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ABSTRACT

The objective of this thesis is the guideline for the
inspection, test and trial of installed or developped
generator of Hydro Power Plants before actual operating.
The testing process,operation and testing result must be
followed either its specification or the agreement bet-
ween employer, consultants and manufacturers.

The details of the thesis is emphsized only on the
preparation of testing,operation,testing process as well
as analysis and the result of Dry test and Wet test for

generator by relying on the EGAT standard document as

reference.
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wnaupay Shaft turbine ﬁﬁﬂﬁﬁﬁuﬂ0165ﬂtﬁu Propeller Turbine (Fixed
blade) uar Kaplan Turbine (Adjustable blade)

3. Diagonal flow turbine iiuLUUWANTEWI1e Radial wavAxial

flow turbine 1@uf Deriaz Turbine ﬁdauﬁiznaUQQﬂﬁnﬂuﬁau RSN AN

U3¢ inding
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. . duudv 4 A
Francis turbine LﬂunﬁwunﬁﬁﬁuﬂnnqmﬁuUTsLnﬁYna LUANIN
fulTEnauda Yﬁﬂizﬁnﬁnﬁwﬁquasaﬁuﬁ701¥ﬁu Head @aufns@1ufy Head o
1 H . '4 4 o
watunsal Head @A Kaplan turbine qs?ﬁﬂszTﬂﬁugqqﬂ tuavINndu1Talsy
uu Blade 1@ 3qﬁﬂ1ﬁﬂis§n§nﬁw§q1uqn 9 #2918y Load
. . - . - . G g w1t
Reaction turbine ?dn¥ueauuv@Aa Bulb turbine T9ulHas"y

o e s ¥ 44 )
IR IMTUTRUTE L NEAINE ANAS0AAAIENL TAUUINHA ?.Quaiﬁﬁﬁﬁﬁ Bulb turbine

U

[

& . ; . <4 o [ o« .
faa Kaplan turbine 49 Turbine HANHuLiw Package type @ay Turbine
LAt Generator aénﬂa?u Caseing ni7Ui19Aa 8Nz (Bulb) ua: Casing
y o ¥ *
uquagiuuﬁ
2.1 Francis turbine
< e ow . < et w ")
tduANWuLUy  Radial flow @a u1A187@ Pressure 1uatnﬁ§
Runner N14@ 4819Ta8TaUMA2? Discharge 2anni1y  Axial #ia WuIuAREAN
. ‘ : t l":dl
Shaft n1swyumay  Runner WAL AAUTI LRI BIRNDETHLAUIN IR L 1A
N oo . ~ v -~ < < X
Runner Pressure u1N Runner inlet 3J9AaV@N1waIwaniIzidIfUSULITILNILIU
v
[V . 1 3 1 4 .
WRY Pressure H9AaYN1THLAAAIINLTINANUTTY Runner af1diWwasIwanaz Dis-
v o, d v '
charge 4U1W14 runner vanes A1NN1IN  pressure WANUIANAYTENINNEIU
runner Francis turbine 505@aé1u Water turbine uuyl Reaction
2.2 Kaplan and propeller turbine
Kaplan turbine ds8ulTsnauaatafy Francis turbine #®1n
. ’:‘4! . ar . o o 4
Kaplan turbine unnw4 Guide vane Luuur SN (Radlal)QsQﬂUQQU?ﬁLﬁaﬂu
[ . v
Liun1TIMatunu2unuiag Turbine cover uaq%otﬁﬁé Runner uasaané Draft
tube Tuuuunu Kaplan 3¢ T¢AU Head UTeum 150-200 ﬂﬂ 82U Propeller

3¢l Head Mssnu 90 QM

<4 . -
A. taTavnituelwwa (Generator)

4 . 4o ye . o ¥ o
LRI L UATWHINTIEH UL ARAUA AU RILUNAINAIINL T2 (Speed)
1 v v ) %.’
LRZIUTIADEINAINS 9 asaalyu
4 i "
1. 1a3av High speed mu1@Lan @a 1nu1@ 200-2,000 KVA. N
' : « X <t a .
1,000-750 5aufauIn  (M301R6@112711) frunntduriatwaiuau(Horizontal

shaft) @a@g4iy Impulse turbine



o4 . T
2. 1A72Y High speed au1auqy @a u1a 3,000 - 100,000 KVA.

4

(M?ﬂgﬁﬂiﬂﬁ) wHu 750-330 Taudauld AFIANA L WA MAULAL LHAEY LAY
Impulse M3a Reaction turbine

3. 1A389 Low speed TUIALAN #8 BUAR 200-2,000 KVA w250
TAUAAUINAINN Ui 9TUG 5,000-10,000 KVA wiu 125 TAURBUINAINT  ®IU
uniiugliaiwande  (MuazAy Francis w3a Kaplan turbine

4. 1a3249 Low speed 1UNATWN @8 W16 5,000-250,000KVA. nia
gqniqﬁ WU 250-75 SauRaUAT | uriie Lwa l LwnsHUFrancis %38 ‘Kaplan

turbine

5. N1TETUINAIRINITHAR

v N < ! s ¢
ANTHAGIWHINR YUY A2N1T L UREULUANFAIWE NI INFR NS WRII1UEN S

ﬁ )¢ ' o ..: b d b e ‘l’
l uwaﬂﬂﬁu1ﬂﬁﬂ TagAHEAINUUARAINTAITEAUUN L VUD L HAUKREN 1AL TAY

[V 4 o 4 o o
WAIIIUENE —> WRIIIUIAN —> WAIIUNR —P waﬁﬁqu1Wﬁ1

(Potential (Kinetic (Mechanical (Eiectrical‘
Energy) Energy) Energy) Energy)

Liau ——» Hadin — b fedutin — tadavdndatuiin
(Dam) (Penstock) (Turbine) (Generator)

o X < o o o N 4 .
ATTUUTRAIWANAWR UL L TUWH 9 TWH A Taga 1@ afaiuiILar LATaNAN L UA

1wﬁqLﬁu1ﬂmﬁu§msﬁqﬁ

P = 9.8%H*Q KW.
32 P = 9.8%n_%n_¥n_xHxQ KW.
4' - T TS v ¢
bl P o= AaNuaatdunTaiae
H = AmAs A TER LTINS (effective head) Liuiuas
ol w g e o M S
Q = tiwminftuatufeifuta (Discharge) il au. tuas/3uad

e

n. = TsAInTawzavheiuin dan 93%



- 12 -

- < . Iy '
UizaﬂﬂﬂqWﬂaﬂlﬂ?ﬂﬁﬂﬂluﬂYWﬁﬂ ﬁﬂq 97%

1}

nQ

UTeANTAWEAINARIUN  90%

n,

[y a4 - v oa_ o €
wise Wi LaRadall = 2730 DH#n_*n_*107° (Auitadan-H11uw
< . Nod 0 e o < w

tda D = dudaminndaasuuiviuaalt tuau au. LuaT

WA = 3479%k*/Hxd”

Q

I 1 's ] v [~
d = Lauwﬂﬁuﬂﬂaﬂoﬁaonadouﬂ LUULHRT
k

¢ 4 o @
= A1a¥n (yetdTzun 0.10-0.20)

v
as I3

o I's -5 S
Qmﬂuuanﬁﬁﬁ&ﬁﬂﬂﬂiﬂiznﬂiuuo N¥¥UUN AR  Specific Speed

PN ) < < ' < v o N dov. o Luv [V v
%ﬁuﬂﬂuﬂquﬁq LHUAIIN L T390 UAAUINDAINIRUUINTHAIRITR 1 IIH naela

4 . ) 2 d v o Yo,
Head 1 1ua7 nuzn Wicket gate (guide vane) itlataun  wazivduiIniaeu

4
2

4 ¢ . ¥
ol ﬂﬂﬂﬂizﬁﬂ%ﬂﬂWﬂ@Qﬂﬁ%aLﬁautﬂuamiiﬁaqﬁ
UG

9 U

_ n JP
s - s/4a
H.
t¥a n_ = Specific Speed
< ' f
n = AIULTITAUARIUIN
P = WIIHLURTA
I~
H = head 1duiua9 (=0.7355 kW)

P v o Moo { w v X
ﬂﬂTLaﬂﬂ1ﬁﬂﬂﬂuuﬂNMaﬂLﬂNﬂﬂQﬂQ 1 aNy

Turbine Type Head n_
VUL uas

Fixed blade 1-30 8.3-300 |Head @AMNAAFIAINI 30 A%
propeller

Kaplan 1-60 {1,100-400 |Head nanynu 884781218 30—

300 LURT
Francis 25-450 400-50 |Head g§wu1nn31 300 VAT aut
Pelton >250 50-30 (Multi Nozzle)
30~13 (Single Nozzle)




L
UTEANTATWE A9 IUUA d1u1m1ﬁqqn§m1

Efficiency = Output
Input
n._ = Generator kW
1370 QH
] . v Y a o4 o v 4 [ EN Yod
H = HaRIITERINITEAUUNLHAUD L BAUNUNIEL IBULUULNAT UFuuun

] Y o a ’{ y 4 as 4
1Maw1utﬁﬂﬂﬁnuuﬂﬁqsLﬂaauuﬁaqLﬁuﬂﬁﬂﬂﬂmsqnu1ﬂﬂnaaq (Square Root) 8y

b ¥4
Head &vu

Q = K */H
< < <
tua K, tiumstaen
WA P = K_*QkH

< ' <
Lda K Lﬁuﬂﬁﬂﬁﬂ

€
D
&
&
-
=
las)
1]

K, *K */H¥H

asz

K*H

=
oy
3]
o
]

HuABWRYIIU (Out-put energy) qatﬁuﬂﬁnﬂﬂTﬂam1qﬁu Head
v v 1Y) v
IMNAINUFUUUTTIIOY LT3 a0
" ¢ ¢ < ~ R Y ¢ ¢
tdagtduanadn1gt Usunidavnay  head FrdeanttvtUas L duaeas
o ] . e v o a ¥ g
wavvutdaautddssuw 1 tn1 aant head LﬂﬂﬂuYﬂqwnLﬂu(§0ﬁuﬂ1amﬂaa) 1%
(v dv g S v Vv - -,
uavvuniazu1ntuvTauagataulta8id9sd1 1.5% I103ITUIULAY

Head Variation

it l < N [A .
TagUndns? Head maviiarliadn @a An 151 URsusUlaet duyTzdItaqu

ar

b ¥4
nan1a Turbine @14 9 FurTaduaefule aen

Turbine Type Head Variation Tuinu
Impulse 55%
Francis T0%

Kaplan 40%



EagaT705ﬂ1wﬁqﬁﬁnaqﬂﬁsiwﬁﬁdﬁawﬁmuﬁqussLnﬁinﬂ w.d.2536

30170y ﬁgq ¥UA28Y Turbine| d1u2u | A189MaER
(39n7a) Unit MVA

BANATEINY S0 R Kaplan 1 21.2
LB TUNAN nﬂmquy? Francis 3 69,92,115
d3uaiung nﬂmqug? Francis 5 150%3, 220%2
nﬂﬁeuﬂ nﬂmwuy§ Kaplan 2 20%4
J89nan ﬂiﬁ%ug% Pelton 1 0.03
AT ﬁaﬁﬁ Pelton 2 22.5%2
naany ﬂﬂgﬁ Francis 1 1.5
FTuny CHEERE LAY Francis 3 14%3
quaimﬁ nauwAY Kaplan 3 12%3
Eﬂﬂﬁ fdnauag Francis 2 3.5%2
xb 2 SIEEF IR §1ﬂ&a§ﬁﬂﬁ Francis 3 89%3
IR Hran Francis 3 28.24%3
Hudua HEA Francis 1 1.5
nlwA fn Francis 7 80.3%2,

73.7%4,121.7
a3na qmiamﬁ Francis 3 132%3
wada L da9tvn Kaplan 2 5%2
finurunans L BaaTu Cross Flow 2 0.1125%2
TR R R RN Cross Flow 2 0.07%2




2 -
6. ggganﬂQLnﬂua

15

a - < a 4 4
EanﬁoLnﬂuﬂﬁQQQﬁuU1uu§qT1q1wﬁﬁLnauguwa ta9a9n 1 uaz 2

ia
ﬁﬁi TiqTNNﬁwﬁqgﬁnﬁauQﬁwa finuniya a. tauda
A.870197 R.01N
118017 dnwuz/Taya ﬁﬂﬁms/ﬁaaa qﬂniéﬁ
ﬁﬂuﬁﬁﬂﬁiﬂ%UUEQ wﬁﬁﬁﬂﬂﬁiﬂ%uugq LUABULLA
ANAIWAG
q9ea 84.5 MW. (Head 96.0 MW. (Head
123.2 M, 123.2 M,
Discharge 75.8 Discharge 84.0
cms.) cms.)
Wil 72.34 MW. (Head 77.5 MW. (Head
100.0 M, 100.0 M, Runner, aun i
Discharge 738.5 Discharge 84.0 UTsﬂﬂﬂLﬂéﬂﬂ
cms.) cms. ) ﬁqﬁu&ﬁ,qaﬂqu
Aga 38.03 MW.(Head | 42.5 MW.(Head |aua31iia
71.8 M, 71.8 M, (Spec,
Discharge 61.0 ‘Discharge 61.0 Schedule I.)
cms.) cms.)
A1%15250Y 150 Tau/u1f 150 T2U/®AN
Speed Governor Mechanical type |Electro-hydrau-
lic PID. type
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918017 5nvms/ﬁa§a ﬁnvms/iaga qunﬁéﬁ
ﬁauﬁwnﬂiu¥uU§ﬁ nﬁeﬁwnwsﬂ?uujo LR EuLa
La3a e datuiln
Q13T NTEUARAY 3 LW |[n7sudddu 3 1WA |Stator core,
%oTﬂiﬁa,unu%q, %eTﬂiﬁa,unugq, Stator coil,
TEUNEAINTAuGE | TrungadnFaudag|Field coil,
8101¥, umbrella |a7n1¥, umbrella qﬂniéisuu
type type excitation
(Spec,
Schedule
17U 2 lﬂéaﬁ 2 tﬁ%aq I1.)
ATRINAR
gﬁqﬂ 84.7 MVA. 99.5 MVA.
Wia 73.7 MVA. 80.3 MVA.
Wialw1L2aTuWALaad| 0.95 lag 0.95 lag
TRENE RN 13.8 kv. 13.8 kv.
AL 52701 150 Fau/u1n 150 Fau/unn
Wiaa2ud 50 Hz 50 Hz
sedufunavauau B F
Excitation Amplidyne type Static type
qﬂﬂiéuazizUUQaqu
TEUUVARUAN Manual operation|One-man control qﬁﬂiéﬂﬁuqu,
(computerized Gen.CB
control) (spec,
Generator CB. Air-Blast type SF-6 Gas type Schedule

III.)




718017 ﬁn&ms/ﬁaga ﬁnums/ﬁaga quniéﬁ
ﬁauﬁﬁnﬂiu%uu§o wﬁﬂﬁﬁnﬂ1u¥uu§v LA AuLYA
A tatudn
Wy flattop, strain- -
bus with double 1uinng
bus switching Lﬂgauuﬂaﬁ
arrangement
1UR 119 34.0 . % -
817 44.5 .
BUIALTIAY 230 kV.& 69 kv. -
TEUURHR
AMNAUINIUEN D - Lainng
fanildaguaigaiTan LA AuLLA
AIETEUULTIHNY 230
kv.

7. n1TuTsnay Stator winding (Frabrication of stator winding)

LUUNITRARNTARIG stator
A9ABNARI0 stator
Winding diagram

a ¥ oo o ad
ﬂﬂ?ﬂ@ﬁﬁﬂ?ﬂﬁ???uqmﬁﬁﬂﬂ stator

<4 a < £ o v
LATANHBLRE /NI UNTAWL N aIN1T

#77895UTuLUILt WA 1Ay Bar ends

Dosing equipment

- -« v [}
Pressure pieces & wYusa Bars TWuuu

andu Pneunmatic wian Jet @wmTuwdntI3udy Hardener




!

7.1.1 A1TLRTANANITAMTUNTRAGSIARIA
. 3747 Slot @79@u Stator winding diagram
. 4 ¢ v
. @723day Winding bars Tusunuavinule
) ] . 4 .
. @92388Y Function 18y Dosing device LwWaun Elastomer
e ey v v 4 R T
N (mao%miunﬁ1m7qqaaumaamanqnqwuﬂsgnLiunuanﬂiq)
a < X Ul .
. Laanu3unmunay  Elastomer Nwatwutal8a2ling Diameter
i N1y Bars T93¢@avNinIeng Supervisor

- Ki - d : ¥
USuunwa L uneAD U7u1mnuwnﬁ§anaq Elastomer iqﬂququwuaquqn
< lclﬁ Iy v v v Y [y
ngmtnwnt uldlanavedia1uE19ray Slot TaatuatrtagL alUlugavsrutgand
< - ¥ v o ‘ua, a v
2BVLAULUAN BREUTUIUUILADIINENINAINARIATUIUNITRAGIHARIG
& o @ . 4 ao - X ¢
nugLve ELASTOMER +UUSITANRIUT NUTHEN ELIN NaﬂﬁuNWTﬂﬂﬁaﬂﬂizﬁﬁﬂ
<y
2 UTzna196a

b %4
N < <

< - o 4 lJ A
1.#472848& Stator coil WarFuuT« HAVEY NINATUINE LAULATEY
1, vy ' ' & v [ o
2. 898U MNAE 2N ITNTENINY TARIAURLUAULNAN BandavI19REN
Mifie Partial dischage uaznwsﬁuﬁ11ﬁtﬁmnw1gmtﬁﬂ
7.1.2 ﬂﬁiu71§ Lower layer
¢ vt o
. Set up Qun1m1unw16ﬂmq Stator bars uar TasTutlusunnu
LWAN
- < w v a <
A@ Elastomer aINaus19789 Slot @18UTHIUNLUNISTUTY
AaaunaNvnay Single part stack
U773 Lower bars Taaiandlun1vLag2fuLAUL WA
s [ v & w
. Bars azgnﬁiuumGYQLanuaamﬂuuuaunu
X a .
. #a barsTaatlfA1liuTvuar Pressure pieces @MUHUL"Press-
ure pieces for fixing the bars"TmﬂL?uﬁuawnjﬂ50ﬂaWQﬂaq Stack clamp
uuA L] L] 8 L] : dv 1
bolts ﬁaqgnnuaaswa?ﬁuu?qqq Elastomer UuU AT&1828197UTLAND NATURNY
189 Slot WarwiiNgI
Vv
. flunan Bars @ 1ua91a8?f Siliconized glass -~ fibre-
filled glass fabric tubemuuuu"Stator winding mounted"

< m11?aau3u%1ﬂnaq Coil end WARENIAINUREDIAWTANRTIANAY

Slots



faa117e39  nn

“o

1118187 Fixing 1av Bottom layer Ban@avATsfiiniv’n 2
1anan1T8adauia (Fixation)

1
<
1

[el4

U

7.1.3 N191@78y Slot thermometers .

uuanwsaa%@ Slot thermometer 534tﬁu1Umﬂuuuu"Insta11ation

of stator temperature detector" uarileadas Silicon protection tube
unsﬂﬁamiqwﬁuqmﬁﬂﬁLﬁwiﬂﬂuﬁaquQTsﬁ61@§u(Interlayer) LRz LAN Elastic
silicon compound a&vli ﬂﬁﬁ?ﬂnﬁ Compound ugﬁﬁquﬁq ﬁﬂu#Lﬁuﬁaﬁiﬂﬁ1u
Interlayer @avlaa28 NOMEX adhesive tape

7.1.4 nﬂiamgﬁ Slot thermometer WA¥ATT21UUINITAD Lﬂu1Um1uuuu

7.1.5 ﬂﬂ?ﬂ?ii Upper layer

[ < ' o
30¥17 Elastomer avuu Bottom bar TudIuamina 9 AuR1Eu

o“r v U
ninanau

14 Interlayer

v
#n Elastomer avuu interlayer Tut3uqminiafiuaSenau

U773 upper bars @ nUuILAULNIAUTY Lower baruazdatliiuiiu
#78 Pressure pieces
12@233¢%9 1911181 Pressure pieces aanBiavnisnianieann 2 Fu funeu
Suda
7.1.6 n1914 Slot wedges
N1a31udsa1a Wedges War Dove-tail slot naounu;anﬁaﬂ
¥inan
189319781219 Wedge WR¢ Upper bar 0-0.4 mm f118Taang
iﬂgﬁwuﬁw@nao Wedge 1Mn17UTuuaAef19111u Wedge asdavtiiuiag: 1ty
davnae Stator
18 Wedges 111tUTuna"a Slots
. g Wedges 1Muuuiaald Elastomer 5@L§W1U1uﬂ30Wedge 988
& w . 4 .
Eulanu339171uaaanu1nUaﬂanao Wedge
7.1.7 %umauqaﬁwaﬁwn%nnﬁin71§ Upper layer

fiuuan Top bar 1Taaqd Siliconized glass-fibre-filled

glass fabric tube



. ﬂ‘i"]'iaﬂll:ﬂ‘f’]\inﬂ\iﬂﬂa?ﬂ
7.1.8 n11ﬁan?jadassuiﬂw Upper Wat Lower bars @28i3u
7.1.9 n191Y Insulating caps ﬁujadaﬂaﬂanﬂaaaﬂ11 Filling Wiy
Insulation caps AAwauanY Silicon Audisdluilienau 2 #ie 7 Ambient
temperature
Base compound : Silicon rubber RTV 622 AB

Fire protection compound : Martinal OL-104

fnT1duNAY
dulTznay A fulgenay B Futsenauiulv
(silicone rubber) (silicone rubber
hardener)
100 {uTaauaa 10 F2UTAENIR 40 @UTAENIA
£I9LIRBANIUIUANT = UTEHAM .50  uIf

< o !
229128 T2 Ussuan 24 H2Tuw

Grounding Adhesive agent (901)

ATTUAT @

. ﬁﬂﬂqquﬁsaﬂﬂuasaaiatﬁau

. ﬁﬂ Grounding uuiﬂ#ﬂslgauuas Insulation caps.
1aR277¢59  UdaatiunvlTzus 90w

. WdW Filling component HIIWA L UL

. 1% Insulating caps Nl&A MINUIuwEaY Filling w&2danA

7.1.10 a13aa Spacer T¢uIINURANATARIA Upper ua¥ Lower

AN9L6% Siliconized glass-fibre filled glass fabric tube

U . : < o 4 -~ .
et tuduuanna Epoxy-resin ?qasunqadnqmuqu Ambient

3“@ Epoxy-resin : Cy 8043
Hardener : Hy 242
faTduugu
Resin Hardener

100  RIUTAAUIR 40  FTRYUIA



aa
NI7UG

) éu Resin1ﬁ§qmu§§ 35°-

40°c warwdu Hardener # Ambient
temperature uUTuA 200 g. - 300 g.

Laudquwauaq1u§n§n Pneumatic
70a277839  Pot life N 30° c HAUTENAN 40 UIR L2185 9dA Chardening

time # 30° ¢ yYszum 15 hrs.

dadundunay Resin-hardenert #7111l Glass-fibre filled

Glass fabric tube @28 Pheumaticpistol waz#iaam (jet)
7.2 naTdadie Stator winding n198a N1TNATAY WATAT1TINA
unﬂﬁaaﬁﬂﬂi -stator winding connection
-stator terminals

KLUUn17UTenalY -Generator neutral lead

-Winding diagranm

7.2.1 NITAAUURY NITABNARIR

»
o

. @@y Connection ring seqment @1uuuy "Stator winding
connections"”

. Aa@vi2 Stator uar Neutral point CT

fun1Taatanasniianias

=

. %2aa Connection ring segment terminal and transformer
. 4 v 1 g I
connection LWANITUTUURASUALHUIUNITLBAUND I LNARA Y
; ﬁwnﬁiauduamL?aunaqnWidawﬁauﬁaQﬂizuauaanida Terminal
a8 Cold-setting wet-winding insulation material

5&@ : tndauly (Insulation tape) : Volta flex F 0.15

Resin H CW 2245
Hardener : HY 956
BRTIRIUNRY
Resin Hardener
100 #2uTaauna 9 duTaauIa

1991281055835 ¢ YTz 60 uan
a

o d4 .
129120 ITUNSEY ¢ Uizu7m 24 hrs n Ambient temperature
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nTINID :
-1 < v -
. nﬂiaqwuddunqsgnauaumdﬂ 87uWdy Resin-hardener
[ ¥ v 4 [¥] < 1 %
. WRINUAUIUTH L WA BNAULRALAY
. 1¥d7uwdu Resin-hardener niana < Turasinaulu
7.2.2 ANTRANARIN
] ﬂnﬂquﬁa@iﬁ«dﬁﬂ%ﬁiaq%unﬁqdaﬁaﬂ Smino compounded Sili-
cone rubber uariaadTHLi

3&@ : Silicone rubber A33

aa

ATINWID 2

N . s 1 ] -4
. 18819 Silicone funauazUWG2IBLATEIBUIALAN

[y
o o

. @afy Connection ring segment @ uyuy
t v - . V< #y .
. ANTADHARIARAIA L NU nﬁnﬁiauduﬁaaangnt aua18Hard-setting
Wet-winding insulation (Q 7.2.1)
} 34
. tufiimav CT
- . - v v o v
. 08 Terminal connection WaE Screw LINAANUANIE Network
terminal
# Y -
- tHaN3IaRangLNy
. ' 3- ' b od v e s 1
. audujﬂaa namauasjﬂmanaonuauﬂaqaaadaq Wet-winding
Insulation
. @afi1@a Coil group 1m®ey Lower bar was i dauL iafy Lower
bar a283u

. 83U Coil group connector gavLower barﬁdﬂWet—winding

inculation (Q 7.2.1)

v
- a .

. @A@Y Coil group connector wavUpper bars uazt#autﬁﬂﬁu
Upper bars

. f1n172U2% Coil group connector mavUpper barsmi# Wet-
winding insulation (g 7.2.1)

. ﬂﬂinﬂﬁaunﬁﬂﬂwﬁﬂﬂgqqﬂﬁﬁﬂnaﬁnﬂaaa%qwum

. tadauneala  dav Stator (Stator bore) uar Stator bask
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7.3 n17UT¥nay Pole Winding 9w (Fabrication of the new pole

windings)
7.3.1 n171a38n Pole core @ mFun1T¥iuanalaiua
. Daaaulu Core aan
. 2@ Holding angle nav Upper insulation frame 1agsnng
faaan
. 11A1NUFALa18  Pole core WArn1THUNNG28 High pressure
cleaner "Lospl"
R3239d81U Pole core uR*1@AR16 Damper
N19RA1TWAY Pole core @a# Insulation varnish
3&@ : 1-varnish D 1120 SW
7.3.2 uuuuazqﬁﬂiﬁtﬁanﬁimﬂudﬁ Pole
Pole winding
Pole complete
Pole winding supporﬁ
quniﬁﬁtﬁu
Pole winding lifting device
Pole-press frame pressing device
Pressure plate
7.3.3 n191% Core insulation
. Epoxy glass indurated laminate, NOMEX uar Epoxy
glass indurated plate 2 %u AYNUW Pole core @28inUn17? Wy Cold-set-
ting epoxy resin uaz1uizﬁiﬁeﬁ181ﬁu§eﬁ1 1UNAA28 Pressure plate uac
Screw clamp 8 §1 (A314 400 mm. F@H 300 mm.)

