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Shock Absorber Preload Analysis 

using CATIA Generative Structural 

Analysis (FEA)
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• The following licenses are required to create the 

Shock Absorber Preload Simulation: 

• Generative Shape Design

• Mechanical Part Design

• Generative Structural Analysis
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• Issues to prove with this coil over shock absorber FEA analysis:

1. The spring rate will be linear when the spring has a consistent

(evenly spaced) pitch and a constant diameter.

2. Preloading the spring on the coil over assembly will NOT change

the rate of the spring.

3. Preloading the spring on the coil over assembly WILL affect the

deflection at load (length at load) of the shock absorber.
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1.1) Calculate the spring values.
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1.2) Create a CATIA Part model of the Spring.

• Since this is an FEA simulation analysis of a coil over shock 

absorber assembly, we will assume the user has created all 

the parts within the assembly.
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1.3) Create an FEA analysis of the Spring which correlates the Spring 

Rate of the CATIA Part model and proves the rate to be Linear.

Load = 10X 
the Spring 
Rate ➔

10mm Defl.

Load = 20X 
the Spring 
Rate ➔

20mm Defl.

Load = 30X 
the Spring 
Rate ➔

30mm Defl.
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2.1) Change the Free Length of the Spring on the Calculation sheet to 

remove the deflection caused by the Preload value. 
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2.2) Update the CATIA Part for the Spring using the new values from 

the calculations sheet. 

Preload 
Height



BND TechSource

BND TechSource https://bndtechsource.wixsite.com/home

2.3) Create an FEA analysis of the Preloaded Spring to correlate the 

Spring Rate from the CATIA Part model and prove the rate 

remains Linear.

Load = 20X the 
Spring Rate –
the Preload ➔
10mm Defl.

Load = 30X the 
Spring Rate –
the Preload ➔

20mm Defl.

Load = 40X the 
Spring Rate –
the Preload ➔

30mm Defl.
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3.1) Create a CATIA Product model of the Coil Over Shock 

Absorber Assembly in the Preloaded condition.

Spring 
Preload 
Height

Spring 
Free 

Height

Shock
Extended

Height
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Applied force must first
be overcome to affect

the Shock Height.

Any force will 
affect the

Shock Height.
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3.2) Create an FEA analysis (Static Case.Preload) of the Coil Over 

Assembly applying the proper restraints and loads. 
(10x rate = 10mm deflection)

Static Case.Preload 
will be used as the 
Preload for this 

simulation.
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3.3) Create an FEA analysis (Static Case.Shock Load) of the Coil Over 

Assembly applying the proper restraints and loads. 
(30x rate = 30mm deflection)

Static Case. Shock 
Load will be used as 
the Shock Load for 

this simulation.
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3.4) Create an FEA analysis (Combined Case.Shock Load) of the Coil 

Over Assembly applying the proper restraints and loads. 
(Shock Load – Preload = Resultant Shock Load ➔ Shock Deflection)

Combined Case. 
Shock Load will be 

used as the 
Resultant Shock 

Load for this 
simulation.
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3.5) Graph below shows the Shock Deflection based on Shock Load at 

various Preload conditions. 
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Create the Free Length Spring FEA
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• Create an Excel spreadsheet to calculate the spring values.
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• Create the Spring based on calculated the spring values.

Helix_Lwr

Helix_Mid

Helix_Upr
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• Generative Structural Analysis only works with the geometry 

inside the PartBody!

Copy Solid Body; Paste 

Special Result with Link

Hide Solid Body prior to 

creating the Generative 

Structural Analysis

Apply material 

prior to 

creating the 

Generative 

Structural 

Analysis 
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• While inside the CatPart, call the Generative Structural Analysis 

workbench.
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• Generative Structural Analysis workbench creates the 

Analysis Manager.

Nodes and Elements node is evidence 
that the Generative Structural 
Analysis workbench is active.

Generative Structural 

Analysis workbench

Analysis Manager 

contains a link to the 

3D Part and the 

Finite Element Model

a) Pick Static Analysis

b) Pick OK
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• Optimize the Mesh for the Spring.

b) Change the 
Size to 5mm

a) Double-pick the Octree 

Tetrahedron Mesh

c) Pick Absolute 
sag (1mm)

e) Pick OK

d) Pick Parabolic
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• Create the Clamp Restraint.

b) Select the 
clamp surface 

a) Pick the 

Clamp icon

c) Pick OK
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• Create the Sliding Restraint.

b) Select the Sliding 

Restraint surface 

a) Pick the Sliding 

Restraint icon

c) Pick OK
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• Create the Load (10 x rate ➔ 876.4N).

b) Select the 
bottom surface 
of the retainer

a) Pick the 

Force Density 

icon

c) Set Z to 

876.4N

d) Pick OK
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• Compute the analysis of the Free Length Spring.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution
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• Compute the analysis of the Free Length Spring.

e) Pick Yes and wait for 

the computation to run.
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• Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon
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• Adjust Factors to “dial in” the FEA correlation if required.
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• The FEA analysis of the Free Length Spring correlates with the 

Spring Rate of the CATIA Part model and proves the rate to be 

Linear.

