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ANN-based adaptive phase corrector applied in electro-hydraulic servo system

Yao Jian-jun, Cong Da-cheng, Jiang Hong-zhou, Wu Zhen-shun, Han Jun-wei
(School of Mechanical and Electrical Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract; Aiming at the phase delay phenomenon occurs in electro-hydraulic servo system
corresponding to a sinusoidal input, based on Adaline neural network, adaptive phase corrector was
designed for eliminating phase delay using LMS adaptive filtering algorithm. When there exists phase
delay between the input and its corresponding output, LMS algorithm was used to adjust the weights
of the network, the weighted input signal was added to the control system such that the output phase
delay was cancelled. This method needs not to estimate the system model and has good real-time
performance. The simulation and experiment results show that the adaptive phase corrector can
efficiently eliminate the phase delay and quickly trace the input signal.

Key words:automatic control technology; Adaline neural network; LMS adaptive filtering algorithm;
adaptive phase corrector;phase delay
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Fig. 1 Sketch map of electro-hydraulic servo system
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Fig. 4 System sinusoidal response before using APC
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Fig.5 System sinusoidal response after using APC




% 4

WEY F A THE2MEAGAER ALY BB LR RMAREZL T O LA + 933 -

4 g R

SE I B AE 5N 2sin(10w) mm; (1] &
Moog /A F 1 G761, Ap,=7 MPa if,Q,=63 L/
min s G R B0 HR 50T A2 7, 63/45 mm, &
Fr#8 700 mm; i Jk 1 p. = 10 MPa, m= 100
kg, HLRAAINR R G R A P & | i 542 i A 3l
J A5t AR ZE A 4 1 SR s

&l 6y F G A R 1T A8 DA 7 2 ff 4% B 14 1F
% g M2 . AT RT DL L TE SR e A R
BYAROLHT TS o & 7 iy 2R GER Y E AR 57 21 s 2

0.002 Output

0.001

=0.001

—0.002 L L L
0.0 02 04 06

08 1.0 12 14 16
t's

6 K%M APC BtH) IE 3% 00 i

Fig. 6 System sinusoidal response before using APC

0.0025¢
0.0020¢
0.0015F
0.0010F
0.0005¢
0.0000
—0.0005F
—0.0010¢
=0.0015F
~0.0020F
~0.0025 0

Command

sim

Output

7 XA APC J5 8 IE 3% 06 R
Fig. 7 System sinusoidal response after using APC

SN A A NG LN R T S T N
M2 AE 2 JUA A 5 A & & A — S, R BT
BT 1 35 A 7 24 A 75 2 JE A R0 LR R
A AER SR, K 8 N Adaline i 25 I 45 14 W > 4L
E MR, 7T LA AU 2 /0 Bk sh RS i 43
i H A 55 A S X ARSI .

5 ZERE

B X FR VRAR] IR 28 6 0 5 0 1 R 68 AR A7 i
T EE AR AL A A% . D7 LR G 2 SRR B

0.8
0.6}
o WIV\A
2 0.2F Wy
2 00t
Z o2}
-04f
W
0.6 )
0.8 eeemaeee .
ol I_,‘ :'\l\.. |
0 1 2 3 4
1's
E8 MEML

Fig. 8 Weights plot
23 AR 21 A RE B8 A 80T B L 52 B Y
FHASE i BG83 A = v 0 2 i R i A A
o AT B[R] 25 ip e 4 1 Y R X R kAN
s 20 RGEHEAT W, R IR SR A SEm P,
Ui B A3 BT A 3 AR AL 21 i A 2 —
Bt 2R 8 5 Br 5 I 5 B PR R AU K280
o U R GEAL T3 ARSI Pidt s BSOS

S &k

C1] &AL wEsEH R g M bnt: E 7 Tl iR

#, 1990.
[2] Fdsk mARBERER M. dbat. LAk Tk AR
#1,1997.

