icon to open the table in Microsoft Excel.

When creating iFeatures, it is usually a good idea to keep the original IPT file that you used
to create the IDE file. This is often useful in case you want to totally redesign the iFeature or
make a similar iFeature.

INCLUDING PLACEMENT INSTRUCTIONS

You can embed an instructional document detailing the placement selection requirements for more
complex shapes that require faces to be selected in a certain order or need more information about
size and settings. Here are the steps for including placement instructions:

1. Onthe Tools tab, click Insert Object.
2. Select Create From File, browse for the pre-created instruction file, and then click OK.

3. The file will show in the 3rd Party browser node, as shown here.
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4. Right-clickthe embedded object and select Placement Help to allow this file to be accessed from
the feature dialog box during placement.
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Creating Punch Features

Punch features are really just iFeatures with extended functions that behave slightly differently
than standard iFeatures. Punch features require a single sketch center point during iFeature
creation. The sketch center point will be used to locate the punch feature upon insertion. The
destination part will require an active sketch containing sketch center points for the location of
the punch feature.

CREATING PUNCH FEATURES

When creating a punch feature, consider that in normal use most features extend through the
thickness of the sheet metal. Therefore, it is important to use the Thickness parameter when
creating the iFeature. Constructed properly, the punch feature will adjust to the thickness of any
sheet-metal part to which it is applied.

The part used in the following steps is a simple sheet-metal part with one cut feature.
Figure 7.16 shows the sketch underlying the cut feature. The sketch was created utilizing a single
center point, which will be used for placement when inserting the punch feature. There was no
need to anchor the sketch, since it was created for the sole purpose of extracting a punch iFeature.

FIGURE 7.16
A sheet-metal
sketch

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_027.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Manage tab, select the Extract iFeature tool.
4. Select Cutl in the Model browser.

5. Click the radio button at the top of the dialog box to toggle the iFeature type to Sheet
Metal Punch Feature.

PUNCHES AND CENTERPOINTS

1f you have created multiple center point locations within your sketch, you will receive an error
message when trying to create the punch feature. Recall that you can switch extra center points in
your sketch to standard points so that they will not interfere, by using the Center Point icon next
to the Construction icon. In this example, you have only one center point within the sketch, even
though there are other points locating the various circles.
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6. Under the Manufacturing area, specify the punch ID as K775. Although not required, if
it’s included, this punch ID can be retrieved and placed onto a drawing in the form of a
punch note or punch table so the shop floor will know which punch to use.

7. Click the Select Sketch button for Simplified Representation, and then click Sketch3 in the
Model browser. Simplified sketches are optional but may help represent complex sketches
more cleanly in the detail drawing.

8. When your dialog box resembles Figure 717, click Save, and select the Punches folder in
the Catalog directory.

9. Name the punch feature K775.ide. If warned about saving outside the project path,

click Yes.
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IFEATURES ARE POWERFUL TOOLS

These tools allow you to quickly create standard features in your models. Examples include o-ring
grooves, louvers, bosses, ribs, electrical connector punches, patterns of holes, and an infinite num-
ber of other features. Another major advantage of iFeatures is that they enforce standards. Since
the iFeature can be designed to allow the user to select predefined sizes only, the possibility of
error is greatly reduced. Take a few moments to examine your designs, and you’ll likely see many
opportunities for iFeatures.
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PLACING A SHEET-METAL PUNCH FEATURE

When working on a sheet-metal part, you can access iFeatures through the Punch tool or the
Insert iFeature options in the Sheet Metal Features tool panel. The Punch tool is optimized for
sheet-metal parts, so unless you are placing a regular iFeature, you should always use the Punch
tool. Prior to placing a feature, you must have an unconsumed, visible sketch containing one or
more center points from which the punch will position itself. Follow these steps to place a sheet-
metal punch:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_029.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Sketch3 has been prepared for you so that you can use it to place your new punch.
4. Next, locate and select the Punch tool on the Sheet Metal tab.

5. Select K775.7de from the Punches folder, and click Open. For ease of use, the Punch tool
takes you directly to the Punches folder and, upon selection of the folder, displays a list
of punches. You will notice that every unconsumed center point within the sketch will be
populated with the selected punch.

CENTER POINTS

1f you want to reserve a sketch center point for some other feature, click the Geometry tab in the
Punch Tool dialog box, and hold down the Ctrl key while selecting the center point to be removed. If
you want to place only one center point, hold down the Ctrl key, click the sketch away from a center
point, and then click the center point where you want the punch. If you have more than one visible,
unconsumed sketch, the center points will not be automatically selected because you will need to
tell Inventor which sketch to use.

6. Click the Geometry tab, and set the angle to 90.
7. Click the Size tab, and set InsertDia to 10 mm, Major to 40 mm, and Minor to 20 mm.

8. Click the Refresh button to preview the results. Figure 7.18 shows the punch parameters.

FIGURE 7.18
Placing a punch
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9. Then click the Finish button to complete the punch action.
10. Double-click Flat Pattern in the Model browser to view the flat pattern.

11. Right-click the Flat Pattern node in the Model browser, and choose Edit Flat Pattern
Definition.

12. Click the Punch Representation tab, set the drop-down to 2D Sketch Rep And Center Mark,
and then click OK. Note the simplified version of the punches. This can be useful for plac-
ing grouped punches or helping to simplify drawings that have many punches on them.

Note that you could use the Insert iFeature option to place this punch but you would not be
offered the same placement options. Instead, it would behave similar to a standard iFeature,
requiring constraining of the placed punch by anchoring it to the base feature. In general, it is
best to use the Punch tool for sheet-metal parts, rather than placing punches as a standard iFea-
ture. Note that whereas the iFeature tool is available in the standard and sheet metal environ-
ments, the Punch tool is available only in the sheet metal environment.

Reusing Existing Geometry

Geometry reuse is a productive technique in Inventor. You can reuse existing features and
sketch geometry to create additional features within the same part or even on other open parts.
You don’t need to create additional new sketches to utilize this technique. The following sec-
tions will cover how to copy sketches and features while developing dependent and indepen-
dent relationships between the features.

Copying Features

Copying features in Inventor is a relatively simple procedure using the Model browser. In an
existing model, simply right-click a feature within the browser, and select Copy. Next, select a
different face within the model, right-click, and select Paste. Figure 7.19 shows a preview of the
placement and the Paste Features dialog box.

FIGURE 7.19
Copied features
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There are two questions to consider when copying a feature:
¢ What should Inventor do with features that are built based on the feature you are copying?

¢ What should Inventor do with the dimensions for your new feature?
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We'll explore the features first:

1.
2.

10.
11.
12.

On the Get Started tab, click the Open button.

Browse for the file named mi_7a_031.1pt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

Right-click Extrusion2 in the Model browser, and choose Copy.
Next, right-click anywhere, and choose Paste.

Drag your cursor over any face of the part, and you will see a preview of the copied
feature.

In the Paste Features dialog box, set the Paste Features drop-down to Dependent, and you
will notice that the fillets are now in the preview as well, because they are dependents of
Extrusion2.

Click the front face of the part to position the new feature as shown in Figure 7.19.
Use the +-shaped arrows to move the feature around the selected face.

Use the C-shaped arrow to rotate the new feature, and notice the rotation angle is
reflected in the dialog box and can be adjusted there as well.

By default, the dimensions of the new feature will be independent, meaning that
because the original feature has a width of 1 inch, the new feature will have the same
value, but the two will not be linked. However, if you set the parameter drop-down to
Dependent, the dimensions of the new feature will reference the original feature so that
if the original width changes from 1 inch to 2 inches, the new feature follows.

Set the parameter drop-down to Dependent, and click Finish.
Locate and edit Sketch2 in Extrusion2, and set the diameter dimension to 0.25 inch.

Finish the sketch, and notice that the new feature follows the edits of the original.

Once you've copied the feature, you should edit the copied feature sketch to properly anchor
the sketch on the destination face. When editing a dependent sketch, notice that the dimensions
indicate that they are being driven by a parameter from the original feature. If you change the
dimensions from a parameter value to numeric value, you will break the dependency with the
original sketch.

Cloning

Cloning is the process of copying feature geometry from one open part to another. The cloning
process creates independent features, meaning that the new feature in the new part will have no
relationship to the original feature in the original part unless set up manually.

To clone a feature from one part to another, you must first have both parts open in Inventor.
Here are the general steps:

1.

2.

From the source part, right-click the feature to be copied in the Model browser, and
choose Copy.

Next, switch to the destination part, right-click anywhere, and choose Paste.

307
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3. Drag your cursor over the face of the part you want to paste onto, and you will see a pre-
view of the copied feature.

4. Click the face, and then click Finish when the part has positioned to your liking.

The primary difference between copying features within the same part and cloning features
between two parts is that parameters can be set to be independent only during the cloning process.

It will be necessary to fully constrain and anchor the feature sketch to the new part once the
feature has been copied. To accomplish this, simply edit the new feature sketch and project con-
struction geometry from the new part base feature to serve as anchor points.

Linking Parameters Between Two Files

You can establish a relationship between two parts, between two assemblies, or between a part
and an assembly by linking the files” parameters. This can allow you to place all the design
information in one file and link other files to it so that design intent is maintained. Here are the
steps to do this:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_034.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. This is a simple pin, and you want to link the shaft diameter to a hole diameter in another
part. To do this, click the Parameters button on the Manage tab.

4. At the bottom of the Parameters dialog box, click the Link button, as shown on the left of

Figure 7.20.
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5. Adjust the Files Of Type drop-down to show Inventor Files, and then select the file called
mi_7a_035.1ipt from the Mastering Inventor 2011 folder.

6. This opens the Link Parameter dialog box, allowing you to choose which parameters to link
to this part. Click the button next to the parameter named Diameter, and then click OK.

7. This will add the selected parameter to the user parameters in the pin part. Locate Shaft_
Diameter in the list, activate the cell in the Equation column, and clear the existing value.

8. Click the arrow as shown in Figure 7.21, and choose List Parameters from the flyout.

9. Select Diameter from the Parameters lists, and choose Done at the bottom of the dialog box.
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10. Lastly, click the Update button from the Quick Access bar (at the top of the graphics area)
to see the model update.

FIGURE 7.21

FIGURE 7.22
Copying a sketch
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Now the shaft diameter is linked to the hole diameter in the part called mi_7a_035.1ipt. You
can open this part and change the diameter value to see the change carry through to the shaft of
the pin. Linking parameters in this way allows you to place design information in one location
and pull it into many other parts for automatic updates.

You can see this concept carried through to the assembly level by opening the file called
mi_7a_033.1iam, where the pin is linked to the hole diameter, so that the pin updates when the
hole is changed.

Copying Sketches

Quite often it is desirable to copy existing part sketches to another location within the same part
or a different part. A good example of this would be creating a loft feature where each profile
sketch may simply change size.

In the example shown in Figure 7.22, the part contains one unconsumed sketch and multiple
work planes parallel to the XY origin plane. To copy an existing sketch, simply right-click the
target sketch, and select Copy. Then, select the destination work plane, right-click, and select
Paste. Pasted sketches are always independent of the original sketch and will create additional
parameters for each copy. The following exercise will explore copying sketches.

- —
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On the Get Started tab, click the Open button.

Browse for the file named mi_7a_039.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Right-click Sketchl in the Model browser, and choose Copy.

Next, click any edge of the work plane closest to the sketch, and then right-click and
choose Paste.

Repeat this for each of the remaining work planes.

Edit each sketch and adjust the minor axis on each of the sketches, decreasing the dimen-
sion value by 4 mm on each subsequent sketch.

Edit Rectangular Patternl and change the pattern count to 6.
Right-click any edge of the new work plane, and choose New Sketch.

If not done automatically, project the origin center point to the sketch. You can use the
Project Geometry tool on the Sketch tab and select the center point of the ellipse in any of
the other sketches.

As you can see, copying sketches can be a quick way to duplicate repetitive geometry. To
carry this thought through, you can create a loft utilizing all the sketches including the pro-
jected origin point. Apply a tangent condition to the projected point to achieve the result, as
shown in Figure 7.23.

FIGURE 7.23
Aloft created from
copied sketches
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In this example, you copied a sketch within the same part. The procedure to copy an existing
sketch to another part requires that both parts be open at the same time. Right-click the original
sketch, and select Copy. Then, after selecting the destination part work plane or part face in the
second file, right-click and select Paste.

Once the sketches are pasted, they can be edited at any time by adding additional geometry,
changing dimensions, or simply using the pasted geometry for reference.

USING FLIP NORMAL

At times you may find that your sketch “flips” when pasting it onto a work plane. In many cases, you
can easily fix this by right-clicking the work plane and selecting Flip Normal. This flips the positive axis
of the work plane. Then, when you paste the sketch onto the work plane, it will no longer be flipped.
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Introducing Content Center

Beginning with Inventor 2011, Content Center is available in two forms: Desktop Content

and the traditional ADMS-based Content Center. The ADMS-based Content Center is a set of
database libraries based in Microsoft SQL, generally used when sharing a central customized
Content Center over a network. The other is a stand-alone install of Content Center that resides
on your local machine. The stand-alone install is the default form of Content Center. No matter
how you choose to install Content Center, you can choose which libraries to use. These librar-
ies provide standard content in several common international standards, such as ANSI, ISO,
and DIN, just to name a few. Figure 7.24 shows the complete list. Once properly configured and
populated, Content Center provides an organized method for part and feature reuse.
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You can think of these libraries simply as recipes for creating parts, because no actual part
files exist in the Content Center file store. Instead, Content Center is a table of part parameters
stored in the Content Center database. Once these library databases are installed, you can access
them from Inventor and place common parts into your designs.

Understand that it is at this point the Content Center part file is created. Up until this point,
the part existed only as a definition in the database table. If you work in a shared environment,
the Content Center part files might typically be stored on a network server so that as users col-
laborate on designs, they have access to the same part files used within the assemblies. Because
the Content Center library database files are just definitions of the files, they can be installed on
the user’s local machines or on a network server, or both.

Content Center provides support for functional design using the Design Accelerator, Frame
Generator, and other features within Inventor. When using these tools, the parts generated are
pulled from the Content Center libraries. You can use Content Center in conjunction with stan-
dard iParts and iFeatures organized within libraries in the project.

Configuring Content Center

Inventor’s Content Center, loaded with all the standard libraries, provides in excess of 800,000
variations in parts. To optimize loading, you will want to configure only the appropriate stan-
dards for your use. Installing all libraries will cause Inventor to take more time to search and

index the data. There are two installation strategies for Content Center. Depending upon how
you work, you may want to install the desktop Content Center or the ADMS version.
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INSTALLING THE CONTENT CENTER FOR A STAND-ALONE USER

If you work as a stand-alone user, it is recommended you use the Desktop Content method.

No server setup or login is required because the Content Center libraries are installed in the
Desktop Content folder on your local hard drive. This is the default installation option. You

can insert the install media and install or reinstall the Content Center libraries at any point by
following the installation steps. Once the libraries are installed, you simply use the Place From
Content Center tool or the Open From Content Center tool to access the Content Center libraries.

INSTALLING CONTENT CENTER FOR A COLLABORATIVE ENVIRONMENT

If working in a shared group, you will likely want to install Content Center on a server loca-
tion instead of, or in addition to, the Desktop Content. When installing on a server, you will
install the libraries on the Autodesk Data Management Server (ADMS). The ADMS is essentially
just the interface with which you interact with the SQL database program. Once the ADMS is
installed and the required Content Center libraries are loaded, users log into ADMS through
Inventor.

When deciding between installing Content Center libraries on a network server or installing
them locally, you should consider whether you plan to create and use a custom library. If not,
then there may not be a need to install Content Center on a server, and you can choose to install
the libraries on all the local machines only. Because the standard Content Center libraries are
all read-only databases, they cannot become out of sync; therefore, two users can access two
different instances of the standard libraries and work without issue. If you plan to create cus-
tom Content Center libraries, however, it is recommended that you install on a network server
so that as the library is updated over time, all users are pulling from the same source. You can
consult the installation media for more information on installing ADMS and the Content Center
libraries.

MANAGING YOUR MEMORY FOOTPRINT

Installing all libraries into ADMS will increase your overall memory usage substantially. As
mentioned earlier, installing only the libraries you use will keep Content Center efficient. As we
will discuss in the coming pages, you can create a custom Content Center library based on the
standard libraries and include only what you require. Once the custom library is created, stan-
dard libraries can be removed from ADMS. You can add them back at any time by reinstalling
them from the Inventor installation disks.

CONFIGURING CONTENT CENTER LIBRARIES IN THE PROJECT FILES

Once you've installed ADMS and the required libraries, you will need to configure the project
file to ensure that all required libraries are included in the project. To do this, you will want to
close all files in Inventor so that the project file can be edited. Then follow these steps:

1. InInventor, go to the Get Started tab, and click the Projects button.

2. In the Projects Editor dialog box, ensure your project is set active, and click the Configure
Content Center Libraries button at the lower right of the Projects dialog box to open the
Configure Libraries dialog box, as shown in Figure 7.25.
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3. Use the buttons at the bottom of the dialog box to update, import, add, or remove libraries
for the project. Removing libraries from a project will speed up the interaction between
Inventor and Content Center when placing a part because fewer library tables are
required to be read, searched, and indexed. Once a library is removed, you can add it to
the project again at any time.

If you only occasionally access a certain library because you typically do not work with that
standard, you might install it but remove it from your Inventor project. When you do need to
access this library, simply use the Configure Libraries dialog box to load it for use and then
unload it once you are finished. Although the suggestion to add and remove libraries may seem
like a hassle, it will pay off in time savings because you will not find yourself waiting for the
libraries to load every time you access Content Center.

Using Content Center

Content Center is used in many areas of Inventor. Components from Content Center are used in
functional design tools, such as the Shaft Generator or Frame Generator, as well as in the use of
individual, reusable components in general assembly design. Content Center is also available for
use within the part environment using the Place Feature tool.

PLACING COMPONENTS INTO AN ASSEMBLY

Let’s take a closer look at placing components into an assembly from Content Center:

1. Make sure you have either Desktop Content or the ADMS installed and the ANSI Content
Library loaded to continue with this example.

2. If you are running Content Center through ADMS, ensure you are logged in to ADMS by
clicking the Inventor icon and selecting Vault Server > Content Center Log In.

3. If you are already logged in or logged into vault, Log In will be grayed out and will not
be an option in your menu.
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4. Enter your login information, if known. By default ADMS installs with a user account
called Administrator with no password set. You can also select the Content Center
library’s Read-Only check box to access content without logging in.

5. Specify the name of the server on which you installed ADMS. If you have installed
ADMS on your local machine, enter localhost. In the Database text box, enter the name of
the ADMS database; the default is Vault.

PLACING PARTS FROM CONTENT CENTER
Once logged in to the ADMS, or if you have installed Desktop Content (there is no login
required), you are ready to place parts from Content Center. To do this, follow these steps:

1. From the Get Started tab, click Open.

2. Browse for the file named mi_7a_044.1iamlocated in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. On the Assemble tab, click the Place From Content Center icon. Check to see that the
three buttons as indicated in Figure 7.26 are selected. From left to right these buttons are
Filters, AutoDrop, and Tree View.

FIGURE 7.26 Phoce feam Conent Leaies
Place From | Ve ok Helo * * *
Content Center | ¥ - K] - I =
settings i = —
I + f= Fmizran Fharsa Camigzan EA
% [Hl Pasdurm [ @
= () the Pt Biriis [P
| % ol St Pt et 50
+ [L, Fruciurd Shapan 'nPn'lh 115
% iy Tuba B Fpa e -
agrchramfhy R
| £ Highory
| F3 s Pk Ml it

13 el

Filters button Select ANSI to filter out all other standards. To turn the filter off after this
exercise, simply click the Filters button again and deselect ANSIL

The AutoDrop button This turns on the ability to automatically size components based
on geometry in the model.

The Tree View button This simply splits the screen so that the Category View pane is
accessible on the left of the dialog box.

4. Select the Fasteners category in the left pane, browse to Bolts and then Round Head,
select Cross Recessed Binding Head Machine Screw — Type I, and click OK.

5. In the model, zoom in to one of the castor wheel assemblies, and take note of the
empty holes.

6. Pause your mouse pointer over one of the holes on the castor plate.
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You will see the AutoDrop icon activate and flicker as Inventor indexes the database for an
appropriate size. If no matching size can be found in the database, a cursor note will appear say-
ing so. If an appropriate size is found, a cursor note will display it, and a preview of the part will
be shown.

7. Once the size appears, click the edge of the hole to set the screw in place. The AutoDrop
toolbar will appear along with the red grip arrow.

8. Drag the grip arrow up or down to specify the length of the screw. Note that only lengths
found in the database are available.

9. Click the Apply button, and continue placing screws as you see fit. Experiment with plac-
ing the mouse pointer over one of the large diameters in the castor assembly to watch
AutoDrop attempt to find an appropriate size. Figure 7.27 shows the AutoDrop toolbar.

FIGURE 7.27
Placing a screw
with AutoDrop

i AR Bl Hessd Mischines Sorees - Tipe [ - [rihi
1L -2 - 34

Here is a brief description of each of the tool icons shown in the AutoDrop toolbar in
Figure 7.27:

Insert Multiple The first icon is available when Inventor identifies multiple targets that are
like the selected target. In this case, the other holes in the plate are picked up and previewed.
If you apply the screw now, four screws will be placed at once. If you do not want the mul-
tiples to be placed, you can click the Insert Multiple icon to turn it off.

Change Size The second icon is grayed out while Insert Multiple is on. It inserts the part
and opens the Part Family dialog box, which allows you to edit the component.

Bolted Connection The next icon opens the Bolted Connection Component Generator and
allows you to place bolts, nuts, and washers sets as a group.

Apply The fourth icon sets the previewed component(s) and allows you to continue placing
more components of the same family.

Done The last icon sets the component(s) and exits the AutoDrop mode.

The AutoDrop toolbar is context sensitive, meaning that the icons may vary depending upon
the component to be placed and the selected geometry. If you press F1 on the keyboard while
the AutoDrop toolbar is displayed, Inventor will open the help file and list all the icons and their
descriptions.

Now that you've placed Content Center components, let’s examine where Inventor is filing
the newly generated Content Center files. Go to the Tools tab, and click Application Options;
then click the File tab. Look for the file path indicating the default Content Center files, as shown
at the top of Figure 7.28.
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This is where Inventor will place all standard parts placed from Content Center by default.
Typically you should change this path to a path that is on the network server, particularly if you're
working in a multiuser environment. If you work only on your local hard drive, you will still
likely want to change the path to be similar to the path where you save your Inventor designs.

If this path is left at the default, Content Center part files will be saved on your local machine.
This causes a problem when a co-worker opens an assembly you created. There is one more
place where you can set this path, and that is in the project file under Folder Options, as shown
at the bottom of Figure 7.28. It is important to note that a path set in the project file takes prece-
dence over a path set in Application Options. If the project file is set as Content Center Files =
[Default], then the files are stored at the Application Options path.

Only standard Content Center files are stored at this location. Custom-sized Content Center
part files, such as standard steel shapes, pipes, and so on, are stored at a path chosen by you at
the time of their creation.

CONTENT CENTER APPLICATION OPTIONS TAB

You can access the Content Center tab from Application Options to configure the following
settings:

Refresh Out-Of-Date Standard Parts During Placement When selected, existing stan-
dard part files are automatically replaced with newer versions. For instance, if you update a
standard part with your part number in the Content Center library tables, but that part has
already been placed in other assemblies and therefore already exists in the Content Center
parts file folder, having this option selected will update the Content Center file folder and
place the new version in the assemblies.

Custom Family Default Set this option to place a custom Content Center part as a stan-
dard part. When you place a custom part as standard, the part file is saved in the Content
Center files folder and is considered a standard part.

Access Options This sets the source of the Content Center libraries. You can choose
between Desktop Content and the ADMS/Vault Server.

Customizing Content Center Libraries

Standard Content Center libraries supplied with Inventor are designated as read-only and cannot
be modified. If you need to create custom part libraries or modify standard content such as add-
ing part numbers or material types, you can do this by creating a custom Content Center library.
Custom libraries are initially set as read-write libraries so that you can add and modify content.
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DO YOU NEED TO USE CONTENT CENTER?

Many people find the file structure of Content Center-generated files to be at odds with the way that
they store purchased and standard parts. If you find this is the case with your setup, you might want to
use Content Center to generate parts, but then save them under your own file structure as needed.

CREATING CUSTOM LIBRARIES FOR ADMS INSTALLS

You add libraries from the Autodesk Data Management Server Console when using

Content Center with the ADMS. You can access the ADMS by selecting Start > All

Programs » Autodesk > Autodesk Data Management > Autodesk Data Management Server
Console. Typically this would be done on the server machine. Figure 7.29 shows how to create a
custom library.
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Once logged into the ADMS Console, expand the folder in the top of the left pane, right-click
the Libraries subfolder, and select Create Library. Create a new library called Mastering Inventor.
Once the library is created, follow these steps:

1. Go to the Get Started tab.
2. Click the Projects button.

3. Click the Configure Content Center Libraries button at the bottom-right corner of the
Project Editor dialog box.

4. Ensure that the In Use check box for this new library is selected so that the project is con-
figured to include it.

CREATING CUSTOM LIBRARIES FOR DESKTOP CONTENT

You can create a custom Content Center library for Desktop Content through the Content Center
configuration of the Projects editor. To do this, follow these steps:

1. Go to the Get Started tab.

2. Click the Projects button.
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3. Click the Configure Content Center Libraries button at the bottom-right corner of the
Project Editor dialog box.

4. Click the Create Library button, and enter Mastering Inventor into the input box, as
shown in Figure 7.30.

5. Click OK.

6. Ensure that the In Use check box for this new library is selected so that the project is con-
figured to include it.
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CoPYING EXISTING LIBRARIES INTO CUSTOM LIBRARIES

After creating a custom library, you can copy entire or partial contents of existing standard
libraries into your custom library. You might use this process when you want to simplify one of
the standard libraries, remove portions of the library that are not needed in your work environ-
ment, or edit component properties such as part numbers. Here are the steps to copy families to
a custom library:

1. Access the Content Center Editor from within Inventor by going to the Tools tab and
clicking the Editor button on the Content Center panel. This editor looks similar to the
Content Center dialog box.

2. Locate the library or the part family within a library that you want to copy, right-click,
and choose Copy To » Mastering Inventor, as shown in Figure 7.31.

The library must be included in the project file configuration list in order to be visible within
the editor. If you copy an entire library to your custom library, then the entire folder structure
and contents will be replicated in your custom library. If you copy an individual part to your
custom library, then only the affected category structure will be replicated in the custom library
along with the copied part.

To copy only a portion of the category structure, browse to the last hierarchical portion of the
structure that you want to replicate. Otherwise, starting from the top and copying the structure
will replicate the entire structure.
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@ Real World Scenario

CREATING MULTIPLE MATERIAL TYPES FOR CONTENT CENTER FAMILIES

It’s pretty easy for your design department to have the Content Center parts reflect their own inter-
nal part numbers so that bills of materials and parts lists will extract this information automatically.
Doing this is as simple as copying the appropriate standard Content Center categories to a custom
read/write library and editing the tables to include the new part numbers.

However, if multiple material types are used for the same component type, then multiple copies of
the family can be made to accommodate this. For instance, if you use stainless steel fasteners of a
given type for certain design instances and also use galvanized fasteners of the same type in other
design instances, you would most likely need these to have separate part numbers.

You can use the Material Guide to add materials in one of three ways:

€ You can edit a family table and select the members to add new materials to. Then click the
Material Guide button or right-click and choose Material Guide to copy the selected members,
add them to the family table, and assign the new materials to them.

€ You canuse the Material Guide for an entire family, copying all members with a new material
and adding them to the existing family. Select the family in the Content Center Editor and click
the Material Guide button, or right-click and choose Material Guide. Then choose the option
called Add Materials As New Family Members, thereby copying all members into the same
family table and setting a new material at the same time.

€ You can create new families of a different material as well. Select the family in the Content
Center Editor and click the Material Guide button, or right-click and choose Material Guide.
Then choose the option to Create New Family For Each Material, thereby copying the entire
existing family and setting a new material for this new family at the same time.
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SETTING CATEGORY PROPERTIES

Each category within Content Center contains category properties. Within the category proper-
ties is general information regarding the category itself. The General information tab contains
the category name, category image, and source library.

