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Torsion Bar Analysis using CATIA 

Generative Structural Analysis 

(FEA)
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◼ The following licenses are required to create the 

Spring Simulation: 

◼ Generative Shape Design

◼ Mechanical Part Design

◼ Generative Structural Analysis
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▪ Anti-roll bars perform in torsion.

The deflection rate (k) at the free end of a torsion spring is:
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Where:

G = Modulus of Rigidity

 = Deflection

E = Young’s Modulus
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▪ 25mm dia. torsion bar torsional rate and force.
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▪ 30mm dia. torsion bar torsional rate and force.
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• Positions of the clamp/pivot surfaces on the Torsion Bar.

The position of these 
clamp/pivot surfaces 
are important to the 

correlation of the 
Equations to the FEA. 

a b

Diameter (mm) a (mm) b (mm)

25 295 50 (2*d)

30 295 60 (2*d)
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• Create the straight Torsion Bar solid geometry in a CatPart.

Create clamp/pivot 
surfaces and apply a 

small amount 
(.003mm) thickness

Create clamp/pivot 
surfaces and apply a 

small amount 
(.003mm) thickness

The position of these 
clamp/pivot surfaces 
are important to the 

correlation of the 
Equations to the FEA. 
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• Create the bent Torsion Bar solid geometry in a CatPart.

Create clamp/pivot 
surfaces and apply a 

small amount 
(.003mm) thickness

Create clamp/pivot 
surfaces and apply a 

small amount 
(.003mm) thickness

The position of these 
clamp/pivot surfaces 
are important to the 

correlation of the 
Equations to the FEA. 
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• Generative Structural Analysis only works with the geometry 

inside the PartBody!

Copy Body.#; Paste 

Special Result with Link

Hide 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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• Generative Structural Analysis workbench; Optimize the Mesh.

b) Change the 
Size to 20mm

a) Double-pick the Octree 

Tetrahedron Mesh

c) Pick Proportional 
sag (0.2)

e) Pick OK

d) Pick Parabolic



BND TechSource

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

Torsion Bar Analysis 

in Bump condition
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• Generative Structural Analysis workbench; Create Smooth 

Virtual Parts for slider/pivot restraints.

b) Select the 
clamp/pivot 

surface 

a) Pick the Smooth 

Virtual Part icon

c) Pick OK

d) Repeat steps 
a-c for the next 

clamp/pivot 
surface

Bump
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• Generative Structural Analysis; Create the Clamp Restraint.

b) Select the 
clamp surface 

a) Pick the 

Clamp icon

c) Pick OK

Bump
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• Generative Structural Analysis; Create the Sliding Pivot 

Restraints.

b) Select the 
clamp/pivot 
Virtual Part 

a) Pick the 

Sliding Pivot 

icon

d) Pick OK

e) Repeat steps 
a-d for the next 

clamp/pivot 
Virtual Part 

c) Set Y to 1

Bump
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• Generative Structural Analysis; Create the Load.

b) Select the 
end of the 
swing arm

a) Pick the 

Force Density 

icon

d) Pick OK

c) Set Z to 

211.5N

Bump
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• Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Bump
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Bump
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Bump
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• Back to the Torsion Bar CatPart to de-activate the straight 

portion and activate the bent portion.

a) de-activate 

the straight 

portion

b) activate the 

bent portion
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• Back to Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Bump
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Bump
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Bump
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• Back to the Torsion Bar CatPart to activate the straight 

portion and de-activate the bent portion and change the 

diameter to 30mm.

b) activate the 

straight 

portion

a) de-activate 

the bent 

portion

c) Change the 

diameter to 

30mm

The clamp/pivot surfaces 

automatically adjust due 

to the formula applied to 

the offset plane. 
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• Generative Structural Analysis workbench; create a new 

Static Case_d30 for the diameter 30mm Torsion Bar.

