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[ R VAT ABSTRACT

ABSTRACT

Electro-hydraulic servo system(EHSS) is a kind of system with the
characteristics of time-variant, serious nonlinearity, parameter and
structure uncertainty, and uncertain load disturbance in most cases. These
characteristics make it very difficult to realize high accuracy control for it
by conventional methods. In recent years, intelligent control theory
represented by fuzzy control, neural network control, knowledge based
expert control and genetic algorithms and their integration with modern
robust control theory represented by adaptive control, variable structure
control and H.. control provide effective ways to solve the modeling and
control of EHSS with the characteristics listed above. EHSS is taken as
the studied object in this paper, and the capability of fuzzy system’s
integrating the knowledge of expert, the learning capability of neural
network, and the capability of the adaptive control, variable structure
control and H.. control to stabilize the system are used to study the
cross-corporation control problem of the above control theory and
methods. The main work is summarized as follows:

1) The traditional fuzzy neural network(TFNN) is a kind of static
neural network and the controlled plant in practice, such as EHSS,
expresses the dynamic behaviors of the system, so the static neural
network isn’t suited for the identification of it. Dynamic recurrent fuzzy
neural network(DRFNN) and its related learning algorithm are proposed,
and its stability, and through simulation its identification effectiveness for
dynamic nonlinear system are analyzed. Simulation results show that
DRFNN proposed in this paper have better identification accuracy than
TFNN because of the usage of both current and historical data fully.

2) Based on the identification for the nonlinearity and uncertainty in
EHSS by DRFNN, three kinds of variable structure control algorithms in
according with the knowledge degree of the system are studied to avoid
realization difficulty because of too large control effort by conservative
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gain selected to guarantee the system’s robustness, chattering and its
excitation of the system’s high frequency dynamics.

(D Gain adaptive slide mode variable structure control is proposed
for the case that the system’s model is mastered mostly, but the
nonlinearity, uncertainty and the low bound of the input gain function are
unknown.

2@ Indirect adaptive DRFNN controller is proposed for the system
whose low bound of the input gain function is known, and other
characteristics are the same as the systems described in (D.

(3 Direct adaptive DRFNN controller is proposed for the system
whose mathematic model is mastered limitedly, especially its parameters
are unknown completely.

Based on the identification by DRFNN, gain adaptive variable
structure control (GAVSC) proposed above can adjust control gain online
according to the bound of the factors including system uncertainty,
modeling error and disturbance and so on, Experiment results show that
the three control algorithms introduced above based on the identification
by dynamic recurrent fuzzy neural network can have the system posse
strong robustness, low chattering and obtain excellent steady
characteristic.

3) Based on the identification by DRFNN, system L, gain design
method combining GAVSC with H, control is proposed for load
disturbance, uncertainties that are main factors affecting system’s stability
and accuracy in EHSS. In this algorithm, DRFNN is employed to evaluate
the unknown dynamic characteristics of the system, and GAVSC to
compensate the evaluating errors, and H,, control to suppress the effect on
system by load disturbance. Experiment results show that the proposed
system L, gain design method can make the system exhibits strong
robustness to parameter variation and load disturbance.

4) Partition compensation, which means different measures are used
to compensate the different components of the dynamic friction model

respectively, is proposed in this paper. Friction is the main factor that

14
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affects the EHSS’s steady accuracy and results in limit cycle. Especially,
when the fuzzy neural network is used to identify the whole friction, large
identification error may arose because of the non-smooth characteristic of
the friction, so it is difficult to compensate it effectively. The partition
compensation for friction proposed in this paper can compensate the
non-linearity of friction effectively, and the system show better steady
tracking performance.

5) An important engineering application case is discussed. The
balancing adjustment system of 300MN die-forging hydraulic press is a
typical electro-hydraulic position servo system that posses uncertain
disturbance caused by capsizing moment, serious parameter uncertainty
and non-linearity. The typical control strategy proposed in this paper is
used to control it and the result shows that the system can obtain strong

robustness and high control accuracy.

