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ABSTRACT

This thesis presents the technique for the energy efficiency control the 115 kV bus
voltages in Glow power plant. The 115 kV utility bus is connected between three-phase
synchronous generators and 230 kV EGAT electrical network via on-load tap-change 115/230 kV
step-up transformer [11,16]. The 115 kV Bus voltage can be controlled by adjusting either tap-
change of 230 kV step-up transformer or field current of three-phase synéhronous generator. In
this thesis, the operated results are analyzed and calculated to comparing with the model in the
Etap Power Station is a confirmation of evaluate input power of gas turbine for driving. Finally,
control technique of on-load tap-changer and field current are illustrated and discussed for the

energy efficiency of the 50.8 MV A power generations.
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Tned o, duyulasznivnszualvaacZ, ) Mween lilfata 230 kv veams il thonda
usdszme Ineduussdu e 115 kv (7, ) uazyu 8, iuuveaus i Tvlihfide

15V (V) hmdwseau i 230 kv (E gy voems Wfdhondauvailszme

Tne

fmuald £, usunfoulifhumiloniweundeatuilalwihdeInada Smiswdlu v
Ve - usedullfriida 115 kv Imbadlu v
o { o i <
Eggur : w33 Wihiidia 230 kv fvdaedlu v

I, :nssugeriuusesveuniesiuila i Imedu A
I, :nszuadeinuiideifhende 115 kv ladata 230 kv Inedlu A

' a o @ : 1 o
o ABueauaudueariseulas IWihidaussdu 11.5118 kv T O

X
X, :Aueauaudvesvifouas I isaussdu 115230 kv Smiadu Q
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g lifhdeeenannsesdwiald (P) Ta1ned uazdeenisiinusedunfioin

4 o a o a ' [ 4 o a
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=1

] 1 Y
FelnsaRszdwmalduseiulWihiive (v,,) indu wwdwaildadide WS ueniivi
v 2 [
11ween WTlmuiuuagyy Power angle (§) T anat isuefiudidesnisanus s Indhi

TalaensUsvananszuanseduannuuimanveunseasuilaluih widenaldsds i
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iLL’Gﬂ‘V]‘V\I‘VI%'lEJfJf]ﬂiJﬂ'laﬂﬂ\illﬂziﬁJ Power angle (& ) dSUAUANUY

2.5 MIAUIAUA1 Load flow apunusrasalaelililsunsy Etap Power Station

FMFUMIAUIUNIAT Load flow AeniswiaIfide i lnalumedanazuse
utasihidennmsesiuia Tufusazindssuazfmuavuin Tnann 1 dos e
yinanszud lnasumedansegilasaidieg wagus iy i faaien luszou mﬂgﬂﬁ 2.3
MnsRasaniiviieniswda CTGIA uaz CTG1B Taoudaznsoationisemalndilisa
sevuriunfeutla Wi (T1) sazrundoudaa v (T2) ed1esge Inda T Fans Tl
thondauralszmalne Tasnsafrauuudnesdanaaslugd 33 dmsunisme
fda i nseua Tfhunzus s Wil Tasen fiRaduluszuy 19 Tlsunsy Etap Power

° é oy
Station[7,15,16] 11N13A 124111 Load flow %41435n015909 Newton-Raphson method Tne14

4
wﬁﬂmi’t]lgﬂiummi‘)g(Taylor Series) GIf’Jﬂaluﬂ’liufsllﬂtyﬂ’lﬁ’JﬂmJﬂﬁﬁ’l Load flow 941l
AP || J, J, A
= (2.11)
AQ || J, J, AV

e AP uaz AQ Huf1deInf93aReal power) uazdrdeindFuondivl (Reactive power)

Y

1 os.: o ) { { a 2
a1 AV uaz AS nfeusedu Iiwesyuvess iy wie Taed JidluanTadowwasnd
(Jacobian matrix) [3,7,10,19] Taeuyuusiansi l¥dmsunmssauaidds I iaeanmses

