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A Study on Optimal Combination of Design Parameters for Improving Handling
Performance of a Large Truck Using Design of Experiments
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Abstract

This paper presents a scheme for finding an optimal combination of design parameters affecting on the
handling performance of a large truck using design of experiments. The average of the sum of peak-to-peak
roll angles at the first and second part of the double lane is used as an objective function for design of
experiments. Six design parameters are selected from all possible parameters affecting on the handling
performance. The table of orthogonal arrays is made by 27 times simulations. A computational model of a
large truck is developed by MSC/NASTRAN and MSC/ADAMS, and verified the reliability of it with the
results of vehicle tests performed in a double lane change course. It is used for the simulations. Analyses of
variance and factor effect of the table of orthogonal arrays are performed. This paper proposes an optimal
combination of those six design parameters for improving the handling performance of the large truck.
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Fig. 1 The finite clement model of the heavy truck
frame
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Fig. 2 Schematic diagram for ADAMS modeling of the
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(b) Side view
Fig. 3 The ADAMS computer model of the heavy truck
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Fig. 4 Results comparison of double lane change test
and simulation,V=50km/h (a)roll angle (b)lateral
acceleration) (c)yaw rate
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Fig. 5 Results comparison of double lane change test
and simulation, V=60km/h (a)roll angle (b)lateral
acceleration) (c)yaw rate
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Table 1 The design parameters and levels for the design of
experiments

No. factor level level 0 [level 1| level 2
chassis front leaf spring | current current

A stiffness X0.8 current| 1.2
chassis rear leaf spring | current current

B stiffness xX0.8 current} o 1.2
c chassis shock absorber | current current current
front damping coefficient | X 0.6 xX14
cab front & rear coil spring| current current

D stiffness x0.8 current} 1.2
cab shock absorber front | current current

F 7 damping coefficient | x0.6 || x4
cab shock absorber rear | current current

G damping coefficient x0.6 |CUTENt 14
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Table 2 The orthogonal arrays in double lane change
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Row simulated objective
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Table 3 The ANOVA and factor effect analysis in
double lane change maneuver(V=50km/h)

(a) ANOVA table
factor sum of freedom of mean F,
square(S) | degree(®) | square(V)
A 0.35349 2 0.17674 654.59
B 0.00128 2 0.00064 237
C 0.00053 2 0.00027 1.0
D 0.00213 2 0.00107 3.96
F 0.00083 2 0.00042 1.56
G 0.00038 2 0.00019 0.70
AxF | 0.00087 2 0.00044 1.63
AxG | 0.00004 2 0.00002 0.07
(b) Factor effect analysis
factor level O level 1 level 2
A 0.36083 0.32790 0.31127
B 0.33473 0.33305 0.33222
C 0.33272 0.33352 0.33376
D 0.33523 0.33308 0.33169
F 0.33251 0.33317 0.33432
G 0.33349 0.33316 0.33335

(c) Graph analysis
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