The Parameters tab contains parameters used within the category to assist in the description
of parts located within that category. Figure 7.32 illustrates the parameter list in the ANSI Socket

Head category.
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Within the parameters shown earlier, some are optional and some are required. If you are
placing a part within this category, you must map your part properties to all required fields for
proper operation. Optional fields do not require mapping.

What this means is if you are planning on publishing a large number of your own parts
to Content Center, then your part parameters must match the category parameters. If you are
unable to match the parameters, then consider creating a new category.

EXPECT SOME INCONSISTENCY

The mapping required for Content Center is not consistent for all types of parts because of the evolu-
tion of these tools over time. Some of the categories require authoring before you can publish a part.
Other categories are open for publishing without authoring. The requirements for restricted cat-
egories are driven by tools such as the Design Accelerator, Bolted Connection, and AutoDrop, which
require certain parameters so they can intelligently place components. One inconsistency is Frame
Generator. Since Content Center steel shapes predate Frame Generator, which originally had its own
shape library, there weren’t any authoring requirements. Just be aware of the inconsistencies.

Right-clicking an individual Content Center part will allow you to view the family properties
and mapping of that part. Compare the category parameters of the part with the parameters of
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the intended category. Matching the two parameter lists ensures that the part will map easily
into that category.

EDITING A CusTOM CONTENT CENTER FAMILY

A Content Center family is an individual part, similar to an iPart. The part consists of a standard
factory part with a family table attached that generates any of the optional table values.

You can edit any individual part by first switching the library view to your custom library
designation, as shown in Figure 7.33.
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In the previous example, we switched the library view to the Mastering Inventor custom
library. Right-click a part located within the custom library, and select Family Table. This
launches a dialog box that allows the user to modify values, copy/paste, add/delete rows, or
suppress existing rows within the table. The dialog box also allows the addition, deletion, and
modification of columns and properties.

Publishing Parts to Content Center
Developing a process for reusing parts within your company’s design environment is essential
for standardization and improved productivity. Part of this process may include publishing
existing Inventor parts stored in project libraries. Both normal parts and iParts can be published
to a custom Content Center library.

The act of publishing a standard part into the custom library adds a family table to the pub-
lished part. Exported Part parameters will be converted to table parameters when published to
the Custom Content Center. iPart tables are converted to family tables when published.

PREPARING THE PART FOR PUBLISHING

If the part you intend to publish will be included in an existing Content Center family category
(that is, fasteners, shaft parts, and so on), you can use the Component Authoring tool to prepare
components with the necessary properties for use as “smart” content in the Content Center
Library. You can do this by following these steps:

1. On the Get Started tab, click the Open button.

2. Browse for the file named mi_7a_064.1ipt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Go to the Manage tab, and click the Component Authoring button on the Author panel.

4. From the drop-down list, select Fasteners > Bolts, and select Other. Note the graphics and
selection prompts change depending on the category of component selected.



322

CHAPTER 7 PARTAND FEATURE REUSE

Select the geometry for each row in the dialog box that corresponds to the dialog box
graphic in order to map iMate placement to this part (iMates are preprogrammed assem-
bly constraints).

Click the Parameter Mapping tab. Note that the parameters listed in the light yellow/
orange rows are required, whereas the others are optional. Click the ... button for the
Grip Length row.

In the Part Template Parameters dialog box, expand the browser to find
Parameters > User, and select GripLength. This maps the part parameter to the corre-
sponding family table parameter. Click OK.

Map the Nominal Diameter and the Nominal Length to the NomDiameter and
NomLength model parameters, respectively (you can find these at Parameters > Model
rather than Parameters > User).

Click the OK button to write the mapped parameters and iMates to the part file. You
could also click the Publish Now button to start the publishing process.

You can author parts ahead of time and use the Batch Publish tool to publish one or more
unopened parts at once. Or you can publish one part at a time as covered in the next section.
Figure 7.34 shows the Component Authoring dialog box tabs.
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PUBLISHING THE PART

To publish a part to Content Center, you must have a custom library with read/write capabil-
ity created, and your current project file must be configured to include this custom library.

In this example, you will publish a simple part that has already been authored to the custom
read/write Content Center library called Mastering Inventor. If you haven't already created
this library, review the steps in the “Creating Custom Libraries” for desktop content of ADMS,
depending on which method applies to your setup.

1.
2.

3.

On the Get Started tab, click the Open button.

Browse for the file named mi_7a_068.1pt located in the Chapter 7 directory of the
Mastering Inventor 2011 folder, and click Open.

Go to the Manage tab, and click the Publish Part button on the Content Center panel.
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11.

12.
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Select the Mastering Inventor library, and set the language as required; then click Next.
Ensure the Category To Publish To is set to Fasteners > Bolts > Other; then click Next.

Notice most of the parameters are already mapped, because this part has previously been
authored per the steps in the “Preparing the Part for Publishing” section. Recall that all
parameters in the light yellow/orange rows are required. Click the ellipsis button (the
three dots) for the Thread Type row.

In the Part Template Parameters dialog box, expand the browser to find
Threads » Thread]l, select Type, and then click OK.

Click Next in the Publish Guide dialog box.

Select Nominal Diameter, Nominal Length, and Part Number in the left pane, and use
the arrow button to include them in the right pane. This defines keys that are available
for selection upon placement of the Content Center part once published. At least one Key
column must be defined. Click Next to continue.

Enter EyeBolt for the family name, and set the Standard Organization option to ANSL
Only the family name is required; however, designating the Standard Organization
option allows the part to be listed when filtering per standard. You can also type a cus-
tom standard into the field, such as your company name. This allows you to create a filter
for the parts you published.

Click Next, and notice the preview thumbnail. You can use the Browse icon to select a dif-
ferent graphic file for use as a thumbnail, if one exists.

Click Publish to complete the task and add this part to your custom Content Center
library. Click OK in the successful publish confirmation box.

This creates the part family table in the Content Center library, but at this point there is only

one row in the table. Typically you will want to add a row for each size or different type of the
component. You can do this by using the Content Center Editor (found on the Manage tab).
Figure 7.35 shows the family key and properties steps of the Publish Guide.
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You can also convert a part to a table-driven iPart before publishing and include the rows for
each size and type of the part configuration in the iPart table. Once you have a workable iPart
that behaves correctly, you can then open the original factory iPart and publish the part. The
iPart may be a custom iPart or a fully table-driven factory. iParts containing multiple row defi-
nitions in the table will convert to a fully table-driven Content Center part. You can find more
information on iParts in the “Working with iParts” section at the beginning of this chapter.

Before using a newly published Content Center component in production, test the partin a
blank assembly for proper function.

ADDING A NEW CATEGORY TO CONTENT CENTER

If you need a unique category for your own specific parts, you can simply add a new family of parts
instead of using an existing category. You can do this from the Content Center Editor (accessed from
the Manage tab). Make sure the library view is set to view only the read/write library you intend
to create the new category in and that the tree view is enabled. Then right-click in the blank space
in the Category View pane, and choose New Category. You can also create a subcategory by right-
clicking an existing category and selecting New Category.
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The Bottom Line

Create and modify iParts iParts are the solution to creating parts that allow for an infinite
number of variations without affecting other members of the same part family already used
within your designs.

Master It You use a purchased specialty part in your designs and would like to create
the many size configurations this part comes in ahead of time for use within assembly
design. How would this be done?
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Create and use iFeatures and punches Creating a library of often-used features is essential
to standardization and improved productivity within your design workflow.

Master It You want to be able to place common punches, slots, and milled features
quickly, rather than having to generate the feature every time. What is the best way to
approach this?

Copy and clone features You do not have to create iFeatures in order to reuse various part
features in your designs. If a part feature will have limited use in other designs, it is often
better to simply copy it from part to part or from face to face on the same part.

Master It You need to reuse features within a part or among parts. You consider iFea-
tures, but realize that this feature is not used often enough to justify setting up an iFea-
ture. How would you proceed?

Link parameters between two files Linking design parameters between two or more files
allows you to control design changes from a single source, making it easy to update an entire
design from one file.

Master It You want to specify the overall length and width of a layout design in a base
part and then have other components update as changes are made to this part. What are
the methods to do this?

Configure, create, and access Content Center parts Content Center provides a great oppor-
tunity to reuse database-created geometry within assemblies and within functional design
modules. The Content Center Editor provides the means to add custom content into Content
Center. You can create and add custom libraries to your current project file.

Master It You would like to change the part numbers in some Content Center compo-
nents to match the part numbers your company uses. You would also like to add propri-
etary components to Content Center. How do you customize the Content Center?






Chapter 8

Assembly Design Workflows

A typical assembly file is composed of links to the included components and assembly constraints.
The components are parts or subassemblies that exist as separate files. When these components
are placed into an assembly file, links to those individual files are created in the assembly file.
Initially a component is free floating and can be moved and rotated in any direction, unless
grounded in place or constrained to other components.

For example, if you were to create an assembly of a simple drilled base plate and a bolt to be
inserted in the hole you would have three files:

¢ The assembly file (.iam)
¢ The base plate part file (. ipt)
¢ The bolt part file (.ipt)

When the part files are placed into the assembly file, links are created to the locations of those
files. If the hole in the base plate part is made larger, the assembly is automatically updated to
reflect that change since it is linked to the part file. In order to assemble the plate and bolt at least
one assembly constraint would be placed by selecting the shaft of the bolt and the hole in the plate.
Constraints have two functions:

¢ Constraints define how two or more components relate to one another.
¢ Constraints limit the degrees of freedom any one component has in the assembly.

Developing a good assembly design workflow is paramount to achieving performance, flex-
ibility, and stability in your designs. In this chapter, you'll explore several types of workflows
to achieve that goal. Included in this chapter is a discussion on how to use subassemblies to
enhance performance. Using subassemblies within your design can substantially improve per-
formance and ease of constraining. Component count can be in the hundreds of thousands of
parts, as long as you have sufficient memory on your system.

In this chapter, you will learn how to:

¢ Assemble components using assembly constraints

Organize designs using structured subassemblies

*

Work with adaptive components

*

Create assembly level features

L 4

Manage bills of materials
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¢ Use positional reps and flexible assemblies together

¢ Copy assembly designs for reuse and configuration

Assembly Constraints

Mastering the use of assembly constraints is an important part of learning to create assemblies in
Inventor. Constraints are the glue and nails of construction when it comes to building your assem-
blies. Properly using assembly constraints will permit the construction of stable assemblies, assist
in developing stack-up tolerances, and allow parts to be driven to show the animation of a process.
Improperly using assembly constraints can create a nightmare of broken and/or redundant

constraints, preventing assemblies from functioning properly, destroying assembly performance,
and creating rework. Understanding how assembly constraints function in an assembly will help
assure success in building and editing your design.

How Constraints Work
In Inventor, assembly constraints are used to attach parts or subassemblies together, creating
assembly relationships between the components, and therefore defining the way they fit together
based on the selection of faces, edges, or vertices and user defined parameters. In general practice,
constraint function follows real-world assembly techniques where fasteners, adhesives, and welds
attach one component to another.

There are six basic types of constraints in Inventor. Most of the constraint types have multiple
solution types that can be used to achieve the result you are looking for. Here is a list of the con-
straint types and their solutions:

& Mate constraints position components face to face or adjacent to one another.

¢ The Mate solution positions selected faces normal to one another, with faces coincident;
imagine two plates butted together.

® The Flush solution aligns components adjacent to one another with faces flush; imagine
two plates flushed along an outside corner.

& Angle constraints position two components at a specified angle to define a pivot point.
¢ The Directed Angle solution always applies the right-hand rule to selected faces or edges.

¢ The Undirected Angle solution allows either orientation and is used in situations where
component orientation flips.

¢ The Explicit Reference Vector solution defines the direction of rotation axis.
& Tangent constraints position two components to contact at a point of tangency.

¢ The Inside solution positions the first selected component inside the second selected
component at the tangent point.

¢ The Outside solution positions the first selected component outside the second selected
component at the tangent point.
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& [nsert constraints is a combination of a face-to-face mate constraint between planar faces
and a mate constraint between the axes of the two components.

¢ The Opposed solution reverses the mate direction of the first selected component.
¢ The Aligned solution reverses the mate direction of the second selected component.

& Rotation constraints allow one component to rotate based on the selection of a second
component.

¢ The Rotation solution allows the first selected component to rotate in relation to another
component using a specified ratio; imagine two gears.

® The Rotation-Translation solution allows the first selected component to rotate as it
translates the face of another component; imagine a rack and pinion.

& Translational constraints specifies the relationship between a cylindrical component and a
contiguous set of faces on another component, such as a cam in a slot.

When using constraints, a minimum of two and a maximum of three constraints are
required to fully constrain two components together so that their relationship is fully defined.
Underconstrained components allow a motion in the unconstrained axis or plane. Components
fully contained within a subassembly will not figure into the constraint analysis when the top-
level assembly is opened or modified.

Degrees of Freedom

Each unconstrained component existing within an assembly file possesses six degrees of freedom
initially. The degrees of freedom (DOF) are bidirectional and consist of three axial degrees of free-
dom along the X, Y, and Z origin axes, as well as full rotational freedom around the same axes.

For ease of use when learning and applying constraints, it might help to make the degrees
of freedom visible through the View tab by clicking the Degrees of Freedom button. As con-
straints are applied to your component, the DOF triad will change to only show the remaining
DOF. When the component is fully constrained, the triad will disappear. Figure 8.1 illustrates
the activation process.
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You can also analyze the degrees of freedom for the complete assembly. The Degree of Freedom
Analysis button is located in the Productivity panel drop-down list found on the Assembly tab. A
dialog box displays each component (part or subassembly) at the active level of the assembly. The
number of translation and rotation DOF are listed.

If you select Animate Freedom at the bottom of the dialog box, and then select a component
in the list, it will move to show the DOF, assuming it is not already fully constrained. Figure 8.2
shows the Degree of Freedom Analysis dialog box.
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Follow these steps to animate the underconstrained component:

1.
2.

3.

Click the Get Started tab and choose Open.

Browse for the file named mi_8a_001.1iam located in the Chapter 8 directory of the
Mastering Inventor 2011 folder and click Open.

Click the View tab and then select the Degrees of Freedom button to turn on the degrees
of freedom triad for each part.

You'll notice that each part has a triad denoting the axes the part is able to translate along, or
rotate around. There are only three triads shown because the part called 8-001 is grounded and
cannot move at all.

4.

® N o9 oo

Click the Assemble tab, then select the drop-down on the Productivity panel and select
Degree of Freedom Analysis.

Select Animate Freedom at the bottom of the dialog box.
Click 8_002 in the list. Watch it rotate in the free axis, demonstrating its DOF.
Click 8_003 in the list. Watch it rotate and move up and down, demonstrating its DOF.

Click 8_004 in the list. Watch it rotate and slide along the face of the plate in two directions,
demonstrating its DOF.

These tools can be very helpful when trying to determine how parts are constrained or not
constrained in an assembly. You may find that leaving the DOF triads turned on will help you
as you learn how constraints work. You can close the current file without saving changes and
continue on to the next section.

Grounded Components

When you place a component into a new assembly it is automatically given a grounded state.

A grounded component is fully constrained and has 0 degrees of freedom. You can ground or
un-ground any component in an assembly by right-clicking on and selecting Grounded from
the right-click context menu. Every assembly should have at least one grounded component. If
components are not grounded the assembly can become misaligned from the X, Y, and Z axes
and will cause problems when you try to detail the assembly in the drawing environment.
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PLACING COMPONENTS IN AN ASSEMBLY

In order to place components in an assembly, you can use the Place button found on the assembly
tab and then browse to locate the component. Additionally you can drag part and assembly files
from Windows Explorer and drop them into the assembly.

To place additional instances of components already in the assembly, you can copy and paste
components from the graphic area or simply click and drag components from the browser.

In certain workflows where parts are placed into the assembly in the correct position and orien-
tation to begin with, all components can be grounded. This is done automatically when an assem-
bly is created from a multi-body part using the Make Components tool. If a particular component
needs to be adjusted, it can be un-grounded and then constrained using assembly constraints.

The ground all strategy can also be used to rebuild assemblies that have a great many errant
assembly constraints due to major uncontrolled changes. For instance if you opened an assem-
bly that has fifty constraints and of those forty-two of them have errors, you might be better off
to select all of the components and ground them in place. Next you would set the browser from
Assembly View to Model View using the toggle at the top of the browser, and then select all of
the constraints with errors from the Constraint folder, and delete them. You could then leave
everything grounded or un-ground and re-constrain them one at a time.

Working with Constraints

As mentioned there are several types of constraints available for use in an assembly. In order

to know which one to use and when, you should be familiar with each. Keep in mind, however,
certain constraint types are used more often than others. In the following pages you will explore
the creation of the various constraint types.

MATE CONSTRAINT

The Mate constraint type is made up of two solutions: Mate and Flush. Figure 8.3 compares the
two solutions. On the far left the selections are shown, in the middle the Mate solution is shown,
and on the right the Flush solution is shown.

FIGURE 8.3 <R
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To explore the Mate constraint options you will open a simple fixture assembly and assemble
two plates to match the completed assembly next to it.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_002.1iamlocated in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.
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3. Click the View tab, and select the Degrees of Freedom button to turn on the DOF triad for
each underconstrained part.

4. From the Assemble tab, click the Constrain button (or type C on the keyboard).

5. In the Place Constraint dialog box, ensure the Assembly tab is active and the Mate but-
ton is selected for the Type. Make sure the Preview check box is selected and the Predict
Offset and Orientation check box is cleared.

Within the Place Constraint dialog box, you have three check boxes:

Pick Part First This check box, indicated by the small red cube, is useful when parts are
partially obscured or are positioned in such a way that clicking a face or edge is difficult.
This option requires you to first select the component and then filters the selectable geometry
to that single component.

Predict Offset and Orientation This button measures the distance between the selected
faces, allowing you to eyeball a part placement and then retrieve the distance. If the check
box is not selected, a default of 0 is entered for the offset.

Preview This check box, denoted by the eyeglasses icon, controls whether the selected
components will adjust position or orientation in order to review the constraint before
clicking Apply or OK to actually create the constraint.

6. For Selection 1, click the orange face on the part with the triangular feature. Watch the
on-screen highlights to be careful to select the face and not an edge. It may be helpful
to zoom in.

7. For Selection 2, click the circular face on the base part.

You should see the part “snap” into place based upon your selection points. This is
just a preview of the constraint and is controlled by the Preview check box. Notice the first
and second geometry selection buttons are color coded in the Place Constraint dialog box.
Also notice that as you select faces, they are shaded to match the first and second geometry
selections.

8. In order to adjust the constraint selection, press the Selection 2 button in the Place Constraint
dialog box. This removes the previous selection (the circular face) and allows you to re-select
the mating face.

9. For the re-selection, click the orange face on the base plate.
10. Click Apply to place the Mate constraint on the two parts.

11. Next, select the yellow face of the base plate and the yellow face of the side plate for
Selection 1 and 2.

12. You should see the two yellow faces mate together in a way that is not what you want.
Click the Flush button in the Solutions area of the dialog box and you should see the
preview update to give a more desirable result.

13. Click OK to place the flush constraint and close the dialog box.
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At this point the DOF triad should only have one remaining arrow, indicating that all of the
other DOF have been removed as the constraints were added.

14. Click and drag on the part with the triangular feature and note that it will slide in the
direction indicated by the DOF symbol, and only in that direction.

Using Rotate and Move

Next you will place the final constraint required to fully assemble the two parts. But before plac-
ing the remaining constraint it may be helpful to rotate the part so that you can easily select the
required faces. To do so you will use the Rotate tool. The Rotate tool allows you to rotate a selected
component and rotate just it in the assembly. The Rotate tool suspends any constraints currently
involving the selected component to allow it to be rotated. The constraints are activated again when
the Update button is clicked or when some other action, such as placing another constraint forces
an update. The Move tool works the same as the Rotate tool regarding constraints. Continue on
from the previous step to see how this works.

15. From the Assemble tab, click the Rotate button.
16. Select the part with the triangular feature and you will see the Rotate “globe” appear.
17. Spin the part so that you can see the purple face.

¢ For free rotation, click inside the rotate “globe” and drag in short strokes.

¢ To rotate about the horizontal axis, click the top or bottom handle of the rotate “globe”
and drag vertically.

¢ To rotate about the vertical axis, click the left or right handle of the 3D rotate symbol
and drag horizontally.

¢ To rotate flat to the screen, place your cursor over the edge of the “globe” until the
symbol changes to a circle, and then click and drag around the “globe.”

18. Right-click and choose Done to exit the Rotate tool.
19. From the Assemble tab, click the Constrain button.
20. Select the purple face on each part and then click OK.

This will fully constrain the part and remove the final DOF arrow from display. You can
close this file without saving changes and continue to the next section to explore more con-
straint options.

Editing and Deleting Constraints

Each of the constraints you placed in the previous steps was added to the browser under the
parts involved. You can access these constraints in order to make changes or delete them by

expanding the browser node for one of the components. In the following steps you will edit

and delete a constraint.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_003.1am located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.
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3.

4.

Expand the plus icon next to both of the parts in the browser to reveal the constraints
listed below them. There are two mates and one flush constraining these two parts.

Right-click on the Flush constraint and select Edit.

You'll notice that the options are much like those used to create the constraint. You can re-select
selection inputs 1 and 2, modify the solution from Flush to Mate, or even change the type. In this
case you will add an offset value.

10.

11.

12.

13.

14.

15.

16.
17.
18.

19.
20.

Enter -10 mm in the Offset input box. If the preview button is selected, you should see the
part adjust to preview the flush offset.

Click OK to accept the edit.

Click on the Flush constraint in the browser again. Notice that it now displays the
offset value.

At the bottom of the browser is an input box where you can adjust the offset without need-
ing to bring up the edit dialog box. Enter 12 mm and press the Enter key on the keyboard.
The part will adjust to the new offset.

Next, double click on the icon next to the Flush in the browser.

An Edit Dimension box will appear, offering another way to edit the offset parameter for
this flush constraint.

It is often helpful to name constraint offset parameters for use later on. Type Block_
Offset = 40 mm into the box and then click the green checkmark button (or press the
Enter key on the keyboard).

Go to the Manage tab and click the Parameters button.

In the resulting dialog box, you'll see the Block_Offset parameter in the list. Note the other
two parameters are for the Mate constraints. Click Done to exit the Parameters dialog box.

Click the View tab and the select the Degrees of Freedom button to turn on the DOF triad
for each underconstrained part. In this case, no triads appear because the assembly is
currently fully constrained.

Right-click on the Flush constraint in the browser and choose Delete. You'll now see a
DOF arrow showing you that the part is now free to slide along one axis.

Click and drag the part to see it move in its free axis.
From the Assemble tab, click the Constrain button.

In the Place Constraint dialog box, click the Predict Offset and Orientation check box
(find it next to the preview check box).

Set the solution to Flush and then select the yellow faces of the two parts.

Note the offset value reports the current distance between the two yellow faces. Enter
Block_Offset = 20 mm, and then click OK.

Editing and creating Mate and Flush constraints will likely make up a majority of the
constraint types you create. Take the time to master these constraints and you will find
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the other constraint types much easier to learn as well. You can close this file without saving
changes. If you'd like more practice with Mate and Flush constraints, you can open the files
called mi_8a_004.7iam, mi_8a_005.7am, and mi_8a_006.17am and assemble them using the
concepts you just learned. Use the assembled parts as an example to put together the unas-
sembled parts in each of these files.

Mate to Edges, Centerlines, and Vertices

In addition to selecting faces for creating Mate constraints, you can also use edges, centerlines,
and vertices as selections. When using edges or centerlines, keep in mind that you are defining
a different number of degrees of freedom than when using faces, therefore the results can be
quite different. It is also important to understand that edges and centerlines have no negative
or positive value, and therefore edge-to-edge type constraints are not a good choice for creating
mate offsets. Instead use a face-to-edge mate in those cases.

Depending on the available geometry, you will often need to use the Select Other tool to cycle
through the available selections in order to select an edge or vertex. To use the Select Other tool,
hover over a selection and wait for the Select Other toolbar to appear. Then slide your cursor to
the left or right arrow on the toolbar and click. When the geometry you want is highlighted, slide
your cursor back to the green button in the center of the toolbar and click. This will select the
geometry. Figure 8.4 shows the Select Other tool being used to select a centerline on the left, a
cylindrical face in the center, and the back face on the right.

FIGURE 8.4
Using the Select
Other tool 2

ANGLE CONSTRAINT

The Angle constraint permits three solutions within this constraint type. The solutions are
Directed Angle, Undirected Angle, and Explicit Reference Vector. The Directed Angle solution
always applies the right-hand rule, meaning that the angle rotation will function in a counter-
clockwise direction.

The Undirected Angle allows either counterclockwise or clockwise direction, resolving situa-
tions where a component orientation will flip during a constraint drive or drag operation.

The Explicit Reference Vector solution allows for the definition of a z-axis vector by adding
a third click to the selection. This option will reduce the tendency of an Angle constraint to flip
to an alternate solution during a constraint drive or drag. Figure 8.5 illustrates the selections
required for this solution.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_007.1iam located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.

335
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From the Assemble tab, click the Constrain button (or type C on the keyboard).

In the Type area of the Place Constraint dialog box, select the Angle button.

In the Solution area, click the Directed Angle button.

For Selection 1, click the large face of the painted board that the hinges are mounted on.
For Selection 2, click the large face of the unpainted board that the hinges are mounted on.

Enter 90 into the Angle input box, and note the preview displays as expected.

© ® N9 e AW

Click the Selection 1 and 2 buttons to clear them and then select the unpainted board for
Selection 1 and the painted board for Selection 2. Pay attention to which selection button
is pushed in as you select to ensure that you get this right.

PLACE ASSEMBLY CONSTRAINTS USING ALT-DRAG

Rather than using the Place Constraint dialog box, you can press and hold the Alt key and then drag
a component into position. Constraints are inferred based on the type of geometry selected. The
constraint is previewed in the graphics area as you drag over the components involved. To set a
specific constraint, release the Alt key and enter one of the following shortcut keys. You can press
the space bar to flip the constraint solution, from mate to flush, for example.

M or 1 Changes to a mate constraint.

A or 2 Changes to an angle constraint.

T or 3 Changes to a tangent constraint.

1 or 4 Changes to an insert constraint.

R or 5 Changes to a rotation motion constraint.

S or 6 Changes to a translation motion (slide) constraint.
X or 8 Changes to a transitional constraint.

To see the Alt-drag method in action, go to the Get Started tab, and click the Show Me Animations
button. Click the Assemblies — Constraints link in the list and then choose Alt-drag Shortcut
Animation from the next list.
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You will see from the result that the 90 degree angle is dependent upon the selection order. In
this case you could enter -90 to flip the angles also, but had you selected edges rather than faces
entering -90 would not work. Next continue on to explore the Undirected Angle solution.

10.

11.

12.

13.

Click Cancel to exit the Place Constraint dialog and then click the Constrain but-
ton to bring it back up (this ensures that your selections and input are cleared before
continuing).

In the Type area of the Place Constraint dialog box, select the Angle button, and then in
the Solution area, click the Undirected Angle button.

Select the two faces and enter 90 degrees again. You'll note the preview updates as
expected.

Click the Selection 1 and 2 buttons to clear them and then select the unpainted board for
Selection 1 and the painted board for Selection 2. Pay attention to which selection button
is pushed in as you select to ensure that you get this right.

You will notice that the angle is not dependent on the selection order. And if you try
entering —90 for the angle input, you'll see that the negative value does not change the angle.
This option can be more stable for use in setting up angles that will be changed in configura-
tions, animations, and so on, but it is still largely dependent upon the other constraints in the
assembly. If the constraints holding the hinge to the boards were modified, the undirected
angle constraint may need to be adjusted. Next, continue on to explore the Explicit Reference
Vector solution.

14.

15.

16.
17.

18.

19.

20.

Click Cancel to exit the Place Constraint dialog and then click the Constrain button to
bring it back up.

In the Type area of the Place Constraint dialog box, select the Angle button, and then in
the Solution area, ensure the Explicit Reference Vector button is selected.

For Selection 1, click on the large face of the painted board that the hinges are mounted on.

For Selection 2, click on the large face of the unpainted board that the hinges are
mounted on.

Next run your cursor over the cylindrical faces in the center of either hinge. You should
see the direction arrow flip back and forth depending upon which face is highlighted.

When you find a face that points the arrow in toward the center of the assembly, click it.
This selects the center axis of the hinge pivot, and therefore defines the entire angle con-
straint without relying on other existing constraints to establish the vector reference.

