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Stress Analysis

Part 1 of this manual presents the getting started information for Stress Analysis in the
Autodesk® Inventor™ Simulation software. This add-on to the Autodesk Inventor part and
sheet metal environments provides the capability to analyze the stress and frequency responses
of mechanical part designs.






Get Started With Stress
Analysis

Autodesk® Inventor™ Simulation software provides a combination of industry-specific tools
that extend the capabilities of Autodesk Inventor for completing complex machinery and
other product designs.

Stress Analysis in Autodesk Inventor Simulation is an add-on to the Autodesk Inventor part
and sheet metal environments. It provides the capability to analyze the stress and frequency
responses of mechanical part designs.

This chapter provides basic information about the stress analysis environment and the
workflow processes necessary to analyze loads and constraints placed on a part.

About Autodesk Inventor Simulation

Built on the Autodesk Inventor application, Autodesk Inventor Simulation
includes several different modules. The first module included in this manual is
Stress Analysis. It provides functionality for stressing and analyzing mechanical
product designs.

This manual provides basic conceptual information to help get you started and
specific examples that introduce you to the capabilities of Stress Analysis in
Autodesk Inventor Simulation.

Learning Autodesk Inventor Simulation

We assume that you have a working knowledge of the Autodesk Inventor
Simulation interface and tools. If you do not, use Help for access to online



documentation and tutorials, and complete the exercises in the Autodesk
Inventor Simulation Getting Started manual.

At a minimum, we recommend that you understand how to:
Use the assembly, part modeling, and sketch environments and browsers.
Edit a component in place.

Create, constrain, and manipulate work points and work features.

Set color styles.

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. Enhance your productivity
with proven training from over 1,400 ATC sites in more than 75 countries.
For more information about training centers, contact atc.program@autodesk.com
or visit the online ATC locator at www.autodesk.com/atc.

We also recommend that you have a working knowledge of Microsoft®
Windows NT® 4.0, Windows® 2000, or Windows® XP, and a working
knowledge of concepts for stressing and analyzing mechanical assembly
designs.

Using Help

As you work, you may need additional information about the task you are
performing. The Help system provides detailed concepts, procedures, and
reference information about every feature in the Autodesk Inventor Simulation
Simulation modules as well as the standard Autodesk Inventor Simulation
features.

To access the Help system, use one of the following methods:

m Click Help » Help Topics, and then use the Table of Contents to navigate
to Stress Analysis topics.

B Press F1 for Help with the active operation.
B [n any dialog box, click the ? icon.

B [n the graphics window, right-click, and then click How To. The How To
topic for the current tool is displayed.

4 | Chapter | Get Started With Stress Analysis
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Creating Simulations

The Simulation Panel contains many fields including:

1 Final Time
Images
Filter

Simulation Time
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Percent of Realized Simulation

Real Time of Computation
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Simulation Panel

Final Time field

Images field

Filter field

Controls the total time available for simulation.

Controls the number of image frames available for a
simulation.

Controls the frame display step. If the value is set to
1, all frames play. If the value is set to 5, every fifth
frame displays, and so on. This field is editable when
simulation mode is active, but a simulation is not
running.

Simulation Time Val- Shows the duration of the motion of the mechanism

ue

Percent value

as would be witnessed with the physical model.
Shows the percentage complete of a simulation.

Real Time of Compu- Shows the actual time it takes to run the simulation.

tation value

56 | Chapter 8 Simulate Motion

It is affected by the complexity of the model and the
resources of your computer.



TIP You can click the Screen Refresh button to turn off screen refresh during the
simulation. The simulation runs, but there is no graphic representation.

Before you run the simulation, increase the simulation Final Time value.

Run a simulation
1 On the Simulation Panel, in the Final Time field, enter 70 s.

2 Click Run on the Simulation Panel.

The Door component moves, with acceleration and deceleration in
response to the force of gravity and the inertia of the part.

NOTE The direction of gravity has nothing to do with any external notion
of up or down, but is set according to the specified vector. Because we have
not yet specified any frictional or damping forces, the mechanism is lossless.
The angle of the arc through which the Door component swings remains the
same, regardless of how long the simulation runs.

3 If the simulation is still running, click the Stop button on the simulation
panel.

4 Click the Activate construction mode button.
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Construct Moving
Assemblies

To simulate the dynamic motion in an assembly, define mechanical joints between the parts.

This chapter provides basic workflows for constructing joints.