fuila Wi g dasTa s suunsaeneves Ise i
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1 a a @ 1 <3 PV [l 1
wwRgInuAuniestuila i lasvauazszouamods szimiuldinluszyvdane
v v v
Maa Iviniu desdiadalszantamlunsds daiu nsdamid ldihiidaus a nlihgag
<3 1 A a a ) {d Ao @ awv
utlumsyromnlszaninm Taomsiuemfoulas i nindausedu i waziida
fas Inihgen underosenuniessuia liihnssuaady Moonszduusedu T 1w
g 3 a @ A Y] @ d’!
gau vidtonas Iihatdad Sumus e@unsafu (Step-up transformer) [11,12] oanvua
! 0 v v o 3 @ I~ ' 9y
aszualumeodind ilivinadindnas 93mMeeaus I9uan (Voltage drop) 1ilun13 3814
= dé’ 3 '} vq ¥ oall @ ' @
s nmYeaszuuavy luszynimie Tiihoagszoudlgnuiu dneznuiisedy
@ d. =~ d‘ 1 1 4 O' A o
usedu i Idvasldouiinsnteunlaegaasanarlinei ervganion daagsin1dm

v

waidoroadgindegUnsaiaiassnana i dremauaiisa 1didenomsenas nil
ﬁwﬁaﬁﬁﬂ1'5siai‘huauﬂuﬂmﬂwm’fm"lv\lﬁm’fm?e"lwﬂmaﬂusqqa (High voltage) 18vawe 42
dauanslugiit 2.10 uazarinaus wn Wi dwus ofu Wg iuodas sl doulag
Fuanalumsiei 1 lumsaldelassasdusiunsevesvaaialunfoulas Wil uite

aunuszanussay Il A s muinandesns Goni nislfuuilvealaueasiontag

Tl (Tap-changing)

" AW o A o voogd
M350 1 s nndaananszuaiazyssau Iihvewideuas lwhndwmuauiane

Winding [ Tap Rated Current(A) )
group tion 120V 150 Mva T 160 MVAT200 Mvaj~ Connection
8L | 253.00 273.8 | 365.1 | 4564 |23
7L |'250.13 | 277.0 | 369.3 | 4616 | 2-4
6L | 242.25] 280.2 | 3736 | 467.0 | 2-5
SL_ | 244.38 | 2835 | 3780 | 4752 | 2-6
4L | 241.50 | 2869 | 3825 | 478.1 | 2-7
3L | 238.63 | 290.3 | 387.1 | 4839 | 2-8
2L | 235.75 | 2939 | 391.8 | 489.8 | 2-9
1L | 23288 | 297.5 | 3967 | 4958 |2-10
N_ | 230.00 | 3012 | 401.6 | 502.0 [2-11
1R | 227.13 | 305.0 | 406.1 | 5084 |2-12
2Ra | 224.25 | 3089 | 411.9 | 5149 [2-13
H1,H2H3[ 2Rb 2-14] |1
2RC_| 224.25 | 3089 | 4119 | 5149 | 2-3
3R | 221.38 | 313.0 | 417.3 | 5216 | 2-4
4R__| 21850 | 317.1 | 4228 | 5285 | 2-5
SR_| 21563 | 3213 | 4284 | 5355 | 26
6R | 212.75 | 3256 | 4342 | 5427 | 2.7
7R | 209.88 | 330.1 | 440.1 | 5502 | 2-8
BR_ | 207.00 | 334.7 | 4463 | 557.8 | 2-9
9R__| 204.13 | 3394 | 4525 | 5657 | 2-10
10R_| 201.25 | 3443 | 459.0 | 5738 | 2-11
11R_| 198.38 | 349.2 | 4657 | 582.1 | 2-12
12R_| 195.50 | 354.4 | 4725 | 5905 | 2-13
$ 28 ¥ o
e I 2 TRt T2 0 22 I A A

123128
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[ Ed
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2.5.2 MsUFuuditvagd 1Wse (On-load tap changing)[ 14] HunsUsuAend s
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P,
Lo =S (2.14)

m

Pin = mﬂuel_gas_ﬂow x h (215)

fuel gas

fUAIR 7oy e HIZANENN IABIIUVDS Gas turbine

o w 7 4 o a ' I
P, . at1ag Ao s waveunTasiuila i Dmibudlu w
' o o o W a . i [
P, : AR 1§UN A TUBUYAVD Gas turbine Tnieiiu w
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1 a v I~
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M5 2 s 1uaaRiftavounsostuiia Wide Instaaumauinn 50.8 MVA

2 Pole, 3 Phase, WYE Connected, 50 Hz, 3000 rpm

Rated Power (MVA) 50.8
Armature current (A) 2,550
Armature Voltage (kV) 11.5
Field current (A) 844.2
Exciter Voltage (V) 155
No Load Exciter Field Current (A) 313
Reactance Saturate (Per -unit) 0.159
Field Winding DC resistance (£2) 0.165
Armature Winding DC resistance (€2 /Phase) 0.00581
No Load loss (kW) 120

