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Fig.4 Diagram of compound control
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Fig.5 Closed-loop interconnection structure of

electro-hydraulic position servo system

BUAR RGALR N
0. 000 2(s* +400s +10*)

W, (s) =
1 (s) & +0 025 +10°°
1. 8s
W.(s) =0.1 W.(s)=—0°% _
2 (5) <($) =301 130
A ERBAERE M E 6 s,
100 — B, — W
50 +
8
2 o0f
E
—50 |
-100 - ' '
1072 100 102 104

B /(rad s 1)
F 6 AL RR A TR
Fig. 6  Weight function bode diagram

XS BEAT AR TG u SRR AEANELL, MM - A
LA AL T B e A SR R UL AN E RS
TREEERIE S n 286G M - A S5, 8
LRHE P AR R G IT PR B S5, IR AE MR A%

R T2 B0 BEAE P Pk R B, i 3 51 A KR U

A 0 0
— P ————>A=| o I, S,

7 B ERRRG  LiE M - A 45
Fig.7 M - A structure of u-synthesis for electro-hydraulic

position servo system

PERESR A, MR E BRI HAR S u EEANEL — 3,
BV o] o SR A ) R0 46 Sy A% 388 pR R M ) 25 40 AT S
B /MU 8] 8, I (5] R ] i D-K 3k 4R 47 5K
it

AR Al e A5 1 5 ST 250 2 R Y B iy 326 A R B3, g
Matlab H (% € # 45 h  ELAR AT SR A%, 28 3 IR,
w iR F] 0. 956, fif 45 10 [ 45 il 4% , W FH P-4 A B vk o)
P 2% AT R B A BRAS o 2 o
2.937(s” +2.0445 +1.99) (5* +194. 65 +5.362 x 10*)

(s+9.343) (5 +0.01)* (s> +140. 55 +1.402 x 10*)

3.2 M EAME SRR
3.2.1 i AbMEds

MR ] g 1 32 SR T RAR IR D 2 15 5 1Y K/
Xof BIKE 4230 H bR 1Y & G AT 32 1 PR AR, S B
RGERE B 2 AL, R SE B T BE | B DR UE SR A 15
5 55 BB R R E G R T AR A T RS 2 A ALY
M

r) e 1 ) T = T AR R

K(s)

1 X,
Q,=C,Wx, J[PS_H(Pl -p,) (3)
P X,
;H\:EP QL=<01+02)/2
Xh QO — MR R, m'/s
C,— 1 IR i R AL

W——1] i 1 it AL J5E
x, W G , m

p— WIEWMEE  p— WS Pa

p— Mt s B J1 , Pa

pr— Il 7 , Pa

B T R B 5 6B 2 T 2
S (R R At 5 S B 2 I Oy
T PR 40 1 T B -0 4 30 77 2 82
SR D A 2 2 P 3 26 T S
{0 TR 1 250 58 2 0 8 B (22, 1 0 2 0
b e AT 52 T 60 IR  A f H ho E
T S R P R

| W o

Sizx K, K, = Jﬁwuwﬁﬁ

K. N p

a

0 _{KLi AN Ps Py (1>0) (4)
’ -K,i \/p,+p, (i<0)
A *ME R B
1 (i50)
Ps — P
fp,) = (5)

Py (i<0)
NP D,

- Hh 9 R BRI R AR AR T AR N



8 1] PIVEETE 45 ¢ AL IR A IR AR 0 R 3 B e i e B 331
KiJap,  (i>0) A5 O 0 A, 4 58 R A 1 A
“ ki e <o) (O) i1 BE 250 PID il 28 , AT L 5 6

FH L AT 0, 28 R S ) 20 B 5 A A L O
G5 BAMXR 252 v, TR A IRETHE B, WA
Wit -5 4R AR BT AA] AR 22 TR) 56 &R Ry

K,i ./ap, (i>0)
A
v, = ’ (7)
Ki
B LLA«/ ap, (i<0)

p

(7)) B g o B2 M A il i o 2 T A 7Y
3.2.2 BEMIAMEE S

B A FI A % 18 A i 1A EEAS 5 R, 4
PSR B, B AR S 45508 RZK(s)
T UEAE S D frl Wi i R A, A A S o B AR
T AR S TR — TS, T AMEE T
Fr BT s B, T 58 BAMEE 55 Bt

