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Analysis of Squirrel Cage Induction Motors with Rotor Eccentricity

Mi-Jdung Kim, Byong-Kuk Kim, Ji-Woo Moon, Yun-Hyun Cho. Don-Ha Hwang*, Dong-Sik Kang#*
Dong—-A University, *Korea Electrotechnology Research Institute (KERI)

Abstract - This paper describes the cffects of air gap cccentricity in
induction machines. Asymmetric clectro-magnetic force caused by the
frictional wom bearing, rolor misalignment and unbalanced rotor etc.
generates an  asymmetrical  operation, vibration and clectro-magnetic
noise. In this paper, we focus on investigating the asymmetrical
operation considering of unbalanced magnetic force in squirrel-cage
induction motor with 380 [V], 7.5 [kW], 4P, 1,768 {rpm]. The cffects of
the rotor eccentricity, magnctic force are investigated by finite clement
method (FEM) and experiment. The results can be useful for on-line
monitoring of an induction motor.

1M B
AR e 7Hg gol AT g FEREVY DY, &L 5
3 2@ g4 ¥ AF 2pvfel ey, adz A A g9 4
27} 24 mc}m £48 9%+ R .tf’ﬂ.*i zgo stge] o
v2) e - : P AgHos gokstn 2L
A9 AL e s Qe 7 A, HBEOH A2 gol Adule Fee
23 AEE HAZeR JY¥ £ oA AR A9 dedel A

WEHa ek
dutdoz fra%7e nFe nHA | 9, AR vl &&, 4
AR 2 2AAY A, 8 2y, dold ¥ 2 JAH BEY o
"a“é‘?’“*}[ oly ?* "#71719] 14l E%M Thomsomi’lr Thorscn %
28 SEAEs0A M9 Uy oz ww A
&8 Adsh: 4949 Y e Ay ze- 33 Toliyat 5& $EA57]
,r

r[c» K

2
..1
=4
i

o) 4 HAA f4dd anE ‘i}’“ #ANE EdZ d A By KA,
R Ee Wale] vaie dake AFaichg),

e AE7ie 3% FolA sAate) WAl W H$ FyAA 2
AAe FANE “ﬂri‘f"i T 4 7}117‘1 A 2ok whebA #al 8
Ay @4 # 28 datd daiss@yd ag2y dsdy oy 33
e wdz) HAxe 242 sbele] BREHG FaH FYAIIA
T, A FRAHQ A9 Ao HFAE HoAA wE Y4
93r ﬂ’q/‘} el 45& doA drts]

L3 \_:,»:Oﬂ)‘i‘* 380 [V], 75 [kW), 4P, 1,768 [rpm]2] %75'.—-0? 7b 1 gl
Y AT A B opE WA K4S Feas A4S
ANEHA Hdm, By _,,ﬂ ﬁo 7} A HAES B 239 “5111,
HES A& T daghe] NS FEedd
2.2 B

2.1 3Hx Eaof me SHY 1Y

FEHF 7ol glof s{HA W4 ¥ g & g9ag Fgad, 2
A AA HA(Static Air-Gap Eccentricity)® 54 4(Dynamic Air-Gap
Eccenmczty)éwa B 2 ok Ay H3Ae guabh g3 28 $4e
Z AFAY, 12 Fo J’Uéz} ;‘, I'*'l olgtel Sl FHaA, Y H4e
e F39 o7t AXe] wel z7le] oful 2&6“2% A AE ¥4
ged 34 #4408 §WX}7} 2z &3 FUS H& FHoE g4ga
%1 8Azol HAdel 23 SUstn e Agelu, ¢4 A Fitol
FAZ Wstd "oz 29 12 Bz J“‘ vetuigleh
H7xte #}A e FFA Unbalanced Magncuc Pull (UMP)& #AA1A

d i, _é;l 712E, dgel s Fob sz Y $4 o

‘%i
A4 =598 9 F3Aeldlat)m 74 ¥y ad N1 Frolns]

&

o ot

! ol

o

%o

&

3ewt) = {1~ econ (o~ wt ~ 5 )} 1)

o714, 4,2 B 399 29, wi
s
TE MAA AR TF Yol 99 ¥AG had

CEIE RN PEE R

ISYERE N < S .
.4(,14)_{5(“.?) AZ:“A'\%.,\(“ wt ~ 2 ) @

N

~%

<28 1> A EHal

A3 Fad F4olt
AAeE 3ed ARRez BEAARGD ARAY AAgd LY

& gt gk

{ont) =y, RE, cos(nt wt—p,) 3)
}v‘*”‘E\“ 7 1} ,} :u.“L 31‘;]0{ Jk_" 3}, @‘D}
Wet) = F {ot)A(t) 4)

m

:/:”]?A(n',l)[F cos{a—wt —p, )}

m

UMP3= Maxwell stress tensore] o sl A o} xs} yuake] 7]
HE 87 v wde] 23 gH Ao o ﬂ ""017“@

F, = f:” blant)

2
ot siney Rldee 5
24ty
2w 2
F;/ :f —l—)((}‘—t)mso!ﬂdn {6)
b 2

EJJ
g
1o
Zo
=
=3
b o
%
o
off
B
R
a2
E¥e]
+
3
32
5

2.2 FEM _fs" 5 B
FEan ddo) A A YHAL 2739 HEANH A7) W
Eiﬁdlﬁ(magncuc vector polentia) & & ()3 #ol webd 4 7.

1 04 o .1 04,
01(;*&;‘ +;§(;"5;) mn

G, A 2% e A M 2R, U ¢ 9934 U w8l
W o W AU B0, ok AU 69 BEES dehdy,
1S ¥ mRoM #HMeA S R85 AP vehdoh