M31ah 3 mssaasn s aversoulas ldiii e

-y

amavaandoutad i didavuia oo Mva

Rated Power (MVA) 90
Voltage (kV) 11.5/115
No Load loss (kW) 37.5
Load loss (kW) | 208.3
Impedance (€2) 7.96

amdavesndotias it devuia 200 MVA

Rated Power (MVA) 200
Voltage (kV) 121/230
No Load loss (kW) 39.5
Load loss (kW) 512.4

Impedance (€2) 15.42
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Fehabily | Fuel Cost | Remarks | Comment | Rty | Fusl Cost | Remarks | Comment |
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Fuel gas Fuel Energy Gen. Output power Heat rate Average
Month
(kg) MMBTU MWh (MMBTU/MWh) (MMBTU/MWh)
Mar-09 6640454.527 219707.854 18881.79 11.636
2
“E Apr-09 8002080.484 261865.436 22637.00 11.568 11.604
[+3]
May-09 8333128.561 273002.192 23516.00 11.609

A AL B R P L NS o i P O S e
Jul-09 8508260.222 275402.042 23940.00 11.504
5
f:" Aug-09 3116448.042 291627.951 2522995 11.559 11.556
Sep-09 8438760.592 274013.002 23608.00 11.607
Average energy. saving 0.048
Average energy saving (%) 0.414
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Energy saving Cost saving (Baht)
Period
MMBTU 1 unit All units
Month 1271.81 317,962.67 2,543,701.36
Year 15261.72 3,815,552.04 30,534,416.32
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Start

A
Target Voltage of Bus 115 kV

115.5kV < Vo sy S 118.5kV

Adjust Tap of Transformer

 { Increase Tap-Changer Vo 1151y < 116.5 kV

Decrease Tap-Changer Vo 151w = 117.5 kV
A

Voltage of Bus 115 kV

165KV < Vo s S 1175k

Control Power Factor of

Generator by adjust field current

Power Factor of EGAT Bus 230 kV T

0.97 Leading < p.f 5. 301v < 0.99 Leading Ne

Monitor energy
efficiency of

Gas turbine
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1. madeyansssduiialiihddasilaamuvla

GD103798
Generator 446X041, 7, 8, 57
March 1997
GE Power Systems
Generator
Generator Design Data
Customer: CoCo Limited
Nameplate Data
2 Poles, 3 Phase, WYE Connected, 50 Hertz, 3000 rpm
Total Temperature at Rating Guaranteed not to Exceed: 130°C on Armature by Detector

145°C on Field by Resistance
Maximum Cold Gas/Air Temperature 39°C

Rating
KVAN. S....... L. £llh. & avennaeriontmrme,. .. LUn A . . .= JF | 50,300
ArmaturesAmperesg= e L . 3N I LTI 6 Coaatt Lo ) e - S 5 o 2,550
Armature dolts ™. 7. T apn ] Lare - . o Mt . o AN e L e e pmn el 11,500
Field Amperes . ... ¥Yabhr. M .. NN, Qg [, .. S o025 O ¥ ¥ ... 944
Exciter Yolts” A\ ... .cooy. LN, o\ . oo, LIS A . LR AN L 155
Power'Eagtor 2 .....57. Ptk o\ B £2... [ Az L. ... 8. 4.4 ....... 0.85
No Load Exciter Field CUment . . . v oo ettt iee et veieeseneeanenneassnnscesans 313 Amperes
Design Data
Voltage Range at G0 HEMZ . .ou.oniieinnt i ienecerieacinmnneencasesrcacoconenn + 5 Percent
Collector and Brush Data
Collector Brushes 36 perset ... .covevevenennerennnes Recommended Grade, National Carbon 634
Collector Minimum Safe Operating Diameter . . . . oeveneieetnirnnneene i niencnareann 13 inches
Shaft Grounding Brushes, 4 perset ...........cc00unens Recommended Grade, National Carbon 634
Gas Cooler Data
Inlet Coolant TEMPErature ... ... ccucveureeernrneerseasscennnesnssannnancannsnn 40°CM5°F
FlowatRatedLoad ........c.oiinreiiiiiiiiiiiiiiireetieaaenenceeonencaannnns 1,060 gpm
Head Loss Through Cooler ....uiiiiiiiiiiiiiiiseietaeeacerencnaneenennsaaecnaneos 20ft
Airor Gas Flow Through Generator ..........vveieeverenenncesnsnsonnncocnaannn 36,400 cfm

