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Introduction

Welcome to the Autodesk Inventor 2009: Advanced Assembly and Machine Design Autodesk Official
Training Courseware (AOTC), training courseware for use in Authorized Training Center (ATC®)
locations, corporate training settings, and other classroom settings.

Although this courseware is designed for instructor-led courses, you can also use it for self-paced
learning. The courseware encourages self-learning through the use of the Autodesk® Inventor®
2009 Help system.

This introduction covers the following topics:

= Course objectives

" Prerequisites

®  Using this courseware

= Completing the exercises

® (D contents

® |nstalling the exercise data files from the CD
" Projects

" Notes, tips, and warnings

" Feedback

This courseware is complementary to the software documentation. For detailed explanations of
features and functionality, refer to the Help system in the software.

Course Objectives

After completing this course, you will be able to:

®  (Create designs that are derived from other designs or utilize skeletal models, add and modify
tolerances to your model dimensions, monitor design aspects through the use of AutoLimits, and
manage the amount of assembly data that gets loaded into memory.

®  (Create and modify adaptive sketches, features, parts, and subassemblies and also set and use
flexible subassemblies.

= Configure Content Center libraries and publish, manage, and use Content Center data.

= Use Design Accelerator tools to conduct complex calculations and generate mechanical geometry
based on the functional requirements of a design.

®  Create and modify frame assemblies using the Frame Generator, and create and publish custom
profiles for use in the Frame Generator.

= (Create detailed weldment assemblies and create corresponding documentation in the form of
drawings and reports.

= (Create, use, and document product families using iAssembly configurations.




Prerequisites

This course is designed for experienced Autodesk Inventor users who want to learn more about the
advanced assembly and machine design tools and workflows in Autodesk Inventor 2009.

It is recommended that you have:

=  Completed the Autodesk Inventor 2009: Essentials courseware or have a working knowledge of
parametric part and assembly design and documentation using Autodesk Inventor 2009.

= A working knowledge of Microsoft® Windows® 2000 or Microsoft® Windows® XP.

Using This Courseware

The lessons are independent of each other. However, it is recommended that you complete these
lessons in the order that they are presented unless you are familiar with the concepts and functionality
described in those lessons.

Each chapter contains:

" Lessons
Usually two or more lessons in each chapter.

=  Exercises
Practical, real-world examples for you to practice using the functionality you have just learned.
Each exercise contains step-by-step procedures and graphics to help you complete the exercise
successfully.

Completing the Exercises

You can complete the exercise in two ways: using the book or on screen.

®  Using the book
Follow the step-by-step exercises in the book.

®" Onscreen
Click the AOTC - Inventor 2009 Advanced Assembly and Machine Design icon on your desktop,
installed from the CD, and follow the step-by-step exercises on screen. The onscreen exercises are
the same as those in the book. The onscreen version has the advantage that you can concentrate
on the screen without having to glance down at your book.

u Introduction
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After launching the onscreen exercises, you might need to alter the size of your application window
to align both windows.

CD Contents

The CD attached to the back cover of this book contains all the data and drawings you need to
complete the exercises in this course.

Installing the Exercise Data Files from the CD

To install the data files for the exercises:

1.  Insert the courseware CD.
2.  When the setup wizard begins, follow the instructions onscreen to install the data.

3. If the wizard does not start automatically, browse to the root directory of the CD and
double-click Setup.exe.

Unless you specify a different folder, the exercise files are installed in the following folder:

C:\Documents and Settings\All Users\Autodesk Learning\Inventor 2009\
Advanced Assembly and Machine Design

After you install the data from the CD, this folder contains all the files necessary to complete each
exercise in this course. You can also use the Autodesk Learning shortcut on your desktop to quickly
access the datasets for each AOTC course on your system.

Projects

Most engineers work on several projects at a time, and each project might consist of a number of files.
You can use Autodesk Inventor projects to organize related files and maintain links between files. This
courseware has a project file that stores the paths to all the files related to the exercises. When you
open a file, Autodesk Inventor uses the paths in the current project file to locate other required files.
To work on a different project, you make a new project active in the Project Editor.

Introduction = Xi



Follow the instructions below to locate the Advanced Assembly and Machine Design project file for this
courseware and make it active.

1. Start Autodesk Inventor.

2.  Ifthe Autodesk Inventor New or Open dialog box does not appear, click File menu > Projects.

File Yiew Tools ‘Web Help EJ

[0 Mew, Chrl+M
g L
| (A open... Ctrl+0 - |
ﬂ Load Markup Set .,

,!_3“; Open from Content Center, ..

Autodesk Data Management Server *
Wault 4

Frojects... %

Print Setup...

3.  Atthe bottom of the Projects dialog box, click Browse.

" Browse to C:\Documents and Settings\All Users\Autodesk Learning\Inventor 2009\
Advanced Assembly and Machine Design.

" (Click Advanced Assembly and Machine Design.ipj.
= (lick Open.
= (lick Done.

Notes, Tips, and Warnings

Throughout this courseware, notes, tips, and warnings are called out for special attention.

//ﬁ Notes contain guidelines, constraints, and other explanatory information.

Tips provide information to enhance your productivity.

il

Warnings provide information about actions that might result in the loss of data,
system failures, or other serious consequences.

Feedback

We always welcome feedback on Autodesk Official Training Courseware. After completing this course,
if you have suggestions for improvements or if you want to report an error in the book or on the CD,
please send your comments to AOTC.feedback@autodesk.com.

Xii
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Autodesk

Design Accelerators

In this chapter, you learn how to design with efficiency and confidence by focusing on the
functional requirements and specifications of your design. You can achieve design efficiency by
creating parts and assemblies based on their function rather than their geometric descriptions.
You design with confidence as you achieve engineering calculation results based on real-world
attributes such as speed, power, material properties, and your other design specifications.

You accomplish both efficiency and confidence by learning how to use Design Accelerator tools
to conduct complex calculations and generate mechanical geometry based on the functional
requirements of a design.

Objectives

After completing this chapter, you will be able to:

Describe the contents, purpose, and benefits of Design Accelerator.

Use the Bolted Connection Component Generator to create and edit bolted connections in
your assemblies.

Use the Shaft Component Generator to design and edit shafts in your assemblies.
Create and edit bearings using the bearings generator in Design Accelerator.

Create and edit spur, bevel, and worm gears using the gear generators offered in
Design Accelerator.

Create and edit belt drive systems using the belt generator in Design Accelerator.
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Lesson: Introduction to Design Accelerator

Overview

This lesson describes the characteristics, purpose, and benefits of Design Accelerator.

When you design an assembly for a machine, you generally need to bolt pieces together, transfer
energy and motion through belts, chains, or gears, or add shafts and bearings to the design. You may
also need to conduct different calculations such as determining the strength of joints that are
soldered, welded, or bolted together with hubs. With Design Accelerator, you can focus on the
functional requirements of your machine design because you can create these types of parts and
conduct these calculations easily and efficiently.

In the following illustration, along with the parts that were manually designed and modeled, this basic
gear box also consists of shafts, key ways, gears, bearings, nuts, bolts, and washers that are all based
on engineering principles and industry standards.

Objectives

After completing this lesson, you will be able to:

= Explain the characteristics and functionality of Design Accelerator.
®  Describe the benefits and capabilities of component generators.

®  Describe the benefits and capabilities of mechanical calculators.

= Explain the purpose of the Engineer’s Handbook.

200 = Chapter 4: Design Accelerators



About Design Accelerator

Design Accelerator can enhance your productivity as you create machine designs. By learning about
the characteristics and functionality of the Design Accelerator, you identify tools and resources that
make your design work more efficient.

In the following illustration, a dual strand chain design was created to transfer power and motion from
the electric motor to a blower unit. The chain design consists of a roller chain, sprockets, and a flat
idler. All the components of this chain design were generated using a single Design Accelerator tool
and calculated to ensure that the chain meets the design requirements.

Definition of Design Accelerator

Design Accelerator is a collection of tools and resources that enables you to efficiently create and
validate your designs within a saved assembly file. The tools and resources are divided into three
groups:

= Component generators

®  Mechanical calculators

®  Engineer’s Handbook

Using component generator tools, you can create mechanically correct components automatically
based on the values that you enter. Component generators not only create new geometry, some
generators also insert components directly from the Content Center. For those Content Center
components to be inserted into your assembly, you must be logged into the ADM Server.

With mechanical calculators, you can conduct different engineering calculations to help ensure that
your design meets specific quality and other requirements.
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To facilitate use of the generators and calculators, the corresponding formulas and supporting
information are included in the Engineer’s Handbook. You can access this information for details
about the formulas being used, or to ensure that the methods of calculation match your design use
and requirements.

The generators and calculators are supported by common engineering knowledge and formulas.
When you are entering data into the edit fields for a component generator or mechanical calculator,
you can also enter units with the values and enter a value as a formula.

Access

To create new assembly content using a component generator, conduct a mechanical calculation, or
review information in the Engineer’'s Handbook, you access tools from the Design Accelerator panel
bar when working in a saved assembly file. To help you locate the tool you require, within the
generator and calculator tool grouped areas, the tools are grouped together in flyout menus
according to function.

Panel Bar 3|

B¢ B2 -B-%-A

qagminiiglc RTINS N s - A

When you have components in an assembly file that were created by a component generator, you
access the shortcut menu options Edit Using Design Accelerator or Delete Using Design Accelerator
Component to edit or delete the selected components. To access these shortcut menu options, you
first select the Design Accelerator created component in the browser or in the graphics window.

Design Accelerator Library Data

The data used by the Design Accelerator tools is stored in XML files. By default these files are located in
Inventor\Design Data\Design Accelerator. If you would like a central location for all your design data,
you can copy the contents of the Design Data folder to another location. Reasons for relocating the
data can include wanting the data in a shared location so that all design team members access the
same data, or having data in a location that is automatically backed up for emergency recovery.

If the design data that you want to access is in a different location from the default installation
location, you must configure Inventor to reference that new location. You can specify the location by
either changing the path in the Application Options or in the active project file.

202
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Changing the path in the Design Data field in the Application Options dialog box, File tab, changes the
default path.

-,

Application Options
Mokehook Sketch Part iFeature Aszembly
General Save File Colors Display Hardwiare Prompts Drawing

ndo
% ISERPROFILE%iLocal Settings| Temp)

Defaulk templates

2 IMSTALLDIR %\ Templates)

Design Data (&kvles, ekc.)

% IMSTALLDIR %\ Design Dakal

When a project file has the Design Data set to [Default] and that project is active, Inventor references
the path as specified in the Application Options dialog box. By changing the path for the Design Data
option, you are specifying a particular path to use when that project file is active.

% e
= @ Folder Dptions e @ Folder Options
(£ Design Data (Styles, etc.) = [Default] (2 Design Data (Styles, etc.) = E:\Eng\Design Datal,
[C3 Templates = [Default] "\ [Z3 Templates = [Default]
[C3 Content Center Files = [Default] [Z3 Content Center Files = [Dafault]
+ @ Options 3 @ Dptions
<

L | [ m

Example of Design Accelerator

There are many possible uses for Design Accelerator tools. A few of these uses include but are not
limited to calculating and creating the proper hardware for a bolted connection, creating the correct
size shaft part, adding an appropriate key way to a shaft and hub, calculating and adding appropriate
sized springs, and calculating and generating a power transmission system consisting of a belt and
pulleys or a chain and sprockets. You can also use the tools to calculate design compliance for joint
size and strength of welded, soldered, and hub joints, to calculate tolerances and fits, to determine
minimum material thickness for columns or plates, and to conduct calculations for braking
characteristics.
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In the following illustration, a two-strand roller chain is in the process of being designed. The graphics
window shows a preview of the design, and the dialog box lists the information and options that you
have selected and entered. The preview of the design in the graphics window not only helps you
visually confirm the design, it also includes grip arrows that you can select to directly manipulate

your design.
L
Roller Chains Generator
@P Design |fg_ Calculation ﬁl'ﬁ&'
Chain #*
.’;“-.-";“- Roller Chain -
22 osEz-1es
Select Chain Mid Plane
Mid Plane Offset &, | -10 mm I |
Mumber of Chain Strands k |Z.000ul _
Murmber of Chain Links # | 188,000 ul
Sprockets
_@_ i % 1. Raller Chain Sprocketl !
T T z2=26 m‘
Ty 2, Roller Chain Sprocket2
[}? z=129
3, Roller Chain Sprocket3
b 7

Q{"’i}i o P 4, Flat Idler1

As the design was being created, it was evaluated for compliance by conducting calculations using
the current design values and accepted engineering formulas. The calculations for this current design
indicate it meets the design requirements for the supplied power and speed.

II'-'.nller Chains Generator
Q Design | Jfeg Calculation |
Warking conditions Pol#™ || pesults
|F‘|:uwer, Speed -- = Torque M O Pr 0,443 ki
F 319733 M
Pawer P 0.5000 kw O P
Fe 0,978 M
Torque T 10.610Nm LI || P 320.712H
Speed n| 450,000 rprm Flb |5 24,321 ul
= 24,321 ul
Ffficiency n| 0,980 ul M o Y
Expected ser...
Required service life Ly, | 15000,000 he E] u " 211181 hr
Maxirmurn chain elongation A | 00,030 0l = M FhL 2FFTTEE hr
[{_] i | [L] by 855017 hr
11:09:27 &M Calculation: Recommended lubrication : Drip Feeded lubrication chain
11:09:27 &M Calculation: Maximum chain power rating is limiked by link plate Fatigue. B 2.000 mm
11:09:27 &M Calculation: Calculation indicates design compliance! X 158000 ul
¥
2 i $
Calculate ] l (04 ] [ Cancel ]
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About Component Generators

Using component generators, you can spend more time focused on the fit, form, and functionality of
your design instead of spending time finding and modeling standard content to place in it. You can
also quickly and easily validate the performance of design content while simultaneously creating the
design.

In the following illustration, a set of meshed gears is being generated by selecting the shafts they
assemble to. The left image shows a preview of the parts during their design, and the right image
shows the generated gears.

Definition of Component Generators

The component generators are tools that you use to create new part content based on the options
that you select and the values you enter. Depending on which one of the component generator tools
you are using, the component generator can create and add newly defined parts to the assembly, add
Content Center content to the assembly, and create hole features in existing parts in the assembly.

The component generators that add Content Center content can also add your own published
company-standard parts. To have your published content be used and automatically assembled by
the component generators, your content must be published to the Content Center using the
Component Authoring tool. You must also publish the parts to the same library category names as the
ones from which the component generators retrieve common industry components.

As you define the design in the component generator, a graphical preview of the design displays in
the graphics window. Not only does this preview assist you by visually confirming your design,
different previews contain different grips that you can use to dynamically change the position or size
of the components in your design.

Along with generating part geometry, the component generators also include calculation capabilities.
After defining the design geometry, you can conduct calculations of the design to ensure that it meets
or exceeds your requirements before adding the components to your assembly. When you conduct a
calculation, you can select to export the design information and calculation results to an HTML file so
that you can easily reference the information again in the future.
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In the following illustration, a small portion of the calculation data exported for a chain design is
shown. This exported data becomes valuable reference information through the life cycle of
the design.

# Roller Chains Generator - Windows Internet Explorer
. File Edt Wew Favorites Tools Help

¢ elr | @8 Rober Chains Generstor

& Chain properties

.C:|'.Ii.lil'l :_.Iéﬁ. I50-6-2_0IJ; B ého:t-;;it.c.i'l-irunsmissiun precision r;a.lie.r c'i'l:uins '(.EU;J'
Chain size designation 05B-2-188
Pitch p | 8.000mm
Number of Chain Links X I 188.000 ul
Number of Chain Strands k 2.000 ul
Minimum width between inner plates by 3.000 mm
Maximum Roller Diameter d; I 5.000 mm
Maximum pin body diameter d, 2,310 mm
Maximum inner plate depth h, l 7.110 mm
Maxdmum outer or intermediate plate depth h, 7.110 mm
M widih over bearing ohs h 14 300 mm

Component Generators

The following table identifies the panel bar icons for the component generator, the titles of the tools,
and a brief description of their uses or purpose.

Icon | Generator Description
Name
Bolted Use to design and create bolted connections. Includes creating
E;I Connection fastener hardware and holes in parts.
— Shaft Use to design and add a part to the assembly in the shape of a shaft.
-
Parallel Spline Calculate and create parallel spline joints for a new shaft and hub, or
Connection add to an existing shaft and hub components.

=

Involute Spline
Connection

Calculate and create involute spline joints for a new shaft and hub,
or add to an existing shaft and hub components.

e

Key Connection

Calculate and create a parallel key, and add key ways on the shaft
and hub parts.

Disc Cam

Design and insert a disc cam.

& | ©

Linear Cam

Design and insert a part that has a cam profile on one side that
defines the amount of lift along its length.

B>

Spur Gears

Use to design and create a set of gears with straight and helical teeth.
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Icon | Generator Description
Name
Bevel Gears Use to design and create a set of bevel gears with straight and helical

teeth.

Worm Gears

Use to design and create two corresponding worm gears with
common or spiral teeth.

Bearing

Calculate and insert roller and ball bearings.

Compression
Spring

Use to calculate and create compression springs in the state of
minimum load, working load, maximum load, or to a custom length.

W || m |2

Extension
Spring

Use to calculate and create extension springs in the state of
minimum load, working load, maximum load, or to a custom length.

@.

Torsion Spring

Use to calculate and create helical torsion springs in the state of
minimum load, working load, maximum load, or to a custom angle
between the arms of the spring.

Belleville Spring

Use to calculate and create Belleville springs in singles or sets. Sets

= can be stacks in parallel, series, or series and parallel.

7 V-Belts Use to design, analyze, and generate belts and pulley components

[i] for mechanical power transmissions of V-belt drives.
Synchronous Calculate and create power transmission system consisting of a

? Belts synchronous belt and any number of teethed or flat pulleys.

po

Roller Chains

Use to design, analyze, and generate chain drives consisting of
sprockets and a chain path.

?’ Clevis Pin Use to calculate and insert clevis pin joints.
2 )
O-Ring Use to specify and locate O-Rings.

Joint Pin Use to calculate and insert a joint pin connection loaded with torque
@ parallel to the joint.

Secure Pin Use to calculate and insert a securing pin connection loaded with
@ shear.

Cross Pin Use to calculate and insert a cross pin connection loaded in a draw
@ rod and a sleeve.
@ Radial Pin Use to calculate and insert a joint pin connection loaded with torque

perpendicular to the joint.
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Common Interface Options for Component Generators

The appearance and options in the dialog boxes for the component generator tools vary based on the
selected tool. Regardless of which tool you select, the interactions are very similar. In the following
illustration, the primary areas for interaction on the Design tab have been identified.

Parallel splines Connection Generator

IL Design fa Calculatiu:un(—@

Dimensions
Splines Twpe:

150 14 - Light serie
6 x 23,000 x 26,000 - 14,000

Spline (M x dx Length
Gx23x26 w 14,000 rorn
Shaft Groove Hub Groove

Create New Il Reference 1

| Reference 1

Selert Mbiarts Fa Generata

®

&)«

|
@ fon
Ik

@

vy
¥ B

Cancel

your design.

Filename.

Use to enable or disable the use of calculations.

o6 o6 o

Activate to enter design use criteria and calculate the results.

®

Use the options and fields on the Design tab to define the components and their positions in

Click to open the File Naming dialog box to enter a new default file name or location for the
component prior to its creation, or to toggle the setting for the option Always Prompt for

Expansion bar for the Results window. In this display the window is collapsed.

Expansion bar for the Summary window. In this display the window is collapsed.
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In the following illustration, the primary areas for interaction on the Calculation tab have been

identified.

Parallel splines Connection Generator

J7L Design | g Caloulation
Type of Strength Calculation @

Check Calculation

Loads

Power, Speed --= Torque

Power
Speed

Taorque

Nirnancinns

EPFE

Shifes
.
Alle
Alle

] Hul

P | 0.001 kw L
n | 600,000 rphi Al
T 0.003Mm

?

11:40:02 AM Calculakion: The Spline Lenath |is ouk of the recommended range (0.8
11:40:02 AM Calculation: Calculation indicates design compliance!

g Calculate

£ T

Results
Drnin 0,340 rnm
i 0.000 rim
Deformation ...
S 64414, 757 ul

P 0.004 MPa
Shaft Torsion

S 309815,370 ul

T, 0.001 MPa

C

©

Cancel

® 66 6

criteria, the summary note and expansion bar appear in red.
@ Use to export the calculation data and results to an HTML file.

Files and Default File Locations

You use Design Accelerator component generators to define and create parts for your assembly

Expand the Results window to review the calculated values. When values do not meet the
design criteria, the values and expansion bar appear in red.

Expand the Summary window to review a calculation summary. This summary can include
both statements of success and any identified issues. When values do not meet the design

Use the options and fields in this area to select and specify your design use criteria and values.
These options and values are then used to calculate the validity of the selected components
and values specified on the Design tab.

Use to force the calculation of the design based on the specified calculation criteria.

design. The actual number of files that you create depends on the component generator tool you are
using and the values you specified. Regardless of which tool you use, the component generator tool
creates a phantom assembly component in the active assembly. To help you identify the component
in the browser, each of these generated phantom assembly components has a unique icon. The icon

displayed in the browser is similar to the tool’s panel bar icon.

When a component generator retrieves and places a part from the Content Center, that part is
retrieved and saved according to the path configuration for Content Center content.

