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Abstract - The research paper presents the study of 

the vibration in the induction motor by using the finite 

element method.  The study proposes to investigate 3 

parts of a motor, i.e., rotor, stator and motor frame.  

The results show that the nature frequencies of the 

motor components are different depending on its 

shape, dimension and material.  Moreover, when the 

motor component’s dimension is adjusted, the 

amplitude and nature frequencies are changed.  The 

research findings can be used a guideline for motor 

designers to avoid frequencies causing resonance that 

maybe effect to the motor. 
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st
 Flexible Mode – 19,723 Hz 

 

 

 

 

 

Rotor Rotational Modes – 14,098 Hz 
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    9:;<= 2        9:;<= K 
 !"#$%&') !"#$%%45!67)'()!*+,-./0+1&)% 

 

5.  !*+ ,"-$%./0"-123456789:#+1;2 15 <+1=>1?:@/1+/ 

  .B&NDBA)6OC!+1@)6'L?-)PC+1&)%5NC5DC7Q,-R!!7/C(M
$@SABC1A)6OC!&T-B&S'+?)BUCOOC!'#@,-EB$#@65VW&7%T(M
+C645!6&!0C6A)6/MXB6CB 1T6B,X 

 

-!  #%)*(%+,

   Y10+ZCOC!DM'5!CSP*+,-ENCB5DC7Q,-     - 20,000 Hz I[-6US        
Y10!"#$%%A)6OC!&T-B&S'+?)B+,-./0'#!,E%'+,E%)E"N10DEOTB         
\ 4P71 5?) 4P71+,-'#]B@TO^WSA)6OC!$ODN6(TD P!?) 6)(TD.B
+M_+C6$BD!SBC%A)64!'()!*  (Rotor  Sway  Mode)  4P71+,-;

'#]B@TO^WSA)6OC!6)(TDA)64!'()!* 8Rotor Bending Mode>     
$@ S 4 P 7 1 +,- ' #] B @T O ^ W S A ) 6 O C ! E? 1 P EVN B A ) 6 4 ! ' ( ) !*          
8Rotor Flexible Mode>41E@TO^WSA)6!"#$%%OC!&T-B&S'+?)B
+TX6 \ 4P71 US$&161T6(C!C6+,- K 

9+ +1#$%&(&5DC7Q,-R!!7/C(MA)64!'()!*!Class B!(Hz) 

Class Sway First Flexible Rotational 

B 3,470 17,730 19,723 14,098 

B-1 2,655.7 14,056 17,088 12,076 

B-2 2,126.8 11,611 15,018 10,768 

B-3 1,722 9,636.1 11,294 9,703.8 

B-4 3,406.3 17,369 19,322 13,793 

B-5 3,347.7 17,143 19,073 13,546 

B-6 3,979.5 18,942 18,551 13,501 

UCOOC!'#@,-EB$#@65VW&7%T(M45!6&!0C6A)64!'()!* 41E
./04#!$O!7 ANSYS DM'5!CSP*; Y10$&16`@.B!"#$%%A)6
`@()%&B)65NC5DC7Q,-1T6!"#+,- 2a 

!

;

;

;

;

;

;

;

"#$%&'()*;<5*(/3-(&$=!'>67"!%397-3?)1@(-A(&#%)*(%+  

UCOO!CbUS&T6'O('PJBDNC'7?-)7,OC!'#@,-EB$#@645!6&!0C6 
5NC5DC7Q,-R!!7/C(MUS7,OC!'#@,-EB$#@6 $@SABC1A)6OC!&T-BOJ
US'OM1A[XB.B4P71A)6OC!$ODN6(TD P!?) OC!6)(TD.B+M_+C6
$BD!SBC%A)64!'()!* (Rotor Sway Mode), 4P71OC!6)(TD
A)64!'()!* (Rotor Bending Mode)  $@S4P71OC!E?1PEVNB 