Creating Rigid Bodies

In some cases, it may be appropriate that certain parts move as a rigid body and
a joint is not required. As far as the movement of these parts is concerned, the
welded body functions like a subassembly moving in a constraint chain within
a parent assembly.

Create a rigid body using weld
1 In the browser, expand Grounded, and then click bracket:1.

2 Under Mobile Groups, CTRL-click door:1.
Ensure that both parts are selected.

3 Right-click door:1, and then select Weld Parts.
The parts become a rigid body.

4 Select Welded group:1 and press F2.
The name of the welded group becomes a text entry box.

5 In the text entry box, enter complete door:1.

59



Adding Joints

Permanent joints are the most commonly used joints and are based of different
combinations of rotating and translating degrees of freedom.

1 :'Eﬁ Click the Convert Assembly Constraints tool.
2 Select the Pillar part (2).
3 Select the Link part (3).

4 Select the check box next to both constraints, and then click Apply.
5 Select the Link part (5).
6 Select the Jack Body (6).

7 Select the check boxes next to the mate constraints, and then click OK.

Two more joints are needed to complete this kinematic chain. Though
you could convert the existing constraints, for this next workflow you
create the joints manually.

60 | Chapter 9 Construct Moving Assemblies



8 g Click the Insert Joint tool.

The drop-down menu in the top portion of the Insert Joint dialog box
lists the various kinds of available joints. The lower portion provides
selection tools appropriate to the selected joint type.

The Revolution joint is specified by default and the revolution animation
plays in a continuous loop.

9 Select Cylindrical from the joint menu.

TIP As an alternative to the drop-down menu, use the Display Joints Table
to see a visual representation of each joint category and specific joint type.

Working with Z Axes

Like creating assembly constraints, you must satisfy certain selections to create
a joint.

1 Select the cylindrical surface of the jack body (1).

Working with Z Axes | 61



2 In the graphics window, right-click and select Continue.
It enables the selection tools in the Component 2 field.

3 Select the cylindrical surface of the jack stem part (3).

In this example, it is not necessary to specify the origins and X-axes.
However, it is necessary that the Z-axes on the two parts align and point
in the same direction. For most joint types, the Z-axes of the two selections
must align and point in the same direction. For these two selections, the
Z-axes happen to point in the same direction by default. As needed, you
can use the Switch Z button to flip the Z direction.

NOTE The selection order is important, so first select the cylindrical surface
of the jack body, and then select the cylindrical surface of the jack stem. To
undo any selection, click a selection button again, and then make a new
selection.

4 On the Insert Joint dialog box, click OK.

Working with Joint Triad

In a general sense, the joint triad is like the 3D Move/Rotate tool and the 3D
Indicator in that it indicates X, Y, Z-axes. However, the joint triad differs in
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that its X, Y, Z-axes are derived from the selected geometry and have nothing
to do with the part or assembly coordinate systems.

Another difference is that the joint triad uses shapes rather than color to
differentiate the axes. The X vector is indicated with a single arrow head. The
Y vector uses a double arrow. The Z vector uses a triple arrow.

NOTE It is not necessary to specify the X-axis, unless a specific X-axis is needed
for a particular action in the Output Grapher.

Create a joint

1 Drag the jack stem away from the bracket far enough that the hole on
the bracket is visible.

2 g Click the Insert Joint tool.
3 On the Insert Joint dialog box, select Cylindrical on the Joint menu.

4 Keeping the hole in the jack stem clevis and the hole in the bracket
parallel, select the hole on the jack stem clevis.

5 Right-click, and then select Continue.

6 Select the hole on the bracket.
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7 Click OK. Return to the default isometric view.

8 Drag and position the door approximately, as shown.

9 Click Run on the Simulation Panel. The parts move as a unified
mechanism.

10 If the simulation is still running, click the Stop button.

11 Click the Activate construction mode button.

Next, you use a contact joint between the door and pillar parts to stop the
door when it reaches the tab stop.

Insert a contact joint

1 g Click the Insert Joint tool, and then select 2D Contact joint.

2 Select the bottom face of the door.

64 | Chapter 9 Construct Moving Assemblies
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3 Select the point on the tab stop.

! -
l'
- -

4 Click OK.

The vector for this joint must be inverted.
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Invert a vector

1

5
6

In the browser, right-click 2D Contact joint (door:1, pillar:1), and then
select Properties.

,K Click the Invert normal button.
Click OK.

Return to the isometric view, change the value for Images to 4000, and
then click Play on the Simulation Panel. The door contacts the tab stop.

Click the Stop button.

Click the Activate construction mode button.