Enter 90 degrees.

You'll note the preview updates incorrectly, flipping the assembly down and causing an
interference situation. To correct this, you can enter a negative angle or you can simply reselect
Selection 3 so that it points the other way:.

21.

Click the Selection 3 button again to clear it, and then find a face that makes the arrow
point out from the center of the assembly and select it. You'll notice the preview updates
to flip the assembly up, as desired.
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You may be wondering why there are so many angle options at this point. Originally,
Inventor did not include all three of these angle solutions, and options were added to improve
the predictability of angle constraint updates. At this point though, if you use the default
Explicit Reference Vector solution, your angle constraints will update predictably.

As a final note on angle constraints, you will probably find that using edges rather than faces
for angle constraints will provide more predictable results, particularly when setting up con-
straints to be used in creating positional variations for animation or documentation purposes.
You can close this file without saving changes, and continue on to the next section.

USING THE RIGHT-HAND RULE

A good way to visualize the Explicit Reference Vector command is to use the right-hand rule. Take
your right hand and make a “gun” shape with your index finger pointing out and your thumb pointing
up. Now point your middle finger to the left, 9o degrees to the index finger. Your hand will then be
making the three major axes. You can then use the thumb to determine the positive axes of the cross
product of the x- and y-axes (the index and middle finger).

TANGENT CONSTRAINT

A Tangent constraint results in faces, planes, cylinders, spheres, and cones coming in contact at
a point of tangency. Tangency can exist inside or outside of a curve depending on the direction
of the selected surface normal. The number of degrees of freedom a Tangent constraint removes
depends on the geometry. When a Tangent constraint is applied between a cylinder and a planar
face, the constraint will remove one degree of linear freedom as well as one degree of rotational
freedom from the set.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_008.iam located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.

. From the Assemble tab, click the Constrain button (or type C on the keyboard).
. In the Type area of the Place Constraint dialog box, select the Tangent button.

3

4

5. For Selection 1, click the face of one of the sphere-shaped ball bearings.

6. For Selection 2, click the face of one of the half-sphere cutouts in the block.
7

. Note that the preview sets the bearing to the outside. In the Solution area, click the
Inside button.

8. Click Apply and create an identical tangent constraint for the second ball bearing.

9. Create another tangent constraint, but this time use the Outside solution and select the
cylinder of the shaft and the spherical face of one of the ball bearings.
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10. Before creating the last tangent constraint, click OK to exit the Place Constraint dialog box
and click on the shaft and pull it up toward the top of the ball bearing it is tangent with.
This is just so that the next tangent constraint will not solve to the lower hemisphere and
run the shaft into the block.

11. Create another tangent constraint, again using the Outside solution and select the cylinder
of the shaft and the spherical face of one of the ball bearings.

Tangent constraints are fairly straightforward, and although they are not the most common
constraint type to use, they are often the only one that will allow you to get the result you need
when working with cylinders, spheres, and curved faces. You can test the function of the shaft and
bearing constraint set by clicking and dragging on the shaft to see it rotate, and then you can close
the file without saving changes. Figure 8.6 shows the placement of a Tangent constraint.

FIGURE 8.6 i
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INSERT CONSTRAINT

ol The Insert constraint is probably the best choice for inserting fasteners and other cylindrical objects
OBJECTIVE into holes or for constraining any parts where circular or cylindrical geometry is to be constrained
to one another. A single Insert constraint will replace two Mate constraints (one along the edge
and one through the centerline), retaining one rotational degree of freedom. Options for the Insert
constraint are Opposed and Aligned. The Insert constraint also allows for specifying offset values
between components. Figure 8.7 shows common uses of Insert constraints.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_009.1iam located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.

3. From the Assemble tab, click the Constrain button (or type C on the keyboard).
4. In the Type area of the Place Constraint dialog box select the Insert button.

5. Select the bottom edge of one of the screw heads for Selection 1. Notice the highlight
shows the edge and the centerline are selected.

6. Select the top edge of one of the eight holes on the plate for Selection 2.

7. Toggle the solution button to see the difference in the two solutions and then set the solution
to Opposed.
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8. Enter 2 mm in the Offset input box, and then click Apply.

9. Select the edge of one of the washers and then the bottom edge of the screw head to place
and apply another insert constraint.

10. Next, set another insert constraint using the edge of the yellow face of one of the boss
features and one of the nuts. Use the Aligned solution to flip the nut so it is set down
inside the boss feature.

11. Use insert constraints to place the blue cover on the base part by selecting the rounded
corners.

FIGURE 8.7
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You can continue to practice with the remaining hardware. Use copy and paste to add more
instances if you'd like. When you're done, you can close the file without saving changes.

MINIMUM DISTANCE USING THE MEASURE TOOL

CERT You can find the minimum distance between two assembly components by using the Measure
URUFCTIVE tool. To access the Measure tool, go to the Tools tab and select Measure Distance from the Measure
panel. Click the priority drop-down box in the Measure Distance tool and set it to Part Priority. Next,
select the first part and then select the second part. The returned value is the minimum distance

between the two parts.

Motion Constraints

Within the Place Constraint dialog box are the Motion tab and the Translational tab. From the
Motion tab, you can add Rotation constraints and Rotation-Translation constraints. A rotation
constraint is typically placed between two components, such as gears, simulating a ratio-based
rotation. Rotation-Translation constraints allow a linear distance and revolution ratio to be
applied, for component pairs such as rack and pinion sets. From the Translational tab, you create
constraints between a rotating and nonlinear translating face, such as cams and followers.
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ROTATION CONSTRAINT

caff To create a simple Rotation constraint, first place two components constrained around their
OBJECTIVE axes. Neither component should be grounded; instead, they should be constrained to allow rota-
tion around the axes. The Rotational constraint applies a forward or reverse solution to the two
components, along with a ratio that will determine rotation speeds, as shown in Figure 8.8.
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In the following steps you will create a reverse rotation constraint on a small cog set.
1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_010.iam located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.

. From the Assemble tab, click the Constrain button (or type C on the keyboard).

3

4. Click the Motion tab in the Place Constraint dialog box.

5. In the Type area of the Place Constraint dialog box, select the Rotation button.
6

. For Selection 1, click the yellow face on the large cog and for Selection 2, click the yellow
face on the small cog.

7. In the Solution area, click the Reverse button.

8. Note the Ratio is automatically set to 3 ul (ul means unitless). Based on the selected
geometry, you could enter any value you want, but in this case you’ll leave it at 3. You
should be aware had you selected the cogs in the opposite order, the ratio would be 0.333,
the reciprocal of its current value. Click OK to create the rotation constraint.

Currently, the assembly is fully constrained and will not rotate. This is because of the Mate
constraint named Alignment Mate, which has been placed on the XZ origin planes of each cog.
The purpose of this Mate constraint is simply to line the cogs up in their start position. In order
to let the rotation constraint work, the mate must be suppressed or deleted.

9. Locate the Alignment Mate constraint in the browser. You can do so by expanding either
of the cogs in the browser.

10. Right-click on the Alignment Mate and choose Suppress. The constraint will now be
grayed out and will not calculate against the assembly.

11. Click and drag on either of the cogs to rotate them.
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If you start the rotation with both yellow faces showing and count the number of times the
small cog rotates before the yellow face on the large cog comes back around, you will see it make
three revolutions to every one of the large cog, as specified by the ratio in the constraint input.
You can close the file without saving changes, and continue to the next set of steps where you
will create a Rotation-Translation constraint.

ROTATION-TRANSLATION CONSTRAINT

In the following steps you will create a Rotation-Translation constraint as would be used to
constrain a rack and pinion gear set.

1. Click the Get Started tab, and choose Open.

2. Browse for the file named mi_8a_011.1iamlocated in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.

. From the Assemble tab, click the Constrain button (or type C on the keyboard).

3

4. Click the Motion tab in the Place Constraint dialog box.

5. In the Type area of the Place Constraint dialog box select the Rotation-Translation button.
6

. For Selection 1, click the yellow face on the cog. Notice the selection glyph displays a
rotation arrow, indicating it is looking for the rotational selection. Selection order is
important in this case.

7. For Selection 2, in the Solution area, click along the bottom edge of the rack. Be certain to
select the edge, not the face. Although there is nothing preventing you from selecting the
face or indicating that it is not the correct selection, the constraint will simply not work if
the face is selected.

8. Note the value added to the Distance input box. This is the total travel of the rack for
one revolution of the cog. This value is initially calculated from the selections, but you
can enter your own value as required. In this case, the number it is not an even number
due to the mix of imperial and metric dimensions used in this model. Click OK to create
the constraint.

Figure 8.9 shows the constraint selections.
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Currently, the assembly is fully constrained and will not rotate. This is because of the Mate
constraint named Start Point Mate, which has been placed on the rack and cog. In order to let the
Rotation-Translation constraint work, the mate must be suppressed or deleted.
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9. Locate the Start Point Mate constraint in the browser. You can do so by expanding the

rack in the browser.

10. Right-click on the Start Point Mate and choose Suppress. The constraint will now be

grayed out and will not calculate against the assembly.

11. Click and drag on the rack to see the rotation and translation take place.

Although motion constraints are easy to place, be aware that the real work is in the calcula-
tions of creating components with the correct geometry beforehand. If you have a need to create
a lot of gears, you'll want to explore the gear generator design accelerator. For now, you can close

the file without saving changes and continue to the next section.

TRANSITIONAL CONSTRAINTS

Transitional constraints allow the movement of an underconstrained component along a path in

a separate part. To create a Transitional constraint, you first select a moving face on the under-
constrained component. Then you select a transitional face or edge on a fully constrained or
grounded part.

Figure 8.10 illustrates a cam and follower with a Translational constraint applied.

1. Click the Get Started tab, and choose Open.
2. Browse for the file named mi_8a_012.1am located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.
. From the Assemble tab, click the Constrain button (or type C on the keyboard).
4. Click the Translational tab in the Place Constraint dialog box.
. For Selection 1, click the yellow face on the follower wheel. Note the first selection must
be the moving face.
6. For Selection 2, click the orange face on the cam. Note this selection must be the transla-
tional face.
7. Click OK to create the constraint.
8. Click and drag on the cam and rotate it around the axis to see the assembly in action.
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Components used in Translational constraints must always be in contact for them to work,
therefore no offsets are permitted. The translational face (in this case the cam) can be any com-
bination of flat, arced or splined defined faces, however it is generally best to avoid sharp cor-
ners. When finished examining the Translational constraint functionality, you can close the file
without saving changes.

Additional Constrain Tools and Options

In addition to the basic constraint types and options, there are a number of other tools and
options to be aware of. These tools and options are covered in the following pages.

USING THE ASSEMBLE TooOL TO PLACE CONSTRAINTS

The Assemble tool allows you to move a component into place and place a constraint based on the
selected geometry. This tool is designed to select a component and then fully constrain it. When
using the Assemble tool, you select the component you want to move into place first and then the
component you want to constrain to. Because of this, you can constrain only one component at a
time with this tool. To constrain a second component, you must click OK to exit the Assemble tool
and then select the Assemble button again or right-click and select Repeat Assemble.

As constraints are placed, the geometry involved is left highlighted on-screen. These new
constraints are not created until the Assemble tool is exited by clicking the OK button. If any
conflicts with existing constraints are created, you are presented with the Assemble Constraint
Management dialog box. You can find options in this dialog box to resolve the conflicts.

You can open the file called mi_8a_013.iam to explore the Assemble tool, following these
general steps:

1. From the Assemble tab, click Assemble button.

Select some geometry on the component to be moved into place.

Select some geometry on the component that is intended to stay in place.
Enter values such as offsets or angle values if needed.

If necessary change the solution type (from mate to flush, for example).

& o R w b

From this point you can do any of the following:
¢ Click Apply and continue to define other constraints for the selected component.

¢ Click OK to create the constraints based on the previous selections and exit the
Assemble tool.

¢ Click Undo to delete current selections and then continue defining constraints.

CONSTRAINT AUD10 NOTIFICATION

When you place a constraint in an assembly, Inventor makes a sound at the time of the preview
or at the time of the constraint creation, depending upon the preview option at the time. You can
disable this sound by going to the Tools tab, selecting Application Options, and then clicking the
Assembly tab. Uncheck the Constraint Audio Notification check box to disable the sound.
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You can change the sound by replacing the default sound file with one of your choice. The
sound file is called Connect.wav and can be found in the C:\Program Files\Autodesk\
Inventor 2011\Bin folder (assuming that is the install path).

CONSTRAINT SETS

Constraint Sets allow you to constrain two components together using their User Coordinate
Systems (UCS). You define the UCS in the part or subassembly file first and then place constraints
on the coordinate system planes and axes rather than the component geometry.

You can open the file called mi_8a_014.1iam to explore constraint sets, following these
general steps:

1. From the Assemble tab, click the Constrain button.

2. In the Place Constraint dialog box, click the Constraint Set tab.

3. Expand the browser nodes for both components so you can see the UCS features listed.
4. Select each UCS for Selections 1 and 2.

5. Click OK to create a set of constraints between the two UCS triads.

CONSTRAINT LIMITS

Constraint Limits allow you to define minimum and maximum constraint values so components
can move freely within the limits but not beyond them. You can imagine a model of a door hinge.
You might want the hinge to swing from 0 to 270 degrees, but not outside of that range, or the
hinge might interfere with itself.

You can open the file called mi_8a_015.1iam to explore constraint limits. In this assembly there
are four parts. These would be four subassemblies in reality, but for the sake of simplicity they
have been condensed into part files. The router base is grounded in place and the Y- and Z- axis
Assemblies have been fully constrained with constraint limits, so they are free to slide within the
bounds of the bearing rods and gantry uprights. You can click and drag on the Z-Axis Assembly
to see how it behaves in a realistic manner due to the existing constraint limits. But if you click on
the X-Axis Assembly, you will see it does travel along the bearing rods realistically, but it can con-
tinue sliding through the Router Base and beyond. To fix this, you will add a constraint set to the
X-Axis Assembly, limiting its travel to a more realistic result.

1. From the Assemble tab, click the Constrain button (or type C on the keyboard).
Set the solution to Flush.
Select the two yellow faces for Selection 1 and 2.

Click the >> button to expand the dialog box.

Click the Maximum and Minimum check boxes.

Enter -10 mm for the maximum value.

Enter -395 mm for the minimum value.

® NS YR W N

Click the Use Offset As Resting Position check box.
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9. Enter -150 for the offset value (located back toward the top of the dialog box).
10. Enter X Travel in the Name input box, and then click OK to create the constraint.

11. Click on the X-Axis Assembly, and you will see it now stops before running through the
other components.

Figure 8.11 shows the constraint limit being created.
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You can drag the X-Axis Assembly to its minimum and maximum limits, but when you let go
it returns to the resting value you set in the dialog box. Keep in mind, you are not required to
use the resting position option. If no resting value is used, the assembly will stay where it was
last placed, which is the behavior exhibited by the Z-Axis Assembly.

Constraint Limits are a great tool to use in the setup of free moving components to get them
to behave predictably. However, you should be aware there may be a small performance hit

when using too many of these at once. So keep that in mind as you use them. You can close the
assembly without saving changes.

DR1vING CONSTRAINTS

It is often desirable to simulate motion by driving a constraint through a beginning position and
an ending position to confirm the intent of the design. In general, Offset and Angle constraints
may be selected to drive components within an assembly. To accomplish this, simply right-click
the desired constraint, and select Drive Constraint (as shown in Figure 8.12).

You can open the file called mi_8a_016.1am to explore the drive constraint options. If you
expand the Z-Axis Assembly node, you will find two constraints labeled Drive Me. When you
right-click on a constraint and choose Drive Constraint, the Drive Constraint dialog box will
appear, allowing you to alter the constraint by specifying steps between the start position and
the end position. When a constraint is driven, any components constrained to the driven com-
ponent will move in accordance to their particular shared constraints. The motion may be set to
forward or reverse, stopped at any time, and even recorded by clicking the Record button prior
to activating the move. If any of the affected components are constrained to a grounded compo-
nent, or if the movement will violate any existing constraint, then the drive constraint will fail.
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Expanding the dialog box as shown in Figure 8.13 by pressing the >> button will reveal
additional controls over the drive constraint. The increment of movement can be controlled by
a value or by a total number of steps from beginning to end. The length of a particular driven
constraint can be controlled by the number of allowable repetitions from Start to End or can be
reversed by using the Start/End/Start option. For a continuous revolution by degrees, you may
exceed 360° by specifying the total number of degrees of revolution or by including an equation
such as 360 deg *3.
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Other parts properly constrained within the driven assembly that are adaptive will adjust to
changes if the Drive Adaptivity option is selected. This particular option allows determination
of a maximum or minimum condition for the adaptive part.

Checking the Collision Detection option allows for determination of an exact collision dis-
tance or angle between the driven parts. Using the Collision Detection option will help you
determine interferences between moving parts so that those parts can be modified before
manufacturing.
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USING THE CONTACT SOLVER FOR COLLISION DETECTION

If you have parts that interfere (such as a dowel pin in a hole) and have the Collision Detection option
selected, the Drive Constraint command will stop immediately because it will have detected this
interference. If you really need to test the collision of parts, look into using the Contact Solver.

CONTACT SOLVER

Another method for driving components within an assembly involves the Contact Solver option.
With this option, only minimal constraints are required to drive a number of components.
Components are not required to be constrained to one another for the Contact Solver to work.

The Contact Solver works in much the same way as parts interact within the real world. Without
the Contact Solver applied, moving parts can be run through one another, creating interference.
With the Contact Solver applied, parts will stop when they contact one another. A simple example
of this is the slide arm pictured in Figure 8.14. On the left, you can see that the arm segments have
been extended past the point that they could be in reality, allowing the slide stops to run through
the slide slot. On the right, the parts have been added to a contact set, and the Contact Solver has
been turned on, preventing the slide stops from running through the slots.

To add parts to a contact set, simply right-click the part, and click Contact Set in the context
menu. An icon will appear before each component showing when a component has been added to
the contact set. In addition to adding parts to a contact set, you must also ensure that the Contact
Solver is turned on by going to the Tools menu and clicking Activate Contact Solver. Once all active
participants within the contact set are selected and the Contact Solver is activated, then a single
driven constraint can provide a real-life simulation. Note that it is best practice to turn the Contact
Solver off when performance is a consideration.

To explore the contact sets, open the file called mi_8a_017.1iam and follow these basic steps:

1. Select any components you want to be added in the contact analysis.

2. Right-click on the selected components and select Contact Set from the context menu.
3. Select the Inspect tab and click the Activate Contact Solver button.
4

. Drag the part with the black end cap in and out to see the assembly extend and contract
based on the contact points.



UNDERSTANDING SUBASSEMBLIES

REDUNDANT CONSTRAINTS AND CONSTRAINT FAILURES

Excessive constraints are considered redundant when you have overconstrained components.

Redundant constraints will interfere with the proper operation of your assemblies and can
cause constraint failures and performance issues.

Two toggles will assist in flagging bad constraints; you can find them by selecting Tools >
Application Options and going to the Assembly tab. Enabling Constraint Redundancy Analysis
allows Inventor to perform a secondary analysis of assembly constraints and notifies you when

redundant constraints exist.

Enabling Related Constraint Failure Analysis allows Inventor to perform an analysis to identify
all affected constraints and components, if a particular constraint fails. Once analysis is performed,

you will be able to isolate the components that use the broken constraint(s) and select a form of
treatment for individual components.

Because analysis requires a separate process, performance can be affected if these two check
boxes are active. Because of this, it is advisable to activate the analysis only when problems exist.

Understanding Subassemblies

You create assemblies by placing constraints between parts in order to position and hold those

parts together. When working with small assemblies, you can often assemble all the parts

together at one level. Working with larger assemblies, however, often requires the use of mul-
tiple levels of assemblies for the sake of organization and performance. Lower-level assemblies

are referred to as subassemblies.

MAKING ASSEMBLIES WORK FOR YOU

There are many ways to use assemblies, including using them as a model of your machine, capturing
information for manufacturing, or maximizing the performance of your system. Most of us focus
on the first aspect, but the other aspects are also important. When one of us worked at a large multi-
national company, the BOM drove our designs. Before we did any modeling, we roughed in the BOM
structure and used that to set up our assemblies. Manufacturing efficiency was so important to the
business that it drove the engineering processes.

Other companies we have worked for were primarily concerned with getting designs done in a
timely fashion. Semi-custom design reused 95 percent of an existing machine with detail rede-
sign. Models had to be structured to simplify reuse and modification. When we did “clean sheet”
design, models started out simple and grew in complexity, requiring restructuring as the design
took shape. Although we knew some basic parameters—such as interface geometry and some of
the purchased components—up front, being able to explore alternatives and quickly change the
model required discipline in the early stages. If we didn’t structure the model correctly, it would
fall apart when we made changes.

Inventor was designed to support these and other workflows. There are alot of tools to help optimize
your assembly design process. Since every company has different requirements, you will have to
experiment with the various tools to determine which ones work best for you.
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The Power of Subassemblies

Imagine a common caster wheel assembly. Although it may seem like a simple component, it is,
of course, made up of many small parts. If you needed to use this caster in an assembly multiple
times, you wouldn't place all the small parts into an assembly individually over and over. Instead,
you would package them as a subassembly and place multiple instances of the subassembly

throughout the top-level assembly. Figure 8.15 shows a caster wheel assembly ready to be placed
as a subassembly.
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Most things that you design and build are typically made from subassemblies of some sort.
In manufacturing it makes sense to create subassemblies of common parts to make the assembly
process easier. It makes sense to design in exactly the same fashion. In the caster example, it saves
you from having to duplicate the work of assembling the caster parts repeatedly for each instance
of the caster that exists in the top-level assembly.

A second benefit to using subassemblies is the flexibility that they add to the bill of materials.
Using the caster as a subassembly rather than as loose parts provides the ability to count the caster
as a single item, to count the total of all the caster parts, or to do both.

KNOWING WHEN TO USE ASSEMBLIES

Although it is often necessary to create parts as assemblies (to have a correct bill of materials or to
provide the correct motion), it is not always the best choice. For example, in the caster example,
unless you need the casters to swivel in your assembly, consider modeling the caster as a single part
or deriving the assembly into a single part. This will lower the overhead of your models as well as
reduce the number of parts to track throughout your design.

There is a third and very important concept to consider when working with subassemblies.
This is model performance. Imagine that you decided to place four instances of the caster into
an assembly as loose parts rather than as a subassembly. For the sake of simplicity, say it takes
28 constraints among the caster parts and 2 constraints between the caster and the top-level
assembly, for a total of 30 constraints. You do this for all 4 casters, for a total of 120 constraints
in the top-level assembly. Had you assembled the caster as a subassembly and then placed that
subassembly into the top-level assembly, you would have used just 28 in the caster subassembly
and 2 per caster, for a total of only 36 constraints, as shown in Figure 8.16.
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If you consider assembly constraints to be nothing more than calculations that Inventor must
make to hold the assemblies together, then by using subassemblies you have required Inventor
to create and maintain 86 fewer calculations overall. This reduction in constraints can have a
significant impact on the assembly’s performance and make the task of editing the assembly
much easier.

Top-Down Design

Inventor allows you to approach the creation of parts and assemblies in three basic ways.
Figure 8.17 shows these three distinctive workflows for assembly design.

FIGURE 8.17 Top D Middle Out Bottom U
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Utilize Subassemblies Utilize Subassemblies Create iParts & Features
Share Part Geometry Share Part Geometry Develop Library Items
Most Efficient Workflow Insert Parts and Assemblies Repair Imported Parts
Facilitates Middle Out Design Most Commonly Used Least Efficient

The first of these methods is called fop-down design. In the purest sense, top-down design is per-
formed completely within the top-level assembly of a machine or device. Parts and subassemblies
are created from within the uppermost assembly, as opposed to creating components outside the
top-level assembly and then placing these components later. Using this approach, you can reference
and project geometry from other parts within the assembly into new parts, thereby ensuring the fit
of the new parts. Another benefit to top-down design is that the designer can better visualize how
each part relates to others within the assembly. When properly utilized, you minimize the number
of overall assembly constraints required and allow for a stable design.

The second method works by creating parts independently and then placing and constraining
them into the assembly. This method is called bottom-up design. Bottom-up design is common when
creating parts from existing drawings and new pencil sketches. This workflow is ideal for repairing



352

CHAPTER 8 ASSEMBLY DESIGN WORKFLOWS

CERT
OBJECTIVE

imported geometry, creating standard parts for your library, and converting standard parts into
iParts and iFeatures. Working in the single-part environment does not easily allow you to create or
reference other parts that will be utilized within your assembly design. As a result, this is probably
the least efficient workflow for 3D design but is often the one employed by new users.

The third method is some combination of top-down and bottom-up design and is the most
common. This approach might be called middle-out. This is top-down design with the ability
to add existing subassemblies and parts as needed. Utilizing various functions such as Parts
Libraries, Frame Generator, Bolted Connections, and Content Center components within an
assembly file are examples of middle-out design.

Developing an Efficient Assembly Workflow

Consider an example of a top-down workflow to better understand the benefits and efficiency
of this type of design. Within this workflow, you will first create the top-level assembly file and
then create the part files:

1. On the Get Started tab, click the New button, and select the Standard.iam template.

2. Click Create on the Assemble tab, or right-click in the browser or graphics area and select
Create Component. The default option in the Create In-Place Component dialog box is to
create a new component as a standard single-part file. Instead, click the drop-down arrow
in the Template area, and select Standard.iam.

AVAILABLE TEMPLATES

The choices available in the drop-down are the templates from the default tab. If you want to use
a template from a different tab, click the Browse Templates button instead. Once you click the
Browse Templates button, you will be presented with the Open Template dialog box, which gives
you a choice of standards and templates.

FIGURE 8.18
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3. Name this assembly 2nd Level Assembly.

If known at the time of creating the subassembly file, determine the BOM structure for this
subassembly. Note that you can change this later using the BOM editor as needed. Figure 8.18
illustrates the selection choices for the BOM structure.
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The choices for BOM structure are listed here with a brief description. You'll take a more
in-depth look at BOM structure settings later in this chapter.

5.

Virtual Components These components require no geometry, such as paint, grease,
and so on.

Normal This is the default structure for all parts that are intended to be fabricated.
Purchased These are parts or assemblies that are not fabricated in-house.

Inseparable Generally, these are assemblies that cannot be disassembled without
damage, such as weldments, riveted assemblies, and so on.

Phantom Typically, this is a subassembly created to simplify the design process by re-
ducing assembly constraints and to roll parts up into the next highest assembly level.

Reference This is used for construction geometry or to add detail and references to the
top-level assembly.

In this top-down design example, you will be using Normal components. Confirm the
Default BOM Structure is set to Normal, and click OK.

You will then be prompted to select a sketch plane for the base component of this assembly.
In the Model browser, expand the assembly origin folder, and select the XY Plane option.

This will place and anchor the new assembly to the top-level assembly origin. The origin planes
of the new assembly will be anchored to the selected top-level assembly origin plane upon cre-
ation and will be grounded to the top-level origin plane. This new, second-level assembly will
be activated within the Model browser, ready for editing, as shown in Figure 8.19.
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With the second-level assembly active, select Create Component once again, and this time
use the Standard.ipt template to create a new part. Name this component Rotary Hub,
and set it to be saved in a subdirectory called Parts within your workspace, as shown in
Figure 8.20. If the subdirectory does not exist, you will be prompted to create it. Use the
Normal BOM structure for all parts in this example.

To place the part, select the XZ plane from the origin folder in 2nd Level Assembly.iam,
and click the XZ plane.
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8. Because the XZ plane is perpendicular to the screen, you might need to realign the
view to the current sketch plane. Click the View Face button on the Navigation bar,
and click Sketchl in the Model browser. When clicking this icon, you will notice that
Sketchl is active and everything else within your assembly is grayed out. You should
now be properly oriented to view Sketchl.

9. Create and dimension the sketch, as shown in Figure 8.21.
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10. Press E to display the Extrude dialog box, and extrude the outer ring to a length of 1 inch.

11. Create a sketch on the top face of the ring. Sketch a concentric circle offset 0.5 inch to the
inside of the overall diameter. Place a center point on the offset circle.

12. Start the Hole tool. The center point will be automatically selected. Set the diameter to
0.375 inch, and set Termination to Through All.

13. Create a circular pattern of the hole feature with six instances, as shown in Figure 8.22.

14. Click the Save icon. Since the part is active, it is saved, but the top- and second-level
assemblies are not. Click the Return button twice to return to the top-level assembly.

