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Optimization and Matching of Mini Passenger Car Suspension Parameters
Based on Design of Experiment

DONG Junhong, CHENG Aiguo
State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body; Hunan University, Changsha 410082, China

Abstract The suspension is a complex mechanical system, for which it is very difficult to define the optimization function. There are more
than one system performance indices for every component of the vehicle, which are interrelated, with complicated impact on the vehicle.
From a theoretical viewpoint, the objective function to optimize the suspension system is very difficult to formulate. In this paper, based on
the multi—body system dynamics method, the virtual prototyping model of a mini passenger car is built. Considering vehicle handling
stability and ride comfort, by using the degree of understeering and the roll rate in the steady circular test and the total RMS acceleration
values in the method of random input running test of automotive ride comfort as the evaluation indices, the orthogonal experiment is
designed, and the effects of the suspension structure parameters on handling stability and riding such as the suspension rate of the front
suspension and the rear suspension, the torsion stiffness of the antiroll bar, the damping ratio of the front and rear suspensions are studied.
Then the important factors are found, together with the optimum combination of the simulation—based suspension parameters. The final
results provide some guidance and support for the optimization of the suspension parameters.
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Fig. 1 Front (a) and rear (b) suspension model
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Table 1 Vehicle parameters
M, /kg 722
M. /kg 1186
H/mm 735
L/mm 3050
I, 906
kg m?) I, 3863
= 3909

