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Fuzzy Control for An Electro-hydraulic Servo System

Joo H.H.* Lee J. W.* Jang W.8.*

ABSTRACT

In this paper an electro-hydraulic servo system is designed by using a fuzzy control algorithm. In
order to drive an optimal fuzzy control system, a simulation program for the control system has
been developed. By this program the fuzzifier and defuzzifier, a fuzzy inference method, a fuzzy
relational matrix, and a fuzzy inference method are investigated. As a result, Larsen inference
method, 9x9 fuzzy relational matrix, and center of area defuzzifier are turned out the best as
parameters. Finally this method is compared with the conventional PID algorithm, and showed that
the fuzzy control performs better than PID algorithm. The fuzzy control performs very well adap-
tation against uncertain disturbances.

Key Words : Hydraulic servo system(&t Aol® Alz#l). Fuzzy control(32149]), Fuzzy inference
engine(WAF&7]), Fuzzifier(MA87]), Defuzzifier(W|#A187]), Larsen inference
method(2Hdl F84),
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Fig. 1 Schematic diagram of an electro-
hydraulic servo system
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Fig. 2 Block diagram of an electro-hydraulic
servo system
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Fig. 3 Block diagram of a fuzzy controller
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Fig. 4 Membership function of a triangular fuzzy
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Table. 1 Fuzzy relational matrix

P NEAERE AR
N [-1.0(-0,76{-0.5|-0.25] 0.0
MW £-1,0(-0,751-0.25] 0.0 | 0,25
20 §-0.75|-0.281 6.0 |0.25] 0.5
M {-0.25| 0.0 |0.26| 0.5 |0.75
PL | 6.0 {0.25] 0.5 [0.75] 1.0
A1) 2,
dU, (k) = FRM{E,[x(K)], dE,[ax(k)]} a1
0477*1 dU;(k) = kdA #H2) 29 ¥4 qUe #37)

FHoIM, FRM2 Ao 734 71959 e HA #
711] PFola, Eﬂ[l(k)]\: kA #2418 @5 xo
Agee HAA5e BF, dE,ldek)]e k¥H H=|
g8 ¥ dud 5}]“—6]'3}3& HAWSe] St}

3-3, HX| FE 7] (Fuzzy Inference Engine)
HA 48 WE olgslM #x 73 mad gE
}7 &9 HFE e 9A FE QS o|gEe o
A F&7140A 1-1-011]t WA A 7 2y
2 AR 2 G942 (product composi-
tional operator, *" )3 A}8§ Larsen 2L 4

(12) s+ 2%},

w(k) = E,[x(k

A71M, wik)e kA FEe HF=(weight),

Eqx(k)], dEp(d*(k))E= kA DA =@l x dx

°ﬂ 5’”“”5}1: HA AR Fgolth, Fig. 5% Larsen
< 48 & Ao}

)] dE, [ dx(k)] (12)

3-4, 8|Hx|Z7| (Defuzzifier)

HA Zgd o3 228 Hx 2 WSS HHA
717} ﬂﬂﬂ A xdl9) 2oz WA Fok uHR
3w 2 T’,‘J‘?j“ /‘}%'ﬂ‘ﬁi‘:} a3s A &
g ‘ﬂ’“‘” dy9l &% #5#+= Fig. 49 72 749
A7+ g9 °.i°17—‘1 HAZFE Ayt 3w

TH=
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Fig. 5 Diagrammatic representation of Larsen
inference method
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dy(k) = k, = dy(k) (14)
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D/A @718 B4 &3 AFA0V)d AFshe 9
@ #%(4095)F 7Rl = Ax A4 otk

(&)

4, HFE AlE=o|d

AFEH Algdol

& 4%% 49 4993 ga A
249 F94 238 B

g0 4449 Yoz
AFEF I8 Bo2N 1208 HAdn AAUE
O AR AQe Ao, vge Az Ade A4y
2 384 59 Al 4000 AFY AgHM =
E232 IBM-PC Z#7]%(80286,80386,80486)¢
A A47bsen, 298 AQSE Turbo-C Aolg
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o A 22U sl PP HE AN
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Table. 2 Computer simulation cases for the Larsen