These Instructions do not purport to cover all details or variations In equipment nor to provide for every possibla
contingency to be met In connection with instalfation, operation or maintenance. Should further Information be desired or
should particular problems arlse which are not covered sufficlently for the purchaser’s purposes the matter should ba

roferred to the GE Company. © 1995 GENERAL ELECTRIC COMPANY
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Design Data
ESTIMATED GENERATOR DATA
Reactance Data (Per Unit) Direct Axis Quadrature Axis
Saturated Synchronous.................... (Xdv) 2.519 Xqv) 2322
Unsaturated Synchronous ................. (Xdi) 2.519 (Xqi) 2322
Saturated Transient . ................cunee. (X'dv) 0.221
Unsaturated Transient .................... (X'di) 0.312 X9 04256
Saturated Subtransient . ................... (X”dv) 0.159 (X"qv) 0.155
Unsaturated Subtransient .................. (X"di) 0.227 (X"qi) 0.221
Saturated Negative Sequence ............... (X2v) 0.152
Unsaturated Negative Sequence ............. (X2i) 0.217
Saturated Zero SeqUENCE .........ccvenunnn (Xov) 0.095
Unsaturated Zero Sequence ................ (Xoi) 0.119
Leakage Reactance, Overexcited ............ (XI.M,0OEX) 0.198
Leakage Reactance, Underexcited ........... (XLM,UEX) 0.198
Field Time Constant Data (sec at 125°C)
OpenCircuit .. .oooiiieivinniiinanenns (T'do) 6.441 (T’qo) 0.556
Three Phase Short Circuit Transient ......... (T'd3) 0.566 (Tq) 0556
Line to Line Short Circuit Transient ......... (T°d2) 0.901
Line to Neutral Short Circuit Transient ....... Td1) 1.091
Short Circuit Subtransient ................. (T"d) 0.015 (T 0015
Open Circuit Subtransient ................. (T"do) 0.021 (T7qo0) 0.041
Armature DC Component Time Constant Data (sec at 160°C)
Three Phase Short Circuit ............0n... (Ta3) 0.217
Line to Line Short Circuit ................. (Ta2) 0217
Line to Neutral Short Circuit ., ..0ovvvunns.n (Tal) 0.190
Armature Winding Sequence Resistance Data (Per Unit)
Positive oo S S8, LI RA, L/ (R1) 0.006
Negative §. . . - .- . 4. A1 . B, & . B (R2) 0.017
Zero} R .- .@=. - ¢- - N L . 2 NNETTIILE (RO) 0.008
Rotor Short-Time Thermal Capacity, (J2)2t . . .. veeetaeeerianaiianrieernresanassanannn 8.0
Turbine-Generator Combined Inertia Constant, H .. ... ...oiiiiiiiiiiireiriiiieiannnens TBD

Three Phase Armature Winding Capacitance
Armature Winding dc Resistance (PerPhase) ......cccvvvvneerierenneann 0.00581 ohms at 1
Field Winding dc Resistance ........ .. ciiieiiriieriviereriinosansnens 0.165 ohms at 1
Field Current at Rated kVA, Armature Voltage and PF
Field Current at Rated kVA and Armature Voltage, 0 PF Lagging

00°C
25°C

............................ 844.2 amperes

(FOR SYSTEMS STUDY ONLY ~ NOT ALLOWABLE OPERATING POINT) . 1,060.8 amperes

GE Power Systems

General Electric Company

One River Road, Schenectady, NY 12345

518 38502211 TX: 145354
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THIRO ANGLE PROJECTION REVISIONS

REV

s

@ _E_ REV DESCRIPTION DATE APPROVED

358A5206

Sl

REVISE ON CAD ONLY
UG PART: 358AS5206.FRT
NOTES?

1. ALL PUNCTUATIGN MUST BE AS SHOWN ON DRAWING.
2. FINISH SPECIFICATION (NOT APPLICABLE TO
UNPAINTED PLATE). FILL BACKGROUND,
INCLUDING LETTERING WITH BLACK BAKING ENAMEL,
RAISED SURFACES-SATIN FINISH (180 GRIT)

