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A Position Tuning Control of Multiple Cylinders Using
Variable Design-Parameter Fuzzy PID Controller

Hyo Sik Choi

Department of Control & Instrumentation Engineering,

Graduate School, Korea Maritime University

ABSTRACT

In general a hydraulic system which uses a single rod hydraulic as an
actuator is modeled as a nonlinear system. Especially it is well known
that the system reveals uncertain parameter characteristics such as the
density variation of hydraulic oil and is subjected to load variations and
severe disturbances during operation. In order to cope with these
undesirable internal and external problems, a nonlinear and time-varying
control theory is needed and must be developed.

This paper is devoted to three main objectives eventually to accomplish
a synchronizing position control of multiple hydraulic cylinders.

At first, a fuzzy PID control algorithm is thoroughly discussed which
has nonlinear time-varying control parameters and is named a variable
design—parameter fuzzy PID control. It is developed to control the
systems whose mathematical dynamics are unknown and whose

behaviors reveal nonlinear system characteristics. By way of computer



simulations for several example systems, the effectiveness of the
suggested algorithm is proved and the online time variation

characteristics of the PID control parameters such as K » Ky and K,

are investigated.

At second, the discussed variable design—parameter fuzzy PID algorithm
1s applied to the position control of a single rod hydraulic cylinder
system as a real control world of typical nonlinear systems. Computer
simulation results reveal that the composed system i1s wuseful and
effective in view of control performance and real time control possibility.
At last, a comprising method of position-synchronizing control of
multiple hydraulic cylinders is suggested. The method is to comprise the
control system using only electronic devices including synchronizing
control algorithm. In order to prove the usefulness of the suggested
method, computer simulations are executed for two cases. One is the
case two cylinders have the same specifications except for different
operating conditions. The other is the case two cylinders have different
specifications as well as different operating conditions.

In the conclusion, according to the simulation results, the discussed
variable design-parameter fuzzy PID control algorithm turned out
adequate to control nonlinear systems and revealed very accurate PID
control actions regardless of operating input ranges. The suggested
position-synchronizing control method was proved so effective that it
could be applied to the synchronizing control of multiple hydraulic

cylinders with small position differences.
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Figure 2.1 Schematic diagram of an hydraulic system
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e(nT) = reference input — y(nT) (3.1)
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oz(output_zero)®t  ON(output_negative)®] A 71¢ WHZ ztu ¢l
‘output2” = ¥ 3404 H<l FH¥ o] opM(output_positive_middle)

7} oNM(output_negative_middle)e] F 79 WHE zl=t}

_19_



Membership
A

EN, RN, AN EP, RP, AP
1.04

0.5

[
-

-L L ek, ¥, ax

I8 32 ex,rx%t axol tHE A A5}

Figure 3.2 Input fuzzification for ex,r* and ax

Membership
A

ON 0z OP
1.0 x

05T

[y
>

-L L outputl

a9 33 HA Ao]EE19 =9 A3}

Figure 3.3 Output fuzzification for fuzzy control block 1

_20_



Membership
A

ONM OPM

1.0t

- L/2 0 L/2 output?

a9 34 HA A|JEE29 =9 A3}

Figure 3.4 Output fuzzification for fuzzy control block 2

3.2.3 HA AefiH

A ANTFHE HHA] FXF ADH A4t Ao AAole AR}
4 ANe 72E el wEoMth of A AIFHE (F- then-) ¥4

0w FANH, X =goA ALHE A4 AoFAe vy e 2

A Aol B2 0] Bg HA o)t &

T

(R1) {:IF error=EP and rate =RP then output = OP

(R2) |:IF error=EP and rate=RN then output =0Z

- 21 -



(R3) ;:IF error=EN and rate =RP then output =0Z
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(R1) 5:IF rate=RP and acc= AP then output = OPM

(R2) 5:IF rate=RP and acc= AN then output = ONM

(R3) 5:IF rate=RN and acc= AP then output = OPM

(R4) 5:IF rate=RN and acc= AN then output = ONM

o H A Alejgt o] ARG Alo]

