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A Study on the Evaluation Method and
Measure Test for Life Diagnosis

in Synchronous Generator

Choong-Goo Hwang

DEPARTMENT O ELECTRONIC AND ELECTRICAL
ENGINEERING GRADUATE SCHOOL OF INDUSTRY
CHEJU NATIONAL UNIVERSITY

Supervised by professor Seong-bo Oh

SUMMARY

The generator falls its performance, confidence and life owing to
complex causes that are mechanical, electrical, heatful, surrounding
factors and start-stop impulse in 20 years or 100,000 hours.
Especially, slot discharge in stator, end winding discharge, DSS and
WSS have a direct effect on the life of generator. Faults of
generator suddenly occur, are dangerous and expensive as well as
difficult to recover.

In this paper, We studied about experiments on EL-CID, wedge
compressed state check, PI test, PD test, ac current test, tand test
and end baskets test in BUKCHEJU thermal power plant No.l
generator which have used for 17 years.

Resultantly, We offer the effective life management through
methods of evaluation and measure for life diagnosis.
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I. A &

SR 2008 WA 108 Aol FRHEA JAH, AV, 44, §7A 3
8815t 71F, A 2EHZE 5 BERFHQ add o3 e AFyge] A
Ha g Adgo] F7tATY 53 gAY e udd 34 9dd, 3
A HA 2 dL7)EFAA(daly start and stop @ DSS), FL7IFAHA
(weekly start and stop : WSS)¥ @dr] 9o AHA J&L v)x3
Atk 8 vgY A Exd n@3ARF Avjduld A AR}
%= 7H & 8Fe vdEI glon dEe A¢ 78 5y 2] Aln
F 2B A4 50%, AA7] 15%, vloid 135%, A& 7%, 7IE 11% 5
o2 ZAHR gloy, AR @AM Ala Y99 AAEE s 49%E A
Y gloh didd=d A 19829 5-H 1997d71A] 159 ok 6874 €]
S 7jelA Azt FAEF o o] 35%7F AT +HF A AA &
32 1% AlnE B9 EHdY v]F EPRIME ZAMSE A 37%7F A=
AN A HAHst st GA] e &S VI Ao HuEG
o} (2AE{Y, 1998)

HR7] nge EREer BAse gde] I @Az el BEFUr =@
g 8 olvg ddFez HEFuL4x @o] Erl &l-“—“ﬂ“ AT
BA71e 1 AW 2 FEA%E 3 AFAF Ew FHAAY 2
5 Had APE 53 AFHHS %‘:’a‘*l?l 3, FEE A7
dAeol dds] wolAR vk Aa%, 1998) :Lal WwHr] A
o #F A= ER Fu FHoZ o]Fojx gfor} FZo
%“‘31 ZJ*B%O]T#. (WE BT 9 1, 1989)

B drdAe 179 T S48 SAFEY 137 ¢4y £93dES
A 2oy AAA %7@% A% EL-CIDAE, 4R =9 HHE 2737 A
g e ‘Q%H Z}Z*l‘@ AFAFA 93 dAdE9 F&57 o0& ©A
3t PI MY, ARAF A% FHAAFY F718(41 %) AN, AAEY &
AAEAE %%6}% %%i@l Alg (tand), A SY v4+FF, ¥F, 4
o] AFFoA LAste LAAFRE A FEYAAY 2 24 @1
A e FA T 2A7] sHAGE AF AW Yorge 47
gozn vt BE&FY sHALHE Agdua o
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ff wR do 4o
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I. g A3

EAFEY 719 137) @Ad7)e] A8 Ay oot geon o 1
HMES 24 A4 dd, 4, 4, 4492 2 AR A H &3
Al sttt

1. 2A4A A4 AAA A 4E (EL-CID)

F JAFe AL dF Y2 HFd3 FAANYF FAY] 2ZAE &
H, 4713 o2 Qs 4AFI s E2AEY oju LYY= A2 Qg A
AE EEAIIVIE 3 A AHY AFE Fyrd)e Alao] o]2A =
715 Fh,

HAE FAe FHE QA Q8 FEE AFE AAsEey o
WES AAENA g AdRee A 7AAE] Y3 LAY AAAL
FENA AxA Ak Y}k Lt o] WL AHE 3] oldg B
ol &% UFe &4AS EE3V] 98 oW A I AR TR
EE-97F g EE FAE g Q) olHE FEZAFEY JdAHL A
71 $13 EL-CID (electromagnetic core imperfection detector) & 9%
Z AgolAxe GHES B4t WF &48 AR 9% Yoz
WA CME HZ o] 7led =98t &7 Azta] 2E ol&sta gluh.