Lesson: Introduction to Design Accelerator
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The names and locations of part and assembly files created by the component generator have a
default name and path. You can change the default name and path while you are generating the initial
design in the File Naming dialog box. When you accept the default name and location, the name of
the file corresponds to the component generator tool with an incremental numbered suffix. Thus if
you are creating a bolted connection, the default name for the first bolted connection is Bolted
Connectionl.iam, and for the second is Bolted Connection2.iam.

To separate the components created for the active design from components for other designs, the
files are created in a unique folder structure for the assembly file you are currently working on. The
unique folder location occurs when the Design Accelerator tool creates a folder with the same name
as the current assembly, with a subfolder named Design Accelerator. The generated files are then
saved in this subfolder.

In the following illustration, different aspects of a partially designed gear box are shown. The image of
the browser illustrates the different icons and the structure of nesting the components in a phantom
assembly. The far right image illustrates a merged view of the folders and files for the design when
using the default generated names and locations. In this example, the assembly file GearBox.iam is
saved in a folder called Workspace. The default path to separate these generated models from other
generated models is \GearBox\Design Accelerator. Notice this folder has the same name and is found
within the same folder as the assembly file for which the components were generated.

=H[J) Workspace
—H[ ) GearBox d—

=H__} Design Accelerator

+- 0% S shaft:l
whiork Planel
: ‘f,.';‘" Spur Gears:1

= . —HgEearingl.iam
[te| Representations %
Eﬂrigin —%Bulted Connection] iam
—%Bulted Connectionz.iam
@ Spur Gearl:l _% chaft1.iam
@ Spur Gear2: 1 —@Shaﬂ:l int
d: Mate:13 —@5pur Gearll.ipt
d] Mate:14 _@Spur iaear21.ipk
- ‘37 ﬂ::l Bolted Cannection: 1 —%Spur Gearsl.iam
E?— % ﬂé‘l gultetd CTnnectlun:Z —%GearBDx.iam ¢
+- 4 Eating:
| B Blower fssemble-D.iam
Browser Model Merged Folder and File List
Solver Settings

When you generate Design Accelerator content, much of that content has some aspect of its
definition based on selected geometry from other parts. If the geometry of the other part changes,
then usually the generated content also needs to change.

All Design Accelerator generated content has three possible settings for solving:

= Solve Off
®  Manual Solve
®  Automatic Solve

You access these options from the shortcut menu after selecting the Design Accelerator component
in the browser or graphics window. These shortcut menu options are listed in the Component
flyout menu.
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The default solver setting is Manual Solve, which means that when a change in the assembly design
occurs, you must manually update the generated content. You can update the content by either
selecting the Edit Using Design Accelerator option or the Calculate option.

When a Design Accelerator component is set to Automatic Solve, Inventor continues to evaluate the
current value for that component and automatically updates it if the geometry that was selected to
define the content changes.

Sometimes the generated content is not based on other selected geometry or should not be
changing. In these cases, there is no reason to have the content update or to use the resources to
calculate if an update is needed. In this type of situation, you want to set the solver setting to Solve Off.
When set to Solve Off, you can still select Calculate to force the component to reevaluate and update.

Different icons can appear in the browser to the left of the Design Accelerator generated component
icon, depending on the solver setting and the evaluated state for that component. When the solver is
set to Solve Off, no other icon other than the component icon appears in the browser. The following
icons can appear based on the specified settings or conditions.

g Indicates that the component is set to Manual Solve

® Indicates that the component does not currently match the geometry that was selected to
define the component and thus requires updating. Only used if the component is set to
Manual Solve.

@ Indicates that the component is set to Automatic Solve.

Example of Component Generators

The component generators make the task of modeling various content easy and quick. In the
followingillustration, a spring set of Belleville springs in a combination of series and parallel are shown
being defined, and shown with the generated results. The quantity in the stack was quickly set by
simply clicking and dragging the grip, as shown in the left image.
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About Mechanical Calculators

Ensuring that your design meets the requirements for its use orimproving on its current design means
you are able to create a better product. By not having to spend time validating the selection of
components through manual calculation, you can create a better product in less time.

To benefit from using the mechanical calculators to perform calculations to ensure a design meets
your requirements, you should understand the options and capabilities of the mechanical calculators.

Definition of Mechanical Calculators

You use the mechanical calculators to validate and improve upon different aspects of your assembly
design. While there are calculators associated with the different component generators, there are
separate calculators focused specifically on returning only engineering calculation data. Just like the
calculators in the component generators, after you have clicked to calculate the results, you can
export the calculation data and results to an HTML file for future reference.

When you complete a Design Accelerator mechanical calculation, a phantom assembly component is
added to the browser for future access and reference. This assembly component does not contain any
part components, it contains only the Design Accelerator calculation data. By having access to this
data, you can easily and quickly modify the design calculation criteria and calculate new results.

In the following illustration, a portion of the browser is shown where two components associated to
mechanical calculations have been added. The browser display for the components has been
expanded to illustrate that they are an assembly component with no parts defined within them.

[H 4] Plate:1

Representations

D Crrigin

¥ Fillet WeldfConnection Plane Load): 1
Representations

D Crigin

Mechanical Calculators

The following table identifies the panel bar icons for the mechanical calculator, the titles of the tools,
and brief descriptions of their uses or purpose.

Icon | Calculator Name Description

— Plain Bearing Calculate and validate plain bearing designs working under
= hydrodynamic lubrication conditions.
Plug and Groove | Perform strength checks for plug and groove welds based on
&H Weld different load values and on the weld joint material and size.
Butt Weld Perform strength checks for butt welds based on different weld
X designs, load values and directions, and on the weld joint material

and size. You can also calculate fatigue loading on the weld.

Spot Weld Perform strength checks for statically loaded spot welds based on
2 different weld designs, load values, and on the weld joint material
and size.
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Icon

Calculator Name

Description

Fillet Weld
(Connection
Plane Load) Weld

Perform strength checks for fillet welds loaded in the connection
plane. Calculation results are based on different weld forms, load
values, load directions, and on the weld joint material and size. You
can also calculate fatigue loading on the weld.

Fillet Weld
(Spatial Load)
Weld

Perform strength checks for fillet welds spatially loaded.
Calculation results are based on different weld forms, load values,
load directions, and on the weld joint material and size. You can
also calculate fatigue loading on the weld.

Butt Solder Joint

Calculate the strength of a butt solder joint based on load, part

uim width and thickness, and solder joint material.
Bevel Solder Joint | Calculate the strength of a soldered joint on a beveled angle based
N on load, part width and thickness, bevel joint angle, and solder
joint material.
_ Lap Solder Joint Design or check the strength of a lap solder joint based on load,

part properties of width, thickness, overlap, and material, and
solder joint material.

=
=y

Step Tube Solder
Joint

Design or check the strength of a step solder joint of tube parts
based on load, properties of the tube parts, and solder joint material.

Step Solder Joint

Design or check the strength of a step solder joint of cylindrical

=
T stock and a hole in a part. Calculation results are based on load
force and torque, material of the parts, diameter and depth of the
step, and solder joint material.
— Separated Hub Use to calculate and design clamping joints of a cylindrical part
ECH Joint where the clamp is split into two halves and bolted on each side.

Slotted Hub Joint

Use to calculate and design clamping joints of a cylindrical part
where the clamp is one piece of material pulled together by a bolt.

. Cone Joint Calculate the required pressure, pressing force, and releasing for a
Lzl cone joint where a hub is pressed on the cone end of a shaft.
+. Tolerance Use to calculate a resulting tolerance based on the dimensions
=fi=! with tolerances you configure.
g Limits and Fits Calculate hole, shaft, and clearance or interference values for
L different limits and fits settings.
i Press Fit Use when designing a press fit of a shaft and hub to calculate
o pressing force, contact pressure, expansion and reduction in the
diameters, interference, and forces and torques.
Power Screw Design or check the strength of a power screw to ensure it meets
A .
(el the required load.
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Icon | Calculator Name Description

Beam and Use to analyze forces, deflections, loads, and stresses on beam or
= Column column members.

Plate Use to design or check the strength of flat plates in circular, square,

or rectangular shape by calculating the rotation at the support
position, maximum stress, and factor of safety.

{7

Shoe Drum Brake

Use to design and calculate shoe drum brakes. Calculation results
include the necessary revolutions for stopping, initial speed,
friction area, braking friction force, and moment of inertia.

Disc Brake

Use to design and calculate disc brakes. Calculation results include
the necessary revolutions for stopping, initial speed, friction area,
braking friction force, and moment of inertia.

Cone Brake

Use to design and calculate cone brakes. Calculation results
include the necessary revolutions for stopping, initial speed,
friction area, braking friction force, and moment of inertia.

Band Drum Brake

Use to design and calculate band drum brakes. Calculation results
include the necessary revolutions for stopping, initial speed,
friction area, braking friction force, length of the band arc, output
force, and moment of inertia.

Example of a Mechanical Calculator

In the following illustration, the Plate Calculator is shown being used to evaluate the strength of a
plate for a specified load and deflection. Based on the calculated values, it can be determined whether
thicker material is required or thinner material can be used. Being able to determine whether you can
use thinner material and still exceed your engineering requirements is especially important in the
transportation industry, where the reduction of overall weight is important.

Loads

#

Plate Calculator
Ja. Calculation
Type of strength calculation

Design For specified deflection

Shape of plate

@ Rectangular Flat Plate
Support bype

Supported edges

Tvpe of load

Uniformly distributed load over the surface

10:57;50 AM Calculation: Calculation indicates design compliance!

E
I
Material [ pesults &
i Oy 333.8561 MPa
Yield Strengt| | & 3.000ul!
Safety Facke
w
Modulus of E
" Dimensions
Plate Thickne
Deflection
= Length of plefw
>
a &
Calculate ] [ K, ] [ cancel
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About the Engineer’s Handbook

As you conduct calculations as part of generating a component, or as stand-alone calculations, you
automatically apply different engineering principles and formulas. By understanding the purpose of
the Engineer’s Handbook and how to access it, you can use the Engineer’s Handbook to conduct those
calculations with full understanding and confidence.

Definition of the Engineer’s Handbook

The Engineer’s Handbook consists of information and descriptions specific to the formulas and
calculations being used by the different Design Accelerator generators and calculators. You access the
Engineer’s Handbook to help you identify, analyze, and review the variables and formulas being used.
This knowledge and analysis help ensure that you supply the correct data and achieve valid results.

Access

Engineer’s Handbook
[ t %

Panel Bar: Design Accelerator

Example of the Engineer’s Handbook

Different categories of content in the Engineer’'s Handbook contain different amounts of information
depending on the amount of supporting information needed for the topic. In the following
illustration, before the calculation and creation of a compression spring, the defining variables and
formulas that are entered and used in the generator are being reviewed in the Engineer’s Handbook.

Iﬁ Engineer's Handbook

& i, i

Hide  Back Home  Print  Options

The compression spring is a helical spring w
permanent clearance between active coils

Conterts | |ndex | Search | Favorites

() Engineer's Handbook capable of carrying the outer opposing force
= @ Joints actuating in its axis.
+ @ Shaft Generator

= @ Bearing:
= l:@ Spring Generatars
+ @ Bellevile Spring Generatol
= [m Compression Spring Gene
2] Basic concepts
2] Calculation fomulas ir
2] Calculation fomulas ir
+ @ Optional Check Calcu
(2] M aterial
2] tilization factar of ma
E Safety factor at the fal
+ @ Tenzion Spring Generator
+ @ Tarsion Spring Generator

¥ @ Tranzmizsion Mechanizme Gel
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Exercise: Review Design Accelerator Models and Data

In this exercise, you develop a sense of the Design )
Accelerator tools by reviewing generated contentin ~ 1-  Open Blower Assembly-DA.iam.
the browserand the dialog box interface for the tools
used to generate the content. You review the dialog
box interface by selecting to edit the existing Design
Accelerator generated content. You also view some
of the information available in Inventor’s Engineer’s
Handbook.

£ Engineer's Handboolk

T e - 0 &

Hide  Back Haome  Print  Ophions

Contents |Igde:¢ Search | Favontes

EQ] Engineer's Handbook,

@ Jaints ! 2.  Inthe graphics window, right-click the large
@ Shaft Generator Basi: sprocket for the chain drive as shown. Click
@ Beaings — Find in Browser.
=l I:Q Spiing Generators

@ Bellevile Spring Generato The co

= lﬁ| Compression Spring Gene carryin

ﬂ Calculation farmulas ir
@ Optional Check Calcu
(2] Material o
2] Utilization factor of ma
E S afety factar at the fal
[+ @ Tenzion Spring Generator
o T e .

The completed exercise

3.  Inthe browser, expand the display for Chain
Completing the Exercise Drive:1 as shown. Review the icons for the

. Eﬂ Design Accelerator created chain drive.

' Review the parts contained within the chain

To complete the exercise, follow the
steps in this book or in the onscreen i h
exercise. In the onscreen list of chapters drive design.
and exercises, click Chapter 4: Design
Accelerators. Click Exercise: Review

Design Accelerator Models and Data. T 5; hain Drive:1
Representations

D Crrigin

@ Roller Chain:1

@ Roller Chain Sprocket1:1
@ Roller Chain Sprocketz: 1
@ Roller Chain Sprocket3: 1
() Flat Idier1:1

ﬂﬁl Bolted Connection: 2

ﬁ Bellevile Spring:1

=11

+— 4 by Bolted Connection: &

]_
]_

I+l

7
7
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6.

In the browser, right-click Chain Drive. Click
Edit Using Design Accelerator.

In the Roller Chains Generator dialog box,
review the settings and selections in the
Chain area and Sprockets area that define this
chain drive system.

[
Roller Chains Generator

§ Diesign |f.5 Calculation |
Chain

s Roller Chain
a—a)
o5 osBe-183

Select Chain Mid Plane

Mid Plane OFfset &, | -10 mm
Murmber of Chain Strands k (20000
Murmber of Chain Links ¥ | 188.00C
Sprockets

T 1. Roller Chain Sprocket1
Ry

s 2. Roller Chain Sprocket?
z=59
s‘

o 4, Flat Idlerl
{{é}: L = 66,000 mm

[:% 3. Raoller Chain Sprockets
=27

In the graphics window, review the display of
the grips for the different components
associated with the chain drive.

7. Inthe Roller Chains Generator dialog box,

click the Calculation tab. Review the
availability of conducting different working
calculations to validate design compliance.

[
Roller Chains Generator

Design | J& Calculation |

Working conditions

Power, Speed --= Torque

Power P 0.

Torque T

8. Inthe Roller Chains Generator dialog box,

click Cancel.

9. Zoom in to the back left corner of the electric

motor mounting bracket as shown.

10. Inthegraphics window, right-click the spring

as indicated. Click Edit Using Design
Accelerator.

Lesson: Introduction to Design Accelerator = 217



11. Inthe Belleville Spring Generator dialog box, 13. Inthe Contents list, expand the categories.
review the interface and options for this Under Compression Spring Generator, click
Design Accelerator tool. Click Cancel. Basic Concepts.

¥
Belleville Spring Generator @ Engineer's Handbook
ﬁ Design | fi. Calculation =] @ =
Dirnensions Hide Back Home  Print  Options
Spring Type Contents | [ndex | Search || Favortes
ﬂ Belleville Springs - C3M lﬂ| Engineer's Handbook,
|| 25.000 % 12,200 x 0,900 ¥ 1,600 2 @ Joints
Basi
Single-disk. Spring Dimensions (0w d x b x H) * @ ShafF Generator
* @ Bearings
29,000 mm »x 12,200 mm x 0,900 mm < 1,600 mm = ':QI 5 pring G emerators
_ = @ Belleville Spring Generato The co
[¥] Spring set = |} Compression Sprin Gene carryin
(" stacking in Parallel E . '
o ; E Llaz ir
O stacking in Series 2] Calculation formulas ir
2 Skacking in Series and Parallal + @ Elptinnal Check Calcu
E M aterial =
. 2] Utilization factor of ma
12. To access the Engineers Handbook: 9] Gafety factor at the fal
»  (lick Design Accelerator on the Assembly # @ Tension Spring Generator
Panel menu.
®  On the panel bar, click Engineer’s 14. In the pane on the right, view the available
Handbook. engineering concept information.
x
= _ - 15. Click other content areas to see what other
= information is available for your review and
Autolimits 3 [ E g .
: g C b learning.
Design Accelerakar % I
Frame Generator '3 - %ﬂ-» 16. Close the Engineer’s Handbook window.
Display Text with Icons A .
O T /E < M 17.  Save and close all files.
. O--@
= e & )T
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Lesson: Bolted Connections

Overview

This lesson describes using the Bolted Connection Component Generator to create and edit bolted
connections in an assembly.

Bolted connections are the most common fastening method used in mechanical design. The ability to
efficiently implement standard fasteners in an assembly streamlines the design process. As designs
and specifications change, it is important to be able to edit the fasteners and the related components
in the bolted connection, and to match those specifications.

In the following illustration, bolted connections are used to secure the lids to the reservoirs, and to
secure the reservoirs to the mounting plate. At final assembly, additional bolted connections will be
used to fasten the mounting plate in location.

Objectives

After completing this lesson, you will be able to:

= Define the characteristics of a bolted connection.

= Describe the options available for creating a bolted connection using the Bolted Connection
Component Generator.

®  (Create bolted connections in an assembly.
= Edit bolted connections in an assembly.
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About Bolted Connections

The most common method to hold two or more parts together is to use mechanical fasteners. Placing
just one set of bolts, washers, and a nut into an assembly can be a time-consuming process. Having to
add holes to each part where the fasteners pass through, and checking to make sure the selected
fasteners meet your overall design requirements, adds even more time to the design task. By using the
Bolted Connection Generator, you can accomplish all of those tasks during the process of defining the
fastener set.

In the following illustration, a bolted connection composed of multiple components extends through
three different parts. During the creation of this bolted connection, a new hole was automatically
created in each of the three parts.

Definition of a Bolted Connection

Using the Bolted Connection Component Generator in the assembly environment, you can size,
create, and place mechanical fastener connections automatically according to data you select and
supply. By supplying additional physical property data on the Calculation tab, you can determine the
required bolt diameter, number of bolts, or material. You can use this data to determine the proper
fastener size, and then export the calculated results for reference. The fasteners added to the assembly
are based on the fasteners defined in the Content Center.

To position a bolted connection, you use methods and options similar to those used when placing a
hole with the Hole tool. You can place bolted connections in existing holes or create new holes based
on the bolt’s defined placement. Existing holes must be features within the part, not assembly
features. Holes created while generating a bolted connection are created in the part file. Because a
single bolted connection can pass through multiple parts, you define holes for each and every part
that the connection passes through. You create and size these holes during the process of defining the
bolted connection. After you create a connection, you can change or delete the fastener’s type and
values. When deleting a connection that also created holes in parts, you can keep those holes or
delete them.
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In the following illustration, a bolted connection is being positioned from two linear edges and will
extend through three parts while creating new holes in each of the parts.

Example of a Bolted Connection Configuration

In the following example, a bolted connection must be positioned from the edges of a part and pass
through three different parts. Because the parts do not currently have holes at those locations, three
new holes are added to the configuration list on the right. The first hole is modified to be sized for a
loose fit instead of a normal fit. The bolt, washers, and nuts are then added to the configuration after
clicking the text Click to Add a Fastener located in the configuration list.

The Calculation tab is accessed to specify operational criteria for the fastener. The calculation results
state the current designs are within compliance. The summary message indicating these results is
shown in the expanded Summary window.

Bolted Connection Component Generator

B Design |fg Calculation || 5 Fatioue Caleulation | = |gl&'

Type Placement

150 4162

Linear M M& x 35
Click, ko add a Fastener
I | Start Plane IS0 Drilled hole
g E Loose 7,000 mm
lincaredgeil 150 Drilled hole
— e Z E Maormal 6,600 mm

Li dae 2 150 Drilled hole
R Z E Mormal 6,600 mm
Termination 150 7094
ST 6 - 100 HY
IS0 4054
Thread M
IS0 Metric profile Click ko add a Fastener
Diameter & mm .

12:19:03 PM Calculation: Calculation indicates design compliance!

# 1 R
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With the dialog box expanded, you see the list of saved bolted connection templates. Use this area to
save and reuse a bolted connection configuration.

[ (08 H Cancel H Apply ]

Templakes Library

' ISC 8670 MI0x 1 x 25
¥ IS0 7047 (H) M4x10 - 4.5 - H

Sek
W 150 4762 M4 x 10

(= 150 4162 M6 x 35
Delete

Bolted Connection Generator

The Bolted Connection Component Generator enables you to create a series of related parts that
define a bolted connection. In addition to the nuts, bolts, screws, and washers selected, the Generator
also creates placed features in the part based on the settings chosen.

For example, you have the option to edit the hole for the fastener and specify a normal, loose, custom,
or threaded type of hole. Even though you are in the assembly environment, the holes placed using
the Generator are part features, not assembly features. They are added to the part and are editable in
the part environment.

Bolted Connection Component Generator

B Design |f§ Calculation | 522 Fatigue Calculation |

Type Placerment

ﬂ{ Linear M
Skart Plane

% Linear edge 1

- |Modify Hole
Tvpe Diarneter

Mormal M | 6,600 mm |

Close !
Mormal Class
Loase

&H
Cuskam

s _
Tl:‘:leaded .
[

~
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Bolted Connection Component Generator Dialog Box

The following options are available in the Bolted Connection Component Generator dialog box.

