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Optimization of Front Bump Steer for Improving Vehicle Handling
Performances
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ABSTRACT

This paper presents a method to optimize the bump steer characteristics (the change of toe angle with vertical wheel
travel) with respect to hard points in the double wishbone front suspension of the four-wheel-drive vehicle using the
design of experiment, multibody dynamics simulation, and optimum design program. Front and rear suspensions are
modeled as the interconnection of rigid bodies by kinematic joints and force elements using DADS. The design variables
with respect to the kinematic characteristics are obtained through the experimental design sensitivity analysis. An object
function is defined as the area of absolute differences between the desired and experimental toe angle. By the design of
experiment and regression analysis, the regression model function of bump steer characteristics is extracted. The design
variables that make the toe angle optimized are selected using the optimum design program DOT. The lane change
simulations and tests of the full vehicle models are implemented to evaluate the improvement of vehicle handling
performances by the optimization of front bump steer characteristics. The results of the lane change simulations show
that the vehicle with optimized bump steer has the weaker understeer tendency than the vehicle with initial bump steer.

Key Words : Sensitivity Analysis(?17t% 8}4]), Design of Experiment(’ 8 A & W),
Double Wishbone Suspension(Gl & ¢ A3 @7} X)), Bump Steer(H X 2E|0]),
Lane Change Simulation(X}X1¥ 7 A & ¢ o] A)
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Table 1 Results of sensitivity analysis by perturbation method

Sensitivity

) 1st 2nd 3rd 4th Sth 6(h
Object ... .. .. .. .\ .\
Function sensitive sensitive sensitive sensitive sensitive sensitive

Toe angle Lz Hz Fz Cz Ez Bz
(0.06) (0.05) (0.028) (0.023) (0.02) (0.017)

Camber angle Cz Fz Az B:z E:z D:z
(0.036) (0.023) (0.021) (0.02) (0.014) (0.013)

Castor angle F:x Cx Az B:z Dz E:z
(0.202) (0.201) (0.029) (0.028) (0.024) (0.023)

Kingpin inclination Cy Fy Caz F:z B:z Az
(0.197) (0.195) (0.058) (0.049) (0.021) (0.02)
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Table 2 Values of object function by design of

experiment
Experiment Object
No. X, X, X, function
value
1 -1 -1 -1 9.156
2 -1 -1 1 31.475
3 -1 1 -1 24.883
4 -1 1 1 3.362
5 1 -1 -1 30.904
6 1 -1 1 4.548
7 1 1 -1 60.497
8 1 1 1 33.614
9 0 0 0 14.496
10 -1.216 0 0 7.126
11 1.216 0 0 36.854
12 0 -1.216 0 5.306
13 0 1.216 0 32.215
14 0 0 -1.216 30.346
15 0 0 1.216 1.614
B, | (13.75 ]
B, 8.84
B, 7.21
B, -7.97 ©)
B= P =(X™X)'X"Y = >4
Bs 3.55
Bs 1.67
B, 8.88
Be -6.75
_Bf)_ [=5.55]
A9 Al gR IARIFSFE 4 0%
Zol RejE),
Y =13.75+8.84X, +7.21X, - 7.97X,

+5.74X? +3.55X 2 +1.67X}
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Table 4 ANOVA table of regression model function

Factor S [01] \"% F, {F(0.01)
R )

CBIESSION | 35749 | 3 | 11916 | 326 | 62
Variation

Residual
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Table 5 Degrees of freedom of full vehicle model

Number of coordinates 216
Number of bodies 36
Number of constraints 122
Ground 6
Cylindrical joint 4x4
Revolute joint 6Xx5
Spherical joint 11x3
Universal joint 5x4
Initial velocity 16
Driver constraint 1
DOF 216-122=94
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Fig. 7 Roll angle during lane change maneuver
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Fig. 9 Yaw rate during lane change maneuver
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