4 a H . 4 [ v
Hana2I8uL imﬁuwﬁnaeaudu 2 ﬂuﬁaenw?ﬁtﬁaaunu 30 d4N.a1H

. 4 . o
gunav Pole coil n?ﬁ%auﬁaegnﬁﬂﬂiNﬁ?uﬁznaﬁqnﬁﬁ?ﬁeﬁuaﬁqauau
MG RV
Resin Hardener
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v
-t ar s L A
. Jufa support flame Tanu1ﬁﬁnun11uﬁﬂu1ungnﬁaqLnuqsau

. y¥udqunas Insulation flame L¥Nfily Pole core LREAANID

a VY v

A2UAWNLEIL BN LA UL

(v}

8@ : Resin : EP resin AV 138

%

Hardener : EP hardener HV 998

FATIRINMAEN ¢ Resin Hardener
100 RIUTAEHIR 40 FIUTABUIR
du 4
sTavLIRITUANTLTeEY ¢ 8 ®u. n 207 ¢

LQﬁzgﬁﬁﬂuﬁqﬂiauaudu (Insulation frame)

. uniuazpad niuTasiu Pole winding

. Eddndaasuuntula (Covering plate) Lﬁutaaqﬁunﬂﬁngn1§
a3y Insulation frame

7.3.4 n138a Pole coils

. Laan Pole coils flmuarAufuiiuiu Pole core @NNWUY

. 87234 Pole coil

. ﬁﬂauauaﬂunauuuﬁﬁuﬁﬁqnaq Pole shoe tﬁaauqu Coil uarda
@a8inilnna

%aq : KLBD 0.05x15 NOMEX W-F
fia Coil LERuLadavan Pole winding T3ednunienadnngea
coil @aa

. UNTATANITAUIUNBIATULURITY Slot3smM114 Core insulation
#u Pole coil wazfatiuuuadsininig

. Y¥ufqunav Insulation frame 1Mt 111y Pressing frame fa
A nEudan169uniin L indaafiufiué uine (EP resin AV 138 uar EP hardener
HV 998)

) quzzﬁﬁnﬂﬁq Insulating frame

CadginuarSaasuu Covering plate (itduidsafiuni3tdanafiy

Insulating frame)
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. A1 MMuMuTUTanY Glass fibri string lﬁuuﬂguaﬂaﬂﬂ 2%3
-~ L (Y . < val
HU. T8 1%6 Hu. (nuagﬂuquaﬂanaﬂ Pressing frame War Gap neTvutu
9¥%1149 Pole core) 321U 0 Core
. 8@ Pressing frame Ay Insulating frame
7.3.5 n178a Pole coil
. 1@ Coil ’YUU Pressing frame ITaan131f Pole pressing
frame-pressing device
. Léau Pressing frame Wa¥ Supporting bracket avuu Pole
and plate
. i g
. nﬂﬂﬁﬂuﬁsaﬂﬂiﬂﬂgﬂk A
. ﬂﬂ?ﬂﬂﬂﬂUﬂﬁQYwﬁﬁﬁuqﬂﬁﬁﬂ
. fduuduzay  Resin-mica t@NTEuiI19dav119TENq1e Pole
[ ¥] g [N Y]
core Wa¥ Pressure plate na19924nNUDIU ﬂgﬂﬂﬂdﬁuﬂgﬂﬂnﬂﬂ Gap ﬂouquTaa
Mica sand

Mica sand

e
2
D
e

Stock number 5000140
EP resin CY205
BP hardener HY956
7.3.6 N171M1 Pole winding support 1ﬁl?ﬂu¥aﬂﬁu¥1é
. Yfuuaztniazradm¥y Pole winding support
. Lﬁﬁzzdﬂw%u Rivet %Ay Holding fish-plates
. 8@ Holding fish-plate Lﬁﬂﬁumzﬂaﬁﬁﬂugﬂgﬂ

3 <
ARy Pole winding support logs uUarga@Arnaavduy Pole

a2

v
core adﬂﬁng
: -
7.3.7 n1TLAAaL Pole winding (994N9 Pressing frame) War Pole

shoe ®@728 Insulation varnish
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NN 3
4 o
N1TINAFAULWANTITATINTY

aa 4 o
1. 0NV INAABULWANTITATINGY

1.1 A1778A218ATUNIUTAIAUIU

(Measurement of Insulation Resistance)

'
1.1.1 [auUgsdva
AL ivaNd
4 « o ) . v
LWDHUEURATIWAUIUNDNTARIGLATBIN L UA TUWUN
o
1.1.2 tyautlanasnasay

d v -y v v g < W L\
1. 1AT890BINER LA AUNANTANTARINAD NG L AL YANNANNEY A
@avtliuaanin 5 “c
v - .
2. ®avia1 Carbon bus 1navy Slip ring aan
3. @avia1 DS (Disconnecting Switch) #ay Neutral aan
(star point DS)

1.1.3 39013 nasay (Test Method)

o v ‘4 i 7]

TARIUAIUNIIBANAUIU N1UIN WAL 10 wAN #aa DC 1,000 V
#m¥uia Stator coil (EGAT 7% 2,500 DC.V 1 ua)uar DC. 500 V.a w5y
rotor coil

ar <o v IJ
1.2.5 unan1Tnagay naganﬂinﬂﬁauagn Testsheet no.TN 2-14

1.2 A1INAFaUANANTATUNITARINRT
(Short Circuit Characteristic Test)

I's

1.2.1 Yaigzdva

10UIEANA
4 4 o . ) 4 .
LWaN1 Curve ¥avNN19ad6284N1T Short circuit waziwanA
NUANITARIUTAINTT Short circuit uaw Synchronouse reactancenasunu D

TaﬂQQﬂimﬂwa%auﬁuqmﬁuﬁaﬂunms Open circuit

<4
1.2.2 1¥9aulanaTnadau

1. nﬂiﬂqnqunq1mautnéaqtﬁuuuu "Semi-Auto"

2. gﬂnsﬁnﬂq Mechanical uaz Electrical @avagdiuniy
Auto

3. Power source 18424935 Excitation 381¥ Tie circuit
breaker E1B-MCC

4. 12435 AVR 3t set U3Tdunis "Local-Manual"

5. iUaa Protective Relay 87G uaz 87T



6. iUa@ Unit Breaker GCB (52G) uar DE (89G)1%ﬂﬁquﬂﬁﬁ
OFF-LOCK

7. Tv¥ul synchroniz 1ﬁaédﬂundq OFF

8. Switch A7uau Exciter Current 70G aéﬁﬁuﬁﬁﬁﬁﬁgﬂ

< <f
1.2.3 a5n19na8al

1. Start Lﬂéaﬁ# Rated speed (150 rpm.) No load

2. wieaniadnviautld Rated speed 3¥@avi¥ Dynamic
brake switch (57DB) aédﬁuﬁﬁﬁ Manual

3. Field circuit breaker (52E,41F1)ﬂzﬁaﬁwguYUdﬁuwﬂﬁ
On @INEIAU WAENTEUNDAY Exciter Was Generator qstﬁuﬁuTmaﬂﬂitﬁu 70E

4. 874@1 Field current Wa® Armature current # 25 %
50 % 75 % 100 % uav 125 % naY Armature rate current

5. nﬁqaqnLaéa§unﬂ75awﬂqmﬁuﬁauﬁq waavl¥y 7OE aanag
ﬁﬂunﬂﬁﬁﬂqa Field breaker(41F1,52E)?sﬁaﬂnqu1ﬂdqunﬁq OFF 1@# Manual
War Dynamic brake switch (57DB) az@av open 1Tag Manaul

6. ﬂﬁﬁ?ﬂﬂ&u qanazn?aqTﬂanmgu "sSTOP" ﬂuuqnauqutﬂ?aﬁ

1.2.4 939019 naday

) 89 G
]
. h
ot Ex,TR
526 _480V 1
L'msi
3-# SUSTAINED : Armature I
SWOR CIRCUIT - : cx:\rrenAta'C ['
phase A,
DONE 8Y 5708 j_ AVYR ! @-j S2€E
= . - shunt
CLOSED. - )
: K]

a2 AR,
GEN .
et
3181
wiB !

@ < [y} ‘o
1.2.5 uunan1Tnaday nagaﬂﬂiﬂmﬂauagﬂ Test sheet no.TN 2-16




[
1.3 MIinadaun17iyuauiu (Dielectric test of generator)

1.3.1 3ﬂﬁ1zaqﬁ

4 o
Lwaauﬂuanﬁwﬂqnunq01wﬁﬁnaqnaa1ﬂ stator uar rotor

o
1.3.2 1¥autan1Tnadgay

1.Lﬂ?aqﬁaquqm uazqmugﬁnaqnmaaquﬁaq1n5LﬁaQﬁuqmugﬁﬁaq
2.9935M 8 i nadausrdavsany Ground
3.72@a9ia1 Slip ring brush YL
4.Neutral DS (W1B) Iz@ay Open
5.1171197aR1MNAUNY WA P1 ratio mavauln
1.3.3 38A19NadaY
1.1lau  DC voltage 100 % uax 80 % may 1.7 (2E+1) kv,

L#17i2aa20 Stator(3 phase to earth)LiuL381 5 ¥AT uaz 1 wA% @ ua &

49 kvVDC.

i
i}

100 % Test Voltage 1.7(2%13.84+1)%1.0

80 % Test Voltage = 1.7(2%13.8+1)%0.8 39 kvVDC.
2. tlau DC voltage 10 1n1mav Rated excite voltage ud
tilasndn 5 kv Liatufnaaianae Rotor Auauiiluiaan 1 wuad
Test Voltage = 1.7%10%274 = 3.73 kVDC.

1.3.4 NITAITNaRBLY

l l l STATOR ROTOR
—{ -
Y DC HV

J Source
3 é % . 39KVDC = DCHY
‘ i 1 L Source

274X10X1.7 =3.73 kVDC

ar <0 v ld
1.3.5 UunNan 1 nagdau nagam‘ima’auag‘n Test sheet no.TN 2-14




1.4 A1TNOFUANNNTA M LDA29RT

(Open circuit characteristic test)

) 4
1.4.1 qaUseda
HuLicvave
< } o . . 4 .
LWAaNT Curverava1Taud19avn1g Open circuitiagiwan1muea
Hadunavnnsg Open circuit &z Synchronous reactance #a3unu D Tad
ﬁqqimwwaiquﬁuqmauﬁaﬂunmz Short circuit

4
1.4.2 Nautluan1inavday

4 < a LY ] [ v
tvaulantr9naday LMuﬂuﬂﬂﬂq7ﬂﬂﬂﬂﬂqmﬁuﬂﬂﬂqiﬂﬂ10Q7 antIu
v o . v oy ,
HuRaUN 5 relay ﬂaqnu 87G, 87T ﬂﬁ?ﬁﬁquﬂg

v
1.4.3 AUAAUNTIINAFAU

1.Lautﬂ%aquaanu "Start" ﬁqunanqunﬂitautﬂ%aq

2. wi9arniauiadaefl Rated speed W82 Field breaker
(52E,41F1) azdalufidumiy On @ N&1duLar Currentmas Excite WAT Gen-
erator awiwuianan17U¥y TOE

3. 874 Field currentiiy armature voltage #ﬂ?zuﬂmzo %
40% 60% T5% QO% 100% Wwaz 120% 189 Rated armature voltage uaziiutin

4. wivananisiaausuiiiuia szdasan 70E Nﬂaéﬁﬁﬂuﬁﬂﬁéﬂqﬂ
waz Field breaker (41F1, 52E) azdau1n@iumiy OFF 1as Manual

g e 4 " " o
5. naqﬂﬂnuuqzuqﬂLﬂiaquﬂnQQN Stop NuwIaUaN

1.4.4 14939191082 u

(5D | oy ]
- 4
. é Ky
oeN 311

1.4.5 funfinarsnasay Eagaﬂﬂinmaauaéﬁ Test sheet no.TN 2-19




1.5 N1787338AUa1AUNaN Phase (Phase sequence check)

ar ‘
1.5.1 ?ﬂﬂqﬂizﬂﬁﬂ
4 o
Lwﬂﬁuﬂunﬁnﬁﬁnﬁiugunﬂﬁ Phase voltage %8y Generator

o4
1.5.2 tv¥autlani9neday

o 4 4 . .
i. tauLAa3adn No-load no-excite uar Field breaker

(41F1) *=@BN Open(ﬁwuﬁvﬂwnﬁﬂﬂ71m11qﬁauqmﬂuﬁanav Open circuit cha-

racteristic test)

2. 9@ Terminal voltage 7a< Generator 11 61111 Rated
voltage 7184 Phase rotation meter u3als dn Voltage gﬁﬂiﬁ Avaavlsy

< . [T
A1 977ay Turbine TUAa

1.5.3 afaTnaday

Aa Phase rotation meter fiu Terminal voltagenay Gen-

erator TyinNa’1n Residual voltage

1.5.4 N7 TInaday

CORRECT DIRECTIOR |

v

PHASE
SEQUENCE e HEASURED DIRECTION
INDICATOR

. Y l '

RS T1
000
1]

GENERRTOR {

o <o v lel
1.5.5 Udunnnrinasau ﬂﬂﬂﬂﬂqiﬂﬂﬂaﬂﬂﬂﬂ Test sheet no.TN 2-21



¥
1.6 fMTa7IvdauTUaay (Wave Form)

1.6.1 Januirdea
o <o . <
ATIARAUTQANTITUUNNTAY 0801llographna03ﬂﬂau Generater
voltage

o
1.6.2 tNauwlana9nadau

- 4 ] 4
Laule3a9N Rated speed N Rated voltage 1 No-load

o
1.6.3 Iin1Tnha®ay
Jaureiiutin Generator line to line voltage V,_-V__-V_,

2710 Potential trasformer Tm#a Oscillograph

1.6.4 24T 1TNA{AY

s

) - .PT|33kvA67usvﬂ§ _
200VA CLO.3 Local Control Cub, Unit Control Cub.
—D>  He
TT TT
O O)
PT-R
[ e |
l i
| TT 1
1\ !
- K5 -
1 41FI1 |
1 ]
[ \ ‘ 1 ‘ |
! {
GEN 1 '
(s=) e ;

EXCITATION CUB.

d [v] .
LR IME TR fuunee Voltage wave form naxEiy Oscillograph

taqu1’snn PT

o -
1.6.5 fiufinn1snaday ﬁaﬁanﬂinmaanagn Test sheet no.TN 2-20



1.7 21770 7960UANAS (Measurement of residual voltage)

v 4

1.7.1 Januszdva
[ o <o v 'Y 4
aauazuunnnaﬁaﬁaouiomunnﬁﬁonaotﬂ1ao

)
1.7.2 1vautlaniTneaday

- 4 4 )
LauiagaNn Noload - no excite

a'a
1.7.3 2n19nadau

o < . . . .
HANINNLFTIIINN1TNaTay Open circuit characteristic
Y ] . 4. - )
1893UAAUN 1.3 Field current 3caaavieas 70E uﬂnmﬂuwuqmqqmuas Field

breaker (41F1) 3¢ Open 628 Manual K&2 ILNINITIARTIFUANEIS  NI9EU

t
L

Primary may PT-A %33 PT-B W& PT

«*

ar b v ld
1.7.4 uunnni1inadai ﬁﬂﬂaﬂqiﬂﬂﬁﬂﬂﬂgﬂ Test. sheet no.TN2-22

4 .
1.8 ﬂqiﬂﬂﬂﬂﬂﬂﬁquﬂquqiﬂﬂﬂﬁLﬂiﬂﬂﬂqLﬁﬂ1ﬂﬁ1

(Generator Capability Test)
o é
1.8.1 aaldeda
alavaNn
< - ] ' < < - '
LWARTIINAUAIINF W ITONANL ATt URlUa T uNaanuUUN Tty

]
1.8.2 19aulanaanadau

¢ d4 ! -
qunimnqqiwﬁquas1ﬂsaqnaﬁaqa§1uanqasunm
1.8.3 38p1TNadaY
o '3 + . o
1. A211uduluITEnI1e Effective power (KW)War Reactive
v v
power (KVAR) 3v7Jafiv Lagging uas Leading power factor Tun1Inaspuu
AW TTUT9Tad1fiauu Lagging uar Leading Reactive power aduia
0 - q L . as ary
NIVUAHAY Field currentiazad Uil dnaTATWIANTEUUANR 1AL maaﬂﬁuqmaunm
» . 3 3 . . - - d ' 1
189 Under excitation limit ua¥ Over excitation limit ﬂ?sagﬂuﬁ
Y d (vl o (v *
2. LﬂutﬂiaqLﬂuisnuamTuumuasiu Load Tﬂaﬂmﬁu "Raise-
o .
Low" nuNQQQUQN (Semi-auto mode) #3ia Operator console (Auto-mode)
g . . o [ TR Y 'S
U9 Maximum power War Reactivepower Q5U1UYH1@U73N1mgNH(P.F.=100)
3. NANN9AaMAY (Lagging direction)
wag3Iniiunin p.f.= 1.0 Effective power War Reactive
v . s -1
power qsaauunwaquaqmumaﬂuu

v
ANTNaRaNY  AsNIINleneTadqfianay  Generator terminal



voltage

110% navy Rated voltage

Design Wet Test
Effective Head 100 M 86 M
Out put 77.5 MW 60 MW

< . vt va VIS v .
NIl a Effective power 3z@vlInyd7izuane 0.75 PU avilu Reactive
¥ od <
power zavnNyIzyIn 0.25 pu TaHLWN 9O0R
0.75 PU 60 MW

(P.F.=0.95) 0.25 PU 20.13 MVAR

. , Y od
n3al b inilaufiutitvuu Effective power azdvi3nUszum 0.75 PU

- o T o
@JU Reactive power 3cadndssun 0.37 PU
0.75 PU 60 MW

(P.F.=0.90) 0.37 PU 29.79 MVAR

E 24
n7il ¢ inlauiiuineuw Effective power au@viiuTzurm 0.62 PU

#9llu Reactive power #vuTEsuw 0.47 PU
0.62 PU 50 MW

(P.F.=0.80) 0.47 PU 37.84 MVAR

W¥9nL#53n151uTn Reactive power qz%@ﬂ%ﬂizuﬂm 0 as
N17a6 90R &9 P.F. = 1.0

4. NEan19ivin (Leading direction)
Mﬁﬂ?ﬂﬂkﬂ??§uﬂﬂiﬁuﬁﬂﬁ Power factor 1.0 Effective

. L 3 o~ 1 "N)
power WAz Reactive power nzﬂunNYQMﬁuaﬁauaaﬂﬂu

n3fl_a Effective power Afivl3iseunal 0.75 PU §eiiu Reactive
power 3t@viiruin 0.25 PU Tagaa 90R
0.75 PU 60 MW

(P.F.>=0.95) 0.25 PU -20.13 MVAR
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' , Y d
A7 b indaudaeuu Effective power 3s@dnydgsu 0.75 PU

o 9 oo, v
adUU Reactive power 3zavlandssyuam 0.37 PU
0.75 PU 80 MW

(P.F.>=0.90) 0.37 PU -29.79 MVAR

v
- [¥) ‘4
N3l ¢ Luiauiivuu  Effective power azfvlINUTzuin 0.62 PU

5 viiu Reactive power Ard iU Tnm 0. 47 PU
0.62 PU 50 MW
(P.F.>=0.80) 0.47 PU -37.84 MVAR
et Rantstaung s du power swing 1e#57IHE1@IWUTY 90R

1281 anun

waeﬂﬂnLaiqﬁunﬁiuunnuasqzwqmLﬂiadTﬂﬂamTuum

o o v} '}
1.8.4 UUNANIINGEAU ﬁﬂgﬂﬂqTﬂﬂﬁﬂUﬂeﬂ Test sheet no.TN 2-34

o ' < < .
173N 1ANANINTANLATAN (Measurement of machine constant)

1.9.1 jﬂﬁizaﬂﬁ (Test object)

A e <4 o .

4 -
Lwﬂﬂuﬂuﬂqﬂﬂﬂﬂﬂﬁlﬂ1ﬂdﬂqLuﬂ1Wﬁq

A - - \d a*t t
1.9.2 i1¥aulnniTnadal (Test condition) nadauf INa Guliatasn

1.9.3 39n1Tnaday (Test method)

1. Direct axis synchronous reactance (Xd)
NN ITNRFAY Open-short circuit characteristics
X (PU) =1 /1

o FE!1L F O
I.., = field current corresponding to rated arma_
ture current on the short circuit satura_
tion curve
2. Negative-phase sequen reactance (X,)
N. T¥WI14N1911 Primary test a3y Negative phase seq-

uence relay (46G)1@8 Line to Line ?zﬁﬁuﬁgu Short

circuit test, Watt, Volt, Amp-meter

2 e [ 3] ' -1
TALATHUNTITATINIIRTIIGRINU
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'MACHINE ) R

Diagram for determination of negative-sequence impedance
7. Ammeter daagﬂiu Voltmeter war Wattmeter & WMTuia

] e’ . J J es t e’ y
AN Field current @191y ¢ AUNRIE ] A1 QAIUNFY

. 4 .
2. A1TNAFAUNIAIAINNAYLAANANLATANA LAWY

(Generator loss determination testing)

ar (
2.1 Janyizdea
< Ve e 4 .
Lwauﬂﬂﬁnﬂaﬁﬁqungmnﬁa?udqumﬁq ‘1 %8y Generator

auavray Generator (General data of generator)

Rated voltage 13.8 kv.
Rated output 80300 kva.
Exciter output 147 kw.
Rated of field current 674 A.
Rated of armature current 3360 A.

Y .
iguaﬂYmﬂﬁﬂﬂﬂinaﬁau Generator (Testing data of generator)

Resistance stator winding 0.0050179 ohm./phase at 25 °C

Resistance rotor winding 0.28378 ohm./pahse at 25 °c



2.2 No Load No Excite R

- 50 -

un

Date test : November 1,1993-November 2,1993

Time test : 19:00-02:00

Data of testi
Cooling
Cooling
Cooling
Surface

Ambient

Rotor speed

Calculation

ng

water temperature in

water temperature out

water flow

temperature

temperature

Loss in air cooler (P__)

at

C

»

s

Radiation loss (P,

at
h

Area

Windage loss

P

mw

0.6

4.1782

996.5

28.

28.

23.

150.

06

88

15

(3.24/60)%0.6%4,1782%996.5

134.9

)

4.18

15

89.9

15%89
5.636

(P,)

134.9

140.5

.9%4.18%10 °

hc

+ 5.636

K
kJ. (kg K)

kg/ma

kW.

K
W/ (n~K)

2
m

kw.
kw.

kw.

kw.
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2.3 Open Circuit Run

Date test : November 2,1993-November 3,1993
Time test : 21:00-06:00

Data of testing

o

Cooling water temperature in 27 C
Cooling water temperature out 28.7 °c
Cooling water flow 3.236 m /min.
Surface temperature 28.96 °c
Ambient temperature 24.07 °c
Rotor speed 150.11 rpm.
Field voltage 125.59 Volt
Field current 435 A.
Generator voltage 13.858 kvV.
Calculation

Loss in air cooler (P__)

at  ” 1.7 K.
c, 4.1782 kJ. (kg K)
s = 996.5 kg/m>
P = (3.236/60)%1.7%4.1782%996.5 kW.

381.74 kw.

Radiation loss (P __)

at = 4.89 K.
h = 15 W/ (m~ X)
Area= 89.9 m2
P. = 15%89.9%4.89%10 k.

6.59 kw.

I
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Rotor loss (W)

I

£

\'

Ead

435

125.59

435%125.59%10 "

= 5.46

Core loss (P_)

P

<

2.4 Short Circuit

= P__-P__ +P _ -W,

aa mw hec

242.37

Data test : November 3,1993

Time test : 14:00-

22:00

Data of testing

Cooling
Cooling
Cooling
Surface

Ambient

water temperature in
water temperature out
wvater flow
temperature

temperature

Rotor speed

Field voltage

Field current

Generator current

Temperature winding

Temperature air

Calculation

Loss in air cooler (P_)

at

2.3

381.74-140.5+6.59~5.46

27.5
29.8
4.44
31.5
25.45
150.12
125.75
533.33
4175
74.9

32.21

kW.

kW.

kW.

kWw.

rpm.
Volt
A.



- 53 -

c, 4.1782 kJ. (kg K)
» = 996.5 kg/m”
P = (4.44/60)%2.3%4.1782%996.5 KkWV.

anm

708.64 kw.

Radiation loss (P __)

at 6.05 K
h = 15 W/ (n“K)
Area 89.9 m”
P,_ = 15%89.9%6.05%10 ~ kW.

= 8.158 kW.

Rotor loss (W)

I, = 533.33 A.

V, = 158.75 v.
—a

wf‘ = E33.033%15S8.75S%#10 kw

= 84.666 kW.

Stator loss (W

a )

- = 417s AL
R. = 0.0050179 ohm./phase at temp.15°C
R_, = ((234.5+74.9)/(234.5+25))40.0050179
= 0.0059828 ohm. /phase
W_ = 3%4175 %0.0059828%10 kW.

312.581 kw.
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Stray load loss (P,)
Ps = 708.64+48.158-312.851-84.666-140.5
= 178.781 kw.
Stray load loss at 3360 A.
P_, = 178.781%(3360°/4175") kW.

S+t

= 115.79

Armature winding at 75 °C
Ra(TSQC)=((234.5+75)/(234.5+25))*0.0050179
= 0.0059847 ohm. /phase
Armature winding loss = 3%3360°%0.0050179
= 202.69 kw.
Field loss at 75 °C

If 674 A. at PF. 1.00

790 A. at PF. = 0.95

Ra(75°C)=((234.5+75)/(234.5+25)*0.238378

= 0.33845 ohm. /phase

Field loss = 674°%0.33845%10 " kw.
= 153.749 kW. (PF.=1.0)

Field loss = 790 %0.33845%10 > kw.

211.226 kW. (PF.=0.95)
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2.5 Wwan1inadayu Turbine power output Wa¥ Generator efficiency

Turbine power output

Unit no 2

Guide vane opening (%) 100

Guide vane opening (mm) 230.4

Guaranteed turbine power output (MW) 59.20

Testing turbine power output (MW) 60.37

Diff. of turbine power output (%) +1.98

Accuracy of power measurement (%) +/-0.6082
Generator efficiency

Power factor 1 0.95

Description Guarantee| Testing Guarantee| Testing

Load current (A)* 3360 3360 3360 3360

Field current (A)#* 674 674 790 790

Mechanical Loss (kW) 270 270 270 270

Core loss (kW) 280 242.3? 280 242,38

Armature loss (kW) 172 202.69 172 202.69

Stray load loss (kW) 120 115.79 120 115.79

Field loss (kW) 145 153.749 200 211.226

Excitation loss (kW) 13 13- 18 18

Total loss (kW) 1000 997.772 . 1060 1060.076

Efficiency 98.77 98.772 98.63 98.629

Remark:

¥ is the design data
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3. Temperature rise by indirected method

3.1 No load-no excite (TRo)

Temperature of winding = 32.25 C
Temperature of air = 28.57 °c
TRo = 32.25 - 28.57 °c
= 3.49 °c
3.2 No load excite (TRe)
Temperature of winding = 45.8 °c
Temperature of air = 29.57 °c
TRe = 45.8 - 29.57 °c
= 16.23 °c
3.3 Short circuit (TRs)
Temperature of winding = T74.9 °c
Temperature of air = 32.21 °c -
TRs = 74.9 - 32.21 °c
= 46.69 °c

At max. load 99.5 MVA.

TRs + TRe - TRo

Temperature rise of generator

42.69+16.23-3.49

55.43 °“C at max.load

At rated ioad 86.5 MVA.
Temp.rise of generator = (T.rise max load-T.rise no load excite)*

(86.5/99.5)2+T.rise no load excite

(55.43-16.23)%(86.5/99.5) +16.23

45.855 °Cc at rated load



Generator temperature rise

Load Max. load Rated load
(99.5 MVA) (86.5 MVA)

Temperature rise at test (°C) 55.43 48.85

Temperature rise guaranteed (°e) 80 60

4 a d .. . .
taFaslantdtun1Tnadal Gen.Efficiency testing and temperature rise

No. Tool Tool range|Accuracy]|Set
1.| Acostic flow meter (Fuji model $25-350 1.5% 1
Portaflow FLB small sensor) mm.
2.| Alcohol thermometer 0-100°C 0.1% | 2
3.| Surface temperature - 0.1% 1
4.1 Digital multimeter - - 1

(FLUX Model 8060 A)

5.| Ampere meter - 0.5% 1

6.{ Digital power meter (YEW Model - 0.1% 1

2533 12-7/F-RS232 C/INTEG)

7.| Tachometer - - 1

8.1 RTD T = 5
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ITNSULATION RESISTANCE

DIEILECTRIC TEST



BHUMIBOL DAM

TEMPERATURE RISE
OF OONTINUOUS
OPERATION TEST

UNIT NO. BB#2

TEST NO.

2 - 36

PROJECT {Generating) SHEET NO. 1 / 4
DATE
TESTING CONDITION TEMPERATURE MAX (°ec)
ACTIVE POWER (MW.) 60.8 . WINDINGS 68.6
_ STATOR
REACTIVE POWER (M.var) 20.8 CORE 66.1
VOLTAGE (Kv.) 14.33 FIELD WINDING -
ARMATURE
CURRENT (A.) 24417 GEN. THRUST 67.2
BEARINGS
FIELD CURRENT (A,) 700 . GEN. THRUST 70.0
POWER FACTOR (COs ) 0.946 GEN. GUIDE 54.9
(:C) —
AMBIENT TEMP. (-C) 26.5 TUR. GUIDE 45.0
AIR OUTLET TEMP. (-C)
WATER INLET TEMP. (-C) 27.5 TEMPERATURE RISE  (©C)
GEN.. EXTERNAL OIL COOLER|}8.1x200 WINDING 37
COOLING STATOR
WATER TUR. EXTERNAL OIL COOLER|7.5 x 20 CORE 34.6
FLOW
{1/min) GEN. AIR COOLER 6.0x800
OIL GEN. EXTERNAL OIL COOLER|9.0 x 80 SPECIFIED TEMP. RISE (Deg -C)
FLOW
(1/min) TUR. EXTERNAL OIL COOLER|6.0 x 20 86.5 MVA, 99.5 MVA
STATOR WINDING 60.0 80.0
STATOR CORE '80.0
DURATION OF TEST (Hr:min) 2 :50 BEARING TH’IPE:RAME MAX (-C) 70.0
ESTIMATED TEMPERATURE RISE FOR RATED AND MAXIMUM OUTPUT
1) STATOR WINDING (Ts)
a) RATED OUTPUT (86.5 MVA.) = 54,12 {(oc) -~
b) MAXIMUM OUTPUT (99.5 MVA.) = 66.35 (°C)
2) CORE (Te) P
a) RATED OUTPUT (86:5 MVA.) = 49.85 {°C)
b) MAXIMUM OUTPUT (99.5 MVA.) 60.59 (°C)
EGAT. EPDCI. ELIN, V-A M.C.E.



