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Abstract

To prevent energy control system from mistaking switching during its operation mode for series-
parallel hybrid electric vehicle ( HEV) when interfered, a mixed sensitivity H_ robust controller was
developed. Weighted functions were determined based on genetics arithmetic. Compared with the PID
controller under step response, the mixed sensitivity H_ robust controller reduced the settling time by
41.3% and overshoot by 14. 7% . Tt also could keep energy control system stable under the two factors of
uncertain parameters and external interference. Mistaking switching operation was restrained effectively
and more smooth driving performance was acquired.
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Fig. 1  Structure of series-parallel HEV

energy control system
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Fig.2 Close loop structure based on mixed sensitivity
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Fig.4 Step response of H_ robust controller

and PID controller

50
0_
g -s0}
Bo100p  — kbl K
=50, — L
200 . ) ,
107 10° 102 104
S /rad - 51
360
= 180}
E\\/ < b 1| BR.
= of —HEEEIA K
— gL
-180 . . .
10*2 .10() 102 104
B /rad ™1

B5  H, 5 A A Bode B
Fig.5 Bode diagram of H_ robust controller

and loop L(s)

G5 A 3 BRI I S TR T R 7 R S Bl
SHIETIPA NG e

YR SE W4 B AR A, (joo ) BT 0]
A, (jo) ZF I ERANT W, (o) B IEE ;24
AHE B> M e AR A, (joo ) B, W A, (jow)
TR ERANTF W, (o) BRI, X6 E T
W, (s) F W, (s) Ji, BIAT A 4 60 A it <2 30 43 64 40 o)
FEAR [0 B 00 B E W, (s) , SR REGE B R4 ik
I T30 1 42 ) AR



66

g Ak WM % 2011 4

40,

(1) B TR A R B% H. 0 F s 5
A5 R R LI 58 HEY A B4 ) R 647 B i
o AR 1 2 R T T BOR B 5 0B 50, FLE A B
@ | IN T T RGO P R b

T g (2) UGS T E T 5 DAL BB
B6 ST %5 (3) 0 2045 5442 0 5 T 58 B AT A B I B

#/dB

3]

-40 ..

Fig. 6  Singular values curves of S and T functions e W Ik %\EIEI%—‘ T RGP T fE

9
10

£ % X W

Powell B K, Bailey K E, Cikanek S R. Dynamic modeling and control of hybrid electric vehicle power train systems[J].
Control Systems IEEE, 1998, 18( 5). 17 ~33.

Lu Hao, Li Yunhua, Tian Shengli, et al. Improved hybrid robust control method for the electromechanical actuator in aircrafts
[J]. Chinese Journal of Mechanical Engineering, 2010, 23(4) :443 ~450.

Zhou Tong, Xing Huawei. Robust control of a four axis HTS coil based maglev system[ C] // Proceedings of the 24th Chinese
Control Conference, Guangzhou, China, 2005:559 ~563.

Eai e, WAREE, PRA . POERLEIRLES L R G 0, R LT]. MU LR 44k, 2002,38(10) : 62 ~65.
Wang Yiqun,Cao Dongpu, Chen Xing, et al. Robust H_ control of step-by-step system for coiler of hot continuous mill [ J].
Chinese Journal of Mechanical Engineering, 2002,38(10) : 62 ~65. (in Chinese)

RS A R R % BT IEOS NSRS a SRR G, Ehl st [T, P AR =4, 2009,
45(6): 160 ~170.

Sun Jianliang, Peng Yan, Liu Hongmin, et al. Dynamic modeling of gauge control system based on thickness gauge and
design of H_ robust controller [ J]. Chinese Journal of Mechanical Engineering, 2009,45(6) : 160 ~170. (in Chinese)
Sl , EEIM,ZITE, S AT oS EER RN ELREREZ ERRAEMRIT]. #H 505, 2010,
25(4) .581 ~586.

Jing Peng, Tong Chaonan, Peng Kaixiang, et al. Distributed robust control for combined shape and gauge system in cold
rolling process[ J]. Control and Decision, 2010, 25(4) :581 ~586. (in Chinese)

FE4R, AW, AL R IR R G T Y RS B, HI L] AU 4R, 2004, 35(6) : 164 ~ 166, 170.
Wang Youmin, Si Miaoli. H,
Transactions of the Chinese Society for Agricultural Machinery, 2004, 35(6) ; 164 ~166, 170. (in Chinese)

control of disturbance attenuation problem for electro hydraulic position servo system [ J].

Ismail Meric, Can Uygan, Ahu Ece Hartavi, et al. Propulsion system design of a hybrid electric vehicle[ J]. International
Journal of Vehicle Design, 2010, 52(1/2/3/4): 96 ~118.
FEE D% BT RS L [ ML b 3 AR R4 A, 2007
FEVH XK, RS, KRR E G AR [T]. Rl PR, 2009, 40(4) : 49 ~52.
Li Xiqin, Liu Bing, Fan Chengde. Idle speed control of CNG engine based on robust control theory[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2009 ,40(4) : 49 ~52. (in Chinese)

(L#% 106 TT)

12
13

14

15

Sudo S, Komatsu T, Kondo M. Pumpingplant noise reduction[ J]. Hitachi Rev. , 1980, 29(5) :217 ~220.

Dring R P, Joslyn H D, Hardwin L. W, et al. Turbine rotor — stator interaction [ J]. ASME Journal of Engineering for
Power, 1982, 104(4) .729 ~742.

Jose Gonzalez, Carlos Santolaria. Unsteady flow structure and global variables in a centrifugal pump[J]. ASME Journal of
Fluids Engineering,2006,128(9) ; 937 ~945.

Zhang Ye, Wang Xiaofang, Xu Shengli. Numerical analysis of pressure fluctuations caused by impeller — diffuser interaction
in a mixed flow reactor coolant pump [ C] // Power and Energy Engineering Conference ( APPEEC), 2011 Asia-Pacific,
2011(3):1 ~4.

Thakker A, Hourigan F. A comparison of two meshing schemes for CFD analysis of the impulse turbine for wave energy

applications [ J]. Renewable Energy, 2005,30(9) :1 404 ~1 410.