15. Click Save again, and you will be prompted to name the top-level assembly file. Name the
file Top Level Assembly, and click OK.

16. The Save dialog displays the state of all the assembly files. Both of the assembly files are
marked Initial Save. This means that they exist only in memory and haven’t been saved
to disc yet. If you were to click in the Save column to change it to No, the files would be
closed without saving, and you would just have the part file on the disc drive. Confirm
that the both files are marked Yes, and click OK.
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These steps illustrate the method of creating a true top-down design, starting with the assem-
bly, then defining the subassembly and then creating a part to reside in the assembly structure. If
this seems like a purely academic exercise because it is not the way you typically work, you might
find that the concepts can still be useful to you every now and again. Often the top-down, middle-
out, or bottom-up approach is dictated by the need to assign part numbers and create assembly
structure to match. Keep these things in mind as you work with Inventor assemblies and you will
more than likely find an opportunity to use them somewhere along the way.

Layout Sketches
Another top-down (and/or middle-out) design workflow is the use of layout sketches. Layout
sketches are created in a part file, using sketch blocks to represent individual parts as basic 2D
symbols. The 2D blocks are “assembled” in the part sketch and can be dimensioned and con-
strained to simulate simple assembly mechanisms in order to test function, and to some extent
fit. The first step in creating a layout sketch is to create a part file and a sketch. Next, 2D sketch
geometry is created and turned into sketch blocks, with a single block representing each com-
ponent within the mechanism. Nested blocks (blocks made of other blocks) can be used to rep-
resent subassemblies and can even be set as flexible to allow them to pivot around or translate
motion along an axis. Once the basic 2D layout design is complete, you can use the Make Part
and Make Component tools to write out the blocks as individual part models from the sketch
blocks. From there, a 3D assembly can be created based on, and linked to, the sketch blocks. In
this way, if you update the sketch layout, the parts and assemblies will automatically update.
The following example will introduce layout and sketch block functionality:

1. Click the Get Started tab, and click Open.

2. Browse for the file named mi_8a_019.1ipt located in the Chapter 8 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Locate the sketch called Layout Assembly in the browser and click the plus sign to
expand it.

4. Notice the sketch contains a block called Base Mount. Right-click on the sketch and
choose Edit Sketch.
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5. Select the Create Block button from the Layout panel.

6. Select all of the geometry on the left of the sketch with the visible dimensions.

7. Click the Insert Point button in the Create Block dialog box and then select the lower left
corner of the rectangle as the Insert Point.

8. Enter Base Plate for the block name, and then click OK to create the block.

9. Expand the Blocks folder in the browser and notice the Base Plate has been added to the
block definitions. The geometry you selected has been converted to a block as well and
now behaves as a single entity.

10. Place a Concentric constraint on each of the half circle shapes on the base plate and the
corresponding half circle shape on the base mount. Exit the Constraint tool by right-click-
ing and choosing Done.

11. Next, select the Arm Assembly block from the block folder and drag it into the graphics
area to place an instance of it.

12. Place a Concentric constraint on the right circle of the Base Mount and the large dashed
circle on the bottom link of the Arm Assembly. Exit the Constraint tool by right-clicking
and choosing Done.

13. Select the Cylinder Assembly block from the block folder and drag it into the graphics
area to place an instance of it.

14. Place a Concentric constraint on the left circle of the Base Mount and the larger circle on
the Cylinder Assembly. Exit the Constraint tool by right-clicking and choosing Done.

15. Right-click on the Cylinder Assembly and choose Flexible. This allows the undercon-
strained geometry to solve independently at the top level block.

16. Click and drag on the free end of the Cylinder Assembly to see the plunger slide in the
cylinder.

17. Place a Concentric constraint on the free end of the Arm Assembly and the free end of the
Cylinder Assembly.

18. Click Finish Sketch to return to the feature level. Figure 8.23 shows the layout sketch.
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Notice you can continue to drag the sketch assembly to see the adjustment of the cylinder
and the angle for the arm assembly. As you can see, creating layout sketches in this fashion
allows you to solve linear and pivot motion layouts in 2D. Once the sketch layout has been
completed you can use the Make Components tool to write each block out to an individual
part and/or assembly file. You can close the current file without saving changes or use it to
explore the Make Components workflow using these general steps:

1. Click the Make Components button on the Manage tab, and then select the sketch blocks
you want to create components for.

2. Select additional blocks to add to the list or select from the list, and click Remove From
Selection to exclude any blocks you decide you do not want to create components for.

3. Select Insert Components In Target Assembly, and then set the assembly name, the tem-
plate from which to create it, and the save path, or clear this option to create the parts
only. If the assembly already exits, use the Target Assembly Location’s Browse button to
select it.

4. Click Next to accept your selections.

5. The next dialog box allows you to name and set paths for the files to be created. Click the
cells in the table to make changes for the components as required:

¢ Click or right-click the cells to choose from the options for that cell type, if any.

¢ You can Shift-select multiple components and use the buttons above the Template and
File Location columns to set those values for multiple components at once.

6. Click Include Parameters to choose which layout model parameters to have present in the
created parts.

7. Click Apply or OK to make the components. If the component files are created in an
assembly, the assembly file is created with the parts (and subassemblies) placed and left
open in Inventor, but the assembly and parts are not saved until you choose to do so. If
you choose to create the components without an assembly, you are prompted to save the
new files as they are created.

8. You can then open each part file and create 3D geometry based off of the sketch block.
Changes to the original layout sketch push through to the 3D part and assembly.

Layout sketches can boost your productivity. During the initial stage of design, there are
frequent changes as you nail down the details. When you initially create the layout sketch,
you can easily investigate “what if?” scenarios. You can add as much or as little detail as you
need to define the function and form. If you do need to make a change in the relationship of
components, you can do that in the layout sketch, and then the update will get pushed to all
the components. Once components are generated from the blocks, you can edit them and build
the model parts based on the basic blocks. You can open the assembly called mi_8a_020.1iam
to examine a simple assembly created from the layout sketch used in the completed version of
the previous exercise.
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Flexibility

When multiple instances of the same subassembly are used within a design, each instance can
be made flexible, allowing underconstrained components in the subassembly to be solved at the
top-level assembly. The caster assemblies in Figure 8.24 have been made flexible so they can be
swiveled and positioned independently as they would in the real world.
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A subassembly instance is made flexible by right-clicking the instance within the browser
and selecting Flexible. Flexible subassemblies are displayed with an icon next to the instance
name in the browser so that you can easily determine which instances are flexible.

Flexible assemblies can be nested into other flexible subassemblies and will still update
whenever the original assembly is changed. Common usages of flexible assemblies are
hydraulic cylinders requiring different length extensions when used in multiple locations
within a top-level assembly. When each instance of the assembly is made flexible, then each
cylinder can move accordingly within the top-level assembly.

If a subassembly with nested flexible subassemblies is to be placed into a top-level assembly,
then you simply right-click that subassembly to bring forward the flexibility of the nested flexible
assemblies. Consider the example of the hydraulic cylinder. Multiple instances of the cylinder
might be placed into an extension arm assembly and each instance made flexible so that they can
be allowed to adjust as they are constrained to the extension arm parts.

If two instances of the extension arm are then placed into a top-level assembly, those instances
of the extension arm need to be made flexible as well in order to allow the cylinders to demon-
strate flexibility. You can use the file called mi_08a_030.iam to explore flexible subassemblies.

Adaptivity

Cross-part adaptivity is a powerful feature of Autodesk Inventor, and it can be turned on or
off at will. Although adaptivity is a powerful tool when properly used, it can also cause perfor-
mance problems when used indiscriminately in large assemblies or when an adaptive part is
utilized in another assembly without its related part. But you can fix both situations with very
simple methods.

Because active adaptive parts can cause performance issues in large assemblies, you should
turn off adaptivity after use. If a related part is edited, adaptivity on the associated part should
be turned on, and the assembly should be updated to reflect the changes on the related part.
Once this is done, that adaptivity should be turned off once again.



ADAPTIVITY | 359

TRACKING ADAPTIVITY

It is a good idea to turn off adaptivity when not in use; however, Inventor does not have a good
method to tell you what parts were adaptive. One way is to rename the browser nodes so that you
can tell what parts were adaptive. A simple way to do this is to append -A on the browser node. Now
you’ll know which parts were adaptive even where they are not currently adaptive.

If an adaptive part is to be used in other designs, then it is suggested that you save the part as a
different filename and remove the adaptivity from the new part. Otherwise, the adaptive relation-
ships will carry over into the other design, preventing the ability of shared parts to be edited.

Creating Adaptivity
This example creates an adaptive relationship between two parts and demonstrates how they
are linked together:

1. On the Get Started tab, click Open.
2. Browse to Chapter 8 in the Mastering Inventor 2011 directory, and open mi_08a_021.7am.

3. Click the Create button on the Assemble tab, or right-click in the browser or graphics area
and select Create Component.

4. Name the new part file Gasket. For the New File Location, browse to the Chapter 8 folder.
Confirm that “Constrain sketch plane to selected face or plane” is selected, and click OK.

5. Select the top face of the rotary hub part for the new part sketch. When this face is selected,
a Flush constraint is created between the two parts and a new sketch is created.

Sketchl in the new part is automatically activated, and the existing part becomes transparent.
The Component Opacity setting on the Application Options dialog box’s Assembly tab controls
this behavior.

6. Click Project Geometry on the Sketch tab, and select the top face of the existing part. The
geometry is projected into the sketch. Note that adaptive glyphs have been added to the
browser to indicate that the part and sketch are adaptive. Also, there is a Referencel node
nested under the sketch. This node contains the information linking the two parts, as
shown in Figure 8.25.
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The adaptive glyph is displayed when adaptivity is turned on. You can turn adaptivity on and
off by right-clicking the node in the browser. You can toggle the feature or sketch adaptivity
while editing the part, but you have to return to the assembly level to toggle adaptivity on the
part. Additionally, you can disable the creation of adaptive loops when projecting geometry
altogether, by going to the Tools tab, clicking Application Options, selecting the Assembly tab,
and then un-checking the Cross Part Geometry Projection option.
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7. Finish the sketch by selecting Finish Sketch from the right-click menu, as shown in
Figure 8.26. Do not click Finish Edit, otherwise Inventor will not only finish the sketch,
but will also exit the part and return you to the assembly.
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8. Extrude the Gasket part to a thickness of 2 mm, click the Return button to return to the
assembly, and then click Save.

9. To see how adaptivity works, double-click the rotary hub component to activate that part
for editing. You can double-click the part in the graphics area or the icon next to the part
name in the Model browser to activate any part for editing.

10. In the Model browser, right-click Extrusionl, and select Edit Sketch. Change the overall
diameter from 130 mm to 160 mm, and click OK.

11. You will notice that the overall diameter and the diameter of the hole pattern of the rotary
hub component have changed, but the corresponding gasket part remains unchanged.

12. Click Return to move up to the second-level assembly design state once again. Both
parts are active at the subassembly level, so the gasket part updates to match the rotary
hub component.

As you can see the ability to adapt one part to another can make updates across parts very
easy. You can close this assembly without saving changes and continue on.

Removing Adaptivity from Parts

Once a design has been approved and released for production, you should completely remove
adaptivity from all parts within your assembly. Removing the adaptivity ensures that the part
can be reused within other designs without conflict, and will not be updated accidently.

If you decide to retain adaptivity within your original assembly but plan on using the adap-
tive part in other assemblies, the adaptive icon will not display on those instances of the part.
This is because only one occurrence of a part can define its adaptive features. However, all
occurrences reflect changes and adaptive updates, including occurrence in other assemblies. It
is for this reason that you must use adaptivity carefully.

To completely remove adaptivity from a part, either activate or open the adaptive part, and
activate the adaptive sketch. Expand the sketch and right-click Reference to select Break Link, as
shown in Figure 8.27.

When the adaptive link is broken, the reference geometry is converted to normal
sketch geometry. This geometry will need to be fully dimensioned and constrained. Once
the geometry has been converted to normal sketch geometry, the part will no longer be able
to be adaptive.
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MAKING TEMPORARY USE OF ADAPTIVITY

Use adaptivity to find mounting holes for positioning hardware components on a base part. For
example, consider a mounting clip and a base plate.

Constrain the clip to the base plate; then make the base plate active for editing, and create a sketch
on the plate surface. With the sketch active, project the mounting holes, locating holes, and other
needed geometry from the mounting clip to the base plate. This creates adaptive relationships in
the base plate to the mounting clip.

Once the design is finalized and all the mounting clips are properly located, simply turn adaptivity
off on the base plate. When the design is released for production, or at any other desired time, con-
vert the reference geometry created when you projected the geometry to normal sketch geometry.
Then dimension and constrain the mounting holes as you would any other feature.

Assembly Features

An assembly feature is a feature created and utilized purely within the active assembly file and
environment. Because this feature was created within the assembly file, it does not exist at the
single part or subassembly level. A good example of an assembly feature in use is the technique
of creating drilled holes through a standard tabletop within an assembly. Common practice is to
place brackets on the tabletop in order to find the mounting hole locations. This allows the holes
to be drilled at the same time, ensuring an exact match and placement. Assembly features in
Inventor mimic this approach.

Examining the individual tabletop file reveals that the part file does not contain the drilled
holes, simply because the drill operation was performed at the assembly level rather than the
part level. To understand the reasoning behind this, you might consider that the tabletop is a
common part stocked in the shop and then machined as required for each assembly in which
it is used. Although the stock part might exist as a cataloged item with no holes, it may exist in
many different assemblies with holes of various sizes and locations. Using assembly features
allow you to work in this manner.
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Other examples of assembly features are contained within the weldment environment,
where preparations used to facilitate welding components together are at the assembly level.
Preparation features allow trimming of soon-to-be-welded components to eliminate interfer-
ences between welds and other parts of the weldment.

Care must be taken when creating geometry within the context of the assembly, because it
is easy to create an assembly feature when intending to create a part feature. Although this is a
common mistake that new users will make, it is one that anyone can experience. In a multilevel
top-down design, always make sure you are working in the proper assembly or component by
double-clicking the assembly or component in the Model browser for the purposes of opening
that component for editing.

To explore the creation of assembly features follow these steps:

1. On the Get Started tab, click Open.
2. Browse to Chapter 8 in the Mastering Inventor 2011 directory, and open mi_08a_022.7am.

This assembly is made up of three parts, two of which are instances of the same part,
Part_100_8. The other component, Part_200_8, currently interferes with the other two parts.
Your goal is to cut a key hole in both instances of Part_100_8, so that the keyed bar will fit into
them. Part_100_8 is a stock bracket used in many assemblies; therefore you must take care not to
create a feature in it that will have a negative impact on its use in all of the assemblies that con-
sume it. To start, you will explore a keyway created by another user at the part level.

3. Double-click on the front instance of Part_100_8 to set it active for edits.

4. Locate the feature called Keyway Cut in the browser, right-click on it, and choose
Unsuppress Features.

5. Right-click and choose Finish Edit to return to the assembly level.

Notice how the keyway cuts the part in the same location on each instance of the part, miss-
ing the location on the second instance due to the orientation of the two instances of Part_100_8.
Another important aspect of the keyway is that it impacts every instance of the part, in every
assembly it was used in. To fix this, continue on.

6. Double-click on the front instance of Part_100_8 to set it active for edits again.

7. Locate the feature called Keyway Cut in the browser, right-click on it, and choose Delete.
Click OK in the delete confirmation dialog box.

8. Right-click and choose Finish Edit to return to the assembly level.

9. From the Model tab, click the Create 2D Sketch button, and choose the large front face of
the front instance of Part_100_8 to create the sketch on.

10. From the Sketch tab, click the Project Geometry button.

11. Select the circular edge and the three flat edges of the keyed bar’s end profile, projecting
the complete key profile into the sketch.

12. Click the Finish Sketch button. Notice the sketch location in the browser.
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13. From the Model tab, click the Extrude button. Notice that the only operation available in
the Extrude dialog box is cut. You cannot add material at the assembly level.

14. Set the Extents drop-down box to All, ensure the cut is going the right direction, and then
click OK.

15. You should see the keyhole cut through both instances of Part_100_8 and the keyed bar
(Part_200_8) disappear.

16. Expand the Extrusionl feature in the browser and you will see the listing of all components
involved in the extrusion cut.

17. Right-click on Part_200_8 and choose Remove Participant, so that the keyway cut does
not cut the keyed bar.

18. Finally, right-click on either instance of Part_100_8 and choose Open. Notice that the
keyhole is not present in the part file, as it only exists as an assembly level feature.

You can close this file without saving changes. You should know that in addition to removing
participating components from an assembly level feature, components can be added to an assem-
bly feature by right-clicking the feature, choosing Add Participant from the menu, and then choos-
ing the component from the browser. On the left of Figure 8.28, a component named 1247 is being
removed from the Hole feature so that the hole does not go through the part. On the right, the
same component is being added to the feature.
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Assembly features can be made with the Extrude, Revolve, Hole, Sweep, Fillet, Chamfer,
and Move Face tools. Keep in mind that all assembly features are allowed only to cut or remove
material and cannot add material to a part. Other commonly used assembly feature commands
within the Assembly panel environment include the Mirror and Patterns commands.

Managing the Bill of Materials

cell In Inventor, the BOM is the internal, real-time database that exists within every assembly. Real-tine
OBJECTIVE means that as components are added to the assembly, they are automatically added and counted
in the BOM. Although you might be accustomed to referring to the tabled list of parts on the 2D
drawing as a bill of materials, in Inventor such a table is called a parts list. Part lists pull directly
from the assembly BOM.
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The BOM is controlled at two different levels: the part level and the assembly level. Both lev-
els factor in certain aspects of how the bill of materials is generated, how components are repre-
sented, and ultimately how the parts list is generated within the drawing environment.

Parts-Level BOM Control

In the part environment, the designer has the ability to define the BOM structure of just that
part. At this level, the structure can be defined as Normal, Inseparable, Purchased, Phantom,
or Reference. Determining the default setting at the part level allows control of how the part is
identified within the overall assembly (or assemblies) BOM. By setting the structure at the part
level, you can control the assembly BOM display according to the part settings. Any structure
settings at the part level can be overridden and changed to Reference at the assembly level.

Another important structure setting at the part level is the Base Quantity property. This set-
ting controls how the part is listed in the BOM. If the Base Quantity is set to Each, the part is
tallied by count. This is the default for most standard parts. The Base Quantity can also be set
to reflect the value of any given model parameter. This is most often set to a length parameter
so that the Base Quantity property will tally the total length of a part used in an assembly. Parts
pulled from the Content Center and the Frame Generator have their Base Quantity property set
to pull a length parameter by default. The Base Quantity property is set by selecting Tools >
Document Settings and going to the Bill Of Materials tab.

Assembly-Level BOM Control

BOM control accelerates at the assembly level. You can access the Bill Of Materials dialog box by
selecting the Bill Of Materials icon from the Manage panel of the Assemble tab. In the drawing
environment, the BOM Editor dialog box is accessible by right-clicking the parts list and selecting
Bill Of Materials.

The Bill Of Materials dialog box allows you to edit iProperties, BOM properties, and the BOM
structure; override quantities for components; and sort and create a consistent item order for
generating parts lists. Figure 8.29 shows the Bill Of Materials dialog box.
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Exporting a bill of materials is a straightforward process, with icons across the top of the dia-
log box allowing the export of the BOM data in a structured or parts-only view in formats such
as MDB, dBase, or various Excel formats. The Engineer’s Notebook icon permits the export of
database information as a note.

ADDING AND REMOVING COLUMNS

calf You can add columns to the model in any of the three tabs in the Bill Of Materials dialog box by
OBJECTIVE clicking the Choose Columns icon, which will display a dialog box list in which you can drag
a desired column to a specified location, as shown in Figure 8.30. To remove a desired column,
simply drag the column to be removed back to the dialog box list.
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The next icon at the top of the Bill Of Materials dialog box allows you to add custom iProperty
columns. The drop-down list shown in Figure 8.31 within the Add Custom iProperty Columns
dialog box will display a combined list of all the available custom iProperties contained within

the assembly.
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If a desired custom iProperty does not exist within the list of components, you can add it
manually by selecting the <Click To Add iProperty Column> option displayed in the list box. Be
sure to set the data type to the correct format when manually adding a custom iProperty to the
assembly file. Manually added iProperties will be stored in the assembly file. Figure 8.32 shows
the addition of a custom iProperty column called Assembly Station.
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Once custom iProperty columns have been added to the assembly bill of materials, indi-
vidual parts can be populated with custom iProperties as needed. Individual parts that
already contain those iProperties will show the values within the respective row and col-
umn. iProperties that are edited or added to a respective part row will be pushed down to
the part level; therefore, filling out iProperties at the assembly level is often the most efficient
way to populate part iProperties.

The Create Expression icon located at the beginning of the Formula toolbar launches
the Property Expression dialog box so you can create an iProperty expression. The newly
created expression can contain a combination of custom text and iProperty names in brack-
ets. The iProperty expression will be substituted for the field in which the expression was
created, once the expression is evaluated. In Figure 8.33, the expression is created in the
Description field.

FIGURE 8.33 L Peagesty Eupresstan H
Creating property |
expressions Bl o asariaks [Evvand SamwE k] i

b FE] [l =] g o+ =

i :|'-|_ g i okt w A aagther

--:-ﬁ-.;'p;.- o i iithi % -\.m'.]-_h'.-
P [ | P Soctured ([essbieddy | BE Pt G

Pl Mok [=a b= Do Lengh Haht
s G e 1 000> L0 = 000 &0 h 1,080 & 1,080 i
T 1zte G beed 1 L0000 000N &0 h 1,080 1,080

1| T e R e oo slethe] (BN 1,290 W 1,9

Looking across the top of the Bill Of Materials dialog box, the two icons to the far right
are Part Number Merge Settings and Update Mass Properties Of All Rows. The Update Mass
Properties Of All Rows icon recalculates the total mass for all components within the assembly.

Clicking the Part Number Merge Settings icon will allow different components possessing
the same part number to be treated as the same component. For instance, say six base plates of
the same size are used in an assembly. Four of these plates have holes drilled upon installation,
and two have holes placed during fabrication. As far as the shop is concerned, all six are the
same part, but in the design both plate types exist as separate part files.

To have the BOM count the total number of plates, you set the Part Number property to
match on both items and then use the Part Number Merge Settings to have these files counted
as a single item.
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BOM STRUCTURE DESIGNATIONS

You can choose from five designations when assigning BOM structure to components: Normal,
Inseparable, Purchased, Phantom, and Reference. Any part or assembly file can be assigned one

of these designations within the BOM. That designation is then stored in the file, meaning that if a
part is marked as Purchased in one assembly, it will be designated as Purchased in all assemblies.

The structure designations are as follows:

Normal This is the default structure for most components. The placement and participation in
the assembly bill of materials are determined by the parent assembly. In the previous example,
you are creating an assembly file rather than a single part. As a result, you will be determining
the characteristics of how this assembly file will behave in the top-level assembly bill of materi-
als. With a Normal BOM structure, this assembly will be numbered and included in quantity
calculations within the top-level assembly.

Inseparable These are generally assemblies that cannot be disassembled without damage.
Examples of inseparable assemblies might include weldments, glued constructions, and riveted
assemblies. In a parts-only parts list, these assemblies will be treated as a single part. Another
example is a purchased part such as a motor.

Purchased This designation is typically for parts or assemblies that are not fabricated in-
house. Examples of purchased components are motors, brake calipers, programmable con-
trollers, hinges, and the like. A purchased component is considered as a single BOM item,
regardless of whether it is a part or a subassembly. Within a purchased assembly, all child
parts are excluded from the BOM and quantity calculations.

Phantom Use Phantom components to simplify the design process. A Phantom component
exists within the design but is not shown as a line item in the BOM. A common use for a
Phantom component would be a subassembly of parts that are grouped for ease of design.
Setting the subassembly to be a Phantom component allows the parts to be listed in the
BOM individually. Other examples of Phantom components could include hardware sets,
screws, nuts, bolts, washers, pins, and various fastener-type components. A good example
of a Phantom assembly would be a collection of parts that are normally assembled onto the
machine one at a time. However, in the interest of reducing the overall number of assembly
constraints within the design, the engineer might choose to preassemble the various compo-
nents within a Phantom assembly. That assembly could then be constrained as one compo-
nent instead of multiple parts.

Reference Mark components as Reference when they are used for construction geometry or
to add detail and references to the top-level assembly. A good example of a Reference compo-
nent is a car body and frame that represents the outer shell for placement of a power train. In
the 2D documentation, the car body and frame would be shown as hidden lines illustrating
the overall design while highlighting the power train as the principal component within a
view. Reference geometry is excluded from quantity, mass, or volume calculations regardless
of their own internal BOM structure. As a result, they are not included within the parts list.
They are placed only within the overall assembly to show design intent and position.

In addition to these five BOM structure designations for component files, you also have the

ability to create a virtual component, which has no geometry and does not exist as an external file.
A virtual component can have a complete set of properties that are similar to real components but

367
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are primarily used to represent bulk items such as fasteners, assembly kits, paint, grease, adhe-
sive, plating, or other items that do not require creating an actual model. A virtual component can
be designated as any of the previous BOM structure types and can contain custom properties,
descriptions, and other aspects of the BOM data like any other component.

A virtual component will be shown in the Model browser as if it were a real part. Virtual
components can be created by selecting the check box next to the BOM Structure drop-down
in the Create In-Place Component dialog box, as shown in Figure 8.34.
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VIRTUAL COMPONENTS IN TEMPLATES

1f you use the same virtual components in most of your assemblies, you might want to create them
inablankassembly, fill out their BOM properties using the BOM editor, and then save the assembly
as a template file. Then when you create a new assembly, the virtual components will already be
present. Any of them not required can simply be deleted.

BOM ViEw TaBs
calf Each tab in the Bill Of Materials dialog box represents a different BOM view. All tabs permit
OBJECTIVE ascending or descending sorting of the rows in the BOM by clicking the respective column

header. You can also reorder rows by simply clicking and dragging a component’s icon.

With the Model Data tab active, you see the components listed just as they exist in the Model
browser. You can add or remove columns to populate the Model Data tab independently of the
other BOM view tabs. On this tab all components are listed in the BOM, regardless of BOM
structure designation. Item numbers are not assigned on the Model Data tab. The model data
is not exportable or available for placement as a parts list. Instead, this tab is typically used for
organizing the BOM and assigning the BOM structure designation.

Figure 8.35 shows a bill of materials on the Model Data tab. Notice that there are no item
numbers listed and that all component structure types are displayed, including Reference and
Phantom components. Notice too that the last two parts listed are virtual parts and have been
given different BOM structure designations.
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In addition to the Model Data tab are the Structured and Parts Only tabs. These tabs are dis-
abled by default. To enable them, right-click the tab, and choose Enable BOM View; alternatively,
click the View Options button along the top of the Bill Of Materials dialog box.

The Structured tab can display all components of the assembly, including subassemblies and
the parts of the subassemblies. When in structured view, additional icons will be active on the
toolbar, allowing you to sort by item and renumber items within the assembly BOM. The order
of the BOM item numbers is stored in the assembly file.

The View Options icon allows you to enable or disable the BOM view and set the view proper-
ties from the drop-down. Choose View Properties to modify the Structured view. The resulting
Structured Properties dialog box contains two drop-down lists defining the level, the minimum
number of digits, and the assembly part delimiter value. If the level is set to First Level, subassem-
blies are listed without listing the components contained within. If set to All Levels, each part is
listed in an indented manner under the subassembly, as shown in Figure 8.36.
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The Parts Only tab lists all components in a flat list. In this BOM view, subassemblies des-
ignated as Normal are not listed as an item, but all their child components are displayed. By
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contrast, Inseparable and Purchased subassemblies are displayed as items, but their child com-
ponents are not displayed.

Bill of materials settings that are modified by the Bill Of Materials dialog box will carry for-
ward into the drawing parts lists contained in the assembly. Note that if both the Structured
and Parts Only views of the BOM are enabled, the same part may have a different item number
in each view.

