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Abstract

This research focuses on an efficient control method of temperature for multiple points using only
one processor. For a yarn production system, the surface temperature control of heaters are very
important for quality control. Therefore, we designed a temperature controller for a draw and twist
machine and applied Fuzzy-PWM algorithm to the controller. If we use a processor for the
temperature control of each point with the PID algorithm, the system becomes bulky; If we use a
processor for the temperature control of multiple points with the conventional ON/OFF control, the
control performance of the system becomes poor. To overcome these problems, we developed a new
Fuzzy-PWM algorithm for the adjustment of power rate to the heaters in the conventional ON/OFF
control. It is shown that this algorithm has the same effects as the PID algorithm for the temperature
control of each point. The proposed algorithm is robust against the production condition and
environment such as the reference temperature and the thickness of yarn, since the power rate to
the heater is adjusted by Fuzzy Rules derived from the values of the reference temperature and the
thickness of yarn. To obtain optimal Fuzzy Rules, the control simulations are performed through the
modelling of the heater and simulation of Fuzzy rules. This algorithm is applied for the multiple point
temperature controller and showed satisfactory performance.
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Table 4. Simulation Condition for
Comparison of Fuzzy-PWM and
PID Control.
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Table 5. Relationship between PID and

Fuzzy-PWM.
Nc—f Narrf anf‘f
Increase ko | Decrease | Increase | Increase
Decrease k» | Increase | Decrease | Decrease
Increase kr | Increase | Increase | Decrease
Decrease ki Hold Decrease | Increase
Increase kp | Decrease | Decrease | Increase
Decrease kp| Increase | Decrease | Increase

VI. &g ¥ HE

1. A 8

AlAl 2} 471l D/T7)9 Roll 388 ARS8}
o] 3]8] Power ON/OFF ¥3& ZAd| 23t &%
Aol AL AAjsle] 2% dlolelE RS-232 Al#d
AL o]83le] PCE wolE<lrl w ON/OFF A
of, 9o AAd 34 PWM (AR 80T, 45
denieroll4 #Hoz AAE FFE& 123:3:30 AR
9 Fuzzy-PWM Ao dweis 37148 AREso]
A ARE Bl Al A% wlm AEs]
Fuzzy-PWM <1e]&¢] $44E Rojua}l il

A 10 AA (T 80TA A9 #H7)E
75deniers. dAsle] ©<= ON/OFFel 93+ Ao <
a#%, 3lEle] PowerdH&ES 1Y% PWM Ao
AdvzlZ 9 Fuzzy-PWM Ao} gwe]Zd] & ~
HdHel] G 2= Ao} AAE vlw - HEI

AY 20 A (T 120TolN A9 #7215
75denier2 AdA3le] w< ON/OFFol| 2]+ Ao o
T8E, SEl®] Powerd-d8S AT PWM Ao
478]Z 2 Fuzzy-PWM Aol 4mz]Ze a& ~
Hsigel gt 2% Aol AE v - 723,

R

@ ,11(':'."&‘?
= 14
o v
P aq/
C ow
mm;
IS /‘ ----- N/GF
é % === Fixed P¥
= o — FuzzyPW
5 ez Y
0 D 0 O D 0 MW K B A ) MW A
Time(sec)

(a)

(1266)

ZFEEE 5
1%
2 O¢ Tk i
P ild
® Ze
1(£ 4
P ~
£ 8 W
g 3 A
® & A e ONFF
§ ] ——— - == Fixed P
& § — Rz Pi
0 2 4 6 & 10 120 40 1/ 180 20 20 20 R
Time(sec)
(b)