.&*6}]“ 22299 Flux 2DF ol gate] #2487
8 Az go:z 2ol sgoen swx HAG 4‘215}7]
Aerel Fa8 sl A 295 03mm BAE 742 FE957)9
I Tt A dA s’?, 243} T3, 084 39 F 3Ad 359 34
& ﬁ‘“H TARL ¢ FRn sy, ﬂ*ﬁ"ﬂ Azbel ohet ‘311“?1
24 #4o He 23 ¥ F48 DAY $43F 24 T2 A4
3H”! UEES] Al?Ml wet Wt 5H f#iel € g4d ®BE A%
{

wokn @7l sl Al A ¥l WA mde dyge 54 0
g A3t Aol LLAER LR L ELIEEE IR ERY
o AGAT 45 45 sresHs]

- 825 -



LEHENF AZEY g9 44l Qg £ 3
7h8] AFZE) 03mme #3&

47 HaEd 44
Qg AT otk ARlA Tas YAS
79

--Phasg A —Phese8  —Phase -y —Phase B Pl €

Xile-2
{a) (b)
<8 2> WX3Y {710 (a)F42Y, (b)BAZY
. XI0 -0 - oty 060 -+ foma! -~ geenticity
=
i % + iy R ] \\s X '1 \‘ijf X\"v‘
' - -‘{ ‘g\l W75 AR Y A 0
e & VI LS
: : IV 5
i i i1 yi .
? : 2 T \{
H Lyt i g
4 ! L
. . s N % S|
3 z (ECT A 0 ke W i B
Rotaed mye {eg) Retsted angle B}
{a) (b)
(OB 3> 339 # HojAo) 7718 {a)x WE, (by Y
o Phase d —Phae —Phase C ---Phase 4 —~PhaeB — Phase C

60 8 10 7% &0 85 W

80 6% 30 Tt 80 BY 80
Time free} x10e-2 Time [req} X108-2

{a) {b)
CIE & MAZY F71NY SYLY ()ZY2Y, (DHyRd

(b)
A 5 HE SYTY (QYL2E, biBYzY

<E 1y SEMEY| MU

7 B 3 = 2 &
27 &3 kW) 75
R A7 Adg [v] 220/380
BAA &% [rpm) 1760
AA E3 [Nm] 40
En i 36
9 % [mm] 220
233 7 Imm) 150
F P 4
Z % [(mm] 05
. 9 A [mm] 149
A% 239 (om) 110
32 up Al

7345 LERCE
£ gaA7} 137 5 x% $old 4 6
[kN/m], y%‘ “J%Wl*i 39It}I IO[k\I/mH d4E 7] @i" 7h Al g, Bidol
A AeE AUl FF ASELE 8 ¥ EYFo ﬂ"i‘é£
£ & Ao g olele AsUxe duFel A7) 4% U
Ha 714 dE3d 28, o delrt %5 opistA Ak

a8 48 A4 fFEAEY "“‘K‘@Wf BRG] “M”%] 1 #71d
A Jelz Ao FAEde F¢ Hd 15V Aol #71HAY,
BYEDAE -2(viel #7)A%e “‘*&‘?}" g T ud

a2¥5e vgd AUz o& 47 i‘%“&‘ 71 ez o
dol A4Educt Agol of AggdE & & e

AR

3.4 B

B =RdME 882848 o839 34 3Y FRAE7 alow
Aze 54 AN 2 A AN d4 EAWIE JF759 1, o5
Re 2% A%/ 488 B4 1A S AEeuc 0idezg 01@ ﬂlcﬂﬁ‘
T3 AS5UEE WA i%‘-& o) & 3 %J%c}%‘\" viad T A&UER
s EHEF 7ixEe AL F9 F £ U £ 4 sé%- 713}222
ole] Agel Agde 29 4 A5rie AdE B4 B9 ddd B
BolM AAG dF ARE Zeo A nHGA GnEE g 71
Au7t 9 Reg Jlos

2 =EE ARAgRe] Ao gt vxdEATY

2 $9% a7d%.

[1] gt 4, “fEAE79] dz dGo & T 24
20(}4 EH?‘%P)?W A7717] 2 quARaAAdRgy &
=3, pp. 62~64, 2004.

{2] W.T, Thosom and M. Fenger, “Industrial Application of Current
Signature Analysis to Diagnose Faults in 3-Phase Squirrl Cage
Induction Motors”, Confecrence Record of 2000 Annual Pulp and Paper
Industry Technical Conference, pp. 205-211, 2000.

{3} OV. Thorsen and M. Dalva, “Method of Condition Monitoring and
Fault Diagnosis for Induction Motors”, ETEP, Vol 8, No. 5, pp.
383-395, 1998.

[4] HA. Toliyat, et al,, “A Method for Dynamic Simulation and Detection
of Air-Gap Eccentricity in Induction Machines”, IEEE Trans. on
Industry Applications, Vol. 32, No. 4, pp. 910~918, Jul/Aug. 199%.

[5] DH. Hwang, et al, “Analysis of a Three Phase Induction Motor
under Eccentricity Condition”, IEEE IECON 2005, North Carolina,
USA, pp. 2609~2613, Nov. 6-10, 2005.

{6} A. Tenhunen, ot al., “Spatial Linearity of Unbalanced Magnetic Pull
in Induction Motors during Eccentric Rotor Motions”, 15th
International Conference on Electrical Machines (ICEM 2002), Bruges,
Belgium, Vol. 1, pp. 330-335, Aug. 25-28, 2002.

- 826 -