Figure 8.37 shows a bill of materials in the Structured view compared to the same assembly
in the Model Data view. The first thing to note is that all the components have been assigned
item numbers in the Structured view. You might also notice that the Reference and Phantom
components that are listed in the Model Data view are filtered out of the Structured view. Closer
inspection reveals that although the Phantom subassembly named PH-401 is not included in the
Structured view, all of its child parts (N-402 through P-407) are listed, each with an arrow next
to the icon to denote that they are part of a subassembly. Recall that Phantom subassemblies are
used to group parts for design organization and to reduce assembly constraints while allowing
the parts to be listed individually.
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Figure 8.38 shows a bill of materials in the Parts Only view. This Parts Only view filters out
Reference and Phantom components just as the Structured view does. Notice too that although the
subassemblies are not listed as items, their child parts are. The exceptions to this are Purchased
and Inseparable assemblies. In the figure, the Purchased subassembly lists as a single item, since it
is a Purchased component comprised of two Purchased parts, and is assumed to be purchased as
one item. Note that if you had the need to list the parts as items rather than the subassembly, you
would designate the subassembly as Phantom rather than Purchased.

Take a look also at the Inseparable subassembly named I-201. It lists as an item along with
one of its child parts named P-203. This child part lists because it is a Purchased item and needs
to be ordered. Had both children of the Inseparable subassembly been Normal parts, neither
would list in the Parts Only view.
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How TO ADD TWO PARTS WITH THE SAME PART NUMBER

You may occasionally have the need to add two separate part files to an assembly, but have them
listed as the same part number. For instance, when using the Frame Generator utility, each mem-
ber is created as a separate part even though they might be identical in profile and length. This is
done so you can modify each part individually as needed. However, if the parts remain identical
once the design is complete, you can use the BOM editor and set each identical part file to use the
same part number, even though the part files have different names. This allows the BOM to count
the parts as a single item.

Assembly Reuse and Configurations

Quite frequently, existing assemblies are used in other designs or are used in multiple locations
within the top-level assembly. There are three basic workflows for reusing and configuring
assemblies in a design:

¢ Copying designs
¢ Using View, positional, and level of detail representations

¢ UsingiAssemblies (table-driven assemblies)

Copying Designs

Quite often you'll need to copy a previous design in order to create a similar design based on
the original. Part of the challenge of doing this with Inventor is creating copies of only the parts
that will be modified in the new design while reusing parts that do not incur changes, all while
maintaining healthy file links. To do this effectively, you can employ the Copy Components tool
from within the assembly to be copied.
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1CoPY

Depending on the design, you might be called upon to create subassemblies containing similar
geometry, but having different size and/or positions in the top-level assembly. Rather than manually
creating each of these subassemblies you can use the iCopy tool. iCopy combines skeletal modeling
(using a part file as the “skeleton” on which to arrange other components) and adaptivity. If you
design curtain walls, trusses, bridge type frames, or any design where subassemblies are basi-
cally the same but vary in size and position, you may want to explore the iCopy tool. There are four
general steps to using iCopy:

1. Create a target assembly, using the skeletal target layout part.

2. Create the subassembly to be patterned, using the template layout part.

3. Use the iCopy Author tool in the subassembly to make it useable as an iCopy template.
4. Use theiCopy tool to copy/pattern the subassembly.

You can find a full tutorial for the iCopy tool by going to the Get Started tab, clicking the Tutorials
button, selecting the Experienced Users tab, and choosing the iCopy panel toward the bottom of
the screen.

To begin this process, first select the top-level assembly from the browser tree, and then
click the Copy Components button in the tool panel. You will be presented with the Copy
Components: Status dialog box, which lists the top-level assembly and the components within,
as shown in Figure 8.39. Use the Status buttons next to each component to set the component to
be copied, reused, or excluded from the copy operation.
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In the example in Figure 8.39, the Fork-Brace is the only part that needs to be redesigned for
the new assembly; therefore, it is the only part set to be copied. In the original design, there are
two instances of a subassembly called Dial-Elastomer. You can see that both instances have been
excluded in this copy operation because they will be swapped out for another dial assembly that
you have on file already. You will notice that all other components except the top-level assembly
are set to be reused. Once the copy status of each part is set, click the Next button to move to the
Copy Components: File Names dialog box, as shown in Figure 8.40.
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In the Copy Components File Names dialog box, you want to set the destination button to
Open In New Window in order to create a new, separate assembly file. You can then use the
Prefix and/or Suffix controls to modify the existing filenames, or you can type in new names as
required. By default, the File Location is set to Source Path, meaning that the new files will land
right next to the existing ones. If that is not desirable, you can right-click each File Location cell
and choose User Path or Workspace. Care should be taken to ensure that file location paths are
not set outside the project search path. When the filename and paths are set, click OK.

ROLLING REVISIONS

Alarge part of any engineering department’s time and energy is focused on revision control.
You can think of a revision roll as just a copy of an existing design with improvements. Here is
a general procedure for rolling the revision of an approved design, where Rev1 is complete and
Rev2 is being created:

1. Openthe Revi assembly and start the Copy Components tool.

2. Configure the Copy Components list to include, exclude, and reuse components as required
for Rev2.

3. Set the destination button to Open In New Window, and click OK, to create the Rev2
assembly.

4. Rename and set the file location for all copied components, as well as for the Rev2 assembly file.

5. Addadditional components to the Rev2 assembly as needed and make any other modifications
required.

6. Openthe Rev1 drawing file, and use Save As to create a Rev2 copy.

7. In the Rev2 drawing, click the Manage tab and use the Replace Model Reference button to
exchange all of the Rev1 views, parts lists, and other references with Rev2.
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The new assembly file will open in a separate window. Interrogation of the Model browser
should reveal that the components set to be reused are listed just as they were in the original
assembly, the components set to be copied are listed as specified, and the components set to be
excluded are not present at all.

Using Representations

Inventor provides the ability to create and store three basic types of representations within an
assembly file. Representations allow you to manage assemblies by setting up varying views, posi-
tions, and levels of detail for your models. Each of these allows for the creation of user-defined
representations, and each has a master representation. Note that although user-defined repre-
sentations can be renamed and deleted as required, master representations cannot. Using repre-
sentations enhances productivity and improves performance in large assembly design.

Once representations are created in an assembly, that assembly file can be opened in any
combination of those representation states by clicking the Options button in the Open File or
Place Component dialog box, as shown in Figure 8.41. Keep in mind that although you can open
or place a file by typing the filename rather than scrolling and clicking the icon, you cannot
access the Options button without explicitly scrolling and selecting the file in the dialog box.
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VIEW REPRESENTATIONS

View representations, also known as design views and ViewReps, are used to configure the display
of an assembly and save that display for later use. View representations control:

The visibility state of components, sketch features, and work features.

Component color and styles applied at the assembly level.

*

The enabled/not enabled status of components.

*

The “camera view,” meaning the on-screen zoom magnification and orientation.

The browser tree state.

*
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In effect, view representations allow “snapshot views” of portions of an assembly file. Each
view representation is saved within the assembly file and has no effect on individual parts or
subassemblies. View representations are relatively simple to create and use. To create a view
representation, follow these general steps:

¢ While in the assembly, simply zoom and rotate your model until you have the desired view
showing in the current graphics window.

¢ Then expand the Representations folder, and right-click View to select New, as shown in
Figure 8.42.

¢ Now, turn off the visibility of a few parts; these visibility changes will take place only
within this view representation.

¢ After creating the new view representation, click Save to preserve the newly created

representation.
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You can protect the view representation you create from accidental edits by right-clicking it
and choosing Lock. View representations can be accessed either by double-clicking the desired
representation or by right-clicking the desired representation and selecting Activate. Private
view representations are views created in early releases of Inventor and are not associative.

ACTIVATING A NEW VIEW REPRESENTATION TO PREVENT ERRORS

Probably one of the most misunderstood “errors” in Inventor is the “The current Design View
Representation is locked” message. This tells you that changes will not be saved and alarms a lot
of new users. What this means is that you have turned off the visibility (or enabled status or any
number of other things) while in the master view representation. Since the master is locked, these
changes will not be saved, and the next time you open the file, the model will be back at the previ-
ous state. To circumvent this issue, be sure to activate a new ViewRep or use the one called Default,
make your changes, and then save. This way, your visibility, color overrides, and other settings will
be saved in the ViewRep.

POSITIONAL REPRESENTATIONS

Positional representations, often referred to as PosReps for short, can be employed to set up and
store components in various arrangements and are used to help test and analyze assembly
motion. Positional representations work by overriding assembly constraints, assembly patterns,
or component properties.
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To create a new positional representation, expand the Representations heading in the
browser, right-click the Positional Representations heading, and then choose New. Continue
by right-clicking the component, pattern, or constraint in the Model browser that you want to
change. Choose Override from the right-click menu. The override dialog box will open to the
tab that is appropriate to the entity on which you right-clicked. You can rename the new repre-
sentation from the default name to something more meaningful; however, you cannot rename
the master representation.

In the following exercise, you will create positional representations to control the movement for
the components of a hobby-type CNC router. Note, there are four components in this assembly. In
the real world, these four components would be modeled as subassemblies; however, they have
been created as simple part files in order to simplify the model. Follow these steps to explore the
options involved in creating simple positional representations:

1. On the Get Started tab, click Open, and then select the file called mi_08a_023.iam from
the Chapter 8 folder of the Mastering Inventor 2011 directory.

2. Click and drag on the component named Z-Axis Assembly_08, and notice how it can be
dragged to cause interference and into an unrealistic location.

Currently this assembly has two sets of constraints defined. One set defines the X, Y, and Z
travel limits and the other set defines the home position for each of the assembly components. In
the current state, all of these constraints have been suppressed. In the next steps you will create
a positional representation and unsuppress the home position constraints.

3. Click the plus sign to expand each component in the browser and notice the suppressed
constraints.

4. Locate and expand the Representations folder in the browser. Click the plus sign next to
the icon to expand it.

5. Right-click on Position and choose New to create a new positional representation, as
shown in Figure 8.43.
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6. Expand the Position node, if needed, and notice a positional representation called
Positionl has been created and is currently active as denoted by the checkmark.

e

7. Select Positionl, then click on it and rename it Home Position.

8. Right-click on the Z Home constraint listed under the z-axis assembly component and
choose Override as shown on the left of Figure 8.44.



FIGURE 8.44 [vodel v peopmmmniin |
Overriding a Y I - "rl'“q”* Pesticnal Reprcséntation  [Fome Fositen 7]
constraint value By v vz

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

ASSEMBLY REUSE AND CONFIGURATIONS

- R Rsprosents  Ialake Companents Constraink |panem] omponent |

- Ey-vew ¥ Siprrassen
== 5 Punil |
L L e uppress
ﬂ Herrmye Dvernds
B Helovelod  [ot [+ Walue
- [T orign Dvive Conslrainl =30 mm

[ [ Router Bas:
¥ [ Ak Ansr
0 [ -tucis s
= [T Auis Asse
- FJunan [ Suppress (Override)
& Mate |
& mates s B Find In Window End
O T ther Hal
Y Teme re—

—%\"Hum | @ ok | cann Ay

In the Override Object dialog box, click the Suppression check box and set the drop-down
box to Enable.

IadFy (Cverride)
Infer iMates
Create Note

Click the Value check box and set the value to -580 mm, then click OK. This sets the
z-axis assembly to a static up and down position. You can click and drag on the compo-
nent to see this.

Right-click on the Y Home constraint and choose Override.

In the Override Object dialog box, click the Suppression check box and set the drop-down
box to Enable.

Click the Value check box and set the value to -28 mm, then click OK. This sets the y-axis
assembly to a static left and right position. If you click and drag on the z-axis assembly,
you will see it is now locked in place.

Right-click on the X Home constraint and choose Override.

In the Override Object dialog box, click the Suppression check box and set the drop-down
box to Enable.

Click the Value check box and set the value to 395 mm, then click OK. This sets the x-axis
assembly to a static forward and backward position.

Right-click on the Master positional representation and choose Activate. Click and drag
on the z-axis assembly and notice it is free to drag again.

Right-click on the Home Position representation and choose Activate to set the assembly
back to its defined home position; notice it is constrained in place.

In the next set of steps you will create another positional representation and unsuppress the
set of constraints that will control the X, Y, and Z travel limits.

19.

20.

Right-click on Position at the top level of the positional representation node and choose
New to create a new positional representation.

Expand the Position node, if needed, and notice a new positional representation has been
created and is currently active as denoted by the checkmark.

377
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21. Rename the new positional representation to Set to Range.
22. Right-click on the Z Travel constraint and choose Suppress (Override) as shown in
Figure 8.45.
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This toggles the suppression value of the Z Travel constraint and enables it so the travel is
limited in the z-axis to hold it to a realistic range of motion. Next you will do the same for the
Y and X Travel constraints.

23.
24,

25.

26.

Right-click on the Y Travel constraint and choose Suppress (Override).

Right-click on the X Travel constraint and choose Suppress (Override). Note you may
need to expand the x-axis assembly component in the browser to find this constraint.

Right-click on the Home Position representation and choose Activate. Click and drag on
the z-axis assembly to set the assembly back to its home position.

Right-click on the Set to Range representation and choose Activate to set the assembly so
it can be dragged within its defined range of travel.

As you can see from the previous steps, positional representations are a powerful way to
show components in multiple positions as required during the operation of a mechanism. You
can close the current file without saving changes and continue on to explore the use of positional
representations in subassemblies. Follow these steps to discover the tools used for handling posi-
tional representations in subassemblies:

1.

2.

On the Get Started tab, click Open, and then select the file called mi_08a_024.7am from
the Chapter 8 folder of the Mastering Inventor 2011 directory.

Expand the Representations folder for the top-level assembly (located at the top of the
browser tree).

Right-click on Position and choose New to create a new positional representation.

Expand the Position node, if needed, and notice a positional representation called
Positionl has been created and is currently active as denoted by the checkmark.

Select Positionl, then click on it and rename it Range of Travel.
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6. Expand the component called CNC Hobby Router and then expand the Representations
folder for this subassembly.

7. Next, expand the Position node to reveal the positional representations already created in
this subassembly.

8. Right-click the Set to Range positional representation and choose Activate.

At this point, you have created a positional representation for the top-level assembly and
then set that positional representation to use the Set to Range positional representation in the
subassembly.

9. Click and drag on the router assembly and notice the parts will not move. To fix this, you
need to set the subassembly to be flexible within the positional representation.

10. Right-click on the CNC Hobby Router (either in the browser or in the graphics area) and
choose Override from the right-click context menu. In the Override Object dialog box,
you will notice Set to Range is the active positional representation as defined previously.

11. Click the Flexible Status check box and set the drop-down box to Flexible, then click OK.

12. Click and drag on the router assembly and notice the parts will now move according to
the Set to Range positional representation that is defined in the subassembly.

Once you've explored the nested positional representations you can close this file without saving
changes. Positional representations also allow the reuse of identical subassemblies within a top-
level assembly file. When using positional representations in conjunction with flexible assemblies,
you can demonstrate a subassembly in different positions. Figure 8.46 shows an assembly contain-
ing three instances of a cylinder subassembly, each at a different extension length. This could be
done by setting up positional representations in the cylinder subassembly defining each extension
value or by leaving the cylinder subassembly underconstrained and then setting each subassembly
to flexible.

FIGURE 8.46
Multiple instances
of a cylinder
subassembly

To help manage positional representations, you can set up the browser to display only the
overrides present in each positional representation, as shown in Figure 8.47. The buttons along
the top of the Representations browser allow you to create a new positional representation, vali-
date the overrides ensuring that no errors are created in the representations, and manage the
overrides via Microsoft Excel.



380

CHAPTER 8 ASSEMBLY DESIGN WORKFLOWS

FIGURE 8.47 amesentatons s | K

Representations e O a8
browser Farexian
Ageesentaiion:
= ST
= = Fraiiony Pepresenistiong
Ianﬂ-r.w
= 5 Postiond
St | L0395 00 e
T Coregsorwsnt; Pty L2 00 i)
a‘-_“ 1iFuaiionLa)
= 5 Postiong:
P e 160, D00
[ 5 A [Fotian ]

Because the positional representation properties of an assembly are stored separately,
multiple views can be created in the drawing environment representing different positions of
the same assembly. Figure 8.48 shows an example of an overlay view showing both available
positions of this arm.

FIGURE 8.48
Overlay view
of a positional
representation

LEVEL OF DETAIL REPRESENTATIONS

calff Proper use of level of detail (LOD) improves speed and reduces the memory required to load
OBJECTIVE and navigate large assemblies. When working with a large assembly, you suppress components
that are not required for a certain aspect of working with the design and then save that suppres-
sion state as a level of detail representation. For instance, if you are designing a large material-
handling unit, you might open the unit in the LOD representation with everything suppressed
except the frame while you work on the frame skins, thereby significantly reducing the number
of parts loaded into memory.

SUPPRESS VS. VISIBILITY

Itis a common misconception that making components invisible reduces the overhead of your assem-
blies. However, when a component’s visibility is toggled off, it is still loaded into memory. To unload
it from memory, you must utilize LOD Reps. If you work with large assemblies, you can set the All
Components Suppressed as the default LOD. The assembly will open more quickly, and then you can
select a previously defined LOD or unsuppress just the parts you want to work with. This method
consumes less RAM than opening the complete assembly and then suppressing components.
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Another common example of LOD representations might be to suppress external components
while working on internal components simply for convenience. In addition to this standard
method of suppressing components to create LOD, you can employ substitute LOD representa-
tions to trade out a large multipart assembly with a single part derived from that assembly.

Just as view and positional representations have master representations, so too does the LOD.
However, there are three additional default LOD representations: All Components Suppressed,
All Parts Suppressed, and All Content Center Suppressed. These system-defined LODs cannot
be removed or modified.

All Components Suppressed Suppresses everything within the assembly, allowing you to
quickly open the assembly and then unsuppress components as required.

All Parts Suppressed Suppresses all parts at all levels of the assembly; however, sub-
assemblies are loaded, allowing you to examine the assembly structure without loading
all the part files.

All Content Center Suppressed Suppresses any component in the assembly that is stored
in the Content Center Files directory as designated by the IPJ (project) file.

Although Chapter 9, “Large Assembly Strategies,” covers the specific steps to create LODs,
here are the general procedures.
To create a user-defined LOD, follow these steps:

1. Expand the Representations heading in the browser, right-click the Level Of Detail
heading, and then choose New Level Of Detail.

2. Continue by right-clicking the component or components you want to suppress and
choose Suppress from the menu.

3. Once this is done, you must save the assembly while still in the LOD.

4. After saving the assembly, you can create more LOD representations or flip from one to
another to compare the results.

To create a substitute LOD, follow these steps:

1. Expand the Representations heading in the browser, right-click the Level Of Detail
heading and then choose New Substitute.

2. There are two methods for creating substitutes. The first method simply prompts you to
select any existing part file to swap out for the assembly file in the LOD, and the second
creates a derived part from the source assembly.

3. When using the Derive Assembly method, you are asked to specify a part template to use
and then are brought right into the derive assembly process.

4. The derived part is automatically marked as a substitute during the derive process and
placed into the LOD.

On the left, Figure 8.49 shows an assembly in its master LOD with 304 component occurrences
in the assembly and 81 unique files open in the Inventor session. On the right, the same assembly
is set to a substitute LOD and reduced to a single component in the assembly and only two unique
files open in the Inventor session. As you can imagine, you can achieve a significant savings in
memory by placing an assembly with a substitute LOD active into a top-level assembly.
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It is important to understand that substitute LODs are intended to be used by either excluding
components during the derive process or in combination with user-defined LODs to exclude com-
ponents. Simply making a substitute LOD of an assembly with all components included may not
give you the performance gain you anticipated unless you have made the substitute from another
LOD that has parts suppressed or you have excluded parts while creating the substitute LOD.

LOD states are created automatically when you suppress components while in the master
LOD. To save suppressions to a new LOD representation, click Save, and you will be prompted
to click Yes or No to save the LOD. If you choose Yes, you can specify a name for the LOD. If you
choose No, the suppression states of the component are discarded, and the assembly is saved in
master LOD.

Temporary LOD representations are created in subassemblies when a subassembly component
is suppressed from a top-level assembly. A tilde and index number are listed after the subassembly
name to denote a temporary LOD state. Note that the subassembly is not modified. You can open
the subassembly on its own and save the suppression states as a named LOD if desired.

It is important to understand the difference between LOD representations and iAssembly
configurations with respect to how they affect the bill of materials. Although you can suppress
features at will and substitute part files for assemblies with the use of LOD representations,
Inventor still understands that all the parts in the master LOD will be included in the bill of
materials. When you suppress a component in an LOD representation used in a drawing view,
the view updates and any balloons attached to that component are deleted. However, the parts
list will still list the component because it always refers to the master bill of materials.

If your intent is to create an assembly configuration where some parts are to be listed in the
bill of materials and others excluded, an iAssembly is the correct tool.

LODS AND PARTS LISTS

New Inventor users often attempt to use LODs to create a parts lists in the drawing environment
that only shows the unsuppressed components. However, this is not allowed outright. In order to
use an existing LOD for parts list purposes, you should right-click on it in the browser and choose
Copy to View Rep. Once the View Rep is created, it can be used in the parts list by editing the part
list, clicking the Filter Settings button in the Parts List edit dialog box, and then selecting Assembly
View Representation from the list.
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Using iAssemblies

An iAssembly is a table-driven assembly file that allows the use of component part configura-
tions to build variations of a design. Some of the strengths of assembly configurations of this
type are the abilities to swap out one component for another, to include or exclude components
all together, and to adjust assembly constraint offset values to create various configurations of
the original assembly.

It is important to understand that when you create an iAssembly, you create what is called an
iAssembly factory. The configurations that will be output from this factory are called the iAssembly
members. It may help to think of the factory as the parent file and the members as children.

To create an iAssembly, most often you start with an assembly composed of iParts. First,
the iParts are created for all parts that will vary in size or configuration of features. Next,
create the assembly using iPart members where required. Once the basic assembly is created,
you add the configuration table, turning the assembly into an iAssembly.

The assembly used in the next exercise represents a simplified push button panel. Your goal
is to create an assembly configuration with variations in the number and type of buttons used,
as shown in Figure 8.50.

1. On the Get Started tab, click Open.
2. Browse to Chapter 8 in the Mastering Inventor 2011 directory and open mi_08a_025.1iam.

3. Switch to the Manage tab and click Create iAssembly on the Author panel. This will open
the iAssembly Author dialog box, as shown in Figure 8.51.

4. The first thing you should do is consider the naming conventions for the iAssembly
members. Click the Options button at the bottom of the dialog box to bring up the nam-
ing options. Here you would typically configure the name for the member part number
and member names, so that as you add rows to the iAssembly table, the naming drops
out automatically. In this case, you will simply click OK to choose the defaults.

FIGURE 8.50
Four configura-

* =
tions of a push . . . . .
button panel

Either column can be set to be the filename column from which member part numbers are
generated. This can be done by right-clicking the Member or Part Number column headers and
choosing File Name Column from the menu. The filename column is indicated by the save or
disk symbol.
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5. Next, examine the Components tab and expand the tree next to the part called cover_
plate_08:1. In the tree of each part are four different nodes that you can use to add a
column to the table. Select Table Replace from the tree, and use the >> button to add it
as a column in the table.

6. Now that you have added a column to the table, you will add a row. Right-click anywhere
on row 1 in the lower pane of the dialog box, and choose Insert Row. Your table should
now resemble Figure 8.52.
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The Table Replace column allows you to replace an iPart member for another iPart member
within the assembly. In this case, the part named CP_001-03 is the sheet-metal cover plate. This
plate is an iPart that has four different sizes within the iPart table.

7. Click the cell in row 2 in the cover_plate_08:1 Table Replace column to activate a drop-
down menu.

8. From the drop-down menu, select CP_001-04, as shown in the inset of Figure 8.52. Click
OK to exit the dialog box.

9. Examine the Model browser, and you will notice that a table has been added to the
browser. Expand the table, and you will find a listing of the iAssembly members,
mi_08a_025-01 and mi_08a_025-02.

10. mi_08a_025-01 will have a check mark next to it informing you that this is the active
member of the iAssembly. To set mi_08a_025-02 as active, right-click it and choose
Activate, or simply double-click it.



ASSEMBLY REUSE AND CONFIGURATIONS

WORKING WITH IASSEMBLIES

Many iAssemblies require only a few size variables and a few components that can be interchanged.
Although in this example both the plate and buttons are iParts, often an iAssembly requires only a
few components to be iParts for configuration.

It is typically best to tackle iAssemblies in a very structured manner, configuring only one part of
the table at a time and then returning to the model to test that change. Making many changes in the
table at once may make it difficult to determine how changes affect the model.

Once a couple of rows are added using the iAssembly Author interface, you can edit the table with
Microsoft Excel to add many rows at once and quickly make changes to the column entries. Also
in Excel, you can create formulas to concatenate column entries, calculate entries, or use if/thens
to determine entries.

11. Now that you have used a different size plate, you will need to add another button to the
assembly. To do this, select the existing black button, and use Copy and Paste to add a
new instance to the assembly.

12. Next, place an Insert constraint between the new instance of the button and the empty

hole on the plate, as shown in Figure 8.53.

FIGURE 8.53
Adding an Insert nssembly | Hotian | Transtional | Canstraint et |

LPI&I«:!IE L] e
Offset: Sohdkion—————————
| 0.000 men x| | Eﬁ _@l

V &o’

QI (o I Canel I By [;I _

=

constraint

13. Once the new button is constrained, set mi_08a_025-01 active again in the table tree, and
notice that you are presented with an error message warning you that the new constraint
is looking at geometry that is no longer present. Click Accept in the error dialog box.

Notice the new button remains, even though the hole it was constrained to is gone. To
address this, you need to edit the table further and configure the iAssembly to suppress the
extra button when not needed.

14. Right-click the Table icon in the Model browser, and choose Edit Table.

15. Locate part push_button_08:4 in the tree as shown, and use the >> button to place
Include/Exclude in the table as a column.

16. Next, set the value for this column to be Exclude for row 1, as shown in Figure 8.54.
Click OK to return to the model, and activate both members to see that no constraint
errors occur.

385
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17. Next, you will change out the black buttons in member mi_08a_025-02 to use a second
green and a second red button. Edit the table, and choose the last two instances of part
push_button_08 from the tree in the top-left pane. Locate the Table Replace parameter for
each, and use the >> button to include them in the table.

18. Set the Table Replace values in row 2 to Red and Green, as shown in Figure 8.55.

You do not need to change the values in row 1 because one of the buttons is already set to

Black as required and the other, as you recall, you excluded so that it does not show in the row
1 configuration.

19. Click OK to exit the table authoring dialog box, and then activate mi_08a_025-02 from the
table. Note the changes to the four button configuration. You should now have two red
and two green buttons in an alternating pattern.
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20. Last, you will set one of the buttons to be in a different position. Edit the table to return to
the iAssembly Author dialog box again, and activate the Parameters tab.

21. Expand the Constraints folder, select Insert:1, and use the >> button to add it as a column
in the table.
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22. Set the value of this column to 7 mm for row 2 of the configurations.

23. Click OK to exit the dialog box, and notice one of the buttons is now pushed in because
you have modified the constraint offset value.

You can close this assembly file without saving changes. iAssemblies allow you to create con-
figurations of your assemblies by including and excluding components, configuring constraints
values, setting iProperties, and much more. When creating drawing files for iAssemblies, you
often need a drawing for each member. The members have the same annotations and tables,
with only some values differing.

The Bottom Line

Assemble components using assembly constraints Assembly constraints are an important
part of working with Inventor assembly files. Assembly constraints determine how assembly
components fit together. As constraints are applied between components, degrees of freedom
are removed.

Master It You are new to 3D and find the concept of assembly constraints a bit challenging.
Where can you find a simple overview of constraints?

Organize designs using structured subassemblies. Subassemblies add organization,
facilitate the bill of materials, and reduce assembly constraints; all this results in better per-
formance and easier edits. One of the habits of all Inventor experts is their effective use and
understanding of subassemblies.

Master It You need to hand off an accurate BOM for finished designs to the purchasing
department at the end of each design project.

Work with adaptive components Geometry can be set to be adaptive so that it can be sized
and positioned in the context of where it is used in the assembly. You can set underconstrained
geometry to be adaptive by specifying the elements allowed to adapt.

Master It You want to set a feature of a part to be adaptive so that it can adapt to another
part in an assembly. However, the feature is based on a fully constrained sketch. How
would this be done?

Create assembly level features An assembly feature is a feature created and utilized
within the active assembly file. Because the feature is created within the assembly file, it
does not exist at the single part or subassembly level.

Master It You want to make a notch in a standard part that will not affect its use in every
other assembly it is used in. Can this be done?

