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Speed Control of a Vector Controlled
Induction Motor using Fuzzy-P| controller

Lee Dong-Bin*, Ryu Chang-Wan, Hong Dae-Seung. Ko Jae-Ho, Yim Wha-Yeong
Dept. of Control and Instrumentation Engineering KwangWoon Univ., EIT Korea Co.,Itd

Abstract - When linear PI controller is used in
speed control of induction motor, there happen
some weaks which is very difficult to find
optimal control gain at time of changing speed
and load. In this paper, Fuzzy system
incorporated with PI controller is proposed in
order to that defects. PI gain is calculated by
theoretical basis and fuzzy control is translated human
expert’'s knowledge and experiences into rules
numerically. Also it modifies and compensates PI
gains in realtime. As comparing the motor
characteristics of proposed fuzzy-PI speed controller
to PI speed controller of a Vector controlled induction
motor system in the increasing load torque and speed
change during start and stop, The simulation results
show robust and good performance.

1.4 B

AR FERENY HE A7y AJARZAA
A A7 E Bol ARl YEd ol TRV UY
B3 P AL Aol U7 "ok a2V P,
PIDA|17]9] H&HQA Aole A o]SMA glo
U o]23 nletdda MAstuSE Ay ofEaAY
AR S AT 2159 FYd2 #H2 Yo opr} &3
&xo W3l P3le] WFAde HAAF 24L& oz
gt H2e A% Ao ZIBegzA AU 7, 4
A FnPEEL o4 HHY Aot me= NY pr
Ev PIDS A" ¥z Aojste A7/ JAYsH
UTkBY B =B E HAA 2 PIE ZYE 23
Ao7| 28 F= AT £EE Aojdtes /1P L AL
gk 3 HA RIE o)2FQ uietgo 4AF MY
PlAlol7lelm % Wz 2ol HR|AlAL HPHoz
de E2 FAHY PIAA7E =33 realtimeo 2
PI o5& A8 AN HA-PI AdgnaEL
A7) g5t RS dANA A ey B3}
£ W3AA EHE geinEr} M3 E Y. Pl
Aojzlgt AR FSH HAA 2L Pl o]ES B
2t £x 037t He Aol 48 AHE §X5l:
A% &4 AL By

2. HX|-PIE 0|88 WE|Hof FHE7|2
Sx o

2.1 HEXof MAY®

EAEQ] /= HAE7I9 WH Al2dde a2y 59 2
o] ZA /MY REoz FTAHAUY. AAE= Y= JF
(Field Orientation)¥, ¥ WAle AF Ao PWM
IHE R 22lm §E AF79 AR Ry Ro|g),
e As7le ¥4 9 FguE S 43 28" g9
g HAE ANadozd By 4F: 43 Az
$% S4% Jgdd, aeg =349 24, BT

EQL 7T Aojste AF AFIRT EZ Aol
FHL g SAEA AA f= AEs AY
A% 2A&ABe agag Az Rl doZ WAL
39n B8 a2¥ 1 Yl

dc
7 of 3}
Ten i x igbe Vas
: e = —
2= [a o® o K I
Mre cEs Se T‘l (CRPWM) {_Vos A&
oL ]
PR 6, o,
¥
<0

38 1 =879 HeAe] A2

FEAS/] AHA Wl BE FBVE oF HAR
A% 1,% 022 DEEH 2ol T ol KA
A3 A4 A&D 6,8 28 ok A7 A PWM
QB PE vmH 97 Son ol ¢ sxH
PNz AR ANE AT AA AR i)
NE AR in® FFTL 5 UES €4 ARE Ao
1 Sxd Az Zo s PWM AY HYE FAR
o #EAE/S BURRE d3% oF 13 HAA
d £ ¥ SEE WAANE TEZ FAIT

2.2 HX| HojAAHS2 724

PiAloI7l= A E goz A 2asA FAsG D Al
25l ¥igle O&3EE HA AjrlE FEgo =M
Aojgdgo] A=A %k 29 200M = HE A &
=R 5719 fxAold ALH HA-PIArle £5%
& JEhSlg

