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Adaptive Control of EPS of Tyre Model Based on Neural Network

Huang Chen Chen Long Jiang Haobin Wang Zhizhong Xia Tian

(School of Automobile and Traffic Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract; The tyre model based on neural network was built. Inference rules of working condition were
established based on the classification of electric power steering ( EPS) conditions, which could lead to a
correct judgment. Furthermore, according to the different working conditions of EPS, the fuzzy rules of
fuzzy PID were changed to achieve active switching of multi-assist characteristics. The whole multi-body
dynamic vehicle model was built. The SIMPACK — Matlab co-simulation was carried out on the snakelike
road, and then compared with the car test based on dSPACE. The simulation result showed that the

control strategy based on the proposed model could effectively reduce the driver’ s operating torque and

improve the returnability of vehicle.
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Fig.1 Lateral forces under twelve working conditions
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Tab.1 Fuzzy rule of k, with assist conditions

et

NB NM NS 70 PS PM PB
NB PB PB PM PM PS 70 70
NM PB PB PM PS PS 70 NS
NS PM PM PM PS 70 NS NS

zZ0 PM PM PS 70 NS NM NM
PS PS PS 70 NS NS NM NM
PM PS 70 NS NM NM NM NB
PB 70 70 NM NM NM NB NB
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Tab.2 Fuzzy rule of k, with return conditions

e(

e
NB NM NS 70 PS PM PB

NB PB PM PM PS 70 70 70
NM PB PB PM PS PS 70 NS
NS PM PM PM PM PM PS zZ0

zZ0 PM PM PS 70 NS NM NM
PS PS PS PM PM PS 70 NM
PM PS 70 NS NM NM NM NB
PB 70 70 NM NM NM NB NB
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Tab.3 Fuzzy rule of i, with damp
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Fig.2  Flow chart of system
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Tab.4 Judgment rules of EPS conditions
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Tab.5 Inference rules of working condition
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Fig.3 Whole vehicle model
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Tab.6 Parameters of whole vehicle model
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J& B 50 BE B/ mm 1380
HIfe 4 i /mm 1360
J& fe e P/ mm 1355

L RAF (K x 58 x 1)/

mm X mm X mm

3400 x1575 x1670
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Tab.7 Key point coordinates of steering system
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Fig.4 Topology structure of steering system model
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Fig.5 SIMPACK model of steering system
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Fig.6 Block diagram of co-simulation program
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Fig.7 Comparison of steering wheel angle
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Fig.8 Comparison of wheel torque

53 0 R B ff RN R A A B g A B g O R 1)
XIS

HxfH R 7.8 FEk 8 i B A R mT A, A B
I 2% ) 28 1 X0 AR WS A N AR B A — B
By 5 5 1) 38 A P Y W T RE T 53.46% , /)
TR RIS T R R

*8 mMEMHESER

Tab.8 Results of snakelike simulation
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Fig.9 Rapid control prototype system of

electric power steering
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Tab.9 Results of snakelike test
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Fig. 11  Comparison of steering wheel torque

& % x Wt
o AT BT PLRSFR S B 1M R MG 0, Pl [T]. V098 Regos i . B AR, 2009,30(2) 1138 ~ 142,

Li Qiang , He Ren. Robust H_ control of electric power steering system based on PI current loop[ J]. Journal of Jiangsu University :
Natural Science Edition,2009,30(2) :138 ~142. (in Chinese)
Jite AR S B 2 I, MR R B I D e i R GRS BAEOR [ T] L T AROR 2 274 T2 R, 2007 ,37 (1) 31 ~ 36.
Shi Guobiao, Shen Rongwei, Lin Yi. Modeling and simulation of electric power steering system[ J]. Journal of Jilin University:
Engineering and Technology Edition,2007,37(1) :31 ~36. (in Chinese)
FEHAR S BT, 5. sl By Jr 5% R AAR R R [T]. AR ML 4R ,2004,35(5) -1 ~4.
Wang Qidong, Yang Xiaojian, Chen Wuwei, et al. Modeling and simulation of electric power steering system[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2004,35(5) :1 ~4. (in Chinese)
Dursun Aydin. A comparative study of neural networks and non-parametric regression models for trend and seasonal time series[ J].
Trends in Applied Sciences Research,2009,4(3) :126 ~137.
ARG B TT R, X 52 . H gl B g B ) R A 4 O A R B B [T ] R AL 2 41k ,2009,40(10) 11 ~ 7.
Zhao Linfeng, Chen Wuwei, Liu Gang. Modeling and verifying of EPS at all operating conditions[ J]. Transactions of the Chinese
Society for Agricultural Machinery,2009,40(10) :1 ~7. (in Chinese)
RAbRIE  BRTC R, ZEWINE, S5, JE TG ) AR A M A L E MR BB i EPS R HIAFSELT]. HUAR T AR 2441 ,2009,45(6) ;181 ~ 187.
Zhao Linfeng, Chen Wuwei, Qin Minghui,et al. Study of electric power steering application based on return ability and handiness
[J]. Chinese Journal of Mechanical Engineering,2009,45(6) ;181 ~187. (in Chinese)
Hassan M K, Aziah N, Nizam H M I, et al. A comparative study of power consumption of electric power steering system[ C] //
2012 IEEE International Conference on Power and Energy (PECon), 2012 178 ~182.
Yang Shengbing, Guo Xuexun, Bo Yang,et al. Return-to-center control of electric power steering[ C] // The Ninth International
Conference on Electronic Measurement & Instruments, ICEMI’ 2009 :3 —435 ~3 —439.
SRULR IRFE R G S S (M) Bl [R5 R AL, 1997 .2 ~ 10.
WL EAL. ZEREM A MG RGBT T]. AL 3R ,2009,26(2) :289 ~292.
BRE , B T, . L TR REIR— M M 2 RO S IR O e e [ ] PLAR #2244k ,2012,48(2) - 153 ~ 158.
Chen Long,Huang Chen,Jiang Haobin, et al. Tire lateral-slip characteristics based on agent-neural net[ J]. Journal of Mechanical
Engineering,2012,48(2) :153 ~ 158. (in Chinese)
Zhang H, Ren J, Zhong Y R. Study on assisted performance of electric power steering based on fuzzy control [ C] // IEEE
Conference on Electron Devices and Solid-State Circuits, 2007 :1 031 ~ 1 034.
BB, FRFLME , s . LS % I SR ST IR PID Rt it i il Bk (1], Al LR ,2010,41(8) 10 ~ 15.
Li Wei, Guo Konghui, Zhang Jianwei. Feed-forward integrated with fuzzy PID feedback current control algorithm in electric power
steering[ J]. Transactions of the Chinese Society for Agricultural Machinery,2010,41(8) :10 ~15. (in Chinese)
Wrde , o5 =, VLTS Ak, 45 & T BN RN = S Pl [T]. Al HLk =41 ,2011,42(8) : 15 ~ 19.
Chen Long, Huang Chen, Jiang Haobin, et al. Body posture control based on suspension utility function[ J]. Transactions of the
Chinese Society for Agricultural Machinery,2011,42(8) :15 ~19. (in Chinese)