KEY WORDS: Electro-hydraulic servo system, Nonlinear dynamic
system, Dynamic fuzzy neural network, Gain adaptive variable structure
control, Friction partition compensation, H.. control, L, gain design,
Robust control, Die-forging hydraulic press, Balancing adjustment system
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g (p)=K.Cow(p,—p,) p (3.2)

3.2.3 RIS NHAIRY R EEE T2
VB L AU B £ T B
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dy V, dp
—Cp, +aY LA 33
QL tch dl 4ﬂe df ( )

b Ce WERMR AL, H ComCitCod2s Cie FWIRELHTN R, Coe AW
FGL ISRt A DA AT AR IRy W RBONERIRS sV, s L A
FEREM: B TR SRR SRR

3.24 RETERINIEBENFE

S LR A7 33 )~V 7 R A
d*y
dr*
A MO IEFER R T s Be G ZER G 3 ARG P B JE R 58 Ky o B3I
FL M

pLA=M +BC%+KLy+FL (3.4)

3.2.5 BBRFERAZKBIIEL TN AT E 2 Hr

1) BB AR I B R Ak

AR, 3R(3.) Wl FR IR P AR O, SR w2 IO 25 R SRR ) o
FARZEPE BT g (1) -

2) FE S OB b

RIS o (o) 5 RIS R L T . IEB AR, E T O
[0 g (po) O T VIR, {E 24 A R RSt T R X SN 19 25 W 50%, 3t
SEIFOE—BET . — ARG g B ES I B, BEE R py
ITTBAE. A F2F L, #0—R EOUK SRR p, =2 5,0 T4
RO TAAER R IR TOUN, WSR2, PRSI RIN G 57, %, 54, )
T35 g ()06 5 IR RN TR B RIS PR P O, T 33K 6 R 2 2 e L3
PR BRI, Pt LR R G O I 25 IR B @ (o) AU RS PE(, T
HAFTEAR 2 M

3) BRI RIS,

UGB R AR, HRAEEPEER, B AT
SRR, TR T, W 32 Fis. FIRME 3.2 WAL W
AR R R 15 RGO ) 2 5% 3R b TR PR R, TR T 5 A R R
G IE )y AT A
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1380

EIRT —
0.2 /,//”’/”/”/////
/ /

690 10

MARBATEREL (MPa)

1.38 2.76 4.14 5.52 6.90
&S (MPa)

A 3.2 ARAREMAAK S BRABR P TEALSTAIEE Y XA
4) SRR BRI T R 3ok R R B R
7] R 5 9 TS 4T 2 1) (e B e i K, o T S A 3 PP R I
ﬁ,E%E%ﬁwmmﬁﬁﬁﬁ%ﬁéw,E*:m%%ﬁ¢ﬁ%%Eﬁ%,a

2 2
a t

AR TR . FEIE M, 9P L S 1 T 7 o I R A 88 0 1 T3
,%ﬁ,@—@mim%@%¢§ﬁ%%ﬁm,Iﬁiﬁ¢%ﬁmﬁ%@@%ﬁ
A TE T th A LUK 52

5) 5 ZER B HIRE PP JE R EL B,
WFERG R TR R AL B il ARG SRS FIIZ ) 8l 2 18] (1 BT
RN ZFAT R, MK LR AR HATIR K AN E 1

3.2.6 BiEfFARAZHRET EHER
Wx=[x, x, x"= v " Z&REG.1). REI)MR(3.4), A1 HE A E
fal il R GE PR A 72 TR 3R 0y «

x| =X,
%, =, (3.5)
. 43,4 45.C,. 1 dF,
— + [ _ c F _
x; = f(x) V7% g'(pyu AT

t t

\ AB.K,K,  AB.A*+4B.B.K +K, AB.K, B .
7 . X)=— e c _ e ePe™ e _ eric 4 e , Z; :[:}
A =" i X~ D HEBII

ANFRERS, BRI Ax)=fo(x); S-SR AL SRR S A e M R 22 55 s I 1)
A AR XN fax)e BRI Al il oR Ay
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SX)=o(x)+ fa(x) (3.6)
é\
g(p,)= Agf;jl g'(py) (3.7)

