
Lesson: Static Stress Analysis of a Connecting Rod 

Assembly 

In this tutorial we determine the effects of a 2,000 pound tensile load acting on a connecting rod 

assembly (consisting of the rod and two pins). Separation contact is defined between all 

contacting faces. They are free to slide along each other and separate but not penetrate each 

other.  

 

We use two different method to analyze the assembly, as follows:  

 Study 1: The model is constrained in the traditional manner (statically stable). The small 

pin is fixed at its end faces, and the load is applied to the end faces of the large pin. 

Additional constraints are added to prevent Y and Z motion of the connecting rod and 

large pin without inhibiting their deflection under load.  

 Study 2: The model is completely unconstrained. Opposing (balanced) forces are applied 

to the end faces of the large and small pins. The Remove rigid body modes option is 

used to stabilize the model.  

  



Open the Connecting Rod Assembly 

In the Samples section of your Data Panel, browse to Basic Training  11 - Simulation  

Connecting Rod Assembly, as follows:  

1. If the Data Panel is not currently shown, click the Show Data Panel icon ( ) at the 

top of the screen. The Data Panel appears at the left side of the program window.  

2. The top level (home view) of the Data Panel is divided into two subsections: PROJECTS 

and SAMPLES. Scroll to the bottom of the PROJECTS list, if necessary, to see the 

SAMPLES list.  

3. Locate the Basic Training entry under SAMPLES and double-click it. The Data Panel 

now displays a list of the folders containing the training lesson models.  

4. Click the 11 - Simulation folder.  

5. Select the model, Connecting Rod Assembly.  

  



Save the Model 

When you open a sample model in Fusion for the first time, it appears in the MODEL 

Workspace. The model is read-only, and you must save a copy of it to a personal project.  

1. Click File  Save As.  

2. Optionally, create a Project to store your training models.  

a. Click New Project.  

b. Specify the project name.  

c. Press Enter.  

3. Optionally, create a folder within the project to store your training models.  

a. Click New Folder.  

b. Specify a folder name.  

c. Press Enter.  

d. Double-click the new folder to make it the current file saving location.  

4. Click Save.  

  



Access the SIMULATION Workspace 

Select SIMULATION from the Change Workspace drop-down menu at the left end of the 

toolbar.  

Choose the Units for the Simulation 

You may have set different default units than are initially defined when Fusion 360 is installed. 

Also, the simulation units are independent from the units specified in the MODEL workspace. 

So, the units system can change when you switch to the SIMULATION workspace. Therefore, 

verify that the proper units are specified to be consistent with this tutorial.  

1. Click the Edit icon ( ) that appears while the cursor is pointing at the Units node of the 

browser.  

2. Choose U.S. (in) from the Default Unit Set drop-down list.  

3. Click OK.  

  



Create a Static Stress Study and Define its Parameters 

1. In the SIMULATION toolbar, click New Simulation Study. Notice that none of the 

other simulation commands are available until after you create a study.  

2. In the Studies dialog box, select Static Stress.  

3. Click the arrow to the left of Settings to expand the settings frame of the dialog. The 

General settings appear initially.  

4. Ensure that the Remove rigid body modes option is NOT activated. This option is 

applicable only to unconstrained models. In Study 1, we are including constraints.  

5. Select Mesh from the left frame of the dialog to display the mesh settings.  

6. Activate the Absolute Size radio button and type 0.1 in in the input field.  

7. Click OK.  

The rest of the SIMULATION workspace commands are now available.  

  



Verify the Study Material 

1. In the MATERIAL panel of the SIMULATION toolbar, click Study Materials, 

which is the default command in this panel.  

2. In the APPLY MATERIALS dialog, verify that the values in the Study Material column 

are defined as follows:  

o Connecting Rod: (Same as Model) or Aluminum 5052 H32. If not, select this 

material from the drop-down list.  

o Large Pin and Small Pin: (Same as Model) or Steel AISI 1020 107 HR. If not, 

select this material from the drop-down list.  