BHUMIBOL INSULATION RESISTANCE

DAM & DIELECTRIC TEST
PROJECT OF ROTOR WINDINGS

UNIT NO. BB#2 '

TEST NO: 2 - 14,

SHEET NO. 2/2

DATE OCT. 20 '1993

TEST CONDITION : AMBIENT TEMP. = 28.0 -C .
WINDING TEMP. = 35.5 -C (INSIDE OF
AIR HOUSING)
. HUMIDITY = 71.0 %
1. INSULATION RESISTANCE
.BEFORE H.V. TEST AFTER H.V. TEST USED
(M.chm) (M.ohm) MEGGER
59 - 500 V.
2. DIELECIRIC TEST
LEAKAGE CURRENT RESULT TEST
(ua) VOLTAGE
110 - * DC. 3500 V.
(1 min)

TEST VOLTAGE = ( 274 X 10 ) X 1.7 X 0.8

*. LEAK CURRENT AT SLIP RING

TEST - RESULT : . - GOOD

EGAT.

EPDCI.

ELIN.




SHORT CIRCUIT CHARACTERISTIC

TEST



- UNIT NO. BB #'2
BHUMIBOL DAM SHORT CIRCUIT
TEST NO. 2 - 161
PROJECT CHARACTERISTIC TEST SHEET NO. 1
- DATE  OCT. 20 '1993
SPEED FIELD FIELD ARMATURE CURRENT (A) | AVERAGE
CURRENT | VOLTAGE .

(rpm.) | (A) ) A PHASE | B PHASE | C PHASE (A)

* 150 106.67 | 33 - 830 820 840 830.00
150 -] 218.33 66 1680 1690 1670 | 1680.00
150 328.33 | - 98 2530 "2550 2520 - | - 2533.30
150 438.33 | 128 3380 | 3400 3350 3376.66
150 546.67 | 160 4220 4230 4200 4216.67

NOTE : Field current (A) measured by DC. digital multimeter FLUKE 77
Serial no. 35325782
Field voltage (V) measured by AC. volt. meter YEW , class 0.5
Serial no.  19354M

Armatufe current (A) measured by AC. amp.meter

A vphase —~ YEW , class 0.5, Serial no. 196261M
B phase - YEW , class 0.5, Serial no. 65AG0768
C phase — YEW » class 0.5, serial no. 13470M

METERING CIRCUIT
. 4 o
DC. mV. METER i

|

DYNAMIC —
BRAKE CLOSED

GEN.

'AY

AC. AMPR METER
— . :

TEST RESULT: GOOD

EGAT EPDCI ELIN



OPEN CIRCUITYT CHARACTERISTIC

TEST



)
Ty
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’ UNIT NO. BB#2
BHUMIBOL DAM OPEN CIRCUIT
TEST NO. 2 - 19
PROJECT CHARACTERISTIC TEST SHEET NO. 1/2
~| DATE NOV. 4 ' 1993
SPEED FIELD TERMINAL VOLTAGE(Y) AVERAGE |[SHAFT VOLTAGE
(rpnm.) (A) W PHASE A-B| PHASE B-C| PHASE C-A W GEN..| TUR.
150 | 165.00 48 5,940 5,940 5,940 5,940 | 0.066| .064
150 235.00 68 8,280 8,280 8,280 8,280 | 0.066] 0.062
150 . 301.67 86 10,350 10,350 10,350 10,350 | 0.066] 0.061
150 371.67 | 108 | . 12,420 12,420 12,420 '| 12,420 | 0.065| 0.059
150 426.67 125 13,800 - 13,800 13,800 13,800 | 0.064| 0.058
© 150 491.67 143 15,090 15,090 15,050 15,090 | 0.063| 0.057]|
150 .585.00 170 16,560 16,560 16,560 16,560 | 0.063] 0.067
150 480.00 140 15,030 15,030 15,030 15,030 | 0.063} 0.056
150 418.33 122 13,800 13,800 13,800 13,800 - -
150 360.00 105 12,360 12,360 12,360 12,360 - -
150 219,67 85 10,350. 10,350 10,350 10,350 - -
150 226.67 65 8,220 8,220 8,220 8,220 - -
150 146.67 42 5,430 5,430 5,430 5,430 - -
NOTE : Field current : measured by digital multimetfer FLUKE 77-2 Serial no.S54970710
.bleld voltage : measured by AC. voltmeter YEW class 0.5 Serial no. 19354M

Terminal voltageA:

measured by AC. voltmeter
B : YEW

class .5 Serial no. 187S54M
BC : YEW class 0.5 Serial no. 18754M
C-A +— YEW class 0.5 Serial no. 18754M
METERING CIRCUIT '
PT: = :
| 3N (:)Ac.vouanTER-

g;zoc.nN.METER

| S |
SHUNT
TEST RESULT: GOOD
EGAT. EPDCI. ELIN.
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WAVE IFORM TEST



BB # 2

UNIT NO.

2 - 20

TEST NO.

1/3

SHEET NO.

CCT. 29 1993

DATE

—— e e ——e

ELIN.

.
]
H
]
[

. . . ... 5 .. . .fﬂ .

WAVE FORM RECORD

PHASE A

Y,

BHUMIBOL DAM

PROJECT

Lassons s

1H




BB # 2

UNIT NO.

2-~20

TEST NO.

2/3

SHEET NO.

1993

29

DATE CCT.

r

WAVE FORM RECORD

PHASE B

BHUMIBOL DAM

PROJECT

.

r———

'
1

"

ELIN

.



2 -~-20

TEST NO.

3/3

SHEET NO.

29 71993

DATE  CCT.

WAVE FORM RECORD

PHASE C

BHUMIBOL DAM

PROJECT

.
e

|

S

ELIN

EGAT



UNIT 2

WAVE FORM PHASE (KD
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RESTIDUAL VOLTAGE

PHASE SEQUENCE CHECK



BHUMIBOL DAM |
RESIDUAL VOLTAGE &

PROJECT PHASE SEQUENCE CHECK

UNIT NO. BB#2

TEST NO. 2 - 21 ,22

SHEET NO. 1/1

“DATE OCT. 28' 1993

1. RESIDUAL VOLTAGE

. PHASE VOLTAGE (V)
. . A-B 186.12
| B-C ) 186.12
C—-A 186.12
2. PHASE SEQUENCE
RESULT : PHASEA-B-C

MEASURING POSITION : INCOMMIING BUS FOR STATION SERVICE 524

USED INSTRUMENT .+ KEIHIN DENSOKI CO. LID.

SER. NO. 00399
CORRECT DIRECTION

PHASE ‘ \”\

"SEQUENCE

INDICATOR

GENERATOR

Refer to DWG. NC. 100 203-286

TEST RESULT : GOOD

MEASURED DIRECTION

'

EGAT " EPDCI °

ELIN




| UNIT NO. BB# 2 4
BHUMIBOL DAM PROJECT GENERATOR CAPABILITY CURVE TEST TEST NO. 2-34
DATE NOV. 3 ' 1993
LINE VOLTAGE (KV) | 247.00(248.80| 249.20] 250,60| 247,10 246.90| 245.80| 246. 10 24590 252.30] 250.70} 246.. 10
ACTIVE POWER (W) 60.2 | 60.3 | 49.0 | 32.4 | 60.2 | 60.0 | 50.0 | 33.2 | 31.6 | 39.4 | 59.8 | 33.2
VOLTAGE (KV) 13.87) 14.21| 14.28] 14.32) 13.68] 13.60) 13.47] 13.47| 13.40] 14.49| 14.24] 13.47
GENERA-| CURRENT " (RA) 2451 | 2684 | 2426 | 1802 | 2648 | 2762 | 2538 | 2017 | 2208 | 2169 | 2540 | 2017
TOR < -
REACTIVE POWER (M.var)| 0.4 [ 29.7 | 36.4 | 31.5 |- 21.7|- 28.2|- 34.4}~ 34.7]- s1.2| 38.8 | 22.5 |- 34.7
" POHER FACTOR - (%) 0.999| 0.897{0.8027| 0,717| 0.94 o.9'qé 0.823| ‘0.691| 0.608 0.7125| '0.935/0.691
VOLTAGE 2] 165 220 | 223 | 210 ‘140 | 130 7| 108 90 78 | 228 210 | S0
EXCITER :
CURRENT (A) 575 750 | 760 | 700 460 y.430 | 360 ) 290 | 250 | 765 705 | 250
. 304 304} 252 | 188 305 | 305 | 256 | 192 [ 189 | 218 250 | 192
GUIDE VANE SERVOMOTOR : .
2 98.7 | 98.7 | 8t.8 | 61.0 | 99.0 |.99.0 | 83.1 | 62.3 ] 61.3 | 70.7 | 94a'1 | 62.3
TURBINE
SPIRAL CASE PRESSURE (wAq) | 78.0 | 78.0 | 78.5 | 79.5 | 78.0 | 78.0 | 78.5 | 79.5 | 79.5 | 79.5 | 78.0 | 79.5
DRAFT TUBE PRESSURE (mAq) |- 1.5 |~ 1.0}~ 1.7 1-1.9|-1.2]|-1.2|-1.4)-1.8|-1.8}-1.8]-1.0]-1.8
POREBAY LEVEL (m.MSL) | 224.05/224.05|224,05)224.05| 224 .05| 224.05] 224", 05| 224. 05| 224. 05] 224.. 05| 224 . 05} 224 .05
WATER .
LEVEL | TAILRACE LEVEL (m.MSL) | 137.89]137.93) 135.86} 135.71 137.861 137.84}137.82|138.00 138.07| 138.10| 138.22} 138.00
STATIC HEAD (w) 86.16] 86.12| 88.19} 88.34] 86.19| 86.21| 86.23| 86.05| 85.98] as.95| 85.83| 86.05
PHASE - R 46 | 49.5 | 52 54 | 54.5 | 55.5 | 56.5 | 56.5 | 56 | 55.5 | 56.5 | 56.5
STATOR o
“| PEASE - § a5 |.48.5 | s1 | 52,5 l 53.5 | 54.5]55.5| 56 | 55,5 | 54.5 | 55 | 56
WINDING _ . - . L
RTD. PHASE - T | 455 | 49 | 51.5| 83 54 55-1 ‘56 [ 56.5 | 56 | 58 56 | 56.5°
TEMPERA AIR INLET 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0 | 23.0
TURE :
COOLER | OUTLET 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0 | 24.0
*xx  OF GEN AIR COOLER (DIAL)| - - - - - - - - - - - -
(OC) | OIL MAIN TRANSFORMER - - - - - - - - - - - -
GROUND FLOOR | 27.8 | 27.8 | 27.8 | 27.8 | 27.8 | 27.8 | 27.8 | 27.8 | 27.8 |{27.8 | 27.8 | 27.8
AMBIENT TEMP.
TUR. FLOOR 27.0 § 27.0 | 27.0 | 27.0| 27.0 | 27.0 | 27.0} 27.0 | 27.0 | 27.0 | 27.0 | 27.0
EGAT EPDCI
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TEMPERATURE RISE

CONTINUOUS OPEEIRATION TEST



‘ UNIT NO. BB:2
BHUMIBOL DAM TEMPERATURE RISE
OF CONTINUOUS TEST NO. 2 - 36
OPERATION TEST
PROJECT (Generating) SHEET NO. 1 / 4
DATE
TESTING CONDITION TEMPERATURE MAX (°C)
ACTIVE POWER (MW.) 60.8 WINDINGS 68.6
STATOR
REACTIVE POWER (M.var) 20.8 CORE 66.1
VOLTAGE  (KV.) 14.33 | FIELD WINDING -
ARMATURE
CURRENT  (A.) 24417 GEN. THRUST 67.2
- BEARINGS
FIELD CURRENT (A.) 700 GEN. THRUST 70.0
TEMPERATURE
POWER FACTOR (cos ) 0.946 GEN. GUIDE 54.9
. ( 'C)
AMBTENT TEMP. (-C) 26.5 " TUR. GUIDE 45.0
t
ATIR OUTLET TEMP. (-C)
WATER INLET TEMP. (-C) 27.5 TEMPERATURE RISE  (°C)
GEN. EXTERNAL OIL COOLER|8.1x200 WINDING 37
COOLING STATOR
WATER TUR. EXTERNAL OIL COOLER|7.5 x 20 CORE 34.6
FLOW -
(1/min) GEN. AIR COOLER 6.0x800
OIL GEN. EXTERNAL OIL OOOLER|9.0 x 80 SPECIFIED TEMP. RISE (Deg -C)
FLOW :
(1/min) TUR. EXTERNAL OIL COOLER|6.0 x 20 86.5 MVA. 99.5 Mva
STATOR WINDING 60.0 80.0
STATOR CORE 80.0
DURATION OF TEST (Hr :min) 2 : 50 | BEARING TEMPERATURE MAX (-C) 70.0

ESTIMATED TEMPERATURE RISE FOR RATED AND MAXIMUM OUTPUT

1) STATOR WINDING (Ts)
a) RATED OUTPUT (86.5 MVA.) = 54.12 (oc) =
b) MAXIMUM OUTPUT (89.5 MVA.) = 66.35 (oc)
2) CORE (Te) ;
a) RATED OUTPUT (86.5 HVA.) = 49,85 (eC)
b) MAXIMUM OUTPUT (99.5 MVA.) 60.59 (oc)
EGAT. EPDCI. ELIN. V-A M.C.E.



INIT NO. 2

BHMIBOL DAM
. . CONTINUOUS OPERATION TEST R TEST MO, 2 - 36
(HEAT RN TEST) 't SEET No. 274
PROVECT
DATE NOV. 3 * 1993
TEST TIME (Hrimin.)  [23:30 {23:40 |23:50 ]00:00 [00:10 {00120 {00:30 |00:40 [00:50 [01:00 [01:10 {01:20 {01330 [01:40 | 01:50[02:00 {02310 {02120
BAPSED TEME (min) 0 10 20 30 40 50 60 ] 80 %0 100110 {120 [ 120 {140 | 150 | 160 | 170
LINE VOLTAGE ®.) 249.6 [250.2° |250.6 [250.6 (250.6 {250.6 [250.6.(250.6 {252.2 {252.2 [252.2 [252.2 { 252.7{2%2.7
ACTIVE POWER ) | 61.4 | 60.9 | 61.3 [ 59.9 [ 60.0 | 59.8 | 59.9 | 59.9 | 59.8 | 59.7 | 59.9 | 50.9 { 60.0 | 59.7 | 59.9 | 59.9 | 59.9] 0.8
VOLTAGE - : C o [14.15 | 14.14{14015 14016 | 14.16[14.16 | 14.21] 14.22] 14.28] 13.23[14.22 14,23 f1a32 | 14.32] 14.33[14.32 | 14.33] 14,33
CLRRENT A.) | 2551 | 2562 | 2570 | 2482 | 2489 | 2500 | 2479 | 2470 | 2461 | 2464 | 2470 | 2469 [ 2479 | 2488 | 2444 | 2470 | 2450 | 2447
GENERATOR REACTIVE POWER LMVAR.) |+ 19.3]+ 21.7{+ 21.3] 19.6 | 19.9 | 18.5 [ 20.1 | 18.6 | 18.1 | 18.4 | 18.9 | 18.8 § 2.3 [ 20.6 | 20.4 | 21.3 | 20.1 | 20.8
POWER FACTOR 0.954 [0.942 {0.945 [0.950 [0.950 |0.955 [0.946 |0.955 [0.957 0.955 |0.953 [0.954, §0.937 [0.945 [0.948 [0.942 |0.546 [0.54s
FREQUENCY tz.) {49.92 |49.95 [50.05 |50.07 [50.10 | 49.90[50.07 | 50.14| s0.13|50.08 l49.97 [49.89 [49.95 | s0.07| s0.1045.93 | s0.07 150.11
ELECTRIC ENERGY ash.) 162
VOLTAGE .o | 220 (225 | 230 | 225 [ 220 |22 | 225 | 225 | 220 | 225 |25 | 225 [[230 [2%0 [ 230 {20 | 230 | 230
EXCITER 2 : - -
CLRRENT ) | 700 | 700 | 710 {700 [690 {720 | 7200 {650 [650 |60 {6s0 {70 710 [ 710 | 700 | 710 700 | 700
GUIE VANE SERVOMOTOR (m.) [205 {3205 | 305 |30 [205 ({305 {205 (205 |205 [205 | 205 { 205.f205 {205 [305 | 205 205 | 208
STROKE (O]
TURBINE -
SPIRAL CASE ‘(MiC.) | 77.0°| 77.0 | 77.0 | 77.0 | 77.0 | 77.0 | 77.0 | 77.0 | 77.0 | 72.0 | 77.0 | 77.0 | 77.0 | 77.0 | 72,0 | 7.0 77.0 | 770
PRESSURE
DROFT TUBE  (M&C.) (- 2.6-|- 2.2 |- 2.6 {- 0.6 |- 0.6 {~ 0.6 [~ 0.6 {~ 0.6 [~ 0.6 |-0.6 {-0.6 |-0.6-0.6|-0.6{-0.6|-0.6{-0.6][-0.6
SHAFT SLIFRING (BY DIAL GUAGE)(um.) [32-35 |20-33 |a0-32 | 20-33(20-32 {30-32 30~32 | 20 20 20-32| 20-32] 20-32% 20-32( 20-32| 30-31| 20-31({30-31 [20-31
RUN-OUT TURBINE SHOFT (BY DIAL GUAGE) Cum.)-| 0-5 | 0-8" | o0-5 | o-5 | 0-5 [o0-5 [o-5 [05 [0-5 [05 (05 |05 § 0-5 | 0-5 o-5s [o-5 [o0-5" | 0-5
G1 - - - - - - - - - - - - o - - - - - -
GEN., SHAFT ; —r -
G2 - - - - - - - - - - | - = - - - - - -
VIBRATION
T1 - - - - - - - - - - - - - - - - - -
TR, SHAFT
um.) T2 - - - - - - - - - - - - - - - - - -
SHAFT VIBRATION GEN. 4-20 |12-30 21-41 [12-37 [19-24 [14-26 [12-29 [11-26 [17-25 [16-31 {14~33 [11-35 {19-37 {15-35 [15-30 {15-25 [13-20 [23-35
FONITOR nR. 22-37 | 19-29(23-32 {17-19 |22-33 [18-20 {19-33 [19-30 |22-35 |19-a5 [35-27. [22-34 [21-20 |19-31 {20-20 [20-25 [23-31 [25-26
Vo, | FoREBAY LEVEL (m.HSL) 223.99|223.99223.99{223.99 [ 223.99 | 223.99( 223. 99| 223. 99| 223. 99| 223.99 | 223. 99 | 223 99 | 223. 99 223.99 223.99 | 223. 99 223.99( 223.99
.
WATER
TAILRACE LEVEL (m.MSL) 135.65136.67(196.66(136.66{136.66( 136.65]136.66{136.66 [ 156. 65| 196.65] 135 .'65] 126.65 [ 196.66{ 12666 196.65 13565 136.66| 13666
LEVEL : .
STATIC WATER PRESSURE m.) 87.34( 87.32| 87.33| 87.33] 87.33| 87.34| 87.33| 87.33{ 87.34| 87.34| 87.34( 67.34| 87.33| 87.33| 87.34] 87.33} 87.33( 87.33

o
) E\l
S, O
N

k]



"\

—
. P
.
. . - WNIT NO. 2
EHLMIBCL DAM -
CONTINJOUS CPERATION TEST TEST NO. 2 -~ 36
( HEAT RN TYEST ) SHEET NO. 3/4
PROJECT . .
DATE NOV. 3 ' 1993 *
TESY TIHE (H~min.) . [23:30 |23:30 |23:40 123:50 [00:00 {C0:10 |00:120 |00:30 [00:40 [00:50 101:00 {01:10 [01,20 [01:30 [01:40 01:%0 [02:00 {02:10 |02:20
ELEPSED TIHE (H~:min) o] o] 10 20 20 L 50 &0 K] 80 $0 100 110 120 130 140 150 | 160 170
1 60.8 | 0.8 | 62.2 | 63.6 | 64.5 | 65.1 65.1 65.8 | 66.1 | 62.2 | 66.2 66.4 | 66.5 | 66.7 | 66.9 | 61.2 | 67.3 | 7.5 | 67.6
.4 59.7 | 59.7 | 61.1 63,0 { 64.0 | 54.6 | 64.9 | 65.2 | 65.5 | 65.7 | 65.8 | 65.9 661 66.3 | 66.4 ] 66.5 | 66.7 | 656.7 | 638.6
6 59.8 | 59.8 | 61.6 | 62.9 | 63.9 | 64.4 | 64.7 |65.1 | 65.3 { 65.4 | 65.6 | 65.7 | 65.8 | 66.0 | 66.2 | 656.3 | 66.4 | 65.5 | 65.6
' STATCR WINDING - -
7 61.5 [ 61.5 | 63.3 | 64.7 | 65.7 | 66.2 | 66.6 | 67.0 | 67.2 | 67.4 | 67.6 | 67.7 | 67.8 | 68.1 68.3 [ 68.4 | 68.5 { 68.6 | 68.6
10 59.8 | 59.8 | 61.4 | 62.6 | 63.5 { 64.0 [ 64.4 | 64.7 | 65.0 | 65.1 | 65.3 | 65.4 | 65.5 | 65.7 | 65.9 | 66.0 | 66.1 | 66.2 | 66.3
1 59.6 | 9.6 | 61.2 | 62.5 | 63.4 | 63.9 | 64.3 | 64.5 | 64.8 | 64.9 | 65.1 | 65.2 | 63.3 | 65.5 | 65.8 | 65.7 | 66.1 | 66.1 | 65.2
GEN. THRUST "No.4 - 63.5 { 63.5 | 64.5 | 66.5 | 66.5 | 66.5 | 67.0 | 67.0 [ 67.0 | 67.0 | 67.2 | 67.2 | 67.2 | 67.2 | 67.2 | 67.2 | 67.2 | 67.2 | 67.2
TEMPERATURE | RECORDER -
BEARING GEN. GUIDE NO.2 67.5-1 67.5 | 68.5 | 69.0 | 69.5 | 69.5 | 69.7 | 69.8 [ 69.9 | 70.0 | 0.0 | 2.0 { 70.0 | 0.0 [ 70.0 | 70.0 | 70.0 | 70.0 70.0
-0 (DAS) —
. TR, GUICE  NO.1 52.5 | 52.5 | 53.5 | 54.0 | 54.5 | 54.5 | 54.5 | 54.8 | 54.8 | 54.8 | 54.8 | 34.8 [ 54.8 | 54.8 | 54.9 | 54.9 | 54.9 | 54.9 | 4.9
1 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 22.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0 | 32.0
: 3 3.5 | 30.5} 30.5 | 30.5 | 20.5 | 0.5} 20,5 | 20.5 | 30.5 [ 30.5 | 20.5 | 20.5 | 30.5 | 20.5 | 20.5 | 20.5 | 20.5 | 30.5 | 30.5
AIR, OUTLET OF s 31.8 [ 31,5} 31.5 | 31.5 | 31.5 | 31.5 | 31.5 [ 31.5 [ 31.5"| 31.5 | 31.5 | 31.5 [ 31.5 | 31.5 | 31.5 | 31.5 | 31.5 } 31.5 | 31.5
GEN. AIR COOLER -
7 .|'31.0 [ 31.0 | 31.0{ 31.0 | 31.0 | 31.0 | 31.0 { 31.0 { 31.0 | 31.0 [ 31.0 { 31.0 | 31.0 | 31.0 | 31.0 | 31.0 | 31.0 | 31.0 | 31.0
W,
9 31.5 | 31.5 [ 31.5 | 31.5 { 31.5 [ 31.5 | 31.5 ] 31.5 { 31.5 | 31.5 | 31.5 | 31.5 | 31.5 | 31.5 | 31.5 | 31.5 | 31.5 [ 31.5 | 31.5
1 31.5 1 31,5 | 31.5 | 31.5 | 31.5 | 31.5 | 31.5 [ 31.5 | 31.5 | 31.5 | 31.5 | 31.5 { 31.5 | 31.5 { 31,5 | 31.5 | 31.5 | 31.5 | 31,5
137 21.8 31.5 (-31.5 | 31.57| 31.5 | 31.5 | 31.5 | 31.5 | 31.5 | 31.53 | 31.5 { 31.% [ 31.5. 31.5 | 31,5 { 31,5 | 31.5 | 31.3 | 31.5
GEN. THRUST -NO.1 63.3 | 63.5 | 64.5 | 66.5 | 66.5 6§.5 67 67 67 67 67.2 { 67.2 :67.2 87.2 | 67.2 ‘67.2 67.2 | 67.2 | 67.2
GEN. THRUST NO.2 | 67.5 | 67.5 | 68.5 | 69 69.5 | 69.5 | 69.7 | 69.8 | 69.9 | 70 70 70 70 70 70 70 0 70 70
DIAL TYPE; BEARING g B
GEN. GUIDE 52 52 53.5 | 54 54.5 { 54,5 | 54.5 | 54.8 | 54.8 | 54.8 | 54.8 [ 54.8 | 54.8 | 34.8 | 34.8 | 54.8 | 4.8 | 54.8 | 4.8
TWR. GUIDE 42.5 | 42.5 | 43.5 | 44 44.5 [ 44.5 | 44.5 | 44.6 | 44.7 | 44.8 a5 45 45 45 45 43 45 45 45
OIL INLET OF GEN. EXTERNAL OIL COOLER 36.0 | 36.0 | 36.5 | 37.0 | 37.0 | 37.5 | 38.0 | 28.5 | 28.5 | 20.5 | 38.5 | =8.5 { 38.5 [ 26.5 | 38.5 | 28.5 | =8.5 | 38.5 | 3@.5
OIL CUTLET OF GEN. EXTERNAL OIL COOLER ‘22,0 | 32.0 | 32.0 | 32.5 | 33.0 | 33.0 | 33.0 | 33.0 | 33.0 [ 28.0 | 33.0 | 33.0 [ 33.0 | 3.0 | 3.0 | 3.0 | 33.0 | ;.0 | 33.0
OIL INLET OF TUR. EXTERNAL OIL COOLER 36.0 | 36.0 | 36.5 { 37.0 | 37.0 | 37.0 | 37.0 | 37.5 | 38.0 | 38.0 | 38.0 { 38.0 | 38.0 | 38,0 | 38.0 | 36.0 | 39.0 [ 38.0 { 38.0
OIL OUTLET OF TUR. EXTERNAL OIL COOLER - 33.5 | 33.5 | 34.5 | 34.0 | 34.0 | 34.0 | 34.5 [ 34.5 | 34.5 | 34.5 | 35,0 | 35.0 | 35.0 | 35.0 | 85.0 | 35.0 | 35.0 | 35.0 | 35.0




INIT NO. 2

BHHIBOL DAM \
CONTINUOUS OPERATION TEST TEST NO. 2 - 36 !
( HEAT RN TEST ) X SHEET NO. 4/4
PROJECT
DATE NOV. 3 * 1993
TEST TIHE Crinin.) | 23:30{23:40 |23:50 |00:00 [00:10 |00:20 {00130 |00:40 {00:50 [01:00 [01:10 {01:20 [01:20 |01:40 |01:50 02:00 {02:10 [02:20
ELAPSED TIME CHezain) o 10 20 2 4 50 60 7 20 %0 [ 100 {110 {120 {130 [ 140 | 150 | 160 | 170
- COOLING WATER INLET 2751 27.s | 27.5 | 2725 {275 | 27.5 | 228 [ 272.5 | 27,5 | 27.5 { 27.5 { 27.5 | 27.5 | 27.5 | 27.5 | 27.5 | 272.5| 27.5
loen. ExTerRnAL OI COOLER | 28.5 | 29 | 29 29 29 29 29 29 | 29 29 29 29| 2 29 29 29 |29 29
COOLING - - -
WATER  |TUR. EXTERNAL OIL'COOLER | 29.0 | 29.0 | 29.0 [ 29.0 | 29.0 | 29.0 | 29.0 | 29.0 | 29.0 | 29.0 | 29.0 | 29.0 [ 29.0 | 2.0 [ 29.0 | 29.0 | 29.0 | 29.0
OUTLET -
GEN. AIR COOLER 29.1129.1 | 29.1 1 29.3 | 29.3| 20.3 | 29.3 | 290.4 { 29.4 [ 29.4 | 20.4 | 29.4 | 29.5 | 29.5 | 29.5 | 29.5 [ 29.5 | 65.3
1 60.4 | 60.6 | 61.0 | 61.5 | 62.1 [-62.6 | 63.0 | 63.3 | 63.6 | 63.9 | 64.3 | 64.3 | 64.5 [ 64.7 | 64.9 } 65.1 | 65.2 | €5.3
2 61.0 | 61.2 | 61.6 { 62.2 | 62.8 | 63.2 | 63.6 | 64.0 [ 64.3 [ 64.6 | 64.8 | 65.0 [ 65.3 | 65.5 | 65.7 | 65.9 [ 66.0 [ 66.1
STATOR
CORE s - 60.1 | 60.4 | 60.9 | 61.6 | 62.0 | 62.5 | 62.9 | 63.2 | 63.5 | 63.8 | 63.9 | 64.1 | 64.3 | 64.5 | 64.7 | 64.8 | 65.0 | 65.1
s 60.3 | 60.5 | 0.9 | 61.6 | 61.9 | 62.4 | 62.8 | 63.1 | 3.4 | 63.6 | 63.8 | 64.0 | 64.2 | 64.4 | 64.6 | 64.7 | 64.8 | 65.0
TEMPERATLREE :
o1L GEN. BEARING OIL PAN | 41.5 | 42.5 | 43.0 | 43.5 | 43.5 | 43.5 | 43.8 | 43.8 | 43.9 | 43.9 { 44 44 a 44 44 a4 44 44
-0 RESERVOIR
TUR.BEARING OIL PAN 42.5 | 43.5 | 44 44.5 | 44.5 | 44.5 | 4.6 | 44.7 | a4.8 | 448 | 45 4s 45 43 as as as 45
GROUND FLOCR 26.3 | 26.5 | 26.5 | 26.5 | 26.5 | 26.5 | 26.5 | 26.5 | 26.5 | 25.5 | 26.5 { 26.5 | 26.5 [ 26.5 | 26.5 | 26.5 | 26.5 | 26.5
AMBIENT -
AIR TLRBINE FLOOR (B1) 26 26 26 2 | 26 2 | 2 2 |.26 26 2 26 | 26 26 26 26 26 26
GEN. EXTERNAL OIL COOLER 8.1 | 8.0 |80 [80 [8.0 |80 |80 |80 {80 |80 |80 [8.0 {80 |80 so{ s.0| 8.0 |s.0
WATER S
FLO# TLR. EXTERNAL OIL COCLER 7.5 |78 |75 } 725 25 {725 |25 {25 {75 [2.5 [7.5 (2.5 | 7.5 | 7.5 7.5 7.5 7.5} 7s
V/aind -
GEN. AIR COOLER 6.0 {6.0 [6.0 |60 [6.0 |60 [6.0 [6.0 |6.0 [6.0 [6.0 |[6.0 | 6.0 |60 60| 6.0| 6.0 6.0
oIL. ‘GEN. EXTERNAL OIL COOLER 9.0 | 9.0 |9.0-}19.0 [9.0 |9.0 [9.0 |9.00]9.0 (9.0 {90 [9.0[9.0 |90 9.0 9.0 5,01 9.0
FLOW" : - -
O/mind TUR. EXTERNAL OIL COOLER 6.0 {6.0 |60 [6.0 [6.0°{6.0 |60 [60 [6.0 | 6.0 [6.0 {6.0 |6.0 |6.0 sof{ 6o 6060
om. GEN. BEARING OIL RESERVOIR ” NORMAL
LEVEL
(o) TUR. BEARING OIL RESERVOIR NORMAL:




Lay ocut of measrument on gen. cover
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Data of no-load no-excite




Gen, 4

Sheer
Ccdence

Locd

Ea

Comhﬁ wakw)

hh)L9q4{ _-hjo é:*Cik;

By

Measur. piace

B3 ﬁ%

Siant

3. 24
Operator

SFFREREEEEEEENEEEE

= 3.&533533353535335
o La N Qi - ~ | n
AR RV R R e R I R R NI S

»|°| ° 5335538555555 &%

El ol olo |Fololo|=laln|salo s e of

te
Nov. 03 1993

Total
Ca

Average



| Slant ll Load Testi :
, ax ¥ , g Gen e_}%. f
I Sheer :
CCrrecticns No load ~ No excile
Measur. oicce dence
B ng!a&_ +e»~t\> »Jlﬁ Gen. CDVQY‘PIW&—— cace ‘
Mecs. points ; Sw}aﬁ' ‘ ! , ! ! i i i ] ] ;
| femp | I N R R | |
=~ | e oo o o T T
LR Y R S RV o 2 N N
RERVCE | 279 | 286 1285 227 284 | 282 | 284 | 282 | | l
2! ot 4t | |28 | 285 | 284 i 275 | 282 | 287 | 2846 | 281 | | I :
3] otia7 | | 280 |z82 | 284 | 2729 | 284 | 289 | 285 | 290 | | | !
a1l o148 | |28-1 l 28.5 }25.5 | 278 | 282 I 28.3 !26.1 | 229 l i l 7
5| ovaq | 276 | 283 | 286 | 279 | 281 | 286 | 287 [ 285 | f
6 l o150 i , 277 | 283 ’ 28.4 f 277 { 284 | 283 | 280 i 27.8 ! I I
7iots1 | | 281 | 284 | 284 | 795 | 282 | 286 | 284 | 2729 | 5 ’
8 I o157 | | 278 282 ]231 | 278 f 279 l 28.7 i 284 ‘ z79 { ’ ‘ {
S ] o{:53 i 277 | 281 ‘252 12?.4— | 77.6 i 28.3 : 2%.3 %27-3 | ' l 2
0 crsg | | 276 | 282 285 |27 | 280 | 284 lz&i- ? 27.5 3 ! f : :
] orss | | 27271 283 l 285 [275 | 280 | 282 | 282 | 273 | ! "
2] o5t | | 227 | 282 | 283 | 274 | 2726 {2729 | 284 | 282 | | f
13 o157 | | 278 1 284 ' 281 7.3 | 279 | 284 | 235 | 282 | | ‘
u4§ o1.88 | ] 28.1 } 28.1 iz&a 27.3 ! z749 §28.z ; 285 ’ Z8.5 f , ’
5] ot:59 ! 279 | 282 '224 279 | 275 . 278 | 280  z74 | :
6| 02200 | 1276 | 279 i280 (275 | 272 277 | 278 zza| | 1 |
7 E I | ] | |
K | ] | -! ! ‘ | | ] § |
2] ; | i | | 1 |
20| | | | | f | | |
! | | | | | i | |
| ! ! ! 5 I o ! | | !
RGN R .
Average ,’ ‘27. 543’ 25.275}7.5.331 i27.537 iz7.%1 iza.%7 23.313?27.357 !
Oate Operator o ] (_\ H
Nov. 02,1993 j, . Pr'ox‘oco».e \—)f




Diant ; Load Test
BB "2 ’ Gen e—;(fr
| Sheer
Corrections No leact = No excile
Measur. pices Cadencs
B
i Ta i i em gTQJﬂ . ' ' '
ices.pans —IT;IT:fP oufer E}J Eouﬁir | { ;
- Units . . ; : . : . l } ; i
lime C (O i Time | C 1 °C | | |
P ootidn | | 280 | e | 0205 | 280 | 2806 | ! | % i
2] 01:46 | 280 | 280 | . ook | 280 | 286 | i 3 |
3| o1 47 | 28.0 | 286 | | 0207 | 280 | 286 ! § ?
4| o01:48 | 280 | 2806 | ! ozsoa' 280 | 286 | ’ |
S| o1:49 .280 | 6 | 0Z:09 I 2890 9 286 | l l
6 o1:50 !ZB.O 28.6 { 0z:10 : 280 | 28.6 i ]L
7| ot:51 | | 280 | 286 Loz | 280 | 286 | | | |
8 | 01252 280 | 2806 | ozn | 280 | 286 | | 1 | |
S | ot:53 | 280 | 285 | ozy | 280 | 286 | : i 5 i
IC| o1:54 | 280 | 285 | Yoz | 280} 26 | | | .i i
| onps | 280 | 28¢ | {0205 | 280 | 286 | ’ 1 [
2] o1 | 28.0 | 286 | | | | ! | } '
31 o157 | 280 | 780 ! | | l | !
14] o158 | 280 | 280 | | | | i | | 5
5] orsq | L 280 | 284 | : | ‘ z l
6] 0z:00 | 280 | 784 | | ' ;
l7,§ 02:01 | 290 ! 284 ; { ' }
€l o7:07 | | 29.0 | 286 | : ; | ' ' |
] 02:03 | [ 28.0 | 284 ° I ; i ! ! !
20! 0204 | ;280 286 | ] | | | |
| ] T
] | T T
Total f i ’} J .; : i
Average ; j 28.0 Ii 78.6 l f g

Oate Operator . )
P Protocoke Q .

Nov. 02, Mﬁé -




__8._.
- FN

TS g

Dignt i Locd Tes
BB ¥ { Gen. el
Sheet
Ccrrections No loed - No excile
Measur. placs Cadence
A bienl il‘eﬂ? ak gﬁmv"\a{)— -2(—}50\"
Mecs. points Ambzew?} ’ ' | ' i f |
temp | ! l ; | ’
_ Jnits § l § ! ! | l
Time | C o ’ ! I | i :
i otas | | 239 | | f | i | | | |
2] ot:4b | 240 | l | | | 5 | l l
3 oraz | 24 , | ' | i ' ! f ] ‘
141 on4s | 220 | | ? | | l |
5| o1:ag 124-1 l i I I I
6 l 01:50 I 241 | ! ! ! i ’
71 o1 | | 240 | ' ’ | |
8| ot:ss | | 737 | ! | ’ ! | |
S| o153 | | 230 | | i | f ;‘ |
IC] o154 | 239 | I | ]
] orgs | | 236 ;' § f l | |
2 ot:56 | | 238 | i | | ! | | |
2 o1:57 | | 239 | ! | ! 1 | 5 |
141 o158 | | 23.4 | | i | | |
5! o1:09 | 740 | : : f | ; 1 !
6] 02:00 | 240 | | ; , | |
17 | | i | | | i
A RN N N R e
2] ; . 1 ; | | | | |
2] | | L L
: — |
| | | L |
Torc! i ] 1; -
Average Z’o‘.%é‘{ i i 'i
Date . Operaror ; (\
Protoccle
Nov. 02, 1393 R 2] T N
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4
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P
|
rgw '
b ot
| 4o
b 602 |
| cot |
606
féoo |
| 600
0
| 600
&co
I 601
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| goo |
oo
6eof
| 601
600
boo.b

Operator

!
|
!
!
f
|
!
1
i
]
i
i
i
i
|
1
i
!
i
|
I
i

cliens

N

O1:47

4! o4 4% '

| o1 46
5| o1:49

0154

5
01:5b

b 61:57
58
01:59

w
= | = 0

o= [
@ Q 1D 1
Q

6] onso |
0151
o1
S o5y
|
61 p2:00

i

1

{

1

1
Average

A Yl
A ¢ m U SRS SUURURSY SRR P SN DUV DI S S SN DUV PR =
= = - (oo ~1m Ol= N |L W ~ R 9 m@ 12
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ROSEMOUNT

RS3
REPORT

*26SwWl
*26SW3
*26SW4
*26SW6
*268W7
*26SW9

*26SCl
*268C2
*26SC3
*268C4
*26S8C5
*26S8C6

*26GAl
*26GA?2
*26GA3
*26GA4
*26GA5
*26GA6
*26GA7
*26GAS8
*26GA9

*26GA10
*26GAll
*26GAl1?2
*26GAL3
*26GAl4
*26GAl5
*26GA16

*26GTB1
*26GTB2
*26GTB3
*26GTB4

*26GGB1
*26GGB2

*26TGB1
*26TGB2

*26W

STATOR
STATOR
STATOR
STATOR
STATOR
STATOR

STATOR
STATOR
STATOR
STATOR
STATOR
STATOR

GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR

GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR
GEN.AIR

GEN.TRU
GEN.TRU
GEN.TRU
GEN.TRU

GEN.GUI
GEN.GUI

TURB.GUIDE BEAR.
TURB.GUIDE BEAR.

COOLING

26KQA
26KQB
26KQC

-, 82.~

—

-

e

XAKRKKALEKXAAKXKEAXAKXAX AKX K AR XK KKK

x

* ACTUAL TEMPERATURE

*

* 02-Nov-93

ARXA XXX XAXAXAX XXX XA XXX XA A KXk xxx % %%

WINDING
WINDING
WINDING
WINDING
WINDING
WINDING

CORE
CORE
CORE
CORE
CORE
CORE

COOLER
COOLER
COOLER
COOLER
COOLER
COOLER
COQOLER
COOLER
COOLER

COOLER
COOLER
COOLER
COOLER
COOLER
COOLER
COOLER

BEAR.
BEAR.
BEAR.
BEAR.

ST
ST
ST
ST

DE
DE

BEAR.
BEAR.

WATER

‘TEMP.

TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.

O N OV W

TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.

U W0 -

TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.

LNANe B e o Rl N Be ) NN @) IV - OS I8 NS T =)

TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
TEMP.16

TEMP.1
TEMP.?2
TEMP.3
TEMP. 4

TEMP.1
TEMP.?2

TEMP.1
TEMP.2

TEMP.

REPORT

02:22:49

UNIT 1
41.6 DEG
42 .4 DEG
41.9 DEG
42.1 DEG
41.8 DEG
42.%4 DEG
41.3 DEG
41 .4 DEG
41.2 DEG
41.4 DEG
42.5 DEG
41.1 DEG
37.8 DEG
36.6 DEG
36.5 DEG
36.7 DEG
37.9 DEG
36.6 DEG
36.8 DEG
36.7 DEG
36.7 DEG
36.8 DEG
36.7 DEG
36.7 DEG
36.6 DEG
36.3 DEG
36.7 DEG
35.8 DEG
37.9 DEG
26.1 DEG
37.9 DEG
37.8 DEG
38.3 DEG
38.4 DEG
31.8 DEG
30.9 DEG

DEG

TRANSFORMER OIL TEMP.
TRANSFORMER O1L TEMP.
TRANSFORMER OIL TEMP.

PHASE
PHASE
PHASE

*

x
*

*

QOO0 0N000N PNONONOEOKS!

Q000N QOO0 0CON

QN

O w3

QOO0 0AN

HEPP BHUMIBOL

UONIT

32.
32,
32.
32,
32.
32.

O = N 0 N

32.
31.
32.
32.
32.
32.

PEIOS I Ol o) e

29.
25.
28.
29.
28.
28.
28.
28.

2
L

~N YOO oY N U e

28.
28.
28.
28.
28.
28.
28.

UTWO OWIWDo O™

64.
58.
63.
89996.

O

52.
49,

(G20

()

53.
53.

-

42.
44,
43.

LSRN Vo]

3]

DEG
DEG
DEG
DEG
DEG
DEG

DEG
DEG
DEG
DEG
-DEG
DEG

DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG
DEG

DEG
DEG
DEG
DEG
DEG
DEG
DEG

DEG
DEG
DEG
DEG

CEG

DEG

DEG
DEG

DEG

DEG

DEG
DEG

PEPNONONONS!

oNoNoNeNoNoNo N NS OPNONONOEONS!

QOO0 00a0n

[oNoNeNe!

0N

[oNe]

@]

Q0N



Data of no-load excite



Siant i Load Test
e ' £ i
BB 7z ‘ 'Gen. «—% ‘
{
- . r— Sheet E
Corrections MNe-load Excile 1
. Mecsur. olocs Caoderce
o |
t | i 1 H I ' !
| | i
Meas. points IE{N \ [ i 1 | i | }
| Tiow i I i I ! ! I {
] 1 3 i i
Units | | I ] s ! % ; t
e el o
o 1 , | | I r i i i ' | .i
10550 | 3.3131- - | | g | i ! | ! g
2)05:5y |3.172 ! | | | i i | i ?: !
= { T . ¢ } | | i '
Ry i I R I T S AR B N
410553 | 3212 oy b b
¢ | 1 i
50554 | 3.080 L I N
6105:55 | 3.310 | | | | |
710556 | 3336 | i 5 | | l | | |
8 0557 | 31321 i i | | l | ' ! !
! , 1 i { | i
5 105:58 ! 5.224] 1 | 5 1 . ! : E | ! |
! : i ( | , i
0] 05:58 | 3.20b , ! f | ! 1 | |
1| pbroo | 3.338] i | ! | ! | | I | i
121 06201 | 3.233 ! ! | 2 % | ! | | |
] iy I : ; : 1 : ™ |
2] 06:0?2 { 3166 | l | l | [ : l : |
4] 04703 | 3.218 | i | I ! 3 ! { ? |
- T ' i ¥ ) i ! .
5] 0b:04 | 3252 ! | 3 ; | | | | | :
16] 06205 | 3.23b | ‘ | | : ! , f '
: i ‘ i ; i i i
\7i Qbi06 | 3.267 | ! | | |
P i ] i ! | : - i i
1€ 0b107 13.203 | | ; | . ; | | ! ! |
ISY 0bi08 |2.270 ] f | | | ! | l
201 0609|3273 N N S i B
] | R | o ] !
T 1 T
_ i ! | | 2 l,
Totat ] ! i l l i . ’
Aver | | | | ! ! ‘;
Verage |3 3.4 1 L | | %
Date Qperator Protocoie m E
__Nov. 3,133 u_;




Siant . Load Tes? ‘
BB *, { Gen. ::Tri ;
Sheer
Corrections No-lecad Excile Z !
Measur. place : Cecdence n
B Ccm Howd
Megs, points i Iemp. IT?—"“PLE ' ‘ ij,mP.;Tm li f E i | i
! Inlet ] outle’ } | Talet i optlet] ‘ ! l f {
fime ! C .1 °C {Time: C . C | ' i ! ! %
P 05150 | 270 | 28.7 | b0 | 270 {289 | i | i
2! 05:51 | ! 27.0 |26.7 | . 0Bt : Z7.0 | 287 : i . | ' ﬁ
31 05:52 | | 270 | 287 | bz | 270 | 287 : f i
al| 05:5 | 270 | 287 | | o3 | 270 | 287 ] l ’ | i
5] o4 | z7.0 1287 | {owtt] 270 287 | | | | |
6| o555 | | z7.0 | 287 | | obits | 270 | 287 | l i
71 0556 | | 270 | 287 | L ebus | 270 | 287 l i | ]
3 | 0557 ! | 270 | 28.7 f " oo | 270 | 287 i | ] | | J
S| osies | | 270 | 287 | | obts | 770 (287 | , | 5 | i
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RS3
REPORT

*268W1
*268W3
*26SwW4
*26SW6
*265W7
*26SW9

*265C1
*268C2
*26SC3
*26S8C4
*26S8C5
*268C6

*26GAl
*26GA2
*26GA3
*26GAa4
*26GAS5
*26GA6b
*26GAa7
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*

* ACTUAL TEMPERATURE REPORT

*

* 03-Nov-93

KXk kX Ak kkhkXdk*khkXkkkhksxkkx

WINDING
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WINDING
WINDING
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CORE
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BEAR.
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TURB.GUIDE BEAR.
TURB.GUIDE BEAR.

COOLING

26KQA
26KQB
26KQC

WATER

TEMP.
TEMP.
TEMP.
TEMP.
TEMP.
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W N O W
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TEMP.10
TEMP.11
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TEMP.13
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TEMP.16

TEMP .1
TEMP.?2
TEMP.3
TEMP. 4

TEMP.1
TEMP. 2

TEMP.1
TEMP. 2

TEMP .

06:07:01

UNIT 1
42.6 DEG
43.2 DEG
42.7 DEG
43.0 DEG
42.7 DEG
43.0 DEG
42.3 DEG
42.5 DEG
42.1 DEG
42.3 DEG
43.5 DEG
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7.1 DEG
35.9 DEG
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ROSEMOUNT * ACTUAL TEMPERATURE REPORT * HEPP EHUMIBOL
RS2 * : *
REPORT © 0J-Nov-93 22:36:44 ¢
XXX Frxrrxxx b X kX xkhkxx>rxx
UNIT 1 UNIT 2
*265Wl1 STATOR WINDING | TEMP.1 56.4 DEG C 75.3 DEG C
*268W3 STATOR WINDING TEMP .2 56.8 DEG C 74.3 DEG C
*26Swd STATOR WINDIXNG TEMP . 4 536.8 DEG C 74.9 DEG C
*268W6 STATOR WINDING TEMP.6 58.6 DEG C 74.3 DEG C
*2685W7 STATOR WINDING TEMP.7 57.8 DEG C 77.1 DEG C
*26SW9S STATOR WINDING TEMP.S 56.6 DEG C 73.3 DEG C
*26S8C1 .STATOR CORE TEMP.1 56.6 DEG C 61.7 DEG C
*2635C2 STATOR CORE TEMP.?2 59.2 DEG C 2.6 DEG C
*26SC3 STATOR CORE TEMP.3 56.4 DEG C 61.5 DEG C
*26SC4 STATOR CORE TEMP. & 57.0 DEG C 60.6 DEG C
*268C5 STATOR CORE TEMP.5 '60.0 DEG C 61.6 DEG C
*26SC6 STATOR CORE TEMP.6 56.5 DEG C 61.4 DEG C
- *26Gal GEN.AIR COOLER TEMP.1 39.3 DEG C 32.6 DEG C
*26GA2 GEN.AIR COOLER TEMP. 2 37.4 DEG C 33.0 DEG C
*26GA3 GEN.AIR COOLER TEMP. 3 38.0 DEG C 31.1 DEG C
*26GA4 GEN.ATIR COOLER TEMP. 4 37.7 DEG C 33.8 DEG C
*26GA5S GEN.AIR COOLER TEMP.5 39.3 DEG C 31.8 DEG C
*26GA6 GEN.AIR COOLER TEMP.6 37.6 DEG C 1.6 DEG C
*26GA7 GEN.AIR COOLER TEMP.7 38.1 DEG C 31.7 DEG C
*26GA8 GEN.AIR COOLER TEMP .8 37.7 DEG C 32.3 DEG C
*26GA0 GEN.AIR COOLER TEMP.Q 38.0 DEG C 32.0.DEG C
*26GA10 GEN.AIR COOLER TEMP.10 37.8 DEG C 32.4 DEG C
*26GA1l GEN.AIR COOLER TEMP.11 38.1 DEG C 32.3 DEG C
*26GA12 GEN.AIR COOLER TEMP.12 37.8 DEG C 32.6 DEG C
*26GA13 GEN.AIR COOLER TEMP.13 38.0 DEG C 32.2 DEG C
*26GA14 GEN.AIR COCLER TEMP.14 37.4 DEG C 31.7 DEG C
*26GA15 GEN.AIR COOLER TEMP.15 38.0 DEG C 32.7 DEG C
*26GAl6 EN.AIR COOLER TEMP.16 36.7 DEG C 31.2 DEG C
*26GTB1 GEN.TRUST BEAR. TEMP.1 42.3 DEG C 64+.2 DEG C
*26GTB2 GEN.TRUST BEAR. TEMP.2 30.6 DEG C 58.2 DEG C
*26GTB3 GEN.TRUST BEAR. TEMP.3 42.5 DEG C 62.1 DEG C
*26GTB4 GEN.TRUST BEAR. TEMP.4 £2.4 DEG C 69.1 DEG C
*26GGBl GEN.GUIDE BEAR. TEMP.1 44.3 DEG 51..9 DEG C
*26GGB2 GEN.GUIDE BEAR. TEMP.2 41,4 DEG C 48.9 DEG C
*26TGB1 TURB.GUIDE BEAR. TEMP.1 40.4 DEG C 53.5 DEG C
*26TGB2 TURB.GUIDE BEAR. TEMP.2 38.7 DEG C 53.1 DEG C
*26W COOLING WATER TEMP . DEG C DEG C
26KQA TRANSFORMER OIL TEMP.PHASE A 144.3 DEG C
26KQB TRANSFORMER OIL TEMP.PHASE B 45.6 DEG C
26KQC TRANSFORMER OIL TEMP.PHASE C 44.8 DEG C

03-Nov-93 22:37:28

212:37:27.942 2838Q0F Governor 0Oil Pump 1..... Riéing Edge Evt
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FTUNAN1INARAUDAINITATIIY Generator

on Resistance Test (Test No. 2-14)

20 6a.36 1a3aA1 Insulation resistance m89 Stator uas
. - ' « . < w <~ ' [ [ W <
RoOtLOr WIAIWNAHIWITNTUIIAIN dAaNuINLUuUnD Dry——Out. wIals wazLnULduaiandns
< ) o
Stator Megger (2,560 Vvdc.) 1 Star-Point yngufiy Ground

b Y

1 wn  1aan 350 M.Ohnm

o

16 477 18@1 3,792 M.Ohnm

#1 P.I. = 1@

) P v
Rotor Megger (189@ Vdc.) 1 wan tean 59 M.Ohnm

2 Dry-Out
3°7nuaTAIN1570 Insulation resistanceladn PI.&4(71@) Foun-
. [ PN d y i [Y2N i% 14
dation tdu7avtayd Concrete HAYMINTUAN ANEATIUNITIAWIITALRITHNAIN

. a v
F7tiun’c@dy Dry-out

Short Circuit Characteristic (Test No.2-16)

MIN. (AMP) MAX. (AMP)
3 .
nadgaun Stator Current - 830 4216.67
Field Current 106.87 546.67

4 Dielectric Test

. N N 4 o -
NINTIN6RdY Dielectric Test 7 100 % LtH3IUN 15 N8.2536 ¥ay

[
ANNUTenaut §93 (Test No. ST5/5)

High voltage test (2E+1)%1.7%100% = 48.62 kV.DC. 35 min.
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Phase Voltage Leakage current (micro Amp.)
(kv)
1 min. 5 min
U - EVW 48.62 889 88@
vV - EUW 48.62 8780 820
W - EUW 48.62 838 790

. . . o
Nnia1Tna{ay Dielectric Test 1 80

(Test No.2-14)

- Stator Megger nau Hi-Pot (uan phase)

phase to ground phase 1 Min(M 9> 10 Min(M 9| P.I.
B+C U 900 6000 6.66

A+C \' 900 6500 7.22

B+A W 900 5000 5.55
Before Hi-Pot U+V+W 380 3950 10.31
High voltage test (2E+1)%1.7%100% 39.9 kv.DC. 1 min.

Phase Leakage Current
U 122 Lt A
v 120 AL A
W fagilon ey na




ul

- lLeq -

- Megger 2508 V. wav Dielectric Test
7Phase 1 Min(M ) 12 Min(HM ) P.I
U+V+W 250 3850 11.20
Test Result : Good
Open Circuit Characteristic Test (Test No. 2-19)

na®ay Gen. Voltage

Average Min. Max.
v, 2660.4 V. 2768.4 V.
I 78.33 A.25V. 71.86TA.22V.

aquauAa1 Short Circuit Ratio = ©.98 (ﬁﬁn-cufbe)

a1@1u Specification > 1
Factory deéign 1.086
ane@f§auann Unitl  1.005
Meter Accuragcy +°0.5

-8
-~

) ' < v . . ' ' -
Test Result : a nialanady Unit2 ®71077 Spec. a10211na’3n Meter

. . <4 . .
wae Vibration naﬁtﬂiadgd1unmx Open Circuit Test

Phase Sequence Check (Test No.2-21,22)

Test Result : OK
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7 Residual Voltage Mesurement (Test No.2-21,22)

8

9

Phase Voltage
A - B 186.12
B - C 186.12
C - A 186.12

No-Load No-Excitation Ru

n (Partial Shutdown)

o . . ; ) .
Test Ta825 Simulation relay 59G &4 Trip 86-3

- Load 42 XMW.

®@ MVAR.

Turbine Speed Rise 13 %

Gen. Voltage

Rise Q0 %

Temperature Rise Of Continuous Operation Test

Load 60.8 MW 20.8 MVAR

Ambient temp 26.5 °c

Water Inlet Temp 27.5 °c

Stator winding Temp. Max.68.6°C Rise 37 °C

Core Temp. Max. 66.1°C Rise 24.6

C

o

Gen. Thrust Bearing Temp. Max. 67.2 C

Gen. Guide Temp. Max

(o]

.- 54.9 C

Test Time 2 Hr 50 min.

Specified Temp. Rise

al

86.5 MVA 99.5 MVA
Stator Winding 60 °C 80 °C
Stator Core ge °c




4 o M o 4 <4 . .
(U9 INTERUUITNWANIE Test N rated out put uad§ u190 Estimated

. UUH
Temp. Rize Maavy

Estincte Temperature Rise For Rated And Maximum Out Put

1. Stator Winding (Ta)
a. Rated Out Put (86.5 MVA)

[(37-16)%(86.50) /64.2631+16"

Ta
= 54.12 °C
b. Maximum Qut Put (89.5 MVA?
[(37-16)%(99.5) /64.261+16

o *

= 66.35 C

Ta

2. Stator Core (Te)
a. Rated Out Put (86.5 MVA)

Te [(34.6—16)*(86.5)2/64.26]+16¥

1

= 49.85°C
b. Maximum Out Put (99.5 MVA)

Te [(34.6-16)%(99.5)°/64.261+16"

[}

60.59 C

Remark = 16 = Temp Rise due to fix loss of test
}

192 Gen. Total Loss

1. At .95 power factor (Lag)

- Total loss 1060.076 KW

- Conventional efficiency 98.629 #%
2. At 1.0 powerﬂfactor

- Total loss 997.599 KW

- Conventional efficiency 98.772 %

@1 Design 98.62 %

- < 3 J . .
Test Result 3En1n1g Test BRAAIY T¥UI14N1 Final acceptance Test

-
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i. Radiographic or ultrasonic examination F1UTUNIIA

b..

