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Abstract

This paper was proposed drive strategy Induction Motor using the fuzzy algorithm of auto—tuning PID

control.
In fuzzy control, the IM driving system is controlled in trial and error without the mathematical modeling and
using fuzzy lookup table the real time control is possible.
Also, dividing the fuzzy rules in several zone, the stability and response of the IM driving system is improved.
The parameters of IM are varying according to the environmental conditions, the variance of the parameters
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is affected with the driving characteristics of IM. Using the fuzzy algorithm of the driving system which has the
auto tuning control function for high performance, high accuracy of the driving system, a designed and proposed
through the comparision with the PID control method and the driving characteristics is reviewed and analyzed.
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Table 1. Effect of change a scaling factor

de

e NB | NM | NS | Z0 | PS | PM | PB
NB | NB| NB| NB| NB| W | N8| D
N | NB| NB| NB| WM| NS| 0| P8
NS NB| NB| NM| NS| Z0) PS5 PM
0 | N8| M| NS| 20| PE| MM PR
PS | M| N5| | S| PM| PB| PB
PM_| Ns| 0| Ps| M| PR PB| P8
'PB_|20 | Ps| M| PB| PB| PB| PB
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Table 2. Effect of vanation peak value

(a) Q8o HHF Z ¢

e NB {NM | NS |20 | PS | PM | PB
NB NB |NB | NB | NB | M | NS | 20
M NB | NB | NB | NM | NS | ZO | PS
NS NB { NB | NM | NS | Z0 | PS | PM
Z0 NB | NM | NS |Z0 | PS | PM | PB
PS NM [NS [Z0 {PS | PM | PB | PB
PM NS |20 {PS |PM | PB | PB | PB
PB Z0 |PS |PM |PB | PB | PB | PB
(b) Aoz Had A4
ede NB | NM | NS |20 | PS | PM | PB
NB NB [ NB { NB [ NB | NM | NS |20
M NB [ NB | NB | NM | NS [“Z0 | PS
NS NB [NB |MM (NS |Z0 |PS | M
0 NB [NM [ NS |20 |PS | PM | PB
pPs NM |NS {Z0 | PS | PM | PB | PB
M NS [20.|PS |PM |PB | FB | FB
| PB 20 {PS | PM |PB |PB | PB | PB
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Table 3. Effect of a rule change

e de NB | NM | NS | Z0 | PS | PM | PB
NB NB {NB | NB [ NB | NM | NS | 20
NM NB |[NB |NB {NM |NS | Z0 | PS
NS NB |NB | WM |NS |Z0 | PS | PM
20 NB {|NM [ NS [Z0 |PS | PM | PB
PS NS | Z0 | PS |:PM | PB | PB
PM NS | ZO |PS |PM | PB | PB | FB
PB 0 (PSS (PM |PB |PB|PB |PB
B 4 BE 7E &
Table 4. Standard rule set
de
o NB | NM | NS | ZO | PS | PM | PB
NB {NB |NB [ NB |NB | NM | NS | Z0
NM | NB | NB | NB |NM | NS | 20 | PS
NS {NB|[NB |{NM |NS |Z0 | PS | PM
Z0 | NB{NM|NS |20 | PS | PM|PB
PS |!NM |[NS | ZO|PS | PM | PB | PB
PM | NS |20 [PS |PM {PB | PB | PB
PB |Z0 |PS|PM | PB|PB | PB | PB
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Table 7. Quantized value mhel— - }
Sk e(t) de(t) ie(t) f(Hz)
-5 —1000 | —100 ~50 —60 i 9 2580 #8H
—4 — 800 - 80 —40 —40 Table 9. Matrix of membership function
-3 — 600 | — 60 —30 —36 N @ o
~2 — 400 [ — 40 —20 —24 L st e
—1 — 200 - 20 ~10 ~12 PB/0 O0|OjO[O(0O!0O]JO|O]O|O[05f1
o o 0 0 o adfPMioiololoflolololo|olos|1los|o
1 200 20 12 12 o] [PS|0]0|0 0[O0|0O]O(05{1(05/0{0]0
2 400 40 24 24 Zo|0|j0j0j0|0j0o5]1(05l0]0]l0|0]O
3 600 60 36 36 A NS|oj0o 0051 (05(0|0]|0]0|0|O|DO
4 800 80 48 48 ENMOJ05{1|05{0|0 0/0|0|0]|O0|O]0O
5 1000 100 60 60 NB(1|o5[(0(0|l0O({O[0O{0Oj0OjO0{0]O]O
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24 (Open Collecter Type)& A4 3t}

23 e —1000914 +1000, de= — 10004
+100, iet= —500)4 +50, A3 ZHF fv —
60[Hz]el A +60[Hz]H 9] gtog ot

" 33 HX| PDH|O] 20240|E| RS B
2} e —120090 4 +1200, dex= —1209 A
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Table 10. Quantized value

A} 3} 3t e(t) de(t) f(u)
—6 —1200 -120 —-60
-5 —1000 —100 —50
—4 — 800 — 80 —40
-3 - 600 - 60 —-30
-2 — 400 — 40 —-20
-1 — 200 —20 —10

0 00 00 0
1 20 20 10
2 400 40 20
3 600 60 30
4 800 80 40
5 1000 100 50
6 1200 120 60

B 1. A8l AL s HA| 1751
Table 11. Fuzzy matrix in experiment

e"" NB [ NM NS |20 |PS | PM | PB
NB | NB |[NB [ NB [ NB | NM | NS | 20
N | NB [NB [NB MM INs |20 PS
Ns (N8B [NB [MWM INS [20 T PS | PM
e o s e 4t