(Rotor Flexible Mode) '#]B!"#$%%A)6OC!&T-B&S'+?)BA)6 
4!'()!* UCO'P(V`@1T6O@NCD&C7C!Q%)OY10DNC OC!#!T%'#@,-EB
45!6&!0C6A)6/MXB6CB &N6`@.P05NC5DC7Q,-R!!7/C(M$@SABC1
A)6OC!&T-B&S'+?)B.B4!'()!*'OM1OC!'#@,-EB$#@6 
 

 



 !" #$%$%&'()

  !"##"$%&#'"  ()*+,"#"$-./0$"123+4567"80-"9:45   – 20,000 

Hz  !"#$%&'()*+,--./#01)23"42%567/468"9:(5+)8;-568;-/;*<
'(=;034>?>@AB'>C7/>@AB'68" 5+D4E30FG%./#01)#/H3=./#>>
25H5H/)I>(Stator Bending Mode)!,E%@AB'68"5+D4E30FG%./#
01),0=<#H3=>A)7/>01)#/H3=946JK61#,4=)%41-./#25H5H/)I!
(Stator Sway Mode)!@';E30FG%./#)*+,--01)23"42%567/4
63L#>?>@AB'>$%,2'#'3#H1)1#68">M 

 !"!#$%&'('C=1BN8"O))B:1HJ./#25H5H/)I!(Hz) 

Class Third 4
th

 Sway 5
th

 

 Sta 16,953 "#$ %# "#$&"& "%$%'( 

Sta 1 "&$')* "*$+ & "+$%#% "'$#*) 

Sta 2 '$%+#,( "%$&)+ '$%+%,+ - 

Sta 3 +$&#),) *$+&%,) *$%)(,* ($# #,+ 

Sta 4 %$ )#,) - *$(**,( - 

$1001)5+E8";4,+E#CPG2B-3HJ@C)#2)(1#./#25H5H/)I>@';
9:(@+),0)B>ANSYS> =J5C)1%AI> &'(,2'#QE94)*+,--./#
QEH/-24/#C<1C=1BN8"'3#)*+68">RS>
'

'

'

'

'

'

 

")*$%&'+,'QEH/-24/#C=1BN8"01)23"42%567/4./#25H5H/)I'

$100)1T$%23#50H5AU4=<15B7"/B801)5+E8";4,+E#@C)#2)(1#>
C<1C=1BN8"O))B:1HJ$%E'E#>,E%.41'./#01)23"40U$%50J'01)
5+E8";4,+E#94@AB'./#01),0=<#H3=>A)7/>01)#/H3=946JK61#
,4=)%41-./#25H5H/)I>(Stator Sway Mode) 5+D4)*+,--01)
23"42%567/4./#25H5H/)I>
 

 

 

 

 !" #$%&'()*(%+,

$1001)K!0F1>&'(6V101)=J5C)1%AI68";<14C=1BN8">  – 6,000  

Hz $%&'()*+,--./#01)23"42%567/468"9:(5+)8;-568;-/;*<'(=;034>
M>@AB'>C7/>@AB'68"5+D4E30FG%./#01),0=<#H3=>A)7/>01)#/H3=
946JK61#,4=)%41-./#@C)#B/5H/)I>(Frame Sway Mode) 

@AB'68" 5+D4E30FG%01)#/H3=./#@C)#B/5H/)I >(Frame 

Bending Mode) ,E%@AB'68"5+D4E30FG%./#01);7'A;P<4./#
@C)#B/5H/)I(Frame Flexible Mode)>@';E30FG%./#)*+,--
01)23"42%567/463L#>3>@AB''$%,2'#'3#H1)1#68">W 

 !"!#$%&'-'C=1BN8"O))B:1HJ./#@C)#B/5H/)I!(Hz) 

Class Frame Frame 1 Frame 2 

1
st
 Sway #&&,'% 702.56 956.54 

1
st
 Bending ",304 732.89 1,794.8 

1
st
 Flexible 1,994 1,805.5 2,128.3 

2
nd

 Sway 3,128.4 2,431.1 3,481.7 

2
nd

 Bending 4,441.8 4,148 4,431.9 

3
rd

 Sway 4,741.4 4,452.1 5,754.3 

3
rd

 Bending 5,606.5 5,196.6 4,711.6 

 !""!#$%&'()*+%&,-./0123456-#,0#7!,89,6-#,19$49#:!

