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Multi-objective Optimization of Cab Suspension System
Based on Kriging Model
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Abstract. In order to improve the ride comfort of a domestic self-dumping truck, a virtual prototype
vehicle model was built through multi-body dynamics software Adams. And vehicle road test of ride
comfort was implemented to verify the validity of this model. Taking the suspension stiffness and damp
parameters of cab suspension as design variables, the root mean square ( RMS) values of floor’s vertical
and seat’s pitching weighted acceleration as optimization objectives, and the deflection of front and rear
cab suspension as constraints, the Kriging approximation models were constructed based on optimal Latin
hypercube design. On this basis, multi-objective optimization for self-dumping truck ride comfort was
performed with particle swarm optimization algorithm, and the Pareto optimal set was obtained.
Furthermore , a vehicle road test of ride comfort was conducted by using one of the optimal solutions. The
results indicated that the Kriging approximation model with high fitting accuracy could significantly
improve the efficiency of ride comfort optimization of self-dumping truck according to different weighting
schemes of optimization objectives. The road test results showed that the overall weighted acceleration
RMS values on the cab floor of the improved self-dumping truck were greatly reduced with a maximal
reduction of 16. 5% .
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Tab.1 Vehicle technique parameters

5 T 4/ kg 24 995

ik A AT/ kg 6995
Wb 5 e ke 9 000,9 000
i/ mm 4000 +1 350
A FE B/ mm 2047

J5 48 B/ mm 1 804

T ARAR BRI R B/ (Nomm ™) 530
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Fig. 1  Multi-body dynamics model of self-dumping truck
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Fig.2  Vertical weighted acceleration RMS vs vehicle speed
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Tab.2 Value range of design variable

B AE WIGE TR L BRAH
T W2 L R ALK 1.0 0.8 1.2
Ji B B L ) R B K, 1.0 0.8 1.2
IR BB E e R B C 1.0 0.8 1.2
JEEEMEE L H R C, 1.0 0.8 1.2
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Fig.3 Optimal Latin hypercube design matrix
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Fig.6 Multi-objective optimization model
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Tab.3 Optimization results of different weights

a,,/ a,,/ d,/ d./

© K, K, € G
(m+s7?) (rad-s™?) mm mm
— 1.0 1.0 1.0 1.0 0.596 0.436 10.7 7.9
(0.8,0.2) 1.01 0.96 0.93 0.82 0.538 0.390 10.9 8.6
(0.5,0.5) 1.10 0.87 0.94 0.86 0.544 0.356 12.0 7.8
(0.2,0.8) 1.14 0.86 0.92 1.01 0.554 0.342 12.1 7.0

o2 3 Hpal i AR D A H R AN R, mT LA i A
AR E A o 55 P A 45 2R 25 Bl s i e B
G AR, /N T RO AT R, W AR AT
225 T =t A e ) D JRE Ay SCHE TR RFACD A3 T ST e JE 4
07 BRARA B A, D6 W 00 AL 45 2R AT 42 v 48 47 B
I
3.4 ZERR

Pel e 3 i 2 AL AS ROV B E R E RS
T A8 Rt i B R R G W AR B =
Bk 4 . £H KK 58 JEACRT L 25 Bt
F IR E MG B BN E LW R %, C ¢ i
AR i 2 B = iR i e e R

Fie MR U 5 5 HOBT BT ) i B A S B R
Jie S FIIBAIR # , IR BC B AR AN AL 8 BT .

B uE E AT B Y B ROR , BEAT T
2R B T G 30 e 2 s B3R A AR AR T

AL kAR (B 9) R4 3 AN TJ7 1) B4 4R 3l o 3o 3
SF, X 045 P IS 3 A AT AR 8, 45 B A
F o 3 J5E 2 R4, e A2 O 60 km/h IS JAE AT i A
Ak T i) % S0 o BE T A A 10 R o
x4 RUBMEHNERZEEHUESH
Tab.4 Cab suspension parameters before and

after optimization
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FIRGE(EN 46. 50 42.00 5.29/7.54 4.87/6.91
R AN 51.15 36. 54 4.97/7.09 4.19/5.94
AR % 10 -13 -6 -14

8 it G B A S R R R
Fig.8 Improved front and rear cab suspensions
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Fig. 11 Overall weighted acceleration RMS vs speed
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