PS |MM [Ns [ 20 PB | PB
PM | NS |20 |PS [ PM [ PB [PB | PB
PB | Z0 |PS [ PM | PR |PB | PB | PB
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Table 13. Parameters of tested nduction motor
342&9 :1/2[HP]

A2 4 1 1750[RPM]

A AA s RI : 20.72[ Q]

B AAAg R2:9579[ Q]
2 ¥y~ L1 ; 17.755[H]
Az YWY A L2 : 17.755[H]
A ARsAF 1 24[A]

AR AH 1 15[A]

34 A<t 220[V]

SR P:4=

FARWE J:0018[kg. m sqr]

$£78 $£4% 1993F 85

(Converter) ¥, <IWE (Inverter) ¥, &E7Z2,
Aolglzre FAH 53 Fojie njolaz

a:¥APD&E S
b: Zde PD&:xy
5

1200[RPM]
5[V]/div
0.05[ sec Jdiv

8 7. &2 PIDHICI2H IX| PIDX|0{2] HEISE =4
Fig. 7. Step response of conventional PID and Fuzzy PID
contrd

1200(RPM)
50(% -3
0.05sec)/div

1200(RPM)
1000 % )43}
0.05(sec)/div

1200(RPM)
125(% )3}
0.05(sec]/div

(c) 125(%) *&AI7HA 954

2! 8 ol AE HoH{ERSIA)
Fig. 8. Experimental results of load test

(283) 49



2 A 4(8085)8 Al&3te HAAE A3
Ax FH=e 19 59 ¥k A4 AFsle
F57F 439 34 FEAEZE AEET H
7 PIDA|oj7}9] FEL 379 FA, 6719 =
A, 7he] 2, 19 B 33 "ag 3
t}. 8085ulolaZIT2Ale) F HFPATE oF 1
[msec]A = 27T

42 HX|IH O Yna|F

B =Rold AYE AEFE HAA] AugY
Zo 5B=E 19 69] tehich

2 Aol A8 AL AEIFIL o
AFHEE AYsel J12ddS BAT F A=
Gz $E HASEE g0 2o BE ¢ de A
e FRe ol AP Wzt 2
A eAuFAlRRo AN A2e 2A% ©
AMEe Aastn 5 Zzades BANA
Aol & A& A5 sk

5. dEdy

2 dgdXe s2dA AAE A5TE HA
PDWel g &7t S448E 3t 1
#Fatazr g B Aol AH8E AFe AR
FE ¥ 1379 gt

5.1 Z2je] PD Xoj2t HX| PID YIS S
HEY Hm

ag 7dME ¥wES FeATe 54
Zdo PIDWHA £ =84 AAE sA PID
We] o AdEH AAE BAFEHh 18 7
Al 71E4 PIDAol9 £ w&oA AAH
¥ A PIDAo] el )¢ AGSH A}E vlx
& Aoz a¥ T(a)& A PNAY 9% ¥
goelg T2 AFHoln 1 Tb)e 71EY
PDAlo1 Y we $&-& YT

o

52 galHE HSAYH

I3 82 B H¥A AlEF F=HFVIY &
49 dnz denee 2 AeHlolA 50% %
8}, 126% %31, #¥3}t /A FEEAEE VENITE

50 (284)

6d &

2 =Eqie 5A PIDA|o|7|7} medaig 4
&

e WA HEVPL 8% AT 2L
“AFH” F2ENE A=F AEFx A PD
Ao} AXFE AL3ATE HA PIDA oA =
Hol 5z HeluiEz A3l A& Hedl 9%
& vAte A AEHUL oA 2HA o}
g23 Ee YAE PDAIEG §HEYR
TEEACl o $& 54& 21 &S 489S
Tl AS}AH

E =FdA AdE AFFE Acrle 1[%]
Axo evqrETe] WYseg A H ol
Ul F TR =T A o] AR
AA FtstdE HA AT, £25FFF I
A7t Age xR o dHEx WE F27}
o]FolFE ¢ & AN

v E AEvtel Ayl o3 vt & F
ZHA Az LM F Haste FArEHY 9
@ A& g F= AE719 54 M
F Atk 2@y ol F Afdx & d7A
Atg gyl st Fr Y FEREA
#} &g $HEAL 48 F AU

310 g

1) Benjamin C. Kuo, “Digital Control System,” Holt, Rinehart
and Winston, 1980.

2) YFLi and C.CLau, “Development of Fuzzy Algorithms
for Servo Systems,” IEEE Control System Magazine, Apr,
pp.65—71, 1989.

3) John Cleland and Wayen Turner, “Fuzzy Logic Control of
AC Induction Motor”, IEEE Research Tringle Institute, PP.
843—850, 1992.

4) T. J Procyk and EH Mamdani, “A Linguistic Self—
Organizing Process Controller”, Automatical, Vol.15, PP.15
—30, 1979.

5) FRHE, “vlolAZE2 MM ¥ AAME FNEH
ol B, KEEPLEY =7, Vol35, Dec, 1986.

6) B. K. Bose, “Power Electronics and AC Drivers”, Prentices
— Holl, 1986.

7) L.AZadeh, “Fuzzy Sets”, Inform. Control 8, PP.338—353,
1965. Magazine, Apr, PP.65—71, 1989.

FRE7 - MR MR EES



