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Fig.1 Structure and principle of EHA active suspension
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Tab.l1 Main parameters of EHA suspension
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Fig.3 Relationship between controllable damping and
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with different delays
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Tab.3 RMS comparison of suspension performance
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Tab.4 RMS comparison of suspension performance

in frequency response

WARTCRINEE ) BRI/ RIS/

R ((mes®)sHz ') (m*Hz ') (N*Hz )
A 0.340 4 0.003 7 98.006 4
g 1 0.302 4 0.003 1 92.084 4
il SR g 11 0.309 9 0.003 5 95.618 6

JEE Y07 MBI/ 16.21 %6, 52 it 3l 28 Ay 2y 535 5 JiE 4
7 KRAELIRC/IN 6.04 06 5 42 1 5 s 11 AH e oA 428 il 3 4
Jo i R ) AR 4 R H 7 R 08/ 8.96 00, B2
BB IE AR 5,400, FE i 2l B [ 1% 2.43 00 0 45 3R
W L T4 ) SR X Bt e 7T 2R o e
ARG B AT I R R e 1 X BN Bh
ASTEREAR T HR . I HA IS AR T 8 1 5 s
1 5 o WL /S, B AR 3 T D AL E

5 EHAFEHHEZEEZRIRE

it E# EHA Fs B2 M G0 8 240, AT
Iy 42 o 32X 6 ok 50 UE 17 38 B Smith S5t B 4 Y
At

FHHBREGRABREWE 150R, EZEHE
SEPRE TR R RHALR E R

B U R A% B IE R AL AR AR R SR
VEBh &7 LA SR R AR AL B R G S5 . R h e Bh
PR B 4 (AL T A, bR TR A A 5 B T
B B UL B i, R R S L SRR AT Bl A R
F G0 0 BEAY AL 8 2 e, LA B b T Y £ SR e
PRy 3 A 5 D AR A 3

THEYM ER LRSS IR

Etilf

frk
TR

K15 EHA Eshaie 6050 R4
Fig.15 EHA active suspension bench test system

L C 2 B BL I T 76 4 AL X 3 1 Smith )2
s LA S 30 o 5
HEATF H L i 0 3R B B T BB 5 s, 0 6 24 B e i
Bl AT 43 B 7 50 BB T 95 R
7 40 16 97 7%

8
< 6l — [ 3& B Smith [z SR IR
. R il
E 4r i i . b ‘i
= 2
2 of
w2
% -4 F o
@ o
_8 1
0 1 2 3 4 5
t/s

P16 BfALI T T 30 280 o o 32 )

Fig.16 Response of sprung mass acceleration on random road

FH & 16 W] 1, C 9 BE ML TH RN T, A9 ] i) 3%
2 i R O MR AE M 1.486 7, [ 1E N Smith B
P 42 T S B I R S AR 1.131 8, K
FEHIA LI/ T 23.87% 0 IR ZE R 5 7 25 BRI A
— 3, HAE T EHA A R Smith 525 I 6 0 5L
PE, R EHA F & IV Smith 23 i b e 08 42 = 4
T AT ISP

XTI () B S e Ry 437 , 3 — 2 5
UEEHA F i I Smith Sz 55 I 2 i S 094 500k 74
S BEALEK TR BT e Sk A s 17, G 17 B

i I8 17 R, AE 0~30 Hz {5 [l N, H & )% Smith
S5 it I i 4 o B8 AT 8RR AT 4 B 0 B 0 4 5 R, HL
RS R e o U AR N AR T AR R [
4~12.5Hz I, [ 38 % Smith [ 5 i 42 BE g 1 0 [



870 &,

w5 2

W %42 5

1.0

| — IR Smith RSN ]
| R

R /(m - s7) » Hz )

A L 1

0 10 20 30 40 50
f/Hz

17 BEAL R TAT T 2 A0 Ok Sk 38 30 3 e )7

Fig.17 Frequency domain response of sprung mass accelera-

tion on random road

(EAI AR B, S0 4 B Tl ELAIR B, 48 o Al i

6 ZEFRIF

P T — A 3 3E B Smith 52 I 4 R K
TE 5T BT L Bl W 2 Bl B 2R A 4 5 TR Y LAk
AR i s 35 B 20 7 P B 5 1 L B R R 2 B A 4R
TR 9 = 7 WO = S 3 B S =) = A SO
(e 2 G AN S i A B R /N W o T NI R G
SRR TN R AR Bl B B I B G B 3 e 1) B
S, BTt @S N Smith 524 B ] % e
B )7 AT HME . 7E Matlab o X HG 5 B0 43 T 1 38
Smith Jz 15 I} i 45 6 5 28 3 LQG TG i i 45 il 19 B
WA M RE, B R B R ROE R s B A E Y
Smith Jz 5% I i £ i 0 2 8 o i T R el 3
F B Bt R 0 U T A 3l Y Smith S5
B 428 S A A7 R o

z % X

[1] WANG G, CHEN C Z, YU S B. Optimization and
static output-feedback control for half-car active
suspensions with constrained information[J]. Journal of
Sound and Vibration, 2016, 378:1-13.