a8 11. A AY dlolel
(a) A &%(Try) 80T Ao dae]
Z vlal (b) AA 2%(T.p 120Ce4 Al
o] gae|E v
Fig. 11. Experimental Data.
(a) Algorithm Comparison at Tr= 80T
(b) Algorithm Comparison at Ty~ 12
0C.
71&¢] g Ao Whalel = ON/OFFell 9]& o]
= 23 1104 2 A4 L9} o] F7)d oiFt &
A& 183 Fuzzy-PWM Aol duz]Zel] s8] 4
AHog ewfEr} wel AW, A% &Hxv) &)
= AL g F Ut a8z A TEE 93k
PWM Al|oie] 739 AAF el 237} wo] g
gk olg) AALEr} 120T Aol Ak A7k
ZAzls o 4 olrk depx, I3 11649} o)
Fuzzy-PWMel| 23 A& AAlE At 2
ON/OFF A|e¢} 24 F5F88 A% PWM Ao
2o} HET Z84-4l A7) SaEs 4 71 gl
=g

2

Y,
S

—_

23 E

AA D/T710A M=l 156709 slEle) B4
72| vR3lEE dA Az el 2+ Add @)
He ON 358 Aexgd AA Ade s+
N(ON)aser. 315l sl A4 528l Adee
A AdEe] NON) 3159 =} 20730% WS
Hojupx] of=rth oladt AL olfsl] AAde
shie] ZaAME Aojgte R sle] EX Alxe] o)it
T2 WA 4 A =He, 2 AYE Mount
ErrorZ Xej& 4= glch Al Axsle] AAg A}
A FA A A s A JEY] S AAE
22 ofd Mg 2= Axe] M=)y} Behdsld 4l



1997 11A BEFIT2e&H

Al 2pAe] EE5-e] Ak, 2 Ade sidEE 3
Eje] AA 3 2w} Ao)r)7} YoiEel Lxgkae]
Apol7b 5~10C ol A=) o] A4 L Ade]
N(ON) 3= Fgghelld] 70 ~ 80% olake] Hz}
§ ZA "Hek old) 2 AdE Mount Error® 23
=8

Mount Error® ZAX%E Ad-2 369 Td2xr}
AAXEZ fAEe A Zivhe Aol o] Al
d2YE] AiE als 2ekoz AE|Eo)d 4 gl

©] Mount Error AlAe] B3k 32 4l Adxje] 2

%

FE A ASE M A Aelske wAelie

AR 4 gl Holw, B AEL Zohie vl
83 7]5e]ch

9] ojd 3Jefe] ON A3V} A% TFHdx &
T L= Aol HA W= AEEE A 354,
32 el gAale] dAdal A)S oy AdE AR
& 4 glok a3 o" FElel| OFFALE) Al 3
FHollx Bk Ao 2x Akpo] HiE Y4
2 3 7k=9] Ezlo]eHTriac)e] A~(Source)$:
z#l(Drain) Alel7} @2  ZHeoz ghdsle] o2
AL &S ¢ gk

vi. 2

2 AFoxE Fuzzy-PWM Alo] d38]&S AR
gog 3le, shie] whe|mazEe AN ARl o
g AEY LEAME FAlo AgHoez P £
S-S Eock o Ale] Aswelie Power 358
o] 23t Fuzzy-PWMAS] <dae]sd o ON/
OFFel 2§t Alejxc} 3t BAE vehde A3
£ 33 <lEEgem, A Adel] digk PIDAJ]
£ 35l g F ole B BdE 2E el
e AE & & gt B =Felld AR A2
g€ slEle] Power ON/OFF T8 A& 9%
Fuzzy-PWM Aol dae]&e 2] 2734 24 &
7ol Wz} Alsla, oge] 2EE FA Al 2
871 9le D/T7] 59 Aol dae|Ee=m gk A
olg} wddct o]ef’t 3]E1e] Power ON/OFF 35
£ Z2AE 93 Fuzzy-PWMAl] daz|&e A4
53 A" o 2% Alelr] Aol AdEe] ]t
A ALAAE FF Wigith £ duelEd =3t

AA A B4l Aoz Qldle] Ao AlelEe]

!

|

(1267)

=
B

BUHE SHE P 1K 91
oA BeWs H Ale] Axdel AgFoln B
el Al Aol el A% Ao} Fl5e Salst
7 913 WRkoE B A4Y 4 9le Aoz DU
o

12
[1] Richard C. Jaeger, "Analog Data
Acquisition Technology PartlV-System
Desining, Analysis, and Performance,”

IEEE Micro, pp. 52-61, Feb. 1983.

