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Finite Element Analysis of Inverter-fed
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Abstract

This paper presents the characteristics of linear
induction motors fed by a voltage source PWM
inverter. In the calculation, 2D finite element method
is used considering the movement by moving mesh.
Integro-differential approach is adopted for the co-
pper loss calculation considering the skin effect.

1 AE

2 LEe HYRE A5 uAYn 2554
A AT REREY N AU FEA
Qee] A7 Dz} PR QYo Qs 24
%, 24eE, AE, 48, S4B B AN wA
w1 olk REY FF S4o] Ue dus =
2 AAA Fost a7™ch RE A&eda, 29
2180 JHERS BAHE o7lA Hu ol W JA
3 A5 HoFAE IS, $AEE
X7t AsiAoltc B Lo T Awy FEA
ole EMERE 12x148 Feo| Z7} s, ol A
A a4 Ay AASAHRT BEALS 58
A EAlel are Ay 4 rt metd 2 =Ee
AR GEAEIL 29, AF, W FES 4HsNY
' Atste wbdg Malshect

BYPE T A

e 2

1o
ol
o
Il

FEAd uAYAE BASI gl8 A AR R
steays Agstoln, B4 EIANE Leish]

$]3] Integro-differential formulation [21& ¥ &3teich 2
Aol ZHER ArfAe KEof 23 sidedefe]
wEts B39 moving band 319 Z1EE FAGA Y
84 ARER Helstech MAH dhhol osfA iy
2o S48 Aasiden, AdE B 21 A3E
AEstdch

2 Ay
2.1 34 294

3% 12 2 =FelM AR dMEYE O A2
che2t grkh

3 F 3 1248 34 Eel| 596 mm

E 4 |Alumipium $4] 20 mm
122 ol |325 mm |Back iron ¥74{ 160 mm
173 = 630 mm 3 30 mm
&% 94 1Ll mm) €% ol 326 mm
£& £ 80 mm ZF 4 666 mm

LA Fas
P y :
1% A% 1100 Kg &z & 2
U e R

R L Primazy core
A JEREARREAL

s

l Aluminivm i L= Backiron

R :13& A# [0
Lo : 125 4 eld®aH]
i AERAl

a7 1 AYEFEAET] sfyed

& Badeiold, siM 4

mz‘“};mtr/f = T~ o 24 3 (D

4714 o= MWW THANE Y AP 5ot

—h3—



W SFHEAE AP A HEYo| golAln
2 A1) the3t o] &+ gtk

—

otk ifl = T - 048 @)

142l 82 B4 Thest ol &4 gtk

W] =R + (L 411 + (£] &)
A7l (B] = A4 §7] AW
(W = g A

Aol Galerkinl € &3l HWAAg Ay
F, At u|Bag FExHEYo] s AHelstd AN
A28l wiRal e tg3t Zo] ol [3)

(55 ol 2w 1) 14

=_£_l[ L,ZN’ l(-)] [ /;] 1—4f+[ OU] ' @

23 AL

WS maxwell stress tensor Yol 28] A4t
&td thaat At (6]

F= 2’;"0 {( B~ B,))n,+2n,B,.B,) d! (5)

A7IM ny, nye A2 x, 9y gl Heoln, w
£131% core?] HFZolotl.

2.4 X3} A

FU2st4E ol oW VFITY o %Y 29
Aol 223 4 & 913l DFTE ol&stach

Fa= 4 BRme ™ =012 . . N-D  (0)
e
TDF = 1552 % 100 (%) @

A7 kR A
N o428 Fue R4 ( FFIT)
Fx : 84 kit a1zy}
25 RV HI}E 38 &AL

Konradell &]&] ¢t integro-differential formulation
< oh& ok

.
12

mt,l‘mA = L~ iwoA+jwl [ [Aas= -1 (g

ENAAZ 3] F3b4 Flol wjel =sto] galx|
22 5£2 2t 223} AR olof o}E Ao Ale
2 thE3igol yeldr