EL-CID Aj82 3o dFA&g TAANINA 98 JRBAE o8
o 28 o] AAAML FAREG] 4%9] &L WA T|Y o] R
o] YAsE 2o ZW GdY A9 (magnetic potential difference :
MPD)E ®HA3ZYE o]§3ted A &49AE Rolul: W o2ZH Fig. 1
B Zeon ezt FAEGd diNE 2E EA 487193 100[mA]
& MPD 7122 Asn, 27 gAAS ALoZE ADWEL 94&
HEatgoen (1) 2ol (2Hms9, 199%8)



T‘/.l-".l:'

Vr= o5 x Kx ty %

0.04 (L

o 7] 4]
Vep AA AAYG
to 3 AY FEAAF( F ¥F EAFE 2 )
K @ 2 @dAs (9 092)
Vr 4% NE ARAY ol

ol HAFsY 157 TRV AL}A @AY 66 KV, =X 66
aER 1geRe 66/3=2271 o¢, 1497 ARATE =11 oJBE 4%
ANg ARAYE T3 2o

_ 6600 —
Vr W3 x0.92% 11 x0.04=7.5[ V1]

1

BODY IRON 3 |
STEP IRON STEP IRON
YA #1 S[AN 42 SCAN
-~ ™
\
i

SLOT 1 SLOT 2 5L0T 3

Fig. 1 EL-CID test at stator core



2. 1ZA AA =94 "

AR A SHE AE7MY B A2 AZe o FHAHQ wdol
Hol gtoy, B AFoAE B} AuE wier 2REJ F dHIY)
9] Jo= eHE 7tEta oY ¢SS ZIAA FX o o5 ABHe=
Ardrgen, Y9 A 384 Age AAFHE. 2L AP AA
66X 33071 fA st APty on xd Az ot v YAF
(very loose), ¥7H&(oose or hollow), ©&(tight), =1+ ©@(very tight)
o2 TEaaT

D EE &A3WE 2 e

M8 AEE FE sy ZYZEE o]L3e JXE A Wiy
7b v 92 FShdA HAE AR, £ dAU Aol dE 3o F
Wt A AA7F dA3A| ¥ AR AFEHA =golwE sty d¥ 4
A 89, = A/ £F goz dHUT €% AL 94 2o gy
7} 0.0600 A ol "HEgle ARy, ¥AELL AAE wW wxe T4
ojuf &l UL AT 44 A S AAE F dn AFY EAHS
PR Age] dAert i £% ¢ 9 dA 5 "ot g 23U &
Aol 9low 0.060%0% o]dloltt, g A7} B Lo d@d 4YE
W o923k HEo] AAHIT S LYol Bolzx gon ¢ X
3 gele §FYo] Rolx v medwde wdd AN oy
2& dEes ARY 185E 88 F Uk 2dns4, 199%)

2) AdA FAIE

& 7He) £RWe] 50[%] ol dAAT AL dXolH 2 £F HAE
A4 stegol &, & £F U 9% 15[%] =& Bd% 30(%) EAR 4
A7 EAA 2 €XAA "yl B A4R7)9 e & oA QYA s,
7+ ¢F9 g 3749 AR d& 02 AL EAA AREL AN
o =g 2A7] 3 dolE 137 Uiyo] 2 RE 4A A AL
£3Fo) 50[%]0) % oW I 1/3%EL AA QYA



3. AF AF A (PI test)

A% AF AL Fig. 29 dz=xet o] HAAEY AFHA(E U7Herd

ARAF-ANTY EHCEREH HAAEY FF, o2&, ETCE &4 € 2
VA Algelr), EdEY HWe] e&HAY EHHE FAAFA
AiF-AIZre] EdFdozRe Ta&o] vropx A drh o] A&
Z]T(Polanzatlon Index : PDE veEldsF e 2 (2)9 2o},
E@Pﬂhﬁ%ﬂﬁﬂﬂﬂ%z¥%@3%ﬂﬁW1@%%?Uﬁ“ﬂ%@ﬂﬂ
PIAl7) 1580 8 We dAA3E7 438 Aoz @At (2dasd,
1998)

