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On-Line Vibration Monitoring Techniques for Synchronous Generators
by Flux Measurement

Ji-Hyun Kim, Don-Ha Hwang, Ki-Chan Chang, Yong-Joo Kim. *Young-An Kwon, **Sang-Ock Song
Industry Applications Research Center, Korea Electotechnology Research Institute (KERI),

*Busan National University -

Abstract - The effort for measuring the rotor
vibration caused by the short of rotor winding
or air-gap eccentricity has been carried on.
This paper introduces on-line vibration moni~
toring technologies using search coils to measure
flux for synchronous generators. A 3,300/6,600
(V), 150 (kW) synchronous generator is built,
and search coils are designed and inserted in
the wedges. Furthermore, air-gap eccentricity is
analyzed by finite element method and compared
with experiment tests. Induced voltages caused
by different air-gap eccentricity on the search
coils are compared as well.

1.8 8

AJALE 7 = glge] wel 4™
Holxm HFAHQA T Alawlel e
Atk ASNA F a1 Yoz A A
Qg wojag vy, @AY MYz A7 Ads
AAMe] dg = dgdoz Qg A Zo] AT,
oy mRo] 23 WAAHE Air-gapd Bl AEF
TN 2ZA Arle BFol 7MF B Hor By
3 Slch meEkd 3 Are] AF 3 LA |
Hata dAE 5 e AEsa Ao ¥ A
HE7A Alzde sde] a7 3 o(1-4).

2 dFddde oAz &35 JEZA 7
A3zl el A= 3,300/6,600 (V), 150 (kW
= AF71-571 FH7] A2 (M-G Set)S 4743}
3, EANY nBA AA offel #HH Search coil
oA f7iEle HA Abgo] g3 AguEel g
ENle] AFREE BEE 5= = Z1HE Algdg
A A JEE d8) 2Ar] AR DiskEY
22 pasld AL SR AASYD, AHEH
£ g8 HAT Search coils TAZ AL YA
B2 ALA=F AT AZYE = JBVE T
% slAAA A JFEA Search coildl #2718+
Z33te] JE T AFE v wsido).

22 B e R R b B B
E71 2A719 Search coilZ R2Estn &S A
FgozA AF §5E BHT £ e 74 S Fast
A}, Air-gap Ao e AAUE HA S 314357
#13td Search coilel AYE F71dArie UAY A=
& o8 AN E Zosle B3 ARE AA T, vix
Hoz 2o A% A¥d 98] Search coilol #7118 e
AGugs FaA 2 A=A FF84 AL Fiid
TR HYE vlw At AA7 Wy BFAHE
Z9 3},

Fﬁ
lo 8
o e 10 o 2 = fu I i

i
tjo

—

**Advanced Electronic Technology Co. Ltd.

2. 3FY| As9 ML
2.1 X719 TS
3471719 Rotorg Fdatss o HAste d4¥

o] AZo) st djHoB EIXIA ol F Az
5L o71ste AHE "Unbalance” =% “Rotord
Egolgln o). FAririe AEddde 48 7}

A7 EAsAR, AAL BHMY AFLUAeEE
ETFol 71 & olfoltt. AFe Z1AHQd 4qd H|
FS E 17 2ol A do. A7 @@z A
71 E 19 71AFES 809 o8 Jeve AF 9
oz e EFY, A A @ 59 add ¢
g ZFo] dAEA ot dvrEdoz AFy] F EAE)
E AFY weoes Az AR BAEE A
$18td 3 AATS Balancing machined] €32 ¥
T3 FAstg AL A d9(2-5].

1. TS9 7IA™e 29

T4 ul-g (%)
. ¥Rze] £33 41
712 T 43X 2% 13
. 288 249 £ 7Y 10

E5Re #7 e o2 9
vhEd o AEAF 9
CAxe BREF R vim 8
4
6

59 #W%E3 Surging
%4, A¥AF F 71E

-

. A4

2.2 37X #Hy

A 78y s & 890 He AR HA
(eccentricity)2 32 H4(Static eccentricity)®
%2 "4 (Dynamic eccentricity) 22 & & Ut}
AR HAL AR FAA H5E& FHez ASA
T 2 Fol 3R FoA ogH U= ALE LI
B8, 58 94L @A 2@ A & 54T &
FHdoz AN, 1 AAZo] FHze F3 FY
BtA] ok& Aot} olEd A YdozE ZYPF
A3 W1y M, wolFe] rlr, AR AFZEY
3 T olF treksitl. 271K HA BF FAV| Y 3=
2EHAE 718HA Ho, 53] wod& gA vlrAld]
E 2% 2433 (3-6).