o Q
Air-Cooled Gemerator
GENERATOR NO. 446X041 RATINGS
2 POLES 3 PHASE WYE CONN. SO HERTZ KVA: 50,800 .
TOTAL. TEMPERATURE AT RATING  ARMATURE AMPS: 2550 [
GUARANTEED NOT TO EXCEED: ARMATURE VOLTS: 11500
125° ¢ ON ARMATURE BY DETECTOR FIELD AWMPS: 897
120° C ON FIELD BY RESISTANCE ~ EXCITATION VOLTS: 155
MAXIMM COLD AIR TEMPERATURE 40°C POWER FACTOR: 0.85
INLET WATER: 95°F RPM? 3000
CAUTION BEFORE INSTALLING, OFPERATING, OR DISMANTLING, READ INST. GEX- 103798
o G Power Sustems SCHENECTADY, NY ¢
GENERAL. ELECTRIC COMPANY MADE IN US.A.
© smmanu wiveass s AKE FROM
Sov s We ki WEE o\ 1eSUED 96C7702P001S
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PER UNIT ARMATURE VOLTAGE OR CURRENT
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ESTIMATED SATURATION AND SYNCHRONOUS IMPEDANCE CURVES
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LOSS LESS WINDAGE - KILOWATTS
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ESTIMATED LOSS CURVE
50800 KVA - 3000 RPM - 11500 VOLTS - 0.85 PF -
155 FLD VOLTS - 40 C COLD AIR - 0 FT ALT
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WINDAGE LOSS - KILOWATTS
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General Electric Mode] PG6551(B) Gas Turbine
Estimated Performance - Configuration: Natural Gas & Distillate

Compressor Inlet Conditlons 59F (15 C), 60% Reative Humidity
Atmospheric Pressure 14.7 psia (1.013 bar)

Fual Nalural Gas Distilate
Design Qutput kW 39160 38480
Design Hest Rate (LHY) BlukWh  {KLkWh) 10730 {11320) 10810 (11400)
Design Heat Cons (LHV) Btuh (kJ&h) x10*6 4202 (4432) 4180 (438.8)
Dssign Exhaust Flow o/h flayh) x1043 N2 {509) 1126 (511)
Exhaust Temperature deg.F  (deg.C) 1006 {541) 1007 (6542
Bass Load

Notes:

1. Altitude correction on curve 416HAG62 Rev A

2. Ambient temperature correction on curve 520HA971 Rev 0

3. Effec! of modulating IGV's on exhaus! flow and temperature on curve 520HA972 Rev 0.

4. Humidity comection on curve 498HAB37 Rev B - all performance calculated with an specific
humidity of 0.0064 or less so as not to exceed 100% relalive humidity.

5. Plant Performance is measured at the generator ferminals and Includes allowances for
exitation power, shaft driven auxiliaries, and 4.0 in H20 (10.0 mbar) inlst and 2.5 in H20 (6.2 mbar)
exhaust prassure drops and a Standard combustor.

6. Additional Inlet and exhaust pressure foss effects: % Ettecton Elfecton
Oulpu!  Heal Rate Exhaust Temp.
4 in Waler (10.0 mbar) inlat -1.50 0.50 22F (1.2C)
4 in Water (10.0 mbar) xhaust -0.50 0.50 22F(1.2C)
—:rrlmrrrlmmnmnmmmmwnmmnm QUL UL LY Im[nmlllnllllll ™
120 DDegF = E
10 £ . — ,: =
5, 100 £ . 120 Dag .
ot A
g 80 E / 59 Deg F _
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§ 0t ; E
b 5/ . 3
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General Electric Gas Turbine
Altitude Correction Factor

Altitude Vs Atmospheric Pressure
And
Altitude Vs Correction Factor
For Gas Turbine Output And Fuel Consumption

NOTES:
1. Heat Rate and Thermal Efficiency are not affected by altitude.
2. Correction Factor = P(atm)/14.7

15,5 -1
15 \\ - 0.95
\ CORRECTION FAGTOR
145 \\ \[/— - 0.9
N AN AN - 0.85
< :
2 R S
1 0
w 185 N -08 9
] \ 4
733 m
R < -0.75 ©
a \ =z
(o] |
G 125 > N 3
T . 7 0.7 6
5 ATMOSPHERICPRESSURE | N\ g
s \
£ 12 AN - 0.65
11.5 \\ - 0.6
1 \\ - 0.55
105 i 0.5
0 1 2 3 4 5 6 7 8 9
ALTITUDE — THOUSAND FEET
4/24/30 416HAB52
F.J. BROOKS REVA
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GENERAL ELECTRIC MODEL PG6551(B) GAS TURBINE

Effect of Compressor Inlet Temperature o
Output, Heat Rate Consumption, Exhaust Flow
And Exhaust Tempetature at Baseload