HTREG 4 I, A3 Fr I, 53T pr el & x e, AL
g(po) IR IR N g(x), LERI W4 A 23 pR 2 R GG T pr e LA T,
g(x)=go(x), TR TT pr 2 AT 5 S LA A E PR DN 55 RS g A\ 18 2 bR 2K ()
MIALAE HEE SO ga(x), T AN i R AR g () W] 7R

g(x)=go(x)t galx) (3.8)
538
__4B.C, . 1 dF,
d(t) = 7 Fy— (3.9)
FER R A BT, RSG5
5 =x (3.10)

X3 = fo () + [ (0)+[go(x)+ g, (X)u+d(2)
3.1 FoRsER ARG ASEAE IR 3.1,
k3.1 Z G ARALSAE

ZH AFRAE LA S5 N AT
Ds 6.3x10° N/m* A 1.8606x10°  m’
KK, 2.15x10™ m*/A M 51.05 Kg

B 7.0x10 Pa Bc 60x9.8 N s/m
Vi 6.52815x10*  m’ p 860 Kg/m’
K 2.58x107"? m’ /kg K, 0 N/m

LA E 189 b Dy A S i 8 5 o 8 A i 2R 08 11 48 e 22 T B I3 R R F
Pt T A

3.3 E7F DRFNN %R GASMC
Bl LR A IR 2R 45 (3. 10) HH I AS A 2 PR 2 1 R £40) T () LA S 41 672

A do5E, AT GASMC, HIEEARS )5 /&K DRFNN X GASMC 1)
BRI fa(e)FH ga(0) AT AEZRHER, TR GASMC HH R TE 2 sl O 158 22
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M dOBEATHME o

3.3.1 GASMC Hyi&it
B ya WIRRINIE, FFENE =[e,é,,e" 1" =y, =y, 5, =3, 08" =" "1 o W
& TABENE . ARL MMM TR R LG 10) M RESN S TN

E=AE+B{k "E+y\" — f,—fy— (g + g u—d} (3.11)
EV AR
o0 1 0 0 0 0 | [0]
0 0 1 0 0 0 0
A= , B=
0 0 0 0 0 1 0
—k, —k, —k,y —k, 5 —ky —k | 1]

k=lku kurs = k1% Kk IEBUNARAIE s™+hys™ '+, + ke A Hurwitz 22 550

H T S5 e LI A I R GE AN s PE R AR L 1 R B (o) IR S 1) 2 x (1) BRI,
HARGRE M ER &R KR, 105 %4 H ¥ DRENN B35 8
VAR, KRR ) & B TR BN A8 OC 2R bH 9 298 5 R IR S st 4k,
DLKFH 0 R A AR & xg A A% N[ DRENN X f(x0) 31T et il-o

—1
X~ Xm o

z' = exp[—(#) ] (3.12a)
/A

s=3 why yet, (k) +' (3.120)

j=1
o j(k)y=o5(k-1) (3.12¢)
1

az(k):f[s(l)]zm (3.124d)

. Zy[m (27

Sa(x16,) =" (3.12e)

(04

; 1

[FIEE, SRR LAAR & x A A% A\ f¥) DRENN S i e FL ] ik 3 G AN e
ANARLAE 1) R L ga(o)BEATAELRAT T

z! =exp[—(m)2] (3.13a)

gA
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sO= Wl e, 1)+ 2! (3.13b)
j=1
oj(k)y=o5(k-1) (3.13¢)
1
“z(k):f[s(l)]ZW (3.13d)
ZJ_/iAal
800 |6,y) = (3.13e)

2
I=1

HIZ £ (x0)= fu(x, 107) F gi (%)= 8, (x, 1024) 73 A2 BREL fa(0) T gao) MR AR IE T, IF
E SR/ TR 2
f:_fA:E_/A (3-14)

gi—8:1=Ey (3.15)
B RET L x, =[x, x0 x0T HRGUIRE xy BIZRAGIE A P B (R Bk A e
Hom W, WSEUR RGN Gy A 0, Flo,, kT, H 0,08 55 & ok %505 L
o, =[ch,0%, o]~ B2 B 2 B E A 3, =150 50,701~ 452 BUE