inference method

(CASE[ FRM | Ty | Ty [FIGJICASE] FRM | T1 | T3 |FIG
1 [(9x9 1 40 | 1 {6all 16 [5x51 30 | 5 |6-f
2 (99140 |5 |6all 17 [ 9x9 [ 30 | 5 |61
3 | 0x9 | 40 | 50 |6-a 18 [1ixil| 30 | 5 |6~f
4 [9x9 | 5 | 5 (6b|i19 | 9x9 [51.4] 1 |6g)
§ | 9%9 | 40 | 5 |6-b 20 | 9%9 |51.4| 5 _|6x
6 [ 9x9 100 | 5 |6bj| 21 | 9x8 [51.4] 50 |6-g
7 | 6%6 | 40 | 6 |6-cfl 22 | 9x9 | 40 | & |6-h
§ | 9x9 | 40 | 5 |6c|l 23 | 9y9 [51.4| 5 |6-h
9 a1l 40 | 5 l6c|l 24 |99 | 60 | 5 |6h
10T9%x9 | 30 | 1 l6-d]| 25 | bwb [33.5 6 |6-i
11 [9x9 | 30 | 5 |6-d)| 26 | 9%9 [51.4] 5 |6-i
12 | 9x9 | 30 | 50 |6-d|| 27 |11all] 47 | 5 |6-i
13 [9x9 | 5 _| G |6ell 28 | 9x9 | 40 | 5 |6~
14 |99 | 30 5 [6-ell 29 [9x9| 30 | 5 [6-)
15 [9x9 100 | 6 |60/ 30 [5x5 [33.6] 5 |6

(Note)FRM : Size of fuzzy rule memory.
FIG : Figures
T, : Fuzzy set of error (B)
T, : Fuzzy set of error rate (dE)

U e 8 vy, HAe] WA #A PEe
A7), A= oA HAFMT)H 2 ¥ o
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oz #Yahu},

ANEdeld Az AEY A7k 0.0042, A/D 2
D/A ¥i3t7])9] M]EfE 12H|E oite] #38E o4 F
Ak,

Zt 29 A A7ER vlEAS S A4
71z, ZAZe] HA BA B AN g 7,3 T,8
WA EA A 2ele] A7HhES-S Bl 2 28H
of el 71 ¢ AAAFE dehlle v
Wan 49 #Hx A #E 28z T\ 1,8 2F
gk, FE0Hd e Azge ARMNSS vad
A7}, Larsen FEHo| 7] #5 Aoju Az 7}
A Agstgrt, webd 2 =FMe Larsen #&4
ThE L Ao E YA

Table. 2+ Larsen FEH2 o8¢ 4 AR A
2o di3 FHFE AEHoie) F$(CASE)E €A
g Ao},

CASE 194 674z H#Ag g2 74 &
WonA B PEL 9x9, ¥R 9EY WHEE 5
Ao g, T% TyF 247 HSA7|BA Al EH 4

144

3t Aot

CASE 7oA 971X = H|#=lg dde %
9, #91 4&8 ¥as 574, T3 T8 407 52
sk, #HA #A & 5x5, 9x9. 11x11E WEA)9)
WA AlEdeld dte A Selh

CASE 10914 157tA€ v|#HA 3 e Ad HF
W, #A @A PP 9x9, HA Y& Wz 5
Aoz st3, T 3 Ty& 47 A3A7|9A AlEH 4
dt 750t

CASE 16914 187tA¢ vl HA3 e A HF
W, #HA 49 ¥ 5713, T3 Ty2 30 3 5
2 3k1, #A #A PE& 5x5, 9x9, 1I1X11E @
FA B AlEH A st Aol

CASE 1994 24747 = ¥|H A3} i Hogt v
W, Hx #A PEE 9x9, HA Y&Y Wee 5¢
Hog st3, T\& T8 @7t WaEAIF|HA AlEH o4
dhe folth

CASE 2594 277tA€ vl#HAs 2y Ay
¥, 94 4&d ¥ee 534, T3 T, 44 33.5
9} 5, 51.4% 5, 47 & 52 dha, A=A AA FBS
X5, 9x9, 11x112 ¥IANIHEA A BHe|a e
Rl =

CASE 28914 307X 2zt H|= =g} dhgo] disfA
M 2 F4E FEHdA vimste AEG)E AL

o, AgHold Ak i B,

e A 24

5 AEdolM 2 & 1

Fig.6(a)= #HA FEYHE Larsen, HHA 5
£ A #4444, FRM 9 371& 9x9, 23] #HAF
FTDE 4002 2RA7 D, 3 Agd HAIH
(TP& 1, 5, 5022 WAslAA AEHolHdstd Tyh
A 2Ee) AZhkgd mAE 98& A Tyoh
F71EFE AsAE wAAY 2F2 (over -
shoot)7} 29 FAFL EBHo} Tyt 59 43
Aozt & HYo

