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Abstract
Number of small power producer (SPP) has grown up according to Thailand Power
Development Plan and the number of project tend to increase in the future as the projects are

small and easy to construct. This research was conducted to find impedance voltage percent
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(%Z) of gas turbine generator transformer that makes the power factor and short circuit current
at the connection with power grid to meet the requirement of Electricity Generating Authority of
Thailand. This research simulated a small power plant of 120 MW and adjusted the impedance
voltage percent of gas generator transformer from 12.5% step up 0.5% times. The impedance
voltage percent at 12.5%-20.5% making the power factor at the connection are in the range
of 0.85 lagging to 0.85 leading according to the requirements of Electricity Generating Authority
of Thailand. The short circuit current ranges from 4.03 to 4.67 kilo amperes. In conclusion,
Small power producer 120MW, Cogeneration type, Single line diagram as the simulated model
should select the location of project by short circuit current at connection with power grid before
connected SPP range from 16.12-35.97 kiloamperes and consider impedance voltage percent
of gas generator transformer range from 12.5%-20.5%. Then the power factor and short circuit
current at the connection point to power grid will be according to the connection regulation of

Electricity Authorities of Thailand.

Keywords: Small Power Producer, Cogeneration, Power Factor, Impedance Voltage Percentage
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a159N 1 WIsufisumnieesvealssliharang lassmslsslwii B, N, R uazuuusiasd

JER R B N R uuudaes
Ysinamsudalwiln (net power output) (MW) 106 128 100 120
Punamsnswilimslwidhenfaudsdsznalng (Mw) 920 920 920 920
Unmmaneliildigndr 22kv (Mw) 6 30 10 25
Umnmmanglwilligndr 115kv (Mw) 10 5 . 5
Tnanszuuasuayulsslnia (vw) 8.64 898 7.20 7.84
Bwmmangleth (Process Steam) (t/h) 20 30 15 -
paiasidialWihisiuie (GTG) (Mw) 473 49.8 407 48.0
fddsznemameaaiesiuialwihisiuie (GTG) 0.8 0.8 0.8 0.8
i x"d vaunTasiudaliinimiuie (GTG) (%) 16.2 137 13.0 13.7
" Ra saussasifialWihisiuie (GTG) (%) 012 014 017 0.14
guaniasinialiinnmiwladn (STG) (Mw) 22.9 420 26.9 40.8
fmsznaumsmenaiasiidalnihisiulei (sTG) 08 08 08 0.8
1 x"d vanadasiuiialwiioiuled (sTG) (%) 13.0 167 14.0 13.7
 Ra sauetasiufialnihsoiunlerh (sTG) (%) 0.15 019 0.26 0.14
pwandaudasinitialasiufialwihimiuinn (GsU) (MVA) 70 65 55 64
i %z vaaniauaslniiaSesiudalwiiswiuie (GSU) (%) 145 125 125 12.5
& x/R vamdaudatlwitualassuiialWinisiume (Gsu) 50.7 33.0 31.9 34.1
punandauladiitadassuiialwiiaiulai (sT) 35 52 36 55
i %z vomsautadiiiiedesidialwiiaiwlai (ST) (%) 120 125 125 11.0
1 X/R vamdfaulasliituasssiidalwinisiuled (sT) 295 340 359 34.1
pnandaudasimivszuumivayulssiiih (UAT) (MvA) 12 12 12 12
i %Z ’uamaTaLLﬂmﬁ']ﬁm:uuaﬁuamgu‘[iﬂw% (UAT) (%) 10.0 8.2 8.5 8.0
i X/R vosmdaudasdmibszuuaivayulsiluih (UAT) 144 133 132 18.6
wandauasiniugnd 22 kv (MW) 16 40 15 36
i %z vasndeurlasdmingnn 22 kv (%) 100 125 125 10.0
fin X/R vesndfaulasdmingndn 22 kv 17.8 340 292 27.3
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lu%ﬁaﬁ’l (Heat Recovery Steam Generator:
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I w1 INEAIINLAS IR TUazEn
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Tasih [15] waslsoluin N AfUSInmmsHae
T (Net Power) filndiAsauuusiaaslssluih
fdasgrunisnaaliinaniadaasia Wi
Favumanutaiasinialniansiulod
WAL 35.4%, 20.6% @NUAIGU Gaius
BangasiuminaalWihannuassiaiasindia
i faruiodainiassfie Wi s avuie
WY 70%:30% @9nIWA 3 wazd
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3.1
é‘m%%mhﬂWWﬂﬁg}ﬂﬁﬂﬁ%’uLLSJ@TuVLWﬂWJm@
22 Alalad