Load = 10X 
the Spring 
Rate ➔

10mm Defl.

Load = 20X 
the Spring 
Rate ➔

20mm Defl.

Load = 30X 
the Spring 
Rate ➔

30mm Defl.
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Create the Preload Length Spring 

FEA
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• Change the Free Length of the Spring on the Calculation sheet to 

remove the deflection caused by the Preload value. 
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• Adjust the Spring based on Preload calculated the spring values.

Helix_Lwr

Helix_Mid

Helix_Upr
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• Compute the analysis of the Preloaded Spring.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution
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• Compute the analysis of the Preloaded Spring.

e) Pick Yes and wait for 

the computation to run.
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• Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon
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• Adjust Factors to “dial in” the FEA correlation if required.

Changed from 

0.77 to 0.85

Changed from 

7.769 to 8.577
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• Re-compute the analysis of the Preloaded Spring.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution
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• Re-compute the analysis of the Preloaded Spring.

e) Pick Yes and wait for 

the computation to run.
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• Show results of the Preload analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

c) Rename to Static 

Case.Preload
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• Create a new Static Case.Shock Load Spring.

a) Pick Insert 

+ Static Case

b) Pick Restraints 

+ Reference
c) Pick Restraints.1 from 

Static Case.Preload

d) Pick OK
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• Create a new Static Case.Shock Load Spring.

e) Rename to Static Case. 

Shock Load Spring
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• Create the new Shock Spring Load (30 x rate ➔ 2629.2N).

b) Select the 
bottom surface 
of the retainer

a) Pick the 

Force Density 

icon

c) Set Z to 

2629.2N

d) Pick OK
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• Compute the analysis of the Shock Load Spring.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution
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• Compute the analysis of the Shock Load Spring.

e) Pick Yes and wait for 

the computation to run.
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• Show results of the Shock Load Spring analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon
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• Create a new Combined Case.Shock Spring Deflection.

c) Pick Combined Static Case 

Solution.1 to add to the index

b) Double-pick Combined 

Static Case Solution.1 h) Pick OK

a) Pick Insert + 

Combined Case

d) Pick Combined Static Case 

Solution.2 to add to the index

e) Right-click the 

coefficient to edit

f) Set the first 

coefficient to -1

g) Set the second 

coefficient to 1
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• Compute the analysis of the Combined Static Case Solution.1

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the 
Combined Static 
Case Solution.1
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• Show analysis results of the Combined Case.Shock Spring Deflection.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

c) Rename to Combined 

Case. Shock Spring 

Deflection
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• The FEA analysis of the Preloaded Spring correlates with the 

Spring Rate from the CATIA Part model and proves the rate 

remains Linear.

Load = 20X the 
Spring Rate –
the Preload ➔
10mm Defl.

Load = 30X the 
Spring Rate –
the Preload ➔

20mm Defl.

Load = 40X the 
Spring Rate –
the Preload ➔

30mm Defl.
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Create the Preloaded Coil-over 

Shock Assembly FEA
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• Create a CATProduct for the Coil-over Shock Assy.

Ensure all 

CATParts have 

their Solid Bodies 

in the Part Body.

Ensure all 

CATParts have 

their Solid Bodies 

in the Part Body.

Ensure all 

CATParts have 

their Solid Bodies 

in the Part Body.
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• Create Constraints for all parts within the Coil-over Shock Assy.

Create Coincidence 

Constraints for all parts

Create Contact 

Constraints for Upper 

& Lower to Spring

Coincidence 

Constraint 

icon

Contact 

Constraint 

icon
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• While inside the CatPart, call the Generative Structural Analysis 

workbench.
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• Generative Structural Analysis workbench creates the 

Analysis Manager.

Nodes and Elements node is evidence 
that the Generative Structural 
Analysis workbench is active.

Generative Structural 

Analysis workbench

Analysis Manager 

contains a link to the 

3D Part and the 

Finite Element Model

a) Pick Static Analysis

b) Pick OK
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• Optimize the Mesh for the Spring.

b) Change the 
Size to 5mm

c) Pick Absolute 
sag (1mm)

e) Pick OK

d) Pick Parabolic

a) Double-pick the OCTREE 

Tetrahedron Mesh.1 : Front 

Spring (S5004).1
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• Optimize the Mesh for the Upper Shock.

b) Change the 
Size to 10mm

c) Pick Absolute 
sag (2mm)

e) Pick OK

d) Pick Parabolic

a) Double-pick the OCTREE 

Tetrahedron Mesh.2 : Front 

Shock Absorber-Upper.1
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• Optimize the Mesh for the Lower Shock.