1 2 1
Wior Weoo *" Weom

wh=| R S S R e SRR, #FOR AR gA. 5

_W#l#,ml W’:#,mZ W#l#,mm_
J}A (x, |0_;A) Al galx, |0;A) ﬁv\%ﬂfté}ﬁﬂ egAMTﬁ@)ﬁﬁiﬁg&éﬁ

aJ}A(xl |0fA)

FaCx 10,0 = Fu(x, 103) =@} oI, ) (3.16)
A

. . . 98, (x,10,)

£a(110,3)=2, (5 10,) = DL [+ 0 ,, ) (3.17)
gA

Xt o, =0,-0,, ,=0,-0,,, Hé,=0,, &,=0,: 0(®, ") O(®, ")

NN of\(x, |0, .
iy, L0 00) g6 55
A
S _

aylA M ‘
A

" e
1=1

(3.18)
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of y f da x, —xt X —x!
afj‘ =0 Af(){Zw/A,, a‘f, oot 2 exp[~(——)? ]2 (3.19)
X Za/A i=1 On (On)
i=1 l
A -1 7 m n =l =l N2
Vo | In=ls oS 900 ey BT (3.20)
aam Z“'m i=1 Jdo On O (o)
i=1 l
of e N da” .
ayf‘ =T O W S+ f) (3.21)
1Al a i=1 1A
‘ \ . 8. (x, |0
SU16~20) T AR A, ARG 0 P ) gy
gA
Fomfa=Fa—fitfimfy =0 8£A vo(@ ) +E , (3.22)
A
)
_ 7 T aJ}A 2
—f __fA+¢fAF+O(¢fA )+HE , (3.23)
/A
EEEiEIEE
A 98
gy =g, D], aﬁA +o(@,>)+E,, (3.24)
gA
¥ (3.23)MA B 24N R ZEBE TG 1D
E=AE+Bk"E+y{" —f,—f, +®), fA A 0@ ) +E , —
A 9 (3.25)
A T agA 2
(g0+gA)u+[¢gA 96 +0(¢gA )+EgA]u_d}
gA
_‘[/ﬁ
u =k E+y(") f _J}A_(go"'gA)” (326)
MR ZE BN R G (3.25) LA
E=AE +B{u'+® ) —* G =L to(@, ) +E , +[ Py, 98y A4 o(@ )+ E yu—d} (3.27)

36,4 36,

H T4 AR B ©40, Hiliil DRENN J#8IR, 20(3.26)H HA <Rt O e,
WU AT LU R ZE S S RFE B2 ATR RGN N &

E=AE+Bu (3.28)
1 & B I %N, ARS e SRR, DUAFAE 1E 5 X FRHLRE Q #45 Lyapunov J5 2
A"P+PA=—Q (3.29)
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e IESE R P, BRI AT B SCU) e 1)

o =SE (3.30)
. §=B'P, Ho=0HF,

6 =S8S4E+SBu,, =0 (3.31)
A RAF AFR R Z(B.28) M I uy

ue~(SB)'SAE (3.32)

A w'=ue, M, H(3.26) A 13
_ kTE+y¢(jn) _.fO _.f‘A _ueq

u=u, _ 3.33
‘ 8o t&a ( )
Cor W o 08

hyy =@, 0 +o], 0. (3.34)

hy =0(® *)+E  +[o(P ")+ Epy Ju, —d (3.35)
M Fue, N, W

u=u, +u (3.36)
seit, 2033412033548 N

o o) T 08 T O8a ~

h=®, %0, +@,, —aegA U, + D,y 2., u (3.37)

hy=0(® ")+ Ep +[0(P )+ E gy lu, +[0(Dy") + E\lii —d (3.38)
WK (3.37) 11 @], 250 A3 38) 11 o, + B, 0 SUAE R FARAAE, I

gA

FENBIAX G35 T d N, BB

d, =d—[o(®,*)+E i —®), 9%s o (3.39)