MIfnIswIanandadtwin

(1) Yswmidelwiaseiion
lkgnén 22 Alalad Wiy 25 wnnziad

(2) ewszidsunisfaanaan
In#vasmslWidupiiniauaznisinin
AT [16-17] windmslgmassuanfinan
aufldndlsznaumsadandinin 0.85 wuu
anunas Jlg Widesinaddiulwnslnn

AonuqofiAn BTedwnaiinaiinua
ﬁwﬁaﬂsznauﬁwé’a‘lﬂﬂwﬁﬁhUlﬁLLﬁgﬂﬁﬂWﬂﬂ
v 22 Alalad uaz 115 Alalaad

(3) 311 IEEE C57.91-
1995 [18] wiouvsslWWifiszuy
JTUIHAINNT OUUUY ONAN/ONAF
Lﬁaﬁqmﬂgmmmaumﬁﬂgﬁu 1°C (a1n
30°C) azvilvindaudasliudngrolnaale
A08d 1% qmmﬂﬁmﬁwaﬂsﬂﬂﬂwﬁ 40°C
IEEE wns¥inlWidedn 5°C a%m%’uqmmﬂﬁ
mﬁlmJaaIsﬂWﬂﬂuamﬂmLLa:Lﬁaaﬁnnmq
m3lguiaieraInIza BaRIRLUY Kraft
paper fisn 17.12 T waguialuirwa
dniidyumangwidumslnig 25 8
910 |EEE C57.91 @a4angmnniuznaia
gagalundaudans 5°C (18] FITHiAUA
1 Margin Factor L¥innu 20%

(4) vwrandoudaslWiian
ﬁq@whﬁ'u 35.29 wnnzhaduanuds 3aden
lavfauwdasiwihame 36 wanzladuauuds

(5) \danldedasiduddud
WAUTIIAAIND WAL 10% Uar X/R Winnu
27.3 914 |IEEE C57.12.10 [19]

(6) drwarmaIiIAIgYLFY
lungdauias (Transformer Loss) wazanslnan
L@NAWAA (Full Load) 9MN&NNTT
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MVAR Loss
MW Loss

3.2 mifwrmswanaaudadlnia
fniuszunainayulsslnih (UAT)

(1) Y3urmiras Wil &1nsy
szupaduagulidladiain 3 lasenis
HudalWirsuraidndredns 3 lasanis
LEAIRIANI9T 2 Lilasuna1Inansng
dwaudnnaaszuuaiuayulss Wit (Auxiiary
Load) (MW) @asid3unmniswaaluin
(Electrical Net Power) (MW) @aifluitlaiidue
el 6.93%, 6.24%, 6.41% aavld

3I°’X  =3.5976
3R  =0.1318 MW (2)

MVAR (1)

Wiy 6.53% eatin Immaas:uuaﬂfnmgu
TyalWdvesuuusnaesiianivindy 7.84
WANZIAG

(2) dwimenuda 3.1 LRanld
wauwdaslwihawe 12 wanzhaduauuds
ANUBSITUA BNRLAUT IIAGINALYNNY 8%
LaLBATEI X/R WL 18.6 AMAIgnLED
Tundoudasvuzirolnaaiduina laiviny
0.0515 WANZIAG uaz 0.9586 LunNnLs