- 952 -



23 £42Y U4W™T) AUEAMYH AAH

311"17¥°ﬂ 7 5o] ‘%}"XO}" A dio] A&EEE 24
@ 5= Sl Search coil& o8&t X% B4 FF-1
A £ JEE 3] 948 429 SAy] AEgA
Alzglo g 3,300/6,600 [V}, 150 (kW) $% A
E71-%7) @Azl A a2’ (M-G Set)& AFEE ¥
S8 (45) E7] vl Search coild ¥k} A2
Wale] & 7171388 23 E 4+ =S 3}y }H(3).

g 12 ARd 243d 4Ar] AFAE Aay
(M-G set)& Vel sich, A& wd dZdA 3.3
(kv}, 2% MY 6.6 (kVI7l S22 dA s,

o83 2¥ 2% & Search coil® 247l 34
9] sfA) ol REof ’t}‘”a}"% A&E EREE Y
t}. Search coile] ® = 75 WAL 841 (mm7I7}
H=Z % 11.5 (mm]., ¥4 2.4 (mm], Ze] 100
{mm]e] 6% 7|8 PCBE ol&sad ARsgdct. =8,
ZAHog AEL YA o oy 33 ol

udt i oXt

8 AR Disk® dxstzm, o Disk o] Weight®
A &
83t}

L 2E Yol WAL oY F ARE

38 1. 287 WEAE MLH-M-G set) AR

2 2 B o v 2
a8 2. AHFEF R Search coil A

2 3. HADoE 98 SMA Disk ARA

3. Algaold ¥ MEdEn

3.1 wEeayo ojst AlZolH

Air-gap B4 9% AxNH A& sty 98
o 48 %24 ¥ ZTzIHQ Flux 2D 88
o Search coilo] A" $71 9379 HA Az
g8 AR 293t B4t

Air-gap B39 278 35& 94¥2 Jehgy) 9
o), g 14 Vel SgAECe 33 ZolE 1/4
A Uro] 5o 2zt 2.5 (mml(H %), 1.875 (mm],
1.25 (mm], 0.625 {mmJ¢] Case0, Casel, Case2,
Case3Ql A% Rosda, 47 A% g 3
A&YE B X9 Search coil® #714U¢S RE8E
i o8 AgEeldE B3l F¥ ANE ¥ 4
ok o 5o JeERASITH

45 FrPEAEselrR a9y 4olAlel Zo]l FFeM
Fol 4 aHTE ¢+ Un, AELEY A7l Fef
CE}E}— ta;go}.;qu}_ _:._:T-o] q}i’t’: H%%}OE X}T ‘(Axr-
gap eccentricity)d) uat Fo] EBg¥do] Wil
Cased3dide 35 A&5UTs 48 2798 @40 v
B g B & ik

18 5% Search coil®l F71ALE Jveld Aoz
*3. Slotting®] &7 olaid & =7 12709 AxA¥

g dtol vebd g & 4 g, '6‘"3»“’] 2o}l ol| whe}
F71A] el Arstr &lx{ Z2718E $98 £ o, o
4 Case3dld 7} H2 #7138% Ad"Ew 5HA
Hx 48g 71#o2 o] Case0~Cased3 & ulms)
B, Z4ge] F7]AMAFA) ] 19.3 [V, 25 03
(V). 27.3 (V), 32.17 [VI°]|ER Ao 98 714

gel Zrlg oigste T BFY ARG ”}‘é’@
MTC:,T% o )\ 9).1:}
tevem e e o B PR LN 02N anss
I yoy b
1 f‘l\[lr,\i‘; “‘l""‘n],l
4 i b
hidl RN
. PR \ i
b -Wr[’?, : MJ’L&\_ e ,*N‘n._ LW
i ;l,‘rfb ‘N \ ;/‘MV\: ‘y\*,‘li{ )
it o A
i il gt
e e
e T L LR Rl L R T SR
t : Hily
4 *A\w“"h iy
- il
+ g, et
o L
+ Ris w b \,\’
T ‘i‘\l 4\‘\’ "
1A W 331 B
i gl iy
2 LU 14| S i 4
: '?,?k’}"".
e A, l‘h‘i'llh I\I‘)l
b e ity ;:v’ ‘. o
: 4 N{%\H ,\J«:""{’ "1,3‘
L
T N W e,
*,M' ‘,'\II. Foad A
Rl i "y
R i oy
: o
i* ﬁ”{?f“:!'t
. l‘“%"’\:.'t
AR '™ !
L T
Y | R 4 SN | S A
7 i \
in‘.‘rl M’\Mﬂ *'»J\«N %\[\("’}\ff
R Mg i