Fuel: Natural Gas & Distillate Oil
Design Vealues on Curve 520HA970
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General Electric MS6001, MS7001 And MS9001 Gas Turbines

1.01

Corrections To Output And Heat Rate
Far Non-Iso Specific Humidity Conditions

For Operation At Base Load On Exhaust
Temperature Control Curve

1.009

1.008

“~J— SO SPECIFIC HUMIDITY
0.0084 Ib. water vapor/b. dry air

1.007

1.006

1.005

/\— HEAT RATE

1.004

e

1.003

/

1.002

1.001

CORRECTION FACTOR

1

0.989

—

0.998 /

0.997

\<_ POWER OUTPUT

\

0.996

-

0.895

0.994

0.000

10/10/89
DA JAQUEWAY

0.005

0.010 0.015 0.020 0.025 0.030 0.035

SPECIFIC HUMIDITY (Ib. water vapor/ib. dry air)

498HA697
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PAUWELS TRAFO BELGIUM

VOLTAGE REGULATION AND EFFICIENCY

Transformer : 9640547 MVA : 54/72/30 Customer :  MORITANIE THAILAND
Rated Power 90 MVA
No load losses 37.5 kW an rated tapposition
Load losses 208.3 kW an rated tapposition
Impedance Voltage 796 % on'rated tapposition
Rel. Cos phi = 0.8 Cos phi = 0.9 Cos phi = 1
Power
% Pn % valt. reg. % officiency % volt. reg. % efficiency % volt. reg. % efficiency
125 6.49 %% 899.60 % 497 % 99.64 % 0.78 % 99.68 %
100 515 % 99,66 % 392 % 99.70 % 0.56 % 99,73 %
75 383 % 99,71 % 289 % 99.75 % 035 % 99.77 %
50 283 % 99.75 % 190 % 99.78 % 019 % 99.80 %
25 1.25 % 99.72 % 083 % 99.75 % 0.08 %% 93.78 %
RAP2W21 VT-KZ-118/02
VAN CLEMEN N ANTOSZ-TOHRU KIKUCHI . 10.07.96