175/70 R14 LT

/(km-h™) 132
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’ ¢ Table 2 Design variables
167
1 2 3
3 A /(N-mm™) 44 54 62
31 B /(N-mm-(°)") 6240 7800 10000
’ C /(N-mm™) 58 72 86
’ A A D 0.8 1 12
> > E 0.8 1 12
N s F 0.8 1 12
s 2 o G 0.8 1 12
3.2
Adams/CAR GB/T 6323.6—94( L»(39) . 3
— y GB 4970— 0.8,1.0 12 | 26
1985¢ ), 27
. 27 ;
N @, 3 s 27 S 27
3.3 : Ly(3") , 3
R 7 3 27 o
3 Ly(3%)
Table 3 Orthogonal design of L»(3")
1 2 3 4 5 6 7 8 9 100 11 12 13
A B AB C AC BC D E DE F G FG 1) (mesD™) 1((°)- (mes2)) J(m-s?)
1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.2628 0.5562 0.4653
2 1 1112 2 2 2 2 2 2 2 2 0.2628 0.5561 0.5004
3 1 1 1 1 3 3 3 3 3 3 3 3 3 0.2628 0.5591 0.5262
4 1 2 2 2 1 1 1 2 2 2 3 3 3 0.2283 0.5315 0.5081
5 1 2 2 2 2 2 2 3 3 3 1 1 1 0.2284 0.5314 0.5329
6 1 2 2 2 3 3 3 1 1 1 2 2 2 0.2284 0.5314 0.511
7 1 33 3 1 1 1 3 3 3 2 2 2 0.2482 0.4956 0.562
8 1 33 3 2 2 2 1 1 1 3 3 3 0.2482 0.4947 0.5315
9 1 33 3 3 3 3 2 2 2 1 1 1 0.2482 0.4947 0.5478
w2 1 2 3 1 2 3 1 2 3 1 2 3 0.3443 0.5306 0.5942
11 2 1 2 3 2 3 1 2 3 1 2 3 1 0.3410 0.5396 0.6064
12 2 1 2 3 3 1 2 3 1 2 3 1 2 0.3459 0.48890 0.5967
3 2 2 3 1 1 2 3 2 3 1 3 1 2 0.3143 0.5042 0.5536
4 2 2 3 1 2 3 1 3 1 2 1 2 3 0.3194 0.5032 0.5455
5 2 2 3 1 3 1 2 1 2 3 2 3 1 0.3466 0.5025 0.549
6 2 3 1 2 1 2 3 3 1 2 2 3 1 0.3066 0.4778 0.5858
7 2 3 1 2 2 3 1 1 2 3 3 1 2 0.2967 0.4786 0.4653
¥ 2 3 1 2 3 1 2 2 3 1 1 2 3 0.2828 0.4694 0.557
19 3 1 3 2 1 3 2 1 3 2 1 3 2 0.2926 0.5147 0.6007
20 3 1 3 2 2 1 3 2 1 3 2 1 3 0.2925 0.5148 0.6233
21 3 1 3 2 3 2 1 3 2 1 3 2 1 0.2855 0.5137 0.6044
2 3 2 1 3 1 3 2 2 1 3 3 2 1 0.2766 0.4904 0.6444
23 3 2 1 3 2 1 3 3 2 1 1 3 2 0.2766 0.4905 0.6292
24 3 2 1 3 3 2 1 1 3 2 2 1 3 0.2766 0.4906 0.6238
25 3 3 2 1 1 3 2 3 2 1 2 1 3 0.243 0.4580 0.606
26 3 3 2 1 2 1 3 1 3 2 3 2 1 0.2446 0.4606 0.6055
27 3 3 2 1 3 2 1 2 1 3 1 3 2 0.2431 0.4581 0.5618
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Table 4 Extreme difference analysis of degree of understeering
A B AB C AC BC D E DE F G FG
K, 2.218 2.69 2.504 2.499 2.516 2.528 2.501 2.541 2.523 2.482 2.498 2.508
K, 2.897 2.495 2.302 2.442 2.51 2.51 2.527 2.489 2.532 2.525 2.546 2492
K; 2.431 2.361 2.595 2.606 2.52 2.508 2518 2.518 2.491 2.539 2.503 2.546
ki 0.246 0299 0278 0.278 0.28 0.281 0278 0.282 0.28 0.276 0278 0279
ks 0.322 0277  0.256 0.271 0.279 0.279 0.281 0.277 0.281 0.281 0.283 0277
ks 0.27 0262  0.283 0.29 0.28 0.279 0.28 0.28 0.277 0.282 0278 0.283
0.075 0.037  0.033 0.018 0.001 0.002 0.003 0.006 0.005 0.006 0.005 0.006
A, B, 3 Cs 3 1 D, E, 2 F; G, 3
5
Table 5 Extreme difference analysis of roll rate
A B AB C AC BC D E DE F G FG
K, 4.751 4774 4.568 4.558 4.559 4.51 4.567 4.56 4.515 4.558 4.549 4517
K, 4.495 4.576 4.397 4.563 4.569 4.557 4.506 4.559 4.025 4.518 4.566 4.551
K 4.391 4287 4.538 4.516 4.508 4.569 4.564 4.564 4.565 4.561 4.522 4.568
k 0.528 0.53 0.508 0.506 0.507 0.501 0.507 0.507 0.502 0.506 0.505 0.502
ks 0.499 0.508 0489 0.507 0.508 0.506 0.501 0.507 0.447 0.502 0.507 0.506
ks 0.488 0476  0.504 0.502 0.501 0.508 0.507 0.507 0.507 0.507 0.502 0.508
0.359 0486  0.172 0.047 0.061 0.06 0.061 0.005 0.54 0.043 0.045 0.051
Ay B; 2 Cs 3 1 D, E, 2 F, G, 1
6
Table 6 Extreme difference analysis of total RMS acceleration values
A B AB C AC BC D E DE F G FG
K, 4.685 5118 4997 4.913 5.12 5.096 4987 4.946 5.065 5.064 5.034 5.015
K 5.054 5.097 4933 4.989 5.04 5.088 5.119 5.103 4.41 5.114 5.168 5.124
K; 4.391 5023 5118 5.336 5.078 5.053 5177 5.177 5.168 5.059 5.036 5.099
ky 0.521 0569  0.555 0.546 0.569 0.566 0.554 0.55 0.563 0.563 0.559 0.557
ks 0.562 0566  0.548 0.554 0.56 0.565 0.569 0.567 0.49 0.568 0.574 0.569
ks 0.488 0.558  0.569 0.593 0.564 0.561 0.575 0.575 0.574 0.562 0.56 0.567
0.662 0.095 0.185 0.423 0.08 0.043 0.19 0.23 0.758 0.055 0.134 0.11
A, B, 2 C, 2 3 D, E, 2 F, G, 1
5 4~ 6 ) A ZBICSDZEIFSGZ; 5
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Fig. 3 Aggregate balance
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