% 4. HY Hzo ME FF AU B2
($15 8] 22} Case0, Casel, Case2, Casel)

~ 953 -



(wang] i

[voh}

fedeg)

{edeg] |

ledeg]

g 5. WY HIof wE Search coilolMel 718
(Y5 el 2+2t Case0, Casel, Case2, Cased)

3.2 Ay o @

571 2A7Y Az EHE 2 HAL o] 9
ld 29 3¢) vebd Diskol F& Rastd Azd
M-G setS 7IEAIAAM Search coildl #718& Ag
#8& A3t AWEY Fag AoE 5 &

& JHEAIA #A-E AR 47.36 (Hz) 9494 &
Ao old Aol dyEIn, ojd AxAFE 10
(A)(B AR 74%)E A7FeHs T

5 823371 A, F9 Search coild Fdels #7)
Mg A 1% 63 2y 7o) JEhich 3% A
¥ 2% 63 o] Search coildl AEE 1ALl @
Fof tislA (97t ARz, ZX] B A £
Agel B B & AW, 29 79 HolAge AE
o] 9% Air-gap B4 o3 oz BAY 990t 2
ol 2 77t AZH USE FAY F itk wepAy
A&&Fd o4 g Aoz £AF IEFFAMN
Medd 4 5 U z2eld Diskel &€ o HA
o g ARG ¥y A EHoldd Hlasted 2
zhelzl vEIA @eh. 2 olfe Fo 9 A%
dasieete A% AASE Alr-gap HAE crATE
Re ol zldzle] AT Ao oA Air-gap
o] MiFsle ez AgEY. EF, Ar1ALNA 43
F22 #&(Noise) AEol YerdgE & 4 Uz, ol&

A8 A9 9eiY didel dage ¢ 4 Aok

{voit}

3 4 4 Lpo - N ow oa

{sec) : . ’/‘

g 7. MEZF Search coild] Zels 218 By

4.8 £

Tl e HA7IZo ngdRg € FA94 AHE
2 g 82E€ 7vle &334 38 + e
AgsAh, A&5&HE 98 Search coil B
AN E RRetgn, §71 23719 AR A
B H4E 7ed 29 AFgAEE 98 + ULRE
AZE 2amd dAy] AEAE A2"d(M-G set) &
274Ed . =%, AR HY FIEE o4y AR
zolstel FFRAYG o] & Al A 4F
& Edld Er) davie £8F JEEA e
gelstgth. ¥F, 2253 & A% RTD 449 13
A A AANTE A FELA 2375 U1
A&(AE), 2% ¢ #H BA &4 AN e
g7 $AF &5, REYAE, AFY 3 44 € e
o] 7he ¥ U E Al2dg /L dF ot

He -

{1) W.T. Thomson, et al., “On-line Current Monitor-
ing to Diagnose Air-gap Eccentricity in Large
Three-Phase Induction Motors”, IEEE Trans. on
Energy Conversion, Vol. 14, No. 4, pp. 1372-
1377, 1999

(2] D.G. Dorrell, et al.. “Analysis of Air-gap Flux,
Current, and Vibration Signals as a Function of
the Combination of Static and Dynamic Air-gap
Eccentricity in 3-Phase Induction Motors’, IEEE
Trans. on Industry Applications, Vol. 33, No. 1,
pp. 24-34, 1897

(3) Bxyg, gES, 484, JEF, 4%, DH A&F
Aol g Ay AEEAT, ANy Avriz) &
AR g 283 20019 FAGeNE AT F
d Z/AARETA  Session =FH", pp. 38~41,
2001. 10. 26.

(4] J. Penman. et al., Detection and Lecation of
Interturn Short Circuits in the Stator Windings
of Operating Motors, IEEE Trans. on Energy
Conversion, Vol. 9, No. 4, pp. 652-658, 1994

{5} D.R. Rankin, “The Industrial Application of
Phase Current Analysis to Detect Rotor Winding
Faults in Squirrel Cage Induction Motors’, Power
Engineering Journal, pp. 77-84, April 1995

[6) A.H. Bonnett., “Cause and Analysis of Stater and
Rotor Failures in Three-Phase Squirrel-Cage
Induction Motors’, IEEE Trans. on Industry
Applications, Vol. 28, No. 4, pp.921-936, 1992

- 954 -