96,
)
gt s g1 08s

by =h, =D, 20, + @, %, u, (3.40)

hy=0(® ")+ Ep +[0(DPy" )+ EpyJu, —d, (3.41)
W=3.27)1 A

E=AE+B{u +h +h,} (3.42)
%

i dZSdO

i |EnlSwp [o(@ad)+ wi + do<g

i [Egal<wer |0(@oad)|+ wea <&
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Bz,
\ho|<&urtEgu=Kyse @ (3.43)
Ao
K*=lgu & (3.44)
o=l |ucl] (3.45)
I, MREAETI0 M 5, IR RGN ERTE, PR GIE oA
u' =u, — K, gsgn(c)=—~(SB)"' SAE - K, @sgn(c) (3.46)

Aef: kKL ASTHE, JFRE, =K, -k, HWEK, =K, .
H1 3X(3.26) 1HAH IV (1 52 s il o w hy
uo K EX = fo=fs+(SB)'SAE+ K osgn(S) (3.47)
8ot 8&a
KW, GASMC & & T RAE AR EAE FIRREL fo(x) 1 go(x) L5, H
ARG AL A P DL N8 35 BT g(o) 1) N AR AN 5 o

3.3.2 GASMC R E M5t
EHE 31 X TIRESNERGG.1), WEHIE « J(3.47), H DRFNN %
A v R0 4 R s I 2 1) L AN

; gl
0, =—Fanﬁ (3.48)
. og
0, = —FgAO'ﬁul, (3.49)
I:\(vsc :rKvsc¢|o-| (3'50)

MR ZENZRRGE G DI R E .
ﬁq:‘: 1}A>05 ]TgA>Oa I—kvsc>0 j‘] Q :‘@Mil}lﬁiﬁ Igio

WERH: X Lyapunov BB ECH
1 1

4 :%O'T(SB)’I a+5fp}Ar_;gq>,A +5¢;Ar;q§gA +%1?mr,;1ml(m (3.51)
DUPEC G B TR] FR) 4k 20
V=" (SB) G+ BT A0, + B\ T k0, + K, T K,
= 0" (SB) " S[AE + Bu'+Bhy, + B, ]+ ® I, + ., T70,, + K, . T K,
=0"(SB)'SAE+c"u+c " h, +0"h, + di_;AF;gd/A + (D;Al“éjiégA + I?VSCF,}IVSEIé’m (3.52)

B(3.46). R(3.40)L0 K HidE N EER((3.48) (B4 ER, % EH3.30)
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EMoh—hriE, 13
V=-0"K_osgn(c)+c’ h,+ K, I; K

vsc vsc™ Kvsc™ " vsc

HAEL(3.43)73
V<-o'K, osgn(c)+c' K. o+K I K,

vsc vse™ Kvse™ " vse

<-K,¢|o|+K, ¢|c|+K T K,

= _(KV.\‘C - K:SC )¢ | O- | +EV.\‘CF[_(\1/SL'IA(V.\‘C
——K, (p|o|-T{ K, (3.53)
RN B 1E M AE(3.50) 1
V<0 (3.54)
1 Lyapunov & 5& P 218 0] %1 limo =0, H T D)3 E AR E 1K, W limE =0,
BIRZEI A RSB 11) B faE .
JET- DRENN ##iH [ GASMC EEHEE W E 3.3 Fis.

X4

v'

u - §+
> 42 (LA iR 3R 56(3.10)
E

K'E + " — f,(x) = [1(x,10,4) + (SB) ' SAE + K, psgn(0)
u= :

2o +8a(x |0gA)

N \
Kvw’ a/A’ BgA

A

[EBGNAE
: o, B
Op=-T 04
aam
APPa=—0 | P , 2%,
0, =-TI,0 u,
d o
IA(V.:C = FKvsc | o | ¢

A
uL‘

CKTE+y = £y(x) = [u(x,10,,) + (SB) " SAE
2o+t 8alx |0gA)

uC

B 3.3 A -F DRFNN #4745 GASMC £ :1EH

3.3.3 GASMC ¥R EARIREREESEE
HLEH WL S A &N @ 1 F10 o073 79 B HITE L R AEQaAI Qs
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WU B G B ST LA R T o B IR S B S A | S S n]
HE H IR 1 2 EL Ga 1 Gpa [PTE /N T- 4558 BTS00 58 HA 5 B B ) 1
Db, WA SOR FH AT R 25 0] 25 20 AL AR 0 20 Jnll 1 3 BBl R 3

1} DRFNN 4584 2 BUH ) B SCROH, Bt e LS 3a l,  #ot i
SR O 28 IR ', B, 5T 2L 10 5 O T B 4 LA
FELHREE Qu fl Qo N, HLoW, =05, 00, =05, 1<i<m®s AW R
xy MR 5 AR R OB R TR A %1 5 AR FR R AR RL , AR SEG T X PO E
AR HRBEIIESEL Ongy T Ognoy VIR S, SR 23 T30 2 5 4 R 2 250
S I SRS 5, ol —0%, 00, gl 1<i<om.