Manage Bills of Materials Managing a bill of materials can be a large part of any assembly
design task. Understanding the BOM structure goes a long way toward successfully config-
uring your bill of materials.

Master It You need to mark a component as a reference component in just one assembly
file. However, when you attempt to do so using the BOM editor, it is designated as refer-
ence in every assembly. How can you set just a single instance of a component to be a
reference component?
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Use positional reps and flexible assemblies together. Often you may need to show a
design in various stages of motion to test interference and/or proof of concept. Copying
assemblies so that you can change the assembly constraints to show different assembly
positions can become a file management nightmare. Instead, use flexible subassemblies
and positional representations.

Master It You need to show your assembly in variations dependent upon the position of
the moving parts and the task the machine is accomplishing at given stages of its operation.

Copy assembly designs for reuse and configuration Because of the live linked data that
exists in Inventor assemblies, using Windows Explorer to copy designs and rename parts is
difficult and often delivers poor results. Using the tool provided in Inventor will allow you to
copy designs and maintain the links between files.

Master It You need to duplicate an existing design in order to create a similar design.

Substitute a single part for entire subassemblies Working with large assemblies, particu-
larly where large, complex assemblies are used over and over as subassemblies within a top-
level design, can tax almost any workstation if not approached in the correct manner.

Master It You would like to swap out a complex assembly for a simplified version for
use in layout designs or to use in large assemblies in an attempt to improve performance.
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Large Assembly Strategies

Working with large assemblies is more manageable than ever before with fully native 64-bit
support, removing the memory limitations related to the Windows XP 32-bit platform. Large
assembly design on 32-bit systems is improved in Inventor with the use of tools such as shrink-
wrap and substitution level of detail (LOD) representations. These LODs allow you to swap out
complex subassemblies with single substitute parts of less detail, all while maintaining model
properties and an accurate bill of materials.

Although every design department may have a different view on what a large assembly is,
everyone can benefit from the large assembly tools and strategies discussed in this chapter. You can
create fully functional digital prototypes ranging from 10 to 100,000 components if you approach
the task with an eye to the topics covered here.

In this chapter, you will learn how to:

¢ Select a workstation
Adjust your performance settings
Use best practices for large assembly

Manage assembly detail

* 6 o o

Simplify parts

Selecting a Workstation

Ensuring that you have an adequate system to accomplish the type of design work you
intend to do is an important, but often overlooked, step in achieving successful large assem-
bly design with any parametric modeler. Understanding the capabilities and limitations of
your computer and then budgeting for upgrades is an important part of working in today’s
design world.

If you consider the time you spend waiting and the loss of work experienced when work-
ing on an undersized computer, you will likely determine that a workstation upgrade will
pay for itself within a year. If you budget for upgrades every two years, then you could argue
that the upgrade is actually paying for itself in the second year of use. Although this scenario
might not fit your actual situation, it demonstrates the idea that operating costs (hardware
and software alike) should be budgeted and planned for and always measured against lost
work and downtime.
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Physical Memory vs. Virtual Memory

When your system runs low on physical memory (RAM) and requires more to complete an
operation, Windows begins writing to the system hard drive in order to continue. This is known
as virtual memory and is often referred to as a page file.

When considering a workstation for doing large assembly design, it should be your goal to
always work in RAM as much as possible, because when Windows begins to write to virtual
memory, you will notice a considerable drop in performance. One of the weakest links in terms
of speed on even the most adequate workstation is the hard drive. Accessing data from RAM
can be thousands of times faster than accessing data from the hard drive. Therefore, one of the
best ways to beef up a workstation is to simply add more RAM.

If you are running an older computer or skimped on RAM when you upgraded, you will notice
that as you attempt to load large assemblies or drawing files of large assemblies in Inventor, you
quickly use up available RAM. You will find yourself waiting for Windows to write and then read
data to the hard drive. Although the unknowing user might think that Inventor has suddenly
become slow, you should understand that no application can overcome the hardware and operating
system limitations upon which it is installed.

If you run out of RAM on a 32-bit system, you have a limit of 4GB of virtual address space.
Windows reserves 2GB of that space for the operating system by default, thereby leaving just
2GB for all the other running applications. If you work on extremely large assemblies, you
might exceed the available 2GB of address space.

To resolve this, it is possible to configure Windows to reserve only 1GB of address space for
the operating system and leave 3GB for the applications to use. This is referred to as “flipping
the /3GB switch.” Depending upon the size of the assemblies you work on, the configuration
settings you adjust in Inventor, and the techniques you employ within Inventor, the extra 1GB of
virtual memory might be adequate for your needs for those instances when you need a bit more
memory. However, as stated earlier, it should be your goal not to be working in virtual memory
but instead to always be working in RAM.

Please note that the /3GB switch was developed for server operating systems and therefore is
considered a workaround when being used on a workstation. Although you may be able to employ
this startup modification to your system, understand that it is an unsupported workaround and
has been known to cause stability issues. Also note that some workstations may not permit this
modification at all.

If you do utilize the /3GB switch, be aware that, although this does allow you to extend
your system’s capabilities, it may effectively create more “rope to hang yourself,” meaning
that it will allow you to build large assemblies that you can load but then cannot save or
modify. Often this results in a crash of the application and the generation of errors and file
corruptions. Therefore, consider this an option at your own risk, and use it to supplement
your workstation capacity for the short term, but be careful of overextending the use of
virtual memory. You can find instructional information on the /3GB switch on the Microsoft
support website (http://support.microsoft.com/).

64-bit Systems vs. 32-bit Systems

The maximum amount of RAM that is supported on a Windows XP Professional 32-bit system is
4GB. If you determine that your needs currently exceed or will soon exceed the limits of a 32-bit
system, you should consider a 64-bit workstation; 64-bit systems like Windows XP Professional 64,
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Windows Vista Business, Enterprise, and Professional can handle up to 128GB of RAM and
therefore do not have to slow down to write data to the virtual memory. Windows 7 Professional,
Enterprise, and Ultimate 64-bit editions can address 192GB of RAM.

If your version of Windows XP, Vista, or Windows 7 includes the word Home in the title you
should verify that it is supported for use with Inventor and be aware that it will not address the
memory capacities listed above.

Most processors purchased by the time this book was published will be 64-bit. Understand
that you must also run a 64-bit operating system, such as Windows XP Professional 64 or
Windows Vista Business, Enterprise, and Professional, in order to gain the performance and
memory increases attributed to a 64-bit system. Although Inventor 2008 was compiled to run
on a 64-bit operating system, Inventor 2009 was the first fully native 64-bit version. All versions
since Inventor 2009 take full advantage of a 64-bit system.

Hardware

Hardware upgrades are an important part of any design department. Budgeting properly and
knowing what components to allocate more money to can make these upgrades more manageable.
Dollar for dollar, you should give priority to the following components in the order listed.

RAM

Although the minimum system requirement for Inventor 2011 is 2GB, you should always consider
adding as much RAM as you can afford to your workstation. If making the move to a 64-bit system,
you will require a minimum of 2GB of RAM, and you should consider at least 8GB.

GRAPHICS CARDS

To ensure that your graphics card is set at the optimal settings, select the Tools tab, click
Application Options, and go to the Hardware tab in the dialog box that opens. Direct3D
graphics hardware is the default setting for Windows XP Professional 32-bit and 64-bit ver-
sions as well as Windows Vista 32-bit and 64-bit versions.

Inventor 2011 will use either OpenGL or the default DirectX 9 hardware acceleration modes
when running Windows XP. Windows XP 64 uses DirectX 9 only. Windows Vista and Windows 7
support DirectX 9, 10, and 11. Inventor will automatically detect the appropriate level for your
card. All configurations have OpenGL software emulation.

It is recommended that you consider a midrange graphics card for an Inventor workstation
and save the money for frequent upgrades rather than investing in a high-end card, because of
the rapid changes in video card technology. For recommendations on graphics cards and other
hardware, refer to the following websites:

& Autodesk Inventor hardware: www . inventor-certified.com/graphics/
& Certified workstations: www. inventor-certified.com/graphics/cert_ws.php

¢ Autodesk Inventor hardware graphics database: waw. inventor-certified.com/graphics/
registries.php

¢ Autodesk Inventor 2011 Enhanced Visualization System and Graphics Requirements:
http://www.inventor-certified.com/graphics/graphics_hw_guidelines.php
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HARD DRIVES

Inventor files are segmented, meaning that the graphics are separate from the feature infor-
mation. When an assembly is first opened, only the graphics segments are loaded. When you
edit a file, the additional data is loaded at that time. This makes a fast hard drive important for
performance.

Another aspect of hard drive performance stems from file storage and workspace setup. In
Inventor, working from your local drive is the preferred method, and Autodesk recommends
you avoid working on Inventor files across a network. The reason for this is simply because
of the numbers of files that you might be editing at one time. For instance, a change to a large
assembly could potentially modify hundreds of part files, requiring all those files to be saved
at once. Doing this across a network, particularly one with latency issues, may result in file cor-
ruptions if the files are not saved correctly. Autodesk Vault is set up to store files on a server and
copy those files locally when checked out for editing. When working in this manner, Inventor
has a higher-performance requirement than standard office applications, and the hard drive
workload is very heavy. Therefore, upgrading your hard drive to a higher-speed SATA or serial
attached SCSI (SAS) drive may be worth considering.

PROCESSORS

When considering processors for an Inventor 2011 workstation, the chief question should
concern multicore processors. As a minimum, you should consider a dual-core processor
even though Inventor is not truly a multithreaded application. (Multithreaded means that
the operating system or the application will spread the processing load across the proces-
sor.) If you opt for a dual-core processor, you can still take advantage of it, because Inventor
will run on one core and other applications will run on the other.

There are parts of Inventor, such as Inventor Studio’s rendering engine and its modeling
kernel, that are multithreaded, so if you plan to do a lot of image and animation rendering in
Inventor, you may want to opt for a quad-core processor. Otherwise, if you are trying to decide
between a dual-core and quad-core processor, it will probably be more cost effective to go with a
faster dual-core processor rather than a quad-core processor. This will likely change as the rapid
pace of technology continues.

Working with Performance Settings

Whether or not upgrading workstations is an option, you should ensure that your system is
set up for optimal performance when working with large assemblies. A number of options in
Inventor will facilitate better performance when working with large assemblies.

Working with Drawing Settings

Generating and hiding lines when creating and editing drawing views in Inventor can be some
of the most processor-intensive tasks in Inventor. To help ease the demand on the system, you
should be aware of several settings when working with large assembly drawings. You can find
these settings by selecting the Tools tab, clicking Application Options, and going to the Drawing
tab in the dialog box that opens, as shown in Figure 9.1.
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CALCULATING THE ROl OF NEW HARDWARE

It’s often hard to convince management (especially nontechnical managers) that you really do need
that new computer to get your job done. After all, you’re currently getting your work done, right?
So why do you need the faster computer? This is where a return on investment (ROI) calculation
will come in handy.

Let’s say you routinely have to open, modify, and print large assembly drawings. Do the
following:

1. Measure how long it takes to do this process on your old machine.

2. Lookatsome benchmarks (see the certified workstations link mentioned previously) or talk to
others who have faster machines, and make a conservative estimate of how long it would take
you to do the same operations on the faster machine.

3. Subtract the two. You now have your time savings per operation.
4. Multiply this time by the number of times in a day or week you perform these tasks.

5. Multiply it by an hourly rate for your industry (you can always use your hourly salary) to get
the dollar savings per time period (per week, month, and so on).

6. Nowyou can take the cost of the new system, and divide it by this cost savings per unit of time.
This gives you the amount of time it will take to pay off that new computer.
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Furthermore, once this time period has passed, you are actually making money because you are
saving the company money once the investment has been paid off. Once you can show that the hard-
ware will pay for itself relatively quickly, you should have fewer problems convincing management
to upgrade your equipment.

Another consideration for the ROl is who will inherit your old system. Generally, some person in
the office will also benefit from a faster system, even if they run general office applications. For
instance, if the receptionist is required to access many documents quickly across a network while
he or she assists customers and other office staff, there is a good chance that your old CAD station
will improve the ability to do so. Because this key person is the through point of information for
so many people who are currently required to wait on a slow computer, the ROl is exponential.
Passing old workstations to the shop floor to allow shop staff to access digitally stored files quickly
is another place to look for these ROl savings.

DispLAY LINE WEIGHTS

The Display Line Weights check box enables or disables the display of unique line weights in
drawings. Deselect the box to show lines without weight differences. Line weights will still print
correctly even with this box selected. Deselecting this box will speed up the performance of your
drawing during edits and annotation work.

VIEW PREVIEW DiSPLAY

The options in the Show Preview As drop-down box set the type of preview you get when creating
a view. All Components is the default, but you will find that selecting the Partial or Bounding Box
option will improve performance because Inventor will not be required to create and update the
preview as you drag your mouse pointer around the screen. The preview setting does not affect
the drawing view result. Bounding Box previews a simple rectangle during the view creation, and
Partial previews a simplified representation of the view. Bounding Box is the most efficient.

When using this option, you can still preview the assembly if you'd like by simply selecting
the Preview check box in the Drawing View creation dialog box, but the default will be a simple
bounding box. Using the Bounding Box option is suggested if you find yourself waiting for the
preview to generate during drawing view creation.

The Section View Preview As Uncut check box will also provide some performance improve-
ments when selected. This option will allow Inventor to display the section view preview as
unsectioned in order to be more efficient. The section view will still be generated as normal.

MEMORY SAVING MODE

Memory Saving Mode sets the way that Inventor loads components into memory during view
creation. When this option is selected, Inventor loads components into memory before and during
view creation and then unloads them from memory once the view is created.

Although memory is conserved using this mode, view creation and editing operations cannot be
undone while this option is enabled. You'll notice the Undo/Redo buttons will be grayed out after
a view creation or edit. This option will also have a negative impact on performance when editing
and creating views because the components must be loaded into memory each time. Because of



'WORKING WITH PERFORMANCE SETTINGS ‘ 395

this, you should consider setting this option as an application setting only if you always work with
very large assemblies.

It is generally preferred to set this option per document by selecting the Tools tab, clicking
Documents Settings, going to the Drawing tab in the dialog box that opens, and then setting the
Memory Saving Mode drop-down list to Always, as shown in Figure 9.2.
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SHADED VIEWS

Also in the document settings, you can adjust the way that shaded views are displayed. Setting the
Use Bitmap drop-down list to Always, as shown in Figure 9.2, improves performance by applying
raster shading as opposed to a vector style. The difference impacts the display but typically does
not affect printing,

You can also adjust the bitmap resolution; setting it lower conserves memory and speeds up
performance. The default is 100 dpi. Setting the dpi to 200 or higher will invoke a prompt, warning
you that increasing this setting for large assemblies may not be possible.

Working with Model Display Settings

When working within the modeling environment, you can adjust several settings to have a
positive impact on performance. You can access these settings by selecting the Tools tab, click-
ing Application Options, and going to the Display tab in the dialog box that opens, as shown
in Figure 9.3.

APPEARANCE

All of the various options for the Display options can be controlled as an Application setting
or a Document setting. Using the application settings allows consistency across all of the docu-
ments that you work with. Document settings will adopt the settings that were used with the
document that was saved.
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Not all settings are controlled by this option but very useful settings such as displaying the
model in Orthographic or Perspective view and what Visual Style you want active can be defined.

EDGE DisPLAY

Deselecting the Edges check box for Enabled components in the Shaded Display Modes area
of the Display tab will lighten the amount of graphics rendering required to display and update
the display of your large assemblies.

DisPLAY QUALITY

Setting the Display Quality drop-down list to Rough, as shown in Figure 9.3, will speed up per-
formance by simplifying details. Navigation commands such as zooming, panning, and orbiting
are particularly affected by this setting. If you find that the rough display is not to your liking,
you can toggle back and forth according to the size of the assembly model you are working with.

VIEW TRANSITION TIME (SECONDS)

The View Transition Time (Seconds) setting controls the time required to smoothly transition
between views when using zooming and viewing commands. A zero transition time takes you
from the beginning view to the end view instantaneously. For instance, if you were zoomed in
on a small component and wanted to zoom all while this slider was set to zero, you would not

see the gradual zooming out that may provide a gain in performance but can make changes in
position and orientation less clear.
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MinimuM FrRAME RATE (Hz)

You can use the Minimum Frame Rate (Hz) setting to specify how slowly the display updates
during zooming and orbiting commands. It may be hard to see the effects of this option on

a normal-sized part or assembly, because the views will typically update more quickly than
the rate of this setting. Here is a quick description of the how the slider setting corresponds
to the frame rate:

¢ (always draws everything in the view, no matter the time required.

¢ 1tries to draw the view at least one frame per second. (Inventor will simplify or discard
parts of the view if needed but will restore them when movement ends.)

¢ 5draws at least five frames per second.

The settings in Display tab can not only affect the performance of the system, they can
greatly affect the user’s comfort when working in Inventor.

Working with General Settings

The following are a few general settings that you can adjust to help large assembly performance.
You can access these settings by selecting the Tools tab, clicking Application Options, and going
to the General tab in the dialog box that opens, as shown in Figure 94.
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ENABLE OPTIMIZED SELECTION

The Enable Optimized Selection setting, located on the lower-right corner of the dialog box,
improves the performance of graphics during prehighlighting in large assemblies. When activated,
the algorithm for the Select Other function filters for only the group of objects closest to the screen.
If you click through this first group of objects, the next group is considered for highlighting.

UPDATE PHYSICAL PROPERTIES ON SAVE

When checked, the Update Physical Properties On Save setting, located in the Physical Properties
area on the right side of the dialog box, recalculates the mass properties of the model when you
save the file. This ensures that mass properties are up-to-date. Setting this to Parts Only will
ensure that the parts are all up-to-date without requiring you to wait on the recalculation for large
assemblies. Note that this setting is disabled altogether by default but is recommended to be set to
Parts Only if you find it helpful. Note too that the same function can be performed manually from
the Bill Of Materials Editor and the Manage tab.

UNDpoO FiLE SiZE

The Undo File Size option, on the lower-right side of the dialog box, sets the maximum size of the
temporary file that records changes to a file so that actions can be undone. It’s typically required to
increase the size of this setting when working with large models and drawings, because each undo
action is typically a larger calculation. Autodesk recommends adjusting this in 4MB increments.

CAPACITY METER

The Capacity Meter is displayed at the bottom-right corner of the Inventor screen, as shown in
Figure 9.5. The meter has three memory use indicators. The number to the left is the total number
of occurrences in the active document. The next number is the total number of files open in the
Inventor session. The last indicator is a colored bar graph that displays the amount of memory
used by the session. When hovering your mouse pointer over the Capacity Meter, a tool tip will
display the details of used and available memory. In 32-bit systems, you can use the meter in two
modes: Inventor Only and Physical Memory. Due to the extended memory accessibility of 64-bit
operating systems no Capacity Meter is shown in the Status bar.

On 32-bit systems, the Capacity Meter display is set to look at just the Autodesk Inventor
process. The bar color will change from the normal green to yellow when more than 60 percent
of the allotted address space has been used. It will then turn red at 80 percent, and a warning
dialog box will prompt you to close documents in an attempt to free up memory, as shown in
Figure 9.6.

As a rule, you should not habitually work when the meter indicates that you have passed the 60
percent mark. When you do see the bar turn yellow, you should stop and create an LOD representa-
tion or close some files. LOD representations are covered later in this chapter. Working in limited
memory can lead to memory corruptions in the file and result in a loss of work.

Typically what happens when a user continues to work past the 60 percent range is that
some memory-intensive calculation is performed that will cause the virtual memory to fill and
then have to “swap” out a large amount of data. During this time, your system may become
unresponsive and any well-intentioned attempt to help may cause file corruptions.
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Other common results of working past the 60 percent marker occur when saving or creating
a drawing view. When working in this manner, it is possible to reach a point at which you will
not have enough memory available to save the files. The same can happen when attempting to
create drawing views of an assembly when you have reached this marker.

Therefore, you should not work past the 60 percent marker, other than to create LODs and/or
to take other actions to reduce the amount of memory your file is requiring.

Working with System Settings

You can adjust several settings in the operating system to help with performance. Setting the
page file to twice the amount of RAM is common among Inventor users in order to gain perfor-
mance. There are also many visual effects that you may have grown accustomed to that actually
cost you resources. If you are serious about turning your workstation into a large assembly work-
horse, it is advisable to disable these features.

ADJIUSTING THE VIRTUAL MEMORY PAGING FILE S1ZE

To change the size of the virtual memory paging file in Windows XP Professional, right-click
the My Computer icon, and choose Properties. On the System Properties tab, click the Advanced
tab, then click Performance Options, and finally, under Virtual Memory, click Change.
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In Windows Vista and Windows 7, right-click the Computer icon, and choose Properties.
On the System Properties tab, click the Advanced System Settings tab, then click Performance
Options, and finally, under Virtual Memory, deselect Automatically Manage Paging File Size
For All Drives. Then click Change.

Windows Vista and Windows 7 are set to an Automatic or System Managed paging file size.
These setting work much better than the defaults in Windows XP. If you choose to set a Custom
paging file size you should refer to the recommended size that the dialog offers and set the
minimum and maximum to the same value to minimize fragmentation of the paging file if it
needs to expand.

For Windows XP select Custom Size, set the Initial Size and Maximum Size settings to twice
the available RAM, and click Set, as shown in Figure 9.7.
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SETTING VIRTUAL MEMORY

Search the Internet, and you will find hundreds of incorrect theories as to how to set the values for
your virtual memory. One of the major myths is that you should set the initial and maximum to
different values. If you are dedicating a portion of your hard drive for a page file, why start it small
and then let it grow? Just provide the maximum amount of space you can and let it be.

DisABLING COMMON ViSUAL EFFECTS

Windows provides many options to set the visual effects of your computer. Many of them have
a surprisingly high impact on performance when memory is scarce. Here are a few you might
consider disabling in order to conserve resources:

Screen saver Select Control Panel > Display, and go to the Screen Saver tab. Set the Screen
Saver drop-down to None. While you are working, screen savers are just another running
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process. You may want to set the Power Saving Mode option to turn off the monitor after a
certain amount of time. If you use an LCD monitor, understand that screen savers do nothing
to save an LCD screen.

Visual settings Right-click the My Computer icon, and select Properties. Go to the
Advanced tab and click the Settings button under Performance. Select Adjust For Best
Performance. Windows will set back to a classic look and run much faster overall.

Appearance effects Select Control Panel > Display, and then go to the Appearance tab. Click
the Effects button. You can deselect everything in this box and probably never miss any of it.

Screen resolution If you're fortunate enough to have a nice, large-screen monitor, you prob-
ably have set the screen resolution up to maximize your space. However, this may be working
against your large assembly pursuits. Experiment with setting the screen resolution to a lower
setting such as 1024x768 to see whether you gain any performance when working with large
assemblies.

Large Assembly Best Practices

Oftentimes Inventor users don’t think about large assembly performance until it has already
become an issue with the model on which they are working. It is possible for two Inventor users
working on two identical workstations to create two seemingly identical models, and yet those
two models might perform in dramatically different ways.

If the first user has been mindful of large assembly management all along, his model and
drawings will be much easier to open and work with. If the second user concentrated only on
her design and gave no thought to the memory demands of the files she was creating, her model
will be slow to open and work with and ultimately more likely to cause application crashes and
data corruption. When the next job comes along, user 1 can reuse his model to create a similar
design, while user 2 will likely re-create the assembly model because she does not trust the
integrity of the first model she created.

Understanding where performance savings can be gained as you create the model will help
pay off once the large assembly is created and will make it much more manageable to work with
along the way. And of course, a large assembly model can be revisited and cleaned up according
to best practices to make it more manageable as well. Either way, having a model that is manage-
able and can be reused for similar work in the future should always be your goal.

You should be considering large assembly performance at three stages:

¢ Creating and editing the model
¢ Opening the model

¢ Detailing and annotating the model

Working with the Model

You can use several methods to ensure that your large assembly will not become unmanageable.
It is important to remember that the words large assembly are subjective. To you, a large assembly
may be 200 components, whereas to someone else it may be 20,000. Either way, following best
practices ensures that you are developing good procedural habits and are prepared for the day
when you are asked to design a much larger assembly than you typically do today.
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As was discussed earlier in this chapter, hardware limitations might be an obstacle that you
cannot overcome even if you follow every best practice, but you'll need to follow these practices
to know that for certain. Conversely, even if you have a workstation that is extremely capable,
you will still benefit by developing good work habits and making your models easier to handle
on less capable workstations of others you collaborate with.

Improving File Open Time

It is a good practice to shut down Inventor and other Windows applications if you will be leaving
them for an extended period of time. Closing these applications can allow the system to free up
memory that is “leaked” by drivers and subroutines that take up memory when executed but do
not release it when finished even if you don’t use that function again.

When working with large datasets shutting down the application and reloading the model can
be time consuming. With Inventor 2011 there is a default setting on the File tab of the Application
Options that saves the last opened assembly and its component files in cache. You can also define
a specific file to be kept so that you can work with others and maintain the benefits of the Quick
File Open setting for a specific assembly.

Reducing Assembly Constraints

Using subassemblies within upper-level assemblies can reduce assembly constraints. The
importance of this concept cannot be overstated. Reducing assembly constraints can eliminate
the number of redundant calculations Inventor must make to solve your model, and therefore
it pays off immediately in that respect. The increased organization and ability to reuse compo-
nents already organized into subassemblies is a benefit that may be realized in the future.

To reorganize an assembly that has not been created using subassemblies, you can use the
Demote option. To explore this concept, let’s make some changes to an assembly.

1. Open the file named mi_9a_001.iam, located in the Chapter 9 directory of the Mastering
Inventor 2011 folder.

Although not a large assembly by anyone’s standard, this assembly has been created without
using subassemblies to demonstrate the ability to demote components into subassemblies from
the top down. Your goal is to restructure this assembly into three subassemblies so that you can
reduce constraints and create subassemblies that can be used in other stapler designs. To do this,
follow these steps:

2. In the Model Browser, select all the components with a prefix of 100.

3. Once you've selected those components, right-click and choose Component > Demote, as
shown in Figure 9.8.

4. You will be presented with a Create In-Place Component dialog box, where you can spec-
ify the name of the new subassembly, the template file, the file location, and the default
BOM structure. Enter 100 for the name, and click OK.

5. Click Yes in the warning stating that assembly constraints will be moved with the
demoted components, as shown in Figure 9.9.
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This warning simply states that any constraints between the 100 series parts and the 200 and
300 series parts will now be redefined to be between subassembly 100 and the 200 and 300 series
parts. The constraints between the 100 series parts and other 100 series parts are maintained in
subassembly 100.
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This is important in large assemblies because it can significantly reduce the number of
constraints used. Consider the five components you selected to demote in the stapler. If these
components all had just one assembly constraint each relating it to some part that will not be
in the new subassembly, then those five constraints will be discarded.

Continuing with the example, you should now see the subassembly named 100.iam in the
Model Browser. Because of the restructure, you will need to ground the assembly so that it
cannot be accidentally moved. Then you can continue and demote components into another
subassembly:

1. Right-click 100.1iam, and click Grounded to set it in place.

2. In the Model Browser, select all the components with a prefix of 200.

3. Right-click, and choose Component » Demote.

4. Enter 200 for the name, and click OK. Click Yes in the warning dialog box.
5

. Repeat the steps for demoting for all the components with a prefix of 300 until your
browser looks like Figure 9.10.
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You can restructure components by dragging a component within the assembly browser from
in and out of a subassembly. Moving components up out of a subassembly is called promoting
rather than demoting. It is also important to understand that when you demote and promote
components, you may need to edit the subassembly and ensure that components are constrained
properly within that subassembly.

ASSEMBLY CONSTRAINT AND ADAPTIVITY OPTIONS

There are three Application Option settings to be aware of that can impact assembly performance.
When working with large assemblies, you might want to have all three of these options deselected.
You can find these by going to the Get Started tab and selecting the Application Options button,
then clicking the Assembly tab:

4 Enable Constraint Redundancy Analysis
4 Enable Related Constraint Failure Analysis

@ Features Are Initially Adaptive

ADAPTIVITY

Too many cross-part adaptive features can cripple the performance of even a modest-sized
assembly if used without discretion. As discussed in Chapter 8, “Assembly Design Workflows,”
adaptivity should generally be turned off once the adaptive feature or part is created.

