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Design of Induction Motor for Electric Vehicles using Optimization Technique
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ABSTRACT

Induction Motors are preferred because of their ability to
achieve higher power density, efficiency and reliability
than permanent DC Motors for Electric Vehicle Drives,
This paper describes induction motor design procedure
to achieve high power density for EV using nonlinear
optimization  techinique.  Objective functions are
considered to improve power density and a set of eight
design variables is identified. As a numerical example,
an induction motor of 15kW, 3 phase and 4 pole is
designed.

LA &

A7AEAE WotLst fla Aol Ao AW B
e Y £ Ax, AUA gl 7Ed AFA v
gel $43n 23 UG ArlUE clgstnay
A AL GES Ad & e F 48 AN P
2 8t A7@R wAH Ui Pk FYA olg )
W, B gadel 2uEa glch B3 1998dRH 0
o g ETYolFAAE d7lRAYel LEE o] FFHa e
A& (1998 2%) BVl SRz gled A 2
HgE F7MAE AReR (20009 5%) A M fE
AZAEA Fo8 £ 2FSFBL2 A8 ez A
%ol At +2%dst A2 ARMYE dME 2
A Z1gel A% slge] AlF#A =AU

ANAEAR FEE AFVIEM V& ARWEO v
o} B4, A3 #oohst 48 ARs &AM
+4% 454 AU U7 ARA AnE oo 3
He #2307 £5& €2 A A7NAENE /E
AFIE Wree] YHE AR clfdnz nA§,
n4Ee X4 g ZFolol 3n AU FUA s
Y- TY THYYEKRW/Ke) 9 R4Yol 27
€,

B AFg4E A7AEAE £EAFVE A4 2
HUsE 248y Sla] vdyg 2399 JEd 38
#ck BAgEEA A%Y] $94 AAsden A%z
Aese AF/) BYAUELD, L, 498 P} ¢F
AFEES JAY e AESUG AALA A
A AENe] BAL SN osta] AdET AL}
e WAy zeadgd 4YHuck Az 3F
&9 15kW (Jd 50kW), E& 90%, &YUYE 092kW/Kg
o 34 ¥ RSV U A % B4 dEo] &
staak gk,

2. A3 EAlo B4

Yo e FEAF/Y Ay ¥ B4 ¥ Y5
P BAE AYD U0 A AL EAE vLY
8 AN FAR of Pl RUAEY.

(X <0 (=12,...,m9 AGzdE VZANA
A 2AYS FXOET  F28 Adle 4ANs
X={x1, 2 ....2)% 78} & dPME A3 4
o] RAg4sr MRl zze oz FAgd A&
Penalty @42 olg3te @4z TUsE Yus 4
o2 AgAA 4de wAY Jan 2AE Folde €
2} vl HARIYSUMTE & o883t

Y, A7 IAFAE AE2e A% A" FMd
A5y At aFsE Bl syl dRel MA4Y
zgadgdes AANE FiE BN Aas Aa
A e ERGSEA 4@0F Rol W] AR T
& 4454

F = 24%% + $3% + ¢%9¥3¥
= C;+ Cp + Ca @n

C,- = K; X2 [f((x.+2(x3+x5))2+(x,—er)z—xf—Df‘)
(88 cxy* x4+ SR~ x5« )]



Co = K (x+ K3 (x+x)+Ky) (22)

Cu= K; 2 1, 1,

SS = 3YAERESE, SS = AAAg RS

DI = 534473, K ~ K, = A%

FERF7Y dAdSe J8gd 44 9 A3,
ANA Eelgez BRded o AAwMes] Mo
FUEGE Fasith o2y $5d e 4AusE S
T2 AREAYL AF7) 44, 4, 304G &8
FE AL A5 A4y AN #2ATE, Tip
Eol, Wedge E053 Z& W4t A%y 249 3 23
A P disd 2A g niAE Wl oy
dEd 2D oz ARV, 4ANSE den Qo
8Nz A 29 13} Zo] AYsg).