3. Click OK.  

  



Constrain the Small Pin 

Fully fix the end faces of the small pin.  

1. In the CONSTRAINT panel of the SIMULATION toolbar, click Structural 

Constraints, which is the default command in this panel. The default Type of constraint 

is Fixed, and all three directions are constrained (Axis Ux, Uy, and Uz), which is what 

we want.  

2. Click to select the top (+Y) end face of the small pin.  

3. Click the bottommost corner of the ViewCube (the corner where the RIGHT, FRONT, 

and BOTTOM faces meet. This action produces a different isometric view of the model 

in which the underside is visible.  

Note: The corner turns light-blue when the cursor is near to indicate the correct clicking zone 

for an isometric view.  

4. Hold down the Ctrl key while clicking the bottom (-Y) end face of the small pin to select 

it too. The model look like the following image:  

 

5. Click OK.  

  



Constrain the Large Pin (Z) 

The cylindrical face of the large pin has been split to provide edges for applying constraints. Z 

constraints are needed at the straight edges to prevent the pin from rotating within the large hole. 

These edges lie in the XY symmetry plane of the connecting rod assembly. No displacement 

occurs in the direction normal to the symmetry plane (in this case, the Z direction). Therefore, 

we do not impede the natural deformation of this part under load by applying a Z constraint 

anywhere along an XY plane of symmetry.  

There is a circular edge around the pin at the middle of its length. This edge lies in the XZ plane 

of symmetry. (The model, loads, and constraints are symmetrical about two planes: XY and XZ. 

Apply a Y constraint at this edge to prevent the pin from moving axially. Again, since this edge 

lies in a symmetry plane, a constraint in the normal direction does not impede the natural 

deflection of the part.  

1. In the browser, expand the Model Components branch and then the Connecting Rod 

Assembly subbranch too.  

2. Click the lightbulb icon ( ) in the Connecting Rod:1 component heading to hide (

) the connecting rod.  

3. Right-click in the simulation canvas and choose Repeat Structural Constraints from 

the marking menu.  

4. Next to Axis in the STRUCTURAL CONSTRAINTS dialog, deactivate Ux and Uy. We 

only want to constrain the Z direction this time.  

5. Click both of the two visible straight edges on the large pin to select them. (Each edge 

runs half the length of the pin.) If you accidentally select a face, click again to deselect it.  

6. Click the upper-left corner of the ViewCube as it is now oriented (the corner where the 

FRONT, LEFT, and TOP faces meet.  

7. Click the remaining two visible straight edges on the large pin to select them too. The 

Target field of the dialog indicates that 4 Edges are selected, and your model should 

look like the following image:  



 

8. Click OK.  

  



Constrain the Large Pin (Y) 

1. Right-click in the simulation canvas and choose Repeat Structural Constraints from 

the marking menu.  

2. Next to Axis in the STRUCTURAL CONSTRAINTS dialog, deactivate Ux and Uz. We 

only want to constrain the Y direction this time.  

3. Click both of the two half-circle edges located midlength of the large pin to select them. 

The Target field of the dialog indicates that 2 Edges are selected, and the model should 

look like the following image:  

 

4. Click OK.  

Note: The large pin is constrained in the X direction only by virtue of contact with the 

connecting rod. In turn, the connecting rod is only constrained in the X direction by virtue of 

contact with the small pin, which is fully constrained. The connecting rod and large pin must be 

free to move in the X direction as the pins bend and the connecting rod stretches under load.  
  



Constrain the Connecting Rod 

To make the assembly statically stable, one more constraint is needed. Specifically, we must 

prevent rigid-body motion of the connecting rod in the Y direction. Again, constrain an edge 

along an XZ plane of symmetry, where no normal (Y) translation is expected.  

1. In the browser, click the lightbulb icon ( ) in the Large Pin:1 component heading to 

hide ( ) the large pin.  

2. Click the lightbulb icon ( ) in the Connecting Rod:1 component heading to show (

) the connecting rod.  

3. Right-click in the simulation canvas and choose Repeat Structural Constraints from 

the marking menu.  