a) Pick Static Case

b) Pick OK

c) Hide the 
Static Case_d25

Bump
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• Generative Structural Analysis workbench; create Smooth 

Virtual Parts for slider/pivot restraints.

b) Select the 
clamp/pivot 

surface 

a) Pick the Smooth 

Virtual Part icon

c) Pick OK

d) Repeat steps 
a-c for the next 

clamp/pivot 
surface

Bump
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• Generative Structural Analysis; create the Clamp restraints.

b) Select the 
clamp surface 

a) Pick the 

Clamp icon

c) Pick OK

Bump
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• Generative Structural Analysis; create the Sliding Pivot 

restraints.

b) Select the 
clamp/pivot 
Virtual Part 

a) Pick the 

Sliding Pivot 

icon

d) Pick OK

e) Repeat steps 
a-d for the next 

clamp/pivot 
Virtual Part 

c) Set Y to 1

Bump
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• Generative Structural Analysis; create the Load.

b) Select the 
end of the 
swing arm

a) Pick the 

Force Density 

icon

d) Pick OK

c) Set Z to 

438.5N

Bump
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• Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Bump
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Bump
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Bump
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• Back to the Torsion Bar CatPart to de-activate the straight 

portion and activate the bent portion.

a) de-activate 

the straight 

portion

b) activate the 

bent portion
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• Back to Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Bump
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Bump
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Bump
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Torsion Bar Analysis 

in Roll condition
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• Generative Structural Analysis workbench; create a new 

Static Case_d25_Roll for the diameter 25mm Torsion Bar.

a) Pick Static Case

b) Pick OK

Roll
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• Generative Structural Analysis workbench; Create Smooth 

Virtual Part for center restraint.

b) Select the 
center bar 

surface 

a) Pick the Smooth 

Virtual Part icon

c) Pick OK

Roll
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• Generative Structural Analysis; Create the User-defined 

Center restraint.

b) Select the Smooth Virtual 
Part for center restraint

a) Pick the 

User-defined 

Restraint icon

e) Pick OK

Roll

c) Un-pick Restrain 

Rotation 1

d) Un-pick Restrain 

Rotation 2
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• Generative Structural Analysis; Create the Sliding Pivot 

restraints.

a) Pick the 

Sliding Pivot 

icon

e) Repeat steps 
a-d for the next 

clamp/pivot 
Virtual Part 

Roll

Use the existing 
clamp/pivot 
Virtual Parts 

c) Set Y to 1

d) Pick OK

b) Select the 
clamp/pivot 
Virtual Part 



BND TechSource

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

• Generative Structural Analysis; Create the Loads.

b) Select the 
end of the 
swing arm

a) Pick the 

Force Density 

icon

d) Pick OK

c) Set Z to 

423N

Roll

e) Repeat steps a-d 
and make the force 

negative for the 
opposite swing arm
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• Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Roll
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Roll
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Roll
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• Back to the Torsion Bar CatPart to de-activate the straight 

portion and activate the bent portion.

a) de-activate 

the straight 

portion

b) activate the 

bent portion



BND TechSource

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

• Back to Generative Structural Analysis workbench; delete 

existing Center restraint and Smooth Virtual Part.

b) Delete the 
existing 

Smooth Virtual 
Part for the 

center restraint

a) Right-click the 

existing Center 

restraint and delete

Roll
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• Generative Structural Analysis workbench; create Smooth 

Virtual Part for center restraint.

b) Select the center 
bar surface 

a) Pick the Smooth 

Virtual Part icon

c) Pick OK

Roll
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• Generative Structural Analysis; create the Center restraint.

b) Select the Smooth Virtual 
Part for center restraint

a) Pick the 

User-defined 

Restraint icon

e) Pick OK

Roll

c) Un-pick Restrain 

Rotation 1

d) Un-pick Restrain 

Rotation 2
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• Back to Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Roll
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Roll
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Roll
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• Back to the Torsion Bar CatPart to activate the straight 

portion and de-activate the bent portion and change the 

diameter to 30mm.