(3] B e, 250 v i e on 2% 2 g 7] 25 1 98 42 1 2
PIRERILD]. MR WA R I8 Tl K= L TR %
B, 2003.
Lii Wei-di. Develop of synchronous controller for
multi-channel electrohydraulic loading system[ D].
Harbin: School of Mechanical and Electrical Engi-
neering, Harbin Institute of Technology, 2003.

[ 4 1 FARAT, 20587 58 AT Bk, 45, H VR A) i 22 09I % U 30
BRI S s EEHI L], HLUR S WK . 1998 (4) : 33~
Jian Lin-ke, Li Xin-zhong,He Yue, et al. Synchro-
nous control of electro-hydraulic servo multi-actuator
vibration platform[J]. Machine Tool & Hydraulics.,
1998(4) . 33-35.

(5] &M, B aoRTENR 2 & - 245 60 o iy
A TR M SRS . 1997(3) : 9-14,
L6 EM, ISR, kI S, 48, HL IR AR IR 45 49 Jm 4% %=
G i 22 46 T O LR R BRI (D). PR

HWE.1997(2) ; 20-23.
He Yu-bin, Yan Gui-rong, Zhang Dao-li, et al.
Neural network direct adaptive output tracking con-

trol for electrohydraulic servo structural loading



934 -

THRRXFFROT F R)

% 37 A

syatem[ J]. Machinen Tool &. Hydraulics, 1997(2):
20-23.

(7 1 XVYLHE, BBYE P, 25 AN, AL 0[] 2 42 o SR ek F 5

(1], SBEHLIE,.200006) : 44-46.

Liu Jiang-hui, Xiong Qing-ping, Li Xian-song.
Work on electro-hydraulic synchro-control strategy

[J]. Metalforming Machinery, 2000(6): 44-46.

[ 8 1 TLhmAn, iy gk , R T35, H W 4] IR n 48 & 58 87 45

MR SE LT ], b BT 25 A K 2 27 4k, 2000 (3)
318-320.

Jiang Jia-he, Yu Tong-wu. Song Zi-shan. Study of
digital control in electrohydraulic sero loading sys-
tem[]J]. Journal of Beijing University of Aeronautics

and Astronautics, 2000(3): 318-320.

(9] EREmA. M P2l (M. iy R B BRI Tk R

27 AL, 1999,

(10] B e, 3037, P2, 45, Ol N2 vk i 2 0 e e

fig T L2 Wi AR A ER B v i (T, B g
KA, 2005(12) :2072-2075.

Zhou Yu-guang, Ai Qian,Gu Dan-zhen, et al. Ada-
line and its application in power quality disturbances
detection and frequency tracking [J]. Journal of
Shanghai Jiaotong University, 2005 (12): 2072-

2075.

[11] Dash P K, Swain D P, Routray A, et al. An adap-

tive neural network approach for the estimation of

(12]

[13]

[14]

[15]

[16]

[17]

power system frequency[ J]. Electric Power Systems
Research, 1997,41(3) . 203-210.

Abdel-Galil T K, El-Saadany E F, Salam M M A.
Power quality event detection using Adaline[ J]. E-
lectric Power Systems Research, 2003, 64 (1):137-
144.

Michael M., Mwembeshi C A, Kent S S. Flexible
on-line modeling and control of pH in waste neutral-
ization reactors[ J]. Chem Eng Technol, 2004, 27
(2):130-138.

Widrow B. Adaptive filters [ M ].
McGrawtlill, 1970.

Cichocki A, Unbehauen R. Simplified neural net-

New York:

works for solving linear least squares and total least
squares problems in real time[J]. IEEE Transac-
tions on Neural Networks, 1994(5): 910-923.
Masry Dabeer E. Analysis of mean-square error and
transient speed of the LMS adaptive algorithm[]].
IEEE Transactions on Information Theory, 2002
(48): 184-189.

W3y, 75 B el BE AR 3 £ R T B R AT 5 LD
W IR < ey R T Tl K2 L AR 2% B L 2004,

Yao Jian-jun. Study on acceleration harmonic cancel-
lation for six degree of freedom vibration platform
[D]. Harbin: School of Mechanical and Electrical
Engineering, Harbin Institute of Technology, 2004.