N g
_(2{_1‘
=

mlo off = -lr
"
‘

Z:

I,

Iy @

Pl =
o} 7] A
Lo ASKIZL 18F FaAE
Ig @ ASEA7F 102F FAHAAF
EAy] nAAE DC 1000 [ V], &A= DC 50 (V] E 27 A7tste
Al @ skt

5 (kV] Automatic
Insulation Tester

Generator

i mr

i

Fig. 2 P.I test circuit



4. B394 AE (Partial discharge : P.D)

FEIH AELE, 144 Zﬂ“‘%—J o] &d =, %, ﬂ EEJQ} 22 49

0104 i]i5~ Fig. 31} %_H:}

EAEAYAEe FHAY L0444 Abol9] naFFe o TS, F
AAANER] HP—HL} Fale] ARG 3 dAFe] wheld s LA
t WA, 24 HAA JRdA 2802 FFE IAA B Holk
o] } Jo2 FAE Eyd, d4 FH9 3dy £ AUHA
2 el o) U}E.EM dojuvte €584, 7hag dAZ A HMF9

EE FEAAM A% 22U Ud 2 FE 1I5dolY A %
A79 @& % %MI*H EAEUTAN oAy dAe] £RWHol A
EA3 = Bde] gtk (D G Edwards, 1994)

FEGA AL 27 39 9 AR A AA e HA
Ao AEAe "Hrtsted g S8 W olch welA REUA AY
< A&Hoez ATFHI Jorm WAALY #H, 94A4 € HE 9 &
£33 SAYo] MEHIT A}h R E James 9 1, 1995 Fig. 4= REUA #A
9 FHE vehdl U

FAF3Y 157 $A71E 1000 [pCl o aiFs& SANA dAgS &H
St AA A 1.26WE Jlete] UAEHE AdFe A FAgs)
2elE BA A (2 9 2, 199%)
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| v L L Coupling

! | T Capacitance

I

| I

I

! [ Impedance
e | T []_

I |

[ J, ! N~

I 7 e Generator
Hl.i Test Transformer SystemJ Voltage —=Omr

________ Divider 7

Partial Discharge
Detector

Fig. 3 Test circuit for partial discharge



o

(a) Conductor surface discharge (b) Internal discharge

(f) Combind discharge (e) Corona discharge

Fig. 4 The trends of partial discharge



5 aF AHF A¥ (AC current test)

FAGES Fig. b Zo] AAE0 A/ AGEso 93ty F44
%—7} 7139, 7MYl EolA FEWAo] WAH MiEs Aol v
2 k3 Fig. 63 o] FZ3A Al olegfgo] ARI Frlsh= B]%._o_
FA8le AAE] d3 Fg ¢ Fawd ¥8 58 {‘:’r&‘:}. AF/7T 3%

J

e Y AYE AREF Aol 2, 2709 % o] &Y A
T+ 9 AYHE AIAF 9538 P, =2 B & 7*]]2 5 %‘%@(Piz)c’]e} s
o Ppe PAFIH A 7Idste ALEA REUH AAAY Y tan
& F/AAGT wnd dAse Aol Y3, P uAFI7e] M) 7
Aty AeozA HHAGH JFAAV dv Aoz A o uwEkA
AAAG Aol AHgse DeEvesE 2 d A B4 4 Q9 #
o] AFF71&(4DE A4St A& g}, (d9d74, 1999)

TA7) BF FEAF AEF R, S %-r”—'l?l 37t A A=
A ANBAR7A A7tsA] Rt A AFEHE 38 [kV]AA A7
3] Al sttt

a1=-1= II" x 1000 %1 2)

I @ A7 BAAL AN BEE AR
I,: AF7 AxRdoz F30y A 3¢ ARG A%



|1
I

| ]

(a)
=S
HV Test Transformer System Generator
I_ ______ —1
Ve
Fig. 5 AC current test circuit
Currenth
”
”
~
”~
1 .
d"’,
-
Io _ ,/’
-
/”
,/
Py E P Voltage