Bolted Connection Component Generator ]
B Design |f,§ Calculatinn%. = ﬁ|§|
Tvpe Placement
| o=
Linear M %
Click to add & Fastener
Skart Flane 150 Crilled hole
g Z E Loase 7,000 mm
Linear edge 1 ﬂ 150 7094
— ST 6 - 100 HY
Linear edge 2 50 4034
. M&
Terminatian Click to add a Fastener
. Py Thread .
Diameter & mm M
# 1
] |

Templates Library 6

T IS0 4762 M4 % 10

(0 150 4162 M6 x 35

Set

Delete

Resulting messages from Calculations.

and enter the calculation information.

Use to store and retrieve bolted connections.

A list of fasteners and holes that define the bolted connection.

Use to specify the units and nominal size of the bolted connection.

Use to specify the type of bolted connection to be created. Choose from Through All or Blind.

Use to specify the placement option. Choose from Linear, Concentric, On Point, or By Hole.

Click to enable calculations. After calculations are enabled, click the Calculation tab to select
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Creating Bolted Connections

Bolted connections are created based on your input and the parts in the assembly. When inserting
bolted connections, you define the size, type, and components of the bolted connection. You also
define the location of the bolted connection. When you select the starting and termination planes, the
length of the fasteners is determined based on the planes selected and the standard sizes defined in
the Content Center.

In addition, if the fastener requires holes to be created, the Generator creates these holes based on the
size of the fastener, and the type of hole needed. As with the fastener length, the hole sizes generated
are based on Content Center values.

In the following illustration, bolted connections are used to fasten a casting to its base. Additional
bolted connections are used to fasten a plate to cover an opening during shipping.

Access

P Bolted Connection Generator

[

Panel Bar: Assembly Panel
Panel Bar: Design Accelerator

Toolbar: Design Accelerator
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Procedure: Creating Bolted Connections

The following steps describe adding a bolted connection to an assembly using the Bolted Connection

Component Generator.

1.  Start the Bolted Connection
Component Generator.

2.  Specify the diameter.

3.  Specify the connection type.

4, Locate the bolted connection.

Bolted Connection Component Generator

B Desian | Jig Calculation || 825 Fatigue Calculatio

Tvpe Flacement

Linear

: k | Start Plane

i
ﬁ Linear edge 1

Thread

150 Metric prafile M

Diameter 4 mm w

S i vailable.

Bolted Connection Component Generator

B Design |f.5 Calculation || 5 Fatigue Calculati

Type Placement

Linear

Start Plane

h Linear edge 1

Bolted Connection Comp

B Design Ja Calculation

Tvpe

4] Linear
Start

ok
o
[m]
@
3
o
=1
=2

Line:z

Linez

Term
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5. Define the components.
6.  Apply the bolted connection.
Key Points

As you add bolted connections to your assembly design, keep the following key points in mind:

Holes listed in the component list of the Bolted Connection Component Generator dialog box are

IS0 4162
Me x 30

Click. ko add a Fastener

Z EISO Drilled hole
Loose 7.000 mm

ﬁ E 150 Crilled hole
Mormal 6,600 mm

Internal - External Tooth Lock Was. ..

&

IS0 4034
115

Click ko add a Fastener

features created in the part modeling environment.

To aid in searching the Content Center for fasteners, and display hole sizes in the component list
of the Bolted Connection Component Generator, set the fastener diameter first.

To display dimensions for creating and editing the location of bolted connections, ensure that the
Edit Dimension When Created option is selected on the Sketch tab of the Application Options

dialog box.
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Editing Bolted Connections

When editing bolted connections, you use the same dialog box you used to create the bolted
connection. To edit the bolted connection, you locate the bolted connection in the browser or

assembly, right-click the bolted connection, and click Edit Using Design Accelerator. In addition to
changing the size or type of fastener used, you can use the Bolted Connection Component Generator
dialog box to change the location of the bolted connection, or even move the connection to a new
plane on a different part.

The following illustration shows how the Edit Using Design Accelerator option is available when you
right-click a bolted connection in the graphics window.

Access

R

Repeat Bolted Connection

Select Cther...
ﬂ Edit using Design Accelerator

x
Dpen
% Copy Chrl+C

A Delete Design Accelerator Component

Selection *

@ [solate

Edit Bolted Connection

Repeat Bolted Connection

Select Other. ..
ﬂ Edit using DI\e\sign Accelerator

Open

% Copy CEr

M Delete Design Accelerator Compor

Selection

m Isclate

Browser: Right-click, click Edit Using Design Accelerator.

Component: Right-click, click Edit Using Design Accelerator.
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Procedure: Editing a Bolted Connection

The following steps describe editing a bolted connection.

1.  Inthe browser or the graphics window,
right-click the bolted connection. Click Edit
Using Design Accelerator.

Repeat Undo

Select Other. ..
ﬁ Edit using Design .C'.Tgaleratu:ur
&

Open
I Copy Chrl+C
M Delete Design Accelerator Component

Selection L

@ Isolate

2.  Use the Bolted Connection Component
Generator dialog box to edit the type,
placement, size, or components of the
bolted connection.

Bolted Connection Component Generator

B Desian |f.§ Calculation | 7%

Tiowmm [ | IETS—— +

Standard . Category

f

150 4{\\53 150 1207

$
B
| |

3. Click OK.

Add Existing Bolted Connection to the Template Library

\¥ To reuse a bolted connection in your assembly, right-click the bolted connection and click Edit

Using Design Accelerator. When the Bolted Connection Component Generator displays with the
component list populated, expand the dialog box and under the Templates Library, click Add. The
bolted connection is added to your template library for use in other applications.
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Exercise: Create and Edit Bolted Connections

In this exercise, you use the Bolted Connection
Component Generator to create bolted connections,
add a bolted connection to the templates library,
insert new bolted connections from the templates
library, and edit bolted connections.

2. Toview the location for the bolted
connection, zoom in to the corner of the
housing and lid.

The completed exercise 3.  To specify the type and size of a bolted
connection:
- : ®  On the Assembly Panel, click Bolted
i@? Completing the Exercise Connection Generator.
> Tocomplete the exercise, follow the = Under Type, click Blind Connection.
- steps in this book or in the onscreen .
exercise. In the onscreen list of chapters ® Under Thread, for diameter, select 4 mm.
and exercises, C.IICk Cha'?ter 4 DeSIgn Bultea Connection Component Generator
Accelerators. Click Exercise: Create and
Edit Bolted Connections. B Desian |f§ Calculation || B Fatigue Calculati
Type Placement
Create a Blind Bolted Connection ﬂ & concentrc

bolted connection using the Bolted Connection
Component Generator. You also create templates of
your bolted connections. L3

% Circular edge

i i i i — Start Pi
In this section of the exercise, you create a blind @ e

ﬁ Elind Start Flane
1. Open Control_Module_Mount.iam.

Thread

|ISO Metric profile

s Diameter 4 mm
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4, Tolocate the bolted connection:
Ay 150 7047 iH)
®  Under Placement, select Concentric.  M4x10-4.8-H
. Mo more Fastener
®  (Click Start Plane. Select the top of the 3 ﬁ@untersunk Flat Head Screw 150 ... b
housing lid (1). Mormal 4,500 mm ¥
i ; 150 Drilled hole
®  For Circular Edge, select the radius (2). T R A l;[i;
®  ForBlind Start Plane, select the top of the
housing body (3).
- S
Bolted Connection Component G v
ﬂia Design | fig. Calculation ?*_x“'
T Bt 7. Toedit the hole values:
Concentic ®  |nthe Modify Hole dialog box, under Hole
ﬂ Depth, enter 12 mm.
e = Click the check mark.
o Circular ed: IMudify Hole =
Designation Class
e v
Hole Depth Thread Depth
Thread 12,000 mm 9,000 mm
5. To specify a fastener: %
= (lick the text Click to Add a Fastener.
®  For Standard, select ISO. For Category, 8 To creatg a .template of the bolted
select Bolts. connection:
= Click ISO 7047 (H). ®  |nthe Bolted Connection Component
Generator dialog box, click More
Bolted Connection Component Generator Options (1.
B Desion | £ Caleulation | & ® Under Templates Library, click Add (2).
oo lazoeon = _ ®  |nthe Template Description dialog box,
Standard Category | Bolt click OK.
' ’ ' | e o [Ew,
150 7046-1 H 150 7046-1 2 150 7047 (H) E R :“%ng?m
[ I] ks e El[ﬁnﬁm?ﬂ o i
!I 5 T F-,.i; i E,F_- () EIE — | e | e = "
| Templated Library
" IS0 TH7 (H MR- 48 .
6. Toaccess the features of a hole: N ——
®  Under Click to Add a Fastener, click ISO .
Drilled Hole Threaded M4x0.7 6H.
=  To edit the drill depth of the tapped hole,
click the More button.
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To add the bolted connection to the assembly: Create Through All Bolted Connections

®  |nthe Bolted Connection Component In this section of the exercise, you create a Through

Generator, click Apply. All bolted connection using the Bolted Connection
Component Generator. You create templates of your
bolted connection and insert new connections
based on these templates.

® |nthe File Naming dialog box, click OK.

®  |n the Bolted Connection Component
Generator, click Cancel.

1.  To specify the type and size of a bolted
connection:

®  On the Assembly Panel, click Bolted
Connection Generator.

®  Under Type, click Through All
Connection.

®  Under Thread, for diameter, select
10 mm.

2. To locate the bolted connection:

= Under Placement, select Concentric.

®  (Click Start Plane. Select the top of the
mounting tab on the housing (1).

To view the holes created by the bolted ® ForCircular Edge, select the hole (2).
connection: ®  For Termination, select the bottom face
of the Mounting Plate (3).

" |nthe browser, right-click Bolted
Connection:1. Click Visibility.

= After viewing, restore the visibility of the
bolted connection.

.)"

3.  Tospecify a fastener:

= Click the text Click to Add a Fastener.

®  Under Standard, select ISO. For Category,
select Bolts.

= (lick ISO 8676.
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4. To specify an additional fastener, in the list of
fasteners, click thefirst Click to Add a Fastener
text.

351
& fs

3 1505676
- M10x% 1 x 20

iZlick ko add a Fastener
Click ko add a Fastener

5. To specify a washer for the bolted
connection, from the available washers,
select ISO 7089.

Category |Washers

'

IS0 70935 C IS0 ?D%

0

IS0 7092

!

[52 7091

6. Toadd components to the other side of the
bolted connection, click the second Click to
Add a Fastener text, as indicated.

& fs

150 8676
= M10x 1 % 20

a IS0 709

; 10- 140 HY *
Click to add a Fastener

Click to add a Fasterﬁ

7.

8.

9.

To specify a lock washer:

®  For Standard, select ANSI.
= Verify that the category is Washers.

®  From the available options, select the
ASME B18.21.2M Regular Helical Spring
Lock Washer.

Standard | AMSI w Category

ASME B15.21.2M

5 0 0

ASMEE15.21.2M A3ME B15.21.2M ASME B14G.:

N

ASME B18.21.2M ASME B15.21.2M Plain Was
(Metric

A5ME B18.21.2M ASME B18.:

Lock Washers (Metric Series) Regular Helical Spring Lock.

To add the nut and complete the bolted
connection:
®  (Click the last Click to Add a Fastener text.

®  For Standard, select ISO. For Category,
select Nuts.

= (lick ISO 8674.

Standard |I30 w Category | Muks
S0 8673 150 5674 150 8675

Review the current bolted connection.

%
,’_ 150 8676
M0 1 x &5
a IS0 7089
10 - 140 Hy

Click to add a Fastener

A ASMEEBLS.Z1.2M
¥ 10

IS0 8674
M10 % 1

.Click to add a Fastener
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10. To create a template of the bolted connection: 13. Tolocate the bolted connection:

®  Under Templates Library, click Add. ®  Under Placement, select Concentric.
"  |n the Template Description dialog box, ®  (Click Start Plane. Select the top of the
click OK. offset mounting tab on the housing (1).
s p— =  For Circular Edge, select the hole (2).

®  For Termination, select the bottom face
N 150 7047 (H) Max10 - 4.5 - H of the Mounting Plate (3).

’ IS0 5676 MIO = 1 x 25

11. Toadd the bolted connection to the assembly:

® |nthe Bolted Connection Component
Generator, click Apply.

" In the File Naming dialog box, click OK.

" |nthe Bolted Connection Component
Generator, click Cancel.

14. To preview a bolted connection from a
template:

®  |nthe Bolted Connection Component
Generator, under Templates Library, click
ISO 8676 M10 x 1 x 25.

®  (lick Set.

® The components display in the dialog
box and preview in the drawing.

12. To specify the type and size of a bolted

150 8676
connection: 0™ miox1x6s
. 150 7089
®  On the Assembly Panel, click Bolted 0 o laomw
Connection Generator. Click to add a Fastener
. ASME B18.21,2M
®  Under Type, click Through All c 10
Connection. 150 5674
= Under Thread, for di | IR0
Under Thread, for diameter, select s

10 mm.
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15. Toinsert the bolted connection from a
template:

®" |nthe Bolted Connection Component
Generator dialog box, click Apply.

®  |nthe File Naming dialog box, click OK.

= (lick Cancel to exit the dialog box.

16. Using templates, add the remaining five

bolted connections to complete the design.

Edit Bolted Connections

In this section of the exercise, you edit individual
components of a bolted connection and change the
type of fasteners used in a bolted connection. You
create a template of the changes and use the
template to complete the assembly.

1.  To better view the edits to the bolted
connection:

" |nthe browser, right-click
MountingPlate:1.

®  Click Enabled.

2,  Toaccessthe Bolted Connection Component
Generator for editing:

®  Right-click the back, right bolted
connection.

®  (Click Edit Using Design Accelerator.

Repeat Isometric Yiew

Select Other. ..

Open

ﬁ Copy Chr

M Delete Design Accelerakor Cormpor
Selection

B Isolate
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To change the length of the bolt, in the

drawing area, click and drag the 3D grip to 80.

0 xeo)

B W

In the Bolted Connection Component
Generator dialog box, click OK.

Rotate the view to see both long bolted
connections.

6.

Restore the Home view, and zoom in on the
right front bolted connection of the lid.

To access the Bolted Connection Component
Generator for editing:

Right-click the bolted connection. Click
Edit Using Design Accelerator.

In the Bolted Connection Component
Generator, click ISO 7047 (H)
M4x10-4.8 - H.

Click the down arrow as indicated.

Mo more Faskener

ﬁ Counkersunk Flak Head Screw 150 ...
Mormal 4,500 mm

g 150 Driled hole

L Threaded Max0.7 6H

To change fasteners:

In the list of fasteners, under Category,
select Socket Head Bolts.

Select 1SO 4762.

Under Templates Library, click Add. For
Template Description, Click OK.

In the Bolted Connection Component
Generator, click OK.
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9.

To edit another bolted connection:

Right-click the left front bolted
connection. Click Edit Using Design
Accelerator.

Under Template Library, click
ISO 4762 M4 x 10.

Click Set.
Click OK.

10. To complete the design:

11.

Update the remaining two bolted
connections for the lid.

In the browser, right-click
MountingPlate:1. Click Enabled.

Save and close all files.
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Lesson: Shaft Generator

Overview

In this lesson, you learn about creating shaft components in the context of an assembly, using
predefined shape elements to quickly create the geometry.

When you use the Shaft Generator to create and edit a shaft design, predefined shapes help ensure
that the model conforms to industry standards. Editing your shaft design is easier and quicker than
editing shafts that are created using sketched and placed feature-based modeling techniques,
because of the ease-of-use and consistent modeling techniques offered with the Shaft Generator.

The following illustration shows a common use of shafts in a design. In the blower motor assembly,
shafts are required to transmit power from the electric motor to the blower fan.

Objectives

After completing this lesson, you will be able to:

= Define the characteristics of a shaft created with the Shaft Generator.
®  (Create shafts using the Shaft Generator.
®  Edit shafts using the Shaft Generator.

Lesson: Shaft Generator = 237



About the Shaft Generator

You use the Shaft Generator to create and edit shaft designs by combining individual shaft sections in
the assembly environment. The shaft sections provided with this tool include the most common
geometry found in shafts. You can base your shaft designs on data you input, part geometry in the
assembly, and load calculations provided in the Shaft Component Generator dialog box.

The following illustration shows a shaft design for an auxiliary pump. A variety of input data is used to
design the shaft. In addition to the loads on the shaft and the required volume output, the shaft needs
to fit with parts from previous designs.

Definition of the Shaft Generator

The Shaft Generator provides a series of tools that enable you to design and edit a shaft, section by
section. As you design the shaft, you can add multiple features to fully define each section. You can
also perform calculations and create output graphs based on the loads applied to the shaft.
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The following illustration shows the Calculation tab of the Shaft Component Generator dialog box.

& Design | Ja Cakulation | Ly Graphs wd a2
Makerial Loads & Supports T
O Loads wl 4 M %2 =
Meschius of Elasticity g|zmooomes (3] I‘L _Iwm -
Mockihys of Rigidey Gleoooomea |2 -
Density o| 7Rs0 kg3 3]

Caloulation properties
[Fluse deruity
[Fluse shesr desplacement ratio 11880 []
Number of Shaft devisions 10000
M of reduced stress F :]
20 Prevview
=l (]
P A L X @ o 0@ !& 4
e — 5
L] L]
@) [caadme [k [ coms|

Example Shaft from the Shaft Generator

The following illustration shows a shaft design that was created using the Shaft Generator.

Multiple features were added to the shaft sections to perform the tasks of rotating, sealing, and
locating the various parts that will be connected to the shaft. The features on this shaft design include:

®  Internal bores, cylinder ®  Cone diameter change

" Locknut = Chamfer

" Hole ®  (ylindrical diameter change

®  O-ring groove ® Snap ring grooves

" Transition fillet = Keyway

®  |nstallation chamfer (break sharp edge) " |nternal bore cone (not visible)

®  (ylindrical diameter change
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Creating Shafts

The Shaft Generator tool is used for the design and creation of feature-rich, intelligent shafts. Shafts
are created in sections and each section can maintain a different diameter and length. Many different
features such as retaining ring grooves, tapers, and undercuts can be added to each of the sections.
Loads and forces can also be applied during the design process.

In the following illustration, a shaft is created using the Shaft Component Generator. Currently, a
chamfer is being added to the first segment of the shaft.

. ¥

gz Shaft Component Generator

= Design Je. Calculation || 2 Graphs

Placement

Axis, Skart, Crientation

Sections

Sections v EEEe® ™ ko
S I =7 e | Cylinder 30 % 43,4
[ Mofeature a0
& Chamfer
Cylinder 35 x B0
A Fil
L B e Ml cCylinder 30% 175

Access

L Shaft Generator
rm— -
Wy

Panel Bar: Design Accelerator

Toolbar: Design Accelerator

Shaft Component Generator Dialog Box

The Shaft Component Generator dialog box offers multiple tabs for designing and analyzing a shaft.
You use the Design tab to create your shaft design, and the Calculation and Graphs tabs to analyze the
shaft while you design. In addition to the dialog box, the graphics area displays a 3D shaft preview
based on the current settings in the dialog box. You can also quickly modify each section of your shaft
using the grips provided on the 3D preview.
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The following illustration shows the Shaft Component Generator dialog box and the interactive 3D

shaft preview. The four default Section trees illustrated are displayed when you first use the tool,

enabling you to immediately begin your shaft design.

| -]I I-[ :-|n -|mmnm

= | B Cyinder8x 100

= Cor 100/ &5 % 100

= | E Cybnder S5x 100
¥ :
o J[ o ][z2]

Shaft Companent Generatar |
T Do | i, Caloutation | o cuaphs | == R AP
Flacensent »
B || B I s, Stant, Orientation
Saitiong
Sections ¥ s@we| % |y n|=

The following options are available for designing, locating, calculating, and saving shaft designs.

Shaft Component Generator [
=ik Design |f.5 Calculakion || Lﬂi Graphs |.(_ . E lg |ﬁ|&| P
Placement #
@ Axis, Start, Otientation - . Make
Sections
|58cti0ns Ii] S8 % ok k| = "(—.
A -|| | -| [ -|n - | Cylinder 50 % 100 . "
. 4 = | B Cylnder 80 x 100
A 1 W | conet100/e5x100
[ = | B Cylinder 55 x 100 .
™
o -
¥ ¥
. [ Ok l [ Cancel ]

Use to specify the size of the base feature.

Use to add cylinder, cone, or polygon sections to your shaft.

Use to locate the shaft in the assembly. Define the axis, start plane, and orientation.

Use to expand all, collapse all, or set options for the section tree display.

Use to define each section of your shaft design. Specify shape and size of the section.
Add features to each section. Drag to reorder a section.

Design tab: Use to design a shaft. Calculation tab: Use to set material, loads, and supports to
calculate the shaft. Graphs tab: Use to display a diagram of shaft loads.

Lesson: Shaft Generator

241



Use to expand the Design tab and display information regarding each shaft section in a text
format.

Use to expand the Design tab to display calculation messages.
@

Q@

Use to toggle the display of the Shaft Component Generator dialog box to display the
Templates library.

Sections Area

You use the options in the Sections area of the Shaft Component Generator dialog box to control the
shape and size of each shaft segment, to add features to a section, and to add bores to either end of
the shaft. The Sections drop-down list has three options to define the working location: Sections, Bore
on the Left, and Bore on the Right.