M99 2 LLa@aI%a@maaszuuaﬁfuamgui’savlw“?\hﬂuaoImam‘sI‘m"LWWq B, N uaz R

A WA pwnaiEn B N R
YSanmmswda Wi 106 128 100
Electrical Net Power (MW)

Anlnanszuuaiuayulss il 8.64 8.98 7.20
Auxiliary Load (MVA)
disznaumainadlnanzuuaiuauuls 0.85 0.89 0.89

1w

Power Factor 184 Auxiliary Load
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A13191 3 uaaaneazidoavadlnaniduvadlse Wi (Common Load)

Tnaasrawadlsslnin MW MVAR Power Factor
Ysunamsune Wi lwans i 90 55.78 0.85
ﬂ%mmmﬂ’mvlwﬁﬂﬁgﬂﬁﬂ 22kV 25 15.49 0.85
ﬂ%mmm’sm’m"lﬂﬁﬂﬁgﬂﬁw 115kV 5 3.10 0.85
Inaaszuuaiuayulsdinin 7.84 4.86 0.85
wasnulWihgyiulundaudasdmu 0.1318 3.5976 -
and1 22KV
wasnulnihgyelundaudasdmiu 0.0515 0.9586 -
izuuaﬁfmawu‘[savlvmwéﬁﬁ 1
wasnulnihgielundaudasimiv 0.0515 0.9586 -
5:uuaﬁfumi.ui‘savl'w<|7\hﬁaﬁ 2
NaTINlRaaTINYD9L 59 TN 128.07 84.75 -

3.3 msdmwimswandaudadlnia
dmsuindaarifialnihisiuled (sT)

(1) Ysurmsraslddndiniy
wiaulaslWilrgniuiaiasniialwi
Aovulasidsznende 30% vaslnansay
TsslWih waaseannsedl 3 aoiulnantiad
wilaudaslwihdmsuiesesnindie lndlfa
TosindassanTnominty 38.42 wnnziad
WAz 24.31 Wnnens whnu 45.47 wnnzlad
uauuls

(2) dwmawds 3.1 1Renld
wautadihawe 55 wanzladuanuds
Anvasiiudsunuaud liading Ny 11%
war X/R winnu 34.1 eridsgaidolu
wvandasumeiolnaat@uine balyinny
0.1773 wnNNZIaG uae 6.0474 WwWAnzs

3.4 n13fIwImwmIaLaIasniLiia
Tirsiuledh (sTG)

(1) Ysurasrasldidndinsy

L3aainialwdamasulasindsznaudae

30% waslnaasawlssluda evansafi 3
LLa:@hﬁﬁﬂWﬂWgzyLﬁﬂ’lmﬁauﬂmm%aaﬁuﬁ@
T rsulerinrayindy 49.11 wanzlad
wauuls Addsznaumaayinny 0.786

(2) 91N IEC 60034-1 [20]
wsasrnfialwihasdasididsznouings 0.8
fnssnmarlWidne wenanasiideanas
Lﬂuﬁmwﬁ'u;ﬁa FarwAanddsenaufidsd
0.8

(3) naumsias Wi

P= Q’ztan[cos‘i(PF.jj (3)

fasnineTaosiuia lwiwaalaatig

waefigadaairiii 50.597 wnnzhaduanuls

JdanvmanIasiiia Wiy 51 wnnglad
[ 4
waauys

A EZ a [
(4) \fenldarwinfiiaasaed
wwaanuia ldnsvulasinveslasinis N

a a v a o
Luaﬂﬂqﬂm"ﬂuq@lﬂmﬂﬂﬂﬂu
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(5) @129FDUAINEINIIONIINAATIA
Wi Tuaafin uaziiaslwinassldannaw

80
60

ANNAINNTANINAARAS WA (Capacity
Curve) vadia3adrLia v

Generator MVAR vs. MW output

20
40 ’Qd/

-80. MW

2040~ 60 80

2NN 5 nTNANNRINITIMINEAET MTUasLaTai e I AL batin

Generator MVAR vs. MW output

Q;