GBUTﬂﬂkéaNﬁﬂﬁ 4 ﬂquuunﬂiﬂ site

2. Hydrostatic pressure tests #1450 Pressure systen
;7
Nevye 1du Cooling water system o0il pressure systen

3. A313F8Y ﬂﬁiﬁﬂﬁﬂuﬂﬂﬁ58UUﬂdﬂqu Tryuuiasiiu T UUR Yy
<y [
LRAUATY 9

tY) pr . e
ﬂﬁuLﬂiaGﬂﬁLaﬂYWﬁﬁuazﬂﬂﬂimﬂisﬂaU
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i. Radiographic or ultrasonic examination &®IUIUAT2I
®au ﬂLgaNﬂﬁﬁ S ﬂnﬂquWWaﬂ Site

2. Hydrostatic pressure tests =RI%YU Pressure system
NINWUA

3. Tests on stator coils #inn1Tnas¥8yU Stator coilﬁaaﬁuﬂ
f1n15UTEnaYR  Site waw Jointing Coils ®1y 9

4. Tests on completed stator windings na®ayu Stator
windings wﬁeqqﬂﬁizﬂauuﬁdLaéﬁ L% Insulation resistance test, High
potential test.

5.Test on completed rotor winding nea#auRotor w1nd1ncs
WaNAINUTE ﬂauuRQLﬁa? LU Insulationresistance test, High potentlal
test, Voltage drop test.

a ( 1} 1
6. Insulation test ﬁwwiugﬂﬂimﬂﬂﬁ 1 UREINATEANY ] Tuns
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. d .
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a
9.n1nedaun19bduauy (DIELECTRIC TEST)

. . < ] .
Dielectric test 1UUANTNARBUIWARSIAINALAUIUTAITARIG (wind-
ing insulation) 984 Rotating machine 71 Electrical strength (Die-
. o . _ 4. - , - 4.
lectric strength) ﬂadauauuﬂwgqnaﬁ ﬂﬁﬂﬂ@@nnﬁnu@ﬁiﬂ%ﬂ HLISAUNAFEAUNTN
I'e .
WUAGNNLIATS51W IEEE, NEMA Ry ANSI Taga @audse®Runism AL NIAIN LA
: 4.0 d
RATAR AR UINNTH L WU FUNIETTITURR D
9.2 1AULAA
. . 2 . 4 o
9.2.1 Dielectric testiuunNmaasy i1WwamII99u(Acceptance test -
- o 'd . “ Vo o L) . : [
ing) ®19SuiaTavnitRalud1uinawinL 119794 (Commercial use)TeldAToU
d . o ) ) .
ﬂQNﬁﬁﬂﬂiﬂ@NaULwaﬂﬂinﬁéﬁiﬂﬁﬂmﬁuﬂﬂa ( Routine maintenance testing )
o 4 d
FUTULaTaINTTI1UUA?
d . ﬂ ﬁ ”"\ € 1 7 .
9.2.2 107390 1MUATHWY @ L JUTUATEUNEAINNTAUAIEAIANE  (Air
. ; o o o < . - 2 o X
cooled machine) Fuiiuuwuufiatudmiuiaiasaniiatwdwavin(dydro-gener-
ator)
9.3 T8R934
’Q HQU Ll | 24 4’ Lx] d i{QI
NITNAHALUTUAUNIUATISAAUTINHN LUBNIINLTIAUNARAUNTTNAKANY
o 6 o = . o o ‘ » o W N w
WUTI|N @quuﬂmzﬂqﬂﬂiﬂﬂﬁﬂﬁﬂaissuaszqqaﬂﬂﬁﬂwyﬂﬂaimLnﬂiﬂﬁna Wi WezaaN
<~ (d —_ -4 1 4’ d V'
PRC R niaqﬂﬂimnn@aaUIQELm@ﬁﬂm TAT¥7IN(Frame) faviaIa9nnagavazadnga
?

NANBU @2IRBANAUTABATY (Solidly ground)
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9.4 ANTIATENNNTLWANITNARDY

L . o
9.4.1 qmﬁﬂﬁﬁaﬂﬁmaam (Winding) a19naday @17n3sn1unuen
. P [ o 4 1 . -
Winding ugmﬁﬂﬁiuLﬁu 48 C tuaNsIIN@e1%ay Insulation resistance Way
. . . a’ Qdiu v
Dielectric absorption azLﬂaﬂuuﬂaﬂmﬁugmwﬂuLwaﬁuwanﬁﬁnmﬁaugnmaq uag
. « I~ [YREPS o v a . A <
dru1gauididqayinautla naﬂaiﬁﬂﬁﬁﬁugmwguﬁaﬁ Winding avyneasgan19Inagay
o o .. . <~ A . . v o .
GNUUATTINAFRALAITILNTE N Quﬁmzﬂqmwﬂuﬁaﬁ Winding ‘9nataasny  Ambient
temperature
s N \ )
9.4.2 §77wBaYy Winding NNaRBUAITREE1E LAaUNRYA1 Insulation
. . . o B . 4
Resistance uaz Polarization Index ﬂaigﬁﬂaﬁﬂﬁmﬁgwﬂuuxuq (gYuLsaﬁ
Insulation resistance test)
<y d
8.5 IFN1Tnaday

9.5.1 Winding Connection

1. Stator winding : #1%3ulu Machine TUNIATHY ILWULLI
. d .
(Recommended) 7#1i1n17 Test Tagnannas it Wwdiung Testgmma Neutral 284
‘ . . ar 4 * 3
waaz Wiy Winding wsﬁaeuﬂﬂaaﬂWﬁnnuauanﬁﬂﬁinﬂﬁau LRENINITATAREBU
ar Q': ‘J - -4 . e “~ [
AULURTA L WANUNTUL AR INAIVUA LWAN NN T LUTEUL NEUTENRINS LUFIUT A9 L IRINARAY
dy 4 ! Y
LWRNINIANAR A UIUEHUR DA DR Ground NYHNUAK
o . ¢ 4 . v
81%7U Machine ﬂuﬁmganﬂgmma Neutral end 1a¥97@RGNY 2
VW @RDNfUAEIN01ITUA S AINE NN TINAF UL EN LWATH G anaFauwT N q

. ' . . bt v oW o f !
4 3 Wd Tegma Line terminals 8NNy 3 LW LINQ8AUIEINTIATIY LAY

e

] o . . 2 < - v
A1768 Neutral end L¥14Y Line terminals AIBLWARAATITLNG Surge B9a1A

N

N

13 L) d‘J 1 4 t ey < t
AITRL AR L AN Y Yunsmnauauag?uﬁﬂwwﬂ Ha¥KTaLNA Fashover F¢#114n19
&< ] < s H
NARAY AUNTUNAITILADAIAU ANY
g

Sator temperature detector coilor thermocouples

- Other device associated with the winding

- Current transformer secondaries

- Rotor winding and shaft

~ Test set frame

2. Field(Rotor) winding: ida@ Brush pan’nn Slip ring

Waz@a Terminal fiv 2 (Positive & Negative ends) +389288uasa 191891
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U‘Jl}
9.5.2 uivaun?diun1inasay

1. WI9aunTdnasausaanlflanIuT9auIwd 1IN Teu A TINALL TIAY

< ' . e @ W L]

A9¥¥1Y 20-60 Hz (Power frequency)ualuznidunasild
a o o] < o ] pY) ' -~

9 2 37 Tun1vyiialignnantdusedutwdinssudnssiizaavanglsznisaa

Wl nTendday aau

=Ser o~

. . . ~ N .

- Direct potential testing HTaAANRENIAIIN LAWY

TRRARUIURD Y

P o su
- ®Wwr9aleanTsud92Iva (Leakage current) uag € 16
o, o R
RWREFILAA LABAINTUN L DE9TuN 1T L UREULURILA T @
" [YREPN w ~ a . B
- AN NAAINN L REUIENA BTN TANAUINL NG Breakdowh t 4D
< wa
1

“

. . 4 3
210 Capability 2avsidnsunigdauratan
q
c’dei; P (4 - - 2
- QﬂﬂimﬂlhﬂﬂﬁﬂuuﬁuﬂﬂLﬂﬂ LWRZ LUIFAINTUNITAGESY LAE
<4 Y] 4 ) & : '
LARAUEIE tuavanTT i wavATzud T naTeNAGa s
EY] o 2 [ L i)
268277219 7Un19179 DC.Method nea ﬂﬂﬁYﬁLQaﬂuﬂuYuﬂﬁiﬂaﬂﬂﬂizi
A winding WANAINNARAULAD
2. UGV IIANTIUNIINAFBL
- Stator winding
d as s
bl TIARIWN I N TE U ARR Y
Test voltage (rms) = 2E + 1,000V —————- (1)
138 E = Rated voltage of the machine in volt
~ e ‘ . . N <
TUATUNLATENLAEHNIUATITINY Dielectric test NTI99uU
[Y] s S w W <y ¢ ¢ ar <
LRY LITIOUNAFUNTTTURARNLUAD 85 LUASLEAUA TDILINaUTUudun19n 1
4 o
LAt TI AWl InTE U AR TS
. o o A u
Test voltage = 1.7 N80T IWdInTeudFRUNT Y
- Field winding
Generator field winding ngﬂﬂ@ﬁauaﬁﬂuiﬁﬁu1wﬁ1
ATeuRAALY T9A1 Effective value (rms. value) ﬂdﬂLﬁu 10 s+nN1189 Rated
excitation voltage um@avYsitiasnii 1580 Volts
o < . . [} . . 5 <
Tunqgan Winding ta881un1911 Dielectric testnigy
'Y e S o w < o« P V) Y]
JIULRDY LTIAUNATALVNTTTIVRGRNLNRD 85 % TaNUIVAUNAFAUNARIITIIAY

(ASA (506.10-19653)
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9.5.3 isﬂsanwﬂuﬂﬂiﬂauuﬁﬁﬁunmﬁau
1 )
A1stauns9eunasgay  A213zaad ¢ LWUNTEAULTIAUTY ( 81WTY
U b 24 U
Stator winding a1RasiwWuaivar 2 kv uazd1wiy Filed winding 21A3E L WY
] ) ' o a a a & ™
ASyRY 200 V.) uazﬁﬂLﬂqﬂwnisuaiaiﬁa AL naNAYNG ﬂﬁgmnﬂiﬂmaan URIIIN
PN o @ 1. Y 4 ¥ o
LA TUAGL TS eUNAFaUN I ANAMUARAITHRAINANULTENN 1 U
9.5.4 wavn1Inasay
<4 Y] [~ Y] P < d w
1. LuanﬂaauuaaLN131%amuiamuﬂaﬁauauLﬂuﬁuﬂuaaﬂa@aaﬂ
2. WAYANNWIYAUTAY Windings ARRYAININATINTRITA U TIAY
naFaUAIIAa Winding A¥aU Taaw W Discharge resistance %Qimﬂﬂﬂaﬁsaéﬂu
¢
gapunsunlinasay
s w . ) 4 ¢ . -
3. ARNINARIIAUTAY Wwinalings amaﬁaﬁﬁuﬂﬂﬁima wWindings
k% [

. 5 Ay W, Y. 1 ' Q}‘
asauingnsy (Solidly grounded) uasnaytiidannin 4 100 2891281 NIENGHBY
v [ 7 t ! 4} 84 [ ' [ V3 v ) & . . ar
Lazfaslsiuagnit 1 HITHN Lwaﬂﬁuu(aaﬂiuuwaaﬁﬂuMﬂﬂﬂﬁagtu Winding auana

. ¢ <~ R
azﬂqaumiﬂﬂuﬂgﬂﬂawiaqﬁﬂimim

v o« o
9.6 ﬁﬂﬂﬂ?'ﬁﬂuﬂﬂ‘l%ﬂ'\iﬂ@ﬁﬂﬂ

< ¢
- ﬁuﬂﬂLaﬁLﬂiaﬁﬁﬂﬁqﬂﬂimﬂﬁzﬂmﬁﬂu
aw . 4 a
- WAGAAYLATAN URSTTUATAIBUIU

HNUUAR

1
e
(S}

. o
- Yy toaw i MMagau

L 2Dk e8¢

- LIRINNGHaY
o v d L
- pavaulvvInlonaday Uasgese Ll Ian
o do _w 4 X .
- ﬂisuﬁiaiﬁaﬂqaimLﬂﬂﬁ%é@ﬂﬂiﬂmaau
1 & RY v
- ﬂﬁimaqﬁaiﬂmaanuazqﬂﬂimﬂmaagmaﬂ (a14)
- qmwgﬁﬂaﬁﬁmaaa
K al
- LaaWﬂgm%Quuu
aal Y] 5 o o
- qmﬂuuianﬂﬂquazﬂaﬂuuuauwnﬁ
~ o -
- TR LASAUDILATANNANARDY
<f 3 as a as 3
HAZIUT V1AV IUHANITINARAUAITNT D L HUauus (Comments) ERTIL BRI
dyv .
- quﬂmaﬁﬂwﬂﬂiﬂmﬁan

— WARNNTRNTIRFDUAIEX 8RN
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[
- HAWTAVURANTANIARIAN LALAUIN
17

1 (Y] o 1 .
- ﬂﬁﬂaﬂuﬁwunﬂuﬁaqauauuasmﬁuL%ﬁnaﬂauﬂWﬂW7ﬂmaau (Insula-

tion Resistance & Polarization Index Prior to Test)

. <
— UTEIRLANTANLRATAN
- U 1@aa% U NRAANIARIA
- P4 .

- waﬂﬁiiﬁanaﬂﬁwﬂaﬁuLﬂu,TﬂTiuﬁ,au 7 TEUAIIANTNGRDL
- WRRNNTNARAURAZATNTAN L BUAN TR TY

o ar . a b < Z:‘. 1
- ﬂaLﬁuﬂuuquﬁiﬂﬂqiﬂqéﬁiﬂﬂq ATl IuMTIanNITneRauaSIaaly

N '
9.7 ATILATIZHHUANITINGFD LU

9.7.1 IUENINVTNGNAY a?ﬂimﬁﬂﬁikﬂgﬂuuﬂﬁﬁ gav Leakage cur-
rent WREAEATUAITY AIHIRSIANAUNARRDANTNEFDY WANATNAFDURA Dielect-
ric strengty ©as Winding aaﬁgﬁﬂiﬁﬁﬁ£W§@#ﬁﬂﬁu@

9.7.2 A1n L RauAsT U (Complete failure) Tasund waavlii iy
Tﬂﬂﬂﬁiﬂﬁ8ﬂisa%ﬁsﬁNY%aﬁﬁﬁiﬁﬂLé? (Shop capacitive discharge)ﬂgm%LRa
Bt 1uﬂiﬁﬁLﬁaﬂqwuL?ﬂﬁﬁﬂﬂﬂﬁdau (Partial failure) awaﬁanaqiﬁwqﬂﬂﬁi
Lﬂgauuﬂaﬁadwqaaﬁ@Lﬂqﬁaq Leakage cureent
LEME IR ﬂﬂiLﬁuuiqﬁuﬂmﬁauuazisﬂzL1aw1unw1ﬁauu1ﬁﬁunaaauawadﬂLﬁunﬂi

X ) . 4 . ] . ¥
mwuﬂﬁuuzuﬁﬁugﬁanﬁiﬁﬁLﬂiaq High potential tester @i}

=)

.4 2w
UL IIAUNGHRDUATILTAUTEHY 25% TR TIGUNGRDUN SN

ar ar @ v ﬁi ;] [ & <o
2. TNHITEZAVUTIAUTHANNTT a1 10 U1n

1. 7%

3. B1uA" Leakage current 112a174n1908u8T98uA"q 9 Au

4. %181 Leakage current Kazi2a1Tun 17iounsau wgamaduuﬂﬁzmﬂﬂ
Logarithmic graph LRERINLRUNTIW

5. w1A1 Leakage current ﬁLiaﬁ 1,316 was 10 u1f

6. @IUIMNIAN Absorption ratio waz Polarization index

ATTATUINUIAY Absorption ratio

—

-1

3.10 1.0

—IS.

A =

19

IIO
A
B
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Absorption ratio = C
Polarization index = I,
I!.O.O

1 4( 124 d’ o
ANTERENEIUTALNALIRY 1 UINn I1NNT W

bia I, =
' 0 [YRP | o
I, ,6 = @MN7sudana ulatisataan 3.16 uIn anns1d
' U [T ~
I,, o = AMN78UaN2 1UIRLUALIRY 10.0 UIN 3NN v

t . . < ¢ o, [ [ v '
7. @1 Absorption ratio 1UUAINUITUNILIRIIUAITTARITZAUL TIAUTUL G

3 L 24 4 . 124 J v U
arIuTUUIUWAN  Absorption Current &aAAY AURWARALABNTIAAA Leakage

R <
current. (Absorption current uﬂﬁgﬁﬂuﬂaﬂLlaﬁuinuasasamaﬁmﬁuLaaﬁ)**g

. . [ )
#1319 Elapse Time at the Conclusion of Each Voltage Step NM8L9a9%

J 5 L
8. NITLUNTERUNTIAUAITIWNATIAEUTLU M 20% DAvFirst step voltage

9. u1an

- d - -
Leakage current uazusvaunadas waamaviu Logarithmic

§ 2
graph ﬁQLﬂqﬁﬂvmznaqlﬁuﬂiqw 1 Leakage current LWNTUAINLTIGUNAHEY

. - ' o ' o o [YE o Y
TUNNNUR RFAIINHAWARIBEINUAAL TS ouNdauL 218116 8 Leakage current

! -4 1 d 1 1 - z
Lﬁuiuﬁqaaﬂqtuuiﬁﬁﬂ URANIIRIMTIAUNAR Y ZMeHUTNALA8YAY  Breakdown

voltage ﬁaﬁauuuu51ﬂ11uqaﬂﬂinﬂaau

- . 4
9.8 AIDHINNITNARAY (gﬂiﬂwnuunﬁﬁaﬂisﬂau>

%% High voltage test of stator windings

Rated Voltage 13.8 kV (A.C)

Full Test Voltage = 1.7(2x13.8+1) = 48.6 kV (DC)

First Step of Test Voltage = ©.25x48.6 = 12.1 kV.Tun"g
nadauld 13.5 kv

Fn¥1TERULTITUT 13.5 kV.UTennm 10wl Yadn Leakage cur-
rent 1287613 q Y

Plot nTv1WTEw1ny Leakage current uaSLaaﬂﬁuﬂiwwuuu Loga-
rithmic #nan Absorption ratio 1@ 2.3 Ussum 2

WITE8E 1287 TUAN T I AR TER UL TG UNa K UREN Absorption ratio
1.2 mﬂumﬁiﬂeYuéﬁanﬁiYELﬂ?aq (§Mﬂ7ﬂﬁuunﬁﬂﬂ)

1 U U
TEAULTIGUNARAU L WNTUATIRE @.2%13.5 = 2.7 = 3 kV
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- Plot n37%WT2¥I149 Leakage Current WASIUIOLTIGUNGRAY

10.ﬂﬁiﬂmﬁaﬂﬂmﬁuﬁaﬁmzﬁﬂlﬁﬂi (SHORT CIRCUIT CHARACTERISTIC TEST)

16.1 iﬁgﬁizaqé

1@.1.1Lﬁuﬂﬂiﬂmﬁau Lﬁaﬁﬁdﬁ Short circuit saturation cha-~
racteristic zav Machine 17%7un15%7@7 Machine constance 11967 154
directexis synchronous reactance Waz Short.circuit ratiolaawsdTmn
977471U Open circuit saturation characteristic mav Machine

18.1.2 Short circuit saturation characteristicuav¥achine
Lluaarsdudiug1ouine Armature short circuited winding current Ay
Excitation current ﬂmzLﬂéaﬁﬁguﬁ Rated speed

o .
10.2 dawLasasnauvnITnaday

v
10.2.2 Short circuit line terminals %84 Generator ny 3
LW L@ 8Y
[ [ 4 . - ot
10.2.3 mﬂlﬁﬂiﬁaﬁaﬂﬂ Short circuituszaa Load #av4Generator
v o :
aan (A1)
o [V . . !
16.2.4 1@78:8 Source &143U Excitation systemianfuvasanguan
= ! ™ . . dc"{
WREAENI1TANYTIWANA Line terminal Ba¥ Gen. (LawIeTzuunty Supply =1n
. ' 124 . . «!} £ 4 s f
Terminal voltage fa4 Gen.¥118Tw9svy Excitation) twalwg 1ua9adsuan
. - v b 7
Excitation laeu@asnng
10.2.5 ﬂﬁiﬂﬁuqu Excitation systemﬂ?iLﬁuuuuManual control
< U @ [ . . 1Y) <
b WaTAA1NN90USUAN Excitation current Yaasn

I's
10.3 aunsaululrTnaday

10.3.1 DC. Ammeter &1wSua uA1 field current
10.3.2 AC. Ammeter & 1w5Sua u@1 armature current
10.3.3 Frequency meter w%a speed meter

10.4. J9A1INAFIULALAITAIWAD

a4 4 R T |
10.4.1 1auLtA584n rated speed wazIaz1Tuadn

o . . v v 4w
18.4.2 15y Excitation Iula armature current GIUNAANNAT
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16.4.3

[dn]
=14
©
EYad
2)
Y-
o
o)
o
e
et
=S4
o}

- Field current
- Armature current

- Frequency

- e w2 \:“(A}l

10.4.4 UﬂmﬂWTUUHﬂﬂaﬁa FLUBNANAT Armature curreot o3z
. o - ¢« ¢ ~ o :

125,100,75,58 uar 25 i1dagitueavay rated current 1uuwan5m§@ﬂﬂizuﬁ§ﬁ

FAANAGLUBANTIH LA

[

_ _ 4
10.4.5 @1 Avmature current ®2TAYUUNAAINS 3 WK LWAGMIINKIU

current bhalance

’ -~ Y]

ar A W . . .
12.4.6 A1TUUNNIYRNE A1TATy AT UNINAR excitation an o wandau
Lt} 3
. . o 3 e . £ ke
excltat:on current Swle armature curvant I AMNULTEMOAM 123 LUl Hna
) . HANE . . -4 [TV R
gadrated 3NUNNRE excitation twWoad armature current TWlaan 106,75,
50 waz 25 tia Lﬁun ARG LWT LN awuawuanﬂam armature current 3
Y

. . = I 1 1
d6 winding temperatur quﬂﬂﬁauﬂﬂﬁﬂﬁﬂmaamﬂﬂiﬂaﬂau
9

- 4w
1¢.5. ﬂ'?‘i')kﬂi"lx‘ﬁ'ﬂi];d_&_

. Ao
18.5.1 ¥1a1 Armature currents Ry Excitation currentsniis

= : A4 a . . . . .
NNy plot asTuniwiwarv8u short circuit saturation characteristic
curve ﬁﬁ?ﬂ
il
e g . - : A b A
18.5.2 tussdingy short circust saturation curvenlas .fnnd

\U

o v s a =
1 curve nlaian '“'l()ll Lest Lb‘llll‘ﬂulul‘*d"l\iﬂé AENUNY ‘?alfh]ljﬂﬂrlié

o
40

Nnad g

10.5.3 ®@97°dau current balance ﬂﬂﬁﬁﬂLWﬁ




Lebthe Rlvst step vc\'tag:_ Y

S LARSE

TIME 4T The CoycUIiON OF BACH VOLTAGE
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STEP

Tirna ot end of

Liyst sten

to minute

tooif- 1 voltage increvevt 207.0f Pist 5{72{_,

TEST
vol-T

7.

ABSORPTIO R

eaTlio

&

7

2

3

1o

it

2

3

td

15

{6

a0

M

~, 8

M3

™, €

m, g

™, 3

Wi, 6

m, 5

™, s

o, s

vy $

", ¢

ms

™,

‘rﬂlf‘

100

10,

Io'

10,

10,

10,

10,

10,

0,

10,

10,

10

’

10,

10,

120

13,14

13,26

13,44

13,49

13,54

1358

14, .2

14, 3

14, 8

14,10

14,13

14,15

14,17

14,19

14,25

S

140

15,56

16,39

16,53

17 4

1714

17,42

17,30

1,36

17,42

17,47

1,58

17,586

18, O

18, 4

1817

160

16,17

19,21

19,42

18,59

20,13

20,25

20,36

£0,46

20,54

21, 2

21,9

21,16

21,22

21,23

2],48

160

20,24

20,47

22,14

22,37

22,56

23,12

23,26

23,38

23,51

24,11

24,20

24,289

24,36

25, 3

atud
1220

e

200

22,13

24 1

24,34

28, 2

25,25

25,46

26, 4

26,20

26,34

26,49

27, 0

2711

27,22

27,32

28,5

24 4

26, 4

26,43

27,17

2745

28 9

2331

28,50

29, v

29,23

29,38

29,52

30, 4

30,10

3457

240

25,42

2Y,59

28,48

26,23

29,35

30,24

30,49

30,11

31,31

31,50

3z, ¥

32,23

32,58

85,51

33,39

260

2712

29,47

30,38

31,21

3,58

32,30

32,89

83,24

33,47

35, 8

34,28

3446

3%, 3

35,19

36,13

280

28,37

31,28,

32,25

33,13

33,54

34,20

33 2

35,30

35,56

36,20

26,42

3y, 2

3721

37,39

3841

300

29,57

33, 3

34, 7

34,55

3%,44

36,24

36,59

3731

3759

38,26

38,50

239,12

39,33

39,53

41,

320

31,12

34,34

3543

36,40

3729

3812

3951

3925

39,57

40,26

40,82

41,07

41,40

42,2

4317

340

32,23,

36, 0

3714

3816

38, 9

39,56

40,38

41,15

41,49

42,21

42,49

43,16

43,41

44, 5

45,27

- 360

33,31

27,22

38,41

29,48

40,45

41,35

42,20

43, 0

4337

4hy 1

A4

45,11

45,38

46, 4

4732

380

34,35

3840

40,

41,16

42,i7

43,11

43,58

44 k2

43,21

45,57

46,31

47, 2

47,31

47,58

43,33

400

35,36

39,55

41,28

42,40

43,45

4442

45,33

46,19

47, 1

47,40

48,16

48,438

48,20

49,49

51,30

420

36,35

41, Y

42,42

bk, 2

45,10

46,11

47, 5

47,53

4838

49,19

49,57

50,32

51, 5

51,36

53,20

440

37,31

42,17
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'FSI= Field current forrated
armoiure currenton a

susfained three-phase
short circuitf at rated

Arrnature current

frequency

-q——'————lr_-sl —_———

Field current

< .
Eﬂﬂ 1 Short Circuit Characteristic Curve

11.019NARBUANNNIATAE L UAI9R9 (OPEN CIRCUIT SATURATION TEST)

11.1. i@qﬂiza«ﬁ

11.1.1 LﬁuﬂﬁiﬂﬂﬁauLﬁaw1d1 open circuit saturation chara-
cteristic may machine 9¥9un17%1@1 machine constance Y1467 188 dir-
ect axis synchronous reactance wagz short circuit ratio TagWwa I8
39871 short circuit saturation characteristic ©a<s machine

11.1.2 open circuit saturation characteristic ®sasmachine
ciluadududius  Temine armature open circuited winding voltage fiu
excitation current ﬂmzLﬂéaﬁwguﬁ rated speed

11.2. &AWNBUNITNARAD

11.2.1 Machine aéiuﬁﬂﬂwwgauﬁﬁsLauLﬂéaﬁiaﬁﬁ rated speed

11.2.2 1@388 Source f Ty Excitation system3annuwnasanguan
LAY GANNT318310 line terminal %89 generator (LawﬂziznnﬁYﬁ supply
37N terminal voltage #ay generator u1tauln excitation system)

. . < . . -
11.2.3 Open circuit N line terminals ©8avy generator wazag
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Load ®1< ¢ 7av generator aan t7u Main Transformer,Station service
transformér, Excitation transformer Lﬁa?ﬁ generator aé1uﬁﬂﬁw No-
load

11.2.4 n17A2UAN Excitation system ﬂaiLﬁuuuu Manual cont-
rol Lﬁﬂﬁﬁﬁﬂiﬂﬁ%ﬁ field current 15ﬂﬁﬁ

4
11.2. aUngatun19naday

11.3.1 DC. Ammeter @1wTus ua1s field current

11.3.2 AC. Voltmeter &743ua uA1 Terminal voltageuaw Gen-

erator

11.3.3 Freguency meter or speed meter

Y

11.4. AFA19N@FaUUASAITA AN

o 4‘. [~ q e 5 4
11.4.1 LAWLATENIHATIINLTIDY rated speed LATNEITWAY NAIAG
o . '
ANTNARAULWATNINAWARE armature voltage 989 generator
o . . duuu .
11.4.2 19y Excitationtwaiuiamn armature terminal voltage
v o . . & o X < < w
FIHNAANNIT  n19Ud9y  Excitation ﬂqsazLﬂu1ﬂ1uﬂwqquﬁuLﬁuaauaqgﬂnmaﬁ
. v o . <4 A . . a .
ANT B3N uRavinnTan field current (LPUNTANLAN excitation geiiu 1in
v . . R I e wo v < ' Y o
1% terminal voltage §0ﬂaﬁﬂﬁﬂwﬁLﬁumaeaﬁu)ﬁuaﬂaeﬂuaﬁguﬂ INNUUINADE 9

- . . < o v
LWH exciltation UANARINEANNTT

b

[

Iy o A
Tlailla'ﬂﬁ'l TUUNATUNN T NG HBUAD

(5]

11.4.
- Excitation current (field current)
- Armature terminal voltage
- Frequercy (or speed)
f1m5ua1 Armature terminal voltage RENGR voltage
58m314 2 1WA (line-to-line) Talu 3 LWa (Wava1iagd wiatlidianavas
line-to-line voltage ®adfie 3 LWaA1H
11.4.4 ¥ayaar73ztafunisiiuiinagiiias 12 1a Asrdurae termi-
nalvoltage CRE q 5ﬂ§

1 g t ci
- 4 TEMINY @ AN 60% 72N rated voltage ( @a7u9n N

.o&)
2

zero excitation)

- 2 36 321314 60 v 90% pav rated voltage



~149-
- 4 30 TE%21Y 90 DN 110% u18Y rated voltage i?u%ﬁdﬁﬁ
dﬁuﬁ rated voltage a8
-2 3@# voltage §Qﬂiﬁ 110% 189 rated Voltageiiuﬁﬁdﬂ
A81u7 130% wiah rated load field current %uaéﬁuiﬁ nTA%a  NEa9NIT
field current ﬁﬁﬂiﬁ
11.4.5 ﬁ rated voltage A2587UAN termihal voltage(line to
line) mavfy 3 LWd L#BATIINDY phase balance n1T8IUAG2ITATERINAAY
g0y excitation way speed ﬂqﬁ wasld voltmeter Gaiaadfu
11.4.6 ﬁudazamnaqudazuiﬁﬁu3530ﬂﬁidqu ﬂaiﬂdaaﬂﬁzﬂgaawguaé
ﬁﬂﬂé au@aﬁmL%nL§ﬁ§aﬂqw stabilize n rated value t#BI1nTTa UANRE s
NAWRNE LﬂaﬁﬂﬁﬂﬂﬁiLﬂgﬂuuﬁaﬁﬁaﬁ speed har excitation

S 4
11.5. ﬂq‘iﬁLﬂiqzﬂﬁﬂﬁlaLLa‘dﬂEﬁwa

11.5.1 11@1 Armature terminal voltage Ny field curent A
< . . . .
plot &a9Tuns v VWD LTEY Open-circuit saturation characteristec

curve ﬁﬁ1uzﬁ

2
\C
® A . C\e(\s\\
2| rated voltage </ . not®
5 Qe
> eh:
S o
o FNL = Field current forrated
QO
S voltage,rated frequency
© and noload
e lENL

Field current

d
zﬂﬂ 1 Open-circuit Characteristic Curve
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Y] . . ' <4 2 v
11.5.2 178% Air-gap Line 370 Curve TA8A&IUNLUULAUATIADY
1 v ¥ ] ﬁ *» Ll .
a1397ay Curve aanili a16duaIv7dy Curve TNLUULIFUATY AITLTA%  Air-gap
. w LY da < | L . w ns .
line TwaNaLduUa34nd Slope §ﬁﬂ§ﬂw1u3@ Origin warAue&fy Saturation
‘curve
N . . . , . 4, v
11.5.3 ti98uUinay Open-circuit saturation curve nila’3annnng

¥ o < o o
naFaUN iy Curve n1A3a1n Shop test LHu Curve fiv 2 @a33shufiuvsatnay

2t

nuau
11.5.4 ®@972378Y Voltage balanceiz®u21vline-to-line voltage

d [
Phase R-S, S-T,uar T-R na1 Rated voltage

12. A19¥181 ﬁﬂnniﬂwqmauﬁanms(ﬂﬂuasﬂaueai

{Determination of Quantities From The No Load Saturation And

Sustained Three-~Phase Short-Circuit Characteristics)

12.1 Short-Circuit Ratio (SCR)

. . . o . <
Short-Circuit Ratio (SCR) tﬁuﬂmiﬂﬁﬁunaﬁ Field current n

r
.

rated terminal voltage uu open-circuit saturation curve 0nu field
< . .
current N rated armature current yu short-circuit curve

v
12.1.1 n1In vuaA1aY SCR  @1189 SCR gnﬁﬂwuﬂnuaaﬂatwuqzau

16 TaANIDIAIU economy, voltage regulation, stability uaz line
. <
charge capacity pavia3ay
12.1.2 Short-Circuit Ratio and Power Factor Relation Ship
v € < '
AuduiUTTA8UNGTEWINY  rated power factor 7av Generator uaz short

)
. . . w
~-circuit ratio ﬂztﬁu@ﬁu

.