Aol HA FEE=E= Zadeh® AND =27} A& AT} o] &
& H2 e 2 Min ditelth HA FEi=

7] 918 482 44 AR uE 21s 2

I o] 3ty

2 Ao} EF2914 9] rate9} accoll tie = F3

- 22 -

(R1) 17 (R4) r

(R1) 5~ (R4) , ©f
hell o
E AleE 1, 29 # &3t

8= 1¥ 359 19 36

=

-

.19 355 AAEE 19 erroré rated] tiste] 19 36

YEbd Aot



(IC18), (Iciz), (IC11), (IC17) 1

L
(IC4); | (IC3),
1c13), (1C10),
1cs), 1c2),
. os
L1 ace), acn, |-
(1cia, 1c9),

(IC7)1 | (IC8),

L
1c19, | acis), | acie), | acz0),

% 35 e*$F o hed e =9
Fig. 3.5 Possible input combinations of e*and r*

ax
A

(IC18) , (IC12), (IC11), (IC17),

L
(IC4)s | UC3)s
(IC13), (1C10),
(IC5), (IC2).
> ok
~L| ace, acn, | -
(1c14), (1c9).

(1IC7)2 | (IC8),

-L
(IC19), (IC15), (IC16) , (IC20),

a9 36 % %ol bed 99 2%

Fig. 3.6 Possible input combinations of r¢* and 2*

_23_



3.24 v HA 3 guE

A 8h= S ¥ (Center Average Method) & AF&-38Fith I8 =
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HA Aol B2l 20 dlalx 22 AXPFL Lo F Uel A ¥ A3
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If GRx|r(nT)| < GExle(nT)| < L, (3.10)
. 0.5xT,
dU,(nT) = 5L — GE ~e(n'T)] [GExe(nT) + GRxr(nT)]
If GExle(nT)| < GRx|r(nT)| < L, (3.11)
dU,(nT) = U L [GE xe(nT) + GRxr(nT)]
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& 31 e*H rro] 71t [FL, LIS "Bojue 459 HA| AojEE1e] &
Table 2.1. The incremental output of the fuzzy control block 1 when e* and/or r*
are not within the interval [-L, L] of the fuzzification algorithm

o} e 9 g 517 ARl F2, dUynT)
IC9) , (IC10) [GR xr(nT) +L]/2
(IC11), , (IC12) [GE xe(nT)+L]/2
(IC13); , (IC14) [GR xr(nT)—L1/2
(IC15); , (IC16) [GE xe(nT)—1]1/2
(IC17), L
(IC18); , (IC20), 0
(IC19), -L
2o wyen wx Aojnsd vae] F4 AAWFE v shain
g3 ol vErd 5 glen o xHe dgetA % A$ = oy

a*e #kel 7L, L9 HAE dous Agdd dsiA s 1 3204 4
ER A T}

If GAx|a(nT)| < GRx|r(nT)| < L, (3.12)
_ 0.25x1.,
dU,(nT) = 5L — GR x|r(n'T)] [GA xa(nT)]
If GRx|r(nT)l < GAx|a(nT)| < L, (3.13)
dU,(nT) = o [GA X))

2L — GA x]a(nT)
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E 32 rrolub a*7k 17 L, LIS Heluke 459l #1x) Alojiei2e) £

Table 2. The incremental output of the fuzzy control block 2 when r*and/or g*
are not within the interval [-L, L] of the fuzzification algorithm

57 AolBe2e] £, dUsnT)

kool 9 24
(IC9)s, (IC10)2, (IC13),, (IC14)- 0.5xGAxa(nT)
(IC11),, (IC12)2, (IC17)z, (IC18): 0.5xL
(IC15),, (IC16)2, (IC19),, (IC20)2 —0.5 %L
dU(nT)= ¥A AdE=19 =9 qU(nT)< d
2e AU

uwelx FLCe &9
dU,(nT)E §ate]l FaiAaL, o 7]l

S CEEPERE

Axdoz FLCO =¥ qU(nT)<
dU(nT) = dU;(nT) + dU,(nT) (3.15)