Q

-80 MW

120 4060 80

AN 6 NTINANNRINITIMINEAMET I UaLATaIR e IWHN A IR AN

3.5 mIfwrmswanaaudadlnia
fnsuieTaarifiawihisiuie (Gsu)

(1) YurmAras Wi d1nsy
wiaudaaedasrdialwihisiuleh Ysnaude
35% voslnaasaulselain dyansed 3
Tnaasuindaudsoiasearndialwiniasiusie

@RITAINTULINNY 44.826 LUNNZIAG

W8T 29.79 LWNNZI1T LYNNL 53.275
wnnzhaduanuds

(2) dwrmaruds 3.1 LRenld
nauwdaslwihawe 64 wanzladuauuds
Andasidudsufiuaudliadinainny 12.5%
LAZATIEI X/R 1AL 34.1 eiasgaiiy
Tundoudasvmzinolnaaiduinaladiriny
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0.1460 LNNZIAG Uas 4.976 LWANzI3
3.6 N1IFIWIIUIAZINTLLAS DY
Al lWihnswuwie (GTG)

(1) d3umAras Wi gnty
wseardia Wi isiume dsznaudis 35%
poslnansanlselvdn damrsefi 3 wazen
Adelwihgadolundeuyasaasinialuin
MIRUAITIINYNAY 56.728 tunnzlIae
waNuls AerUsznaumaayinny 0.790

(2) dwimawda 3.4 1Ronawa
wseardia Wi 60 wnnshaguanuls

4. wianlasigudduniuaudliadsng
yasnaaudasiazasnnidaliiafmancas
MNTDIARA ATRADWAI

(1) ArnuanrussanliWd1ao9
s2UUR 95% ussawRnavasnisluin
G911 mz@TuLLNé'uﬂ'w‘iﬂq@luma:ﬂﬂa
arwszidoumylidndaupinie danald
ta3asnnia Wi w T8 1WA
%LLaﬂﬁWLﬁﬂLﬂ%ﬂ’lﬁ’lUﬂ’]ﬂWW’lMﬂﬁg@ uazien
a1U3znaunINY o agm%am’ams"[ﬂﬂw
UUUANHARY

(2) ﬁwwu@]miﬂauqmﬂ‘%aa
Aiialia LLuumuquﬁﬁﬁuaﬂﬁWMﬁ
seaumInaainasiWinaasedoasufialwin
wiazaalidnoidsTuanfingigaaiunau
AuENITaNsHaaas WA lwn TS el
feneadt

(3) edasiidialwidawuiorinty
44.826 WNNIAG WAz 34.765 wnnzns

(4) wiasrufialwihisiwlariuiiu
38.600 LNNZIAG e 30.358 LWANzS

(5) mvuasSudusasnndadifud
Sunuaudliadinavesniiaulasiaiasiiia
Wi aRuioeaf 1 ez 2 7 12.5%

(6) drwrmlaslsldsunsy ETAP
W1A1a1UT2na U8y WAZAINIZUEAAIIDT
o ﬁ;m%amiamivlw&ﬂ'l

(7) vindndesifudduiuauslong
naveanaudasiaiasniniie i fasuse
ff 1 was 2 Tunsiaz 0.5%

(8) vnewda 5-6 91 N
taznauiiay o ﬁgm%amiamsvlwﬂwzﬁ@hgmi'}
0.85 MHAY

(9) wWisnussaulniasszuiu
105% vasusssuinavasn1slining Fadu
wauwnauigegalunzdndaunoung
"I,V\Iﬂwdaugﬁmﬂd\ma’l,ﬁm%aoﬁnﬁﬂvlwﬁﬁu
Massuanfinaniesetiem i waziidan
ﬂiznauﬁﬁaﬁ'@@L%amian’ﬁvl,wﬁ’muuﬁ’mﬁw

