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Fig.1 The structure design of self-powered intelligent shock absorber
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Fig.2 The working mode of electrorheological elastomer
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Fig.3  Four-parameter viscoelastic model of electrorheological elastomer
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Table 1 ~ Values of k,, k,, k,, ¢,

Electric Intensity/(kV+mm™)

E=0 E=0.5 E=1 E=1.5
k,/kPa 451.20 526.45 737.01 990.35
k,/kPa 17.90 50.05 151.58 326.97
k,/kPa 19.89 54.41 163.49 358.59
c,/(kPa-s) 0.87 4.74 10.32 18.14

®2 ARBHIEATHG,GE
Table 2 Values of G,, G,

Electric Intensity/(kV +mm™)

E=0 E=0.5 E=1 E=15
G,(w=1Hz) 37.12 100.15 289.3 604.54
G,(w =5Hz) 37.14 100.93 291.27 607.92
G,(w =10Hz) 37.26 103.34 297.35 618.26
G,(w =1Hz) 0.80 3.95 7.10 10.25
G,(w =5Hz) 4.02 19.73 35.38 51.02
G,(w =10Hz) 8.05 39.26 70.05 100.62
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Fig.4 The relationship between electrorheological elastomer

modulus and electric field
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Table 3  Parameters used in Simulink

Suspension model parameters

Vehicle parameters Symbol Value Unit
1/4 body mass m, 100 kg
Wheel weights m, 20 kg
Suspension rate k, 10000 N/m
Tire stiffness k 200000 N/m
Damping coefficient c 800 Ns/m
Suspension workspace +/-0.1 m
Other model parameters

a, 5000 b, 50
a, 10 b, 0.5
a, 0.1 e 1
e, 1000 e, 0.15
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Fig.6 The comparison of drive comfort under different control modes
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SELF-COUPLING CONTROL OF SELF-POWERED
INTELLIGENT SHOCK ABSORBER *

Zhu Yun Zou Hongxiang'

Wei Kexiang

(Hunan Provincial Key Laboratory of Automotive Power and Train Systems , Hunan Institution of Engineering

Xiangtan 411104, China)

Abstract A self-powered shock absorber combining vibration energy recovery and vibration control can achieve better

vibration suppression without relying on external energy, which can effectively improve drive comfort and fuel economy

of vehicle. In this paper, we analyze nonlinear characteristics of self-powered intelligent shock absorber. Furthermore,

we systematically investigate the self-coupling control strategy of vibration energy recovery and vibration control. The

self-feedback with Karnopp control rules suspension is modeled, and the active control strategy is applied to self-pow-

ered intelligent shock absorber. The control strategy was simulated using MATLAB/Simulink , which was compared with

the self-feedback control and the passive suspension control. The results demonstrate that the dynamic displacement of

tire and suspension are further reduced, and the peak acceleration of the body is reduced by almost half, meaning that

the performance of vehicle suspension is improved effectively.

Key words self-powered, self-coupling control, suspension performance

Received 24 May 2020, revised 21 June 2020.

* The project supported by the National Natural Science Foundation of China (11802091), the Hunan Province Innovative Province Construction
Special Funding Project (2020JJ3019, 2019RS2044 and 2018RS3104 ), the State Key Laboratory of Mechanical Systems and Vibration Project

(MSV202005)

+ Corresponding author E-mail: zouhongxiang@163.com