In reality, the swing of the door is not controlled by gravity, but is positively
controlled by some device or mechanism. In this example, you add a spring
damper to provide the force needed to close the door and hold it against the
tab stop.

Add a spring

1

66 | Chapter 9

Drag the door until it rests near or against the tab.

Double-click the Gravity node, and then check Suppress.
Click OK.

£

Select the circular edge on the jack body. In this case, the selection point
is the center point of the arc.

Click the Insert Joint tool, and then select Spring/Damper/Jack.

Construct Moving Assemblies



6 Right click and select Continue.

7 Rotate the model, and then select the face of the jack stem.
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8 Click OK. The spring is created.

By default, the spring is active.

Define the spring

1 Under the Force Joints node, right-click Spring/Damper/Jack, and then
select Properties.
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2 On the Spring/Damper/Jack Properties dialog box, enter 7 N/mm in the
Stiffness field.

Expand the dialog box. Select Spring Damper from the Type menu.
Click OK.

Return to isometric view.

A U b~ W

Click Run on the Simulation panel.

The spring forces the door against the tab stop. The inertia of the door
and the resistance of the spring create a rebounding cycle. The resistance
of the spring gradually overcomes the inertia of the door.

You can add damping to the spring to control the abruptness of the swing of
the door as it reaches the tab stop.

Add damping
1 Return to Construction Mode.
2 Right-click Spring/Damper/Jack, and then select Properties.
3 Enter 7 N s/mm in the Damping field.

Edit spring size
1 In the Dimensions section, change the Radius value to 77.

2 In the Properties section, change the Wire radius value to 5.

NOTE These changes are cosmetic and do not affect the physical properties
of the spring.

3 Click OK.

4 Click Run on the Simulation panel.

The rate of swing is damped, the door contacts the tab stop more gently,
and the rebound cycle is greatly reduced.

Next, you simulate the force needed to open the gate.

Create a force

1 Return to construction mode.
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3

4
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*g{ Click the Force tool.

Select the vertex on the door.

Select the edge, for the force direction.

V]

- The direction indicator should point away from the tab stop on
the pillar. On the Force dialog box, click the Flip Direction button to flip
the vector.

Enter 10-N in the Magnitude field and click OK.
Return to isometric view.
Drag the door until it rests near or against the tab stop.

Run the simulation. The force overcomes the spring and holds the gate
open.

Construct Moving Assemblies



10

Return to Construction Mode.

The force is a constant value and unrelenting. As the dynamic,
counteracting influences of the force, part inertia, spring damping, and
spring tension cancel each other, the mechanism settles into a state of
static equilibrium.

Notice that even though the angle of the edge we used to specify the
force vector changes with respect to the mechanism, the vector remains
constant.

In this section, you add torque damping to one of the joints. To more clearly
see the influence of the torque damping, we will remove the influence of the
spring from the mechanism.

Create torque damping

1

A »n A~ W

N

10

11

Right-click Spring/Damper/Jack, and then check Suppress Actuator.

To get an idea of the motion of the gate without the influence of torque
damping (or the spring), run the simulation.

Return to Construction Mode.

Add damping to the revolution joint between the door and pillar parts.
Right-click Revolution (door:1, pillar:1), and then select Properties.
Click the dof 1 (R) tab.

4
@ Click the Edit Joint Torque button.
Select the Enable joint torque check box.

Enter 50 N mm s/deg in the Damping field and click OK.

s

-

4 Notice that the browser icon for this joint changes to indicate that
a torque value was applied to the joint.

Run the simulation. The door swings open as before, but the cyclical
motion of the door is quickly overcome by damping value.

Return to Construction Mode.
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Simulation Tools

This chapter tells you how to vary the joint torque using the Input Grapher, how to analyze
a simulation using the Output Grapher, and how to export a load to Stress Analysis in
Autodesk®Inventor™ Simulation.

Input Grapher

Like the force, the damping value is also constant. You can change the damping
value to a variable.

1 Right-click Revolution:1 (door:1, pillar:1), and then select Properties.
2 Click the DOF 1 (R) tab.

e
3 @/ Click the Edit Joint Torque button.

4

4 | l—t;—-—] J Click the Input Grapher button located next to
Damping field.
Input Grapher is used to vary the joint torque. The vertical axis of the graph
represents torque load. The horizontal axis represents time. The torque
plot is represented by the red line.

