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ABSTRACT

The MRAC theory has proved to be one of the most popular algorithms in the field of adaptive control,
particularly for practical application to devices such as an hydraulic servosystem of which parameters are unknown
or varying during operation. For small sampling period, the discrete time system becomes a nonminimal phase

system. The §-MRAC was introduced to obtain the control performance of nonminimal phase system, because

the z-MRAC can not control the plant for small sampling period

In this paper, §-MRAC is applied to the control
servovalve, hydraulic cylinder and inertia load.

of an hydraulic servosystem which is composed of
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#z)= z-pulse transfer function of plant

t Az)= z-pulse transfer function of reference
model

#( 8)= o-pulse transfer function of plant

t A 6)= &-pulse transfer function of reference
model

&( k)= identification error

v( k)= reference input
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Fig. 1 Schematic Diagram of Hydraulic Servosystem

AMrdEe] AFo]l Aol AT Holehd
AR o RIFFALS A(4)e 2t
Ps PL(t)

Quld) = cqwm (D] —— 1= @)

0:17]}\-1, Cdi_. TI’OZHT, E BQEEEQ] r‘:_]-‘_
H 7, ot 2ERY UE, Q, FehfPolrh

Fo ARdel BaaPae sk ok
Ve dP.(d
48,  dt

Qu() = A KD 4 CoP () + 1

(5)
0:17]}\‘1 Ap f. E%E—‘I"] Ry 7E‘l, V[ l\:_; ‘Ic',l‘i‘gl
AAANA, B.= ZE A dAF, Cpe A

A FHgeln,
AEEY 2EFAAL A©OF Bk

152



A% - FUY2 - gue .

gL A A17d Ans

+B, —dﬂ(—fl + I (6)

'7/31131:0];]7_ B/

o

el

H7dvhEA

Mdlasz mejshn ¥
A H LY A0
A Ll
AERS YRAE TN 24 A5AT

93T W)= AN 2o,
19 = i ™
s"tas
7] 4,
Al kW K,K,A
a= g7 (B, +92), p=Tante,
— PS_PZ dez,,
k= C,w P ky = PS_PZ
2
0
olt},
(N SN HEEE (2)2 WBsE 4
(&) Zth
7’12+ (@)
=2 . . 8
Kz) 2+ 0240, (8)
z-W@H SMBHE 5 olm

2 A®F 5-82 ABHF (92 ABIT 49

s g}
_ 7’513+ 7"30
Ko) = 85+ pa) ©)
o 7] A,
—aT, _—eaT

Do = 1_7?3 7 50 ‘g(l Yi )
Yo = ;;“TS (aT, +e T —-1)

o]t}

2.2 7|_'_EEII__| A-Ij;“

ATl F1FRde H7G A d
%z‘;*q FAE 4590 23472 74 ABA}
2 PYHT Adddo] ) TAse Yol
LUFESL BT wiRA A @] W ¢
=12 3 71ERAS Ho)9 2ol AU

153

2

Wy
ti(s) =——T—— 9
a(s) $* 4+ 2w, s+ o ©)
A7, 0, & 71ERDe] LFAE ST,

HOE olitslsla 2(10)37 2t

7d12.'+ Y

ta(2) = 10
+(2) 2+ g2t ba 10)
(10 o)A AL FFE s-AGE 4
an= 2g.
7 48101 7 45
t,(6) = 11
(9 32+Dd513+17dao ()
A 7| A,
_ 1=2¢ Ty 72"
Y dso = T2
— l_e_w"TS_wnTsenwnTx
Yas1 = T.
_1-2¢ T4 7T
baso = T2
—w, Ty
Dus1 = 20=¢ ™1 o]t}
23 S-HAXof o5t M2 HojAe oA

ok AEAY sd2 AGESF () 71ER
g sl HEES () A(12), (13)3 2}

75 R( )
= —0 s 12
H5) IZ6) (12)
_ 7aaR4(8)
t,(8) = O (13)
g@dHel Z+ &4 ¢ =68+qy, A =258+1
2 o] Diophantine %3212 2(14)¢} Zth

k(é‘)((82+19513)+h(8)(7’316+rao)=(8+ (14)

gl ~ 75(8% + pa®) + (8+ fo)(r58+ 75)]
A1H)E DFHaE A KE), o) e 2 4
k(6) = k(), h(a) = h16+ ho o] E]E-E-, 'IE_E'@

