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Robust Design Optimization of the Vehicle Ride Comfort
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ABSTRACT

Vehicle vibration mostly originates from the road excitation and causes discomfort, fatigue and even

injury to a driver. Vehicle ride comfort is one of the most important performance indices to achieve a

high-quality vehicle design. Since design parameter variations inevitably result in the vehicle ride

comfort variance, the variance characteristics should be analyzed in the early design stage of the

vehicle. The vehicle ride comfort is often defined by an index which employs a weighted RMS value

of the acceleration PSD of a seat position. The design solution is obtained through two steps in this

study. An optimization problem to obtain a minimum ride comfort index is solved first. Then another

optimization problem to obtain minimum variance of the ride comfort index is solved. For the

optimization problems, the equations of motion and the sensitivity equations are derived basing on a

5-DOF vehicle model. The numerical results show that an optimal solution for the minimum ride

comfort is not necessarily same as that of the minimum variance of the ride comfort.
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Fig. 1 Five degree of freedom vehicle model

Table 1 Parameters of 5-DOF vehicle model

M C K L
(kg kgm’) | (Nsm) | (N/m) (m)
1 51 500 9300 0.259
2 1250 2500 75000 1.316
3 1634.8 2500 45000 1.732
4 67.25 - 219400 -
) 67.23 - 219960 -
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Fig. 2 A road profile defined by ISO
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Table 2 Sensitivity study of design variables on the
vehicle ride comfort at initial design

M C K L
1 44.04 15.16 56.75 0.32
2 31.86 4.18 17.19 4.47
3 1.09 0.53 12.66 L1
4 0.19 - 5.23
5 0.19 3.26 -
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Table 3 Initial value of the vehicle model

bomd | vae | bowa | TRMS

M1 45.9 51 56.1

Cl1 0 500 10000

C2 0 2500 10000

C3 0 2500 10000

0.8808

K1 8370 9300 10230

K2 67500 75000 82500

K3 40500 45000 49500

Li 0.2331 0.259 0.2849

Table 4 Result of design optimization
Love | Opimam [ Ve | s

M1 4743 54.57 54.57

Cl1 0 9300 9300

C2 0 8948 9300

c3 0 1984 9300

0.4741

K1 8649 8649 9951

} 69750 69750 80250

X3 41850 41850 48150

L1 0.2409 0.2412 0.2771
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Table 5 Variation effects of design variables at optimal
design
M C K L
i 0.4404 0.0019 0.1086 0.0007
2 - 0.0579 0.0805 -
3 - 0.0011 0.0791

BRABNUSSEHI=E8/A 184 A 123, 2008d/1221



& ¥ T Maksym Spiriyagin- & ¥ 3]

Table 6 Comparison of first step solution and the
second step solution

Design " Robust R I
optimal - | - ‘optimal | chan Gef
solution _solution - Be
Cl1 9300 9300 0%
C3 1984 821.9 5857 %
L1 0.2412 0.2516 4.13%
WRMS 0.4741 0.4837 2%
Owrus 0.1724 0.1409 18.27%
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