™ B2 —

/
e

Vector Corroiey vis)
Incuction Motor >

Verls) L els) % Uis)y
ST s

% 2 Hel Ao 2o HA-PI $xA017]9] EFE

of @ WAL GAASY) ARABE 42 F
WES B B AYY ug ZPNAFES
St

-2464-



2.2.1 HxX] MAHe - F 2K5S

HAMN 2L 7NE4Ee A5 2339 23t
Halgg JHEFE U, oY 39 AR 24585
g Jehidct.

g 1
i:o,si \ / AN / \5// \ /
Eo.a: //' \ ; \
= h/ \/ \/ L\- /N
-15 i} 8 15 2

R, QX0 VG e_cot
39 3 HAANzYe 2AY A&YS

ZEF 253 Wy dFe TR dHsdn

PIAol71gt HA Alxsle] 283 AHE wEd Ay
o2 dRsA.

ol W 28 y o Wy 5o ;e 1Y 49 o
29 ®lo|B3tste] Ve

(XSVSSMLVLXLI=(58 12 15 18 22 27)

15 18 22 27 27

12 15 18 22 27

e 5 8 |12 8 5
22 | 22 |18 | 15 | 12
271 | 27 | e2 | 18 | 15

e
a8 4 ANz AR 245

i)
£
L
[Thd

2.3 4% &% PIHoj7]|e] MA|
A% Pl &= Aorle 19 59 2] ztas dAs)
ok,

FIR 22| REME2
e — € . KU 1 .
X K+ — -
+ . 5 Js + B

I8 5 A% PI Alojragle] Ag3t

+
A
St
Ht

71§ —15 U SE Sl g Alxwle dg F5E
et ALF 2

Kp+ K,
— Wmf_ T _]
M(s)= 7 o (K,,+B)s+£ (1
J J

olE 23l X219 AYAA G e E2o) 2
1 E 19 Ao71e yedg derisic

Max.overshoot | 5% ©]8} ¢ 0.707

Rising Time 0.5 sec Wy 25

Settling Time 0.6sec K, 2.5

Inertia Monent| 0.06 K; 9
E 1 4% PI Alejrle] stejulH

2.4 o MY
Agol A48 AEMEVS AHEE F 20 e}
Bil4=3

F2 AEHolAd FHErH

ZE134| 5hp IR AA I (r,) 1982
BAAG] 440V S AAAE (1)) 2312
3 F 4p DAY 2~ 0.3mH
2AAF, 135 SAAGAAHE ~ 0.3mH
3 A 4] 1748rpm ”—:"°]‘2}E** 0.29mH
F o F 60Hz DAAFAEAEE A 10.01lmH
T 4 0.06 §47<4%H‘-*é°1‘2151z: 0.01mH
= %—Eoﬂﬁ A<rets HA-PISt PIAO71 & o] &%
HEl A o] Al 2gle] SEAeHE 2¥ 69 JERA
215 BAE 228 SeAEe K2 9o v
& 344 EawE dAHIA 7Istd i 0.9~1.1secdl
N AAzeae sMeA hoie WeE A7rarA .
€ 1000
;;r‘ 500
0 02 04 06 08 1 12 14 16 18 2
Time in sec
E 1009
1;1 500
¥
- 0 L ! L t L L L L :
0 0z o4 068 08 1 12 14 16 18 2
" 100 Time in sec
51
% 50
*
# o . . : \ . . : : A .
0 02 o4 05 oA 1. 42 14 15 18 2

a8 6 #HA-PIA7] R PIA7Y £=8%3 F3

ExAojrldA 8 gt FEAZY HE A A 2H
of 2FHE B3z ¥ 79 Jehpch.