(10) Wasumswdalwinzeaies
Aufia i udazdrldTuidTueadingiga
AMUNTINANNENNTANIHEARES I T
S5uildaneait

wsoardie Wi AR einAD 45.500
WANYIAG uaz 8.000 wwnnzng

iesdndalwiamewulairiany
39.000 LNNZIAG ez 6.000 LWANZIN

(11) ¥enwda 3-6 41 aunde
drznauiag o @mﬁau@iamﬂﬂﬂm Qzdlen
§9ni1 0.85 s
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a | o o o . % a ' 9
MIWN 4 101052 NaUMAILALANTUEAAIAT h ?(ﬂL"HE]&J@]E]ﬂTSVLWW’]ed

Transformer
GSU #1, #2 95% Voltage AT Connection Utility 105% Voltage AT Connection Utility
Parameter Power Current (kA) Power
Pf. Pf.
wZ X/R MW MVAR Lagging MW MVAR Leading
12.5 34.1 91.542 62.860 0.824 91.545 -58.724 0.842
13 34.1 91.563 62.461 0.826 91.539 -59.024 0.840
13.5 34.1 91.544 62.055 0.828 91.534 -59.325 0.839
14 34.1 91.524 61.652 0.829 91.528 -59.628 0.838
14.5 34.1 91.505 61.253 0.831 91.523 -59.933 0.837
15 34.1 91.486 60.857 0.833 91.517 -60.239 0.835
15.5 34.1 91.468 60.464 0.834 91.471 -60.56 0.834
16 34.1 91.489 60.084 0.836 91.465 -60.869 0.833
16.5 34.1 91.471 59.698 0.837 91.460 -61.180 0.831
17 34.1 91.452 59.315 0.839 91.454 -61.492 0.830
17.5 34.1 91.434 58.935 0.841 91.449 -61.806 0.829
18 34.1 91.416 58.558 0.842 91.443 -62.122 0.827
18.5 34.1 91.398 58.184 0.844 91.438 -62.44 0.826
19 34.1 91.381 57.813 0.845 91.432 -62.76 0.824
19.5 34.1 91.363 57.444 0.847 91.426 -63.081 0.823
20 34.1 91.346 57.079 0.848 91.421 -63.405 0.822
20.5 34.1 91.368 56.723 0.850 91.415 -63.73 0.820

Wan1s3dy
A 1 ¢ & €a A ¢
1. HAP2INITNNALL DT DNNUAWS
Tadma aaa1dlsznnas m ALBONGAD
' ¢ & 6a A & A o %
AN EudduNLAWT 118NNyl
MaUsznaumad IALARA91 0.85 LULAHAY
A o &, . ¢ & 6a A &
A9 21% aauntandasiiuasuiuausliag
N9 ﬁﬁﬂﬁdwé’aﬂi:ﬂauﬁwﬁoagﬂwuamw
aNTarnuaM T IWHNAaT9 12.5%-20.5%
Maysznaumasuuuiiinin w ﬁ;m%amia
AN deaaastdenidoT i Sua
a a 6 v dl' o a
BUNWAWT IadiNIveInaautadiaIaaiiiia
v o o a X ' =
IWNANIv A TR NTn lasa1iUasidue
a A & A a X A o o
AUNLAWT LI NI ANTW LN Tuarinlven

AUTTNaURIAILULII AU W fgm%amfa
AstWA1da1uInnTY 0.85 adusad
luniwn 8 lunisnsununiaaa
& & €A = 6" [ 4 o £
LTI TuA BUNWAUT LIad tnandacyinlv
. @ o o ° % A &
AN0UTENoURAIAINUURIRE LA N U
AWVINAI 0.85 wuuiwinle laodiuim
AINFUNITUWI LU NIINNIINLE WA T
' ¢ < fa A & & A o 9
AnUaTiFudsunNuans laadinanyilv
M@aUsznaumadyinny 0.85 Aa 9.63%
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0.855