4. Next to Axis in the STRUCTURAL CONSTRAINTS dialog, deactivate Ux and Uz. We 

only want to constrain the Y direction this time.  

5. Click the circular edge located middepth in the large hole of the connecting rod. The 

model should look like the following image:  

 

6. Click OK.  

  



Apply the Force Load to the Large Pin 

1. In the browser, the lightbulb icon ( ) in the Large Pin:1 component heading to show (

) the large pin.  

2. In the LOAD panel of the SIMULATION toolbar, click Structural Loads, 

which is the default command in this panel. The default Type of load is Force, which is 

what we want.  

3. In the STRUCTURAL LOADS dialog, set the Direction Type to Vectors (x, y, z).  

4. Click the top (+Y) end face of the large pin to select it.  

5. Click the bottommost corner of the ViewCube as it is now oriented (the corner where the 

FRONT, RIGHT, and BOTTOM faces meet.) This action results in a different isometric 

view, in which you can see the underside of the assembly.  

6. Click the bottom (-Y) end face of the large pin to select it too.  

7. Type -2000 in the Fx input field. Since we did not activate the Force per Entity option, 

the -2,000 pound force is divided among the selected faces. The areas of the two faces are 

equal, so each receives half of the total load (1,000 lbforce). Your model should resemble 

the following image:  

 

8. Click OK.  

  



Restore the Default Isometric View 

1. Click the Home icon ( ) that appears above the ViewCube when the cursor is near. The 

display returns to the default isometric view of the model.  

Automatically Detect Contact Sets 

1. In the CONTACTS panel of the SIMULATION toolbar, click Automatic Contacts, 

which is the default command for this panel.  

2. In the AUTOMATIC CONTACTS dialog, the default Contact Detection Tolerance for 

Solids is 0.004 in. Keep this value.  

3. Click Generate. Contact sets are detected and the dialog closed.  

Edit the Contact Type 

Separation contact allows two bodies to slide along each other or freely separate from each other. 

However, the bodies cannot penetrate each other. This contact type represents the behavior of the 

actual connecting rod assembly our model represents.  

1. At the Contacts node of the browser, click the Edit icon that appears when the cursor is 

over the heading. The CONTACTS MANAGER dialog appears.  

2. Click the first row of the table to select it.  

3. Holding down the Shift key, click the last row of the table. All table rows are now 

selected.  

4. Using the drop-down list in any selected row of the Contact Type column, choose 

Separation. This contact type is applied to every contact set listed in the table. Keep the 

default penetration type (Symmetric).  

5. Click OK.  

Save the Model 

The definition of contacts completes the simulation setup. Save the model before proceeding to 

the next page.  

6. Click the Save icon at the top of the screen.  

7. In the prompt that appears, type Study 1 Setup Complete in the Version Description 

field.  

8. Click OK.  

 

  



Run the Simulation on the Cloud or Locally 

1. The Pre-check icon in the SOLVE panel of the SIMULATION toolbar is a gold 

exclamation point (  ), indicating that there is a warning.  

Click Pre-check for details.  

The warning indicates that the model contains one or more partially constrained groups. 

We expect this warning because the large pin has no X constraint applied, and the 

connecting rod has no X or Y constraint applied. We should not be concerned for the 

following reasons:  

o Contact with the connecting rod controls the X displacement of the large pin.  

o Contact with the small and large pins controls the Y displacement of the 

connecting rod.  

o Contact with the small pin controls the X displacement of the connecting rod.  

2. Click Close to dismiss the warnings.  

3. Click Solve in the SOLVE panel of the SIMULATION toolbar.  

4. Specify the computing location, using the radio button for solving On Cloud or Locally.  

Note: Solving on the cloud consumes cloud credits.  

5. Click Solve.  

Note: This model may take several minutes to solve. The solution must be performed 

iteratively multiple times. The solver has to determine at what points along the contact 

faces the model is touching and where it is separating.  