Fig. 6 AC voltage and current curves
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6. 498 ANgY (Tand test)

[s]
F

do 2
M

HE AFS FA4 AdAEY TRAAE 71Ed dvFos w44
F, FAES, FEYA 5o 48 fAEo s oy &4de] BA L,
ol UEE AEEZA tand § AHEET o]AE FAAA EE FAA
dgolgt 3, °]ZRE FF, L&, v4ATT FF T HIAH L 4%
AEE FAE AEE FA9E ANgeld @ ANEASLE FHAAA
mel AAEWY BN Rl A tand 7f FUHE TS AR
ZRE fFAYE APdAde FAAYAMY tand o B Al el
HE e AYAAMY tand &9 Xpol¢l Jtand E o] 83l FEAE, L
&, A 2 EIAEE FAFL o] dtand v HAEY A, A
BAQel BENA Fol 93 fFAE FIlEN G HL&FE FI
g AAgeletn @ 4 vk HA/Y R, S A& uF FHAFAFAA
H5o] FEAQ 43yt 43 AAH glel A APAS} 7AA AU
A F3tx 38 [kV] 74A st eu TAHLS 66 [kV] 7R Q7kste Al@
AT Fig. 7S FAGE AN EE o). (RHATY, 1999

L rt oy
RN
|

1
H.V Test Transformer System I

L 1 L -
Schering Bridge

Fig. 7 Circuit for tané test
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7. 9 A4 AFAH ZAAHEnd baskets test)

HA7) 13 @F A4 Huxgyd dAixd s Fger o] 7t
HAHA AFo] TAZTE o] WFL A4eA, dEi g AFozREe
WA REF 4o diste] A3 A %S ¢ o

T A2 GF FQ9 34 WA wiAWgoR FAE shEtar 94
ko A whg-g HA s, NdlE 9A] LA FAE Jsta 3A] W
Al ¥be-g Z2ATT olehge] 6A19 12A] WA E e wyPo s F§3)
3, ZA4E 249 dHo)HE vWade AHe #ZL FRF(frequence response
function)7t FARAF A=A AAEY ©@F FEZE0] o|=AEE ANFHA
AHAJ=A GQQdte Algeltt. A nf JeFr7 A7E AF Fu4q
120[Hz]¢} 4A =2 AFE Gzt LA 24F 474 AL BHag
o} GEAbel 93 HEjory Fug dgde 115-130[Hz] °l9 A7)}
0.l[g/Ible] o] W AX 27 5 X7 estdn Austa o} (49
a74, 1999)
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m. Ag2as 2 n&

B AZE 9% AF gAdeEgzE 1795 1314544178 HA T FAFEY
1%.7] 10,000(kW] 2A7]|24 @z4ua] o23= F7] YZ47ld g HHFF
¥ yaaeln) gapA oz AEay g x4 v AW
AU FAE AANETY dAez 22 AR E FEHo2 HAAL
B 198358 ¢A7] BHE FAsEd AlG ALsa da AETd FA
o] &3 wH7] AL Table 13} 7},

Table 1 Specifications of the synchronous generator

capacity 12500 KVA

voltage = - 6600 V
current - 1094 A
exclter vmlt; currant 100 V,-400 A
; number of phaw g | 3@

: . 3600 rpm

frequency | 60 Hz
W

msulatlon_('zlas% B
5!:81:01" wxl conﬂecnon Y

n&uta’al connectlan§ -1 100 A resistance earth
ms:call year 1982, 11

starnng and swp 1:1m¢es.-*I 58
aeneratlon hours 131,454 Hr
Ser; no. ‘ 1 KB690T0L1

ﬂgan-ufacture e | FUJI (Japan)

..13_



1. 3RAA A4 7244 A¥ 43 (EL-CID)

AR AA BFAA AL A8 2E HAL EE(excitor end)ZF oA
TE(turbine end)&d WL Z €% Fo AFHE 663 273t dEgge] of
HAFE 2490 Fig. 844 Hizule} Zo] A3 AF9 WX &
9l & & YN EF 71EA 100[mV], 100[mA] ¢l&t2 FE A epRtt.

Voltage

TE

EE
(a) Slot No. 1 - 8  (100mV/Div)

R n e
i Bl i
B : EEI . R
e ot vl TR
T —
s o e i
..rq‘.: - T————— - ™ A -
[l iy oY DY LA o s =11
EE TE
(50mV/Div)

(b) Slot No. 9 - 24

_14..