Vary the joint torque

1 Double-click the line near the 0.25 time value to add a new datum point.

73



1
1
1
1
1
-1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
-
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
-
1
1
1
1

2 Double-click the line near the 0.75 value to add another datum point.

The four datum points define three sectors. Each sector represents the
condition of the damping value. We will move the datum points to plot
changes in velocity to create variable damping.

3 Select the first sector.

<

a.0a 0,25

4 Ensure the X1 and Y1 fields in the Starting Point section are set to 0.

5 In the X2 field of the Ending Point section, enter 0.5 s. It is the ending
time value for the selected sector.

6 Enter 70 N mmin the Y2 field. It is the peak load value for the selected
sector.

7 Select the second sector.
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1.00 3.00 5.00

8 In the X2 field of the Ending Point section, enter 7.7 s.
9 Enter 70 N mmin the Y2 field.

Notice that the values in the Starting Point section are inherited from
the Ending Point section of the preceding sector: the ending point for a
preceding sector is the starting point for the following sector.

10 Select the third sector.

1.00 2.00 3.00

11 In the X2 field of the Ending Point section, enter 2.2s.

12 Enter 0 N mmin the Y2 field. Press the Tab key to exit the field and update
the graph.
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With this plot, the torque ramps up over approximately 0.50 second,
remains constant for 0.60 second, and then ramps down.

7.00 L] -
5.00
3.00

1.00

0.00 0.50 1.00 1.50 2.00

13 Click OK, and then click OK on the Joint Properties dialog box.

14 Run the simulation.

Though it may not be visually perceptible, the variable damping modifies
the motion of the gate.

15 Return to Construction mode.

Output Grapher

Using the Output Grapher, you can obtain graphs and numerical values of all
the input and output variables of a simulation both during and after the
calculation.

1 Right-click the joint Revolution:1 (door:1, pillar:1), and then select
Properties.

2 Click the DOF 1 (R) tab.

&
3 Click the Edit Joint Torque button, and then remove the check
mark next to Enable joint torque.

4 Click OK.

5 Right-click Spring/Damper/Jack, and then remove the check mark from
Suppress actuator. The spring should be active.

6 Right-click Spring/Damper/Jack, and then select Properties.
7 Enter 0.3 N s/mm in the Damping field.
8 Click OK.
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11
12

13
14

Add torque to the joint between the pillar and link parts.

Right-click Revolution (pillar:1, link:1), and then select Properties.
Click the DOF 1 (R) tab.

&
@/ Click the Edit Joint Torque button.

On the Edit Joint Torque dialog box, select the Enable joint torque check
box.

In the Damping field, enter 50 N mm s/deg.
Click OK.

Output grapher

1
2

m Click the Output Grapher tool.

In the Output Grapher browser, expand Standard Joints, and expand
Revolution:2 (pillar:1, link:1).

Expand the Revolution Force folder, and then select Force.

Run the simulation. As the simulation runs, the Output Grapher plots a
visual representation of the force.

NOTE The graph scale adjusts automatically to fit the curve.

Prepare for FEA

1
2
3

On the Dynamic Simulation panel bar, click Dynamic Simulation Settings.
On the Dynamic Simulation Settings dialog box, click AIP Stress Analysis.
Click OK.

Select parts

1
2

3

On the Output Grapher toolbar, click Export to FEA.

On the Export to FEA dialog box, click the selection arrow to activate

part selection, if necessary.

In the graphics window, click link:1.
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On the dialog box, click OK.

Select faces

1
2
3

On the FEA Load-Bearing Faces Selection dialog box, click link:1.
Click Revolution (pillar:1, link:1).

In the graphics window, on the link part, select the two cylinder faces of
the corresponding revolution joint.

On the dialog box, click Revolution (link:1, jack body:1).

In the graphics window, on the link part, select the cylinder face of this
revolution joint.

On the dialog box, click OK.

Select time steps

1
2

Run a simulation.

In the time steps pane of the Output Grapher, click the 0.4 s, 0.935 s,
and 3.0 s time steps.

Close the Output Grapher.

Import into Autodesk Inventor Stress Analysis

1

In the graphics window, right-click link:1 and select Edit.

You automatically enter Part mode. All parts in the mechanism, except
the part selected for edit, become transparent.

On the main toolbar, click Applications » Stress Analysis.
On the Stress Analysis panel bar, click Motion Loads.

Click OK on the message dialog box that displays after the load calculation
finishes.

On the main toolbar, click the Stress Analysis Update tool.

In the graphics window, the stress results you requested display.

In the Stress Analysis browser, select a different time step to see the
corresponding results.
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H
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