0.850

0.840

0.820

Power factor at connection with Utility
=)
)
w
192}

0.815

y =0.0032x +0.784

y =-0.0027x + 0.876

R? = 0.9996

-#-95% Voltage

4-105% Voltage

R?=0.9998

125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21
%Z of GSU #1,#2

A v o ¢ : ] ¢ & ea A I3
2NN 7 ﬂi’]wLLﬁﬂ\‘iﬂT}Nﬁwwuﬁizﬂqqﬂﬂqlaﬂailfﬁu@E’JNWLL@]%‘EI'JQWWW

PaindoulasnIasfinia inIwumsain 1 uay 2 nuAIallIznaumas

™ g@L%amiamsVI,WﬂWﬁszﬁmrsoﬁu 95% Waz 105% VBILTIAUNNG

a § & fa A ¢ o o o
2. Naﬂaomsmumtﬂaim%mauwmeﬂmmm% mammﬂ‘s:naumadwadfwaﬂ

ya3a9niba b NaRwANY

0.795
0799 g8
0.790 3 787
~—~10.785
783
» 0785 .78
S ~—"0.789
£ 0.780 778
@ - U. 1677
& 0775 ™ 0774
b 20773
e ~—"0.769
£ 0770 ~—°0.768
E 2759 765
2 5 0.765 —
83 y|=-0.00318X + 0.8289
% 0.760 *=10.9996
5 0755
Q
&  0.750
g 12.5 13 13.5 14 14.5 15 15.5 16 16.5 17 17.5 18 18.5 19 19.5 20 20.5
& %Z of GSU#1, #2

d' o e 6 1 ' o o o tﬂl o a Y| @ 6V
NN 8 ﬂi'lwLLﬁ(ﬂ\‘iﬂ'J’]%JﬁlJW%ﬁi:%’J']Gﬂ'Iﬂ'JﬂiZﬂEl‘]Jﬂ'IaG‘LIBGI‘V\ﬂ@l Lﬂia\‘iﬂ'lLu@]vl.WW’lﬂd‘ﬁ%ﬂ’l‘ﬁ

' ¢ & e€a A & o P o a v o o
LLQ:ﬂ']L‘].]Q‘EUD’%@IEJNWLL@%‘EI’JQ@L‘Yﬁ]’ﬂE’J\WWE’JLL‘lJE‘NLﬂiﬂx‘iﬂ'lL%@vLWﬁ'lﬂ\‘m%ﬂ'l‘ﬁ

oIl a3t iudaunuawtlading
Tus19 12.5-20.5% a162U52noURRI
aradlura9 0.790-0.765 WUUEIWAY

A o A o o o
Yu1avaItaIasnnialwd i navuno
A A a o |
fanfigazlawarinuniszlnae ud IEC

60034-1 HIAWARAIG2UTENaURTEIVDY

39 Ininazdasvinldatiakasn 0.8
o @ o & A A o A Aa
WUUSINES a9nwRantaTaan i Wi g
A102UTNaUAIAIN 0.8 LUUATNTARI
uazsENTNGafMaIeafin ldaunlraadoins
' Y A o A o A L
sonalirwainzasriiia Wi dawalngaw
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a ] ¢ & €a A ¢ [P [ § 1
3. Naﬂaﬂﬂ'\il'ﬂﬂdﬂ'\L‘]JE]?L%%@]QNWLW]%%T’JQG\L‘VIQ ADATNIEUAIAIIIT W Qqﬂl;%i’]&lﬁa

>
o
|

4.67
4.62 457

»
o
|

4.39

»
~
|

>
)
!

Short cercuit current of SPP (kA)

4.35

——Utility Short circuit...

