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Electro-hydraulic Servo System
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Abstract; Considering that the internal parameters of the given-depth electro-hydraulic servo system are
uncertain and time-varying, a composite control strategy based on Neural Network (NN) and Sliding Mode
Control (SMC) is designed to solve the problem. The strategy makes full use of the strong robustness of
the SMC for the control of the given-depth electro-hydraulic servo system, enables it to work under
complicated external interference environment, and uses the neural network to weaken the buffeting
shortcoming of the SMC itself. In addition, the neural network is also used for identification of the internal
parameters of the electro-hydraulic servo system and online adjustment, which can well suppress the internal

parameter perturbation and eliminate the time-varying problem of the electro-hydraulic servo system, and

thus can ensure the control precision and stability of the system.
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Fig. 1 The structure diagram of the system
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Fig.2 The mathematical model diagram of the system

BARGH AR Ry - o B I 5 B A I 49 e A
L BEREE KI5 SRS AT A, iR
B3 0 1 )  h 1 e I SR AT IR B BT R IR
1.2 REBFEBPET

TE R GUEARAT , Seibin T ik .

1) YR R ) ZEAE DY 308 3 1 , 5 3 1 DU C - o A
Vi

2) WHE DANBEMB R I F T, OF BRAA
A 4 5

3) B RREL 7 BEAR A B A e O P R L O HLHEEh A

PP T LB 5

4) MM ZR ST AN S BRI B , 78 TAE AR R B E
9 Hs T3 8 kb i Hs T 5

5) RESE BN IRk S BRI

6) FEEEMGAREANANS HIEIHMRER,
R SAC) Ry
=K (1
KA x, HEREALEE ;U AR B E; K, i - Bk
R AR
AR R TR TR
QL=qu1:_KcPL (2)

KA Q AR E (R MR EZ) ;P M REE
Z(MFEHMETIZ) K, 4R B2 18 K, 8 IRy
e - EN R
ij?@%?ﬁﬁﬂﬁ%%lﬁ%ﬁ
(RENALEIRES:S
Q.=C, P, +Asx, +—

BRI, I

(3)
4,3
KA :C, o REZE B REGA, MIREEER;x, A
VREZENLRS 5 V, Sy 3 3l 0 R B ovh Ji Y R AR B, MR
BT AR B AR ;s AP E R T o
REEAERAEREZE L1 1 P 7, of 2
CREIRLE R TG
AP, M[xpsz+Bpxps +Kx, +F, (4)
=M, ﬁ?ﬁﬁ%%ﬂ@ﬁﬁﬁ?ﬂfﬁ}i%%ﬁﬁa B
REFEREL AR RLE R B K O TR SF A 2
BEEE F, AfEFTEREZE ERRBI.

H(2) ~ ()
&, 1)F,
_ Apx A2(4BKS+ )
“TYM, KM, VB, , KB, K, °
4 78 +H(—5 2) +(—5 7+ Ds+—73
g A T A Tag A ag A A

(5)

H1 FAR SR 53 %of S R Pl 9 £ R 2R 6 A9 256 1,

EARTHETER I B R A3 A T ARG R L 3 R %, it
K (5) AL R

K‘I
"y
— AP
“TVM, KM, VB, KB, K,
55 +(— LY+ (—5 s+ D)s+—
48,42 A 4,3A A 4BA A
(6)
K1) RAK(6) TG
x, KK,
U vm, , KcM V.B, B KV, KK °
2 55 +(—3 £)s +( ot 1)s +—5-
8,A2 A 4BA 4BA A2

(7)



80 Moot 5 &

26 %

B T TR BT HR AR G R B T Ao VR s 2R
BN R B AR R, A T AR W, TE AT U ST
W EFENIH = ST R 22 (8] 1% 338 pR 4

W%%E@%l‘ﬂﬁﬁﬁﬁﬂﬂx = [x1 Xy x3]T’EEF'
Xy =X, 9%y = -7.Cp 3 X3 =;ép ,mﬂgﬁﬂﬁﬁﬁﬁlﬁjﬁﬁﬂﬂ

xl =x2
%, = %, (8)
%y =f(x) +gu
g 4K B, V,B,, 4K¢,3€B,, K
KA:fl(x) = - ( v +V[M[)x3—( VM, +M,+
4B A° 4KK 3, 48, A°K K,
- )xz - X138 = ot
VIMK VKMI VtMt

HARG W B AW RN B, NG
y=%, o (9)
B THESKRR R O, RGE R S 802 B i 1) Y B
AR, I HAMBEM I B RR M, Bl Ax) 5 ¢
SERERT R AS ALY R 50 B, X AR R M T R 2
RS RE, BT LATE R 30 5] A RBF M2 R4 R4k E &R

2 RBF-SMC £ &#Hl88%it

2.1 BETLEREHEE(SMC)igit
AR R TR L BRI R e Y R, R T ALK
BT EMRE , BEERERBINUBER «, W RE
B2h
e=x, —x, (10)
BURBRIRZE IR E N
E=[e ¢ e]" (11)
¥ () HAK(8) 7]
€ =% - % =% - %, =% - [f(x) +gul o (12)
AR R AR A 1 T B, B SO AR R
s=c'E=ce+c,é+é ¢, >0 (13)
Kef,e=[e, ¢ 117,10
$§ =cietcet+é=ce +cee+ % —[fx) +gul , (14)
BRELA(x) 5 g HEFH B, W &850 i Rl &%
BH

eq

" =u|5=o=é[c1é+czé+'x‘s “f(x)] . (15)

N T AR RR AT, B 8§ < - [s |, ]
WEUHRIER RN
u, = &ensgn § (16)
KA :n>0;6 HEFEHTIE R, >0 ,
DA ] 3R P S S TR L7 Bl DR A, R

u=u, +u, o (17)
2.2 RBF &M% 8iENIETIET
i TR ERR A LA AN A B B 3 Y, &
SN TR SHCE AN AR, BRI A RBE o 22 o £ 5k
LB f(x) 5 g, 5 RS REME 15 2 S HER RO F1] ,
EERSHME 3 Fim.

3 RBF-SMC il #5 RE E
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Fig.4 Architecture diagram of RBF neural network
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Fig.6 Sine trace and trace error at 100 mm
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Table 1 Data sheet of sine trace error

S%f55/(mm - Hz™')  #HIREE  EE/mm fH2/(°)
SMC 2.2 1.15
100
RBF-SMC 0.6 0.54
SMC 2.8 1.19
150
RBF-SMC 0.8 0.56
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