42 GEW R AL A A7) AR G 1 0 48 15 5 1Y
JE AN 04, 4 SRR T 18] A2 2 BORD 2 A A0 11 34 A
2 D U6 A R 408 BT e 1) AR IOR, , D AR SR
P RRORY A o S SR, N R RERH 4 o A 1) R R R

WA MR RE T R ORI, DASEBLR Y
T fEAME
TR 42 1] 5 45 A 2215 5 S 5 =2 00 oL ) B A

fE R ALGS o i MG 5 5 5
P AR L A0 2R 0 T o 1) M

2 il R GEAEA) U B B 22 80K L R B8 FEBOKR
IR AN X i L AT R A B R B TR) Y 4 S D 22 U
JIN AREDR/N | IR R R TR N L A R (AL
F 450 0 L, A O 2 S B A s ok B, OM
AR O A AN B R e A 1 8 L
AN R 22 AR R A N LR, A, U,
TR/ IER IERY, EER A R HESH A
(8107 N T S N S B N N o N B =8 78
{-1,-0.6, —0.3,0,0.3,0.6,1}, 8 it N
{0.1,0.2,0.3,0.4,0.5,0.6,0.7} % EigiH |0,
0.5,1,1.5,2,2.5,3} 718

PCHE b 3 #3800 B 4% AR iR B, 7E Matlab rh
4 3 AL IOE AR AU U] e R S R S R M 1A ROR 9

4 MEHSHMEXRWEIE

4.1 fHESH

HI I Matlab I AMESim FE17 HL I A7 B AR R REEHY
BT EL ™ T 6 U ST 95 ) SR s 1 A

B SO A9 52 5 43 ) &5 75 Matlab o 4T 3
I, 78 AMESim 0t 67 45 5 5 I 5 E 4718 2 L S2 3

EZ¥ TN

=113 S NN G 2 R S R S W N | B =
I 25 2 0 IO pH £ 1A ply 181 AT R A [ 5 PID 4% il 4 4%

TR, RGAE DRI, REMREBREILTFANF

M RWIE AT, RENRERZV B, EI]?”
ARG SRBULAN , RGN E R T AR AL T A 5 1 1
il 2R AT T TE RGBS BRI, 28 G805 I3 ) 2k e
I [) B AT AR AL {EOR R 4 /N T 20% HAR S IR 25 4

AN VRGN RESE A AL, Ul B T 042 o 45
A —E WPt

- 54
-~ BRI
~ PIDARIE
- PID/NRIEE

EERIE

638 7.0

64 e O
Bl 8 AE NI EE 2R G B R
Fig.8 Step response curve of variable stiffness

PO Shy I KSR 85 D22 B0 19 IS AR 8 i BR ) iy
Mgk R, A8 G BN BE T, 51 AR 3 B2 fh
LT ICAR SR 8 I A R JEOR 1Y 20 % [ 3
T 10% LA, HAEAMZ G B vp 3R G K B 1
gy, BB o B AME B w BRI T RGN
0 o LA ) o

- 5

— TSI

-~ BB RNIE

- PIDKRIE

~ PID/NRI B

— S KRR
=z ANl

6.‘4 — 6.6 6.‘8 7.‘0
B9 &4 il o 7 iy 26
Fig.9 Response curve of compound control

25 i, R A R e B A5 R R
W, FEIr KA T AR w F5 ) e B 3 R G sl B9 1
FOBRIE T RGETES Rk s A BE4EFr — E Y R 48
TERE , TR B AN E ) 5 A S T R S8Ry
], B AR Mz v R G et g, = I W] S
BT RGO AL B R T IT 4R 4 R g Y
AR
4.2 ZHAR

Shy i — 25 0 E i B 4 ) R W 00 A ROVE AR S
R AT T AR R ST AL E R IR,
FEICA 7 A2 1 B Matlab rb i 428 i A58 B 9F 47 3%
M 4b FRAE W] AT ARG R G Y L, B 10



332 & o Bl B ¥ iR

NAZRGR LT H ARG & 10a 9 R GE0 %
il , FE 32 AT R AR 15 S AR A5 5 i ab B, LA
TGS Z R AT RC ; & 10b Ry 6L R ge, F %
Fh ] i G A] F B 2  AR JEe  AR E IBE TAK
R 3t i 0 28 S SE A R A L o U

