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Auto Tuning of the Hydraulic Servo Control System using Fuzzy Set Theory

Kye Il Lee

Seoul National University

Abstract
The Auto

Fuzzy set theery. And to verify its validity it is

Tuning Controller is designed using

Applied to the Auto Tuner of hydraulic Control

System. Fuzzy Tuning Procedures are written by

linguistic model and trlanslated inte C language
Then

with state feedback controller in real time, Fuzzy

formation by preprocessor, it is executed

logic Controller adjusts state feedback gain by

proper tuning logic in each step to satisfy the

desired maximum overshoot and settling time.
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Fig. 3.1 Block Diagram of Fuzzy logic controller
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Degree_is "6 8
varfuniv.___# 90 16 185 120 130 149
vl 6 (] [] [} 1 5 18
1 6 8 L] 1 6 18 2
] 6 8 1 5 18 5 1
s 6 8 3 4 3 8 (]
PZ 6 5 18 5 1 [] [}
nz 6 18 5 1 [} 8 8
li
Degree.is 6 6
varWuniv_.__# 449 58 69 108 288 500
vl 6 [] 8 8 1 5 18
1 6 8 (] 1 5 18 5
] 6 8 1 5 18 5 1
It 6 1 5 18 5 I ]
£ [ 5 18 5 1 [] []
v 6 18 5 1 (] L] 8
dkp
Degree-is 7 7

varWuniv___.#-500-188 -18 8 19 1648 504

pb 7 8 & 8 8 98 3 19
pp7 8 & 8 1 4 18 §
ps T & 6 & 7 18 3 8
zr 7T 8 1 2 18 2 1 8
as 7T 1 3 18 T & & 8
nan 7T 6 18 4 1 8 8 &8
nb 7 18 3 & & 8 8 8
kv
Degree_is 7 7

varWunivo__.# -566-100 -18 @ 10 180 568
pb 7 98 6 8 6 & 3 19



pm 7T & 8 8 1 4 18 6
ps T 8 8 8 T 18 3 8
zr T 8 1 2 18 2 1 8
ns T 1 3 18 T 8 8 8
nm I1- 6 18 4 1 8 8 9
b T 18 3 8 8 6 8 8

Table 3.1 Membership function of fuzzy variahles

HA A4 FAY dulg 2 61 A 2RYY
o2 grgw o9 gue G Ao

A) mp
a) vl . very large maximum overshoot.
by 1 . large maximum overshoot.
¢) » : medium maximum overshoot,
d) s : small maximum overshoot.
e8) pz : positive zero maximum overshoot,
f) nz : negative zero maximum overshoot,

g) any : don’t care for maximum overshoot.

B) ts
a) vl ¢ very long settling time
by 1 ¢ long settling time
c) m : medium settling time
d) 1f : less fast settling time
e) f : fast settling time
f) vf : very fast settling time
g) any : don't care for settling time
€) dkp, dkv
a) pb : positive big gain change
b) pn  : positive medium gain change
¢) ps ! positive small gain change
d) zr : zero gain change
e) ns . negative small gain change
f) om  : negative medium gain change
g) nb ¢ negative big gain change
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Fuzzy inferrence logic for hydraulic controller

* Fuzzy logics for tunning open loop gain kp

If mp is nz then if ts is any then set dkp to pb
If mp is pz then if ts is vf then set dkp te zr

If mp is pz then if ts is or(f,or(1f,m)) then set
dkp to ps

If mp is pz then if ts is or(l,vl) then set dkp to
pa

If mp is s then if ts is or(vf,f) then set dkp to
ns

If mp is s then if ts is or(or(1f,m),or(1,v1))
then set dkp to na

If mp is m then if ts is or(vf,f) then set dkp to

s
If mp is m then if ts is not(or(vf,f)) then set
dkp to nm

If mp is or(vl,1) then if ts is any then set dkp
to nb

* Fuzzy logics for tunning velocity gain kv

If mp is nz then if ts is or(vf,f) then set dkv to

ns
If mp is nz then if ts is not(or(vf,f)) then set
dkv to nb

If mp is pz then if ts is vf then set dkv to zr
If mp is pz then if ts is f then set dkv to ps
If mp is pz then if ts is or(1f,m) then set dkv to

na
If mp is wm then if ts is not(or(1£,f)) then set
dkv to ps
If mp is 1 then if ts is not{or(If,f)) then set
dkv to pm

If mp is vl then if ts is any then set dkv to pb
If mp is or{pz,s) then if ts is or(vl,1) then set
dkv to nb
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Fig. 4.1 Schematic Diagram of Experiment Equipments
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Fig. 5.1 Tuning process, casel

M=108Kg, Ps=17.5bar, Kp(o)=5868, Kv(8)=-3800
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Fig. 5.2 Tuning process, casel

M=180Kg, Ps=17.5bar, Kp(e)=58086, Kv(8)=0
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Fig. 5.3 Tuning process, casel
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Fig. 5.4 Tuning process, cased
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Fig. 5.5 Tuning process, case5

M=58Kg, Ps=17.5bar, Kp(0)=5000, Kv(9)=8
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Fig. 5.6 Tuning process, caseb

M=50Kg, Ps=35bar, Kp(o)=8, Kv(8)=3080
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