S du(nT)<

olal, ¥ qU(nT)°l g Aoy =9
du(nT) = GUxdU(nT)
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3.3 7k AAFZvH HA PID A7 7|&EF=x
3.3.1 AA g Y 7pHY E8 4

a1 AAgEr Y HA PID Alol7l= AA Aol @Y BAA A Ao

W AE7re] Ao A A S npR o R 5 [JE AAsta, 5 S ghol

gk A 2gle] SHEALAS vtE o R Lo ghes Aot Alor|e A

HE Z2A%d. a2eu g dAsebre HA PID Alo]7|H2 A

H7l 189 ox2x, A7 Al AMEE 7lE R 2 sARSE de Al

o A&d Ay Hed ool Wasis Arole dHEY =F ol

[-LLIe] ®9IE vlojus Ae7F 2z oo #A PID Alo]szto] Al

Wz Z5s THekA EotA W Ud=r "olx £ 314 vErd A
2ol Aojxo] FH&ERETE "HolX = T A

Ao 7F o] FoA XA Fate S ZHal

olg]gt ©HlE Heksty] flstel HA d&=Y JFS ZAst= LDE 7t

W A7 LinT)= v 22 3 o8] 249

IF e(nT) = maxle(nT),r(nT),a(nT)] THEN L(nT) = GExe(nT)

IF r(nT) GExr(nT)

IF a(nT) = max[e(nT),r(nT),a(nT)] THEN L(nT) = GExa(nT)

max[e(nT),r(nT),a(nT)] THEN L(nT)

uebs ZhiE = LinT2 & 49 ¥Hese] 292 4 -LLIe 73t
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3.3.2. Alo]j719 71EF=Z
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1) IF GR(nT)x | r(nT) | <GE(nT)x | e(nT) | <L(nT) (3.17)
and GA(nT)x | a(nT) | <GR(nT)x | r(nT) | <L(nT)

Aa(n) =5 (or) G ety | €D SL )~ GBx | e(ar) | D)

T)x
ZL(HT)—GRX | r(nT) |

a(nT)
2) IF GR(nT)x | r(nT) | <GE(nT)x | e(nT) | <L(nT) (3.18)
and GR(nT)x | r(nT) | <GA(nT)x | a(nT) | <L(nT)

Aa(n) =5 (or) G ety | €D SL ) B | e(ar) | D)

T)x

L iT) — GAx | r(nT) | a(nT)
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3) IF GE(nT)x | e(nT) | <GR(nT)x | e(nT) | <L(nT) (3.19)
and GA(nT)x | a(nT) | <GR(nT)x | r(nT) | <L(nT)

X X

(D) —GEx ey | €D+ 50 (" GRx | 1(nr) | T 0T

JLMM
ZL(HT)—GRX | r(nT) |

du(nT) =

a(nT)

4) IF GE(nT)x | e(nT) | <GR(nT)x | e(nT) | <L(nT) (3.20)
and GR(nT)x | r(nT) | <GA(nT)x | a(nT) | <L(nT)

_ 0.5:LGT)*GUXGE _ 0.5xL(T)xGUxGR__
dunT) =50 ()= R | sy | D+ GLGT) = GRx | (D) | T

X

LT~ GAx | a(nTy] 20D
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du(nT) =K ;(nT) xe(nT) + K ,(nT) xr(nT) + K 4(nT)xa(nT) (3.21)
o] 7] A,

K ;(nT)=0.5*xGU(nT)*GE(nT)

K ,(nT)=0.5*GU(nT)*GR(nT)

K 4(nT)=0.25xGU(nT)*GA (nT)
ol t}.
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ZEo] Wzl Tokele] b A AHES B 22 9t
Aoz 7bd dA gy A PID Ao7E F2HS

b 42 PID A4S SRS & 5 Atk

oot
-

E 33 FHAI 28 shevg
Table 3.3 Parameters of the hydraulic system

rr

Parameters | Dimension Value Description of parameters
A, cm? 33.07 Average area
V., em® 410 Average volume
A, cm? 50.24 Head side area of piston
A, cm? 159 Rod side area of piston
B, kgf - s/cm 5.46 Viscous damping coefficient
L kgf/cm 55 Spring constant
) 12000 Effective bulk modulus of
B kgf/cm fuid
M, kaf - s*/cm 1500 Total mass of system
5 Flow—pressure coefficient of
K cn’/kef - s 1292 servo—valve
K, V/em 10 Gain of position transformer
Gain of servo amp, torque
3/17. 1.97
Enliboa | on®/ V- s ¥ motor and servo valve
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AeTi(nT) = erT(nT) + KirT(nT) + KdaT(nT)
er(nT)=Y1(nT)—-Y2(nT)
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aT(nT) - aT(nT — T)
T

ol ¥, n=1,23 °|th

aT(nT) =

43 A s Z A7 AA A4
Bl AAAE= F2Ae7dAM F ddret 5 d™hys A8 &

2 A Ao 712 §Ee AztetAl "k Adde] A Aol A B

A7l A A7FE A= NEFZAA X LAE e ghS A7)