431 497

4.23
319 416 413

4 -
y =-0.0.79x + 5.6575
3.8 - R*=0.9946
3.6 T T T T T T T T T T T T T T T T 1

125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205
%Z of GSU#1, #2

2NN 9 m‘wwLLamﬂ'ms:LL@&'@N%ﬁBﬂWWWmm‘mahmﬂﬁﬂgjizuu

' €< &a A 3 0% = o A Y o v o
LLﬂzﬂ"IlﬂJﬂil‘ﬁu@]ﬂNWLL@%‘EI'JQ@]WW’UEN%NQLL'].J@\TLﬂiﬂ\?ﬂ']l,u@vlww']ﬂﬂ“uﬂ']‘ﬁ

AT oA IRUANITITaNa an1T bW H
s:qlﬁmm:uaﬁmmiggaq@mn;jmﬁm"LWﬂq
FUEANIOTI T UUM T WA dasdan TaiAnnn
259% UININIILAAAIIIIVDITLUL

A ' ' A L e o oA
w3anomslwdnneuniaendanuguia

TARII1018N WRTAINTZLERAIIITHAINT

\Bandain3atnadasdanluiiunin 85%
PoIANIFYFINIINAANIZUFNAIIATVD
gunaldadeda9s a‘gﬂmﬁ'ﬂq@ (Minimum)
uazA1gIga (Maximum) YDINTLURAAIIDT

A ' A v A
™ @m“ﬁamalmamwvl,@mu

A5WN 5 @nﬁamemnszLLaﬁmamgaqmax@thﬂ 291030778 a NI TG

@

;dwamvlwwmULﬁﬂlﬁlﬂuvl,ﬂmuﬁaﬁmu@Lﬂ%aammaé’maas ™ a;m%amiamivl%h‘/”\lw

"m:m wiaulasiedasiiialwi ANIzUEAA2933 (KA)
1A384
e - e PNENEG 1938918 1938918 AnagUnsal
i e e Vqu*Ww dawmsifenda  fewmidon GT@Wi:ans
MVA MVA w7 /R TELAN @‘iﬁ'ﬁ'qﬂ @iagaﬁq@

60 64 12.5 34.1 4.67 18.68 35.33 40

60 64 13.0 34.1 4.62 18.48 35.38 40

60 64 13.5 34.1 4.57 18.28 35.43 40

60 64 14.0 34.1 4.52 18.08 35.48 40

60 64 14.5 34.1 4.47 17.88 35.53 40

60 64 15.0 34.1 4.43 17.72 35.57 40

60 64 15.5 34.1 4.39 17.56 35.61 40

60 64 16.0 34.1 4.35 17.40 35.65 40
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M39f 5 (¢8)

ml:m wiauuasiniaariialwi ANIzURaA993 (kA)

LA3DY

i A e KA wesetienan  esetenew  Aneguninidade

i e e "lvxlﬂmﬁsm maidauda msﬁamiago « 2933
MVA MVA %Z X/R L& g figa
60 64 16.5 34.1 4.31 17.24 35.69 40
60 64 17.0 34.1 4.27 17.08 35.73 40
60 64 17.5 34.1 4.23 16.92 35.77 40
60 64 18.0 34.1 4.19 16.76 35.81 40
60 64 18.5 34.1 4.16 16.64 35.84 40
60 64 19.0 34.1 4.13 16.52 35.87 40
60 64 19.5 34.1 4.09 16.36 35.91 40
60 64 20.0 34.1 4.06 16.24 35.94 40
60 64 20.5 34.1 4.03 16.12 35.97 40

ANTUEAA993VBIuUUF 1809159 T HA
' . ' a £ Y
ﬁma%ﬂ,u*‘ma 4.03-4.67 nlawauuydy Tuagiy
1 6 & ea a 6 1 (%
AUoStTuAdUNUAUT IIRFING WATEING I
ANITLFAA993VRINT AR BN BaN6 B
anfdnagluzag 16.12-35.97 Alawouudd
valmiduldarutasivuwanisiBaneany
A o A o A A '
iwetnumslihiSanszusaneIfiagende

dguuazaniustuna
pfw'&m"[vdﬂﬁﬂmﬁﬂ Uszinnyzuy
amufausanawa 120 wnnzsad nilassas
ANLLDI1a0s ArTLdananuiaslss Wi
AfANTIUESA199T ™ agm%amiam%aﬂw
ms"l%lﬁWﬂ'aumu%am’aﬁ'n;jwﬁm“ﬂ1
Nuantugig 16.12-35.97 dlawaauys
Wolianszussarsarnuluszuulasetig win
laifin 85% VoIAIFURINITOAANTIUE
ﬁmwmaaqﬂmtﬁﬁﬂmﬁmms LAZHHAA