Power =2 [ t19” + 1y ] @

3.4 % HE

W& HERE=AF7)7 232 /5] €AY &=
E E3dris JHstel, a9 29 @2 miyge] Mz
ol AZIHAE e 3 AR Y o]5Y 2zIUE
A& sl (34 3~49)

o Mi:lmngu e
(a) +%w} (b) PWM n}8}

3. 2 7183 a27]7t 220V ¥ M ZEch

W z'
E w
®
é 1
| t~a—Ty O [ E I n I 1.
Time (sac) e e
Harmonic Order
(a)
M zJ
g ] .
#
* C
p i
- i
P o nm ain ein 2} Il 11 s
Tiens (s0c) T LR Y N
Hammaomic: Order

(b)
a3 3 Y dY A 54 3y, DAF

Current (A}

Normaiized Amplitede (%)

PR REEEEN]

»
o
&
24
2
-
-
»]

Pio e owm - aim ain
Time (soc) 2 1 » 6

(b)

a3, 4 PWMAY 3549 54 @39, AR

_54_



Storade Wave(5) *C( 17
trigtAl

95~06-206 14:36:16
A1

1.

||
off # = o —— m———
BV Eb
1%
10
= s
£ o
5
10
oo 0.104 0.108 o313 0.117
Time (sec)
(bysiA x|
.5 FEA AREA (@) AR bsiAa

Fuhg o] ot 145 &F Y UG 2539

1Y 200 A7, 7

5 C [ o
T g—jﬁ .fs(al}%sn e
3

i et nx csriBYE
Tl u1 366U A1

20,88 A x2 ax T:

:,14;4

195 Power analyzerZ A}

4> PLLCAL)Y £:68,02 Hz

6dptssDIV xir2

BHE AR AR A2bs 27 6 2 gk

1.8

1.5

1.4
. 1.3
1.2+

1.1 4

13

Lhe rutio of AC resistnnce

0 200 400 S0D0 BOB 10D0OI2001400150DIBD02DO0
{Hz

3. 6 Fuppo] wiE Aahds

232 [nv/s]e dsolld 2 FEHMe £, WF
o] AEEe ® 1 3 Yrh

~. Square wave PWM
\"\ thrust current | thrust | current
Distortion 1 56 oc | 1087 2| 29 % | 322 %
Factor
X 1 &Y, ARy HYE&

fe =AM AN 7 gl oy FEE
220Vrms?] FEAYAIE 71EL8 viagt A= E2

o} Zrth
ﬁ‘\“\\ Square wave PWM
The ratio of
primary 1039 % 015 %
capper loss
.2 2 FELAMY &
4 A&

ABREAEY 24, A
afo g Adste W At

of27b2] ujyHste] oy
EXEp *‘B H54& A Fda) A 2z 4EY
drozs siw nzvel ot 3y elBe] WAHS
ggrdch 2fola At WY ML 7]
Zlell 2t o] Al B FHE Aol gayt
Fololla AzH o2 HEESF USRort

HaEY

[1] JMD Murphy, ‘Power Electronic Control of AC
Motors’ 1988,

(2] AKonrad  “Integrodifferential Finite Element
Formulation of Two-Dimensional Steady-State
Skin Effect Problem” IEEE Trans., on Magnetics,
vol.18, no. 1, pp. 284 - 292, January 1982.

[31Dal~Ho Im and Chang-Eob Kim, “Finite element
force calculation of a linear induction motor
taking account of the movement”

{EEE Trans. on Magnetics, vol.30, no. 5, pp.3495
~-3498, September 1994,

[4] R.L.Russell and K.M.Norsworthy, "Eddy current
and wall losses in screened rotor induction motors,”
Pro. IEE, vol. 105A, p163-175, 1958,

5] K. Reichert, H. Freundl and W. Vogt, " The
calculation of forces and torques within numerical

magnetic field calculation method,” COMPUMAG,
1976.