EQ HlF5A AEE Has5e Z2u.
_ 1 ko
Wk = ry FE u(k) + CESACETS. u(k)
b8+ hy
N CES N )
=0Tk 15)



O

Fe3A A7 AlE

o 7] A,

O=1[ry ky by hl"

2R =12 (k) 2T
= [ s uh Zs5 op i
TR U Ry ¢ ]

o) =lo, (B w0,(B w3 (BT
= [y un L5n o )

() 2 N (&7

olt}.
HetA, ZTHES 28 yhHY FAX y(HE
2163 2ok
YR =0T(k—1) 2k
7] A,
Bk =750 k(R
ojv}, 7}x74 wtetvleiolr},
FAHA (b &

(k) = ¥k — y(k) 17
1, vz FeEE 2487 98 sevEH 2
e poood B FHLA (B 70 0] HE
= BT — 07T IAEZ A(18)~2(20)9]
25w daFd5S AHEHT

N(k—1) &(k) e(k)

(16)

NORAOIN

[e]

P

2l

Bt o

O =Bk~ — T2 T R D gk
(18)
[(k): I—(k_ 1)_ (19)
NE=DUR (B Mk—1)
1+ &7k Mk—1)EA)
=1 =7 (20)

& ye AT

Fas

I 993%d, (D2 3%
AD Nk 271AE vebd.

d— MRACE g243t7] 98 Aojdd wlh) &
Aend Z
__ 1 2T
W == {= 67Dk @

+(S+ f)tADuv(k)}
o714, x| selulg Pk = heF 2
YR =Rk hB =T

Fig. 2&¥ G6-MRAC? EEH®olr}

154

3 AlEgojM

34 Mg 74

2 ATodAe Aodd
Fig. 39 YehiATh

Ao ALRG 7]7)9) AIGE 53 2o
AEWB. ZHAYA7]34-300-30-14, FLA-H:

p

T

st

dES A

gT

A7) Double Acting Type, Potentiometer: MOOG
A04955, FTFU=:  6.86MPa, AD&DAX37]:

AXION Technology Co. AX5622B, Microprocessor:
Pentium- 100MHz

Servo valve

Hydraulic cylinder

Load inertia

Accumulator

Filter

Reducing valve

Check valve

Relief valve

Pressure gage
Piston pump

. Heat exchanger

. Tank
Potentiometer

. Servo amp

. Low pass filter

. A/D converter

. D/A converter
Personal computer

Fig. 3 Schematic diagram of experimental
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Table 1 Parameter of the electrohydraulic control

system used in computer simulation

Parameter Value
K, 10 mA/V
w 35% 21 rad/s
w 0.2 cm
Ca 0.6
Vi 114 cmd®
B. 76440 N/ cm?
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Fig. 4 Reference input and reference model output

155

4, B3 2 A

Fig. 5% #H7I# % A EBAY 2-MRACE &3
*‘6*€J+°ll4 oluf FH<4=L 6.86MPa, WA H-3}

= 60kg, MEH AJZHE 10mso] T}

Fig. 5(a)°ﬂ’\1 EHEE A5 NFRde 5
oA xatal Qloh ol MEH A7 10msol A

THEI} v H2ASAR =) gRol),

(b) Control input
Fig. 5 Experimental Result of MRAC

Fig. 62 MEH A|ZHOms, 5ms, ImsolAl &
-MRACE 7] AEA H&3 Algeola
Aatolt}. Fig. 6 ()9 271 ¢4 ZTHE 2
88%°] QLUFEE UEH, 44% o] £ 1H J)F
2d 4o X312 vt Fig. 6 OEREYES
oA EAE FAL 59%9) LHFES vehye,
2% V1ERd E¥d dAskT ATk Fig 6 (o)
o AN BEHE 28 % 29%9] QHFES
G, 28204 Z|EEW EFHo dAsin
Ak

Fig. 7& A1 B0 89 299} A8 270
5-MRACE A7 %% AiAd 488 48 A
olt}. Fig. 7 (a)0llM ZHE &€& 2x7]9)
2% QUIHES ST, o F719] FE Lo
A A 008429 £HLAE Kol Utk Fig. 7
A ZRE 2HE 74%9 LHFEES w2l 5}