Rated Power Factor Short-Circuit Ratio
1.0 1.25
0.95 1.175
9.9 1.10
9.85 1.85
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T4N1T8aNUULRINIY salient-poles synchronous generator @av
4 a ! ]
L TBUNNWA 1am1n11 1.00

@ uUn@A1  Short-circuit ratio ©&4¢ Generator ILANTHYRITY

t
1.2 1

. . < =1
Specification TaaldansnUTaw1TeLdun1919 Spec

¥

12.1.3 ANTE1UINKIAY SCR  @A1@as Short-circuit ratio w1la

9171 Open-circuit war Short-circuit characteristic Yugﬁwaﬂﬁiﬁaq
. . o . .
Field current 7 Rated voltage uu Oren-circuit saturaton curve uaz

. -4 . .
Field current v Rated armature current uvu Short circuit curve

4
QQJ
A >
&
.\q -
Rated Vt v/ ot € OCC =Open-circuit saturation
U A
o 5
= o curve
> ' e
3 ; 2 SCC =Short-circuit curve
bl | { o
G I E
c ; | ! o
a Loy o
o | I I !
] | w
I
I
. I B o
re—— lEG — - | ! Field current
{ ] | ) _
— gy, | SCR = 0A = I_.,
1 . . 1
= 'FS1 - "1 ‘ OB I

L Field current for rated voltage,rated frequéncy

,_
p=4
©
[
1

and no-load
I,., _ Field current for rated armature current on a 3-¢
short circuit at rated frequency in the same as I__,

I., = Field current on the air-gap line

12.2. Direct-Axis Synechronous Reactance (X )

Direct-Axis Synechronous Impedance (Z )

o ¢ '
12.2.1 @UTNHUTIZWY X, URY Z

d1%51U machines of normal design PuUN@Ia4 direct-axis

. < -~ 1 as . 3
synchronous reactance da1LA3LINIAUBUIATEY Direct-axis synchronous
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impedance %qaaqdﬁahaﬁﬁdﬂﬁaxanLaaaﬁuYﬁ
1z2.2.2  A1TAwINMAAN X, uaz z,

Direct-axis synchronous reactance #1{@31n open-circuit
sturation uar three-phase short-circuit characteristics 1u3ﬂwawﬂi
18% no-load voltage 31n air-gap line # field currentﬁﬂ?mdﬂuﬁoﬁudﬁ
sustained short-circuit 31n short-circuit charaeteristic ﬁ field

<y -~
current LagIny

v
X, = = ohm
Vi SO
Aci OH 1, . .
- : - - = X per Unlt
BC oc i,

12.2.3 ﬂﬁiﬁ?ﬁwa
- -l 3 . . ~
tU98Uin8y @1 Direct-axis synchronous reactance (X )} N
specified value 228% generator 4 specification

12.3 Rated Voltage Regulation a U_

[
Voltage regulation 2av synchronous generator (i voltage

4 Q0% 4 . X| 4 d .

NiWNTu N field current @9d 138 generator Lautﬂiaqag n  rated
o 4. Xi ' 4.

voltage uar rated speed 31 Load @iuniiuuan Power factor NATWUALAA

v éa [ d
an Load 1%LﬂuguﬂﬂﬂtﬂuLﬁaiLﬁuﬁﬁaq rated voltage

12.3.1 N17AIUIAUNIAT A U

1. Direct measurement RN1TLAKL AT IUANL F1 TE UG
rated armature current,power factor,voltage uav speed?ﬂnguﬁﬁnﬁiaﬂ
1oadaqﬂasﬁaﬂqutﬁuguﬁTaananqu?ﬁ filed current Auntinn133ad terminal
voltage ﬁdﬂload Lﬂuﬁuﬁ(open—circuit)uﬂﬁﬂ Rated voltage regulation

IIAFUNT

Regulation =

T W T e —— e —— ———
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4
LHE No load voltage of generator at rated load

Et
E

rated terminal voltage
A4 o e . d -d Ql .
W3i21021 field current n#A WTAVYIATANN rated armature
v
current power factor, voltage waw speed IMNUUNAIAN vearminalvoltage
4 . “ . . . .
a1 field current @vSnR1IUN open-circuit saturation curve unan
dow \
voltage nlaunuan E Tudunig 3.1.1
' < u’: 1 ]
I¥#1A1189 Power factor,voltage Y&?unimizmuuﬁYuaﬁngiuwa

N . . iy < < N -
a7 rated field current a3ive laiasas Potier Reactance Method

"

4 .
13. nﬁsn@aaugﬁﬂau (WAVE FORM TEST)
s (
13.1 3aadizda
P2 « t jj . . <
Lwamia?aaugﬁﬂauna@ Generator voltage 2111du Sine wave nan
v <y []
favnIaly

13.2 Deviation Factor of a Wave

. L. 4 o . d

Deviation factor ﬁaﬁgﬂﬂau tﬁuam71ﬁ1uﬁa@ ﬂaﬁuumnmﬁ@uﬁnngm

[ . . ' 'S

T¥¥IIN Actual wave form uar Equivalent sine wave amtﬁu tUa9 L dua
789 Equivalent sine wave

13.3 Wave From of Induce Voltage

4 d
7UAau 789 No-load voltage 1a4iA38Y Synchronous &Tniifs.

[

< . ' . . .
NU9UAaU Sine @1 Deviation factor uay Terminal voltage wave arfay

¥
'

MUY 10 %

v

ﬂaﬁqtﬂq REETEY Hamonics ‘W&u#1NY Terminal voltage wave3nn

TN IART 9T DI RPN TN THUNTUT N 8/

13.4 nave U Deviation factor of wavefornm
Rectangular %#3a Polar coordinates F1U150TTAUIANAY Dev—
iation factor 73y Waveforn
13.4.1 A19@1420AN Rectangular Coordinates
_ Curve A Yugﬂ# 1 Lﬁugﬂ Wave form 7a% Induce Voltage
87U Half cycle period

d2U189 ‘Half cycle period WWLNBANLLY n U BREA1A1
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Instantanous value ®#avy Wave udazimlﬁu a,,8,,8,,..8_ W7 A0 Efféc—

tive value "a" may Cuve A a%uwaiﬁﬁuagws

. 4. 4 o :
ANN17 Sine wave 18¥ Curve A TNUINILNAUAY Curve B R

. < v Y
3 Amplitude gqqmﬂ J2 a WATAIIuN2I9TaNEI2Y Half cycle DE 1naau @21y
g

. .y J X
ﬂ%ﬁﬁuu Curve A 5ﬁ Curve A &z Curve B L#a¥ LUU Superpose LWBALNI

[ ] 4 . o 1 4 ) ol . 0 ] i
1%ﬂﬁu@ﬂﬂ1@ﬂﬂﬂn§ﬂ1u ordinate mmwﬁaangmLnﬁﬂazLﬂuiﬁuasﬂﬂumnmﬂquﬂnﬁQQ

[ t A v . . < . v —~ [ H
tduaIn d uwad Deviation factor ﬁadzﬂﬂauﬁiiuﬂﬂ ﬂﬂu?m%ﬂYﬂ?ﬁﬂgmi AU

Deviation factor = d " ié@ (%)
JZ % a
13.4.2 dﬂuimﬁuzﬂ Polar coordinate

d
7UN 2 WdaY Wave form #ay9 Induced voltage Tuz2v Half

b1

cycle 2ujtl Polar coordinate
v ¥ 4 ) < . v ﬁ- .
ﬂqwuﬂgﬂaBNTﬂUQQﬂ Curve nNIza Uy a1 A tidua1 Ordinate

1AYAUNI1T Sine wave UAERINITAAIUINAT A 770

YR

< Y , 4
A = (‘Wu‘nﬂgﬂ ANTURIYE Curve) % —
' T

(v 4 O ‘- . [V [ Y 's

aﬂgﬂﬂaunaiﬂuazqqnau HIu3n 0 maatauuﬁuquﬂnaﬁq A 1]
. VB 3 v < <4| PR Y | "
ﬂﬂ?ﬂi@ﬂﬂumnmﬂngqm (172N INNGIIUN nuIUuIA 2) unﬂuaﬂnqﬂlnﬂnqz
v v o L] lA L] .'. A
Lﬁuim uazaﬁﬂWQQWNumnmﬂngqmagnam d A1 Deviation factor naqgﬂﬂau

ﬁqiﬂﬁﬂuﬂiadﬂuamiﬁﬂﬂngmi

-d
Deviation factor = — % 100 (%)
- A -
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< ° o
zﬂﬂ 1 Lﬁuzﬂ Wave form 389 Induce Voltage /145y Half cycle

period Quzﬂﬁaﬁ Rectangular coordinates

y )
Eﬂﬂ 2 uday Wave form 789 Induced voltage 1ud2v Half cycle

Tuzﬂ Polar coordinate
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14. nﬁinﬂdauamWQi (Temperature Test or Heat Run Test or Load Test)

14.1 agyurzdea
Lﬁaﬂﬂéﬁ Maximum temperature “nia Temperature rise maN®7u
i5znauA1N ] 284 Machine L34 Stator winding, Field winding,Bearing
A4 9 Lﬁuau 1uﬂm5% Machine Lauaé?uﬂﬂﬁw Rated load, Rated power

N . < < o~ .
factor,Rated voltage war kated speed waIYLYTauL naudy Specified

“ . 4 o« : ' 4
values wWimGuarantee values (WRHEUHUIIRIUAN q gaNFEANwLIesaANETUTA Y

el

Yn@ 17w Vibration,0il leakage,Water leadage, Temperature, Bearing
< v (4 A o ' a 4 : ' 1 o < lds a a
PUWEY BAaztdua1T8UuEUlIIRI8ITILAULATRvagINAB L UANTaa L e TddRNTanalna
<
14.2 d€AWLA9D
<4 ' . .
LATANAASNILNNTNARAY Load rejection test Rz Emergency
v d v 1 1 A 1 Vs 44
stop test LA LWATAUUTII L AT asAELH TGS U210 L REn18Tun5aN Load waauIg
. d a d. d d
Ydu3aitia Fault ﬂﬁ?ﬁtﬂiﬂﬁﬁﬂﬁﬁq&%ﬂLauquﬁmsﬂﬂﬁ Load testia3av@aav’anan

Rated load wanadaTuv (2133zne 6 FATHY)

)
14.3 2FN19 QDY

14.3.1 390195y Load (Method of loading)

a d v 4. o4 L
IAULATDITUIULDITLULUAINNAINUGN Rated condition u8v
Armature current, Power, Voltage tar Frequency quqmwgﬁma&daudwq 9
4 d
1291 ATANANN ;
. . 4 v,
n17a7UAN Excitation Lﬁuuuu Manual Lwaﬂdnqu1w Field
3 )
current ed¥nNGRAANITNOFDU
44 ] < d’ 4. v o vV, of
TunsaniudiuNsalaul a9a9a1dga1w Load navuala aa13lg79
. o4 d v vy 4. ' . ) 4 o
N19 Loading uuuaw Lwaﬁwimﬁaﬁanuﬁiﬁuﬂﬂﬂ Temperature rise #89L1@584N
v v awd o~ -.‘ <~ . ) . -~
Load @1d@avn191a@ 185n1969Na12Aa Zero powver factor loading ##9a Open
circuit and short-circuit loading F93ena121uiin1a Generator output
test indirect method

14.3.2  TuI=HI19N1TNARDL

J w 3 o as <o Q!.
‘[uib"ﬁ’l'\\iﬂﬁiﬂﬂﬁﬂﬂ'ﬂﬂﬂaﬁl'\\‘l 9 ﬂQT?SYQT‘Uﬂ'\T‘UuY}ﬂT}ﬂ ‘1l faeN

#3Tusldunsnetias



_157_

ar - A 4 - " . -
NITTINHIFANIZENNTLAULATDOIN Specified conditionaanang
)

[] =, w 5 a’ ' -y ‘' Q‘Jl Q:» :
nagauy ﬂuﬂ??ﬂm%ﬂﬂ DA Lﬂiﬂé:ﬁﬁéﬁﬂﬁ?zﬂﬁﬂ naNIan ﬂﬁgmﬁgﬂﬂaﬁuﬁﬂﬂiﬁﬁiTﬂﬂ

3 ﬂﬁﬁﬂﬂ»ﬂq ANnula L P

nag

ay

14.5

< O

o

(!

5 <4 ~
TaH &1?33Uuﬂ7

2 . ! < ' 2
PHRES 3Yﬂuﬂ111miu1ﬂiuuﬂﬂﬂﬁ 9 a3vi1Tuvidungn9iuas  AaaannT

@

1. Armaturc current

[

2. Terminal voltage
3. Generator power - Active power
- Reaciive power
4. Field current
5. Field voltage
‘6. Frequency
7. Armature winding temperature
8. Field winding temperature
9. Stator frame temperature
18. Stator core temperature
11. Bearing temperature
12. Temperature of coolant
13. Cooling water témperature at inlet to the cooler
14. Cooling water temperature at outleﬁ from the
cooler etc. .
AfSadaunad
3§nﬁ33ﬂLﬁa1ﬁwﬁdﬁq?uﬁﬁﬁae Windingsuariaudy q Tasunai 3 35
1. Thermometer method
2. Embeded temperature detector method
3. Resistance method
nqs%mwﬂdﬁqmwgﬁnaqéq?aéﬁﬁﬁqaquzn115@3§1m3§wﬁqw?a1§uﬁﬂﬂiﬂ

£ ¥ b2

PP P < v S ]
AW ATAFATWAITULALICENL 1 wa Ll dun1T09233daUAINAaSn 1S annaa LU aAY

L]




14.5.1 Thermometer method

< o ") a a S w
LﬂuﬂﬁiamnﬁqmﬂgﬁTmaYﬁ Thermometer @ARIIUILIVRIUTAAN
v 3
it

. o < -
A113¥aRFEAn 17041 Thermometer 1uURaYH Thermometer nN1¥an3iiurie Bullb
thermometer (Wuunsziu1e Tum Alcohol War Mercury thermemetes) %38

. ~ S0 0w v ¢ EY) o
Resistance thermometer#wia Thermocouple nlutatlvta1{dludiunsadn1976
[} 1 < ar
waldpEnvL a3y Bulb thermometer
« PP Y o P’y S <
unTunTd Bulb thermometer @TUUSLIMNANITLURIULURITIIAKY
] ol - A
wi Lvang 37128077700 Alcoho! thermometer
o o -
nﬂiamqmmgﬁT@a Thermometer method ®/Ius1nl¥lunsaunai1siatas
Embedded temperature detector methoditaz Resistance method{da14190
. ') ) ) PP RV o -~ a \ P . ¢ < ' o <
ngen1la WiBTﬁﬁuﬂimﬂmaqnWiaaamﬁianiLamnaeﬂauWiaqnﬂimﬂﬂﬁmawwxiauﬂQQ
o o a . . 4 ~o X
dﬁwiunﬁiaaqmﬁgunaﬁ Windings %121977% Thermometer method Tunsa@iL
A 1 . . I .
1. tdplud1u19011a1 Temperature rise 10823015 Resistance
. . da v . [ v : ~
method 134 Windings NHAIAIINATUNIUGAN LRTATAIWATIUNTUATITAIAENT DR
< 1 . . L4 4 1<) t - o .
léauuﬂﬁgﬁ nﬁ?ﬁﬂawumwuﬂﬂunqwumagniaama #9iiun191% Resistance method
o a <
1uﬂ177ﬂqmﬂgu?zLﬁmﬂdﬁuﬂaﬁﬂLﬂaauuﬁﬂ
< . . a . . .
2. L@ Windings Lﬁuﬁuﬂ Single layer windings
TunqInaday Temperature test @271% Thermometer method 3@
a ' o N
Qmwﬁuﬂdauquq AU
. 4 L 1
(1) Armature coils - BHNUBE 4 WWA
(2) Armature core - aH NUEE 4 WWe
. [ o ~ < .
(3) Field - wu@v¥31a  Shut -down (Tun3mn?d Resistance method
] v
Taia)
. 4 ] .. .
(4) Anmbient (F18asidaaluULTaIN1TAMUBAATADDIent tenperature)
Lo " .
(5) Air nwauaan’lIn Stator Frame (Air inlet to cooler) %38
. - 3 [)
pan’1n Air discharge duct %78 Internal coolant AauL a1
. S . . .
Cooleraas Machinesnu3szul Recirculating cooling system
(6) Frame
(7) Bearing

-

a da ¥ < < ' ~ ) ')
UTLUNAARY Thermometer ﬂaiLﬂuamnﬂﬁmawazuqmuﬂuﬂqndm gNLIU

o o q
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a L) . -~ 2 a b < W ot < -
ﬂﬂiiﬂqmﬂﬁﬂﬁﬂﬁ Air #9838 Coolant 2u ﬂii?ﬂﬂiL?mﬂﬁzqﬁﬂﬁLaaﬂﬂﬂﬁqmﬁQN

14.5.2 Embedded-Detector Mesthod

(373

9]

sista

]

o]

ce

L | 3

C3

i

1. ﬂﬂiﬁmqmﬂﬁﬁTﬂﬂﬁﬁ Thermocouplas %

a4 A

) . ~ . . ] a T o
thermometers @vi11T% Machine %32 Egu:ipment TUTLHITIANTURAWIAAAANN

< v o : . “ - “ LY < . -
“Tﬂﬂ%LqmﬂﬂaﬁﬂqTQﬂ %ﬁYuﬁﬂuﬂiﬂLEﬁYﬂ?ﬂﬁiaﬁuwNYQﬁaﬁﬁﬁﬂn Machine Wa&A
a4 o 2 [~ d v
ﬂiﬂﬂﬂﬂﬁidiqangimuad

o

q
%

2. Resistance thermometer detectcr {R.T.D.) aa Det-

- 4 4 . 5 . o o ] - ~
cctor elenent NiUw Resistor iﬁnﬂﬂﬁnaaqﬂﬂﬂﬂaﬁymﬁunwuLwﬁw ISR TR

dﬂ‘duu . : U e
LASaYNanT1¥ny Resistance thermometer @a233zTa3un1328N
ﬁ« < o < “ o« % 4 %
LU s YW L fy LwaﬂﬂﬁﬂuﬂﬂiﬂaﬂﬂLﬁ&ﬂu?uﬂﬂi?@ﬂiaﬂiﬁNLeUﬂﬁﬂLuuﬁﬂﬂﬂﬂﬁﬁNiﬂ%
4 a ¥ 4 . ' o
NLAATUN Resistance thermoreter T2#171401714

ﬁaaéﬂﬁnﬂiﬁmuﬂdﬂgmwgﬁimaﬁﬁ T.R.D.

: . 4 .
n3y \un191#1933 Bridge 1WawnA1 Resistance R, ©2y det_

ector element @ UFUATS

R, = 38 . r  mmmmmm———= 1)
R, R +r
R = R,  memmeee———— (2)

' [ o '

@1 r LUdU Resistance 98y Lead wires 12y R.T.D.T4A1RERUA
o 9 < ] 7] o < -t <} ' ﬁ ' BN
UTU2I937 Bridge IVTUUURTHANITIAARIALARAUINAULLUREUAT R L wanaunaa

AINFUNT



1 ?

@1
c’1
element iy

ATAITHATUT Y

Rz = t’z + k ___________ (3)
R i+ k
1
c ' v 4 -~
R,  idUAINAIUNIUTAY element nauvayn t - ohnm .

v <}
I L;]Nﬂ'l']&l(il']uﬂ']uﬁﬂ\i Element YIE%PJ%&QQ tl ohm

[ P
t, ‘dugampizas Element  °cC

288197196749 R.T.D. i Specification A1vua71 Detector

. .. <
# Platinum wire U Temperature coefficient 0.00385 uavy

R Y
~

o o ‘
10 ohm n 25 C 31ndENn1T 2 we'la

k = - . = 9259.7
0.00385
t. + 259.7
R, = 10 il ohm
25 + 259.7
t = 28.47 R, - 259.7 °cC

X

Ta81UnG Resistance temperature detectorazaalilds Electrlcal

. <
resistance thermometer w3a Temperature recorder Lwaaﬁunaﬂuﬂtﬁuﬂﬂ

L TR 4
ﬁaqqmwguYaLaa

dauﬁsanLamnYﬁ Embedded temperature detector Mﬂﬂﬂﬂm%ﬁAQs

in17AMuaavTu Specification Tanda1yl UT L NUAY aﬂﬂimﬂﬂ17131ﬁﬂ17ﬁ aa

)

2)
(3)

(4)

Armature windings ﬂﬂi?ﬂqmnﬂuﬁaq Armature windingsTasg
Un@ae1d R.T.D.u?t1mﬁa115mtﬁujmgﬂﬁﬂiﬁqzﬁqmwgﬁﬁqqﬂ LAY
A2TAABE DY 6 30 AT¥IN8TAU Stator @umivzavDetector
ARTITENIIN coil sides a187u slot

Stator core, .

Ambient

Air nuwuaanqwﬁ Stator frame (Air 1n1et to cooler)u3a
naaﬂﬁﬂﬁ Air discharge duct w3a Internal coolant nau
191 Cooler 189 Machines gNTSUU Recirculating cooling

systen

Bearings
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23.5.3 Resistance method

.Lﬁudﬁﬂﬁ1uﬁﬂﬁam‘: SRVITY Windings TQUﬂﬁ1LUTUULnUUPﬁ
v < ady v " v
AUETUNIUNDY  Windings namwa'nv NN nununﬁndﬁuﬁﬁuﬂﬁuzaquunzﬂﬁ

amﬁﬂ wlndlngs AUITARINAUN T

R#. - Rb +
t, =t + (t, + k) el (4)
Rb
4 , . s
t¥a t, = Total temperature of winding when R, was mea-
sured, celsius
R, = Resistance measured during test, ohnm
R, = Reference value of resistance previously
measured at known temperature
t, = Temperature of winding when reference value
- ) of resistance R, was measured, celsius
k = 234.5 for pure copper

«

o 1 . .. . ot 4 o« oo A, v
in970A1 Winding resistance a75191aTav4n ﬁ1aiﬁn11ﬂ1ﬂﬂﬁgn
a [] . [} [} v du v d
@MBNUUNAY 13u  Double bridge tw31z11a187° A UNUNTa LHITARIALARDYU
e < v <, [ % [ < 4’
LwaﬁtanuaannwﬁﬁnﬁswﬁﬂﬁgmuguﬂaﬁmLﬂaauuﬁn
o - - - .
nﬁiqmﬁﬁqmnunaﬁ Field winding
Qmﬁgﬁnaﬁ Field winding @27¥11Ta835 Resistance method
o aa o . v ﬁ .
LUANINNDNITURIINTEN AU L WI I L Uu Rotating part
- Reference field resistance @1 Reference value(Rb)
ﬁnm%unﬁidwuqmwwamnnﬁnaﬁ Field winding 4%779n17naday Temperature
<
test audung (A)Tmaﬂnmamnm«n Rotor wamuqaanqa?naﬂﬂwaﬂnqﬁsan 1Lﬁu
tdaﬁuﬁuwanq nﬁ?namwnunaq Rotor uﬂﬁtnﬂnuaﬁnﬁﬁsau 9 qqnﬁuﬁﬁnﬁsﬁmdﬂ
ndﬂumﬂunwunaq Winding uaxqmﬁgﬁnaﬁ Rotor
o v . . v o < A4 o« <
N1730ATANAIUNIUTDY Winding @29191A50980%303901T0

9

[ v . < ! £ 3
YNﬂW?ﬁﬂmﬁﬂﬁﬁaﬁ Windingldasuuyaslussninenisia 1duTas Double bridge
<

-

TNy Drop of potentiallunis¥aa137Zdnse uNYme WLWBYWHWRQHNLRH

14 Winding (I°R) q~1un11wqqunnaq Winding LﬂaauuuagYuismdﬁvnWSQQ
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% Field winding
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7U7<=%7 Drop of potential method

~ Field resistance for running temperature test 1u
. s, . - . . N ﬂ -
N13WIA1DAMAIID8Y Field winding AV TREAIW load @luNAMUALY WATAEID
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Excitation shunt
field ’
supply % Field winding
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nN17760a1 Voltage drop @98y Field winding It dunnvia
v,V P . . . ' '
19laen Voltage drop nesautawnr Field winding Taglusauan Voltage
d S 4 . o . : . <
drop 7 Brush TNnIMUININEATEUALTN Winding Hu3sniniidn Resistance 1
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AITAARIALARAY AVHUIIAITIR Voltage drop a78d Collecter ringsiagady
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alud I TanTENIaR 1 duaavTI8L a1 Voltage drop N Brushisiluaralunsn
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drop @981 Brushes #uU Aa121@7UANANN wuaTzUANIMaEL UL Uagundas Uy

o O o . < |3 t
AVUUINHIUNTaRa Effective brush resistance 1wailu Voltage drop agTas
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Brushes 3A11agavlaInsiWwy Current density Z9a13RenTEi11ATIA8N1TAR
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ﬂanqu Field current THANNTENINNNITNAKAL

- 11 Reference value uaz Test value ©#av Field res-
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WIAIAIIUAIUNIUAITIATA LA TN Machine teminal