_55_



Referen
Positio

e, (nT)
> () ¥
+ +
Ae,, (nT)
ce
h
Ae,, (nT)
+ ot
L»
e,(nT)

e, (nT)

e, (nT)

Variable design—
Parameter Fuzzy
PID Controller

Variable design—
Parameter Fuzzy
PID Controller

Electro-

Tuning Controller

Variable desing-
Parameter Fuzzy
PID Controller

- Ar’r?[())l\i’\flieerr/ _ | proportional valve Embeded -
- valve driver and Hydraulic | Stroke sensor o
cylinder Y,(nT)
Electro-
> Ar’r'?[())l\i’\flieerr/ - proportional valve Embeded .
valve driver and Hydraulic Stroke sensor Y,(aT)

cylinder

Figure 4.2 Configuration diagram of a tuning control

O 42 A FF Aojr|A "ol AR

system



A7 emT)E AEAALD @ A AEAol Az Aay 9
Ao e (nT)E A B AW Ao sdon FANE A%

FaAZOIM op(T)E A ABA} 6] QbE e AE Azl

4.4 GAEZ A719 35 AF

AAs2 Ao Tes ATsH7] fste] HHFH AlEeolds §3Ho]

dotr skt =9 A&

o,
o
i
i
gl
2
Ar)
I
Al
2
R
o
2
1122
>,
rot
o)
o
okt

z Aot & FANASS & 5
A9del tste] X FRANE FASL hEoE Ade] AR thE T
Aol Budel Aol tstel AXFx A S AN s

Gt zEle] QoA 27t RES AdR F Adge FU 3ue 2
Hetdets dAst AAUE AL w w5 TG ALY 5
g Aolz Q% vhEH e Wal, wiwe] do] it MBAF Fom A F
TR Aol Wiel At Bl thEil vedth meb U H
dolAw A2REAS & 413 2o] B2 shel AABE Ao} AEHo]
He ANSA a9 439 29 449 ABeolA AvE A1ELEL <

H
7FEE Aol i 7 AdrAbel o ATz Aot & FHEHNSS B

_57_



F3m gtk Aty AXNEFR A/IE AT A5 PAAHE F2AY
o XSt £EE A FEd] ANFRLA} A9 WANA %
A9Y Aolo] A2 & FAPS B 5

F 41 FEA=Ee] gy

Table 4.1 Parameters of hydraulic systems

Value
Parameters | Dimension Description of parameters
Master | Slave
A, cm? 33.07 33.07 Average area
V, em® 410 410 Average volume
A, cm? 50.24 50.24 Head side area of piston
A, cm? 159 159 Rod side area of piston
B, kgf -+ s/cm 5.46 5.66 Viscous damping coefficient
L kgf/cm 55 59 Spring constant
Effective bulk modulus of
2 12000 12000
B kgf/cm fluid
M, kof - s2 /em 1500 1200 Total mass of system
Flow—pressure coefficient of
5 . 1.252 1.279
K cn’/kef - s servo-valve
K, V/em 10 10 Gain of position transformer
Gain of servo amp, torque
3. 1. 3.42
KB | en®/V-s | OLI7 ¥ motor and servo valve
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Parameters | Dimension Value Description of parameters
Master | Slave
A, cm? 33.07 63.17 Average area
V. em® 410 810 Average volume
A, cm? 50.24 90.24 Head side area of piston
A, cm? 15.9 459 Rod side area of piston
B, kgf - s/cm 5.46 8.66 Viscous damping coefficient
L kgf/ cm 5'5) 79 Spring constant
M, kaf - s%/cm| 1500 1200 Total mass of system
Ko | a®/kar-s| 1252 | 1279 Flow_przZitzeVC;ifiCie“t of
e e R el g
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