Often features and parts are made adaptive during the early design stages of a model,
when changes are made quickly and you want many parts to follow these changes. Turning
off the adaptive status in the part ensures that your assembly performance will not be
affected. If the adaptive part needs to be edited, you can turn on its adaptive status so that
you can make adjustments.

Many times parts become adaptive by default when creating a new part or feature in an
assembly because a reference sketch is projected from one part to another. You can disable this
by going to the Tools tab, clicking Application Options, going to the Assembly tab in the dialog
box that opens, and then deselecting the Enable Associative Edge/Loop Geometry Projection
During In-place Modeling option under Cross Part Geometry Projection.

You can also hold the Ctrl key while selecting individual edges for projection into your sketch.
This only works selecting individual edges. Selecting a face will build an adaptive relationship.
Either technique will create fewer accidental adaptive parts but may require more manual effort
in projecting geometry across parts.
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SELECTION TooLS

When working with a large assembly, combing through all the many parts within that assembly
that you want to select for a given task can be time-consuming and difficult if you attempt to
locate them using the standard Pan, Zoom, and Orbit methods. Instead, make yourself familiar
with the options in the assembly selection tool.

You can use selection tools to suppress sets of components based on such factors as size or
on internal components that are not visible because of the presence of external housings, and
so on. For instance, to maintain performance, you may not want to load all the internal com-
ponents into memory when they are not important to your current design task. Once you've
selected the internal components, you can suppress them and create an external part-only
LOD representation.

Another use of assembly selection tools is to create view representations in the assembly to aid
in the creation of views in the drawing file. As an example, when you place a view in the drawing
using a design view that was created using the All In Camera tool, only the components in the
screen view plane are calculated. This increases performance and memory capacity. Figure 9.11
shows the available selection tools.
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The following are the selection tools:

Component Priority Sets the selection to pick up the topmost structure level of components.
If set, this will pick up subassemblies and not their children.

Part Priority Sets the tool to select parts no matter their subassembly structure.
Feature Priority Selects individual features rather than the parts that contain them.
Faces And Edges Allows you to highlight and select faces or the curves that define those faces.

Sketch Features Allows you to highlight and select sketches or the curves that define
those sketches.

Visible Only Selects only visible components in a selection set.

Enable Prehighlight Displays prehighlighting when your cursor moves over an object.
This does not affect the Select Other tool, which always shows prehighlighting.

Select All Occurrences Selects all instances in the current file of the selected component.

Constrained To Selects all components constrained to a preselected component
or components.
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Component Size Selects components by the percent set in the Select By Size box. Size is
determined by the diagonal of the bounding box of the components. Click the arrow to select
a component and measure its size to use as a scale. Figure 9.12 shows the Select By Size box.
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Component Offset Selects components fully or partially contained within the bounding
box of a selected component plus a specified offset distance.

Sphere Offset Selects components fully or partially contained within the bounding sphere
of a selected component plus a specified offset distance.

Select By Plane Selects components fully or partially intersected by a specified face or plane.

External Components Selects external components based on a percentage of the component’s
viewable surface.

Internal Components Selects internal components based on a percentage of the component’s
viewable surface.

All In Camera Selects all components in the current view screen based upon a percentage
of the component’s viewable surface.

USING THE FEATURE SELECTION FILTER TO SELECT WORK PLANES

It can be a major pain to try to select a work plane while in a busy assembly file. To make it easier, use
the Feature Selection filter as explained. Your cursor will no longer select parts but only features,
making it easy to select even the most obscured work planes.

VIEW REPRESENTATIONS

View representations are often used in large assemblies to navigate to a predefined viewing
angle so that you do not have to tax your system with heavy graphics regeneration. For instance,
if you have an assembly that contains an entire production line of material-handling equipment,
you may find it difficult to orbit around to the backside of the assembly in order to complete

a simple task such as selecting a face or just looking at the assembly. If you set a design view
before orbiting and then set another once you have orbited to the desired view, you can then
easily toggle between the two views of this assembly, thereby increasing performance during
navigation between these predefined views.

View representations have other large assembly benefits as well. When creating a drawing
view of a large assembly, you can specify a preset view representation and reduce the time it
takes to create the drawing view. If you have turned the visibility of some components off in the
assembly view representation, the drawing view can generate even faster and provide you with
a clearer and more concise view. Of course, if you already have the assembly open when creating
the drawing view, the components are likely already loaded into memory.
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Another way that the experienced Inventor user may use view representation is to navigate
the Model Browser. For instance, if you set up a view representation to zoom in on a particu-
lar subassembly so that you can navigate to that component quickly, you can save that view
representation while the entire model tree is rolled up and only the subassembly of interest is
expanded. This browser state will be saved within the view representation.

Once a view representation is created, you can right-click it and choose Copy To Level Of
Detail to copy the view representation to an LOD representation. This allows you to transfer the
visibility settings from the view representation to the LOD where they will be suppressed. In
this way, you do not have to duplicate the process of turning parts off.

FIND

Navigating a large assembly Model Browser can be a chore. To help with this, you can employ
the Find tool to define search criteria for constraints, components, features, sketches, and welds.
Searches can be saved for future use and recalled as needed using the Open Search button, as
shown in Figure 9.13.
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You can access the Find tool in the following ways:
& From within a file, click the binoculars icon in the Model Browser.

¢ In the Inventor Open dialog box, click the Find button.

Opening the Model

One of the most important aspects of working on a large assembly file is being able to open the
file. Although this seems an obvious statement, many Inventor users seem to approach opening
a model as an afterthought. Consider it in this way—if you were tasked with carrying a pile of



408

CHAPTER 9 LARGEASSEMBLY STRATEGIES

CERT
OBJECTIVE

FIGURE 9.14
Opening LODs T -

stones up a flight of stairs, you would probably be unlikely to attempt to carry them all up the
stairs at once. But this is exactly the kind of heavy lifting you are asking your workstation to do
when opening a large assembly.

To allow your workstation to make multiple trips when opening an assembly file, you will
use LOD representations. You create LOD representations by suppressing components in an
assembly. Once the LOD is created, you can access it the next time you begin to open the file
by using the Options button, as shown in Figure 9.14. Once the assembly file is open, you can
unsuppress components as required, and those components will then be loaded into memory.
You can also specify a default LOD so that the assembly opens to it without having to use the
options dialog box every time. This is done from Application Options on the Assembly tab.
You'll learn more about creating LODs later in this chapter.

If you need to open a large assembly that has not been properly managed you may find yourself
having to locate or skip a number of parts and subassemblies. This can be a tedious task but the
Skip all unresolved files option in the File Open dialog will bypass locating missing components and
load the members of the assembly that can be located automatically.

e
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LOD IN SUBASSEMBLIES

Often you might create a complex assembly model as a stand-alone design because you need to
insert that model into an upper-level assembly as part of a larger system. Because the original
design was required to generate production drawings and an accurate BOM, it includes all the
components in the design.

However, because you will be placing multiple instances of this subassembly, you want to avoid
placing it at the full level of detail. You might create an LOD in the subassembly where all internal
components, all external hardware, and all internal and external fasteners are suppressed, leaving
only the external housing and frame components.

LOD representations of subassemblies can be accessed from the Options button in the Place
Component dialog box when placing them into upper-level assemblies. By placing a subassembly
at a reduced level of detail, you have created a much smaller top-level assembly file and yet still
have the ability to pull an accurate BOM even from the top-level assembly.
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Working with Large Assembly Drawings

Not only do large assembly files require some forethought and management, but so do the draw-
ing files of these large assemblies. Because Inventor generates the line work from the models that
you create views from automatically, it is easy to take the large number of calculations required to
do this for granted. Stop for a moment and consider all the hidden lines, sectioned parts, and so on,
which Inventor has to consider in order to render your drawing views accurately.

It is for this reason that you will want to adopt slightly different techniques than those you
use to make part or small assembly drawings.

CREATING LARGE ASSEMBLY DRAWING VIEWS

When creating drawing of large assemblies, it is advised that you do so from an LOD represen-
tation already created in the model. Doing so reduces the number of files Inventor is required to
access to create and update the line work in the view. To create views from assembly representa-
tions, you simply specify the representation(s) you want to use in the Drawing View dialog box,
as shown in Figure 9.15. Keep in mind that when browsing for the file to create a view of, if you
use the Options button in the Open dialog box to specify the representation, you will reduce the
time it takes to create the view.
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If you find yourself waiting for the preview of your assembly to generate before being able to proceed
with view creation options, you will want to change the preview display to use bounding boxes
and then enable the preview on files as required on a case-by-case basis by clicking the Preview
icon shown at the bottom left of Figure 9.15. Note that enabling/disabling the preview is only an
option when using the Bounding Box or Partial option. To find this setting, go to the Tools tab,
click Application Options, go to the Drawing tab in the dialog box that opens, and look in the View
Preview Display section.
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REDUCING HIDDEN LINES

Hidden line generation can be one of the most memory-intensive aspects of creating a drawing
view. Generally, with large assemblies, it is not desirable to show the hidden lines of all compo-
nents. Instead, you typically will want to enable hidden lines for just those components where
hidden lines add clarity.

Rather than selecting the Hidden Line style in the Drawing View dialog box, first create the
view with no hidden lines. Next locate and expand the view you just created in the browser, and
select the components you intend to be shown with hidden lines. Right-click the components,
and choose Hidden Lines.

You will be prompted with a message box informing you that you are changing the view
style to show hidden lines and that any children of this view will be granted an independent
view style based upon their current setting, as shown in Figure 9.16. The result will be that only
the components you chose will be displayed with hidden lines.
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CRrEATING TIiTLE BLOCK LOGOS

A sure way to slow down your drawing’s performance is to create an unnecessarily complex
title block. If you have included a bitmap of your company logo in your title bock, ensure that
the bitmap file is reduced in resolution and file size as much as possible. You can use any photo
editor to do this.

Once you've reduced the bitmap file as much as possible, consider embedding the file into the
title block rather than linking it. Although linking the bitmap does give you greater flexibility in
updating the logo independent of the title block, Inventor will be required to locate the bitmap
each time the drawing is loaded. To embed rather than link the logo bitmap, simply deselect the
Link check box when inserting the bitmap.

If you have pasted the logo in from AutoCAD, ensure that the logo is as clean as possible. You
may be better off removing the hatches from the logo in AutoCAD and then adding them using
the Fill/Hatch Sketch Region tool in Inventor.

REDUCING THE NUMBER OF SHEETS AND VIEWS PER DRAWING FILE

Although it is possible to create a large number of sheets in a single drawing file, it is generally
accepted that this is not good practice. Instead, you should consider making a new file for each
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drawing sheet when possible. Or at the very least, keep the number of sheets per file as low as
possible. There are two primary reasons for doing this.

The first reason is simply to keep the file size down. If you have a drawing of a large assembly
file that includes four sheets and has a file size of 80MB, you could spilt this into two files, each
with two sheets and a file size of approximately 40MB. In this way, you do not have to load the
extra 40MB in sheets 3 and 4 just to make an edit to sheet 1.

The second reason to minimize drawing sheets is so you are not guilty of placing “all your eggs
in one basket.” Creating multiple tab or sheet files in any application can be risky. Imagine you cre-
ated a load calculation spreadsheet and you developed the habit of adding a tab for each new calcu-
lation you do, rather than creating a new file for each calculation. If the file becomes corrupt, you've
lost all your calculations rather than just one set of calculations. The same thing could happen with
your Inventor drawing if you habitually create new sheets instead of new files.

Managing Assembly Detail

In Chapter 8, you learned about creating LOD representations within your assemblies in
order to reduce the memory requirements of working with large assemblies. Here you will
consider how you can use these LOD representations to make you more successful in your
large assembly pursuits.

LOD Strategies

All Inventor assemblies have four default LODs predefined and ready for you to use. Learning
to use these and creating your own LODs is an important part of working with large assemblies.
The default LODs are as follows:

Master This shows your assembly with no parts suppressed. You can think of this as the
highest level of detail for any assembly.

All Components Suppressed This suppresses everything within the assembly. You can
think of it as the lowest level of detail for any assembly.

All Parts Suppressed This suppresses all parts at all levels of the assembly, but subassemblies
are loaded.

All Content Center Suppressed This suppresses any component in the assembly that
is stored in the Content Center Files directory as designated by the IP] (project) file or the
Application Options settings.

When opening a large assembly, you can use the All Components Suppressed LOD to
quickly open the file and then manually unsuppress components as required. However, it is
more practical to create your own LODs and use them to efficiently open your assemblies.
Consider creating intermediate LODs based upon your design process.

For a closer look at LODs in action, follow these steps:

1. From the Get Started tab choose Open.

2. Browse for the file named mi_9a_002.iam, located in the Chapter 9 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Expand the Representations folder and the Level Of Detail node in the Model Browser if
not already done.
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4. Right-click the Level Of Detail header, and choose New Level Of Detail. Rename
LevelofDetaill to MediumLOD.

5. In the Quick Access toolbar, click the selection tool drop-down list (see Figure 9.17), and
set your selection focus to Component Priority if it is not already.

6. Using the same drop-down list, now choose Internal Components, as shown in
Figure 9.17.

7. Set the slider to 85 percent, and click the green check mark.

Selecting internal I-EL_;

 Suluct
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8. Right-click anywhere on the screen, and choose Isolate to get a better view of the
components you selected. Your screen should look similar to Figure 9.18.

FIGURE 9.18
Isolated internal
components
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9. Now bring back one component to add to your selection set. Select the component called
MA- 001:1 in the browser, right-click, and choose Visibility. You should see the motor sub-
assembly become visible.

10. Select all the components on the screen. You can use a crossing window to do this quickly.

11. Right-click, and choose Suppress.

12. Right-click anywhere, and choose Undo Isolate to bring back the visibility of the remaining
components.

13. Save the assembly to ensure that the changes to your newly created level of detail
are recorded.

14. Switch back and forth between the master LOD and your MediumLOD to observe the
differences.

15. To modify the MediumLOD, activate it and suppress any component you'd like; then save
the assembly.

Substitute LODs

You can use substitute LOD representations to trade out a large multipart assembly with a single
part derived from that assembly. Substitute LODs improve efficiency by reducing the number

of files Inventor is referencing and, if created from other LODs, can also reduce the amount of
geometry required.

For example, in the blower assembly, you could create a substitute LOD from the entire assem-
bly and then place that substitute into a top-level assembly as needed. You would certainly gain
some efficiency by doing this because the top-level assembly is referencing only one file. However,
if you created a substitute from the MediumLOD, you would be maintaining an even higher level
of performance in the top-level assembly because all the internal geometry that was suppressed in
the creation of that LOD would be omitted.

To create a substitute LOD, follow these steps:

1.
2.

From the Get Started tab choose Open.

Browse for the file named mi_9a_003.1iam, located in the Chapter 9 directory of the
Mastering Inventor 2011 folder, and click Open.

Expand the Representations folder and the Level of Detail node in the model browser if
not already done.

Double-click the MediumLOD to set it as the active LOD if not already done.

5. Right-click the Level Of Detail header in the browser, and choose New Substitute and

then Shrinkwrap. Notice that Inventor is asking you to specify a filename, a file template,
and a location to create this file.

Enter mi_9a_003_Substitute_100 for the name in the New Derived Substitute Part dialog
box, and leave the template and file location at the defaults.
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7.

8.

10.
11.
12.
13.
14.

15.
16.

17.

18.

19.

20.
21.
22.

Click OK. Inventor opens a new part file and takes you directly into the shrink-wrap
process, bringing up the Assembly Shrinkwrap Options dialog box.

In the Style area at the top, ensure that the Single Composite Feature option is selected.
The following are the descriptions of each of the three available options:

Single Solid Body Merging Out Seams Between Planar Faces Produces a single solid
body without seams. Merged faces become a single color, where required.

Solid Body Keep Seams Between Planar Faces Produces a single solid body with
seams. Colors are retained.

Maintain each Solid as a Solid Body Produces a single part file with multiple bodies.
This is the closest approximation to an assembly.

Single Composite Feature Produces a single surface composite feature and the smallest
file. Colors and seams of the original components are maintained. The mass properties of
the original assembly are stored in the file for reference.

Ensure that the Remove Geometry By Visibility check box is selected.

Select Whole Parts Only.

Play around with the slider, clicking the Preview button to see what is removed.
Set the slider to 78 percent.

Under Hole Patching, select AllL

Ensure that Reduced Memory Mode is selected at the bottom of the dialog box. When
selected, this option allows the derived part to be created using less memory by not
including the source bodies of the assembly parts.

Refer to Figure 9.19 to check the settings, and then click OK.

Click Yes when asked about the mass properties. Note that Inventor closes the derived
part file and returns to the assembly, and an LOD named SubstituteLevelofDetaill has
been created. You can rename this if you like by clicking it once and then a second time.

Save the assembly.

Double-click the MediumLOD to set it active, and compare the substitute LOD by click-
ing back and forth on them.

To see that the substitute shrink-wrap is a surface model, click the View tab, and choose
the Half Section View icon from the drop-down list on the Appearance panel.

Click Workplane2 in the Model Browser.
Right-click, and choose Done.

Choose End Section View from the drop-down list on the Appearance panel to turn off
the section view.
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Figure 9.20 shows the Substitute LOD as it appears in the browser.

Recall that all LODs maintain an accurate BOM listing. To confirm this, select the Assemble
tab, click Bill Of Materials, and interrogate the BOM to see that even though the substitute LOD
consists of a single part, Inventor still maintains the BOM information for the entire assembly.
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Subassembly LODs

Subassembly use is where LOD representations really begin to pay off in terms of performance.
Once LOD representations have been created in your assembly, you can switch the LOD in the
subassemblies to match in three ways:

¢ Place the subassemblies into a top-level assembly with the matching LOD by using the
Options button.

Switch the LOD manually in the subassembly in the Model Browser.

Use the Link Levels Of Detail tool at the top-level assembly to automatically set the subas-
semblies to the matching LOD.

In Figure 9.21, all the subassemblies have LODs named High, Moderate, and Low set up
within them. Then the LODs were linked. The LOD name is set in parentheses next to the
assembly name.

FIGURE 9.21
Nested LODs
with a consistent
naming scheme

By TepLevel Assemlyiam (Mederatu)
=~ [ep Fapramrisdan

H L e el
= prtian

O L vl of Cuiad : Mlodar s
[ Mlandar
i Al Corporanty Supprsmied
o S Pt SEpeesied
o S Cionbnd Cemier Sinpeesesd
i High
[Flabadwsa
o Lo
S | Crign
= (Bl TR [Moderaie]
r— o Peprmerniations
r M
By ronios msseinbb L (PR
ii-ha-.:t 1 [Modersos]
A 1| [Fodershs]
By 7351 [Mioderatal
By 7- 70 1 (Madarata)

You might take this concept one step further and edit your assembly templates to automati-
cally have High, Moderate, and Low LODs already in them. This way you do not have to create
the LODs, but instead you can simply activate them and then suppress parts as required to “fill
them out.”

Recall that Inventor specifies your template location on the File tab of the Application Options
dialog box. Note that this can be overridden in your project file. Check this by selecting the Get
Started tab and then clicking the Projects button, and look in the Folder Options section of the
Project File Editor that opens. If a path is specified there, that is where your templates are located. If
it shows = Default, then the path found in Application Options is where your templates are located.

In the following exercise, the subassemblies all have LODs created in them. These are called
Bolts, Washers, Nuts, and Galvanized. Each subassembly was configured with these LODs set up
as described in the previous exercise. The top-level assembly has three LODs created called Bolts,
Washers, and Nuts. Although these LODs have been created, they have not been configured and
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currently do not differ from the master LOD. The following steps take you through the linking of
the Bolt LOD at the top-level assembly to the Bolt LODs in the subassemblies:

1. From the Get Started tab choose Open.

2. Browse for the file named mi_9a_004.iam, located in the Chapter 9 directory of the
Mastering Inventor 2011 folder, and click Open.

3. Expand the Representations folder and the Level Of Detail node in the Model Browser if
it is not already expanded.

4. Double-click the LOD named Bolts to set it active, or right-click it and choose Activate.

5. Click the Assemble tab, expand the drop-down list for the Productivity panel, and choose
Link Levels Of Detail.

6. Click Bolts within the Link Levels Of Detail dialog box.

7. Click OK in the Link Levels Of Detail dialog box, and click OK to accept the warning that
the assembly will be saved.

Note the subassemblies have all been set so that the Bolts LOD is active in them. If one of the
subassemblies did not have an LOD called Bolts, it would be left at its current LOD. You can con-
tinue this exercise by repeating these steps for the Washers and Nuts LODs if you'd like. Note
too that each of the subassemblies has an LOD called Galvanized in which all parts that are not
galvanized steel have been suppressed. You can create an LOD in the top-level assembly called
Galvanized and then use the Link LODs tool to suppress all the parts not made of galvanized steel.
You can also set different instances of a subassembly to display differing LOD representations.

USING LOD NAMING CONVENTIONS

There are an infinite number of naming conventions for LODs, including the one suggested here
(High, Moderate, and Low). Making LODS that have certain parts of the design turned on can be
useful as well, for example: Frame Only, Frame & Transmission, Transmission Only, Conveyors Off,
No Robots, and so on. By giving them descriptive names, other users can select the appropriate LOD
for the work they need to complete.

Simplifying Parts

Albert Einstein once suggested that things be made as simple as possible but not simpler. This is
a good concept to keep in mind when creating models in Inventor. Adding extraneous details to
common parts can have a negative impact on large assembly performance. Of course, if the part
file is to be used for fabrication, then a certain level of detail is required. Oftentimes, though, we
create models of common parts to be used in an assembly for the end goal of getting an accurate
bill of materials. Your assembly performance could most likely be improved by reducing the
amount of detail in those types of parts.
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Removing or Suppressing Unneeded Features

Reducing the number of edges and faces in a part is a sure way to minimize the size of the
part file. Removing fillet and chamfers for purchased parts is a good way to eliminate extra
faces. If you have common parts that are used in large numbers throughout your assemblies,
you might consider creating two versions of these parts: one version for use in large assem-
blies and another from which you create production drawings and Inventor Studio render-
ings. In Figure 9.22, you can see two versions of the same part. The file on the left is right at
600KB, whereas the one the right is less than 175KB.

FIGURE 9.22
A simplified part

In the following steps, you will derive a simplified version of a part and set the part numbers
to match so that the two files report the same in the BOM and parts lists. To create a simplified
part, follow these steps:

1.
2.

3.

4.

5.

From the Get Started tab choose Open.

Browse for the file named mi_9a_010.1ipt, located in the Chapter 9 directory of the
Mastering Inventor 2011 folder, and click Open.

Click the end-of-part (EOP) marker in the Model Browser, and drag it to right under
Revolution1.

Change the color to As Material (at the top of the screen in the Quick Access toolbar, click
the color drop-down arrow, and scroll to the top).

Do not save the part.

Figure 9.23 shows the end-of-part marker being placed above the existing features.

6.

7
8.
9

From the Get Started tab choose New.
Choose the Standard.ipt template to create the new file, and click OK.
In the new part, right-click and choose Finish Sketch.

On the Manage tab, click the Derive icon on the Insert panel.
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In the resulting Open dialog box, browse for the file named mi_9a_010.1pt, located in
the Chapter 9 directory of the Mastering Inventor 2011 folder, and click Open.

11. Choose Maintain Each Solid As A Solid Body as the derive style.
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Click OK.
In the Model Browser, right-click the part name, and choose Suppress Link With Base

Component. This ensures that the derived part will stay at the simplified state.
Click the filename at the top of the Model Browser, and choose iProperties.

Choose the Project tab of the iProperties dialog box, and enter mi_9a_010 as the part
number. This ensures that as you use the simplified part in an assembly it will have the
same part number as the original part and report an accurate BOM.

Save the file asmi_9a_010_simpTle.ipt.
Return to the original part (mi_9a_010.1ipt).

Either close the file and click No when asked to save changes, or drag the EOP marker
back to the bottom of the Model Browser, reset the part color, and then save the file.

The result is two files representing the same part. Both will list at the same component
in the BOM, but the derived component will add far less overhead when used over and over in
an assembly.

Working with Colors

Adding a reflective color to a part can increase the file size as well; therefore, you should consider
using a flat color for simplified parts you intend to use over and over again in large assemblies. It
is good practice to purge all unused color style definitions for common parts as well. Each time
you change a material or color in a part file, the style definitions are cached in the file. If the file is
used many times in an assembly, the unused definitions can have an impact on memory. To purge
unused style definitions, select the Manage tab and click the Purge button found on the Styles and
Standards panel.



420

CHAPTER 9 LARGEASSEMBLY STRATEGIES

USING STYLE LIBRARIES

If you have not looked at using style libraries to manage your material, color, and lighting style
definitions, then you should take the time to do so. Style libraries are not always the right choice for
every design office, but if you determine that they are right for you, you can speed up the processing
of your files considerably. To determine whether this is the right choice for you, go to the help files
as shown here.
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The Bottom Line

Select a workstation Having the right tool for the job is the key to success in anything you
do. This is true of selecting a large assembly workstation. You have learned that for optimal
performance you should strive to keep your system working in physical memory (RAM).

Master It You notice that your computer runs slowly when working with large assem-
blies and want to know whether you should consider a 64-bit system.

Adjust your performance settings You have learned that there are many settings in
Inventor and in Windows that you can use to configure the application to work more effi-
ciently with large assemblies.

Master It You want to make your current workstation run as efficiently as possible for
large assembly design.

Use best practices for large assembly Knowing the tools for general assembly design is
only half of the battle when it comes to conquering large assemblies. Understanding the
methods of large assembly design and how they differ from a general assembly design is a
key to success.

Master It You want to create adaptive parts so that you can make changes during the
initial design stage and have several parts update automatically as you work through
the details. But you are concerned about how this will adversely affect your assembly
performance.
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Manage assembly detail Inventor includes several tools to help manage assembly detail so
that you can accomplish your large assembly design goals.

Master It You want to reduce the number of files your large assembly is required to ref-
erence while you are working on it and yet maintain an accurate bill of materials.

Simplify parts Creating highly detailed parts may be required for generating production

drawings or Inventor Studio renderings, but using those high-detail parts in large assemblies
may have an adverse affect.

Master It You want to create a lower level-of-detail part file for common parts to be

reused many times over in your large assemblies but are concerned about managing two
versions of a part.






CERT
OBJECTIVE

Chapter 10

Weldment Design

This chapter assumes you have a good understanding of parts, assemblies, and drawings. In this
chapter, we will cover the various aspects of weldment design. Starting from weldment work-
flows and design methodologies, we will cover preparations, weld beads, machining features,
and weld symbols, as well as how to document the weldment design. You will also learn some
tips and tricks along the way:.

Weldments are available in the assembly environment as a subtype of the assembly docu-
ment. Most of the topics in this chapter require an assembly to be open. Therefore, this chapter
is not applicable if you have only Inventor LT installed.

In this chapter, you will learn how to:

Select and use the right weldment design methodology

Create and edit weld preparations and machining features

L 4

Create and edit different kinds of weld beads such as cosmetic, fillet, and groove

*

Document weldment stages in drawings

*

Generate and maintain a consistent set of BOMs across welded assemblies, drawings, and
presentations

Exploring Weldment Design Methodologies

One of the basic questions in weldment design is what design methodology should be used to
create weldments. Unfortunately, there is no “one-size-fits-all” strategy. The design methodol-
ogy you use depends on your individual needs and requirements. We will start by defining the
different design methodologies:

& As-assembled means a view of the assembly with no weld preparations, beads, or machin-
ing features. This represents a stage in the weldment design.

¢ As-welded means a view of the assembly with weld preparations and weld beads but no
machining features.

& As-machined means a view of the final welded assembly with the machining features that
goes through the weld beads.

All these represent the various stages in weldment design. Once the weldment design is
done, it helps to document the various stages of weldment design in the drawing.
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Depending on the need for documentation, interference analysis, mass properties, and other
design criteria, you can group the weldment design methodologies into the following four broad
categories:

Part files and part features. You can create a weldment design using part features in part
files. With this approach, you use the rich modeling features of the part (sweeps, chamfers,
fillets, and lofts) to create a wide variety of weld bead shapes. However, this will be one big
mess of a design that has no logical partitions. The main difficulty is creating drawings with
different stages—for example, as-assembled, as-welded, and so on—from a single design.
You will not be able to see certain edges separating weld beads and components in drawings
because they will not even exist (be merged out) in the part design. In addition, the bill of
materials will not list all the individual components needed to assemble the welded struc-
tures. Still, this might be an acceptable strategy for small weldment designs that have minor
design changes over a period of time. Besides, the assumption is that the designer does not
need to create the different stages in design documentation from a single weldment assem-
bly. You could place the part weldment into an assembly and then create presentations and
drawings of that assembly. (However, in drawings, you will not be able to create the different
stages of weldment design.) Figure 10.1 shows this methodology.