®)
10 9y Hr &
Fig. 10 Semi-physical simulation platform

BT 12 2 S 52 3 & 3R A5 1Y 2R 52 1) L
Mgk AT 5 SR 505 B e 45 SR A — 3,
BB g A5 T 5 A B 800 BE AR AL N A T R Gk RE
FEE , T ASTR S B D425 J0) 52 BT 3 BE A T I S A b
£ P E A SE BT AR G800 T R 1 2 AL 3
UE T JIr B2 42 i 56 s A A7 Rk

BT K& 12 w26 18 6 S 7 i
WA R KB 5, 2 E KN TE AMESim H1 i £
RV Ry FRAR T SE bR R G MAF ARV Z AR BRI &=,

2014 4
R I AR e PR AR MR

12} ,:;;‘f.\_

10 e -
g
w6l - B KNIE
ig ) -~ PIDKRIE

4r ~ PID/MRIE

) Al

— 8%
0 ‘ . :
6.0 6.2 6.8 7.0

6.4 55
Frf 18] /s
BT AR BE 2R 5 B BR i o7

Fig. 11  Step response curve of variable stiffness

12
10F + e -
g 8t — RSN
£ - B KNI
o 6 ~ PIDARIE
= g ~ PID/hRIE
— BRI
2r — BRI
o L e
60 62 64 66 638 70
frf 18] /s
P12 B4 il e iy 2
Fig. 12  Response curve of compound control
5 %

(1) J A Matlab 5 AMESim Bt & 15 H KB
PSS & HEAT TR 4 4 1 R 0 8k 7 I % S
BERFWT, B R4 ) SR AT %5, S TR AL ] IR
R GE R 2 A P o

(2) B T 22 W0 2 A A ) IR B A e A 7
e, ARG H T RESEEES .

(3) HHET 7 4 I I IAC S k2 05 A, L PSS R 41
P SEBLT RO AR IR AR G A S ) R M, HLAE
S R R TEH Sl B

2 £ x Wt

1 Kim H M, Park S H, Song J H, et al. Robust position control of electro-hydraulic actuator systems using the adaptive back-

stepping control scheme[ J]. Proceedings of the Institution of Mechanical Engineers, Part [ : Journal of Systems and Control

Engineering,2010,224(6) ; 737 - 746.

2 BRRNS, hEAE AL, AE. AR AL E A IR R SRR S HAR R TR LT ] e R FLARBEA R ,2008,39(2) 332 - 337.
Shao Junpeng, Han Guihua, Dong Yuhong, et al. Model identification and control method electro-hydraulic position servo system
[J]. Journal of Central South University: Science and Technology, 2008,39(2) :332 —337. (in Chinese)

3 JEE, SRR, BN A RO AR IR AR e i ORI IO R B [T ] A UK B S TR ,2012(11) 75 - 77.
Zhou Lei, Fei Shumin, Huang Jiacai, et al. Fuzzy predicitive functional control of electro-hydraulic position servo system [ J].
Modular Machine Tool & Automatic Maunfacturing Technique, 2012(11) :75 —77. (in Chinese)

4 B, IR SO, FBZRA . XURT H Wz AR IR ) 2D ) RS R R e ()] V22 B8 0E R4 ik ,2011,45(11) -85 - 89.

Deng Biao, Su Wenbin, Guo Qinyang. Intelligent control for electro-hydraulic position servo synchronic sontrol system with double
cylinders[ J]. Journal of Xi’an Jiao Tong University, 2011,45(11) :85 —=89. (in Chinese)

SOBRRL SR, T AT, BB BRIRAR S L s 2 g [T]. 5 PR ,2009,24(2) (221 - 224,

Chen Gang, Chai Yi, Ding Baocang. Multiple sliding mode neural network control of electro-hydraulic position servo system[ J].

Control and Decision, 2009,24(2) :221 -224. (in Chinese)

XPEA. ET AT RRAERZ RS RG] EIHLK,2009(2) :29 -32.
WRID, S5, B 28 45 ARG MR i A i AR GE ) 22 0 B P [ ] AR HLBK 4% ,2008,39(10) 222 - 223.

Chen Gang, Chai Yi, Wei Pubi,et al. Multiple sliding mode fuzzy control of nolinear electro-hydraulic position servo system[]J].