[2] KILICASLAN S. Control of active suspension system
considering nonlinear actuator dynamics [J]. Nonlinear
Dynamics, 2018, 91(2):1383-1394.

[3] YAN S, SUN W. Self-powered suspension criterion
and energy regeneration implementation scheme of
motor-driven active suspension[J]. Mechanical Systems
&. Signal Processing, 2017, 94:297-311.

(4] g, XML, FRE . FEREF R ZERE AR o B AR 1B 4l
B FERI(T]. J23h L 52, 2019, 39(2):311-319.
PANG Hui, LIU Fan, WANG Yan. Variable universe
fuzzy control strategy for magneto-rheological semi-
active suspension of cross country car[J]. Journal of
Vibration, Measurement &. Diagosis, 2019, 39 (2) :
311-319.(in Chinese)

[5] BreEEm, BA%, Sk . BAEFsh B mmEfI].
PR3 K 52 W7, 2014, 34(2):366-371.

CHEN Jianguo, CHENG Junsheng, NIE Yonghong.
Decoupling control on full vehicle active suspension[J].

[9]

[10]

[11]

[12]

Journal of Vibration, Measurement &. Diagosis, 2014,
34(2):366-371.(in Chinese)

VEWE , A SCa, XUBL, 45 . 55T R A9 32 8 S 4
AR R R k4 B LT]. 9% TR, 2015, 37(10) -
1167-1173.

PANG Hui, FU Wengiang, LIU Kai. Modeling and
stability analysis of semi-active suspension with sky-
hook control[ J ]. Automotive Engineering, 2015,
37(10):1167-1173.(in Chinese)

A, AR, AL, B AR S URAT sl A8
O S S = SR s N = 2 I B R ES V] I QB
2016, 27(15):2111-2117.

KOU Farong, FAN Yanggiang, ZHANG Chuanwei,
et al. Time delay compensation control of semi-active
suspension with vehicle electro-hydrostatic actuators
[J]. China Mechanical Engineering, 2016, 27 (15) :
2111-2117.(in Chinese)

A A, P, LRI, . EHA 2 32 50 B 4L A
BB SET]. AR, 2017(10) :34-39.

KOU Farong, WANG Zhe, FAN Yangqiang, et al.
Research on time delay compensation control of semi-
active suspension with EHA[J]. Automobile Technolo-
gy, 2017(10) :34-39.(in Chinese)

KRB, BRICHE, SUME . BE TS U S AR g 2k
B R S R [T ]. PUAR T AR 22 4R, 2010,
46(12):113-120.

ZHU Maofei, CHEN Wuwei, ZHU Hui. Time-delay
variable structure control for semi-active suspension
based on magneto-rheological damper[J]. Journal of Me-
chanical Engineering, 2010, 46(12):113-120.(in Chinese)
MR-, )0, BEE, ARG ARk A E R AR
PHCLQG AR gk [T k3 5 ik, 2017,
36(8):190-196.

CHEN Shi'an, ZU Guanghao, YAO Ming, et al. Taylor
series~LQG control for time delay compensation of mag-
neto-rheological semi-active suspension[J]. Journal of Vi-
bration and Shock, 2017, 36(8):190-196.(in Chinese)
R, B, M 5 WS R AE S A% £ 3B
R HIBT LT P EBLK TR, 2017, 28(24):
2964-2970.

KOU Farong, WANG Zhe, DU Jiafeng, et al. Study
on force tracking control of EHA active suspensions[J].
China Mechanical Engineering, 2017, 28 (24) : 2964~
2970.(in Chinese)

HUKZE, HAERT, B 5, 5 . Ik 23 RE
ARG AT O] JRsh K 52 W, 2014, 34(6):
1110-1114.

SHEN Yongjun, TIAN Jiayu, ZHAO Yongxiang, et
al. Analytical study on semi-active skyhook suspension
with time delay [J]. Journal of Vibration, Measurement
&. Diagosis, 2014, 34(6):1110-1114.(in Chinese)

E—EEEN AR, B, 197346 A
AL HR AR FER TN
ERIR S SR . & RCEWR
B O 2 B R S B RE A Y )
(KA BB 27 3R ) 2016 4E 46 47 B: 45 5
L1 DRI

/ E-mail : koufarong(@xust.edu.cn