-2y WA x
<A A3l x;
c3ZR FRH]  x
AR gRE %
2R 83 ol x;
+ HAR 520l x
* AR £EE %

¢ :61% Qo] X3
x(4) x(1)
x(3) /(2)
i x(8)
lr*
x(1) x(6)
x(7)

3¥ 1. #EAFI] dAdS

EH, A4 Foixe AGzAL AF G L A
EXRAYC oot 4AY & Aed B =RANE A% &
%, 98 AdE3 FFEY, AN L A¥P &Y
E, 23 % AT AANNed oen e
Helz Agsgo.

c AR A ALUE
- HAR A ALdE
- F3AGUE

c YN B E

R R

- AR &9
-dYEL 3
23N X WHE

< 20 [Teslal
< 20 [Teslal
03 ~

0.7 [Tesla]
70 [%}

70 (%)
0.05

200 (%]
65 (%]

A% ge ARz olslel A7) A& AU
¥ £%3Q $4 ¥ A2IY BE ¢4 5o Yol
A3 $eAR 7 AG2BE 7h2 ARSI
3. A4

2 =BAME e 2e AP AEIEAA G
A% S,

E 1L fEAF7 718

3429 15 kW
494 195 v
2¥YUcx 0.92 kW/Kg
x & %0 %
H A 3600 rmm

st Ze Alde) AF7|O dato] AWAREAE REAE
79 B42 TG 2o14A AHE E 2o e

B 2 f=A%719 25144 A

4 & 44 22 (49 : mm)
i sl A 230
3 W A 135
z €25 48
3 8 A 134
A WA 40
2 Slot$ 40
z 3 05
3y 3 "> 9 125
AL 8 = A $07x5
2 ¥ <« 26
A A% 4 4 x DELTA
A A4 1 A #1 ~ #11(83.3%)
A 3 & 58.1 %
AR 9= 4.85 A/mm’

AdolA AFEHHF AAEFRE FEAFVIE &Y
9] Byo] aFEEE AAZFYA AEYl 2FE BAY
42 Ao 448 sUch 29y 2= A3 Ay u



AL A4l e TR YA R APcls A v
B Zojth. A3 £IA AR WAL 27 dAS A
39 2 Aol fAT A4 A3Ucle FasUT. o
0e SAYERAY 22 % F 2PY £UAEE 29
391 vk A%7] %o diid AAHe 4
F %9 ¥ Fol@ vehilch 204AN ALFTE
2 5 3% 3F £EA4 & E 39 vasgo

E 3 3%7 2%
(24 : Kg)
g = 27144 344
2 4 34683 32131
% 5.454 5.202
SF0)F 2664 1918
AE 5% 44.269 40.720

Design Variables

0 1 2 3 4 s 8 7 8
T T T 7 At

R 120
eter

s

05 EE )]

10 i

H ; P i 1o
lteration
ay 2 4ANs

Objective Function

Core Weight [Kg}

kg Copper Weight [Kg]
H 2 3 H 5
iteration

3% 3 BAYe

e
~

88, 232 £2%, ¥ol, AAR €2F, 5ol ¥ T2
AR og B 49 2ok 2348 % AdzAen A
AW 23 23R #29 ol %Y FIa 5o 7

489 HAA €28 WMo Foste AYR e
Ak, B4 W3 Y9} A3 Yold] FaE AR
totedo] Ftste] ARARIE FolsALe ol ma
el dAMA Fathl HAd AF7) YL E 59
vehisich

E 4 AA 859 49
k| x® | x@ | x© | xD | x®

5717| 4377 (13294 | 3144 | 0524
25079| 4236 | 14419 | 3191 | 0492
23744 4.329 15316 | 3066 | 0.468
22972| 4432 12,062 | 3020 | 0550
2224} 4543 | 11225 | 3006 | 0590
21.687] 4626 |11.140| 3003 | 0584
21646 4.632 {10906 | 3001 | 059

N U WA e

4 A8

AAAEANE REAES HAAN BAYSLE 287
FHL2 A vdY 3R SPEE o8P 4AE
AN HAT. 19 FUAQ 4AE4E WIS 44
2%, A7IAEAS AN aT7EE &EUEE BB
9171 §13ke) AE7) ARFFE Asg A7 WP E
AAZE olfolA 2714 A] vistel HES AuPake ¢
8% Z¥2d olFch a2yt 4§ Fof FAo| EHE
Ao vy el BF old Y B olfoH
o} ¥t

o SFE FANGRAA ALY GTHAR 98 D7
CERRINERIEY

ok 2]

L "fEAFrE AAg4dA z2ad g Fddda
ARMERDA, 1994, 11

2. "Experience in Design Optimization of Induction
Motor using 'SUMT' Algorithm”, IEEE Trans. Vol
PAS-102, October, 1983.

3. "Design Considerations for Induction Machines
for Electric Vehicle Drives”, IEE
Conference Publication No.412, ‘1995

4. "Improved Design for Electric Vehicles Induction
Motors using Optimization Procedure”, IEE
Conference Publication No.412, '}995

- 8 -