5 8 1) PIVEEVE S+ AL R 00 2 fR] A AR 8RR R B8 b B B2 333

10

12

13
14
15

16

17

18
19
20

Transactions of the Chinese Society for Agricultural Machinery,2008,39(10) :222 -223. (in Chinese)
AR AR SRR AR IR [ M. Ab e s Al a0 S A K KA Rk, 2005 :16 — 26.
B, B N0 5 I IR IR R G AR BRI ] R MU 3k ,2012,43(4) 221 -22.
Li Bo,Yan Jun, Liu Anxin, et al. Nonlinear identification of excavator arm’ s electro-hydraulic servo system[ J] Transactions of the
Chinese Society for Agricultural Machinery, 2012,43(4) :21 -=22. (in Chinese)
EAGK. BT H, ERENE MR E =S RS ERREVR D], R RE IR Tl K4 ,2008 :46 - 50.
Wang Benyong. Research on three-axis hydraulic simulator control system based on H_ control theory[ D ]. Harbin: Harbin
Institute of Industry, 2008 :46 —50. (in Chinese)
0. AT LMI & H S e O RGP RO (D], e AR < e JRVE ok k2 ,2011:30 - 34.
Ji Yuan. The application and research of LMI-based robust control in electric hydraulic force [ D]. Harbin: Harbin Institute of
Industry, 2011:30 —34. (in Chinese)
BT RO B AR R GRS ARSI D]. R R R R 2% ,2009 :36 - 39.
Zhao Yuanjin. Robust control of electric-hydraulic position servo control system[ D]. Taiyuan: Taiyuan University of Science &
Technology, 2009:36 —39. (in Chinese)
M IE S, B T AR, A BT AL N R SR IR BE SR LT ] 4R S PR ,2006,21(6) 1653.
Yt WEERI RS IM] . Abat B B ol th it 1981:229 - 232,
VE/NP AU, E R HE . ) IR R O 2l A A TE 0 i W B R e RE R B AN ¥R [T ). HLAR A2 2441 ,2009,45(8) 196 - 97.
Xu Xiaoqing, Quan Long, Wang Yongjin. Theory and methods of modifying electro-hydraulic positon servo system with correction
on flow rate at servovalve[ J]. Journal of Mechanical Engineering, 2009,45(8) :96 —97. (in Chinese)
FAMGZL B WL L 3 B S A IR R e g [T HULA L AR 2% 4 ,2010,46(24) 1151 - 152,
Bai Yanhong, Quan Long. Control strategry of the electro-hydraulic position and speed hybrid servo system [ J]. Journal of
Mechanical Engineering, 2010,46(24) :151 —152. (in Chinese)
FRARMS , E AP, 2o g, 55, BV BRI R 8 L0 B RS IEASEH PID £ 4% [T, P R4k A AR, 2010,
41(3) :960 —965.
Shao Junpeng, Wang Zhongwen, Li Jianying, et al. Rule self-tuning fuzzy-PID controller of electro-hydraulic position servo
system[ J]. Journal of Central South University ; Science and Technology, 2010,41(3) : 960 —965. (in Chinese)
BObar, %, £, 5%, BT S TRMAIM]. B3 AR B 1 A, 2006 :97 - 100.
LIS IRRAR. BT AMESim 5 Matlab/Simulink B0 FLEOR R HE 0 SR ABIFET]. ke sh 544 ,2007(3) .26 -27.
BEE T, PREHS. 5T MATLAB/Simulink [ R G005 HEARN FI M ], dbat: 42 ik, 2002 404 -416.

Fuzzy Velocity Compensation and u Control Strategy of
Electro-hydraulic Position Servo Control

Sun Guitao Shao Junpeng Wang Xiaojing
(College of Mechanical and Power Engineering, Harbin University of Science and Technology, Harbin 150080, China)

Abstract; According to the position overshoot of fast positioning for electro-hydraulic position control
system, a composite control strategy combining fuzzy velocity compensation with robust u control was put
forward, considering the influence of variable stiffness on position control system. The working principle
of the composite strategy was given and the flow compensation equation was derived, and the velocity
compensation without disturbance and the inhibiting of stiffness perturbation were achieved by using the
controller combining fuzzy velocity compensation and robust u controller. The composite strategy was
verified by co-simulation of Matlab & AMESim and semi-physical simulation platform respectively, and
the results of the simulation and experiment showed that the electro-hydraulic position servo system with
robust u controller could effectively inhibit parameter perturbation. The rapid positioning control was
realized after introducing the velocity v compensation control loop, which verified the efficiency of the
method presented through simulations.

Key words: Electro-hydraulic position servo Fuzzy velocity compensation  Flow compensation Semi-

physical simulation