TE

(50mV/Div)

EE

(¢) Slot No. 25 - 40

R

i s
EE

(50mV/Div)

56

41

(d) Slot No.

....15_



EE
(e) Slot NO. 57 - 66 (50mV/Div)

TE

Fig. 8 EL-CID test results at stator core

2. 2AZAA dA =494 AA

DAA A 33070 AAE HAAE A ojeat 28470 (86%:8A), G
437] (13%:E-%), A% 370 (1%:34), d$ AL 071 (0%)2 #3184
o]E] & Table 24|A 8} Zo] Hyz=2 FA3o Jepdon Axkzel Abg

T

£ gxsth W AdFe weA g

_.16_



Table 2 Results of strike sound measurement

EE

c TE

EE

TE

EE

TE

EE c TE EE

TE

=

i

L?L' R

59

4]

51

62

63

&

P e —

ER : loose or hollow EEEEER : tight

_17....

1 - verytight




3. A5 AFAE (PI Test)

AF AFAIEL Table 3 2 Fig. 94 pi=ute} o] :AAE 1000[V]
o] Aoz AYPE A Pl RAY 278, SA 40, TA 4282 435 w44 H
71%EQ 1.5 o4o]l Hol EAle gley Azt AgL 100[VIZF AFelm

2 Ad g #Absle 500[VIel A¢gez A3t A Pl Table 4 ¥
Fig. 109} Zo] 10602 &z} FFEH] 7] WEd AxAZ F Y3 ok
o &% AP 2 ARF 2@y EWd Foly gtk

Table 3 Results of PI test at stator (DC lOOOV)

2= T
) )&*'73:%., 1%%%}(111&) 10¥~§k(nA)
SR 125 5
5 100 2% 400 ZLERE [ gy
<15E%
T 107 25 428 I

Table 4 Results of PI test at rotor (DC 500V)

e

EEEET e
N >15%%
_jotor . 49 46 1.06 <l5Be = %

_18__



{a) R—phase (b} S—phase

(C) T-phase
Fig. 9 DC current of P.I test at stator
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I -
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‘.{ i :

r
1
!
I

THLE
Y EST
Gen /ROTHR -
feIoimer ¢ sommx

pinjom e

- g _W_H.,.H_ S X

e AR e

Lhfom

o S
1 me) o 2 v e i
[}

Fig. 10 DC current of P.I test at rotor
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4. 23294 AlY (Partial discharge : PD)

FETA AgelAE 1000 [pCl o) FE£HA AN AgE A 24 R,
S, T4 7tz 21[kvV], 16 [kV], 27 [kV] 2 vebgon R, 842 44
#e 38 [kV]E Askstel A@E A7 70,000 [pC] o FAPsFe2 Y
eht B371%9 30000 [pC1 & 278t ol o o4 AYHLE S7tel
A Fatn sesgoy T4E 45 [kV] 7 Agd 43 12000 [pCl 2

2 259 =z #A43d32 A= Table 5 ® Fig. 113} 2T

Table 5 Results of partial discharge

SA%| FEUAd | REYA (du REuA da g4z | B =
A ANAY | 2¥A%F | 38KV | 45KV |~ T T
21KV | 17KV | 70,000 — =10,000 —
1859
S 26KV | 14KV | 70,000 — —
<30,000
T 27KV | 26KV 5,000 12,000 wy | &F9

(a) R-phase

,_21_



(b) S-phase

(¢) T-phase

Fig. 11 Test results of partial discharge
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5 35 AF A¥ (AC current test)

V7 AF A 4= R, S FESA AN €4 kel 1749
d3l7t s AAEO o] APARE AFHAA AvtEkA Zaa FHSt
o g+ 38 [kV]ZHA 713t A @8 solx Table 6, 7 % Fig. 12,
13e1 4 Ko AejftA o] 87t AT TAHL 6.6kVZHA Q17Hste] A3
3 A3} kF g3 2 e Table 8 ¥ Fig. 143 2