120 120
"
§ 100 = 100
m 8o B 80
of m
gy 60 of 60
]
; 40 _ 40
= a
= 20
o 0
0 0.5 1 1.6 2 0 8.5 1 15 2
Time in sec Time in sec

- 2465 -



2% 7 HA-PI 2 PIAre 2 (Ee= HEX)
FEAFINM HAZ &8ss E03E ¥ 8
vehlgln w3 A 2 FEstn &S & 5 Sl

120

100

80

60

40

20

0 a 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2

Time in sec Time in sec

29 8 HA-PI L PlAlol7le] S$ERAENY 29

® o N
o 6 o

5
Pl ER3IEY

HA-P E23I85Y
3

~
=]

HE oA 2o EoIE qFAF{ o8 EH
o2 Aodrzg & AFE 2837 2 9= E
23 BYPA wgd FEAFIAM 2YHE o FAF
5 yehpi

<

< 80 < 60

- £

8 _

<40 ()

s 40

Rl 13

¥ 20 .FJ 20

z ¥

Ko a1 [}

;5 [~

0 05 1 1.5 2 0 0.5 1 15 2
Time in sec Time in sec¢

28 9 HA-PI 2 PlAlO7le fr=d$rle] 29

2 =29 dHAC AR B4 A% AAAE
06224 14 109 HA-PIAIA A% 2ajel A
&3 A= HAR ASe 2ok & KA.

o

0

HXI-PI 43 & T4 2l 23|
Pl YRR R 9 37|
o
2 -

0 08§ 1 1.6 2
Time in sec

=]

0.5 1 1.5
Time in sec

33810 HA-PI 9 PIAO7]e] =4S89 &9

ols}zko] HAIF HEIA I 2dde] HR)-plgt PlAo]
719 $Egdd g exAE 23 11d Jehiud.
HA-PIA7lE F-3te] WFe] ZFA%E & £ AUr}

~

- @
S o

N
S

HA-Pl a5 24 rpm
o 3
y
5

o
o
~
[=]
-
o
o
(=3
@
ES
-
L3
©
~

Pl 4= 2% pm

0 02 04 06

08 1 1.2
Time in sec

a¥ 11 #HA-PI 2 PIAN7]Y f=dE79 &9
2 124 s B =FoA Atste HA-PIAel
Zzte]l g€ Jehit. Z $He @A AF
FEHE7 Aade E9a WHX I} Ao}

Time in sec
28 9 HA-Pl 2 PIA7IANY REAFY &9
3.2 B

2 =2dAe Bddged dEAd EAEY f=A
T719 SEAY REA 7]E2] AY Aeird dH-E
S8 A HA A2 S EHEAT. HAAA A
EJES §5 54E B ¢ A5 AL &0l
A8 BEAAL Ze vAdg Aorjolnz R #7349
Wzto] dhaijA 3 PIAo)7]9] o]5& spIAez
e 48E I=E AASAT. HHFAM B =EdA
€ 7153 FAE TS F2ATrE /S 3w
43 27t e BeoA F3te] WEE steld =
FAel FUE FI3HET.

#3228

(1} Peter Vas, “Artificial-Intelligence-Based
Electrical Machines and Drives”, Oxford Press, 1999
(2] AAZF, 934, AVAI2GS o] &F FEAFY &=
Al°)", KIEE, Vol.45,No.1, p42~p53, 1996

(3) =¢¥, @54, " FIIVPYRAUE ¥ E 18l /=4
E719) HX PI $xA4917]", KIEE, Vol.43.No.2, 1994
(4) S.Omatu, Y.Kishida, M.Yoshioka, “Neuro-Control
for Single-Input Multi-Output systems, International
conference on knowledge-based Intelligent Electonic
Systems, Vol.1, p202~205, 1998

(5) o18%, &%¢, FTule, I3y, "‘WHRUEYSIZLA 9
BAole] g F=AEre] HEA”, F=ZHA Y A FAA
23], Vol.9, No.5, 1999

(6] L.X. Wang, "A course in Fuzzy systems and
Control”, Prentice-Hall, 1997

(7 J.S.R. Jang, C.-T. Sun, E. Mizutani
"Neuro-Fuzzy and Soft Computing” Prentice Hall,
1997.

(8) D.W.Novotny, T.A.Lipo. ” Vector Control and
Dynamics of AC Drives”,Clarendon Press Oxford,1996
(9] C.M.Ong, “Dynamic simulation of Electric
Machinery”, Prentice Hall PTR. 1998

{10} B.K Bose. "Power Electronics and AC Drives”,
Prentice Hall, 1986

-2466-



