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Optimization Technique of Passenger Car Suspension System
Considering J-Turn Handling Performances

Sang Beom Lee, Chun Seung Lee, Hong Jae Yim and Min Soo Kim
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Abstract

The purpose of this paper is to develop a systematic design method for the suspension system hard
points and compliance elements, which have great influence on the handling stability of a vehicle. In
this paper, a method to optimize J-turn responses is presented based on the principles of design of
experiments, multi-body dynamic analysis and optimum design technique. The design variables
associated with the J-turn maneuver are selected through the experimental design sensitivity analysis
using the perturbation method. An objective function is defined as an approximate function for the
J-turn characteristics using the TSA(Taylor series approximation). The values of the design variables,
which make the optimized J-turn characteristics, are obtained using the conjugate gradient method. The
result of the J-turn simulation shows that the optimized vehicle has more improved handling stability
than the original vehicle.
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Fig. 2 Torsion beam axle suspension system
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Table 1 Design variables of front suspension system

De.sign Response Remarks
variable 1 I m v

DVF 1 0.00194 LCA front bushing: z
DVF 2 -0.00203 Front wheel center: y
DVF 3 —-0.0032 Front wheel center: z
DVF 4 0.00518 Tie rod outer: x

DVF 5 0.0039 Tie rod inner: y

DVF 6 0.0101 Tie rod inner: z

DVF 7 0.0026 Front spring stiffness SF
DVF 8 0.0033 Front damper damping SF

Table 2 Design variables of rear suspension system

Design Response

variable 1 i I v Remarks
DVR 1 0.00446 Trailing arm body pivot: x
DVR 2 -0.00128 Trailing arm body pivot: y
DVR 3 -0.00137 —0.00464 Trailing arm body pivot: z
DVR 4 -0.00503 Trailing arm bushing: x
DVR 5 0.00457 Spring upper mount: x
DVR 6 -0.00136 Damper lower pivot: y
DVR 7 —0.00473 Damper upper bushing: AS
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Table 3 Design variables and optimized results

Design | Lower | Upper Initial {Optimum
variable | bound | bound value value

DVF 1 | -106.00] -46.00 -76.00] -106.00

DVF 2 | -73500] -675.00] -705.00{ -675.00

DVF 3 -30.00 30.00 0.00 243

DVF 4 9369 15369 12369 129.06

Front "oV E 5 1 Ta7.00] 207000 177.00] 17406

DVF 6 -32.52 2148 -2.52]  -2159

DVF 7 -10.00 10.00 0.00{ -10.00

DVF 8 -10.00 10.00 0.00 -2.50
DVR 1 | 1945.00] 2005.00] 1975.00] 1964.06

DVR 2 | -600.00] -540.00] -570.00] -569.03

DVR 3 -51.00 9.00{ -21.00 9.00

Rear | DVR 4 | 1945.00{ 2005.00] 1975.00] 1987.52

DVR 5 | 2368.05| 242805 2398.05] 2388.75

DVR 6 | 2265.00) 2325.00] 2295.00] 2296.03
DVR 7 -10.00 10.00 0.00 9.63
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Fig. 3 History of design variable changes for front

suspension system
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Fig. 4 History of design variable changes for rear
suspension system
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Table 4 Response parameters of J-turn simulation

Target | Initial |Optimum| Percent

P,
arameters model | model | model | change

Steering sensitivity | 1.01 1.38 1.33 135

Understeer gradient| 4.40 4.26 4.35 64.3

Roll gain 6.40 4.06 4.90 369

Lateral acceleration

. 0.41 0.49 0.43 7.0
response time
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