The default Sections option enables you to add multiple sections to the shaft. You can add cylinders,
cones, and polygons and split an existing section into two sections. Each time that a section is added,
and new row is added to the section tree for further refinement.

The Bore on the Left and Bore on the Right options enable you to add internal shaft features. You can
add cylindrical or conical bores to the shaft. Each time that a bore is add to the shaft, a new row is
added to the section tree for further refinement.

Further refinements for a section or bore can include adding features to the section, changing the
section type, or adjusting the size. You make these refinements in the list after selecting that
section or bore.

Sections

Sections | S8 %k k=
Sections rI:}

Bore on the left Tﬁnder 25 4 15
Bore on the right 2]

[ = | Cylinder 32 x 5

I = | Cylinder 36 x 40

| = | Cylinder 32 x 8

Cylinder 25 x 60

Section Tree

The Section tree area of the Shaft Component Generator dialog box is where the majority of the shaft
design is accomplished. Each Section tree row is broken down into four groups. After the shape and
size of the shaft section have been specified, you can add features to the section based on options
available from these four groups. The options available vary depending on the shape selected, and
other options already applied.
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The following illustration identifies the primary options available for editing and defining a shaft
section. The available options and features depend on the type of section.

@ @ (3? @ Cylinder 25 x 18 @
T v LJ v
| =ik ||~ v | Cylinder 32 x 5 @ g o

| = | Cylinder 36 x 40

Add features on the left edge of the shaft section.
Change the current section type.

Add features on the right edge of the shaft section.
Add features to the shaft section.

Click here to select the section. Double-click here to open the corresponding dialog box to edit
size or position values.

Click to open the corresponding dialog box to edit size or position values.

Click to delete the section or feature from the list.

@6 660686

To display a 2D dynamic preview of the shaft that you are designing, in the Shaft Component
Generator dialog box, Sections area, click Options. In the Options dialog box, 2D Preview area, click
Always Show.

SeChions

Sections v SESR S Tk | =€
Options
SE | v]l ] 'l | 'lﬂ ']C linder
— _ i 30 Preview
- Retaining ring 25 R-Ring Section Edge Features (Fillet, Chamfer, ...}
A = | o] Cylinder Section Middle Features (Keyaway, ...}
J Bores
A = Cylinder
= = o Bore Edge Features (Fillet, Chamfer, ...}
[ = | n Cylinder || Bore Middle Features (Retaining Ring, ...)
A = b B Cylinder Apply same settings also for 20 preview
J— If no placement shaow in default {x-axis, ¥Z-plane, ¥Y-
= | = & B Cylinder
Show Shaft Coordinate System
¥ 20 Preview
() Always Hide
(%) Always Show =
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Edge Features

After you add an external shaft section to a shaft design, you can edit the section to add edge features
or insert features into the section. The list of edge feature options for a shaft section is dependent on
the type of section and on the existence and diameter of any adjacent shaft sections. For example,
keyways are not added to polygon sections, and reliefs are only added to a section if the adjacent
section has a larger diameter.

First and second edge features are set by selecting the section tree option for the selected section
as identified.

[T‘L| =v|¢n EE

The following table lists the edge features that you can select for a shaft section.

Cylinder 32 x 5 B
i

Icon | Option Example

[ No Feature
Select to clear any edge treatments and set the left or right edge to have
a sharp edge transition.

4 | Chamfer
Select from the edge section option list to add a chamfer to the left or
right edge of the shaft section.

Use to add an angle break at the end of shaft section, or to provide a
transition between to shaft sections. Chamfers are constructed using
one of the following three methods: Distance, Distance and Angle, and
Two Distances.

a4 | Fillet
Select from the edge section option list to add a fillet or round to the left
or right edge of the shaft section.

Use to add a rounded shape to the outside edge of a shaft section, or to
provide a transition between different shaft sections.

= | Lock Nut Groove
Select from the edge section option list to add external threads and a
lock groove cut in the end of the shaft section.

The Lock Nut Groove dialog box enables you to select from a list of
standard locknut grooves, or you can define custom settings.

(i Thread
Select from the edge section option list to add external threads to the
left or right end of the shaft section.

Lttt €«
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Icon | Option Example

= | Plain Keyway Groove

Select from the edge section option list to add a keyway groove that
starts at the end of the shaft section and continues into the shaft section
with the groove arcing up to the diameter of the shaft section.

— Keyway Groove with One Rounded End

Select from the edge section option list to add a keyway groove that
starts at the end of the shaft section and continues into the shaft section
with a rounded end similar to the rounded end of a slot.

L | Reliefs (Sl Units)
Click from the edge section option list to display a list of relief types that
adhere to the Sl standards and then select the required relief type from

that list. \\

oM | Reliefs (DIN)
Click from the edge section option list to display a list of relief types that
adhere to the DIN standard and then select the required relief type from \

that list.

5T | Reliefs (GOST)

Click from the edge section option list to display a list of relief types that
adhere to the GOST standard and then select the required relief type

from that list. \

Section Types

The outer shape of the shaft is defined by different sections that you add or editindependently of each
other. The section types you select to add to a shaft are the same section types you can select from
when editing a shaft section. When you click to add a section to a shaft, that section is added directly
after the currently selected section.

You change the section type by selecting the section tree option for the selected section as identified.

Cylinder 32 x 5
]

vll Iv| lvlnv

Lesson: Shaft Generator = 245



The following table lists the types of sections you can add to a shaft.

Icon | Option Example

—} | Cylinder
Inserts or changes to a standard constant diameter cylindrical shaped
shaft section.

Use to add cylindrical shaft sections. Cylinders are a base feature for
shaft design. Additional features such as keyways, retaining rings,
through holes, grooves, reliefs, and wrenches can be added to shaft
sections. The length and diameter of cylinders can be changed

using grips.

— | Cone
Inserts or changes to a conical section that has different diameters for
its left and right ends.

"

Use to add a cone shape to a shaft. The cone is a base feature for shaft
design. Fillets and chamfers can be added to cone sections. If the -
cone section is in between two other shaft sections, both cone
diameters are initially controlled by the adjacent sections. To change
either diameter of the cone section independently, you must first
unlock the variables controlling their size using the Edit option. You
can adjust the length and both diameters with grips.

i Polygon
Inserts or changes to a shaft section with three or more sides.

Use to add a section to a shaft with three to 50 flat sides. Polygons are
a base feature for shaft designs. Through holes can be added to
polygon sections. Use grips to change the length, section diameter, or
to rotate the section.

Section Features

After you add an external shaft section to a shaft design, you can edit the section and insert one or
more features into the section. The difference between section features and end features is that when
you insert a section feature, you specify where the feature is located between the edges of that shaft
section. Section features also display in the list of shaft features as nested features to the shaft section
where they were inserted.

In the followingillustration, the retaining ring groove is a section feature that was inserted on the shaft
section listed above this row.

H -

— : A.
—T|~ ||~ Cylinder 25 x 18 A

= Retaining ring 25 R-RiNg  etf—

A {— | | mulimder T B
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You insert a feature onto the selected section by selecting a section feature option after clicking the
identified section tree option.

||
!

- | B |~ | Cylinder 32 % 5 ...
| i

.||

The following table lists the features that you can select to insert between the edges of a shaft section.

Icon | Option Example

= | Add Keyway Groove
Select to insert a keyway groove somewhere on this section that is based
on a selected industry key.
Use to add a slot to a shaft section. A keyway groove is used to lock
rotation between the shaftand added components. The keyway sizes are
generated from industry standards. The Keyway dialog box enables you
to create a custom keyway and to insert parts from the Content Center.

i Add Retaining Ring
Select to insert a retaining ring groove somewhere on this section that is
based on a selected industry retaining ring.

&, | Add Wrench

==

Select to create two flat cuts across the section so a wrench can fit.

Add Relief - D (SI Units)
Select to insert a circular groove that adheres to the relief-D shape
and Sl units.

Lt ©

an
b

Add Through Hole
Select to insert a hole that is perpendicular to the axis of the shaft.

prie

Add Groove-A
Select to insert a circular groove that adheres to the Relief-A shape.

2

Add Groove - B
Select to insert a circular groove that adheres to the Relief-B shape.
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Bore Types

You add bore sections to the left or right end of the shaft after selecting Bore on the Left or Bore on

the Right from the section’s working location list. After you select the left or right bore option from the

list, the options for the type of section insert change from external sections to internal bore sections.
Clicking a bore type adds it to the list of bore sections directly after the currently selected section. You
can insert multiple bore sections on the end of the shaft.

Bore sections are added to the shaft starting from the left or right end and extend into the shaft. The
center axis of the bore section is colinear to the center axis of the shaft.

After you have added a bore section, you can change it from one type to another. To change the bore
type, select the bore section in the list of sections and then select the new bore type.

The following table lists the types of bore sections you can add to a shaft.

Inserts or changes to a tapered shaped hole that has different
diameters for its left and right ends.

Icon | Option Example
= Cylindrical Bore &)
Inserts or changes to a standard constant diameter cylindrical shaped
hole in the end of the shaft.
= Conical Bore =

Bore Features

After adding a bore section, you can edit the section to add edge features and insert features into the
section just like you do for an external section. The difference between external section features and
bore features are the available options that you can select to add as an edge or inserted feature.

The following table lists the edge and insertion options that you can add to a bore.

Icon

Option

Example

No Feature
Select to clear any bore treatments and set the left or right edge of the
bore to have a sharp edge transition.

Chamfer
Select from the edge section option list to add a chamfer to the left or
right edge of the bore.

Fillet
Select from the edge section option list to add a fillet to the left or right
edge of the bore.
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Icon | Option Example
i Thread
Select from the edge section option list to add internal threads to the bore
in the shaft. o
o Add Retaining Ring
Select from the section features option list to add a retaining ring to the V
bore.

Sizing Shaft Sections with Grips

Any time that the Shaft Component Generator dialog box is displayed, grips are displayed in the 3D
preview for the active section. You can switch the active section by selecting it in the graphics window
or the dialog box, then selecting the grip and dragging to a new size.

Using grips enables you to size the shaft section based on visual feedback in the assembly. Grips
enable you to efficiently resize the length and diameter of cylindrical or conical shaft sections, the
outside diameter, length, and rotation angle of a polygon shaft section, and also the size and
orientation of other features like keyways and through holes that you add to a section.

The following illustration shows how the cylinder length and diameter for a section of the shaft can be
modified using grips.

Sections
|Sectiuns
Py
[ = | | Cone30f40x34 [)
I vll | v|h vlﬂ | Cylinder 40 % 40
[ Ed
[ 1 V"l‘-
= M = W& B cyinder3ox70
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Process: Creating a Shaft

The following steps describe creating a shaft and adding it to your assembly using the Shaft
Generator.

1.

2.

3.

4,

Access the Design Accelerator panel bar. Assembly Panel ~

Aukalimits

Desian Accelerat
Frarme Generator%

= S q«.
Display Text with Icons ()

Start the Shaft Generator tool. .
Design Accelerator =

BB
o -3-Q =
S R

Add or remove sections.

|
Shaft Component Generator

& Desion | fiz Calculation

Placement

EYEIENE

Sections

|53ctiu:uns

A |- -]
4 = 1
— &= =

-

Size the sections.
Shaft Component Ge

Jg cCalo

ZE Design

Placement

Cylinder

Dimensions Pr

Mame | Size Descripkion

D 25 mm Main Diarmeker
L 40 mm% Length
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5. Add features to sections. I—

Shaft Component Generat

E—:.: Design

Flacement

ENIEENE

Sections

Ji. Caleulation

[ -
4 =

6. Add bores to the shaft ends.
SHa!E Component Generakto

EF Design Fo Calculation

Flacement

EXIENENE

Sections

|Eh:|re on the left

\ 2

4

Cylindrical bor

7.  Add the shaft to the assembly.

Editing Shafts

When editing shafts, you use the same dialog box, methods, and features used to create the shafts. To
edit a shaft, you locate the shaft in the browser or graphics window, right-click the shaft, and click Edit
Using Design Accelerator. In addition to changing the size or type of shaft, you can use the Shaft
Component Generator dialog box to change the location of the shaft.
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In the following illustration, a section of a shaft is being edited. After assembling the physical
prototypes, it was determined that a radius needed to be added to a section to minimize the
possibility of damage during assembly.

|

7 Shaft Component Generator

£ Design |f.5 Calculakion || @ Graphs |

Placement

E E 3 N Axis, Skark, Orient:

Seckions
|Seu:tiu:uns M =i
B % I A Palvgon 4
B =2 Bl Cylinder 1
Fillet =l ||| | endere

Radius
1,000 mm (2]

@ I

-IH_— Retaining ring 20
| B | [+ | Cylinder 1-
= & 1 B cylinder i

Migrating Shafts

f f Shaft parts created with the Shaft Generator prior to the release of Inventor 2008 are not
directly editable with the Shaft Generator tool. To edit the shaft, the Shaft Generator must first
migrate the pre-Inventor 2008 version by creating and inserting a new shaft part based on the
selected existing shaft.

Access

D Edit Shaft

Repeat Isometric View

ﬂ Edit us[j'%g Desian Accelerakor
Open

Iy Copy Chr
A Delete Design Accelerator Compon

Selection

Browser: Right-click, click Edit Using Design Accelerator.

Component: Right-click, click Edit Using Design Accelerator.
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Procedure: Editing a Shaft Created with the Shaft Generator

The following steps describe editing a shaft that was created using the Shaft Generator.

1.  Locate the shaft in the graphics window or
browser. Right-click and click Edit Using
Design Accelerator.

Repeat Shaft

Open
Ia Copy Chrl+C

2 Delete Design Sccelerator Component

2.  Inthe Shaft Component Generator dialog
box, select the segment to be edited and
change the features or size in the dialog
box, or use 3D grips.

Shaft Component Ge:
EF Desion | fig Cale
|

Placerment

I

Sections

Seckions

3.  Click OKto accept the edits.
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Exercise: Create and Edit Shafts

In this exercise, you create a shaft using the Shaft
Generator. While most of the shaft design is based
on known size requirements, one section of the shaft
is based on data obtained from another part in the
assembly. You edit the shaft, and save the shaft to
the Template Library for future reference.

1.

The completed exercise

Completing the Exercise

I@“ To complete the exercise, follow the

- steps in this book or in the onscreen
exercise. Inthe onscreen list of chapters
and exercises, click Chapter 4: Design
Accelerators. Click Exercise: Create and
Edit Shafts.

Create a Parametric Shaft

In this section of the exercise, you create a shaft with
the Shaft Generator. You change shaft sections, and
add features to the sections.

Open Shaft_Generator.iam.

To access the Shaft Generator:

® Inthe Assembly Panel menu, click Design
Accelerator.

®  (Click Shaft Generator.

To set the Shaft Component Generator to
default values:

®  |ntheShaft Component Generator dialog
box, click Reset Calculation Data as
indicated.

®  |nthe Design Accelerator message box,
click OK.

Shaft Component Genera =
& vosin | fp Coluiatc = 1[5 | 2
Placement

(BB B](e M ‘”

To assign a new section type:

®  |nthe Shaft Component Generator dialog
box, under Sections, in the first Section
tree, next to Section Type, click the down
arrow.

=  Click Polygon.

®  |nthe Design Accelerator notice, click Yes.
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Sections 7.

Sections L =

o

Paolygon 6 - 43,30

slnv

|
d = ©h

4
M i
|| =
oy S0

B Cylinder 80 100

Cone 100) 65 x 1

5. Todefine the section values:
= With the polygon Section tree row
highlighted, click Section Properties.

®= Inthe Polygon dialog box, for Inscribed,
clear the check mark.

®  Enter the valuesillustrated in the 8.
screenshot.
= (lick OK.
Polygon
Dimensions
Mame Size Description
— D 16 Diameter Circ,
—» L 10,000 rmirn Length
— 4 ul Kumber of Ed
ot 0.00 deg Section Angle
=
<] B
9.
[J1inseribed «

6. Toassigncharacteristics to the next section of
the shaft, in the Shaft Component Generator
dialog box, under Sections, click the second
Section tree row.

Sections

Sections v = g =
l & i B Paolygong-16% 1
A vll I "| | g B | -| Cylinder 80 3 100
d = ©h Cone 100) 65 x 11
[ —] | [ i | Cylinder 55 = 100

To remove a feature:

= (lick the arrow for First Edge Features.
" Select No Feature.

Sections

Seckions v = tf =
I & [+ | Polygon 4 - 16x 1
A |-|= - - ~ | Cylinder 80 100
| MoFpature w 10
| Cha%r

oo

A Fillet

To size the cylinder:

®  (Click Section Properties.
®  |nthe Cylinder dialog box, for D, enter 16.
" ForL, enter 30. Click OK.

Cylinder
Dimensions Prewi
Mame | Size Descripkic
[n] 16 mm Main Dia.

L » Section L,

To add a transition radius for this section:

® Inthe feature row, click Second Edge
Features.

= Click Fillet.

® |nthe Fillet dialog box, under Radius,
enter 1. Click the check mark.

|I | v| h v| B |+ | cylinder 16 x 30
A ) |Fillet 1% 100
| - Radius
' - 1.000 rmm > [[|1%°

e
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10. In the Shaft Component Generator dialog 14. Toadd aretaining ring groove to this section:
box, under Sections, click the third Section = Click Section Features.
tree row. ) o i
®  (lick Add Retaining Ring.
Sections .
Sections
sections - - Sections pe| ol E
| & Bl Polgond-16x 1 o
i) [ + | Palygon 4 - 16 x
= B B cylinder 16 %30 -
1 B B cylinder 16 %30
A -|I I v|l = Cone 100) €5 x 11
| v|| ] -| = gl = Cylinder 20 % 30
[ = | B Cylnder 55 x 100 _
| = | Add Kevway groove
. | Add Refaining Ri
11. To change the shaft component to a cylinder: . S
. . i; Add Wrench
®  (lick the down arrow for Section type.
) i =7 Add Relief - D (ST Lr
" (Click Cylinder.
. .
Click Yes. 15. To define the features of the retaining ring:
12. To access the cylinder values: "  Click Feature Properties.
= (lick Section Properties. ® |nthe Retaining Ring Groove dialog box,
® |n the Cylinder dialog box, under click Custom.
Dimensions, for Size, nextto L, = Under Dimensions, enter the values for x,
enter 30 mm. M and D1 as illustrated.
Cylinder = (lick OK.
Dimensions Pres Retaining Ring Groove
Mame | Size Descriptic Dimensions
D 100.000 mm Main. Dia. Mame | Size Descripkion
L SD'T%D i sectionL. D Z0.000mm  Main Diameter
L 30,000 mm Section Length
- X 1.500 rmim Distance
13. To define the cylinder diameter using other » 1 1,300 mm idth
. pp [ 18,000 mm Ciameter
parts:
® |nthe Cylinder dialog box, under
Dimensions, for Size, next to D, click . .
16. To create a cylinder section, In the Shaft
100.00 mm. .
Component Generator dialog box, under
u i i . . .
Click the arrow. Click Measure. Sections, click the fourth Section tree row.
= (licktheinside diameter of the bearing in
the bearing mount.
= (lick OK.
Cylinder
Dimensions Prey
Mame | 3Size Descripkic
o] 100,000 mm| | ¥ asure
L 30,000 mm [];\%Parameters
Yalues
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17. To size the diameter of the shaft section: 20. To locate and define the keyway features:

®" |nthe graphics area, click one of the grips ®  (lick Feature Properties.
along the diameter of the highlighted =  Under Position, select Measure from
shaft section. first edge.
® Drag the grip until the value displays 12. ®  Set the values for the identified
properties.
= (Click OK.
-
K
Dirnensions
Marne | Size Descripkion
n] 12 mm Main Diareter
L 80,000 mm Section Length
g [ 5,000 mm Width
—» T 1,800 rrn Depth
— | 30,000 mm Keyway Lenagth
W f— 20,00 deg Angle
fa 360,00 deg Angle Bebween Keys
18. To size the length of the shaft section: — 25.000 mm Distance:
= Selectthe double arrow grip at the end of b 1000 Humber of Keys
the cylinder.
* Drag the grip until the value displays 80. 21. To place the shaft in the assembly:

®  Inthe Shaft Component Generator dialog
box, click OK.

®  |nthe File Naming dialog box, click OK.

= (lickin the graphics window to place the
shaft.

19. To add a keyway groove to this section:

®  (Click Section Features.
=  (lick Add Keyway Groove.

=l e 1 B Cylinder 20 30
E Retaining ring 20

 [==1L1 -l

—

| il - Cylinder 12 = 80

= add Kesﬁ’av graove
= add Retathing Ring

-@ Add Wrench

77 Add Relief - D (51 Units

—&— Add Through Hale
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Edit a Parametric Shaft

In this section of the exercise, you edit the shaft using

the same Shaft Component Generator dialog box
you used to create the shaft.

1.  To edit the shaft:

= Right-click the shaft.
®  (lick Edit Using Design Accelerator.

Repeat Isometric Wiew

Jf‘-ai %teusing Design Accelerator
M

H(‘nnv

2. Toadd an additional Section tree row to the
cylinder, in the Shaft Component Generator
dialog box, under Sections, click Insert
Cylinder.

Shaft Component Generator

ZE Design |f.§ Calculation | ] Graphs

Placement

E E E N Bxis, Skark, Crienkatior
Sections *
|Sectiu:uns M ﬁ_‘

|i| |-

3.  Notice that the new Section tree row is
inserted below the previously highlighted
segment (1), and shares the size values (2).