  



View the Total Displacement Results 

When the solution is finished, the total displacement results are shown initially. Your 

displacement results should resemble the following image:  

 

 

   



View the Von Mises Stress Results 

1. Using the Results drop-down list next to the plot legend, select Stress. The type of stress 

result initially displayed by default is the Von Mises stress.  

2. In the SIMULATION toolbar, click INSPECT  Show Min/Max to show 

markers at the points of the minimum and maximum Von Mises stress results.  

3. While holding down the Shift key, click the middle mouse button and drag the mouse to 

rotate the model viewpoint. Position the view so that you can clearly see the maximum 

and minimum stress points.  

4. You can click and drag the Min and Max value balloons to a different position, as 

desired. Your stress results should resemble the following image:  

 

 

 

  

   



Restore the Default Result and Isometric View 

1. In the SIMULATION toolbar, click INSPECT  Hide Min/Max.  

2. Using the Results drop-down list next to the plot legend, select Displacement. Once 

again, the total displacement results are displayed.  

3. Click the Home icon ( ) that appears above the ViewCube when the cursor is near. The 

display returns to the default isometric view of the model.  

  



Clone the Study and Change the Settings 

Make a duplicate of Study 1 but enable the Remove rigid body modes option for Study 2.  

1. In the browser, right-click the Study 1 - Static Stress heading and choose Clone Study 

from the context menu. A Study 2 - Static Stress node appears in the browser, and the 

new study becomes the active one.  

2. In the MANAGE panel of the SIMULATION toolbar, click Settings, which is the 

default command in this panel.  

3. In the General section, activate the Remove rigid body modes checkbox.  

4. Click OK.  

  



Delete the Constraints 

When you activate the Remove rigid body modes option, the solver applies a global 

acceleration load to produce a state of equilibrium. This global acceleration opposes and 

balances any imbalanced loads acting on the model (so that no constraints are needed). The 

model must either be fully unconstrained or constrained only in directions in which balanced 

loads (or no loads) are applied. In this exercise, we are only going to remove the fully fixed 

constraint that was previously applied to the ends of the small pin.  

1. Expand the Load Case:1 branch of the browser in Study 2.  

2. Expand the Loads subbranch under Load Case: 1.  

3. Right-click the Fixed1 heading under Constraints and choose Delete from the context 

menu.  

Note: With this constraint removed, there is now no X constraint anywhere on the model. In the 

next step, we will balance the X loads applied to the model. Y and Z constraints remain, which is 

acceptable because no applied loads act in the Y or Z directions.  

 

  



Add a Force to the Ends of the Small Pin 

In this procedure, we add a load at the ends of the small pin that is equal to the large pin load but 

acting in the opposite direction.  

1. In the LOAD panel of the SIMULATION toolbar, click Structural Loads. The 

default Type of load is Force, which is what we want.  

2. In the STRUCTURAL LOADS dialog, set the Direction Type to Vectors (x, y, z).  

3. Click the top (+Y) end face of the small pin to select it.  

4. Click the bottommost corner of the ViewCube as it is now oriented (the corner where the 

FRONT, RIGHT, and BOTTOM faces meet.) This action results in a different isometric 

view, in which you can see the underside of the assembly.  

5. Click the bottom (-Y) end face of the small pin to select it too.  

Type 2000 in the Fx input field. Your model should resemble the following image:  

 

6.  

7. Click OK.  

Restore the Default Isometric View 



1. Click the Home icon ( ) that appears above the ViewCube when the cursor is near. The 

display returns to the default isometric view of the model.  

 

Solve the Second Study 

 

1. The Pre-check icon in the SOLVE panel of the SIMULATION toolbar is a gold 

exclamation point (  ), indicating that there is a warning.  

Click Pre-check for details.  

The warning indicates that no structural constraints are defined. We expect this warning 

because we are relying on the Remove rigid body modes option to stabilize the model 

instead of constraints.  

2. Click Close to dismiss the warnings.  

3. Click Solve in the SOLVE panel of the SIMULATION toolbar. 
4.  Specify the computing location, using the radio button for solving On Cloud or Locally. 