FIGURE 10.1
Part files and part

features Parts,
Welds

Drawings
As-welded

Weldment assembly and derived technology. With this approach, you can derive the
weldment assembly (.iam) into a single-part file (. ipt) and model the welds in the derived
assembly file using part features. Optionally, you can derive the part file into another part file
to show machining on welded assemblies. Similar disadvantages exist as mentioned in the
first method; however, you can modify assembly constraints to create variants of weldment
assemblies with this approach. The preparations, welds, and machining features will all exist
in the derived component files. This might be a good strategy for weldments where a BOM
listing is needed and there is no need to document different stages of weldment design from
a single weldment assembly. Figure 10.2 shows the document layout of this methodology.

Weldment assembly. With this approach, you use a mixture of cosmetic, fillet, and groove
welds with preparations, machining features, and weld symbols at the assembly level.
The main advantage is that the weldment can be documented as-assembled, as-welded,
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and so on. The BOM outlines the different part components. It does not preclude Finite
Element analysis since the weldment assembly can be derived into a part. You might find
this approach difficult initially, but you can see large gains in productivity later while docu-
menting the weldment. This is the recommended approach for large weldments that need
mass properties, interference analysis, and complete documentation. (Examples are struc-
tural frames, piping, industrial gates, fences, and steel furniture.) You can use a combined
approach of all four methods if that’s what works best for your needs. However, when new
enhancements are made to weldments, this approach lends itself to easily leverage the new
functionality. Figure 10.3 shows the document layout of this design methodology. (The figure
doesn’t show the various subassemblies that the weldment assembly might contain by break-
ing it into logical pieces.) Good planning helps in generating a well-built design that can be
understood and easily maintained by designers. All in all, you should use this design meth-
odology if you cannot decide on one of the other three methods.
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Using multi-body part files. Since a completed weldment exists in a larger assembly as a
single component, an interesting way of defining the weldment can be done by using multi-
body parts. To use this approach you create separate bodies within the single part file by
using the New Solid option in the Extrude, Revolve, and other sketched feature dialogs. This
creates a virtual assembly made up of multiple features in a single file. Once the compo-
nent is defined it can then be divided into an assembly using the Make Components tool as
described in Chapter 5. From that point on you can treat your weldment assembly as though
you created it from separate part files from the beginning, with one notable exception. You
can then update the assembly and the weldment based by editing the multi-body part you
created initially. Figure 10.4 shows the layout of the multi-body method.

FIGURE 10.4 .\7 =
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You can create a weldment assembly in two ways. For the first method, you create a new
weldment assembly by selecting any of the weldment templates provided by Inventor. To do
this, just select the Get Started tab, then click the New button and then select an assembly tem-
plate designated as a weldment template. Or you can convert an existing assembly document
into a weldment assembly by going to the Assemble tab and clicking Convert To Weldment.

Once you convert an assembly into a weldment, it is not possible to convert it into a regular
assembly. Also note that in a weldment document, you cannot create new positional representa-
tions or use flexible assembly functionality, because a weldment is meant to be an assembly of
parts fixed in place. Once you've created a weldment assembly, you can then go to the next logi-
cal step of modeling preparations.

COMMUNICATION IS THE KEY TO DEALING WITH WELDMENTS

Depending on your needs, weldments can be as simple as a single part or as complex as assembly
weldments with preparations, welds, and machining. Talk to the group that is going to be manufac-
turing your parts (Whether the job is farmed out or in-house), and find out what level of detail the
group requires when making the parts to your prints. Often you will find that what is important to
the designer is not as important to the welder (and vice versa). By speaking with these groups, youw’ll
get a better understanding of what path you should take for your weldment models and drawings.
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Modeling Preparations

Imagine that you've created the weldment assembly for a boxed container and want to add weld
beads. Before adding the weld beads, the assembly needs weld preparations to create space for
the weld bead to be placed. You can model a variety of preparation features to mill or remove
material. Note that preparations are assembly features only, meaning that these features exist
only in the assembly and not at the part level. Here are the most common preparation features:

& Extrude
Revolve

Hole

*

*

Sweep

*

Chamfer

Move Face

Figure 10.5 shows the preparations environment and the relevant tools. To create the features
in the previous list, you use the same set of steps that you used in part (Chapter 4) or assembly
modeling (Chapter 8). The Move Face functionality is primarily intended for weld preparation
in the assembly environment and is available in both the part and assembly environments.

FIGURE 10.5
Weldment features
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Groove welds are classified by the different kinds of weld preparations. Figure 10.6 shows
some commonly used weld preparations. In the left column, from top to bottom, you can see the
Square Groove Weld, Bevel Groove, and U-Groove types. In the right column, from top to bot-
tom of the figure, you can see the Double Bevel Groove, V-Groove, and Double-U types. Observe
that these preparations might be referred to by slightly different names in the welding industry.

Although most groove welds require nothing more than a simple chamfer, in most cases groove
welds require some sort of material removal preparation.



428 |CHAPTER 10 WELDMENT DESIGN

FIGURE 10.6 | |
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The alternative to weld preparation is to build the shape of the preparation using the sketch
and then a swept volume (Extrude, Revolve, and Sweep) cut using that sketch to create the
feature shape in the part file. However, it is recommended that you use the weld preparation
feature, which helps show the manufacturing process. In addition, it aids in documenting the
weldment in a drawing with just the components and preparations. Another advantage is that
the designer, weld fabricator, or manufacturing instruction—generating program can easily find
these features in one place—in other words, in the Preparations folder. This might be useful for
generating the desired manufacturing information.

To create a preparation feature, follow these steps:

CERT 1. From the Get Started tab click the Open button.

OBJECTIVE
2. Browse for the file named mi_10a_045.iam located in the Chapter 10 directory of the

Mastering Inventor 2011 folder, and click Open.

3. You have three choices for this step: double-click the Preparations folder in the Model
browser to activate the weld bead features, right-click the Welds folder and select Edit, or
click the Preparation button on the Process panel of the Weld tab.

4. Click the Chamfer button on the Preparation And Machining panel, and select the bot-
tom edge of the yellow face.

5. Set the chamfer size to 7 mm, and click OK.

6. Next, exit the preparations environment either by clicking the Return To Parent button or
by right-clicking and choosing Finish Edit.

You can double-click the Preparations folder and edit the individual preparation features as
needed. Think of the Preparations folder as a separate environment with its own set of tools.
The End Of Features (EOF) node in the browser works differently than in the End Of Part (EOP)
part modeling browser. In the part modeling browser, when the EOP is moved around, it sticks
at that location even after an update. In the preparations environment, the EOF can be moved to
above or below any feature location in the Preparations folder just like in part modeling.

However, when you leave the preparations environment—either by double-clicking the top-
level assembly node in the weldment assembly or by right-clicking and selecting Finish Edit in the
graphics window—the EOF is rolled all the way to the end in the Preparations folder. It might be
thought of as a browser node that does not stick in its dragged browser location, unlike parts. The
EOF has similar behavior whether you are in the preparations, welds, or machining environment.

Once you've placed the weld preparations, you are ready to place welds. Keep in mind that
you do not have to create preparations. Also, you can return to the preparations environment
even after having placed welds.
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Exploring Cosmetic Welds

To create or edit a weld feature, click the Welds icon on the Process panel, or right-click the
Welds folder in the Model browser and select Edit. You can also double-click the Welds
folder and edit the individual features. Figure 10.7 shows the available features in the welds

environment.
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The cosmetic weld feature is available by clicking the Cosmetic icon in the Weld panel.
Figure 10.8 shows the Cosmetic Weld dialog box. When using the cosmetic weld feature, you sim-
ply select edges of the model. These edges can belong to part components or other weld beads.
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CERT
OBJECTIVE

Cosmetic welds are recommended for use when you have the following;:

4
*
L 4

A need for lightweight representation.
No requirement for interference analysis.

No need for the estimated total mass of the assembly with solid weld beads. However, you
could optionally have the cosmetic weld participate in mass property calculations.

Note that the bead (the upper portion of the weld dialog boxes) and the weld symbol (the
lower portion of the weld dialog boxes) are decoupled; in other words, optionally you can create
a weld symbol. This applies to all types of weld beads. In addition, you can use a single weld
symbol to denote multiple welds involving cosmetic, fillet, and groove welds. Cosmetic welds
can represent a wide variety of welds. You can create them using edges (the Edge option), tan-
gent continuous set of edges (the Chain option), or loops (the Loop option).

Selecting the option of applying a weld symbol will place a symbol on the screen without
being prompted for its placement. You can move the symbol after the weld has been added.

To create a cosmetic weld feature as shown in Figure 10.9, follow these steps:

FIGURE 10.9 =

Creating a cos-
metic weld

1.
2.

From the Get Started tab click the Open button.

Browse for the file named mi_10a_001.iam located in the Chapter 10 directory of the
Mastering Inventor 2011 folder, and click Open.

You have three options for this step: double-click the Welds folder in the Model browser
to activate the weld bead features, right-click the Welds folder and select Edit, or click the
Welds button in the Process panel of the Weld tab.

Click the Cosmetic icon on the Weld panel.

Select the Chain option, and select the edges as shown in Figure 10.8. The Chain option
is similar to the Automatic Edge Chain option in the Fillet dialog box in part modeling.
It collects all the tangent continuous edges in a loop on a single face. Note that you may
need to use the Select Other tool to toggle through the available loops.

You can now enter a suitable bead cross section based on the leg lengths. The bead cross
section can be calculated using the following equation, and the bead cross section area
value can be entered in the Area control:

Bead cross section = (Y2 x Leg Length 1 x Length 2)

The bead cross section area value is critical in determining the mass of cosmetic welds. Later
in the “Bead Property Report and Mass Properties” section, you'll see how to use this for mass
properties calculations.
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In certain cases when there is no edge to click as input, you can split the faces of the compo-
nents in the part file (. ipt) at the location where it is welded and use the split edges as input to
the cosmetic weld feature. On the left of Figure 10.10, for example, there are no explicit edges to
click at the intersection of the planar face on the hollow tube and the cylindrical face on the cyl-
inder. Therefore, you can edit the cylindrical part and use the split feature to split the cylindri-
cal face of the cylindrical part so that you can use those split edges to create the cosmetic weld

feature. The right side of Figure 10.10 shows the split edge. Work points cannot be clicked as part

of the cosmetic weld feature. The edges need to have finite length in order to be clickable for the
cosmetic weld feature.

FIGURE 10.10
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You can specify extents with parallel planes or planar faces. The extent trims the cosmetic

weld bead between the From and To termination planes or planar faces. To generate the From-To

cosmetic weld in Figure 10.11, follow these steps:
1. From the Get Started tab click the Open button.

2. Browse for the file named mi_10a_002.1iam located in the Chapter 10 directory of the
Mastering Inventor 2011 folder, and click Open.

3. You have three options for this step: double-click the Welds folder in the Model browser
to activate the weld bead features, right-click the Welds folder and select Edit, or click the
Welds button in the Process panel of the Weld tab.

Click the Cosmetic weld tool on the Weld panel. Select the edge shown in Figure 10.11.

In the Extents drop-down menu in the Cosmetic Weld dialog box, select From-To.

Click the From button, and select one of the assembly work planes.

Click the To button, and select the other assembly work plane.

©® N oo oo A

Click OK in the Cosmetic Weld dialog box.

FIGURE 10.11 - -
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Creating Weld Beads

A weld bead feature is a parametric, solid representation of the real-world weld bead. It can be
generated from input faces of a single component or from input faces of multiple components
including bead faces in a weldment assembly. In other words, you can select faces from weld
beads too as input faces to generate new weld beads. You can also create a weld on a single part
that is placed in a weldment assembly. Some examples are as follows:

Example 1 Place a single sheet-metal part in a weldment assembly, and create fillet welds at
flange corners to create a container.

Example 2 Create a fillet or groove weld between two plates (two parts or one part that has
two extrusion features for the plates).

Example 3 Create a fillet or groove weld between two plates and another weld bead.

Weld beads automatically contribute to mass property calculations and can take part in inter-
ference analyses. All weld bead features create an independent body that does not take part in
boolean operations with the assembly components. Other machining features can cut into weld
beads. There are two major weld features to create physical 3D welds:

Fillet weld feature A fillet weld builds up corners by adding weld material between faces.
Fillet welds are the most commonly used type of weld in industrial machinery. You should
use this feature when there is no gap between the components. A specialized kind of fillet
weld with a gap is supported.

Groove weld feature A groove weld feature predominantly fills gaps between components.

However, you can also use it when the components are touching each other. There are many
opportunities to combine cosmetic, fillet, and groove welds to generate the desired weld beads.

WELD CALCULATORS

The weldment environment also has several weld calculators (only if the Design Accelerator add-in
isloaded). Weld calculators assist you in the design of weld joints. You can check typical welds with
different types of loading. You can use these calculators to check static weld loading and to check
butt and fillet weld joints for both static and fatigue loading.

ha
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CREATING FILLET WELDS

Creating Fillet Welds

The basic idea behind a fillet weld is that you are joining two sets of faces. You can control the
weld bead definition parametrically by using the parameters shown in Figure 10.12. This is
known as leg length measurement. You can enter the two leg lengths used to generate the bead
and also specify the throat measurement. You just enter the throat length, and Inventor calcu-
lates the rest of the size of the weld bead. The offset value has relevance only when you declare
the weld to be concave or convex. Figure 10.12 shows the two leg lengths and the two types of
measurement.

FIGURE 10.12
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The top shape of a fillet weld can be flat, convex, or concave, as shown in Figure 10.13 (from
left to right). For flat, the offset is 0.0. For concave or convex based on the offset, Inventor calcu-
lates the necessary bump or depression shape.
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To create a simple fillet weld, follow these steps:
1. From the Get Started tab click the Open button.

2. Browse for the file named mi_10a_003.iam located in the Chapter 10 directory of the
Mastering Inventor 2011 folder, and click Open.

3. You have three choices here: double-click the Welds folder in the Model browser to acti-
vate the weld bead features, right-click the Welds folder and select Edit, or click the Welds
button in the Process panel of the Weld tab.

4. Click the Fillet weld tool on the Weld panel. You will get the dialog box shown in
Figure 10.14.

433
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5. Enter the leg length value for the Legl control, as 15 mm. Leg? is assumed to be same as
Legl if left blank.

6. Ensure that the first Select Faces button (the red arrow) is selected, and then click the yel-
low face.

7. Click the second Select Faces button (or right-click and select Continue), and then click
the red face. Note the lightweight weld bead preview, as shown in Figure 10.15.
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8. In the Extents area of the dialog, enter 5 mm in the Start Offset box.

9. Click the Direction button on the left of the dialog box to change the start position of the
weld bead.

10. Enter 15 mm in the End Offset box, and click OK.
11. Locate the Welds folder in the Model browser, and expand it to find the Beads folder.
12. Expand the Beads folder, right-click the weld bead found within, and then click Edit Feature.

13. In the Extents area of the Fillet Weld dialog, click the top drop-down list, and change the
extents solution from All to Start-Length.

14. Notice that Start Offset remains the same, but End Offset is replaced with a length input.
You can use this option to specify a known weld length when required.

15. Set the length to 50 mm, and click OK.
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Figure 10.16 shows a hole gap through which a cylinder is passing. You can use a fillet weld
to bridge the gap, but it will not fill the gap. The fillet weld will work even if the two components
are separated by a gap at some places and touch at other places.

FIGURE 10.16
Shaft through plate

To create these fillet welds, you still click the two facesets, as shown in Figure 10.16. Inventor
infers the gap and generates the fillet weld bead. To fill the gap between the two mating faces of
components, you should use groove welds.

Figure 10.17 shows another variant of two components that are separated by a gap. Here the
solution is dependent upon the size of the weld and the amount of face available. On the left, a
10 mm weld comes up short on the corners. On the right, an 18 mm weld runs past the flat edges
of the tube and therefore will not build as selected. The weld adjusts to fit as required. If the
weld size is too small to bridge the gap at all or is too large for the selected face, the weld will
not be built.

FIGURE 10.17
Shaft through hol-
low tube
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Figure 10.18 shows a simple gap being bridged with two fillet welds.

FIGURE 10.18
Fillet welds
across a gap
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DON’T FORGET TO SPEAK WITH THOSE MANUFACTURING THE PARTS

Inventor provides just about every possible option that you could want as a designer with regard to
weld sizes, shapes, and contours. However, you should always speak with those who will be manu-
facturing the parts to determine whether what you have designed can be built efficiently. It would
be unfortunate to spend a lot of time with specific contours, sizes, and finishes if the weld shop
is just going to give you a standard fillet weld regardless of the details you call out. You’ll need to
decide whether it’s time to find a new welder or whether you are putting too much information into
the part. More than one designer has found this out the hard way when that $10 bracket suddenly
ends up costing $100 because of the demanding weld callouts placed on the print.

Creating Intermittent Fillet Welds

Intermittent fillet welds essentially produce patterns of the weld bead along a set of edges.

Figure 10.19 shows an example of an intermittent fillet weld using the Start-Length extents solu-
tion to adjust the orientation so as to avoid interference with the existing holes.
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For the ANSI standard, you specify bead length and the distance between bead centers. For
ISO/BSI/DIN/GB, you specify the bead length, the spacing between beads, and the number of
beads. For JIS, you specify the bead length, the distance between bead centers, and the number
of beads. Figure 10.20 shows these parameters.
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The Extents control allows you to select the beginning and ending planar faces or planes
between which the weld bead will be created. The steps to produce a From-To fillet weld bead
are similar to the steps outlined for extents and cosmetic welds. When welding a long piece of
metal, often intermittent welds are both cost-effective and reduce warping in the part.
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Creating Groove Welds

A groove weld is primarily used to fill gaps between two sets of faces. Once such gaps are filled,
you might top the groove weld with a fillet weld. Figure 10.21 shows some examples.

FIGURE 10.21
Groove weld
examples

Like fillet welds, a groove weld needs two sets of faces. The Full Face Weld option when
selected specifies whether to use the full face to generate the weld. The Full Face Weld option
when not selected specifies to use only a portion of the face. Inventor calculates the specific por-
tion of the face by projecting the smaller face set to the larger faceset (if the two facesets are the
same size, Inventor picks one of them to project). Figure 10.22 shows the resulting weld bead.
Since on the left of Figure 10.22 the Full Face Weld option is disabled for Partl, only part of the
face of Partl is used for the weld bead. On the right of Figure 10.22, the Full Face Weld option is
enabled for Partl. This implies that the full face of Partl be used to generate the weld bead.

FIGURE 10.22
Full Face Weld
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The Ignore Internal Loops option controls whether to ignore or consider the internal loop to
generate the weld bead. When selected, it results in a “hollow” (Figure 10.23, left) groove weld;
selecting the option results in a “solid” weld bead (Figure 10.23, right).
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The fill direction is used to project one set of faces to another to generate the groove weld
bead. In Figure 10.24, you can see the difference between the resulting weld bead shapes.
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Be aware that the Fill Direction option is not available when you use the Full Face Weld
option for both faceset 1 and faceset 2 or when using the Radial Fill option. When you are
using the Fill Direction option, you might observe that Inventor can create welds that are not
manufacturable, depending upon the direction you choose.

You can select the following for the fill direction:

¢ Planar faces and work planes (specifies the direction normal to chosen face/plane)
¢ Cylindrical, conical, or toroidal faces (specifies the direction of the surface’s axis)
¢ Work axes

¢ Linear partedges

One of the questions that comes up frequently is, What direction should be selected for
the fill? One guideline you can use is to imagine the average geometric center of facesetl
and the average geometric center of faceset2. The line connecting the two geometric centers
will be the fill direction to generate the groove weld bead. You are not required to calculate
the geometric centers of the facesets. It is advisable to try different fill directions to get the
desired weld bead shape.

You can use the Radial Fill option to project the weld bead around a curve. When using the
Radjial Fill option, the Fill Direction option is not available. Figure 10.25 shows a radial-filled
groove weld.

FIGURE 10.25 3 Dirwctin
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To create a simple groove weld, follow these steps:

CERT 1. From the Get Started tab click the Open button.

OBJECTIVE
2. Browse for the file named mi_10a_004.1iam located in the Chapter 10 directory of the

Mastering Inventor 2011 folder, and click Open.



PERFORMING MACHINING OPERATIONS ‘ 439

3. You have three options for this step: double-click the Welds folder in the Model browser
to activate the weld bead features, right-click the Welds folder and select Edit, or click the
Welds button in the Process panel of the Weld tab.

4. Click the Groove weld tool on the Weld panel.

5. Select the yellow face for faceset 1 and the red face for faceset 2. Note you may need to
rotate the view to see the red face.

6. Click the Fill Direction button, and click the visible work axis or any edge or face that
establishes the direction to be the same as the work axis.

7. Select the Full Face Weld option for facesetl to extend the weld to cover the entire yellow
face. Note that selecting Full Face Weld for faceset 2 does not change the weld since the
weld bead already covers the entire face.

8. Click OK; your result should resemble Figure 10.26.

FIGURE 10.26
Groove weld
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As a general rule of thumb, if the preview comes up, it is almost certain that the bead will
succeed.

Performing Machining Operations

Once you've created the preparations and welds, you can create machine features. The features

available for machining are similar to the preparations environment. In terms of operations,

they are performed after the generation of weld beads. One of the main advantages of provid-

ing the machining operations in a separate environment is that in drawings you can document

them in the as-machined state. Holes and extrude cuts are typical post-weld machining features.
Figure 10.27 shows a welded assembly with machining operations performed on it.

FIGURE 10.27
Machining fea-
tures on a weld-
ment assembly
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CERT
OBJECTIVE

To create the machining features, follow these steps:

1.
2.

From the Get Started tab click the Open button.

Browse for the file named mi_10a_005.iam located in the Chapter 10 directory of the
Mastering Inventor 2011 folder, and click Open.

Double-click the Machining folder in the Model browser to activate the machining folder
for editing, right-click the Welds folder and select Edit, or click the Machining button in
the Process panel of the Weld tab.

From the Weld tab, click the 2D Sketch button to create a new sketch.

5. Choose the yellow face to place the sketch, and place two hole centers corresponding to

the two holes shown in Figure 10.27.

Right-click and choose Finish Sketch, and select the Hole feature from the Preparation
And Machining panel.

Set the hole size to 10 mm and the termination to Through All, and click OK.

Right-click and choose Finish Edit (or double-click the top-level assembly in the browser)
to exit from the machining environment.

Holes that are important to the location of welds should be placed into the parts that are
being welded together. Because the machined view of the weldment is a subset of the welded
view, you cannot refer to “machined” holes when detailing an as-welded model.

Machining features include, but are not limited to, the following;:

® 6 6 6 o o

Extrude
Revolve
Hole
Sweep
Chamfer

Move Face

Exploring Weld Properties and Combinations

The following sections cover the additional aspects of weldments. Specifically, we will cover set-
ting weld properties, replicating welds, combining fillet and groove weld beads to produce the
desired weld bead shape, and using the split technique.

Weld Properties

To turn off the visibility of all weld beads in an open assembly, select the View tab, and select
Object Visibility » Welds. You can also expand the Welds folder in the Model browser, right-
click the Beads folder, and then deselect Visibility to turn off the weld beads of a particular
assembly or subassembly. You can suppress individual weld bead features in the Model
browser; the suppress feature is similar to part feature suppression.
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You can choose the weld material during the initial conversion of an assembly to a weldment
or change it after the fact. Welded Aluminium-6061 is the default material. Note that not all
materials are available to use as a weld bead material by default. To add another material so it
appears in the Weld Bead Material drop-down list, follow these steps:

1. From the Manage tab, select Styles Editor.

2. Expand the Material node in the left pane of the Style And Standard Editor, and select a
material such as Aluminium-6061 AHC.

3. On the right side of the Style And Standard Editor dialog box, select Use As Weldment
Material. It is recommended that you save these changes to the style library.

4. Once done, Aluminium-6061 AHC should appear in the Weld Bead Material drop-down
list in the Convert To Weldment dialog box, as shown in Figure 10.28, and in the Physical
tab of the iProperties for weld beads, found by right-clicking the Welds folder and select-
ing Properties.

FIGURE 10.28 T '
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In existing weldments, you can change the weld color styles using the weld properties. In
the Model browser, right-click the item Welds, select iProperties, go to the Weld Bead tab, and
choose the weld bead color style or the end fill color style. You can use the weld bead color style
to assign different color styles to the weld bead. Similarly, the end caps (faces) that you selected
in the weldment assembly can be assigned an end fill color style.

Replication

Welds (cosmetic, fillet, and groove beads) can be copied or mirrored in assemblies through the
Copy Components and Mirror Components tools. Both sets of components that support the
weld need to be copied or mirrored for the welds to be copied or mirrored. For example, if a
cosmetic weld exists only on component C1 and if C1 is copied or mirrored, the cosmetic weld
is also copied or mirrored. You cannot copy or mirror the weld beads without its components
being copied or mirrored. Weld beads can be derived from the assembly into another part docu-
ment using the Derived Component tool in parts.

Groove and Fillet Weld Combinations

Most welds can be generated using a combination of groove and fillet welds. Figure 10.29 shows
an example of welding two hollow tubes with a groove weld. The horizontal tube is welded
with a vertical tube. Facesetl is comprised of the two fillet faces, as shown in Figure 10.29.
Faceset 2 is comprised of a single mating face on the bottom of the vertical tube. The fill
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direction (shown as a downward arrow) will be the face normal of faceset2—in other words, the
vertical direction going down.

FIGURE 10.29
Generating the
groove weld bead

In Figure 10.30, a fillet weld is applied. Facesetl is composed of three faces, the top horizontal
face and the two corresponding fillet faces, as indicated by the light arrows. Faceset2 is com-
posed of the three corresponding component faces on the vertical tube, as shown by the dark
arrows in Figure 10.30. A second fillet weld would then be generated in the same way on the
other side.

FIGURE 10.30
Generating the
fillet weld bead

Split Technique

Since welds work on input faces (the two facesets that you select to do the weld), it is sometimes
required and at other times desired to split the input faces in order to have the weld bead only
on a certain portion of the face or to have better control of the resulting weld. Essentially, you
are helping Inventor use the partial face that is generated from the split.

In certain situations, using fillet welds that involve multiple possibilities might make it dif-
ficult to control the placement of welds. One instance of this is when controlling the offset of
welds around a cylindrical face. Figure 10.30 shows the difference between using a cylinder
with a split face and one without. If the cylindrical face is split, you can place the weld in two
parts and control the start and end offsets so that holes are given proper clearance. If the face
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is not split, Inventor automatically breaks the weld where it encounters the holes, but you can
adjust the offsets for the first hole only.

CERT 1. From the Get Started tab click the Open button.

OBJECTIVE
2. Browse for the file named mi_10a_006.iam located in the Chapter 10 directory of the

Mastering Inventor 2011 folder, and click Open.

Take a look at the existing fillet weld around the blue cylinder. Notice that the offset on the
one hole is not adequate. You will create a similar weld on the yellow cylinder but use the
Split tool to ensure you have full control of the offsets.

3. Locate the part called mi_10a_014 in the Model browser, and double-click it to set it active
for edits (or right-click and choose Edit).

Click the Split icon on the Modify panel of the Model tab.
Select WorkPlanel from the Model browser for the Split tool.

Select the cylindrical face for the Faces selection.

N o ok

Click OK. Note that the cylindrical face is now split into two halves. Figure 10.32 shows
the Split selections.

8. Return to the weldment assembly by right-clicking in the graphics screen, and choose
Finish Edit.

9. You have three options for this step: double-click the Welds folder in the Model browser
to activate the weld bead features, right-click the Welds folder and select Edit, or click the
Welds button in the Process panel of the Weld tab.

10. Click the Fillet weld icon to bring up the input dialog.

11. Click one of the cylindrical halves for facesetl.

12. Click the top (red) face of the mating plate for faceset2.

13. Enter 10 mm for the size.

14. Enter 4 mm in the Start Offset and Stop Offset boxes, as shown in Figure 10.33.
15. Click Apply, repeat steps 11-14 to create the other half of the weld, and click OK.

16. Right-click and choose Finish Edit (or double-click the top-level assembly in the browser)
to exit from the weld environment.

1