Customer/inspector : STE@-ﬁ

F. VAN CLEME
Date : AT]o}{36

Q.C. DEPT. N{

KEURING
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= PAUWELS TRAFO BELGIUM
TEST CERTIFICATE
[Transformer 9640547 MVA @ 54/72/90 Customer MORITANIE THAILAND
frype OLU s0/230 Specs. ANSIC 57 Guaranteed Values at 85 oC
Kooling :  OCAFAFQA Pos. Uk% _ILload losses % |Nolcad losses Io%
Frequency 50 Hz 1 100 33 kW 0.25
pectogreun i YNdiet 3 229.0 KW at 90.0 MVA 110 57 kw 0.65
High Voltage Low Vollage ] kW
Pcs. Uty Irat gar. | UM | Ik (&) Igar (&) Results
1 |123s00 | 4194 419.4 | 11500 | 4518.4 45184 1 813 | 211.2kWat0.0MVA || 100 [37.549 kW 0.09
3 |118000 | 440.4 440,4 | 11500 | 4518.4 45184 | 3 7.96 | 214.3kWatS0.0 MVA || 110 [54.665 kW 0.30
5 (112100 | 463.5 4635 {11500 | 4518.4 35184 F 5 7.81 | 219.6 KW at 80.0 MVA KW
No load losses
% us u2 | us c lum]| n 12 13 c 148 P1 P2 P3 c P ) %
100 | 11511 [11500[ 11507 1 | 11506] 35 | 87 44 1 3867 | 19722] 8584 | 15243] 1 37549 0.09
110_| 12679 | 12651 12659] 1 | 12663 {26-} 13 | 149 1_ | 13.500] 24882| 7678 | 22305| 54665 0.30
HV feeded/LV X end Y S.C. Load losses .24 o
Pos. ut uz | us3 c |um 11 12 13 c 168 P1 P2 P3 c P (A PV
1 10088 | 10086{ 10080| 1 | 10085] 419.5 | 419.7 | 4209 1| 420.03] 65380 54450 | 57100} 1 .| 176530 176930
10069 4194 176397
3 | o385 | 9a83 | ooz | 1 | 9383 | 4092 [ 4397 ] 4406 | 1 | 430.83| o4550] sava0 | ssamo] 1 | 177670] 177670
93395 440.4 178128
5 | avas |aras|eren| 1 | wras| 25 [asa1[ 4639 [ 1 | 463.17]ess00] 56320 [e0230] 1 | tmzoso] 182050
8752 463.5 182312
Resistances 24 oC
u { Reras, Rave. u | Ames. Rave.
Winding| Pcs. | Phasa | W c [u] c {ah_ml_‘ ohm) [|Winding] Poa. | Phasa ] ) c 0] c ohm} | {ohm)
A-B 21700} 1.0 [6.7470) 1.0 |0.3230 AB |00410| t.0 |68780( 1.0 | 00046
1 A-C |2.1720] 1.0 ]67400| 1.0 |0.3223/03224 || LV [X AG |oo0an| 10 [essol 1.0 | 0.0048] 00048
B-C |2.1610} 1.0 }67100] 1.0 |0.3221 B-C | 00430| 10 |ess570) 10 | 0.00ds
A-B {20750} 1.0 _|67840] 1.0 |0.3068 A-B 1 0.0450! 1.0 {mo4s0) 1.0 | 00050
HY 3 A-C 120550 1.0 {67090 1.0 |0.3063] 0.3061 Y A-C 100450| 1.0 |8B8610| 1.0 | 0.0051{ 0.0051
B-C {20830 1.0 |66220] 1.0 }0.3053 B-C | 0.0460] 1.0 [66720| 1.0 | 0.0052
A-B |1.9960| 1.0 |68700) 1.0 |0.2005 AB '
5 A-C [1.9780} 1.0 |6.6390] 1.0 |0.2832| 0.2801 AC
B-C |1.9950| 10 |6.8670] 1.0 |0.2905 B-C
Calculalions ta reference temperature
Position Pos. 1 90 MVA Pos. 3 90 MVA Pos. § 90_MvA
Tamb : 26 oC Temperahire 24 aC 85 oC 24 oC 85 oG 24 oC 85 oC
Trel: 85 oC Rt High Votage 85083 Walt [ 105097 Watt 89053 Watt | 110027 Watt | 93484 Walt | 115502 Watt
Rll Low Voitage 75481 Walt 93258 Watt 75481 Watt 93258 Watl 75481 Wan 93258 Wait
Btray leases 15853 Watt | 12831 Walt 13584 Wall | 11003 Walt | 13347 Want 10803 Walt
| oad losses 176397 Walt 211167 Want | 178128 Walt | 214288 Watt | 182312 Walt | 219563 Watt
Urk 0.196 % 0.235 % 0.188 % 0238 % 0203 % 0244 %
Us% B12 % 812 % 796 % 796 % 780 % 780 %
Uk B.13 % 8.13 % 796 % 788 % 781 % 781 %
Voitage tests
[Applisd voltage test [ 1= 50 Hz 60 sec Induced overvoltage test [ t=125H
Neutral HY. 50 WV Double Valtage . 23 KV (feeding LV) - 50-sec
LV. Jearth 34 KV HV.fearth 230 KV (induced singls phasc) "7 50 see
COREarth =50004uhm Insulation resistances {lested with 5000VD.C)  LVX/LVY=5000 sctm
HV/LV X 5000 Mohm VX /earth 400¢ Mohm HWILVY - 4000 Mohm
HV/ earth 3800 Mohm LVY earth 4C00 Mohm LVY [earth 4000 Mchm
VI-KL]
Test Bay Engineer SCHOQVAERTS Customer/inspector : STEPHEN ANTOSZ-TOHRU KIKUCHI Date 11.06.96
&= a.c.PEPT. olb
F. VAN CLEMEN,
Date :r{!o}' 94 L
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- GEC ALSTHOM T&D Transformers Ltd.
o STAFFORD
TRANSFQRMER TEST CERTIFICATE

CUSTOMER: TEDA Co Ltd. SERIAL NO: PTE1689/02
for COCO 3,Thailand

120/160/200 MVA OA/FA/FOA Type 3 Phase 50 Hz
High Voltage: 230000 +10% - ~15% in 20 Steps
Auto Star at No-Load
Low Voltage: 121000
Tertiary Voltage: 11000 (Not Brought Out)’

Vector Symbols: Specification: ANSI ©57

Temperature Rise: 0il 60 deg.C Windings 60 deg.C
Date of Final Test: 23/04/98
?apChaﬁggr Manufacturer: M.R.
ﬂﬂpchan&ft Reference No: 196369 A,B,C.
¥

N B ;
ushing Manufacturer: HV&LV:-Haefley Trench.

v

GEC ALSTHOM
e

e ————————————————————————————
TN
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GEC ALSTHOM T&D Transformers Ltd.
STAFFORD
TRANSFORMER TEST CERTIFICATE

