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Optimum Design of Front Toe Angle Using Design of Experiment and
Dynamic Simulation for Evaluation of Handling Performances
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ABSTRACT

At the initial design stage of a new vehicle, the chassis layout has the most important
influence on the overall vehicle performance. Most chassis designers have achieved the target
performances by trial and error method as well as individual knowhow. Accordingly, a general
procedure for determining the optimum location of suspension hard points with respect to the
kinematic characteristics needs to be developed. In this paper, a method to optimize the toe
angle in the double wishbone type front suspension of the four-wheel-drive vehicle is presented
using the design of experiment, multibody dynamic simulation, and optimum design program.
The handling performances of two full vehicle models having the initial and optimized toe
angle are compared through the single lane change simulation. The sensitive design variables
with respect to the kinematic characteristics are selected through the experimental design
sensitivity analysis using the perturbation method. An object function is defined in terms of the
toe angle among those kinematic characteristics. By the design of experiment and regression
analysis, the regression model function of toe angle is obtained. The design variables which
make the toe angle optimized are extracted using the optimum design program DOT. The
single lane change simulation and test of the full vehicle model are carried out to survey the
handling performances of vehicle with toe angle optimized. The results of the single lane
change simulation show that the optimized vehicle has the more improved understeer tendency
than the initial vehicle.
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Fig. 2 Double wishbone type front suspension
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Fig. 3 Comparison of initial toe and desired toe at
early design
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Table 1 Results of sensitivity analysis by perturbation methods
A T 3 n st ot
. Sensitive Sensitive Sensitive Sensitive Sensitive Sensitive
Function
Toe Angle Iz H:z Fz Cz Ez Bz
(0.06) (0.05) (0.028) (0.023) (0.02) (0.017)
Camber Angle Ciz Fz Az Bz E:z Dz
(0.036) (0.023) (0.021) 0.02) (0.014) (0.013)
Castor Angle F:x Cx Az Bz Dz Ez
(0.202) (0.201) (0.029) (0.028) (0.024) (0.023)
L L Cy Fy Cz Fz Bz Az
Kingpin Inclination | 5 1g7) (0.195) (0.058) (0.049) 0.021) 0.02)
Roll Center Height Fz Cz Dz E:z Az Bz
Change (2.816) (2.213) (1.733) (1.7119) (1.28) (1.233)
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Table 2 Values of object function by design of

experiment
Experiment Obje.Ct
No. Xy X2 X3 function

value

1 -1 -1 -1 9.156
2 -1 -1 1 31475
3 -1 1 -1 24.883
4 -1 1 1 3.362
5 1 -1 -1 30.904
6 1 -1 1 4548
7 1 1 -1 60.497
8 1 1 1 33614
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 32215
14 0 0 -1.216 | 30.346
15 0 0 1.216 1.614
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Table 3 ANOVA table of regression model function

Factor s |e| v Fo |POO1)
CETESSION | osaas6 | 3 | 1101645 | 32618 622
variation

Residual -\ 861 | 11| 96533

variation

Sum 3976797 | 14

Table 394 Fo go] F(0.01) Rt a2u2
FAFE 1% = oA 4] (11)9] AR
FE f93itn & 5 Qg

25 HE SHH4 83 L AZHH
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~tion) EZAO|BE 4 (12)9} o] FJsrh.

Minimize Object Function Y, where

Y =13.75+8.8375X, +7.2093X, — 7.9747X
+5.7371X} +3.5535X 5 + 1.6735X}
+8.8805X,X; —6.7546X X 3 —5.5458X ;X 5

Subject to;
-1 <X £1
-1 £ X, <1 (12)
-1 <X <1

SR A S B A= H8A M235, 2000/ 125



A48 - W] - Ay

2 (12)8 & FHHA AN HHHA™
48 Fa7] 93 HAFAHA =239 DOT
v4.20% ol &atdt? FHAA HNe B T
HA Ao 2 X;=-0.06916, X2=-0.14585,
X3=1.00128 o] ZES 4 (8)d] Y3t 4A
HyZkeg 78 a=046575, b=0.74857,
c=0.48930]t}. o] AAWRFHES thA DADS
AYdsted A g AE Fig. 49 JeEAL
o, o] w EAFFS 2.290|0}

i |—=— Optimized toe

! i |-+ Initial toe
e e e O h W [l r|—=—Target toe
. i N H i

..................

Wheel travel {mm)
[=]
L
L

06 0.4 0.2 0 0.2 04 06
Toe angle (deg)

Fig. 4 Toe angle after optimum design
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