Polygon 4 - 16

K. 5 1
\.J|v| | |ll|v

Shaft Component Generator

& Design | fig. Calculstion | [ Graphs |
Placement

B B B | M aads, Start, Orientstion

Sections
Sections v = ;9

| & I HE Polygen4-16%10

| =00 -] | - | Cylinder 16 x 10

B Cylinder 16 x 30 ‘.

= i il Cudimdar 20w 20

4, Torelocate the section tree row, click and
drag the new section to the next to last
Section tree row in the list. The section tree
row is relocated below the target section
tree row.

Shaft Component Generator

m| o Calculation | 2 Graphs
Placerment
3 3 3 ” Axis, Skart, Crientation
Sections
|Sectiu:uns M = 5
I & [+ | Polygon 4 - 16
= B cinder 16x 3
=5 = | [ 4 | Cylinder 20 x =
f Retaining ring 20
[ |-|f Iv-|§ﬂ | Cylinder 16 x 1
=3 = I |

Cylinder 12 x5

5. Toedit the new section tree:
= Highlight the segment. Click Section
Properties.

® |nthe Cylinder dialog box, for D, enter 14.
For L, enter 15.

= (Click OK.

Cylinder

Dimensions Pres

Mame | Size

D 14,000 rnrn Main Diam.
L 15,000 rmm Length

Description
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6. To add internal sections to the shaft:

In the Shaft Component Generator dialog
box, under Sections, click the down
arrow.

Click Bore on the Right.

Shaft Component Generator

ZE Design |f§ Calculation || 1_;5{“ Graphs |

Placement
ﬁ ﬁ ﬁ ” Axis, Start, Crienkatior

Sections

] & %=

|Eh:|re on the right

7. Toinsert a Bore section, under Sections, click
Insert Cylindrical Bore.

Shaft Component Generator

ZE Design |f.5 Calculation || ] Graphs |

Placement

3 3 E x Axis, Start, Crienkatior

=

Sections

|B|:|re on the right

8. Todefine the size of the bore:

®  (lick Feature Properties.
" Inthe Cylinder dialog box, under

Dimensions, for D, enter 8.

" Forl, enter 10. Click OK.

Cylinder
Dimensions
Mame | Size Descripkion
D 5.000 rarm Main Diarmeker
= L 10,000 mm Length

10.

11.

To save this shaft for future use:

® In the Shaft Generator dialog box, click
More Options (1).

=  Under Templates Library, click Add.

= For Template Description, enter Shaft 1.

= (Click OK.

@ [I]

et | @
———
)|

In the Shaft Generator dialog box, click OK.

~

Save and close all files.
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Lesson: Bearing Generator

Overview

This lesson describes the creation and editing of bearings by using the bearing generator in
Design Accelerator.

Bearings are used to carry loads in radial and axial directions relative to a rotating part for the purpose
of reducing friction between the moving parts. By reducing the friction, the amount of force required
to rotate the parts is less, and the life of the parts is greater. Identifying the roller or ball bearing that
meets the size requirements of your design, while also meeting the use requirements for the loads,
can be a time-consuming task. Being able to use the bearing generator in Design Accelerator means
you can quickly identify and validate which roller or ball bearing to use.

In the following illustration, a section view of an assembly shows the use of a bearing between the
overhead wheel and axle.

b
.

!

Objectives

After completing this lesson, you will be able to:

= Describe the benefits of generated bearings and list the types of bearings that can be generated.
®  State the options available for creating and editing the different generated bearings.

®  Add bearings to your assembly design using the bearing generator.

®  Edit generated bearings using the bearing generator.
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About Generated Bearings

With the bearing generator, you can save time and focus on the requirements of your design because
the generator validates the selection of a bearing and adds the associated 3D content to your
assembly design. Before you create generated bearings, you should first understand what generated
bearings are, where they come from, and the benefits of generating bearings.

In the following illustration, two examples of the two types of generated bearings are shown. A ball
bearing is shown on the left, and a roller bearing is shown on the right.

Definition of Generated Bearings

Generated bearings are roller or ball bearings that are added to your assembly design using the
Design Accelerator tool Bearing Generator. The bearings that are generated come from the Content
Center. While you can add the same bearings to your assembly by using the Place from Content Center
tool, adding the bearings using the bearing generator enables you to search for bearings that meet
specific size criteria, and to conduct calculations to ensure that the bearing you select meets or
exceeds the requirements of your design.

Because the bearings that are generated originate from the Content Center, you must have access to
the Content Center. The available standards and bearing content is dependent on what content has
been installed and which Content Center libraries you are configured to access. The bearing content
comes from the active Content Center content to ensure that the most current and valid bearing
versions are selected for use.

When you conduct engineering calculations for a generated bearing, the values you selected and
entered for the bearing are stored as part of the bearing. Because the values are stored as part of the
generated bearing, you can review your results or revise your calculations at a later time.

The Bearing Generator tool searches for, calculates, and generates only roller and ball
l} bearings. If your design requires plain bearings, you can use the Plain Bearing Calculator (SI

units) to calculate the characteristics of the plain bearing and then add plain bearings to your
design from the Content Center.

|
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Example of Generated Bearings

The following illustration shows three different bearings on a shaft. Bearings (1) and (3) are ball
bearings, which can be generated using the bearing generator. Bearing (2) is a plain bearing and is the
type of bearing that cannot be generated using the bearing generator.

Bearing (1) was added to the assembly using the bearing generator, and bearing (3) was added by
placing it directly from the Content Center. While bearings (1) and (3) appear the same in the graphics
window, they appear differently in the browser and have different information stored with them.
Following Design Accelerator configuration, the actual bearing part for the generated bearingisin a
bearing subassembly component. This subassembly stores the bearing part and the calculation
information related to the bearing.

e

Bearing Generator Example.iam
Representations

D Crrigin

=k shaft:1

_E Bearing: 1

Representations

D origin

3 @JIS B 1521 63/22 22x56x16:1
di Make:1

d' Mate:2

»{) 115 B 1552 31.5x35.5x20:1
()15 B 1521 6322 22x56x16:1

Bearing Generator Options

When you generate a new bearing or edit an existing generated bearing, you interact with the Bearing
Generator dialog box. To locate the proper bearing and achieve the creation or editing results you
require, you need to know what options are available in the dialog box and where they are located.

Bearing Generator Dialog Box

The Bearing Generator dialog box is displayed after you click the tool to generate a bearing, and after
you click to edit an existing generated bearing. Within this dialog box you can specify the search
criteria for a specific sized bearing or range of sizes, select the type of bearing you want to search for,
select the insertion location for the bearing while defining its inside diameter criteria, and conduct
calculations on a bearing from the list of found bearings to ensure it meets or exceeds your
requirements for use.
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P

Bearing Generator D

Angular Contact Ball Bearings @ ~

47 mm ¥ 52mm ¥ (-@
Cylindrical Face @ From To
4 — |25 mm > || 25 mm > <—.
Start Plane [ @
~

Select Bearing

Farnily Designation | Inside diameter | Outside diameter | ‘width
SN 024645 ZKL - For high rokation,..  BF2Z0SCETE 25,000 mnm 52,000 mm 15,000 mm
STH 024645 SKF FZ05 BE 25.000 mm 52.000 mm 15.000 mm
CSMN 02 4645 B 7005 25,000 rm 47,000 mm 12,000 mm
B3 29Z: Part 1 (IT) - Mekric @ Foos 25.000 mm 47.000 mm 12.000 mm
STN 024645 SKF 7305 BE 25,000 rm 62,000 mm 17,000 mm
CSM 02 46352 L25 25,000 mm 52,000 mm 15,000 mm
PM-37M-36160 7205 25,000 rm 52,000 mm 15,000 mm
PN-57/MM-36160 7305 25,000 rmm 62,000 mm 17,000 rmm
SKF B - Angular conkack 7305 BE 25,000 rm 62,000 mm 17,000 mm o
TSkl N2 dR4AC il A0 00 e A7 0 rars 172 0NN _raee b
¥ ¥

Desian | fa Calculatiu:un<—® fa
~

From To

From To

Cancel

®©e® & © &6 &6 @ & ©

The initially active tab when generating a new bearing or editing an existing generated
bearing. Use the options on this tab to locate and generate the required bearing.

Activate to conduct validation calculations on a bearing in the search results list to ensure it
meets or exceeds the requirements for use.

Click to connect to the Content Center and select what standard, bearing category, and
bearing type to search through for a match.

Use to select part geometry in the assembly to define the inner diameter of the bearing and
constrain the bearing’s assembly location.

Enter size criteria for the outer diameter of the bearing. Values are not required. Leave the
fields empty to allow all valid size values to be returned.

Enter size criteria for the inner diameter of the bearing. Values are not required. Leave the fields
empty to allow all valid size values to be returned.

Enter size criteria for the width of the bearing. Values are not required. Leave the fields empty
to allow all valid size values to be returned.

Click to update the search results list to list bearings that meet newly added size criteria.

The list of bearings from the Content Center category that meet your search criteria. Click a
listed bearing to conduct calculations or to insert it into the assembly.

Gl

If your assembly design limits the outside diameter of the bearing, and the diameter of the shaft
is then dependent on the available bearing, when you search for a bearing do not select a
cylindrical face or enter any filter dimension values for the inside diameter. Enter filter dimension
values only for the outside diameter. As a result, search results list all possible inside diameter
values that have the specified outside diameter value.
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Bearing Standards and Categories

To specify which bearings to search for in the Content Center, you identify which industry standard,
bearing category, and bearing family you want to search through. To specify these options, you click
the currently listed category to expand the list. When you click the list, the bearing generator connects
to the Content Center. The expanded list is displayed as an embedded dialog box within the Bearing
Generator dialog box, as shown in the following illustration.

X
& Design |_f.5 Calculation ||E|
Angular Contact Ball Bearings 0 V[H
Standard ::_:_'-:'5::: Category | Angular Contact Ball Bearings 0 [v]
o _‘ Y
angular Conkact Ball ST 024645 SKF Z5M 02 4645 ST 024645 7KL

Eearings 0

i<

BS 292: Part 1 {11} - B5 290 5kF 5N 024645 SKF 5N 024045 ZkL

]

Mekric

)
)

y =i ~7 [v]

Click the current listed category to expand this list and access the Content Center so you can
select what standard, category, and bearing family you want to search.

Select the industry standard to search.

Use to select the bearing category to search. Select to search all ball bearing categories, all
roller bearing categories, or a specific category of ball bearings or roller bearings.

A list of bearing families for the selected standard and category that meet the current entered
size criteria. Click an individual bearing family to list just that specific type of bearing in the
search results list, or click the folder for the category to list members from all bearing

family types.

To restrict the list of bearing families to only those that have family members that meet your
#  size criteria, set the filter dimensions for the bearing’s inside diameter, outside diameter, or
# | width prior to selecting the bearing category.
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Generating Bearings

When using the Design Accelerator Bearing Generator to add a bearing to an assembly design, the
procedure consists of two key tasks. One task consists of defining the category or type of bearing you
want to use, and the other task consists of specifying the size criteria for the bearing. The order in
which you do these tasks within the procedure can vary, depending on the design information you
currently know and what you are trying to find or determine.

For example, if your design already dictates the size requirements for the bearing, you specify the size
criteria before you select the type of bearing to insert. However, if you need to determine what sizes
are available for a specific bearing type that meets specific use criteria, then you want to specify the
bearing category and type, and search without specifying size criteria.

To generate a bearing that meets your specific design criteria using the Design Accelerator Bearing
Generator tool, you need to understand the overall procedure for searching and adding generated
bearings.

In the following illustration, a bearing was generated and added to the assembly that met the defined
inside and outside diameter size criteria.

Access

Bearing Generator

Panel Bar: Design Accelerator

Toolbar: Design Accelerator
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Procedure: Generating Bearings

The following steps give an overview of how to identify the type of bearing you want to add to your
design, specify where it should go and some of its size criteria, and then select the specific bearing
to use.

1.  Onthe Design Accelerator panel bar, click Bearing Generator.

2. Inthe Bearing Generator dialog box, Design tab, select the category of the bearing type you
want to insert. Select a single industry standard bearing, or click the folder for that category to
search all industry standards for matching bearings.

-
B esign |f.5, Calculation # ||E|
Angular Contact Ball Bearings Iv}

Sktandard - Zateqory | Deep Groove Ball Bearings [v]

Deep @roove Ball DIN 625 -T1 DIM 625 SKF - with  DIN 625 SKF - with  DIN 625 SKF - with
Bearings one low-friction seal RSl seal snap ting groove

3.  Click the Cylindrical Face selection button. In the graphics window, select the cylindrical face
on which the bearing is assembled.

__'_4 Bearing Generator
==

_E Liesign | e Calculation

Deep Groove Ball Bearings

Fro

ylindrical Face lﬁ Fro
Skart Plane
e Fro

4. Inthe graphics window, specify the position of the bearing on the cylinder by selecting a
planar face of a part with which the side of the bearing should align. In the Bearing Generator
dialog box, click Flip if the bearing preview is shown on the wrong side of the flat plane.

Deep Groove Ball Bearings

Fro

Cvlindrical Face @ Fro
E E Stark Plane
Fro

Eelect Bearing
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In the From and To fields, measure or enter values if you require or want to refine your

search results.

Bearing Generator

B pesign Je Calculation

Deep Groove Ball Bearings

Cylindrical Face
Start Plane

Fram
45 mm

Fram

O

[ Fram

X
fo
b
To
» || 52.000 mm >
To
> >
To
> >

Click Update to have the bearing results list update using the specified criteria and values.

M | Cylindrical Face

Start Plane

Select Bearing

Fram

£ |

[ Fram

Farmily Designation | Inside diameter
STH 024630 ZKL *16005 25.000 rarm
STH 024630 ZKL 60054 25.000 rarm
C5M 02 4630 6205 25.000 rarm
KS B >3 Aans 22 700 e

In the bearing results list, click the bearing you want to add to the assembly design.

Outside diameter

47,000 riri
47,000 riri
52,000 rirn

42 000 mm

To
>
To
>
7
width [
8,000 mm
12,000 rarm
15,000 rarn
Q000 mm

Selected Bearing: DIM 625 (SKF 6304)
Farmily Designation Inside diameter | Outside diameter | Width 7
STH 024640 SKF - wit... 6304-Z 20,000 rarm 52.000 rarm 15,000 rarm
BS 290 65304 20,000 rarm 52.000 rarm 15,000 rarm
BS 290 SKF - with RS... 6304-R51 20,000 rarm 52.000 rarm 15,000 rarm
BS 290 SKF - with two... 6304-2R51 20,000 rarm 52.000 rarm 15,000 rarm
BS 290 SKF - with twa... 62304-2R51 20,000 rarm 52.000 rarm 21.000 rarm
DINE25-T1 6304 20,000 rarn 52.000 rarm 15,000 rarm
DIN 625 6304 20,000 rarn 52.000 rarn 15,000 rarm
DIM 625 SKF - with R... 6304-R51 20,000 rarm % 52.000 rarm 15,000 rarm
DIM 625 SKF - with tw,.. 6304-2R51 20,000 rarm 52.000 rarm 15,000 rarm
NI A25 SKE - with bar £273N4-7051 20 A0N e 52 AN e 21 AN e
¥ ¥
[ Ok ] [ Cancel ]

Click the Calculation tab to enter the appropriate values to calculate and determine whether
the bearing fully meets your use requirements in your assembly design.

Bearing Generator

[ Design | f& Calculation
Type of Strength Calculation

Theck caleulation

Loads

R.adial Load

F, | 400N

Bearing Properties

Marninal Contact Angle

Basic Dynamic Load Rating

Basic Static Load Rating
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9. Click OKto have the selected bearing inserted into the assembly. If the File Naming dialog box
opens because the Always Prompt for Filename option is selected, enter a new name or
location for the files, if required. Click OK to complete the insertion of the bearing.

= If you generate a bearing without selecting a cylindrical face, you need to add assembly
/}f constraints to the bearing to have it properly positioned in the assembly.

Editing Generated Bearings

You can perform three types of tasks to edit a Design Accelerator generated bearing. You can delete
it, change its assembly position relative to the geometry you selected, and change the type or size of

the bearing. To accomplish these editing tasks, you need to know the procedure for editing generated
bearings and where and how to access the editing tool.

In the following illustration, a design was changed by switching from using ball bearings to
roller bearings.
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Access

You access the tools for editing and deleting Design Accelerator generated bearings from the shortcut
menu after right-clicking the bearing in the browser or graphics window. After right-clicking the
bearing, you click Delete Design Accelerator Component to delete it, or you click Edit Using Design
Accelerator to change its size, type, or assembly position.

After you click Edit Using Design Accelerator, the same Bearing Generator dialog box you used to
initially generate the bearing opens with the same design and calculation options. In addition to
changing the size or type of bearing, while editing the bearing you can change its assembly offset
location by clicking and dragging the arrow grip associated with the bearing preview.

Repeak Previous View

Select Other, ..
i} Edit using Design Accelerator I

W
open

Ia Copy Chri4C
A Delete Design Sccelerator Component

e bioo ke

Procedure: Editing Generated Bearings

The following steps give an overview of editing an existing Design Accelerator generated bearing to
replace it with a different bearing.

1.  Inthe browser or graphics window, right-click the generated bearing you want to edit. Click
Edit Using Design Accelerator.

2. Inthe Bearing Generator dialog box on the Design tab, select a different bearing type
or criteria.

3. Ifyouchanged the dimensional criteria for the bearing search, in the Bearing Generator dialog
box on the Design tab, click Update.

4. Inthe search results list of bearings that meet your design criteria, select the bearing
you require.

5.  Click OK to have the newly selected bearing replace the existing bearing.
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Exercise: Generate and Edit Bearings

In this exercise, you generate bearing designs and Generate Bearings in an Assembly

add themto an assembly design. You also make edits

to the bearings including changing a bearing In this section of the exercise, you generate two
position, updating a bearing after a shaft design bearings and add them to an assembly design.
change, and changing the type of bearing being

used in the design. 1.  Open GearBox-A.iam.

2.  Change the panel bar to the Design
Accelerator panel bar.

The completed exercise

3.  Onthe panel bar, click Bearing Generator.

( Eﬂ Completing the Exercise ) o )
: 4. Tobegin defining a deep groove ball bearing
= . Tocomplete the exercise, follow the dd h blv:
steps in this book or in the onscreen to add to the assembly:
exercise.In the onscreen list of chapters ®  On the Design tab, click the down arrow
and exercises, click Chapter 4: Design for the bearings list (1).
Accelerators. Click Exercise: Generate = ForStandard. select All
and Edit Bearings. or >tandard, select All.
®  For Category, select Deep Groove Ball
Bearings.
NoOTE: This exercise assumes the following setup = Inthe pane showing the available
conditions: bearings, click the Deep Groove Ball
®" The Inventor DIN Content Center library is Bearings folder as indicated.
installed and available for use. o
®  The prompt for file names for generated M oeson [ oot %f&
components is set to its default setting of always il P )
prompting for file names. e ] o cotiee S
De;mﬁ CEROZ 4630 ESZ2 Pait i MBS 230 59F - with
Besings Metri) v RED gy
SF B s with i () ina) OET raaay STN L5 SF
lova-frien ioal
MY s F s, M
Deep Groowe Bl Bearings
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5.

6.

To specify the shaft diameter and position of
the bearing:

® Inthe Bearing Generator dialog box, click
the Cylindrical Face select button.

"  For the cylindrical face, in the graphics
window, click the identified face of the
shaft.

®  For the start plane, click the identified
planar face.

" |nthe Bearing Generator dialog box, click
Flip to change the insert direction. The
preview appears as shown.

8.
In the Bearing Generator dialog box, click
Update.
A From o Y
i ol B2 2
T Fram To
g 2 E
9.
=signation | Inside diameter | Outside diameter
205-2R51 25,000 52,000 rrn
2205-2R51 25,000 rm 52,000 rrn
ans 25,000 rrn 47,000 rrn
1305 25,000 37,000 mrn

In the list of available bearings, scroll through
the list to observe the number of bearings
that matches the inside diameter.

NoTE: Decrease the size of the Family column
or increase the width of the dialog box to
view more of the data for each bearing family.

Inside diameter | Qukside diameter | wWidth

20,000 rarm 32,000 mm 7,000 rarm

20,000 rarm 42,000 mm 5.000 rarm

20,000 rarm 42,000 mm 12,000 rm
20,000 rarm 47,000 mm 14,000 ram
20,000 rarm 52,000 mm 15,000 rm
20,000 rarm 42,000 mm 12,000 rm
20,000 rarm 47,000 mm 14,000 ram
20,000 rarm 42,000 mm 12,000 rm

b nln WY bl B [ [ WYY T OO0 e,

Jeep Groove Ball Bearings, D<Ma; Ma=, d<20,000 rnm_I

To begin limiting the list of available bearings
to those that have an outside diameter equal
to aspecificamount, in the Bearing Generator
dialog box top To field, click the right arrow.
Click Measure as shown.

X,
& o)
9
1 Tao
|> |> Measure
1 To
2] 2
n To
2] 12

In the graphics window, click the cylindrical
face as shown.
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10. Toupdate the bearing list now that a distance 13. Inthe browser and graphics window, review
of 52.000 mm is listed in the To field, in the the results of the bearing you generated.
Bearing Generator dialog box, click Update.

