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Backstepping-based optimal control design of hydraulic active

suspension applied to a full-car model
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(1. The Unit 63999 of the Chinese People’s Liberation Army, Beijing 100094, China;
2. College of Mechatronics and Automation, National University of Defense Technology, Changsha Hunan 410073, China)

Abstract: It is a main way to improve the performance of the cars by designing advanced suspension systems. The
detailed seven degrees-of-freedom nonlinear model of full-car parallel hydraulic active suspension is built. A new active
suspension control strategy using the combination of optimal control and backstepping technique is presented based on the
system structure characteristic. Simulation results are also given to demonstrate that the control strategy is effective, and

the performance of the active suspension is obviously superior to the passive suspension in the same condition.
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Fig. 1 The full-car active suspension model
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4 {5 W5 (Simulation)
e S I
M, =1500 kg, .J, =2160 kg/m?, J, =460 kg/m*,
My = Mypr = My = Myrr = 59 kg,
a=3m,by =14m,b, =1.7m,
Kipi = Kipr = Ky = Ky = 190000 N/m,
Kaji = Kapr = 35000 N/m,
Caft = Cafr = 1000 N/(m - s71),
Kot = Kapr = 38000 N /m,

Court = Capr = 1100 N/(m -s71),
S =3.35 x 1074 m?, P, = 10342500 Pa,
T=1/30s,a =4.515 x 10"* N/m°,
B=1s"1~=1545 x 10° N/m"/? kg'/2.
[ I, {0 & AT R LTI £0.08 m, 1) Jli [
R LIy £0.01 m.
PR EOH Ay
N = diag{10,10, 10, 10},
R = diag{1,1,1,1},
Q = diag{10000,0, 10000, 0, 10000, 0, 10,
0,0,10,0,0,10,0,0,10,0,0},
AN
¢1 = 1000, ¢2 = 1000, ¢5 = 1000, ¢4 = 1000.
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5 458 (Conclusions)
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