Fig.6(b)x 99 2& 2384 T,8 52 T3
7112, Ty& 5, 40, 10022 WA A Al B#H o] Al

Tyell A gde 24540, To] 248+F 2
TR HolRA AF Aot HA gka, Tyol &
VS AT 4N AR & 7 UA
o Tyol 4049 743 Aloi7t & =it
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Fig. 6 Time responses for the various fuzzy control systems
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Fig.6(c)e et &< ®A 3293 v#A g Y
o A T, & 40, T,Z 52 33472, FRMY =
71% 5X5, 9x9, 11x118 HAsAH A g oAy
HA @A PE A7 wE JFE FMHT.
FRMe 2717} 9x 947l 744 we w8-& By},

Fig.6(d)x= HA $2¥<L Larsen, HAXE WY
< Ad #FEY, FRM 9 Z71E 9x9, T, & 3022
aAAA R, TyE 1, 5, 5022 A5AA AEZF A
st Tyl Al2Ele) Alzhgo) u]3e e EH3)
Aty Ty S8 FE A5AE SERA 294
7F ARAT. Tyt 599 71 Aoz & JAH.

Fig.6(e)e €19 2& 2394 T,& 58 2%A
713, T2 5, 30. 10022 WHAA Ay ol4sld
Tl g AojdsE 2ARAT. Tyo #2855 3
FAAE BA5, Tl $71845E AeAta aFA
7ol @AEA 2S¢ F Uitk Tyol 0¥ 7}
 Aoj7t & =AU

Fig.6(f)= 9 #¢ A F2Ya} visAs g
o SA Ti& 30, T,& 58 23A7]3, FRMS =
718 5x5, 9x9, 11x112 MHAFA X &g o)A}
w2 B4 P29 3:Av)d mE JFE BAFT
FRM ¢ =717} 9x 98wzt 713 we we-g BA.

Fig.6(g)x HA #2¥E& Larsen, HHAZ Wy
& A ¥d, FRM & 271% 9x9, Ty% 512 &
AN 2, T\ 1. 5, 5022 #AFAA AEYo|4s
o Ty7b AZhteo] mAe g3k B2A59TE Tyl
ZAE4E Fo] 2T (positive offset) o] LA
2, Ty #2845 &9 e=Z4l(negative offset)
o] dAEAT}, Ty7t 54w 71 Aoz 2 5ot

Fig.6(h)= e 22 24dsdM T,8 58 TFA
712, Tie 40, 51, 6022 HIA|H A g o] ddto
Tl i &S 2AE[Y. T0] #2E5E 4o
L.ZA (positive offset)e] R R, T,0l F/IEFE

1" Y —

i i i i
. LB kY 1.8 3
LLTTTEVE S

-

- 1
.. & rupey powrem |
T ¢ MP COPTHOL

SFEER (vadi nac)

A.
Z.% ]

Fig. 7 Comparison of fuzzy and PID control
algorithm
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29 2ZA (negative offset)e] A&yt T,9 "l
A At digia] A xdlo] WA BERve A
S & g Uded Tl 5149 713 Aozt 2 HA

Sl

Fig.6()e #9 2 HA F247 v9=3 vy
o s T2 51, T,B 52 24A7)2, FRM 9
A71E 5x5, 9x9, 11x118 HFHAA AEH |43
o 32 #A PE9] Ard) BE FFE E4HT
o] % FRM$} #7|7} 5x59m7} 714 W uhe-&
24t}

Fig.6(j)= Larsen &) tsla A7IA ¥HA
3 e thEl A AEH IR AFelny FA FAY
(COA)T Az WA (MAX)el #Ad F79 (MOM)
2oh 253 Ao TS Yo, BA F4ye]
it R AgARle] 2F #@E B A fAlg
e-g JERiT. aEd Add Y Afdde
Fig.6(h)olA T,9 v dalol dqaxx Alxso]
nEA e yehine HA9 T T, 992
A7) gs @ T Hle 2A FARS
A 7RsE T3 T, F9e] w7l fie] 1 #Ee
27|74 geldt. a¥es HgXE Yoz F4
FAME AFse Ao HA For|1E dAse=d #H
g3iet, 392 FRM 9 7] 9%9, Ty& Te &
zt 403} 52 ARFE o 4 F57 AqY5S vehd
Atk

oldu 2 ANEHo|H ARE NPT J1F 5%
A€ 19 HAA0 dndEE RAEI AlAH A
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