From Ta
(> |s2000mm |3

ﬁ Fram Ta
il [2] 2]

T Fram Ta
o B B

Inside diameter | Qutside diameker | width
20,000 rrn 32,000 rrn 7,000 rmm

20,000 mm 42,000 mm 5,000 mm
20,000 mim 42,000 mm 12,000 mm 14. To begin adding another bearing based on
20,000 mm 47,000 mm 14,000 ram different criteria:
11. To begin inserting the bearing into the " Onthe panel bar, click Bearing Generator.

assembly: ®  |nthe Bearing Generator dialog box,

® Inthe list of bearings, scroll down and Des'?” ta'?' click the down arrow for the
select the bearing family DIN 625 as bearings list.
shown. ® Inthe Standard list, select DIN.

" (lick OK. ®  (Click the angular contact ball bearing

DIN 615 as shown.

Selected Bearing: DIMN 625 (3KF 6304)

Fannily Designation | Inside dia,.. | Outs n |f.§ Zalculation
B3 #92; Part 1 (I) ... 6304 20,000 mm 52,0
3EF - Single row b,., 6304 20,000 mm 5.0 “ontact Ball Bearings
DIM 625 SKF - wit... 6304-2RS1 20000 mm 52,0
DIN 625 6304 20,000 mm 52,0 m ]
DIM 625 Sk - wit.,. 6304-RS1  20.000mm  52.0 S v Category | Angular
DIM 625 3KF - wit,,, 62304-2,,. Z0,000mm 52,0 R
DIM 625 3KF - wit,,, 6304-2 20,000 mm 52,0
DIM 625 3KF - wit,,, 6304-272 20,000 mm 52,0 -
DIM 625 3KF - wit,,, 6304 M 20,000 mm 52,0 = '
MThI 6575 - T1 AN 20000 57 1 Contact Ball DIM 635 - T1 DIEIS
| 1:53:31 PM Query result; 67 Bearings (Filker: Deep Gro Zarings

12. Inthe File Naming dialog box:

= (Clear the Always Prompt for Filename
check box.

= Click OK.

File Maming

Item Display name | File name

Bearing C\Documents and Sektin

[] always prompt Far Filename
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15. To specify the shaft diameter and position of
the bearing:

In the Bearing Generator dialog box, click
the Cylindrical Face select button.

For the cylindrical face, in the graphics
window, click the identified face on the
other shaft.

For the start plane, click the identified
planar face.

In the Bearing Generator dialog box, click
Flip to change the insert direction. The
preview appears as shown.

16. To specify the outer diameter of the bearing:

In the top To field, click the right arrow
and click Measure.

Click the cylindrical face as shown.

17.

1.

To update the list of selectable bearings and
insert a bearing:

In the Bearing Generator dialog box, click
Update.

In the list of bearings, select the bearing
family L 25.

Click OK. The bearing appears on the
shaft as shown.

Generate Different Bearings
in an Assembly

In this section of the exercise, you generate bearings
using different criteria and add them to an assembly
design.

To begin adding a third bearing using a

different order of selecting criteria:

On the panel bar, click Bearing Generator.

In the Bearing Generator dialog box, click
the Cylindrical Face select button.

For the cylindrical face, in the graphics
window, click the identified face on the
first selected shaft.

For the start plane, click the identified
planar face.
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]

Angular Contact Ball Bearings M

-|All Ball Bearing Categories
Angular Contack Ball Bearings
Deep Groove Ball Bearings
Double Direction Angular Conkact Ball Bearings
Double Direction Thrust Ball Bearings
Double Row Angular Contack Ball Bearings
Filling Slat Ball Bearings
Four Point Contack Ball Bearings
Magneta Ball Bearings
Self-aligning Ball Bearings
Thrust Ball Bearings
Al Roller Bearings
Cylindrical Raller Bearings
Cylindrical Roller Thrusk Bearings
Double Row Cylindrical Roller Bearings
Double Row Tapered Roller Bearings
| Meedle Roller Bearings
Meedle Roller Thrust Bearings %
| Spherical Roller Bearings 1
spherical Roller Thrust Bearings

-

2.  To specify the outer diameter of the bearing:

® Inthe top To field, click the right arrow 4, In the list of DIN needle roller bearings, click
and click Measure. DIN 618 - T1 HK.

" (Click the cylindrical face as shown. —
Iulation |

oI - Cakegory | Meedle Roller Bearing

DIME1E - T1 BK DIN 615 - T1 HE
(Closed)

5. Toreview calculation data for one of the
bearings:
" (lick the Calculation tab.
®  |nthe bearing list, click HK3016.
" (lick Calculate.

= Review the calculation results message
indicating failure using these default
values.

3.  Tobegin setting the search criteria for needle
roller bearings in the DIN standard:

® Inthe Bearing Generator dialog box, click

the down arrow for the bearings list. b e M

u For Category, select Needle Roller Designation | Inside diameter | Outside diameter
Bearings. HK301Z 30,000 mm 37,000 mm
HES016 30,000 mm 37.000 mm
HES0Z0 30,000 mm 37.000 mm

215221 PM Dynamic equivalant load P is smaller than
2:52:21 PM Liniting speed lubrication oil walug nok Four
2:52:21 PM Calculation: Calculation indicates design F

£
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6. To review calculation data for the first listed 9.
bearing:
® |nthe bearing list, click HK3012.
= (Click Calculate.

= Review the calculation results message
indicating success.

Reminder: Results of design compliance or
failure are relevant only if the values used in
the calculation are truly pertinent to the
design requirements.

LUbrication 1ype

Designation | Inside dia... | Qutside dia...| Width

HKk3012 30,000 mm 37,000 mm 12,000 mm
HES016 30,000 mm 37,000 mm 16,000 mm
HES0z20 30,000 mm 37,000 mm 20,000 mm

2156238 PM Limiting speed lubrication oil value nok Fou

#

7. Inthe Bearing Generator dialog box, click

File Naming.
X
¢
Results ®
L 832563 hr
2 Lna 832563 hr

8. Inthe File Naming dialog box:

= Select the Always Prompt for Filename
check box to turn on file prompting again
for components generated after this one.

= (lick OK.

File Maming

Item Display name | File name

Bearing Ci\Documents and Sektin

Iwa\,-'s prompk: For filename
14
hi]

2196138 PM Calculation: Caloulation indicates design o 10.

In the Bearing Generator, click OK. The
bearing appears on the shaft as shown.

In the browser and graphics window, review
the bearings that you have generated.

i.-- GearBox-A.lam
Representations
D Crrigin

@ GearBoxBottom: 1
@ CoverInpuk: 1
@ CowverQutput: 1
2k shaft:1

Ik shaft:z

‘3 _E Bearing:1

1;3 _E Beating:2

‘B _E Eearing:3
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Edit Bearings 3.

In this section of the exercise, you edit two of the
bearings you previously generated.

1.  To change the offset position of the needle
roller bearing:

® |nthe browser, right-click Bearing:3. Click
Edit Using Design Accelerator.

® |nthe graphics window, click and drag
the arrow grip to the upper right to the
approximate value shown.

4,
5.
2. IntheBearing Generator dialog box, click OK.
The bearing is now positioned as shown.
6.

To begin changing the diameter of the shaft
where the first bearing was inserted, in the
graphics window, right-click the identified
shaft. Click Edit Using Design Accelerator.

In the Shaft Component Generator dialog
box, Sections area, double-click the last
section Cylinder 20 x 17.8.

In the Cylinder dialog box:

®  |n the Size cell for dimension D,
enter 25 mm.

= (lick OK.
F [ 4]
.| b

Cylinder 28 x5

'|

~| Cylinder 20 17.5 =

Cylinder

Dimensions Pre

Mare | Size
D 25 mm
L 17,8 mm

Descripkion

Main Ciarneter
Length

In the Shaft Component Generator dialog
box, click OK. In the browser, review the
status of the first bearing. Notice that it
indicates that it requires updating.

[/ coverlnput: 1
@ CoverZutpuk: 1
&k shaft:1
=k shaft:z
B Bearing:1  <€—
Representations
D Cirigin
@ DIM 625 SKF 6304:1
AP Mate: 12
H Flush:3
H— {3 _E Bearing:2
t— ‘3 _Ei Bearing: 3

T

¥l

¥
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To edit and update the bearing on that

shaft end:

® |n the graphics window, right-click
Bearing:1. Click Edit Using Design
Accelerator.

® Inthe Bearing Generator dialog box, click
Update.

® |nthe list of found bearings, click the
family name DIN 625.

= Click OK.

=

L4 LoverJutpuc, 1
ik shaft:1
&k shaft:2
= {3 _E_ Bearing:]
Representations
D Crigin
@ DIN 625 SkF 62035:1
P Mate: 16
] Flush:s
[+ E}' _E_ Bearing: 2
[#- 'E; _E Bearing: 3

[+

11.

To begin changing the style of roller bearing
for that first bearing, in the graphics window,
right-click Bearing:1. Click Edit Using Design

Accelerator.
12.

In the Bearing Generator dialog box:

®  (Click the down arrow for the bearings list.

" |nthe Category list, click Four Point
Contact Ball Bearings.

—
=) S|

g

Deep Groove Ball Bearings M

all Ball Bearing Categories
Angular Contact Ball Bearings
Deep Groove Ball Bearings
Double Direction Angular Contact Ball Bearings
Double Direction Thrust Ball Bearings
Double Row Angular Contack Ball Bearings
Filling 5lok Ball Bearings
Four Point Conkact Ball Eeqrings
Magneto Ball Bearings T%
Self-aligning Ball Bearings
Thrust Ball Bearings
- ol Roller Bearings

“ylindrical Roller Bearinos

13.

=

In the list of DIN four point contact ball
bearings, click DIN 628 - T4.

_Ei Diesign |f§ Calculation

Deep Groove Ball Bearings

e S
DIM 623 - T4 DIM 625 -

Four Poink Conkack
Ball Bearings Four-pair

Cakegor

In the list of found bearings, select QJ205.
Click OK.

Selected Bearing: DIM 628 - T4 (QJ205 - 25 x 52 x 15)

Cutside diameter | W
52,000 rrn

Inside diameter
25,000 rorn

Cesignation

i01205
e

Review the changes to the bearing.

Save and close all files.
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Lesson: Gear Generators

Overview

This lesson describes the creation and editing of spur, bevel, and worm gear sets in Design
Accelerator. Design Accelerator contains a specific gear generator for each type of gear.

Gears are components that determine the speed, torque, and direction of power as it is transferred
through a system. Properly designed gears transmit power smoothly and efficiently, thus reducing
wear and impact on the system. By changing gear ratios, you can run machinery at optimum efficiency
and adjust to changing conditions. Using Design Accelerator, you can identify multiple gear
combinations, and validate their capabilities within your design.

In the following illustration, spur gears are generated to complete a planetary gear system.

Objectives

After completing this lesson, you will be able to:

= Describe the different types of gears and the benefits of using gear generators.

= State the options available for creating and editing the different generated gears.
= Generate different sets of gears using the appropriate gear generator.

=  Edit generated gears using the appropriate Design Accelerator generator.
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About Generating Gears

The gear generators in Design Accelerator enable you to add gear models to your designs by entering
data in a table format, and then validating your entries prior to producing the gear set. The gear
generators automate the gear design process and reduce the time required to sketch and model
gear data.

The gear generators are designed so that you can add general information regarding the type of gear
set selected and then provide data for the individual gears. At any time during this process, you can
calculate the current data, preview the gear set in the graphics window, and review the calculations
for possible issues.

In the following illustration, the loads applied to a gear set are reviewed.

Gear 1 Gear 2
Povwer P 1.000 ki 0.980 ki
Speed r 1000.00 rprm |613.64 rpm
Torgue T 9549 M m  |15231 N m
Efficiency n 0.950 ul
Radial Force F 115,766 M
Tangential Force F 313,380 N

Definition of Generated Gears

The gear generators are the conduit for entering gear data to produce gear models in your assemblies.
After the required data is entered into the gear generator, the data is processed and models are
produced based on the data provided. You do not need access to the Content Center to create

gear sets.

The data that you input into the gear generators and the resulting calculations are stored with the
gear set. Because the values are stored as part of the generated gear set, you can review your results
or revise your calculations at a later time. In addition, you can export the data that you input and the
calculated data to an ACSII text file to review or share with colleagues.
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Spur Gears Component Generator

f Design

Je Calculation

Carmmon
Design Guide Pressure Angle
|Number aof Teeth M | 20,0000 deg

it Corrections Gui

User

B Common Parameters

Gear Ratio i 2.3556 ul e Total Unit Correctior
Desired Gear Ratio i, | 2.5000 ul M | 0.0495 ul
Module | 2,250 mirm Gear?
Helix Angle 0.0000 de

2] B J g ete Camponent
Pressure Angle 0 |20.0000 deg Mumber of Teeth

alane

Center Distance 4, | 72.111 mm 46 ul
Product Center Distance a | 72.000 mm 0 Facewidth
Total Unit Carrection Tx | 0.0496 ul | | 20.000 mm
irr 1 lar Pitrh (&) FNAD M rHon £ s lecs Fhan Fhe | IRk Correckioe

Example: Generated Gears

In the following illustration, a bevel gear set is created to change the direction and transmit power
from the input shaft to the threaded rod. Now that the gear design has been finalized, the final shaft
lengths can be determined, as well as the methods to secure the gears to the shafts.

Gear Generator Options

When you create or edit gear sets, you interact with the Gears Component Generator dialog box for
the type of gear specified. The Design Accelerator enables you to efficiently design spur, bevel, and
worm gear sets. To design and position your gear sets in your assemblies, you need to know what
options are available in the dialog box and where they are located.
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The specific Gears Component Generator dialog box displays after you click the tool to generate gears.
Within this dialog box, you enter the method and values required to calculate the required gear set.
The information required varies depending on the method used.

Each of the gear component generator dialog boxes is divided into three main areas. In the Common
area, you can specify the gear creation method and other information pertaining to the overall gear
set. In the Gear1 and Gear2 areas, you can specify data that is specific to the individual gear. For
example, for a bevel gear set, when you define the Cylindrical Face and Start Plane for each gear, the
Shaft Angle is calculated and displayed in the Common area.

In the following illustration, each of the gear generator dialog boxes is visible. Each gear generator has
Design and Calculation tabs where you design and evaluate gear sets.

Spur Gears Component Generator

gF Design | e Calculation =l |_f

Comman

Design
Bevel Gears Component Generator
Mumbe

- 1 n! . Lt 1,

Desired ﬁ Diesign |f;_5, Calculation

2,500 Carmmon
E 1atid kb =l Haliv fimal

Geat Rati
1.DDDD: Worm Gears Component Generator

Maodule ﬁ Ciesign | e Calculation

Gearl 3,000 m) Comman

Compd Desired Gear Ratio Tan. Module Tan. Pressure Angle
Numbed] | [&53r | 400000 ul || 4.000 mm lv| [ 20,0000 deg I

1534 Cornpor
amber d) | [ Proview, ]

Facewi
20,00 17ul hiorm Wi orm gear
Lt Coarr
¥ 0,000 |C0mponent [v] Cylindrical Face Component f
. Mumber of Threads Mumber of Teeth
@ Tannenki - % Start plane PP

11

Spur Gear Options

The following options are available for creating spur gear sets.

ur Gears Component Generator %
Desion | fig Cdcdatlnn_{—@ e T

Comman <f— @ »
Design Guide Pressure Angle Helix Angle

Murnber of Teeth ﬂ |2ﬂ.IIIDIJdeg ﬂ 30,0000 deq '>'@
Desired Gear Ratio Unik Corrections Guide

2.0000 ul [v| Ointernal [user v|
Module Center Distance Total Unit Correction
| 2.000 mm ][ 80.000 mm [v| [oae47u |
Gear] ff— @ Gear? e

Companent vl Cyfindrical Face [Component v Cylindrical Face

Number of Teeth Murnber of Testh
23ul . I Start plane a6 ul I start plane

Facewidth Unik Carrection Facewidth Uit Carrection

| 32000 mm [» | 0.0000u (2| | 32,000 mm (2] 0.1647ul |
¥ ¥ »
caleate | [ ok ][ cancel |[>2]
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Use to enter data to design the gear set.

Use to input power and speed requirements and review calculation results. Calculations are
based on power and speed inputs, and information from the Design tab.

Use to specify information that applies to the entire gear set.
Use to input data specific to the first gear.

Use to input data specific to the second gear.

Bevel Gear Options

The following options are available for creating bevel gear sets.

B!I Gears Component Generator )
& oesn | £, Caktotion - — (@) =4~ ey EAP=
(oMo -~f— @ *
Gear Ratio Facewidth Pressure angle Helix Angle
(z.4783ul 20,000 mm > [20.0000 deg ﬂ 0,0000 deg _'>'
ﬁodule ; Shaft Angle Llrit Corrections Guide
| 3.000 fren ]| 20.0000 deg 2 [user [v] [ _preview.. |

Gear] af— @ Gears fe— @

.meng“t il Cylindrical Face [Companent 1.| Cylindrical Face
Mumber of Testh Mumnbeer of Testh
z3ul ')'}h&ﬁ-ﬁane s7u 'ygnglane

Unit Correction Unit Correctian
0.0000 ul [z -0,0000 ul
Tangential Displacement Tangential Displacerment
0.0000 ul 2] -0.0000 ul
¥ 4% 5_
[ caume J[__ok [ coancal |[>2]

Use to enter data to design the gear set.

Use to input power and speed requirements and review calculation results. Calculations are
based on power and speed inputs, and information from the Design tab.

@ Use to specify information that applies to the entire gear set.
@ Use to input data specific to the first gear.

Use to input data specific to the second gear.
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Worm Gear Options

The following options are available for creating worm gear sets.

Worm Gears Component Generator EI'
e —al £
Design | fg Calculation e @ S d|F| 58
Common (—@ »
Desired Gear Ratic Tan, Module Tan, Pressure Angle Helix Angle
40,0000 ul 4,000 mm ﬂ |2n.mon dea ﬂ 5.7106 deg @

WK e @ Warm gear f— @

Componernt s Cyindrical Face Companent v Cylindrical Face

Mumber of Threads Murnber of Teeth

1u } I start plane w0 Tﬁsratﬁam
Worm Length Facewidth
0,000 mm 2] 20,000 mm 2]
Pitch Diametar Diarneter Fackor Uik Correction
40,000 mm | 10.0000 ul v | [o.0000u 2]
¥ ¥ |®
[ calumte J[ ok J[ cancel |[>2]

Use to enter data to design the gear set.

Use to input power and speed requirements and review calculation results. Calculations are
based on power and speed inputs, and information from the Design tab.

Use to specify information that applies to the entire gear set.

Use to input data specific to the worm.

Use to input data specific to the worm gear.

Common Gear Generator Options

The following options are available when creating gears. For each gear generator, you can perform
tasks that enable you to streamline your design process. Each of the options shown on the left of the
following illustration is available when the Design tab of the Gear Component Generator is active.
When the Calculation tab is active, the options are limited to those shown on the right of the
illustration.

————L] —
@—>s5HFsAa FIEE

gl ‘
@ o0

Design Tab Calculation Tab

Use to import templates. Templates can be CAL or XML format.
Use to export templates in XML format.
Use to redefine display name and file name for components and display name for features.

Use to Enable/Disable Calculations.

Use to display an HTML calculation report in a new window.
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Data Transfer to Dynamic Simulation Environment

Data created by the Gear Generator can be transferred to the Dynamic Simulation environment.

Dynamic Simulation—Rolling Joints

Gear sets created using the Design Accelerator transfer into the Dynamic Simulation environment as
rolling joints. When you enter the Dynamic Simulation environment, each rolling joint will be
displayed in the Browser. If you hover the cursor over the rolling joint in the Browser, vectors will
display in the graphics area.

+ Colted onnection: L

+-f Bolted Connection:2
¥ % Bolted Connection: 3
+ % Bolted Connection: 4
% Involute Spline Connection: 1
+-B welded group:3
¥ :’% Mobile Groups
+ Q Standard Joints
=@ Rolling Joints 4
_Q}|Rolling: Cylinder on Cylinder:s {Spur Gearl:1, Sp
=" External Loads L}S I- -

:\"f} iaraviby

Creating Gears

When using Design Accelerator to add gears to your assemblies, the procedure that you use is
dependent on the gear type selected and the input data available to you. The dialog box for each gear
type contains Design and Calculation tabs. On the Design tab, a Common area exists to input data
pertaining to the gears. Depending on the method selected, the data in the dialog box may be entered
manually, or it may be calculated from other input data.

In the following illustration, a spur gear set is added to the assembly. In the Common area of the Spur
Gears Component Generator dialog box, the Desired Gear Ratio is calculated from the number of gear
teeth input for each gear, and the Center Distance is obtained from the selection of the shaft in the
graphics window.
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Access

!pur Gears Eumpnnen! Generator
f Design | f Calculation |

Zarnrmon

Design Guide Pres:
|Center Distance [Zl E?U-
Desired Gear Ratio it

| 218184l | [internal Else
Madule Center Distance Tota
| 2,000 mm v | 70.000 mm | [o0
aearl Gea

|'::°"“|3°'-"3nt E' Cylindrical Face IZZO'T

Murber of Teeth Tk

| 22 | Start plane [48!

Facewidth Uit Correction Face

Spur Gears Generator
g5
Panel Bar: Design Accelerator

Toolbar: Design Accelerator

Bevel Gears Generator

&

Panel Bar: Design Accelerator

Toolbar: Design Accelerator

Worm Gears Generator

W

Panel Bar: Design Accelerator

Toolbar: Design Accelerator
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Procedure: Creating Gears

The following steps describe creating gear sets. In this example, the Spur Gears Component Generator
illustrates the procedure. However, the steps involved are similar for all three gear types.