Yoram Halevi and Asok Ray, "Integrated
Communication and Control Systems: Part
I- Analysis,” Trans. of the ASME, vol.
110, pp. 367-373 Dec. 1988.

[3] Luen-Woei Liou and A. Ray, "Integrated
Communication and Control Systems: Part
- Nonidentical Sensor and Controller
Sampling,” Trans. of the ASME, vol. 112,
pp. 357-354, Sep. 1990.

Luen-Woei
"Astochastic
Communication and Control Systems: Part

[4] Asok

for

Liou and Ray,

Regulator integrated
I -Formulation of Control Law,” Trans. of
the ASME, vol. 113, pp. 604-611,Dec. 1991.

[5]1 Y. Ikebe and T. Nakada, "On a
Piezoelectric  Flapper Type Servovalve
Operated by  Pulse-Width-Modulated-

Signal,” Trans. of the ASME, pp. 88-94,
Mar. 1974.

P. M. T. Broersen and M. F. G. van der
Jagt, "Hunting of Evaporators Controlled
by a Thermostatic Expansion Valve,”
Trans. of the ASME, vol. 102, pp. 130-135,
Jun. 1980.

B. T. Kulakowski and F. W. Schmidt,
"Discrete Control Algorithm for a Heat
Storage Systemn,” Trans. of the ASME, vol.
102, pp. 226-232, Dec. 1980.

Qiusheng Zhang and Masayoshi Tomizuka,

[7]

"Multivariable Direct Adaptive Control of
Thermal Mixing Processes,” Trans. of the
ASME, vol. 107, pp. 278-283, Dec. 1985.
[9] S.  Thompson, "Multivariable  PID
Controller for Unidentified Plant,” Trans. of



[10] J. Wen and A. A. Desrochers,

b 2% Ao] A9 Power ¥FE& AL 9 Fuzzy-PWMA S

the ASME, vol. 104, pp. 270-274, Sep. 1982.
"An
Algorithm for Obtaining Bang-Bang
Control Laws,” Trans. of the ASME, vol.
109, pp. 171-175, Jun. 1987.

[11] Shing-Gwo Wu and Wen-Liang Chen,

"Analysis and PID Controller Design of
PWM Systems,” Trans. of the ASME, vol.
110, pp. 355-360, Dec. 1988.

[12] N. Ye, S. Scanvarda, M. Betemps, and A.

Jutard, "Models of a Pneumatic PWM
Solenoid Valve for Engineering Appli-
cations,” Trans. of the ASME, vol. 114, pp.
680-688, Dec. 1992.

{13] 7+ & " Fuzzy Control °|& % HFE3},

F & Y(EER)

% 34% SiR B 138 2R

| wabieka gsjojst Axpet

X 2
Tl

3} ydejsm A%E 2
HARBA 74 ARl

X XA 7Y

(1268)

[14]

[15]

{161

FEH

The magazine of the KITE, vol. 22, no. 11,
Nov. 1995.

L. A. Zadeh, "Outline of a New Approach
to the Analysis of Complex Systems and
Decision Processes,”IEEE Trans. System
Man & Cybernetics, vol. 3, pp. 28-44, 1973.
E. H. Mandani, J. J. Ostergaard and E.
Lembessis, logic
control

"Use of fuzzy for
rule-based of
industrial processes”, in Advences in Fuzzy

implementing

Sets, Possibility Theory and Applications,
New York: Plenum, pp. 307-303, 1983.
QAR o] A, "thrlE % Ao, 1996
d 53&YdT2 A 56103,

F & E(EFR)

19673 9A 2H4 1995 £ 28
Pl AxgEs E(FE
Ab. 19974 28 PabdfEka A=)
8 E(FFAAD. 19974 11
B 34 A4 ENG 7jedda o
i