6;)<=76%#+"#1!ANSYS >5$-#!?@:!A;7+0;,B&<*#C%+2289,

B&4920*9,-D!->!1E'(;3,#C%F'(GHIG
 

G

G

G

G

G

 

")*$%&'+.>QEH/-24/#C=1BN8"01)23"42%567/4./#@C)#B/5H/)I 

$100)1T$%23#50H5AU4=<15B7"/B801)5+E8";4,+E#@C)#2)(1#>
C<1C=1BN8"O))B:1HJ$%B801)5+E8";4,+E#>,E%.41'./#01)23"40U
$%50J'.!L494@AB'./#01),0=<#H3=>A)7/>01)#/H3=946JK61#
,4=)%41-./#@C)#B/5H/)I (Frame Sway Mode)>X@AB'01)G



 !"#$%&'($#)*"#+$,%$"-.(Frame Bending Mode)../01
)2+3 !"45324678.(Frame Flexible Mode).,9:8";9/<<($# !"
=&>8=1,?5$8($#+$,%$"-.@! ,2%6A03&# 07!'=!+!"B<$ C3D'7!.
 !"9"&<,90E>48)*"#="D!#($#FGH8#!8=7#A0I2D*7!*'!+BE>
J""+F!%G/01(8!3($# !"=&>8=1,?5$8I8)*"#+$,%$"-, G3 !"
,90E>48/90# 

 

6.  !"#$%&'!()%*+.

.........A0 !"?30$#9"1 $<3D'4.K.=7'8.%!+)*"#="D!#20& ($#
+$,%$"-,28E>4'8L!.*5$.)",%$"-M.=,%,%$"-./01)*"#+$,%$"- 

..=7'8?E> .N .,9:8A0 !"'G ,*"!12-($#)",%$"- . ,+5>$+E !"
,90E>48/90#)*"#="D!#($#FGH8#!8.*7!*'!+BE>J""+F!%G@1+E !"
,90E>48/90#./01(8!3($# !"=&>8 O@1, G3(PH8I8)2+3($# !"
/ '7#%&'.2"5$. !"#$%&'I8?GQ?!#/8'"18!<($#)",%$"-.
(Rotor Sway Mode),  )2+3 !" !"#$%&'($#)",%$"-.(Rotor 

Bending ModeR. /01)2+3 !"45324678.(Rotor Flexible 

Mode).
.........=7'8?E> .S.,9:8A0 !"'G ,*"!12-($#=,%,%$"- .,+5>$+E !"
,90E>48/90#)*"#="D!#.*7!*'!+BE>J""+F!%G@1030#./01(8!3
($# !"=&>8 O@1, G3(PH8I8)2+3($# !"/ '7#%&'.2"5$. !"#$%&'
I8?GQ?!#/8'"18!<($#)",%$"- (Rotor Sway ModeR.
.........=7'8?E> .K.,9:8A0 !"'G,*"!12-($#)*"#+$,%$"- . ,+5>$....................
+E !" ,90E> 48/90#)*"#="D !# ..*7 !*'!+BE>J""+F!%G@1+E....................
 !" ,90E> 48/90# ./01(8!3($# !"=&>8 O @1 , G 3(PH 8I8....................
)2+3($# !"/ '7 #%& ' .2"5 $ . !"#$%&'I8?GQ?!#/8'..................
"18!<($#)",%$"-.(Rotor Sway Mode ...M ! )2+3 !"#$%&'.............
($#)",%$"-(Rotor Bending Mode)./01)2+3 !"45324678.....................
(Rotor  Flexible  Mode) 

.....@! A0 !"?30$#?&H#2+3.T<'7!.,+5>$*'!+BE>J""+F!%G.....
($#=7'89"1 $<%7!#.U... I8+$,%$"-,28E>4'8L!+E*'!+/% %7!#..
.
.
.
.
.
.