Table 6 Test results of AC current at R- phase

lemgg 1y ] { Current [ mA ]
: ' 375
54.1
72.6
90.5
110.1
138.0
0.00 - =wAz e | 4112 |
300
270
240
E 210
18]
=180
=
(@] 150 1
120 11 1/"’.
s
a0 G
&0 541
3
T
0
0 1000 2000 3000 4000 5000 5000 7000
Yoltage

Fig. 12 Test results of AC current at R-phase

- 923 -



Table 7 Test results of AC current at S-phase

Voltage | V1 | Current [mA ] |Ratio [mA/AV ||  Remark |
10045 %63 36.14
14857 53.9 36.28
2018.3 72.8 36.07
25027 907 36.24
429766 103.4 36.42
37904 1375 36.28
I 410%) | 0.00 [ #4571 | 4Kk12 |
300
270
240
210
5
2 180
3 150 191
120 1 4/”.
o7
S0 5
539 /
60 ELE)
” 0’)'
0
0 1000 2000 3000 4000 5000 6000 7000
Yoltage

Fig. 13 Test results of AC current at S-phase
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Table 8 Test results of AC current at T-phase

Ratio [mA/kV.] || Remark
36.84
36.75
36.58
36.42
36.42
3652
36.56
36.58
36.64
36.76
3694

#AE | a1<12 ]

300

270

2831
240

£13b

210 2

180 3

Current

150 138

120 1089

60 )£
30

0 1000 2000 3000 4000 5000 6000 T000
Voltage

Fig. 14 Test results of AC current at T-phase
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6 5498 A¥ (Tand test)

FA AE8AYE 2 R, SA HA Table 9, 10 ¥ Fig. 15, 169+ 2] A&
A4S 38 [KkV] o4 73R R3ke] AdEiwA o] Brls oy TR
6.6 [kV] 742 1718t AlgE3 Z3} Table 11 R Fig. 17 Z°] 1.386%=
F5% AHE <A,

T'able 9 Test results of tand at R—phase

Voltage [ V] | Tand [ %] | Capacitance [ nF | Remark
S0 10 3.310 94.16
20 3310 94.16
3.0 3.310 94.16
3.8 4.042 94.28
| 4Tans (%) | 0.732 I HH 7 & | dtand <65 |
10 97
9 %
8 9416 9416 9416 9428 1% ,.\
7 *-——b——-=e0 4 9% \L{___)
<6 I
g 4042 1% g
8 { 3310 3310 3310 19 &
Nl 158
2 1{ 89
t 188
0 . — . ' .t g
0 1 2 3 a 5 6 7
Yoltage

Fig. 15 Test results of tand at R-phase
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Table 10 Test results of tand at S-phase

Capacitance [nF'] |  Remark
93.65
93.65
93.72
93.97

| 4Tans (%) 0.161 R X | dtans <65 |

10 97

9 19

8 19

9397

9372 e
7 sts 93f5 i { o UC_
X =8
B 12 &
w5 3975 3925 4031 4086 =
E 4 el 19
3 1o &
(8]

2 189

1 4 68

0 g7

0 1 2 3 4 5 B 7

Voltage

Fig. 16 Test results of tand at S-phase
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Table 11 Test results of tand at T-phase

Voltage [V] | T Capacitance [ oF |
1.0 4816 94.76
2.0 4.816 94.76
3.0 4816 94.76
4,0 5.200 95,02
5.0 5.600 95.53
6.0 5912 96.04
6.6 6.202 96.42
ATan & (%) 1.386 B 7|E dtané <65
10 104
] 103
8 102
7 N §202 4 10 %
w § 4 99 -E
& 4 1= &
a
3 ogos 242 7 8
9553
T 9476 9478 o478 902 ] :
0 Y]
D 1 2 3 4 5 6 7
Voltage

Fig. 17 Test results of tand at T-phase
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7. 8 AX AFA AAF (End baskets test)

1) Exciter® 3-94] &k
End baskets AFA F2AAAE Fig. 18 (a)dlA B E=nlee Zo] exciter
29| 3A] WA FG 7t3t 9AlelA WSS AR on, HdE 94
“J‘%k""] A PE 7EA 3A] WEk A HbEE FAS Aol (bolw (o)e (%t
bE #7Zt 4, g2 vadgen (de (@), e ZF3E FA H]ﬂﬂ A
2.2 FRF (frequence response function)7} A9 Zon A7|H F Fuf
120 [Hz] ol M= 5ol AstA] gokvh wakA H7]14 Oéff}% Gy R
AN E& A= FE3n d17]) die] g wAAdE 83 g

IlIiFT}'Ii‘FfI]TTFFF‘[I

1.00 Mu\f‘v\?w ¢ »ﬁ\(w\:

| Lire Ak
rd

LN ARRAN i R R R RN l

0 3Ky

S 5 "
[T Liix.