b) activate the 

straight 

portion

a) de-activate 

the bent 

portion

c) Change the 

diameter to 

30mm

The clamp/pivot surfaces 

automatically adjust due 

to the formula applied to 

the offset plane. 
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• Back to Generative Structural Analysis workbench; delete 

existing Center restraint and Smooth Virtual Part.

b) Delete the 
existing 

Smooth Virtual 
Part for the 

center restraint

a) Right-click the 

existing Center 

restraint and delete

Roll
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• Generative Structural Analysis workbench; create a new 

Static Case_d30 for the diameter 30mm Torsion Bar.

a) Pick Static Case

b) Pick OK

c) Hide the Static 
Case_d25_Roll

Roll
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• Generative Structural Analysis workbench; create Smooth 

Virtual Part for center restraint.

b) Select the 
center bar 

surface 

a) Pick the Smooth 

Virtual Part icon

c) Pick OK

Roll
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• Generative Structural Analysis; create the Center restraint.

b) Select the Smooth Virtual 
Part for center restraint

a) Pick the 

User-defined 

Restraint icon

e) Pick OK

Roll

c) Un-pick Restrain 

Rotation 1

d) Un-pick Restrain 

Rotation 2
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• Generative Structural Analysis; create the Sliding Pivot 

restraints.

b) Select the 
clamp/pivot 
Virtual Part 

a) Pick the 

Sliding Pivot 

icon

d) Pick OK

e) Repeat steps 
a-d for the next 

clamp/pivot 
Virtual Part 

c) Set Y to 1

Roll
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• Generative Structural Analysis; create the Loads.

b) Select the 
end of the 
swing arm

a) Pick the 

Force Density 

icon

d) Pick OK

c) Set Z to 

877N

Roll

e) Repeat steps a-d 
and make the force 

negative for the 
opposite swing arm
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• Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Roll



BND TechSource

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

• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Roll
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Roll
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• Back to the Torsion Bar CatPart to de-activate the straight 

portion and activate the bent portion.

a) de-activate 

the straight 

portion

b) activate the 

bent portion
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• Back to Generative Structural Analysis workbench; delete 

existing Center restraint and Smooth Virtual Part.

b) Delete the 
existing 

Smooth Virtual 
Part for the 

center restraint

a) Right-click the 

existing Center 

restraint and delete

Roll
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• Generative Structural Analysis workbench; create Smooth 

Virtual Part for center restraint.

b) Select the center 
bar surface 

a) Pick the Smooth 

Virtual Part icon

c) Pick OK

Roll
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• Generative Structural Analysis; create the Center restraint.

b) Select the Smooth Virtual 
Part for center restraint

a) Pick the 

User-defined 

Restraint icon

e) Pick OK

Roll

c) Un-pick Restrain 

Rotation 1

d) Un-pick Restrain 

Rotation 2
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• Back to Generative Structural Analysis; Compute the analysis.

b) Select the 
Analysis Case 

Solution selection

a) Pick the 

Compute icon

d) Pick OK

c) Pick the Static 
Case Solution

Roll
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• Generative Structural Analysis; Compute the analysis.

e) Pick Yes and wait for 

the computation to run.

Roll
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• Generative Structural Analysis; Show results of the analysis.

b) Notice the max. 

displacement at the 

specified load.

a) Pick the 

Displacement 

icon

Roll
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• We have proven through FEA that shape change does indeed 

affect the spring rate of a torsion bar in both Bump and Roll.

Notice the spring rate 

increases (approx. 

5.5%) for the bent 

torsion bar.

Notice the spring rate 

increases (approx. 

5.5%) for the bent 

torsion bar.



BND TechSource

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

◼ Conclusion:

This is an example of how to use CATIA Generative 

Structural Analysis to prove shape change affect the 

spring rate of a torsion bar.

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!