X Omnts 58 Qo= {Ommr:| Ot | <Mosh

o
“Tngg O
JAwl
N2 > af’\
illawal |<waﬂjz‘|0wal |:waﬂa 020
0 p = . . st (3.55)
Jan 8f A 0;Awl 0wa1 af A
Vi O+Vm
aBJ‘AWI | 0wa1 | wa aawal
v of
10 =M H J 0<0
"9 fAwl

AV Vi N O T HIE N 2R, Hri=y, > 2mH1<i<2m+m?.
Xﬂ‘ 0gAwl’ %fg ng:{HgAw1:| 0gAw1|Sng}

%,

a0 ¢

gAwl

- }/gA 2
M2, e aéA

:l|0gAwl |< nggz‘lagAwl |=ngJE|_O-FM 20

0 g = . . e 3.56
gt H;AwlagAwl ag A ( )

| 0gAw1 | ng ao

uc + 7/ gAO- c
gAwl

0
)—ﬁl | BgAwl |= ngjzl‘o-aaiuc < 0

gAwl
A yoa N Opnn MEHIENH, HrIii=yp, » 2mH1<i<2m+m’*

X Onoys FHHEQ ) =100, b)) — 0y SO, S+ 5 1<i<2m, by ¢y 735 KA
R S HC T IRAD AR EE o ME, o) iS4 X

_
¥a=ogs (3.57)

V3 W (5§ N, L X

42



(BRI VAT 'S =5 JLT DRENN FERIE af Gl W AR 45 4

_ e -0 o
WME(Lklﬁgréﬂowﬂ (3.58)
A
. 0. —b .
=0+ %)W;’A (3.59)
g
U] Opnoy A% B IE SN
—F}’AI/7}A ,&'IB}AO), > C}AE‘ y/;,A <0
é}Aoy — —F»?AI/I}A f¥|0’ony <b}AE WlfA >0 (360)
-r }’Al//}A HoAh

b rj e, MEENE, 1<i<2m.
XF Ogngy, FHHEQu =100, 0Ly — 8ia SO Sy + 80,5 1<iI<2m, By« by 735l R A

RS TR AR &, O, &, W B X
w%saa?Al% (3.61)

— Con — 0, oy N, 0

R 362
gA

~ 0[ - bi )

Vi E(Hg“;—,.gA)l//gA (3.63)
gA

U] Ogno, A (MIME IE SR

—FQAVQA M0 4, >c;AJ5L1//;A <0
0, =" TaV HiOg <byullyy >0 (3.64)
= NN oAt

Kot 1 o, MEGEN, 1<i<2m.
1O K, BRI IS0

Kv.vc = FKVSC | o | (p - O-Kvsckv.\‘c (3'65)

3.3.4 GASMC B0t
SN T ks oy ke A1 A(s)=s"Hhis™ oot k=0 [ FTE AR T 22
I
IR 2. fi# Lyapunov 7 F230(3.29), KA —ANIEEXFRARE P, LA
S=B'P, M v T o,
IR 3. MRIEE IR LR A RTS8 M,y My bl iy SIRIT] %S
Wit 4.
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DR 4. HIERBRIZIE ARG £, (v, 10,0) T Gar| Gpa) IR RN - FffE S
NAR B ey IIROR AR S50 S SR pR A0y . S8 1R O G IHT 4R
{H.

BR 5. 4udl G A EH TSI %GB 11), ot £, (x, 16,0) BT Ga(x1]65a)
I3 M (3.12)F1(3.13).