T ednlusnonIzusdaiasiin 25%
°1Jaomumé’mamgaq@ﬁg@L%amiam‘%a"ﬁm
mMybHInauwnTToNde Iun1TIuhinnua
ea & o A
LIRS AALUININGSNUIIANIZUY 69 %38 115
Alaliad TAMUEINITANUNTILRAAIIT
40 Alawanwds awssidounisidadaszuy
Wwisnems i [4, 7, 10] ;jwavaWWW
< A @ &a fAA
IuangIvIsaLien T masnaluININaINg
ANRINITANWATILFERAIATNINAIN 40
Alananudsle drdnszuaanlsasiounItaNde
fiengindn 35.97 Alawewuds lasimeifia
LUSNLNAINUAINUNTILERAIIDIT LA NN
axfinanfigedu uazwinguialWilrmodn
A Ada o . A
LRONFDIWNNAAINTZLRAAIIIIAOWATLT DN
dafiendindt 16.12 Alauanudd dudalwin
o A @ @ A
ardaafudnlginalunisuiudyiszuganan
m3lWihfizaudeidugzy
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1 6 & 6 a = 6 6

AU L TuA BNNLAUT LIRd N3
Pp3nNanladiaTasfnia Wi In w1
g9 12.5-20.5% Nalwiaaqdsznay
AR WA agm%amial,ﬂ%mhumﬂw“}h
ag}ilu"ﬁ"m 0.85 &1%ad 09 0.85 AN

a 1 6 & ea a 6
AINIIANY 5L TUA BUNUART LIaFLND
PpinuandadiaIasdnia Wi nsnuiD
FINNTONITUANIZT A0 U T2 NoUARY
RWUURINRY laLitadsannaasidudaunuans
Thadnanyilweanadsenauiiasuuusinmin
ﬁmgaﬂdw 0.85 ¥y AAurinAY 9.63%
A I o . A °
T9iAdniN IEEE C57.12.10 [19] uueiin

A 1 6 & €a = (4
Tagiaanaidos Tud sNALART LA LN
IR NUAINTELEAAIIINBUNITITONG B
AWANTHN 5

1 & & &€a A [ 4 6

ANUoT I ua BNNLAWT LIad LNa
PainyandadiaTastnia Wl IR w1
TuadamImunaTIaLaTaIiia HNIR WD

Reactive
power

lagging I

Wasamidadlesifudduiiuaudliading
dindw ArdelddgiFslunadaudas
AzuNTu FamaslniguFelundaudas
JaudrnaudumasiniTueafinidugiunin
IR WAUSATIE I X/R VoInsaulad
2619 13Aa1N Andasitudsuiuausdliading
fnansznudeai1aiUsznauiinsveslvaa
wsasriialniaiuie vlddenstasnia
0.8 WUUFWEI udifiesan IEC 60034-1
Amualwandilszneiiasvesiadasniia
VLWWWﬁﬂ'wu”aaﬁq@ﬁ 0.8 WUURTITAAL
uaﬂmn%:ﬁﬁamnmtﬂuﬁmmﬁ"u;j%a [20]
SsmadoniadasiiialWinadadadsznauma
0.8 UUUAWET WS ANTINAAMUEIANTANS
Wia Wil FasauaguiraslWiTuanfinues
Tnaatadasiufialuin Tagfansonainnsm
anususansnaalniveseIasinfialnin
(Capacity Curve) G3nmwi 10
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