CUSTOMER: TEDA Co Ltd. SERIAL NO: PTE1689/02
for COCO 3,Thailand

120/160/200 MVA OA/FA/FOA Type 3 Phase 50 Hz

‘gigh Voltage: 230000 +10% -15% in 20 Steps
Auto Star at No-Load

w Voltage: 121000
ertiary Voltage: 11000 (Not Brought Out)

ector Symbols: Specification: ANSI C57

emperature Rise: 0il 60 deg.C Windings 60 deg.C
te of Final Test: 23/04/98
apchanger Manufacturer: M.R.
apchanger Reference No: 196369 A,B,C.
ushing Manufacturer: HV&LV:-Haefley Trench.
ushing Nos: H.V. H1:-97D4214,H2:-97D4216,H3:-97D4218.
L.V. Xl:-97D4229,X2:-97D4230,X3:-97D4231,XOHo:249983
CURRENT TRANSFORMER DATA

Serial No Phase CT Nominal Ratio Measured Ratio

00350 AL X  800/600/400/100-1  800/600/400/100-1
J800349 Y 1000/5 1000/5
J800317 H2 X 800/600/400/100-1 800/600/400/100-1
- J800325 Y 1000/5 1000/5
J800321 z 600/5 600/5
J800330 H3 X 800/600/400/100-1 ~ 800/600/400/100-1
J800338 Y 1000/5 1000/5
J800348 X1 X  1500/1000/400/250-1 1500/1000/400/250-1
J800349 X2 X L "

J800350 X3 X " "
J800314 HOXO0 Y 500/5 500/5
€pared By: J.E.Dykes L.Spec.Ref.No.: 31234

heckeq By: C,—S Date: 5/5/c18
PProved By:
/ .
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GEC ALSTHOM T&D Transformers Ltd.
TRANSFORMER TEST CERTIFICATE

CUSTOMER: TEDA Co Ltd. SERIAL NO: PTE1689/02
for COCO 3,Thailand

PERFORMANCE Guaranteed Values

No Load Loss

39.5 kW.at 100% normal voltage 45.0kW
iLoad Loss at 80 deg.C.
; 512.4kW at 200MVA. 230 / 121kV 515.0kW
|
:
Impedance
15.42% at 200MVA. 230 / 121kV 15.4%

" POLARITY AND PHASE RELATIONSHIPS CHECKED AND FOUND TO BE CORRECT:

RESISTANCE BETWEEN LINE TERMINALS at 80deg.C.

1.1963 8L
~Hl1,H2,H3 1.1006 ohms.Switch Position N
1.19589 o 12R
X1,X2,X3 0.4886 ohms
Y (three legs in series) 0.04151 ohms
RES at 2.5kVv,2 . er ests.
HV&XV to YV&Earth 15000 Megohms
Yv. to HV,XV&Earth 7500 Megohms
APPLIED VOLTAGE TEST
HV&XV to YV & Earth: 34 kv for 60 seconds
YW. to HV,XV & Earth: 34 kV for 60 seconds
C.T. Secondaries to Earth: 2 kv for 60 seconds

THREE PHASE INDUCED OVERVOLTAGE TEST (See sheet 6 )
H.V. Tap 4L 416KV at 150 Hz for 48 seconds followed by 364kV

for 60 minutes with partial discharge measurement throughout.

——

I“PULSE and SWITCHING IMPULSE VOLTAGE TESTS.
These tests were applied and are the subject of
2 separate test certificate.

APCHANGER OPERATIONS

The on load tapchanger was operated through one
lete cycle from maximum to minimum tapping and back to maximum
the transformer energised at normal voltage on open circuit. -
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PW -Electrical Power System

PE - Power Electronics

CT - Control System and Instrument Technology
CP - Computer and Infopmation Technelogy
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A Study Controlled Technique of Bus Voltage 115 kV in Glow Power Plant for Energy Efficiency
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Abstract
This paper pre<ents techmque 10 control 115 kV' bus-voltages m
Glow power plant for operating energv efficiency. The 115 kV utility
bus is connected between 230 kV EGAT and tree phace synchronous
generators via On-load tap-changer mansformer and  step-up voltage
generator transformer. The bus voltage can be controlled by adjst tap-
changing 230 kV' step-up tran-farmer or field current of synchronous
generator. Finally, wput power of hubme generator at smnous tap
<ition and field current are dlustrated and discussed about energy

efficiency of 50.8 MV A power generations.
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