ABR 6. KBS NAL(3.55) 1T SO G5 JERUE O)nn» F HIE N AHE(3.60)

W SR BH, I Lo iR 3.18)-G2) R
fA

N

B 7. K BRI (3561 B8 O T HIZALE Ognro TR (E
(.64 S Gt AR S, Horh 250 541 11 R (3.18)~(3 21) 4

A1 AR gA)E R TSR
DY 8. KHIN(3.65) BN TS MK, .

3.3.5 GASMC BRI RO
S IGAEATT PRI, ST B 3.1 B B BB B IR R GEEAT T SEBR AT

% 3.2 A F4&it DRENN £4ko#= y., 4948 % %

il BBy R by WA FERRTY

o 0.1058  0.0522  0.079 0.01 0.02
ol 0.1058  0.0522  0.079 0.05 0.02
i 10° -10° 0 6x10° 100
Vi 107 0 10° 10° 100

A imj=1=12,...,m; #H fAX gA.

2R, H 157 DRENN #H S5 y, FAHSCEWR 3.2; m=5, u=12,
k=[200,50,6]", O=diag(100,100,100), 75l #E e, F T FH 18 o R 2D s 4%
AT AL, BOAR R G0 SO ST — MR E, (H25 B 6 BR G R 4
(RORTAR T, — MG EL IR R A R AL SR AL, R S0 Hhetg 47 38/ N 2 1) S B
FoAE I 2 150mm Ji5 /F 24 DRENN (4 AR 5 xy, SEHTER BT yo(o) B AEAH N IR AR 2,
It SR g BR B O X 0) =[-0.2,-0.1,0,0.1, 0.2], go(x)=1.1476x10°, fy(x)=[O0,
-1.42x10%, -16.92]x, A8 S5 M 25K ZHON 0k05=100, Kos(0)=[1.6x10°, 10%]",
Tgs=diag(6x10%, 6 x10%); HI 2.2 W[40, SEHERUEYI Z T, DRENN BIL A
FE G 2%, Wow!y Tl w!, B TCEWME BN E, My=10, M,g=5, =20, yen
=10; x(0)=[0,0,0]", ya(r)=150+100sin (0.1zH)mm If, [ E SN SR
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F£T- DRFNN ##H 1 GASMC 15256045 R il 3.4, 4 L DRFNN 5 TFNN 78§
FIRGE PN FROR, B 3.5 251 TR T TENN 1R GASMC 52k (1 5256 45
K] 3.6 45 T 5T DRENN FE R 1) 18 35 3 AR 28 M) 42 1) SV 1) S 56 &5

0.3

2R
:2
% ol ‘ \/ \\/ \/
,d:{
0
0.1 T T T T
%( /M\/(
ijé oI JRELN M‘*\ e ranN
N R
tl:’
R -0.1
5
= A /W\
ﬂ:—ai 0 0 MW/\\A
_5 | | | | | | | |
0 10 20 30 40 50 60 70 80 90
ITH) t/s
(a) ps=10bar, F=0N
0.3

e AN AN ANA
AV Y

0.1 T T T T

%fi(
™
{]3

’W L e N S N

-0.1
|
g [h g ek
ﬁ = 0 AT KA ey VN~ V< V\,’_
_5 L L L L L L L L
0 10 20 30 40 50 60 70 80 90

IR t/s
(b) ps=l10ar, F=50Kg
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0 10 20 30 40 50 60 70 80 90
ITH) t/s

(¢) ps=20ar, F=0Kg

B 3.4 3 -F DRENN #3289 GASMC 354 64 2 43R 3506 L fedz %) &

=
ulV

0 10 20 30 40 50 60 70 80 90
ITH) t/s

ps=10bar,  F=0N

B 3.5 A -F TFNN #3749 GASMC 35484 2 43k 3z vk B Fods 4] 2
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0 10 20 30 40 50 60 70 80 90
ITH) t/s

ps=10bar,  F=0N
B 3.6 AT DRFNN #2695 38 5 SMC 424 49 & SLSR Iz A B Ao d2 ) &

1) ARG 47

H & 3.4 AI5D, HSELLL 150mm A4 O R IESZIZ BNy, S 61 u AR
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