1. Start the Gear Component Generator.

Design Accelerator =

2.  Onthe Design tab, Common area, enter and
select defining values that are common to
both gears. £ Desion | £ Calculation

Carmmon
Design Guide

Murnber of Teeth

Spur Gears Component Generator

Desired Gear Ratio

2.4783 ul| ™ [J1internal
1.0000 ul # | Center Distance
11200 ul "
1.2500 ul 50,000 rmm
1.4000 ul
1.6000 ul
1.8000 ul
2.0000 ul % Cylindrical Face
2 2400 0
3.  Define the first gear by selecting sizes and Gearl
existing geometry for position if geometr ™
oad 99 -0t >|-l] P bl 9 y -ampanent e Cylindrical Face
already exists in the assembly. R S
25l Skart plane
Facewidth |nit Correction
20,000 mm > || n.0000ul FY
4. Define the second gear. Gear?

Companent [l Cylindrical Face

Mumber of Teeth
a6 ul Start plane
Facewidth Init: Correction
32,000 mm 3| 01647
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5.  Generate the gears.

Editing Gears

You can edit gear sets created with Design Accelerator with the same tools used to create the gear
sets. You can edit the size and location of either gear. Depending on the type of gear, you can also
change gear ratios, face width, or pressure angles to test additional gear options. To accomplish these
editing tasks, you need to know the procedure for editing generated gears and where and how to
access the editing tool.

In the following illustration, the gear ratio was changed to spin the driven gear faster. After editing the
gears, gear calculations were reviewed to ensure a sound design.

Access

You access the tools for editing and deleting Design Accelerator gear sets from the shortcut menu
after right-clicking the gear set in the browser or graphics window. After right-clicking the gear set,
you click Delete Design Accelerator Component to delete it, or you click Edit Using Design Accelerator
to change its size, type, or assembly position.

After you click Edit Using Design Accelerator, the same gear generator dialog box that you used to
initially create the gear set opens with the same design and calculation options. In addition to
changing the size or ratio of the gear set, while editing the gear set you can change its assembly
location by specifying a new cylindrical face and start plane.
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Repeat Return

Select Other. ..

%

83

Qpen
Ia Copy Chrl+-C
. Delete Design Accelerator Component

Selection

1 Isolake

3D Grips on Gear Sets

3D Grips are enabled on gear sets generated using the Design Accelerators Gear Component
Generators. Depending on the specifications and type of gear, 3D Grips will display to define the
facewidth or diameter of the gears.
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Procedure: Editing Gears

The following steps describe editing gears using Design Accelerator.

1.  Inthe browser or graphics window, right-click
a gear in the gear set and click Edit Using
Design Accelerator.

Repeat Undo

Select Other...

2.  Make the changes to the gear set as needed.

Wne
F Design | f Caloulation

~ Cammon
Design Guide

|Num|:uer of Teeth

Desired Gear Ratio

1.6000 ul |
1.2500ul ”~
1,4000 ul E
1.6000 ul
1,8000 ul
2.0000 ul
Z,2400 ul

2.8000ul t\!S
31500 0l

L

h]

3.  (lick OK to update the gear set.
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Editing Gears Using 3D Grips

The following steps describe editing gears using 3D Grips to define facewidth. You can use 3D Grips
during the creation or editing of gearsets.

1.  Inthe browser or graphics window, right-click
a gear in the gear set and click Edit Using
Design Accelerator.

Repeat Undo

Select Other., ..
ﬂEdit using Design ntceleratc

open

[ Copy

2.  Drag the 3D Grip to the desired facewidth.

b = 29,000 mm b
= . mm
i

3.  Click OK to update the gear set.
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Exercise: Generate and Edit Gears

In this exercise, you create spur and bevel gear sets.
You edit the gears to provide clearance for the shafts.

The completed exercise

L

o

Completing the Exercise

To complete the exercise, follow the
steps in this book or in the onscreen
exercise. In the onscreen list of chapters
and exercises, click Chapter 4: Design
Accelerators. Click Exercise: Generate
and Edit Geatrs.

Create Spur Gears

In this section of the exercise, you add a spur gear set
to an assembly.

1.  Open Bead_Roller.iam.

2.  Rotate the view so you can see the handle
area.

3. Toaccess Design Accelerator:

On the Assembly Panel, click Assembly
Panel.

Click Design Accelerator.

Assembly Panel =
Autalinits ) gm gg
Design .ﬁ.cceleratu% ]
Frame Generakar b
ol S Ry
Display Text with Icons =
A =1 1 A =ns =

4, Tobegin to add spur gears to your assembly,
on the Design Accelerator panel bar, click
Spur Gear Generator.

Spur Gears Component Generator

g Design | fig Calculation

Zammon
Design Guide

|Mu:u:||.||e and Murnber of Teeth

Desired Gear Ratio

| z.4783 Ul M [internal
Madule Center Distance
|2.|:u:|c| i || 25.000 rm
Gearl
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5. Toset the Common values for the spur gear: 7. Todefine the values for Gear 2:
®  |nthe Spur Gear Component Generator ®  |nthe Spur Gear Component Generator
dialog box, under Common, for Design dialog box, under Gear 2, click Cylindrical
Guide, click Number of Teeth. Face. Click the lower shaft (1).
®  For Desired Gear Ratio, click 1.0000 ul. ®  (lick Start Plane. Click the bushing
= For Module, click 2.000 mm. face (2).
u For Hehx Anglel enter 0. u For FaceWidth, enter 25.
" Verify that Internal is not selected. Notice that under Common the Center
Cammon Distance has updated.
Design Guide
|Number of Teeth [\-
Desired Gear Ratio
| 1.0000 ul M [ irternal
Module Center Diskance
| 2.000 mm || 12,0000 N
6. Todefine the values for Gear 1:
" |nthe Spur Gear Component Generator
dialog box, under Gear 1, click Cylindrical
Face. Click the shaft near the handle (1).
®  (Click Start Plane. Click the bushing
face (2).
®  Drag the 3D Grip (3) to a value of 25.
8.  Tocheckyour design, in the Spur Gears
Component Generator, click Calculate.
I Calculate l l Ok l [ Cance
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9. Toaddthegearstoyourassembly, click OK.In 2. Tobegintoadd bevel gears to yourassembly,
the File Naming dialog box, click OK. on the Design Accelerator panel bar, click the
Spur Gear flyout. Click Bevel Gear Generator.

Design Accelerator =

3.  Toset the Common values for the bevel gears:

® |nthe Bevel Gears Component Generator
dialog box, under Common, for
Facewidth, enter 4.

®  For Module, select 1.125 mm.

Common

Gear Ratio Facewidth

24783 ul || 4 mm 12
Create and Edit Bevel Gears Module SHSRE Arle

|1.125 - M|9EI.DDDEI deg E

In this section of the exercise, you create and edit a
bevel gear set.
4, To define the values for Gear 1:

1. Rotate the view to see behind the rollers. -

: ] . In the Bevel Gear Component Generator
Adjust view on the area indicated (1).

dialog box, under Gear 1, for Number of
Teeth, enter 16.

®  (lick Cylindrical Face. Click the shaft as
indicated (1).

®  (Click Start Plane. Click the face as
indicated (2).
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5.

To define the values for Gear 2:

| ||| 00000l |
n
:jn tlhe P;)evel Gedar Cgmp;)r:cen':\lGensratofr .| 82246 AM Design: Gear 1: The Unit Correction (x) is |
Tla (;19 0x, u1n érGear Z, tor Number o 'aizzi46 am Design: Mumbers of teeth are commensur:
eeth, enter 16. 122146 AM Design: Gear 2: The Unit Correction () is |
® Click Cylindrical Face. Click the mounting B:22:47 AM Calculation: Calculation indicates design Fz
shaft as indicated (1).
= (lick Start Plane. Click the washer face as Y
indicated (2). @
8. Toview the calculation results:
®  |ntheBevel Gears Component Generator,
click the Calculation tab.
= Review the results.
x
& W[=[5]2
_ Results [1] «
E 15876 ul
N by 0.3143 ul
6. Tocheck your design, in the Bevel Gears —
Component Generator, click Calculate. _ e
eview, ., dae 19.591 mm
— e da 18.000 mm | =
dr 16.091 rim
ical Face
[ Calrulate N [ (014 ] [ 2 03532 ul
- £ -0,3205 ul
dane
%y -0.4873ul
54 o709zl
_Eear 2
d,. 19,591 mm
9.  This gear set will be driven by hand. To
change the loads on the bevel gears:
®  |ntheBevel Gears Component Generator,
Calculation tab, under Loads, for Power,
enter .001 kW.
) ) ®  For Speed, enter 40 rpm.
7. Toreview the gear calculation message: = Click Calculate
® |nthe Bevel Gears Component Generator P
dialog box, notice the red lines displayed Gear 1 Gear 2
after performing the calculation. Power P | 0.001 kW oootkw
®  (Click the chevrons to display the Speed n | 4Qrpm | 4000mpm |
message. Torque T | 0239 M m | | 0,234 N m |
Efficiency 1 | 0,980 ul |
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10. Review the results:

_ Results
Fy 31,471 N
Fr 33,491 N
b 0,032 mps
Mgy 133562, 923 rpm
Gear 1
Feq 5,100 M
Fiz 8,100 M
Fa1 8,100 M
Faz a.100 M
SH 1.592 ul
SE 5,604 ul
T 1.300ul
SFat 10,534 ul
Ear 2
Fry 8,100 M 13.
Fiz a.100 M
Fa1 5,100 M

11. To add the gears to your design, in the Bevel
Gears Component Generator dialog box, click
OK. In the File Naming dialog box, click OK.

14.

12. To edit the bevel gear set:
" Inthe browser or graphics window, select
the gears.
®  Right-click. Click Edit Using Design
Accelerator.

Repeat Constraint...

Select Other. .,

ﬂ Edit using ?{sign Accelerator
&3

Open

[ Capy

Chrl4

To change the number of teeth in each gear,
in the Bevel Gears Component Generator
dialog box:

Under Gear1 enter 17.
Under Gear2, enter 17.
Click Calculate. Click OK.

In the browser, expand Bevel Gears:1.

[+

AbEsh ]l

@ Resk:2

{}' ﬁ Spur Gears: 1
[5 gBevel Gzears:1

Eﬂ Representations
E Crrigin

@ Bewvel Gearl:l

@ Bevel Gearzil

P Mate: 30

£ [angle:5 {0.00 ded]]
P Mate:31

é Angle:a (0,00 deq)
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15. Toedit a bevel gear:
®  |nthe browser, double-click Bevel
Gearl:1.

®  On the Inventor Standard toolbar, click
Sketch. Click the face of the bevel gear.

®  Project the outer diameter of the shaft to
the face, and extrude cut the gear.

®  Repeat for Bevel Gear2:1.

16. On the Inventor Standard toolbar, click
Return.

17. Save and close all files.
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Lesson: Belt Generators

Overview

This lesson describes the creation and editing of belt drive systems using the belt generators in
Design Accelerator.

Power transmission systems for V-belt drives, synchronous belt drives, and chain drives can be a
critical aspect of some machine designs. Spending project time locating and modeling the available
sizes of pulleys or sprockets, and belts or chains, so that they can be added to your designs is not an
efficient use of your design time. Learning to use a Design Accelerator tool like the V-Belts Generator,
Synchronous Belt Generator, or Chain Generator is beneficial to your productivity. Using these tools
enables you to focus on the functional aspects of your design.

In the following illustration, the belt drive system for transferring the rotating power of the stepper
motor to the shaft was initially created, positioned, and checked for accuracy using a single tool
focused on creating functional designs.

Objectives

After completing this lesson, you will be able to:

®  Describe the benefits of generated belt designs and list the types of belt designs that
can be generated.

= State the options available for creating and editing generated belt designs.

®  Add belt designs to your assembly design.

® Edit generated belt designs.
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About Generated Belt Drive Systems

Creating belt drive systems by using an appropriate Design Accelerator tool helps you create a design
that uses industry-standard parts and meets your design criteria for its use. By ensuring that your
design meets the requirements for its use, or improving on its current design, you can create a better
product that much more quickly. To achieve these benefits and others, you must learn what a
generated belt design is and the types of belt designs that you can generate.

In the following illustration, the calculation results are shown for a V-belt configuration that is in the
process of being designed. Based on these results, changes to the design or expectations of the design
can be corrected during this stage of the overall design process.

¥-Belts Component Generator I:I
0 Desion | fe& Caleulation ™ Neyl=i
Type of caloulation || Results PONR
Strength Check z 1.000 ul
Zap 2,286 ul
Load W 5,074 mps
Torgue, Speed -- = Power fi 10.001 Hz
FF' 250,000 M
Powmer P 1,518 kw Ft 22150
Torque T 10,000Mm || Ft 213,535 M
< 3| | Frna 333,535 M
8:29:13 AM Calculation: InsufFicient number of belks, n 0,960 ul
§:29:13 AM Caloulation: Belt tension is computed with respect to Pulley 2, || F 0.021
5:29:13 &M Calculation: Maximum tension in belk span exceeds the belt ma:| | “PR 0.525 ul
8:29:13 AM Calculation: Calculation indicates design Failure! ¥-Belt
= 5| Pre 0.772kw (|| I
1 1 ]
#
Calculate ] [ ok ] [ Cancel ]

Definition of Generated Belt Drive Systems

A belt drive system is a mechanical system used to transmit rotational power from one location to
another through the use of pulleys on shafts and belts around the pulleys. The belts are either V-belts
or synchronous belts. Pulleys for the drive system can be flat, V-grooved, or pulleys with teeth. A
generated belt drive system is one that has the pulleys and belts automatically created based on the
values and options that you select and enter. You use the V-Belts Generator or Synchronous Belts
Component Generator tool to generate a belt drive system consisting of components that meet your
design criteria.
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In the following illustration, a section of a V-belt and synchronous belt drive system is shown
with a representative pulley and belt. The V-belt design is shown on the left and synchronous belt
on the right.

During the process of defining a belt-driven power transmission system, you must position and size
the pulleys. For cost purposes, you want to select only standard sizes for the pulleys and the belt
lengths. These two factors then play a significant role in determining which sizes pulleys you can
select and the possible positions of nonfixed pulleys. By generating a belt drive system using the
Design Accelerator generator for V-belts or synchronous belts, not only does the tool help you create
geometry that meets your design criteria, it also helps you work with the geometry in an efficient and
streamlined manner.

You are efficient in creating your designs because you directly select common standard pulley sizes,
and the calculated belt lengths automatically calculate and match available industry sizes. While
generating a new design or editing an existing design, you can click and drag through the available
sizes and positions in the graphics window, which helps you to efficiently set the size or position and
visualize the results of that selection. Generating the belt drive system does not require time spent
creating combinations of design components, or validating the selection of components through
manual calculation. The design process is therefore streamlined.

When you generate a power transmission design of belts, chains, or gears, motion constraints are
automatically applied to related gears, sprockets, and pulleys. By turning on the Flexible option for
their design and adding constraints to other parts, you can quickly observe their kinematics and how
this impacts the rest of the design.

In the following illustration, a pulley defined to slide in an allowable direction is being dragged to a
new location. Even though the pulley is free to slide, its possible positions are being defined by the
different available belt lengths.
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Data for the Generators

The values and geometry used by the generators come from different locations depending on
whether the generator is retrieving the initial default configuration, the last configuration you created,
the defined industry standards and values, or the model geometry. The following table identifies the
type of information that can be retrieved and the default folder paths where you go to review

that data.

Data Default Path

Initial Default [Drive:]\Program Files\Autodesk\Inventor [version]\Design Accelerator\
Configuration Defaults

Default User-Defined [Drive:\Documents and Settings\[User name\Application Data\Autodesk\
Configuration Inventor [version]\DesignAccelerator\Defaults

Defined Industry [Drive:]\Program Files\Autodesk\Inventor [version]\Design Data\

Standards and Values Design Accelerator\Tables

Master Model Geometry | [Drive:\Program Files\Autodesk\Inventor [version\Design Accelerator\Models

Example of a V-Belt Power Transmission Design

In the following illustration, a pulley and belt power transmission system is in the process of being
created. For something that appears to be very simple to design, a pulley and belt power transmission
system has multiple issues and criteria to consider.

On the most basic level, you need to decide the type of pulley and belt to use and which standard it is
based on. Based on these decisions, you have only certain industry sizes available to select and use in
your assembly. After positioning and sizing the pulleys, the possible belts that fit around the pulleys
are limited.

If you were designing this manually and a belt length was not available to fit the design, you would
then need to spend time trying new pulley sizes and positions to get a belt to work, or start the process
all over again with the selection of a new belt type or size. By using the V-Belts Component Generator,
all these issues are automatically dealt with as you design the belt power transmission system. With
those items resolved, you can now check whether the proposed system can handle the power, torque,
or speed expected for this system.
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Belt Generator Options

When you generate a new belt power transmission design or edit an existing one, you interact with
either the V-Belts Component Generator dialog box or Synchronous Belts Component Generator
dialog box, depending on the type of belt design that you are creating or editing. To achieve the
creation or editing results you require, you need to know what general options are available in the
dialog box and where they are located.

V-Belts Component Generator Dialog Box

The V-Belts Component Generator dialog box is displayed after you click the tool to generate a V-belt
design and after you click to edit an existing generated design. The layout of options in this dialog box
is identical to that in the Synchronous Belts Component Generator dialog box. The only difference is
the pulley and belt types that are specific to that design.

Within this dialog box you specify the type of belt, how many belts, and their positions in the
assembly. You also add and remove pulleys from the design and specify the properties of the pulleys.
The pulley properties include type, size, and location in the assembly.

|

¥-Belts Component Generator D
bm Desion | fig Calculation (—@ ey 3
Belt #
C_ v-Bel DIN 2215

‘ 10 % 1700 ™
. . Belt Mid Flane

Mid Plane Offsek &, | 0.000 mm >
Mumber of belks z | 1.000ul >
Datum length Lq | 1722.000 mm v

Pullevs
T i
x

@
@

E

2. Grooved Pulley
10x 80

3. Groowed Pulley
1050

"@ L7

ick to add pulley. ..

»
.
5

Theinitially active tab when generating a new belt design or editing an existing generated belt
design. Use the options on this tab to define the configuration of belts and pulleys and
generate the geometry in the assembly.

Activate to conduct validation calculations on the current belt design to ensure that it meets
or exceeds the requirements for use.

Use the options in this area to select and enter the belt type, its midplane position in the
assembly, and number of belts.

Use the options in this area to add and remove pulleys to the design and set their position,
type, and size.

Expand the dialog box to access the options for toggling the display of the belt coordinateicon
and toggling the lock for the length of the belt.
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Pulley Options

Pulleys in a belt design are added, removed, and configured in the Pulleys area of the dialog box. Each
row of options and information in the list is a pulley within the design. You can reorder the pulleys in
the list by dragging and dropping them above or below other listed pulleys by clicking a specific
pulley’s name.

Lg LS8

1. Grooved Pulley
10 % &80

Il. 2. Grooved Pulley
@ 1080

* 3, Grooved Pulley
@ 10 % 50

Click to add pulley. ., (—-{6‘1)
»

Set to have a new pulley component created, select an existing pulley in the assembly, or have
a virtual pulley used in the generated design.

Select the type of placement condition to use for the pulley. Pulleys are either fixed in position
or allowed to slide with or without restrictions.

Activate to select geometry to define the position of the pulley when using the placement
options Fixed Position by Selected Geometry, Controlled Sliding Position, or Rotation Driven
Sliding Position.

Use to access the Pulley Properties dialog box to change properties of the pulley.

Use to select the type of pulley for the selected belt type.

o6 e e o

Click to add additional pulleys to the belt design.

You can change the size and position properties of a pulley by grip editing the preview of the
V- pulley in the graphics window.

Creating Belt Drive Systems

To create a belt-driven power transmission system, you use the Design Accelerator tools V-Belts
Generator or Synchronous Belts Component Generator. Both of these tools create an assembly
composed of pulleys and belts. To use these tools to generate a belt drive system, you need to know
where to access the tools and the procedure to follow for their use.
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Access

P V-Belts Generator

Panel Bar: Design Accelerator

Toolbar: Design Accelerator

Access

P Synchronous Belts Component Generator

&

Panel Bar: Design Accelerator

Toolbar: Design Accelerator

Procedure: Creating Belt Drive Systems

The following steps give an overview of creating a belt drive system by using Design Accelerator tools
to generate the design.

1.  Onthe Design Accelerator panel bar, click the required belt generator tool.

2. Inthegraphics window, click the work plane or part planar face to establish the alignment and
reference location for the midplane of the belt drive system.

3. Inthedialog box, select the type of belt, number of belts, and enter the midplane offset.

4, Setthe properties and position of the first pulley which is the driving pulley.
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5.  Setthe properties and position of the second pulley.

it
Dy = 140.000 mm

6.  Add or remove pulleys from the list and set the properties and positions of any additional
pulleys. Reorder the pulleys in the list to change their order and positions in the design.

7.  Click the Calculation tab to enter the appropriate values to calculate and determine whether
the configured belt design fully meets your use requirements in your assembly design.

8.  Click OKto have the configured belt drive system inserted into the assembly. If the File Naming
dialog box opens because the Always Prompt for Filename option is selected, enter a new
name or location for the files, if required. Click OK to complete the insertion of the belt drive.