b) Change the 
Size to 10mm

c) Pick Absolute 
sag (2mm)

e) Pick OK

d) Pick Parabolic

a) Double-pick the OCTREE 

Tetrahedron Mesh.3 : Front 

Shock Absorber-

Lower(S5004).1
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• Create the Clamp Restraint and rename Static Case.

b) Select the 
clamp surfaces 

a) Pick the 

Clamp icon

c) Pick OK

b) Select the 
clamp surfaces 

d) Rename as Static 
Case.Assy Preload
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• Create the Sliding Restraint.

b) Select the Sliding 

Restraint surfaces (10)

a) Pick the Sliding 

Restraint icon

c) Pick OK
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• Create the Contact Connection Property.1

b) Select the 
Surface Contact

c) Pick OK

a) Pick the Contact 

Connection 

Property icon
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• Create the Contact Connection Property.2

b) Select the 
Surface Contact

c) Pick OK

a) Pick the Contact 

Connection 

Property icon
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• Create the Rigid Connection Property.

b) Select the 
Surface Contact

c) Pick OK

a) Pick the Rigid 

Connection 

Property icon
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• Create the Smooth Connection Property.

b) Select the 
Surface Contact

c) Pick OK

a) Pick the Smooth 

Connection 

Property icon
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• Create the Preload (10 x rate ➔ 876.4N).

b) Select the 
bottom surface 
of the retainer

a) Pick the 

Force Density 

icon

c) Set Z to 

876.4N

d) Pick OK
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• Compute the Assy Preload analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution
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• Compute the Assy Preload analysis.

e) Pick Yes and wait for 

the computation to run.
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• Show results of the Assy Preload analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon
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• Adjust Factors to “dial in” the FEA correlation if required.

Changed from 

0.85 to 0.86

Changed from 

8.577 to 8.678
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• Adjust the Spring CATPart Upr & Lwr Helix.

b) Change the value 

to 8.678mm

a) Double-pick the 

Helix_Lwr Pitch

c) Pick OK

Repeat steps a-c for 

the Helix_Upr Pitch
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• Re-compute the Assy Preload analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution



BND TechSource

BND TechSource https://bndtechsource.wixsite.com/home

• Re-compute the Assy Preload analysis.

e) Pick Yes and wait for 

the computation to run.
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• Show results of the Assy Preload analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon
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• Create a new Static Case.Assy Shock Deflection.

a) Pick Insert 

+ Static Case

b) Pick Restraints 

+ Reference
c) Pick Restraints.1 from 

Static Case.Preload

d) Pick OK
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• Create a new Static Case.Assy Shock Deflection.

e) Rename to Static 

Case.Shock Load
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• Create the new Shock Load (30 x rate ➔ 2629.2N).

b) Select the 
bottom surface 
of the retainer

a) Pick the 

Force Density 

icon

c) Set Z to 

2629.2N

d) Pick OK
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• Create a new Combined Case.Assy Shock Deflection.

c) Pick Combined Static Case 

Solution.1 to add to the index

b) Double-pick Combined 

Static Case.1

h) Pick OK

a) Pick Insert + 

Combined Case

d) Pick Combined Static Case 

Solution.2 to add to the index

e) Right-click the 

coefficient to edit
f) Set the first 

coefficient to -1

g) Set the second 

coefficient to 1
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• Compute the analysis for the Combined Case.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the 
Combined Case 

Solution.1
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• Show results of the analysis of the Combined Case.Assy Shock Deflection.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

c) Rename to 

Combined Case. 

Assy Shock 

Deflection
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• The FEA analysis of the Preloaded Shock Assy correlates with 

the Spring Rate from the CATIA Part model and proves the rate 

remains Linear.

Load = 20X the 
Spring Rate –
the Preload ➔
10mm Defl.

Load = 30X the 
Spring Rate –
the Preload ➔

20mm Defl.

Load = 40X the 
Spring Rate –
the Preload ➔

30mm Defl.



BND TechSource

BND TechSource https://bndtechsource.wixsite.com/home

• Graph below shows the Shock Deflection based on Shock Load at 

various Preload conditions. 
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• In this Shock Absorber Preload Analysis, we have proven the

following:

1. The spring rate will be linear when the spring has a consistent

(evenly spaced) pitch and a constant diameter.

2. Preloading the spring on the coil over assembly will NOT change

the rate of the spring.

3. Preloading the spring on the coil over assembly WILL affect the

deflection at load (length at load) of the shock absorber.

81
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◼ Conclusion:

This is an example of how to use CATIA Generative 

Structural Analysis to prove the affects of Preload 

within the coil over shock absorber.

We hope this analysis proves useful for those who 

need to show a Torsion Bar Analysis.

As always, we are open to any discussions this may 

bring.

Please subscribe to our YouTube channel!