14.5.4 Shutdown Temperature
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RERLED Temperature method Tuﬂﬂiﬁﬁqmﬁgﬁﬁae Rotating
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14.6 A1901MUAA1N Ambient Temperature
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14.6.1 Qmﬁuﬁaﬁaﬁ WindingsTereynAazdunsiy Temperature rise
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INUAINURALY
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MﬁﬂnQﬁquQunQMu@ﬂaquu ﬁaﬂLﬁquﬂﬁ Ambient temperature
w W e LWy o v oa 2 . -1 .
4N INADIIATATAAINUNI T uRSQﬂNEQYNﬂNSﬂWﬂﬁiﬂQNBU UANIINYW  Ambient
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temperature 1u915tﬂaauuﬂa§uqnun LRI NNNTNAFAY
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14.6.2 Machine cooled by surrounding air @1 Ambient tem-
d o o
perature QmwgﬁLaaﬂﬁaqaﬁﬂwﬁﬂYaQWﬂﬂw11@T@aiﬁ Thermometera14tinans <
o - . .
a@ianLﬂiaqnitqmﬂqwugaﬁqqﬂawaﬁaq Machine uazwivd9zu  3-6 gm chli!
bl
. 4. . v 1 < esr Ot \
Machine NMMNT1INARAY  @ILUUNNITNY Thermometer TUAITHANWANIW uazlule
s L Ve A 1L L, ! d o <
SUa1HIauIINAITUNS IR @ 4| LWB?MﬂWQNMQNlNLﬁRﬂuHHRQ ?uﬂimﬂﬁqmﬁgmﬂaq
o 44 [ ' y G .
BINNHAERT 1L UREULURNLAUATY 2 °C @aFaTuy @29%% Thermometer oil cups
o . o Lo A g w
a@gmwgﬁ Tagitan Thermometer guaaiuﬂaﬂtwaaﬂquwzau v UNiunTaaTY
faaTans
14.6.3 Closed machines with external coolers and with
ventilation ducts

t

. N - < [}
#1 Ambient temperature @8 INKANLRREYDN coolant (FIu
1 k1l
o

'R

P

NI EaINd) Tenn1eL 311894389 (at the intake of the machine)
14.6.4 Machines with recirculating cooling system(Closed
. . . ' . ~ <
machines with internal cooler) @1 Ambient temperature ﬂﬂgMﬂﬁﬁLaaﬂ
< ) P : ﬁ A
2789 Internal coolant (NIzUTIEAIINTAULATEY BITAANINIELUUBINE) N6
aanann Heat exchangers (ﬁiuuﬁﬂLﬁu Water cooled heat exchangers)
" S ' ]j a
8151  Hydro - generator nHIuIedUny TeauInz L Jurue
Enclosed water-air-cooled machine g ﬁaﬂﬂﬂﬁLﬁu Internal coolant
[ «g .
War Coolers 1Uu¥Ue Water cooled heat exchange @@A<498y Machine Uu
P . N a P d
NI  Ambient temperature @ qmwﬁmLaaﬂﬁaqaﬁﬂﬂﬁﬂwﬁuaaﬂQWﬂ Coolers
‘JVu Y @9 ) 4 ar
Thermometer ﬂiﬁuﬂqmwﬁu 79573197919 Coolers twWaNwWANAziaNAUNIT
2 4 e EY) v X A A @
ARIALARAY LUBNRINNITUNTIAAIINS AUTUHSHUBIN L HUBD Cooler N1303UAN
. d . vy . v
Ambient temperature G#AvN aWQﬂizﬂw1§TﬂﬂﬂWiﬂunquﬂ%uﬂmuﬂﬂYMawﬂugﬁﬂ
Coolers

14.6.5 Machines cooled by other mens

. ' . o < ]
N19N1UUAA1 Ambient temperature F1UTULATDILHARIUAITAY
t . . . < . . b ¥l [ ]
UNuanNasTu Specification #¥9aNIAIUANANATVUKTHLUUAUNAUNITNAR AL

14.6.6 Test Reference Ambient Temperature Defined

\ ; 4. W \
A1789 Reference abmient temperatureﬂ%ﬂYﬂ?%dﬂwinﬁﬂﬂ1

. . 1Y) A Py y
Temperature 3 ﬂﬂqaﬂﬂﬂﬂaﬂunﬂﬂiﬁiunq (the last three half-hourly
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E-vd
reading) 7adn19nNaFauUUY

'
14.7 N153LATIEUNA

14.7.1 Temperature rise of windings

ﬁﬁﬁagaqqﬂnﬁiﬂmaauuﬁdﬁuqmwﬁ Temperature rise®ay Arm-
ature windings a2 Field windings

A1 Temperature rise ﬁaqqﬂﬂiémﬁuudasag ﬂﬁiﬁmwﬁgmﬁﬁa
FEn3119A191080Y  Load test i wii8Tasn19%8118167 Reference ambient
temperature(#i17a 22.6.6) auaﬁndqLagﬂﬂaﬁgmﬂﬁﬁﬂaqgﬂﬂiﬁ%q 2 an qmﬁﬁﬂ

A . U )
‘nﬂWuﬁﬂﬂ?ﬁngﬂﬁﬁﬂﬁﬂqiﬂﬂﬂﬂU

Temperature rise = Average of last three half-hourly reading
- Reference ambient temperature
[YPYRN ao 4,
1uﬂﬁiﬂmaaunﬂiﬂauqu Armature current THUAIAIUWAANATINUR
v
(Rated value)Yuﬂaﬂﬁﬂmﬁﬂ e Field current Uﬁﬁﬂiﬁﬂﬂﬂ?51uﬁﬁuﬂiﬂﬂluqu
v Qud. v g 1 Y :J.» ...3
TRLAIRUUN AN MUATR L T aﬁqﬂuﬂgﬂuﬁﬂﬁWﬁﬂ053UUﬂﬁaQYWﬁﬁﬁmzuu ANUBUTHU
ddl . . d!.l v . Uﬁl 4 .
NiMNA1 Temperature rise nialinn1Inaday aavunlalvtdua1Turasn Field
' d. o ..
current AAIAIHNAINUA (Specified field current)

ﬂﬁ7u51naéﬁqﬂizuwmaﬁqﬁ%ﬁuﬂﬁi

- CTeT ot
I-f‘
4 .
L4t = Temperature rise corrected to correspond to

field current for specified load, Celsuis

T, = Temperature rise determined by the test,Cel-
suis
I = Field current during the test, amperes

I = Field current for specified load, amperes
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14.7.2 Maximum Temperature

' < < ¢ 4 < f w s

Mﬂﬂﬁqmmgugqqmﬁaﬁgﬂiaq QﬂﬂimeﬂﬂﬁﬂﬁwuasLﬂiﬂULﬂﬂUﬂUﬂﬁ
W a <~ é < w q
aﬁ@aqdauuiaqﬂﬂimndﬁﬂm aa

- Stator core

- Stator frame

- Collector ring

- -Bearing (Thrust bearing and guide bearings)

- Sealing box

- etec.

14.7.23 Ambient Temperature

‘ . o s ' .
“1A1 Ambient temperature®@ u¥iite 21.6 warlaa1Cooling
g
s v v b7 .
water temperature MNYEIULTIMRAZANWEINANN Generator air cooler

14.8 Limits of Temperature and Temperature Rise

14.8.1 Limit of temperature rise of generator part

La3a9in L e Wi dﬁﬁ%uTiqﬁﬂiwﬁqﬁqdauﬁwd aw i ilugiie Air-
colled salient pole synchronous generator

A0 American standard (50.12-1982) afi1vue Limiting
observable temperature rise 389 Air-cooled machines M1Nm1§ﬁﬁ% 1

' LunIudInsu Large and high-voltage hydraulic-turbine

driven generators aﬁaﬂzﬂﬁhﬁiﬂtautﬂéaﬁﬁﬁ 115 Percent ioad % Rate
Power factor, Frequency and Voltage Tas Temperature rise A wual’
gﬁﬂiﬁdﬁ Normal standard Yumﬁiﬁﬁﬁ 1

Tﬂﬂﬁ?iﬂ Hydro-generator ﬂzgﬂﬁﬁuum1ﬁ§ 2 Rating aa
Normal continuous rating uwaz Maximum continuous rating (115% of
normal rating) U Specification ﬁﬁ&u I9AnITA MU Temperature rise
%udas Rating 284 Generator

Limits of temperature rise ﬁﬁﬁﬁ%m?% Specification

o v 4 < . e
81%5U Generator naqiiqqniLmauﬂuwa Unit 1 & 2 aa
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Temperature Rise

The temperature rises in both stator and rotor winding
when operating continuously under the maximum(839.5 MVA.)and rated
(86.5 MVA.)outputs shall be not more than 8@ °c and 60°C respect-
ively.Temperature of the stator windings and rotor windings shall
be measured by embedded temperature of the stator core shall be
uniform and shall not exceed 80°C at the maximum output (99.5 MVA)
at specified ambient temperature of 40 °c. Temperature of bearing
metals shall be not more than 70°C measured by embeded temperature

detector melhod. Temperature of incoming cooling water is 30 °c

14.8.2 Limits of ambient temperature and cooling water

o N w \ v [ & Y .
aunlananiuual  Hydro-generator ®2uunsduiua Air-

cooled machine ﬁﬂ%u Ambient temperature ﬁaa Qmwﬂﬁﬁadaﬁﬂﬁﬁiautﬂ%aﬁ
@1 Limits 289 temperature rise AN 1 qmwﬂﬁgqqaﬂaq Anbient
temperature @asliinu 40°C
dﬁw%uLﬂéaquuu Enclosed water-air cooled machine uan
MNILANITAMUG Maximum ambient temperatureﬁqﬁﬂﬁiﬁﬁwumqmuﬂﬁgqqmmaq
o

. v b . v . N -
Cooling water @ %4L31 alr cooler a7 TaaUnanwuald 20 °C

14.9 n19d9UWA

q—

L TauL nguan Temperature rise INMNNAITNATAIUND S

- Stator windings

- Rotor or field windings

- Stator core

- Stator Frame

- etec.

ﬁudﬁﬁﬁﬁwuaﬁu Specification #3874 Standard nawani1InaFautla
Liuwata 1Ly qmm§§§QLﬁuﬁﬁm%ﬁﬁwum?u Specification ﬁaq?ﬁu%ﬁﬂﬁwﬁmﬁﬁ

ATwA
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i5. ﬂiﬁwuﬁﬂﬁRQﬁNﬁqﬂqﬁﬂﬁﬂﬁlﬂiﬂﬁﬂﬁlﬁﬂYﬂﬁﬁ

(Generator Capability Curve)

4

_ﬂ DMPERRN
<
bWa

) v <o . PN 2
nuﬁmﬁiﬁLuunqﬂ1ﬁua1uﬂinﬁaﬁLﬂSQQﬂﬁLuQYNNﬁ

o
naa Capability Curve

1] 4 b ¥
UAREAIUNLRASTATU Curve

AEIRANT

o . ar
dAINNOTaNaN

iawaaunaquaﬁuﬂaﬂﬁaeLﬂiaﬁaqLﬂu1UMﬂunaaﬂuuuquaaiuﬂiqw

Steady State

' 1 @ [
AUTENAUMINNY LAz LUl

a4 o X - 4 » o < 1% 4 . A
Curve NLTAUTULAWIS LATAY LWEAIYAN HIARIIIHAUNNTIES1UTANLATANATL UG

NRVEN R TTRTLT Synchronous

Stability Limit

ACTIVE POWER
(PU.)

O

Stator Temp Limit

RATED POINT

Fiald Current Limit

A

10 F 0.5
LEADING ZONE

. Y
0.5 10

REACTIVE POWER (PU.)
LAGGING ZONE

< . o < . A - ¥
gﬁﬂ 1 Capability Curve #avia3s9a1tualWd1wavun

15.2 fandg

- Active Power
-~ Power factor
4
tda Volt

- Maximum stator current

(watt)

o
Frequency fas9suyaNn

[ [l
w8z Rotor current Lﬂuﬂﬂ§q§ﬂ

<
N
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1 * g Ve . - ‘J . -
Generator qzﬂﬁﬂY@ﬁﬁém WazIuadny Winding temperature §ﬂ§ﬂﬂ Winding

AENUL6

b . o -
15.3 pesnnalagamunan

AB Lﬁuﬁmﬁwﬁaﬂaegmwﬂﬁﬁaq Rotor Winding (318 Field

a

. 1 B < N .
excite TdM%LNU Curve LwaﬂﬁﬂLﬁu Lagging power

factor)
ﬁ da o 4
B S uaﬂﬂWﬂﬂ Power ifaNi@9@y
3 Qw . . ) wuad
BCD tduuiwnauay Stator winding temperation(’nalan
Rated v Leading uar Lagging Power factor
E oA . e 1 [ c.d v X
- @ A LURT@INNAIAIN1T18 LUl Condenser TULATISWRAIUIIY

318 VAR Lagging 1@uUTeu n 2/2 mas Rated MVA.
. [ d b2 . 4} Qs [
- Water Depression uaza1diznauau 9 AONHINIWINTUN LR DT 90

A 1 < ] :
8 Load n Power factor @1 ¢ v9a 418 Load @1 9

31
dayad 4 o ) . . vl ~
ANIAINNALUAIIIN Cavitation Taann19nuy
ad , X
- qmuguﬂgeﬁunaqﬁmaaa Stator quqnﬂqwugmtﬁﬂQu Copper WA

w o g oo e o A vy 4 o
Iron mquuﬁauwiawnmnaqnwaqnqwaiﬂuguﬂﬂaqﬁn 2 RIU
- (Y
TAdLtNInY KVA Rated

15.4 Stability Limit

AL

asaaninfie

o€

. < -
1uR1usaY Leading power factor +d3T79un17181La
N BT R T Lagging zone
< v & o o 4 i o w
- 1ugﬁﬂ 2 uﬁmq%wqunqﬂawuﬁuwuﬁizwawq Reactance #avi1@93490yY
4 o a 4 d . d
IRLARDUNTAIAITLAULATDIN DAY Field Current aumn
[ d W B L.
- E, tiduaruainuauieininy Field current ﬂﬁﬂgm O (Origin)
d dll L I B V)
- F  1dulenagnie’nnia O agininy 1/x,
All [ A v
- G Lﬁuganagwqﬁaqnia 0 aginany 1/x_  @1uuud VAR-AXis N1y
) . Y] [+ [V 't <
@1U Under Excite [zla FG Lﬁuaaumﬁuquaﬂaﬁq 51403974
NANUY FG v&{ARTIINNANTAN Zero excitation

[ 'y dd & .
AN BG 36 EF LUWRIUTAINNAUNT Zero excitation

< [ 2 EN
DE 1ugﬂn 1 Izi1dunaulanaay Steady-State Stability anteu

< a a4 -
LAaTadiny Curve 3gn1THiasavsluing E]W'Q'Q&ﬁﬂ'é‘l‘ﬂ'ﬂ']ﬂizﬂll
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Tied tedeies, | e S . PRI

e | e )

0 AilA

Fr——V%4 1 MVAR
Vg Lo

7in 2 Field winding temperature rise 1imit
k]

15.5 End Heating Limit

P I [7] g < <
Ua1an142ad  Stator Core IBTATUAINNIAUNINIY GAULAUBLATANTIY
Leading zone
< [Y] ~ X . 3 .
End flux HUWITUNLWHNIUDEINTIAL93UU Leading zone Waz Flux
“ 4 L d . 4
funaznalnLNa Eddy current loss funidan# Core 1199 Core end 3autnude
AINTUAAU Lagging zone
é.il ]
ﬂ%uwmﬂqwugmgRﬂnﬂvuquuwQWﬂ End flux WiN@IdLUUTAY Stator
\ P 4 s o
Core end War Pole end 8d71919nRNUTHIMTANY Flux % LUURORUTAIRTIAY
A ' < - U Y S o X oW '
Gap Length uar Teeth Width #aTuia929WaIUY A 1UTAUNLNATUUAEAIITIN

4 .- o v : )
LATadAT L BatWWARA 9o T9N Long gap Waz Width teeth

15.6 Under Excitation Limit

< [ . o ] R .
LURNIINATITINENTEL A TWH U Leading zone Lﬂuaumiﬂﬂmﬂtﬂiﬂﬂﬂﬂ
- [ [ - - v < . . .
Lua W BAENNEAANTITLNG Unstable 3dﬂﬂtﬁumaﬁuﬂﬂ%ua Minimum excita-
tion TuuMzINY Leading power factor zone Tasn19aa Active power Tu
1ur3ng Leading power factor
4 . . - <
Liaanansen N 1WWITu Leading zone dunuuisuaniwininasann
) - 4 o X . 4 4
Armature reaction [ztd3d Flux NURGEHUITN Field currentiusiasavinu

! o o | W < . W . L e
ag?uisuﬂmaqsnﬁwuiemuﬂﬂawaawaimﬂqn ?qawLﬁumaqam Field current fiuas
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LﬂiaqﬂﬂLuQYwﬁﬂmaﬁuﬂ1m1§@naﬁﬂﬂﬁ Excitation
o o S . < ' .
o dudTingnisunu1dulazay Salient pole na&Iu1Ta318 Reactive

[V 2 < (] . <~ ¢ o
power Ta UuL1A9293¢TuN Excited 1a8 @udadIna EF

) - 4 . a . .
16. ANINAFBUUTEANTAIWIAYLATaIA L UAIWHY (Generator Efficiency Test)

4 _ o
N1INARAVUTERNTAIWTIBSLATASAN L UATHHEA nﬁlmaaﬁﬂﬁiiauﬂ11ugm

ot ' < . A u o
Laﬂﬂﬁwuﬂmﬂuuﬂmiﬁﬂu IEC34-2A(1974) ﬂﬂﬂ?ﬁugmLaﬂﬂaﬁLﬂiﬂﬁﬂﬂLNﬂYWWﬁﬂiu

Te fusl
Power factor 1.0 .95 (lag)
Load current (A) 3360 3360
Field current (A) 674 674
Mechanical loss (kW) 270 270
Iron loss (kW) 280 280
Armature resistance loss (kW) 172 172
Stray load loss (kW) 120 1290
Field loss (kW) 145 200
Excitation loss 13 18
Totel losses 1000 1000
Exciler output (kW) 147 283

-y Ail a
16.1 dsuunaagla

3 ﬂ o . < t
1. @ (m /S): 1UuBaIINTIVaTaY cooling water NIMaw U

coolers
74

2. at = t_ - t. : Temperature rise favun (A2TULANAN

z 1
L

ﬂaﬁqmwﬁﬁﬂaﬁﬁﬂﬁwuL%ﬂuazaaﬂmwuéwﬁU)
- o t . P . o
3. gmwguumﬂquwaa ambient war head cover HaYLATAIANLUA
1WA
16.2 A1¥41 Loss
25.2.1. aalaiegfialy

Friction and windage losses, coreloss,stray-loadloss has

. .. 4 4 . a .
IR Losses 7a% Armature war field winding auENLAIasA L datwdna
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(1) ﬂaﬂu%audau?wmﬂgnﬂaaaaanawnLﬂiaqnﬂLﬁﬂ%ﬂﬁw
a v : P 3 N
. ﬁiuﬂmﬂqwuiau?qgﬂgaﬂauiﬂﬂ cooling water n
air cooler
<, [v) o}c Y [ VI V] d - )
7. H3UMUAIINTAUNURAT NI INUIEIURDINTDILATASA L UATW
n’l [Y) ] el: d."f._,
A1 NHIATIUAIBUBULALAINY BRSNS AUEITY
4% CoL o .
(2) NN USuINe2 8T aud I el IuIUN TATIEF19aaUNIALAETurbine
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<~ U ar 2'-\} - Y . <~ as s 3
du9eunuagdIn g Tasanyia ?qaﬁmmmﬂmn’mmn
P

puilf 1
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(3) tda Calorimeter w9aunNdrn191u Thrust bering xiduage

L
#aNdprime mover ﬁﬁﬁ%ﬂlﬂﬂﬁﬂﬁﬂddﬁﬂ%ﬂ Friction loss wa4Thrust bearing
< . A do X o . ! v

1adLaTasn 1 nalwlY ausnFuuaniingas Turbine agﬁ?uﬁiﬂMﬁT@?Wﬂ UINTS U
IEC Pub.41

(4) Resistance loss a4 Armature uag field windingkﬁﬂﬂﬂi
. [¥) 1 A L 7
A0 T@ﬂﬂWiamﬂﬁﬁadﬂaﬁuaﬁuﬂﬁuﬂqmuﬁﬁﬁﬁﬁﬂu

16.2.2 A19A7WIMUTH A2 INTAU
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HNUITAOTUIUNLTEHIUAINHTBUTARA 9
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(1) 351198142 loss (Pa) ?qgﬂﬂﬁuiaa cooling water % heat

exchanger
Pa = Q.aTa.Cp. (kW)
Cp : USUIMAIINT AU cooling water (kJ/Kg.K)
(TmagmuﬁﬁLagaﬂaq cooling water MIWLTIWALAIU
aan)

. . a
£ AHNURILUNEAN cooling water (kg/m)
! A . 4% '
a1faN Cp UAE » Lﬂuqmuﬁﬁﬁaq cooling water gauznulrivawu flow
d U < (34 ' Q} d
meter n set Twaz2agnila’ann IEC Pub.34-2A @1La’dgunsdPa 1 ﬂﬂquaanﬂw

W ﬂaol o w EY)
A2NAINNTBULHUITNI1TKT loss nNEIUTagaNsSUa
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(2) N19AUINU loss FANWUNIAIUBANTANLAIDNANLBatWHNeasaY
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aﬁunuua:ﬁa’w LRI LAUUTUY

"

Ph = h.s.aTh.10” " (kW)
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16.2.3 FEUUNTIIIAUTUINRITNT AU

o o4
(1) Tzubn1TIedInfaaIusan nngss1atydann heat exchangers
< o % 4 .
loss naTzaaidnuunsay heat exchangers naircoolers uaz oil coolers
YRV < . * L= SN
WwIAtaTaaUInuDBeY cooling water uazﬂawmumﬂqunaqgmwgm Yau cool
- d P as . o Y _
ing water uazqmwQﬁnuMﬂmWQﬂuﬁaq cooling water JalaTas water flow
1 <
e  a» a )
meter u4ar temperature detector ®INATAU BIREAAAYLINTUIUNENEY cool
v
. s ar 1 . "}. .
ing water ®1MTuUTsuLiiu q89Na cooling water n aircooler,oil cooler
473U lower guide bearing uaz thrustbearings
as b v <t za < .o
(2) T8UYUNITINTANUTHIUAINNTAU NNTSAVHIINNUNITAS LAIBIATL LA
Xl X 4 . s o _
1WA ﬂawugmLﬁﬂﬂqzn5za7ﬂa1nwuaqawuuanﬁaﬁLﬂia@ﬂwLuﬂiwﬁquamQWﬂQNWﬂﬁ
U
[ A.Q b2 a0 e 3 Qg
duilTenauzavietavnntuatdwdn qmwguasameﬂ thermo-couples TILAAE
< - a o ¥ A Y
NRuUTEnauiy 9 uaxqmuguazqmﬁuwuﬂmwuawmu

<
16.2.4 91T naday

< < o
(1) 29019798
. a .
N. n17iwagay cooling water NWIW air cooler #ay lower
. PV
bearing ?sﬂauQMYQUizwﬁm 80% 11BN rated water flowias outlet values
. < .
7. A171INAa18Y cooling water MW u air coolers AEAIUAN
—_ " : ar t ) [+ [ U U
1a8 outlet values %ﬁ?siﬂﬁﬁﬂﬁﬁumﬁﬁﬁaﬁgmﬂﬂu 7-9 CcTeEVINANULTLAZARN
7189 air cooler
a 4 . a 4 <4 . -
A. AWLAULATINANLURTULYIUTINILATUIUNKT 1oSs &9
C-1 Open-circuit without excitation &71%5y friction uas
windage losses

C-2 Open-circuit ,rated voltage @7%SuU coreloss
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C-3 Short-circuited, specified current staray-load loss
[ [ 7} 4.& 4:‘ .
(2) n1IaRau2vITIUHY a1aneiwdravaSavA1 L e Wi fiterninal
voltage, armature current, field voltage, field current uae freq
v w 4 4 d
uency (speed) IEIGARIALATANNLNANGATY
. No load no excitation heat run test...test 1
v -~ 41 llé’ q_i Qd d]
AWADILAULATANALINAD L UAY auﬂisnﬁgmwﬁuﬂqnﬁquauYn
- - u' ! L
789 no load no excitation waz rate speed wR2UNLUMWAA friction and
windage loss
. No load rate voltage heat run test....test 2
a o v A o ~ o
LﬂuLﬂiaqaaﬂﬁmaLuaqquﬂisﬂqqmwﬁuﬂﬁﬂﬁuLﬁauiﬂ 989 no-
. . 4
load rated terminal voltage INNBAUTURY coreloss N rated voltage
war friction loss
@. Three phase short circuit 120 % (4182 A)cerrent
heat run test...test 3
A 4 40 0 4 ~ 4 4
LmuLﬂiaﬁnaﬂﬂmaLuaqquqmwgnnqn?uLqauinnaeThreephase
. . . < 1 )
short circuit WRZATZUAAINAINUG WanTlan 1@ stray-load loss finszusd
nagaunae friction loss
(3) fumaun1Tnaday
dll [ VR V] 4
N) set water flow NAIRIY * @1UNITa loss NAzKA
4 o ¢ o ¢ . Y
) @Lﬂia0ﬂﬂiqnmaa§1umﬁuﬁu@ﬂgnmaﬁ

o - 4w o -
@) qqaiiwﬁﬂaﬂqazmaﬂﬂiuﬂjeLwEQWquwzaununﬂiam loss Tu

B d] ] ldd 4’
V) laulaTavaavnniuaen rated speed uaridaulaniTneaxay
o ' - < o
nwsamqmwﬁﬁuaz water flow awaqzawuqﬂ 15 ¥98 30 UIN IUNTENY AII1UTaY
AN
as ) d] R 4w||
) waqwﬂnqmwQuﬂaaLﬂiaqnﬂLum1wﬂ1ﬂqn F0A1A1Y N9t uda
¥ o .
amwQﬁwuwaﬁaa generator uazgmwﬁﬁﬁaﬁ A1T1ay water flow uax Qmwgﬁmaﬁ
9
. a4 & 2 @ <o @ . z a oo
cooling water nLﬂuﬂﬂqmﬂﬂﬂﬁunﬂiuunﬂ LI’ EATIU 20 AT nn< 3@ uUIn
<

]
ﬂ’)'\ﬂﬁﬂqﬂﬂﬂ\‘i@lmﬁﬁﬂﬂ\‘iﬂ

< L) d] ] t 4} Qv v .
a3 1 ﬂmzmum‘sa\‘iamwaLuaﬁqmanmﬂuLﬁ'\na\i cooling water



Y] f Y] o
AEADIADUTINANN

<

QIA Q} . v 1 -

nIun 2 ﬂwiLﬂaﬂuuﬂaqgmwQuﬂaq cooling water3zaasiuinu +1 %

1 . <y o . - . b7 [

U4 IR18IAN31 2 FITUN UTD amiﬁﬂwitﬁuﬁaaqmﬁgu?u cooling water @aviu
2 y 4 a = <4
vAu +1 % Tu 1 ¥17ae nysunmdnesn

16.3 A19¥1 Loss

25.3.1. 176U Loss
4
(1) Loss nazn8ini®8 cooling water #a4 heat exchangers
. ve X
AIUINTaANU
N) Aircooler systen P__ = Q_. aT_. C_. (kW)

7) Lower oil cooler systen P__ = Q_.aT_.C_. (kW)
o ) . d
(2) Loss nan#ginaINn Outside surface 7849 generator’zaiulun
. P e v o d_ ww A
IRATY FANRIUNIVUINTITB 199 Tad
1) Air housing of generator
P + P (kw)

heo hchb

< = < oA -1
Lyl Phﬁti Lﬁu Loss NNAURANATZINHAANINNHWUARINAWY
L .
WIa1ia4uay generator top cover (kW)
< A ) > :34\
P, _.: U4 Loss NIHUANNTEINADBNNINIHUGINNUUN
SRREREER generator bottom cover (kW)
7) Lowre bearing system
ﬁ o < ¥ a v  a
Phbc D LUY® Loss NNUWUANNTEINGRANITNWUNIDINAY
289 Lower oil reservoir (kW)
. 4
25.3.2 A17Q7UMNNUT Loss BU 9
(1) Mechanical Loss (P )
Mechanical Loss 3g¥1’3NnuayIngay friction (bearing)

. . . \ o
Loss itar Windage Loss Bearing Loss 3aTUIUINNANLRREINAATITINARD N

v
f9¥a1g UKz Windage loss Iz@IUIMINA  noexcitation heat- run- test

Mechanical Loss (P ) = P_,_ + P__ (kW
1) Lower bearing loss (P_ ) = P_,  + P __ + P___ (kW)
%)/ Bearing  Togs V(P 0 9= 0P VLo 0L YL 0L 1) (kW)

4} ‘: [ ¥ ) A
iua L =  WIMUnIaNy generator ®Iunwuw = ton
{
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(designed value)

it o . <
L, = vwilnzay  Turbine d3ufivyu = ton
(turbine marker’s value)
L = Hydraulic axial thrusts = ton

h

(turbine marker’s value)

- a hbc nch

@) Windage loss (p_) =P + P - P

P... @ #wiTznavzas P, __ wFunnalunas generator

< b

(2) Coreloss (P_) )

< .
Coreloss 7 rated terminal voltage 3r@1uU2m31N no-load
rated voltage heat-run test:
Coreloss (P_) = P__ + Poo = Wo - P _, (kW)
< & . 3 . 2 < 4 -3
g W, : 114 Field winding I R loss ni9auwlaniTna®auiy
(3) Stray-load loss Aaz@ 142’10 Three phase short-cicuit
heat-run test
Stray-load loss (P_) = P==+Phc‘wa‘wf‘me“Ph=b (kW)

3.IZR510_3 : Lﬂu Armature winding IR

<
Lua W_
<4 4 o ﬁ . o
Loss nivaulzn19nadauuu Stray-load loss 11unag plotinauny armature
o v oo
current LW2UIAINAIVUR

16.4 01911 Excitation system loss

Excitation system loss azuw1Taan193@31n  powre %ﬂwum A
2181 excitation systen

16.4.1 3Fn11nasay

Au1a3aed load @n6ng 7 w’zd@ input ﬂaqqﬂﬂsé excitation
system field current Waz Voltage

16.4.2 @1uMADaY exctation system loss

Excitation system loss (P_) A UIMIINENN1TE DL
P, =P_, - (I,.V_.10"% kW.