Notice that Study 1 is not selected because it has already been solved.  

Note: Solving on the cloud consumes cloud credits.  

5. Click Solve to run the simulation for Study 2, which is already selected.  

Note: Again, this model may take several minutes to solve. The solution must be 

performed iteratively multiple times. The solver has to determine at what points along the 

contact faces the model is touching and where it is separating.  

Attention: Slight differences in the generated mesh or the contact iterations are not uncommon 
from release to release of the software or even when the model is solved on different computer 
platforms. Your results should be similar to those shown on this page. However, they may not 
necessarily be identical. You can disregard minor differences in the results. 

  



Access the COMPARE Workspace and Choose the Studies 

to Show 

Perform the following steps after the solution has finished and the Study 2 displacement results 

have been displayed.  

1. Select COMPARE from the Change Workspace drop-down menu at the left end of the 

toolbar. The toolbar changes to include commands specific to comparing results.  

Two side-by-side contour plots appear. Typically, Study 1 appears in the left window, 

and Study 2 appears in the right window, which is what we want.  

2. If necessary, use the drop-down menu in the lower-left corner of either window to select 

a different study to display.  

Note: The results options, study selector, ViewCube, and Navigation Toolbar are only visible 

for the active window. Click anywhere within a Compare window to activate it.  

3. Access the SYNCHRONIZE drop-down menu in the COMPARE toolbar and ensure 

that the following options are set:  

o Synchronize Camera: Enabled  

o Synchronize Result Type: Enabled  

o Synchronize Min/Max: Disabled  

  



Compare the Displacement Results 

1. Click in the left window to activate it.  
2. Using the drop-down menu near the plot legend, change the displacement type from Total to X. 

The X displacements appear in both windows, and your study results should resemble the 
following image:  

  

 

 

Observations: 

 Because one end of the Study 1 model is fixed, and the force stretches the assembly in the 

-X direction, all X displacement results are negative.  

 For Study 1, the maximum relative X displacement magnitude for the assembly is about 

0.0035 in.  

 Since the Study 2 model is being acted on by +X and -X forces, positive and negative X 

displacement results are evident. The zero-displacement area is near the middle of the 

connecting rod span.  

 The displacement variation for Study 2 is 0.00264 in to about - 0.00154 in. Therefore, 
the maximum relative displacement for the assembly is 0.0026 - (-0.00154 in), or 
approximately 0.0042 in.  

 The deformation of the assembly is greater in Study 2, which is not surprising. The small 

pin is free to bend more without the fixed constraints on the end faces.  

  



Compare the Stress and Safety Factor Results 

1. Using the drop-down menu near the plot legend, change the result type from Displacement to 
Stress. The Von Mises stresses appear in both windows, and your study results should resemble 
the following image:  

 

 

 

2. Using the drop-down menu near the plot legend, change the result type from Stress to Safety 
Factor:  

 

 



 

Observations: 

 The maximum Von Mises stress for Study 1 is between 21,600 and 21,700 psi. The 
location, as we saw previously, is at the edge of the short pin. This pin behaves as a 
built-in beam, where the greatest moment occurs at the end supports.  

 The maximum Von Mises stress for Study 2 is approximately 24,300 psi. It occurs on the 
surface of the small pin at its mid-length.  

Tip: If desired, you can temporarily return to the SIMULATION workspace to hide parts 

and to show the Min/Max probes, which are not available in the COMPARE workspace. 

Do this to locate the maximum result when it is located on hidden faces.  

 The Study 2 stress exceeds the Study 1 stress by approximately 12%.  
 The safety factor results reflect the increased stress level in Study 2, where the safety 

factor is 25% lower than that of Study 1.  

   



Compare the Contact Pressure Results 

1. Using the drop-down menu near the plot legend, change the result type from Safety Factor to 
Contact Pressure:  

 

 

 

Observation: 

 The greater amount of small pin bending deflection in Study 2 results in a more localized 

contact area near the edges of the connecting rod hole. The end result is an 33% 

increase in contact pressure for Study 2, which is not surprising. 