(a) Test result of exciter end side

( excitation Force 3 clock direction, vibration response : 9 clock direction)
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(h) Test result of exciter end side

( excitation Force @ 9 clock direction, vibration response : 3 clock direction)

0500 i, e

(c) Comparative data of exciter end side (a) and (b)
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(d) Comparative data of exciter end side (a) and (b)

Fig. 18 Test result of exciter end baskets at 3-9 clock directions
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2) Exciter® 6-124] &

Fig. 19 (a)olA] EEulel Zo] exciter®9 6A WA L 73t
1241914 ¥k8-& EAstgon, w2 124 WA g2 JhEA 64 BF
QA HEg 2% Aol (h)oly (c)= (a) ME Z+d 4, st& Bl w33
o (d)E (a), (0 AFAE S e 302 FRF7F A9 2oew A
N A% Fa5 120 [Hz] dAE 9G4 A%e] AR &) weEkA
A71H gL glon FA RESAHE dEe ] @i i wHy=
A deX @2 Zog w4,

|
Lir Ampl §
kg |

A

(a) Test result of exciter end side

( excitation force : 6 clock direction, vibration response : 12 clock direction)
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(b) Test result of exciter end side

( excitation force : 12 clock direction, vibration response : 6 clock direction)
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(c) Comparative data of exciter end side (a) and (b)
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(d) Comparative data of exciter end side (a) and (b)

Fig. 19 Test result of end baskets at 6-12 clock directions
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3) TurbineZ 3-94] H+&F

98 EA FHHAE Fig. 20 (@) turbine 9] 34 WA A&
7t 9A ol A HHS-S E Ao, R 94 WEd A {& 7HEfA 34
akol A uh-g-S EAF Aol (b)old ()& (a9 (bE 4 74, 3tE vx
s (e (), 09 23S S0 vme o2 FRF7} A9 zZov
4714 A% FE 120 [Hz] ol ABo] wastx gt mhebd 2
718 4% gled AM BT dsstan dHY] @Xe dE 2 Y
= HexA ¥

= -3
Lin Ampl -
kg b i
L .
nooo | . ]
1 o0 M\W ,' o i}
L Aonpl \’ 1l
5 \ o
W
13111 I 1 A
0. Lin. Hz 400

(a) Test result of turbine end side

( excitation force : 3 clock direction, vibration response : 9 clock direction)
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(b) Test result of turbine end side

( excitation force : 9 clock direction, vibration response : 3 clock direction)
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(c) Comparative data of turbine end side (a) and (b)
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(d) Comparative data of turbine end side (a) and (b)

Fig. 20 Test result end baskets at 3-9 clock directions
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4) TurbineZ 6-12A] =&

Fig. 212 (a)olA Xinlel Zo] turbineZ 9] 64 H&AA L& 78t
1227 &2 FAEqe, vt 124 WEkl A g-& steiA 6A1L
A W8S FH3 Aol (bW (o)t @ (bE 47 43 vusge
o (d)E (a), (b)Y Ad3E FTAd ¥ 3 zZez FRE7F Ao zZen H7)
A A% Fa¢ 120 [Hz] A= GA o] wAysta egioh, whaba A
714 4 flor dd FEAEUE FEF } uA 7] @2e] gk wA Y
T Hex @ Ao AAHHY.

1.00
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1/kg

L LI T 71 LI

o8 R — 'r ot

Lin i}mpl K

0.000 ! 1 1
0.000 Lin. Hz 400,

(a) Test result of turbine end side

( excitation force : 6 clock dircction, vibration response : 12 clock direction)
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(b) Test result of turbine end side

12 clock direction, vibration response : 6 clock direction)
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(¢c) Comparative data of turbine end side (a) and (b)
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(d) Comparative data of turbine end side (a) and (b)

Fig. 21 Test result of end baskets at 6-12 clock directions
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