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Motivation - SLA Suspension

Short and Long arm suspension

The unequal length double wishbone 

suspension.  The unequal arm length 

causes a change in the camber of the 

vehicle as it rolls, which helps to keep the 

contact patch square on the ground, 

increasing the ultimate cornering capacity 

of the vehicle.

Suspension

Double wisebone suspension designs

Macpherson Double wishbone



Suspension requirement
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Vehicle system

SLA suspension 

subsystem

Structural elements

Quarter vehicle model

(weight, suspension type)

Suspension simulation model

Suspension component model



Suspension
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System Parameters Value

Sprung Mass 450 Kg

Upsprung Mass 45 Kg

Suspension Stiffness 22000 N/m

Passive Suspension

Damping

2300 Ns/m

Tire Stiffness 176000 N/m

Tire Damping 

Coefficient

230 Ns/m

Suspension Parameters of Quarter Car Model

System equation
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Simscape Suspension model
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Suspension cad model
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Lower arm

Upper arm

Knuckle

Shock absorber

Reference – grabcad



Lower control arm
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Optimum solution

Minimize Compliance 

Subject to Volume fraction 50%T ,T ,Tx y z

T ,Ty z

Load case 1 F 100kN

Load case 2 F 100kN

Load case 3 F 100kN
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Original cad model
Modified model 

for topology optimization

Boundary Condition



Upper control arm
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T ,T ,Tx y z

T ,Tx y

Optimum solution

Minimize Compliance 

Subject to Volume fraction 40%

Load case 1 F 100kN

Load case 2 F 100kN

Load case 3 F 100kN

x

y

z

 
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Original CAD model
Modified model 

for topology optimization

Boundary Condition



Optimization results
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Lower control arm Upper control arm

History of topology optimization process

Objective function 52%  

Mass 50% 




Objective function 28%  

Mass 60% 







Knuckle Buckling 
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Buckling critical load

41395 1N

=41395N 4900N 500kg 9.8m/s

CRP P   



T ,T ,Tx y z

Boundary Condition



Conclusion
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• 2-DOF quarter car suspension simulation is applied.

But It has difficult to use analyzed data on 3d FEM model.

• Multi-objective topology optimization is used on Suspension components.

• Buckling analysis is applied on knuckle component.
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