Lﬁa P .= Lﬁu input 289 excitation system equipment (kw)

I : Lﬁu Field current (émps)

£

V. o= Lﬁu Field voltage (volts)

£
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. < w . <
excitation system losses 3¢ plotinsauny field current naz

¢ oo
NIAATHATINATNUR

< . - b 2
17. alranadal Output 1291LAIB9A L RalWH 1 Taa T Bax

(Generator Output test by Indirect method)

Superposition method for synchoronous machiens

[~ N o
Superposition methods viuwATA TR WS Synchronous
machines fTun191¥1 temperature rise 789 stator winding uaz field
winding

]
17.1 1WA Ine«ay

LG synchronous machine # raled speed mﬂuaﬂﬂﬂiﬁﬂﬁﬂuﬁﬁﬁ

1. stator short-circuit wazdis field current T%ila rated
stator current WUaz rated stator copper loss

2. stator open-circuit umzang field current #i6 rated
stator voltage uaz rated stator iron loss

3. stator open-circuit uaz zero field currentdﬂu§ULgauYﬂ
gu ‘1 temperature rise 98y stator winding W11aTag resistance
method HAA se, e Waz ae. _ temperature rise ﬁ rated speed,

in

Y P 34 -
voltage uaz current #IVIRRIA ae, . ae - ae s (AURAUNEITULUDY
2 . . . . ~ 2
310 stator I R, friction uwag winding loss uag low field IR loss
o ad X4 . . . . <
UnﬂﬂngmﬁguﬂgﬁﬂuLuaﬁﬂﬂﬂ iron loss,friction and wingage loss n zero

£
b

. < Y aad
stator IR loss uaz field IR loss Nafay audas AUMANNE I TUI N

o«
friction war windage loss)
o <f 4 b as . . . . d. )
TUITNITNAR 18N temperature rise pavfield winding fN&ILAUN
< . . & o o oA
rated & uNTanazwland field temperature rlseLﬂuﬂﬁilﬂﬁﬂﬁiﬂﬁﬂﬂiﬁﬂﬂﬁ
< . - & .
ANEnNTnadaun 3 temperature rise ®IW1TaNIENLG Tasn1sia  field
. ‘-’} d as L] b2 1 4
re51stanoeLuaLﬂiaquqa uaﬁﬂﬂnnﬂ1ﬂﬂﬁauqnaﬂﬁﬁuaaﬂaﬂuuuuauﬂaﬁ3§ﬂ17ﬁdq
o - . v < & . < o g .
WIUNNTLWH field a1n1INAFAUN 4 ANLUNBUNY Z93  stator open-curcuit
d ) as
war stator current nu1nAI1 rated current n193a  temperature rise

P & < « . e
NN 1 aﬁﬂaﬁﬂﬂiﬂﬂﬁaUQsLﬂﬂﬂﬂﬂﬂﬂﬂiﬂﬂﬁﬂﬂﬂ 2 78 1 AHANAL TIINIUANIE

o Aaa -1 w & . . o v R . a
aNIUITNN1TNAADUY WRAWTUAY stator winding Lﬁﬂwﬁﬂl@ FATANANLUANTELR
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ﬂﬁuaﬂﬂﬁzﬁﬁeﬁuLﬁu synchronoﬁs condenser # rated field currentuaz
#stator current dﬁdﬁeq?uﬂizﬁﬁ voltage ﬂe#ﬁﬂiﬁﬁ?uﬁﬂﬁ field voltage
(UY¥udmiuwanavbursh contact)fu field current 1% hot field resis
tance QﬁﬂguﬁﬁuﬁinﬁﬁuQNWW field temperature rise 16

39015 graphical #wT0itedy  field temperatrue rise i
rated load @1 field loss P, dﬁﬂ%uﬂﬁ7ﬂmﬁauqﬂﬂ§0dquqma1ﬂ 1, %R

£t

I ag R Lﬁudﬁﬂﬁiﬂmﬁau current War resistance uav

<
L2 Pft’ o £ e
field lossTun91Wuay field temperature rise nu field loss &1M3uUn1s
< . . ] ) . . d d
nagaun 3 Lﬁusﬁuﬂiwa ‘1 983 straight line straight line n 2 n plot
4} A B A N -
tWaudeNnTLUasuLlavyay field loss n rated current I__  111% field
. g\ L ~ 3 < . < b 5 w  oar
resistance genuﬂaﬂgmwﬁuwﬁﬂﬂﬂﬂ ambient temperature 3@n;ﬁuﬂﬁ 2 REN

[A ad 2 . ..‘i
Lﬂuqmﬁguﬂgﬁmuﬂae field n rated load

! L 1
< <o

R C4 :
ae, : BUNANTAY stator NLUNTUT9LIAARN rated field current

rated stator current, rated friction uaz windage

loss, uaz low iron loss

1 b 24
£

d ¥ oo .
N qmwgﬁﬁae stator NMIWNTUTILNAA3IIA rated field current
rated friction uar windage loss,W’r low iron loss
4 § P 1 .
ne_ Qmwgiﬂaﬁ stator NiWNTUTILAAAIN rated field current,
rated friction waz windage loss,uarrated iron loss
< v . .
TI8RT LA YA %Y@Qﬁﬂ ERA Techonology ( Indirect testing of
Rotating Electrical machine to determine Tempera

ture rise )
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BHUMIBOL RENOVATION PROJECT
WET TEST SCHEDULE FOR UNIT # 2

{DAILY PLAN)

. éhcct 1
Date Time Test tem Refler to test Rcm;rk
procedure Noy
Oct 13, 1993 08:15-09:00 | Mecting
1 (Wed.) |09:00-16:30 | Fill up water into penstock & draft tube 2-2
09:00—-1630 | General inspection 2-1
Oc. 14,1993 .08:15——09.C0 Mesting
(Thw) 09:00—12:00 | Test of water supply system 2-3 '
13:00-14100 | Water & Oil Gow meter setting 2 N
.09:00——16:30 General inspedtion & Overall sequance chedk | 2~-1;8
6¢ 15, 1995 08:15-09:00 Meeting - - -
( Fri) (;9:00—11.:00 Pneumatic brake test 2_5
11:00-12:00 |High pressure oil pump test 2 6
l 13:00—14:00 Crc;cpi.ng detector opc.ra[ion check ‘ 2.7
09:00~1630 | Overall sequence chc;-k 2 - 8-';i
Oct. 16, 1593 | 08:15-09:00 | Mecting : l
(Sat..)". . 09:00--12:00 | Overall sequence check 2-8
10:00—-12:00 { Com ut.c.r inservice " STOP ; PREPARATION — STOP" 2-26
15:30~16:20 | General inspection X
Oct. 17,1993 | 09:00-16:30 | Holiday - _,
. (:Sun.y" B : S T
Odt 18, 1993 08:15-05:00 | Meeeting -
(Mf)n.) 09:00—-12:00 |Bearing run’ & Dynamic balance test 12-10 25;50;75; 100 % rated speed
i3£06—-16:00 Over speed tcst ( Electrical .& Mechanical device ) ' 2-11 145% ; 150 % rated spezd
L 16:00—17:00 |General inspection 2-12
ot 19, 193 09:15-05:00 Mesting o N o
(Tue.) | 09:00-1&30 |Gowernor adjustment 2-13
. 10:00—16:30 | Joint control operation tst L 1 o_2-38 1 For Unit No. 1,
Oct. 20, 1993 | 03:15-09:00 | Mceting
(Wed.) 09:00-16:30 | Governer adj.ust;ucnt 2-13
16:30—.18:30 Measurement of ins\'fulation resstance 2-14
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Sheet 2/3
Date. * Time Test itc.r}x- ) ReferTotest Remark
procedire No '0
Oct. 21, 1993} 08:15-09:00 | Mecting
(Thu) 03:00—09:00 | Preparation for short circuit characteristic test
* Temporary sowrce for excitation fed from MCC.
09:00—-12:00 | Short circuit characteristic test 2—-16 25,50,175, 100, 125% rated amp) .
09:00~12:00 | Primary test of protection relays 2-18 87G (Internal fuult) ;21;51 DB
13:00-14:30 | Mcaswrement of machine constant X2
13:00—14:30 | Primeary test of pretecdon relays 2-18 $G
14:30-18:30 | Dicleclric test of generator . 2-17
Oct. 22, 1993 | 08:15~09:00 { Mecting
(Fri) 09;02)—10.00 Comiputer in Setvicé " STOP — START ;STOP ! 2= 26 E
‘ '10:00-12:00 | Primary test of protection relays 2~18 §7G (External fault)
09:00-16:30° | AVR. adjistrent _ 4 2-24 L
ot 23,'19_93 09:00~16:30 Holidsy ( Chulalongkorn day )'
{ Sat.) : i
Oct. 24, 1993 | 09:00—16:30 | Holiday ) . )
(Sun.) : *
Oct. 25, 1995 | 08:15-09:00 |Meeting ™ ) . . : o ’
(Mon.) 09:00-11:30 Open circuit charal:tcristic test 2-19 .« 20,40,60,75,90,100,110,120 % volt|
09:00—11.30 Primary test of protection relays 218 . 9G;27G; 60
10:00—11:00 | Measurement of shalt’ vollzg;c
11:00—12:00 | Measurcment of residual voltage 2-22
11:30—12:00 | Phase sequence check 2-21- Clodkwisc direction
09:00—16:30 AAVR. adjustment ~ ) ’ 2 — 24
Oct. 26, 1993 i)S:LS—OQ.OO Meeting
(Tue.) 09:00—10:00 | Computer in service® STOP — EXCITATION — STOP " 2-26
09:00-1630 | AVR. adjistment . R 2-24"
- . ‘;15:00'-:-16:30 Prithary test of p;'étu.iion relays ’ 2- Ié ) 64 G
Oct. 27, 1993 | 08:15—09:00 | Mecting .
(";Vcd.): 09:00—~12:00 | Primiary test of protection relays 2-18 87T ( Inter. & Exter. fault )
" | 09:00-12:00 | AVR. adjustment 2— 24
10:00—12:00 |Governor adjustrent 213
13.30~1630 | Automatic syncl';roniz.ing .tmt ( Sim;x'l.atcd parallc.i —in) 2—— 25
16:30~-18:30 Prcpa(ation of automatic synchronizing test ( Actuzf)
“Permanent source for excitztion fed from Ex. transformer =
Oct. 28, 1993 | 0S:15—08:00 | Mexting . s ' )
(Tw) 09:00—-10:00 | Computer in service " STOP — EXCITATION — STOP * 2-26 3L ficld flashing test
10:00~-11;00 | Dynamic brakc test - 2 - 23--
11.00-12.00 | Primary test of protection relays 218 SLE , 64 E
13:00~16:30 Con.xputcr in service " STOP — PARALLEL — STOP * 2-26
13:00—16:30 | Automatic synchronizing test ( Actual pun”.cl ~in ) © 225
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Sheet 3/7
Da.tc Time Test item Reler totest Remark
L_——f.) procedire No t
Oct. 29, 1993 08:15~09:00 | Mecting
(Fri) | 09:00—11:00 | Computer in service " STOP - LOAD ~ STOP " 226
11:00~12:00 | Wave form 210
13:00—1630 { AVR. final adjustraent 2-24 Over & Under exciting limited
13.00-18.30 | Primary test of prerecden relays 2-18 an’
Oct. 30, 1993 | 0S:15~09:00 | Meeting
(Sat.) 09:00 ~12:00 AV.'R. final zd_itstmcnt. . 2-24 PSS. test
13:00—15:30 | Load rejection test ( By Unit breaker ) 228 25 ; 5 ;753 100 % Load
g "15:30-16:30 | Load rejecticn test ( By Line breaker ) 2 -:ZS 30 ; 100 % Load
Oct §1,:1993 08:00-16:30 | Holiday . . ‘
(Sun.) ’ ’ -
Nov.1,1992 | 03:15-09:00 | Meeting .

(Mon.) " | 09:00-10:30 | Quick stop *est (By Oil press. tank too.low 2 nd. 63 QPG —4) 2-29 " 86 -2 ( 100 %.L.Joad )
10:20—-12:00 I:;.x;mrgcncystop tcs't( ByEmcrgcm-.y shutdown switch SEj 230 S6—1" ( .100 % Load )
13:00—14:00 {Noload — No c;citcrun test ( By Gen. ovcr:'/oltagc 55G) 2-31 2 - 86-3 ( 50% Load )
09:00—-16:30 | Joint control operation test 2—'§ For Uit No. 2

Nov. 2, 1993 | 08:15-09:00 | Meeting ’
. '(T.ue_.) : 69;00——10:00 Line chz;rging test 2-32 )
10:00-15:00 | Pawer out put versts guide vanc opening test 2-733 ) B
15:00~16:30 Dctcrminatio‘n"o.f total lasses 2-35
10:00~16:30 | Generator & Turbi;lc output test 2-40 For Unit No.Z-
Nov:3, 1995 | 08:15-09i00 | Mesting * -
.(w;c;.)' | dhioo—izo0 Generator capability test’ ’ 234,
. 13:00—1800 | Continuous operation test ( Heat run ) 2-36
Nov. 4, 1993 | 08:15~09:00 | Meeting
(Thu) 08:30—15:30 Ioi;1£ control operation test 2-738 For UnitNo. 1 &2
- 15301600 | Time VS. Load ( Power-rate chenged ) -- :
- 16:00—19:30 | Minimum continuous out.pu: test 2-37
Nov. 5,1992 | 05:15~09:00 | Mecting :
(Fri) 09:00-.16:30 Generator & Turbine output test 2-40 Foo UnitNo. 1
09:00-1630 | Geneeal ispection . 2359 For UnitNo.2
Nov. 6, 1993 | 08:00—16:30 | General inspection 2~ 139
L (Sat.) .

File : Schedule\ Wet#2\Plan\ Daily-2
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. SC-EDULE CF WET TEST FCR UNIT 2 (AEVISICN-2)
SEUMIECL SYCRO PCWER PLANT EENO‘_/.-\TI'CN UNIT 1&2 PRCUECT |

- o Testemzer I3
257 HO. SESCAIPTICN . . CTICEER 1553 NCVELBER 1590 : sescarTieN
T3 4 % Y5i31;71:9 19130 ) 2 3.3+ 3 35 27 -9 39 20 J1 ¢ R 3 1+ 3 310 1132
2 - | _GENERAL 'NSPECTICN - R . i b Vi '
2+ 2 FLL UP WATER .NTO PENSTOCK L ORAFT TuBE T ' . N i
i 2-3 TesT cf wWATEA supsLy SYsTEM it iiin, i K R Lo erumented 13
2-4 AWAEH 1 OML FLCW MEVTER SETLNG i ' ! FsmemonCa, i, 150
' 5 3 IPNEUMATIC 3RAKE OPEAATICN CHECK & TEST 1 R
2- 6 IHP. ONL PUMP OPERATICN CHECK | |3
2- 7 ICAEEPING DETECTCR CPEMATICN CHECK i
2- 8 Jovenat secuence cieex
2-9 lBUMB TEST ({KICK CFF )
2-10 [BEARING ‘AUN & DYNAMIC BALANGE TEST"

2-11 ICVER SPEED TEST

2-12 |GENERAL INSPECTION
2-13 |GOVEANCA ADJUSTMENT.
2 -14 IMEASUREMENT CF INSULATICN RESISTANCE

2-15 |DRY QUT RUN

2 ~16_ISHCAT CIACUM CHARACTERISTIC TEST

2 -17_|OIELECTRIC OF GENERATOR |

2-15_|PANARY TEST OF PHOTECT!O.( RELAYS

2-19 |CPEN .CIRCUIT CHARACTERISTIC TEST

2 20 [WAVE FORM

2 =21 |PHASE SEQUENCE CHECX

2 -22 |MEASUREMENT CF AESIDUAL VOLTAGE .
2 -23 IDYNAMIC BRAKE TEST

2 =24" {AVR ADJUSTMENT

2 -25 |AUTOMATIC SYNCHACNZING TEST (PARALLEL IN)
SOt

S{AAI
2 -26 |AUTCMATIC STARTRSTOP TEST BY CCMPUTEA CONTROL

2 ~27 'AVR FINAL ADJUSTMENT ~

2-20 |LOAD REJECTION TEST

2-29 _lcUIcK STCP TEST
2 -30 |EMEAGENCY STOP TEST

2-31 INO LOAD - NO EXCITE AUN TEST

2-32 JUNE CHAAGING TEST

2 -33. {POWER OUT PUT VERSUS GUIDE YANE CPENING

2 -4 |GENERATCA CAPABRMY TEST

2 -33 IDETERMINATICN CF TOTAL LOSSES

2-35 |CONTINUCUS CPERATION TEST

2 -37_IMINIMUM CONTINUCUS CUTPUT TEST - ~
2-30_JOINT CONTROL CPERATION TEST
2 -39 |GENERAL INSPECTION

2 -40 |GENERATOR & TURBINE OUTPUT TEST

-328 ~

AZMAPK ¢ -
— THE GUARANTZID EFFICIENCY ANO CUTPUT CF GENERATCH WLl BE“/F.?FY AS PRCPCSED

ZPOC INTERNATICHAL LIMITED
WHCH 70 BE WINESSZD BY EUN' s AEPRESENTATVE, TH ruw

- THE GUARANTEZD CUTFUT CF TUREINE WL 3€ VERFY AS PACPCSZD WHGCH TO &€
WITNESSED BY VA ~ MCE. s AEPRESENTATIVE . HOLIDAY

ASSISTANT DIRECTCA d PAQUECT MAMAGER

Al
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. : " INSTAULATION AND TEST SCHEDULE OF UNIT NO.2
. BHUMIBOL HYDAO POWER PLANT RENGIVATION UNIT 13,2 PROJECT (REV.9) :

N . .t . . * Seotamber 25, 1993

3 * "
NOL Ted nov, tm 0EC, 1m2 AN, 111 en, 4513 uAR, 1392 Ara, 131

(13 froneine T
i, OFT, SIG, PrS bl slratking B 3 | -
]

HAT (rvd AN R EUNE ] Aua, 193 e, 119} ofT, 1M wov, 1302 oLc, 1 ') DESCAIPTION

.3

2. TURBINE GUIDE SEAAING T OFL CIRCULATMING SYITER * | adn, ll«

«+«.-x. . hambited pipdng b oipan)

3. G APFARATUS, GV SEAYOMOTOR, GATE RING bersly , B [nedar [ratipim| 2 sy 1nd sebrrily cre gds Tening sndn ] e of oy 20f 10 : . :

o Ay 0% parl tnjaitiptey . Jundta gr. pk ainnd gaf guye g, Hon kvetpe,

. PROTECTIOR UNEA * shersly , diadeg [rathng, uly o ke o} q T - T .

. i :
S. TURBING SHAFT & RUNNER * um L. tey Jaad vantheed ind i bee] colusey . it - B Runrar airtrsd L $30 aa Nov, 14, $552

i

4. INSTRUMENT FOR TURBINE * ] inabited e {wn .
[
!

o 20l o o -nL\I €ning & wYing

7. JUAZINE CPERATICN CONTAOL SYSTEX * . iras ViR, 4 ecpe

1. GOVEANOR GiL STSTEM & SPERDGOVERMOA®  ° o degatne vlcodsnchectst dune | o, el o]
3. LOTOR CONTROL CENTER®  * . + 1 tokstdoaahre vty L.

1rg {Inaan Meenloved £peed devic and wirq . Fitve 3 fon ngia,

b )=

[rere neien . .

(2 [ceneraron ‘ | .

1. UPPER BRACKET ., . e ad}

. AQTQR™ M [Un L, Dicadaty hnd o revd , .y, I . R ¥ e Plr-hll totor on Sep. 14,1393

3. STATOA ¢ .. owdesylur footlumla  breabey bt bee enbe draddgs, e xt et she obsud 3, b incfur fouty 2 Jipte] P iratat stator on Sap. 18, 1993

4. LOWEABRACKET & GENERATOR SHATT S e s s i : : poendn e oln, o ey shen Genersior shalt irea on Juns 15, 1983
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Master Element

¢d . 4 < . . a
LﬂuqﬂnsmﬂﬂﬂuﬁﬂﬂL%uﬁuﬁuﬂﬂiuﬂ Equipment 137958 aanainnis7y
J1ULauA Control switch, Voltage relay, Float switch Tas
. A o . - R
BTN NINTASAIINTAIINAY Time-delay relay wia Relay au9

Time-delay starting or closing relay
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Checking or interlocking relay
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Stopping device
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Anode circuit breaker
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Control power disconnecting device
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Reversing device
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Over-speed device
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Synchronous-speed device
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Speed or frequency, Matching device
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Shunting or discharge switch
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Accelerating or decelirating device
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Starting-to-running transition contactor
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Electrically operated valve
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Distance relay

[ ‘ . dl . <~

t114 Relay T9EH19 UL LaRT Admittance, Impedance #5a Reac-
%ialgdl : .d. 1

tance TONINAVTHANLUNTUARTERARIAINIINATWURT )

Equalizer circuit breaker
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Temperature control device
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Synchronizing or synchronism check device
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Undervoltage relay
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Isolating contactor

[ 4w o ' [ A

Lﬂuquﬂimﬂﬁﬂam (F®) ANITAANIINTLUUDIENNTIALTY TUATULAGATIIE
a o a !

gngauuiatwuﬂﬁiﬁauuﬁu f19naday
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Separate excitation device
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Directional power relay
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Brush-operating or slip-ring short-circuiting device
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Polarity or polarizing voltage device
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Mechanical condition monitor
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Field relay
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Field circuit breaker
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Manual transfer or selector device
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Unit sequence starting relay
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Reverse-phase,or phase-balance, current relay
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Phase-sequence voltage relay
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Incomplete sequence relay
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Machine, or transformer, thermal relay
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Instantaneous overcurrent, or rate-of-rise relay
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Ac. time overcurrent relay
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Ac. circuit breaker
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Exciter of Dc.generator relay
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High speed Dc. circuit breaker
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Power factor relay
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Field application relay
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Short-circuiting or grounding device
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Rectification failure relay
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Overvoltage relay
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Voltage or current balance relay
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Ac. directional overcurrent relay

[~ <) o 4 “ a s

tUu Relay MazfineuidainenTewdIwdanntnwly TUINITNTEURAAU
< <, “ 4 . v

TOHNATBASNEANISAITIHARTUNA THUR T

Blocking relay

[ <, [YREPA I < .

114 Relay nYNMUINRSRUINLWa Block n1s Trip 989 Breaker
< ' E'l 4 4 o 4 a
LHALNR Fault Tua gd Wiaqﬂﬂimﬁwﬁwaunaguaﬂ Zone iavfiy 6y
< . 2 41 9 o id 4 [V o . .
NNTAUGIT %iaﬁﬁiauﬂugﬂﬂﬁmau LwaﬂﬂﬂuWﬂﬁaaﬂuﬂWi Trip 98y

- . <
Breaker %98 Block Aan971974789 Recloseridatne Out-0f=Step

4 . . o
38 Pover Swing @INRIALU



NuldLay

69

70

71

72

73

74

75

76

- 193 -

v o
AJTUNNIEURERUIN

Permissive control device
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Pulse transmitter
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Automatic selective control of transfer relay
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Carrier or Pilot-wire receive relay

g ﬂ.‘ - 1 - v 4 t
Lﬁu Relay %ﬂqﬂdﬁﬁﬁﬂﬂeﬁu%§aﬁuaqﬂ1§nﬁ01um1aﬁmmﬂmﬂacuﬂaﬂﬂqm
9
- as D Aa
Carrier #3aain Relay w9734y Fault duainen-iy

Rocking-0Out Relay

< <~ W

14 o, -«
Ldu Relay niinvu@18twdn #18190 Reset TanlaudwmSana fuia

2L
- ) e

<} <« . s < o o
NWHG RIBANHATUAITUIAUASTH BANIINTZUU LUBLNAANTNAUAR L AR T

q 9

| '
unadngwu

S

Differential protective relay

o

<t [ o o f 1 's 4 oy
BILF Relayﬂaqﬂuﬁwzﬂﬂﬁ1uw1nﬂﬁiuman@na¢ﬂﬂLﬂaiaﬁuMﬁia Phase
. _~*I ] 9 4’ . '
angle 999n72Ud WIARINISIUNNAY o] Fagan

Auxiliary motor of Motor generator

v o, Can

1ﬁnﬂﬁﬂuxﬂudauﬂszﬂanﬁaﬂﬁaqgﬂﬂimmﬂﬁ 9 td% Pump, Blower,Ex-
& W

citor iuau

Line switch

c &< I < . @ o
Lﬂugﬁﬂimﬂﬁﬁxﬁugﬁuau Switch @@ Load 9071493909949 T2 0
@ — P’ . ) N 11
ATIURENTEUTTARY Lmagﬁﬂimua:ﬂﬂﬁﬁquEizuu(Wuﬂ

Regurating device

o w o« ] PN ' < o g - ¢
NﬂuqﬂﬂQUQﬂﬂqﬂiqumqﬁ d ﬁﬁﬁ!ﬂ?QGQﬂiﬁqﬂdﬁL BHTEY WTaaUnNTH
3

1 kPR ]
#1499 TvNaas

U@

LJ

id . . -
(UL AMANT TWUE | T4 ﬂauquﬂﬁuidmuiwﬁﬂ NTruRIddA

. @ < K o [~ Y]
AN @70 E37 AU QmwﬁuiﬁamLﬁumu

Voltage directional relay
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Field changing contactor
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.wilsda " Hydro documentation available " 2av Neyrpic
.wileRa " IEEE Std. 43-1974 "IEEE Recommended Practice for
Testing Insulation Resistanc of Rotating Mechinary
.wiled@p " ANSI/IEEE Std. 56-1977 " An American National
Standard IEEE Guide for Insulation Maintainance of
Large Alternating-Current Rotating Machinery (10000
kVA. And Larger) .
.Wilivae " IEEE Std. 95-1977 " Recommended Practice for In-
sulation Testing of Large AC Rotating Machinery with
High Direct Voltage
.wilivd@a “ IEEE Std.115-1983 " An America National Standard
IEEE Guide Test Procedure for Synchronous Machines
.#ilNAD " ANSI/IEEE Std. 433-1974 “ An American National
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.#ily®a " IEEE Std.492-1974 " IEEE Guide for Operation and
Maintainance of Hydro-Generator
.Wit9®a " IEC Publication 34-2,1960 " Recommendations on
Determination of Efficientcy of Rotating Electrical

Machinery (Excluding machine for Fraction Vehicles)
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12.%isda " IEC Publication 34-2A,1974 " First Supplement to
Publication Rotating Electrical Machines Part-2:
Method for Determining Losses and Efficiency of Ro-
tating Electrical Machinery from Tests (Excluding
Machines for Traction Vehicles)Measurement of Losses
by The Calorimatic Method
13.%iHs®a " IEC Publication 34-4,1967 " Recommendation for
Rotating Electrical Machinery. Part-4: Methods for
Determining Synchronous Machine Quantition from Test
14.%isRa " IEC Publication 545,1976 " Guide for Commission-
ing Operation and Maintenance of Hydraulic Turbine
15.wllvAa " Ansi C506. 10-1977 " American National Standard
General Requirements for Synchronous Machines
16.%i9Aa " Ansi C50.12-1982 "American National Standard Re-
quirements for Salient-Pole Synchronous Generator
and Generator/Motor for Hydrualic Turbine Applica-
tions
17.%il9Ra " JEC-114,1963 " Standard of The Japanese Electro-
technical Committee Synchronous Machines
18. %R " JEC-157,1963 " Standard of Japanese Electrotech-
nical committee Field Efficiency Test Method for
Hydraulic Turbine
19.mi9Ra " MG.5.1-1963 " The NEMA Standards Publication
Large Hydraulic Turbine Driven Synchronous Generators
20.%ilaa " ERA Technology " Indirect Testing of Rotating
Electrical Machines to Determine Temperature Rise
21.%i98a " Bidding Documents for Bhumibol Hydro Power Plant
Renovation Unit 1 and 2 Project Volume II "
22.wiivda " Election Manual for Generator " Elin Order No.
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