’—

A% &9 - 90 FFALFHEA AT ALE

W, 6xoA 7|ER D LAt U Fig. 7 (o)l
AN EZPE £HL 4629 LHFEE TAsL,

552%E 71829 294 AAsn sl N
el AFZHE o-MRACT A7 AR ..
AN LA MH2AY BAE Bkl & -
Zg Ao71HAL glaigon B8 4EY A o
& #A s Aojgsel #dBL & & Uk T T T et

O-MRAC A3 ZAore SHFEZ A&
o]l ALut A Yelgth o F3tAlelA
o] wpAEH Arwp LA FHE F
o2 Q% 2dy oo 7UF ReF AzE.

(a) Sampling time=10ms

Y. ¥m U

Y.Ym U

20
Timefsac]

(a) Sampling time=10ms

¥, Ym U

=a
Time(seo]

¥, Ym U

(¢) Sampling time=1ms
Tl 0T Fig. 7 Experimental result of §-MRAC

(b)  Sampling time=5ms Fig. 8 (1)) 27199N ZAE 5L 2%

o] 9BIFES sty 382 71EEY Y
gx8t3 it} Fig. 8 ()M E 8.6%Y LHFE
g 2 AslT 4.8%0) V|ERE EAFH

Fig. 9 @A SHWFET 9.1%01H, &AL
] & 38%0°|t} Fig. 9 (b)dllH Z7]S7elA A
B e e A5 89%9 LWFTEE LA, 430 7|E
o dxse AHE Holi Urh

olAtel Az R AlEHM Aet 4 2
Fe 2 AXNFS ¢+ don, FEEH] A=
e A9 E AoAse A FAES ¥

Fig. 87 Fig. 9% &332 3.92MPa3} 9.8MPa g 4 otk tEkd §-MRACAIO 7] E R ¥
2 WA A AEdUoA A¥E P AFolr Soll AU Ao Iyd e & F AU
ojmj MEZ3 A7k 10mse]Th.

(¢) Sampling time=1ms
Fig. 6 Simulation result of §-MRAC

156



ANE - &d= -

rd

;A=A

138382 A17d ANz

Y.im U

20
Timelseo}

(a) Supply pressure=3.92MPa

Y, Ym U

(b) Supply pressure=9.8MPa
Fig. 8 Simulation result of §-MRAC

Y, ¥m U

25 30 as

20
Time{seo]

(a) Supply pressure=3.92MPa

Y, Ym U

35 30 as

(b) Supply pressure=9.8MPa
Fig. 9 Experimental result of §-MRAC

5. 282
A A ZHA A A E PN AT A7 &< R A
°|4A1Zt 2-MRACE X g3t} Fe BEY A

S AoYshe gl vl H29de] B s )
7t 275 o] A AAH% AEA 5

AHE ol MRACE HEdq o 2

e R 2 A

Mo
tlo
ne
38
o

157

1. MRACE ol &83t] Alo]d w) v 4 A4HA
7t "ol Alojrt BEvbsd fgt A BAY dis] s

-MRACE ©| 439 A& AL 53 4%
< I

2. S-MRACE F¢ ArAe FF¢doe] Bz
AT Ao Fe o oo}ﬂl FAE F de 2
g AoJFHd e eyl

3. 8-MRAC AloI712 o] g51e] f4F AMAE
AT W AEY Aol ZAE Aol 45
2 nAe FARA

=t

fad

|'-|[]

i

R, "HEE S AT 2 BT 2RO MREE S B,

{HBE & Z5BE, 552158, pp. 219-224, 1990.

J. Watton, "Fluid power systems," Prentice-Hall,
1989.

B NPT, MeoNRb EAERIEL" A & 1,
Vol. 26, No. 5, pp. 406-412, 1987.

K. L "Zeros of Sampled System,"
Automatica, Vol. 20, No. 1, pp. 31-38, 1984.

. FHu and K.Edge, "Delta-operator based adaptive

pp.

Astrom,

control of a piston pump," Fluid power,
373-378, 1993.
- WAE, W, &S, "HEESIEER O ER-HEY
R AT L~NOFEM," B & 28, #2148, %7
9%, pp. 71-78, 1988.