ﬁ The first pulley in a generated belt drive system is always the driving pulley.

304 = Chapter 4: Design Accelerators



Procedure: Changing Synchronous Belt Display

The following steps describe changing the display of a synchronous belt.

1.  Create a synchronous belt, or right-click and
click Edit Using Design Accelerator.

Repeat Return

Select Other...
ﬁ Edit using Design Accelerat:
I,

3

open

[ Copy

H Delete Design Accelerator ©

Seleckion
@ Isolate

% Undo [solate

Subskituke
2.  Expand the Synchronous Belts Component [2) ok ,
Generator dialog box. Under Belt Options, & L
select Sketch. Bielt Cptions [ adjust Timir

@ Pulley

Create Belk As

Solid ]l % [ |
Sketch

Solid
Detailed

3.  The synchronous belt is now displayed as a
sketch.
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4.  Select the Detailed option to display the
synchronous belt with all the teeth.

Editing Belt Drive Systems

After you have generated a belt drive system, you have two possible editing tasks. You can delete the
entire generated design, or you can change different aspects of the design. The types of changes to
the design can include but are not limited to changing the location where a pulley resides in a design
by changing its order in the design, changing pulley sizes, adding or removing individual pulleys,
changing the type of belt used, reviewing previous calculations, and recalculating using new
requirement values. To accomplish these editing tasks, you need to know the procedure for editing
generated belt designs and where and how to access the editing tools.

In the following illustration, the initial belt drive system had multiple aspects of its design changed.
The flat tensioner pulley changed to a V-groove pulley, the driving direction of the belt was reversed,
and all the pulleys had their diameters changed.

Access

You access the tools for editing and deleting Design Accelerator generated belt designs from the
shortcut menu after right-clicking the belt design in the browser or graphics window. After right-
clicking the belt design, you click Delete Design Accelerator Component to delete it, or you click
Edit Using Design Accelerator to change the type of belt, or the size and position of the pulleys, or to
add and remove pulleys.
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After you click Edit Using Design Accelerator, the same generator dialog box that you used to initially
create the belt design opens with the same design and calculation options.

Repeat MNext view

Select Other. ..
_}E‘ Edit using Design Accelerator

Open
Ia Copy Chrl-C
= 2 Dilete Design Accelerator Component

Procedure: Editing Belt Drive Systems

The following steps give an overview of editing an existing Design Accelerator generated belt design
to change design properties and sizes.

1.  Inthebrowser or graphics window, right-click the generated belt design you want to edit. Click
Edit Using Design Accelerator.

2.  Make the required changes in the graphics window or on the Design tab in the dialog box for
that belt generator.

3.  Click OKto generate the revised belt design.
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Exercise: Generate and Edit Belt Drive Systems

In this exercise, you create a power transmission Add PuIIeys and a V-Belt

system consisting of three pulleys and a belt. While

generating the design, you set the position and size In this section of the exercise, you generate a V-belt
of the pulleys and you calculate the power based on power transmission system by adding three pulleys
force and speed. You then modify the design by and a V-belt to an assembly design. The belt runs

adding a motion constraint and setting it flexible,as ~ from the motor to the shaft and is inserted after
well as changing the type of one pulley and the size ~ running a quick calculation on the design.
of all three pulleys.

1.  Open Belt Drive System.iam.

2.  Onthe Design Accelerator panel bar, click
V-Belts Generator.

The completed exercise

3.  Tospecify the belt’s midplane location, click
the visible work plane in the middle of the
, m Completing the Exercise shaft.
-

To complete the exercise, follow the
steps in this book or in the onscreen
exercise. In the onscreen list of chapters
and exercises, click Chapter 4: Design
Accelerators. Click Exercise: Generate
and Edit Belt Drive Systems.

Exercise Setup

If a default configuration file for metric belt 4. To begin specifying the position of the first
configurations already exists for the currently logged pulley, under Pulleys, select the Fixed
in user, delete it. Position by Selected Geometry option.
1. In Windows Explorer, navigate to the following Pulleys
path: [Drive:;A\Documents and Settings\ e
[User name]\Application Data\Autodesk\ @ - Il.x = ‘ 1.5?33”3 ’

Inventor 2009\DesignAccelerator\Defaults. @

T
. . Fixzed position b dinat
2. Select and delete the file CAVBelts.Metric.xml. ¢ TeEd posiion By tonrdnates

e Fixed[’%:lsitian by selected geometry
Free sliding position
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7.

To specify the position, select the shaft of the
motor.

To specify the position of the second pulley:

=  Under Pulleys, for the second pulley
listed, select the Fixed Position by
Selected Geometry option as you did for
the first pulley.

= Select the center shaft section.

To add another pulley to adjust the tension of
the belt:

= Under Pulleys, click the Click to Add
Pulley bar.

"  (Click Grooved Pulley 10/Z.

Pulleys

@ %

[% 1. Grooved Pulley
1030

o 2, Grooved Pulley
@ [% 10 x50

@A @ ¢

Existing gruu:uved
pulley

«

Existing flat pulley  Flat Pulley |

Grooved Pulley SPZ
-DIN 2211

S (2=l

8.  From the positioning list, click Direction
Driven Sliding Position.

Pulleys
Ty 1. Grooved Pulley
@ I 10xe0
T 2, Grooved Pulley
@ [% 10 x 80
@ = B

1,
Click to ar 4+
———— Lx Fixed position by coordinates

w

Fixed position by selected geometry

:] Free sliding position

Ru:utatlu:un driven sliding position

9. Click the work plane in the center slot of the
middle bracket.

Lesson: Belt Generators = 309



10. Resize the pulley located on the long shaft by
clicking and dragging one of the quadrant
grips out to increase the size of the pulley to
140 mm as shown.

Dy = 140.000

11. Resize the third pulley by dragging one of the
quadrant grips out to increase the size of the
pulley to 160 mm as shown.

12. Review the new position of this pulley after
the diameter was changed. Notice how it was
automatically moved to a proper position to
maintain a valid belt length.

13. To begin conducting a strength check for the

current design:

®  OntheCalculations tab, under Load, from
the list click Torque, Speed > Power.

"  ForTorque, enter 10.000 N m.
v-Belts Component Generator

~Twpe of calculation

|Strength Check

~Load

|T0r|:|ueJ Speed > Power  —

Power P | 0,000 kM
Tarque =T | 10,000 m
Speed N | 1450000 rpm

P
cz | 1,200 ul

Setvice Factor

14. C(lick Calculate. Notice the red expansion bars
for the summary and results window and red
text indicating and identifying specific issues.

11:48:32 AM Calculation: Insufficient number of belks,
11:48:32 AM Calculation: Belk tension is computed with
11:48:32 AM Calculakion: Macdimum tension in belk spar
11:48:32 AM Calculation: Calculation indicates design ¢
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15. To calculate a different torque value: 1.  Toadd arotation motion constraint between

®  Change the Torque value to 1.000 N m. the long shaft and the pulley on that shaft:
" (lick Calculate. The results show that the ®  On the panel bar, click Constraint.
calculations indicate design compliance. "  In the Place Constraint dialog box, click
the Motion tab.
11:56:19 AM Caloulation: Belr tension is computed witl ® Select the cylindrical faces of the shaft
11:56:19 AM Calculation: Calculation indicates design « and pulley as shown.
= (Click OK.

o

16. To generate the pulleys and belt
components:

= With the pulley and belt preview
displayed as shown, click OK.

" |nthe File Naming dialog box, click OK.

2.  Inthebrowserorgraphics window, right-click
the V-Belt Transmission component. Click
Flexible.

3. Tobegin adding an angular constraint
between the first pulley and motor bracket to
put the assembly in motion:

®  On the panel bar, click Constraint.

®= In the Place Constraint dialog box, Type

17. Review the created componentsthat now are area, click the Angle.

displayed as shown.
play ® |nthe browser under Origin for the first

grooved pulley, click X Axis.

E: < BD-TensionBrackett: 1

{; m Y-Belk transmission: 1
E Representations
[ origin

o
&g “omponent Pattern 1

() arooved Pulley:1 a=—
\ [iMates
—- [ Origin
— [CH¥Z Plane
— [CH%Z Plane
— [CH &Y Plane

In this section of the exercise, you make the V-belt B Ei ixis €

. e . P — ¥Al
power transmission system flexible and constrain it Dz s

to observe the kinematics of the assembly. You also

change the size and type of different pulleys.

Edit a Generated V-Belt Design

— ¢ Cenker Poink
— 0] Main Sketch
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4. Tofinish adding the constraint: 9. Tobegin changing the diameter of the
second grooved pulley, in the Pulleys area,

- L .
In the graphics window, click the top click Pulley Properties as indicated.

edge of the bracket.
® |nthe Place Constraints dialog box, ngLix L (1822 U0mm |3
click OK.

o 1. Grooved Pulley
[% 10x &0

2, Grooved Pulle
!

4

-

10 140
3. Grooved Pulley
b o160
o add pulley...

10. In the Groove Pulley Properties dialog box:

®  |nthe Diameter list, click 100.000 mm.

= (Click OK.
5.500 mm
Height:
. .. . 2.000 rmm
5. To begin driving the angle constraint and fatio
view its effects, in the browser under V-Belt e
Transmission, right-click the angle constraint. EE—
Click Drive Constraint. o0.000mm | > S
. . . st
6. Inthe Drive Constraint dialog box: :;:;;m
" In the End field, enter 360. ‘
= (lick to play the constraint forward.
® |nthe graphics window, view the speed
at which the shaft is driven by the belt 11. To begin changing the third pulley from a
transmission system. grooved pulley to a flat pulley:
|
S ———. = (Click Browse for Pulley Type.
et __ End ;( __ Pause Delay = |nthe list of pulley types, click Flat Pulley
0.00 deg 3 360.00deg » | 0.000s (Metric)
@ R TR T
A 1. Grooved Pulley
Minimize dialog during recording @' [;3 1080
ok Cancel ) 2, Grooved Pulley
[concel | S by aSee
7.  Inthe Drive Constraint dialog box, click OK. % | & ?'Di“;'ggec' Al E .
8. Inthebrowserorgraphics window, right-click
the V-Belt Transmission component. Click ‘ L
Edit Using Design Accelerator. =k
Flat Pullew {Imperial) Flat Pulley (Metric)
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12.

13.

14.

To change the belt direction over the third
pulley, in the graphics window, click the
arcing arrow.

To decrease the diameter of the third pulley,
in the graphics window, click and drag one of
the quadrant grips to a size of 63 mm as
shown.

i

To begin changing the diameter of the first
grooved pulley, in the graphics window:

= Position the cursor over one of the
quadrant sphere grips to have them
change to arrow grips.

®  Double-click one of the arrow grips.

15.

16.

17.

18.

In the Groove Pulley Properties dialog box:

®  |n the Diameter list, click 125.000 mm.
= (Click OK.

| 8.500 mm |

Height
2,000 mm |

Diarneter
| 125,000 mim
Distance

' 8.000 mm

With the belt drive system preview as shown,
in the V-Belts Component Generator dialog
box, click OK.

B

In the File Naming dialog box, click OK. The
assembly now appears as shown.

Save and close all files.
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Appendix

Additional Support and Resources

A variety of resources are available to help you get the most from Autodesk® software:

= Courseware from Autodesk (AOTC, AATC)

®  Autodesk Services and Support

= Autodesk Subscription

= Autodesk Consulting

®  Autodesk Partners

= Autodesk Authorized Training Centers (ATC®)
= Autodesk Student Community

= Autodesk Certification

= Autodesk Store

= Useful links
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Courseware from Autodesk

Autodesk publishes dozens of courseware titles every year designed to help users at all levels of
expertise improve their productivity with Autodesk software.

Courseware from Autodesk is the preferred classroom training material for Autodesk Authorized
Training Centers (ATC) and Resellers. The same training materials are also well-suited for self-paced,
standalone learning.

Autodesk offers two brands of Courseware:

Autodesk Official Training Courseware (AOTC) is developed by Autodesk for hands-on learning
covering the most important software features and functionality.

Autodesk Authorized Training Courseware (AATC) is created in cooperation with leading Autodesk
partners, and includes a growing number of local-language titles.

Experience Real-world, Hands-on Learning

Students simulate real-world projects and work through hands-on, job-related exercises. Most titles
include a trial version of the software.

Reaching All Levels

Autodesk has courseware titles to fit a wide range of skill levels. Beginners, advanced users, and those
looking for transitioning and migration materials will find a title that fits their needs:

®  Essentials titles teach the basics.

® Transition titles help smooth the way of upgrades and migrations.

®  Advanced titles focus on advanced skills to improve productivity.

=  Solution Series apply a process-based approach to real-world projects.

Role-specific Learning Paths

Autodesk Courseware fits into a wide range of role-based Learning Paths so you can focus your
training on skills and certifications that are most important to your job—and career. Within each
Learning Path, you'll find a series of courses that follow a natural progression and build on each other,
delivering a powerful synergy of both theory and practical skills. Like a roadmap, each Learning Path
provides you with a clear and effective route to your career destination.

To embark on your personal learning path, talk with your local Autodesk Authorized Training Center
www.autodesk.com/atc. An ATC instructor can lead you through the steps to improve your product
knowledge and map the way to gaining Autodesk Certification www.autodesk.com/certification.

Available for Most Autodesk Products

= AutoCAD® Architecture ®  Autodesk® Vault

= AutoCAD® MEP = AutoCAD®

" Revit® Architecture ®  AutoCAD LT®

"  Revit® MEP ®  AutoCAD® Raster Design
" Revit® Structure =  AutoCAD® Map 3D
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= AutoCAD® Civil 3D® ®  Autodesk® MapGuide® Studio

®  AutoCAD® Land Desktop "= Autodesk® MapGuide® Enterprise
= AutoCAD® Electrical " Autodesk® VIZ

"= AutoCAD® Mechanical " Autodesk® 3ds Max®

=  Autodesk® Inventor® " Autodesk® Maya®

(not a stand-alone product)
" Autodesk® Inventor® Professional = Autodesk® NavisWorks®

= Autodesk® Productstream®

Digital Site Licenses

Delivering training for a large number of students? A Courseware Digital Site License enables you to
print courseware yourself to flexibly meet your training schedules and enrollment levels. Contact your
Autodesk Reseller or inquire directly with Autodesk by emailing AOTC.feedback@autodesk.com for
more information.

Finding Courseware

Courseware can be found in training classes offered by Autodesk Authorized Training Centers,
Autodesk Resellers, or may be purchased directly from the Autodesk Store (store.autodesk.com).
To find up-to-date information on the latest official Autodesk courseware titles, visit
www.autodesk.com/aotc and browse the Courseware Catalog for titles and topics.

Feedback Encouraged

If you have comments, suggestions for future titles, or general inquiries about Autodesk courseware,
please email AOTC.feedback@autodesk.com. We value your feedback!

Autodesk Services & Support

Accelerate return on investment and optimize productivity with innovative purchase methods,
companion products, consulting services, support, and training from Autodesk and Autodesk
authorized partners. Designed to get you up to speed and keep you ahead of the competition, these
tools help you make the most of your software purchase—no matter what industry you're in. To learn
more, visit www.autodesk.com/servicesandsupport.

Knowledge Base

Search the support database for answers, hot fixes, tips, and service packs. Access the knowledge base
from the main Autodesk Services & Support page at www.autodesk.com/servicesandsupport.

Contact a Reseller

Get in touch with a reseller near you for information on product support programs that fit your needs.
Find a reseller near you with our reseller locator at www.autodesk.com/reseller.

Discussion Groups

Ask questions and share information in peer-to-peer forums. For more information visit the Discussion
Groups area at www.autodesk.com/discussion.
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Autodesk Subscription

Get the benefits of increased productivity, predictable budgeting, and simplified license management
with Autodesk® Subscription. Customers get the latest release of Autodesk software by electronic
download or physical shipment, incremental product enhancements, and exclusive license terms that
are available only to Subscription members. A range of community resources, including web support
direct from Autodesk technical experts and self-paced training to extend user skills, make Autodesk
Subscription the best way to optimize the Autodesk software investment.

= Autodesk Subscription offers a way to make software costs predictable. Whether a customer opts
for a one-year subscription or a multiyear contract, the costs are known for the entire term of the
contract.

=  Autodesk Subscription makes managing software licenses easier. Customers have added
flexibility to allow their employees to use their Subscription software—in the office or at home.
Better yet, designers are entitled to run previous versions of the software concurrently with the
latest release under certain conditions.

= Get what you need to stay productive. With web support you get direct, one-to-one
communication with Autodesk support technicians for answers to your installation, configuration,
and troubleshooting questions. Web and email communications deliver support straight to your
desktop.

®  e-Learning lessons give customers a quick and easy way to learn about the features and
functionality of most current products and previous versions. Choose from a range of online
tutorials by logging into Subscription Center or by accessing e-Learning directly from most
products via the InfoCenter. These short lessons are available on demand and complement more
in-depth training provided through Autodesk Authorized Training Centers or Autodesk
Authorized Resellers.

®  For more information visit www.autodesk.com/subscription.

Autodesk Consulting

Accelerate your return on investment with Autodesk Consulting. Offering a comprehensive range of
business consulting services, Autodesk Consulting can help you identify your business needs,
recommend the right Autodesk® and partner products and services, and help you configure and
implement the optimal solution. For more information please visit www.autodesk.com/consulting.

Autodesk Partners

Developer Center

The Developer Center was created for software developers seeking proven tools, technologies and
support to create competitive advantage. Whether you plan to customize Autodesk software for
internal use or develop a commercial application, Autodesk is committed to giving you the
information and support you need. For more information visit www.autodesk.com/developer.

486

= Appendix A: Additional Support and Resources



Autodesk Developer Network (ADN)

Members of ADN, commercial software developers, consultants and customers, develop software that
leverages Autodesk technology creating competitive advantage for their organization. Whether
developing a simple utility, plug-in, integration or large scale application, ADN membership gives you
access to direct support from Autodesk software engineers, development software, and the
marketing tools you need to succeed. For more information visit www.autodesk.com/joinadn.

Reseller Center

Autodesk’s resellers understand your design processes and business requirements, and specialize in
all kinds of industries and applications. You can maximize your productivity with Autodesk software
with Reseller services, from implementation and customization to learning and training. To learn more
and find a reseller near you, visit www.autodesk.com/resellers.

Partner Products & Services

Autodesk works together with thousands of software development partners from around the world.
In the Partner Products & Services catalog, you can search for and find detailed information on
Autodesk partners around the world that further enhance our broad range of fully integrated and
interoperable solutions, for every design profession you can imagine. For more information visit
www.autodesk.com/partnerproducts.

Autodesk Authorized Training Centers

Be more productive with Autodesk Software. Get trained at an Autodesk Authorized Training Center
(ATC) with hands-on, instructor-led classes to help you get the most from your Autodesk Products.
Autodesk has a global network of Authorized Training Centers offering Autodesk-approved training
of the highest quality. Many ATCs offer end-user Certification testing. Locate a testing center near you
at autodesk.starttest.com.

Every day, thousands of our customers are taught how to realize their ideas, faster, with Autodesk
software. You can perform smarter and better with Autodesk software products when you turn to an
Authorized Training Center. ATCs are carefully selected and monitored to ensure you receive high-
quality, results-oriented learning.

An ATC s your best source for Autodesk-authorized classes, tailored to meet the needs and challenges
facing today’s design professionals.

Find an Authorized Training Center

With over 2000 ATCs around the world, there is probably one close to you. Visit the ATC locator at
www.autodesk.com/atc to find an Autodesk Authorized Training Center near you. Look for ATC courses
offered at www.autodesk.com/atcevents.

Autodesk Student Community

Student Engineering and Design Community Students and Faculty can take advantage of free
Autodesk software, self-paced tutorials, worldwide discussion groups and forums, job postings, and
more. Become a member of the Student Community today and be a leader in the next generation of
design. www.autodesk.com/edcommunity

NOTE: Free products are subject to the terms and conditions of the end-user license agreement that
accompanies download of the software.
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Autodesk Certification

Gain a competitive edge with Autodesk Certification. Autodesk certifications validate that you have
the knowledge and skills required to use Autodesk products. Demonstrate your software skills to
prospective employers, advance your career opportunities, and enhance your credibility.

Certification Benefits

" |mmediate feedback on your certification status.

®  An Electronic Certificate with a unique serial number.

®  The right to use an official Autodesk Certification logo.

= The option to display your certification status in the Autodesk Certified Users database.

For more information:

Visit www.autodesk.com/certification to learn more and to take the next steps to get certified.

Autodesk Store

Autodesk software and numerous training tools are available to buy online at the Autodesk Store.
Find Courseware, DVDs, User Guides, Getting Started Guides, Handbooks, Tutorials, and more at
store.autodesk.com.

NoTE: Autodesk software is available for purchase through the Autodesk Store for users in U.S. and
Canada only.

Useful Links

Courseware: Consulting:
www.autodesk.com/aotc www.autodesk.com/consulting
Certification: Discussion Groups:
www.autodesk.com/certification discussion.autodesk.com

Find a Reseller: Blogs:
www.autodesk.com/reseller www.autodesk.com/blogs

Find an Authorized Training Center: Communities:
www.autodesk.com/atc www.autodesk.com/community
Find an Authorized Training Center Course: Student Community:
www.autodesk.com/atcevents students.autodesk.com

Services & Support:
www.autodesk.com/servicesandsupport
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