 &8?&H#8EH(PH8$4;7 &<";9?"#M (8!3/01F8G3($#'&=36./01,+5>$+E !"
,90E> 48/90#(8!3($#=7'89"1 $<%7!# .U.T<'7!+E !"
,90E>48/90#?&H#(8!3/01*7!*'!+BE>J""+F!%G($#)*"#="D!#...
8&H8.U.?&H#8EHA0?E>C3D@!  !"QP V!8EH.=!+!"B,9:8/8'?!#I2D8& 
$$ /<<,*"5>$#@& " 0CWWX!?L! !"20E ,0E>4#*'!+BE>?E>$!@
 7$I2D, G3*'!+BE>,")Y/88Y-.YP>#$!@=7#A0 "1?<%7$+$,%$"-C3D.
 

7. ,*& '!*-'+*.+.

[1] 9"!)+?4-.,3F1$L!CTM.CWC8%-,$0G,+8%-I8#!8'GQ' ""+Z. "6#,?T[\.
@6]!0# " -̂+2!'G?4!0&4M.S_`aZ.

[2] ,3F.T6?J,@"Gb?$#M. !"'G,*"!12-3D'4'GJECWC8%-,$0G,+8%- .. "6#,?T.Z [\.
Q;84-=5>$.,="G+ "6#,?TM.NccdZ.

[3] +#*0.?$#=#*"!+M. ,*"5>$# 0CWWX! "1/==0&<Z.  "6#,?T[. \. "!+!
 !"TG+T-.S_K_Z.

[4] T"F&4.@#@G%"CTQ!0M.  0Q!=%"- !"=&>8=1,?5$8Z. "6#,?T[\.
=L!8& TG+T-YE,$O34;,*F&>8@L! &3M.S_`aZ.

[5] 9"13GVe-.2+;7,+5$#=$#M.  !"'G,*"!12- !"=&>8=1,?5$8Z "6#,?T[\.
=L!8& TG+T-YE,$O34;,*F&>8@L! &3M.S__fZ.

[6] Joson D. Ede,“Rotor Resonances of High-Speed Permanent-

Magnet Brusshless Machines”, in Proc. 2002 IEEE 

Transactions., pp. 0093-9994. 

[7] William R. Finley, “An Analytical Approach to Solving 

Motor Vibration Problems”, in Proc. 2002 IEEE 

Transactions., pp. 00936-9994. 

[8] C. Wang, “Vibration Analysis of An Induction Mortor” in 

Journal of Sound and Vibration, 733-756.  

[9] Scott Kreitzer, “The Effect of Structural and Localized 

Resonances on Induction Motor Performance”, Material, in 

Proc. 2006 IEEE Transactions., pp. "#""$%&&'(  

[10] L. Durantay, “Lage Band Reduction of Magnetic Vibrations 

of Induction Machines with Breakingn of Impedance 

Interface”, in Proc. 1999 IEEE Transactions., pp. 7803-

5293( 

[11] ,g0G+T0.*#,(E4'..Zh.,?*8G* !"%"'@'&3*'!+< T"7$#?!#CWWX!($#
+$,%$"-3D'4*7! !"=&>8=1,?5$8?E>/ 8,T0!i ..Z !"9"1F6+'GF! !"?!#
'GQ' ""+Q!=%"-+2!'G?4!0&4=#(0!8*"G8?"-.*"&H#?E>. !M.S__NZ..

[12] Zhang Fengge, “Analysis of Vibration Modes for Large 

Induction Motor”, in Proc. 2004 IEEE Transactions. 

[13] Mariana Iorgulescu, “Rotor bars diagnosis in single phase 

induction motor based on the vibration and current spectrum 

analysis”, OPTIM, in Proc. 2010 IEEE Transactions, vol. 

')*, pp. 4244-7020. 

 

 
 
 
 
 
 


