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# # 5270653921 : MAJOR ELECTRICAL ENGINEERING

KEYWORDS : VOLTAGE STABILITY/ Q-V MODAL ANALYSIS/ BUS PARTICIPATION
FACTORS/ STATIC SYNCHRONOUS COMPENSATOR/ LINEAR  MATRIX
INEQUALITY

KORRAKOT WONGNIYOM : DYNAMIC CONTROL DESIGN OF STATIC
SYNCHRONOUS COMPENSATOR FOR SECURING VOLTAGE STABILITY.
ADVISOR : ASST. PROF. NAEBBOON HOONCHAREON, Ph.D., 80 pp.

This thesis proposes the control design of adaptive reference voltage for
static synchronous compensator for securing voltage stability of a power
transmission system, employing the principle of linear matrix inequality in
coordination with voltage stability modal analysis. The suitable location of static
synchronous compensator is determined by considering a bus at which it is mostly
associated with those modes highly risky to voltage instability, when investigating at
various system conditions. Performance of the proposed method has been verified
on the 9-bus WSCC test system and the northeastern Thailand’s transmission system
under normal load variation and ramp load increase. Test results show that the case
with adaptive reference voltage for static synchronous compensator can extend the
system’s voltage stability longer than in the case with fixed reference voltage. In turn,
load transfer capability of the system is significantly increased. Additionally, the
proposed method has been extended to simultaneously determine reference
voltages of both synchronous generators and static synchronous compensator. In so
doing, it finds that voltage stability of the test system has even been better sustained.

As a result, the total load transfer capability of the system has been much improved.
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No. Station-utility-Year of operation STATCOM effective capacity
1 Inuyama- Kansai Electric Power Corp.,Japan-1991 + 80 MVA (at that time called as static var generator-SVG)
2 Sullivan-Tennessee Valley Authority(TVA), US-1996 + 100 MVA
3 Inez-American Electric Power (AEP),US-1998 + 160 MVA (shunt part of unified power flow controller-UPFC)
4 Henan-Henan Power Administration,China-1999 + 20 MVA
5 Marcy-New York Power Authority (NYPA), US-2001 +200 MVA (+2x100 MVA converter units of convertible static compensator-CSC)
6 East Clayodon-National Grid Company(NGC), UK-2001 + 75 MVA (re-locatable)
7 Essex-Vermont Electric Power Company (VELCO), US-2001 133/- 41 MVA
8 Kangjin-Korea Electric Power Corp. (KEPCO)-2002 + 40 MVA (shunt part of +80 MVA unified power flow controller-UPFC)
9 Talega-San Diego Gas & Electric (SDG&E), California-2002 + 100 MVA (2 x50 MVA)




19
3.3 wuud1aa9glnsaiuaznisAILAN

wuuanasduaznisrauaNialiresginsnisamefalasiadeaninuandlugii 3.4
Tngutianisaquaneenilun1sAILANUANLALNNIALANIATN N13ALANEUNIDITALTE

Y o

felpsdadeatinanisndosunisdiudsanginssuaasssunniln Idsen

1. @wnsnpauANLsE WA e ULd AT TLILA g

2. dqaniaanisundaaasinainiinluscuuganiaaluiin

3. eyniadiusnandaani

4. POLANANNEUHIBTEIUIIAUINTN

5. Auas TR nAT IS auazinde Wi Buenfinluaudeiidonsie

o A

d” s a v A a s 1 dl =l zﬁl o 1 -e:l”
uﬂﬂ@ﬁﬂuﬂﬂﬂﬁm%ﬁL’ﬂﬂsﬁ\‘iiﬂ’iu@L’ﬂﬂ@ﬂﬁ]ﬂﬂﬂﬂ?ttﬂ’ﬂuﬂﬂ’]\?ﬂuﬂﬂ m%mmmmﬂiﬂu

1. guUnsnlraradelasia@eafiniauiatan inlHa N0 AT ATENAD TUNLAE
AnldanelunnsAmsalé
o :// 3

2. gunsnlaamedeiasdameanmiluglnininiaidnnsaiindg Aviuasdeananseny

AAGINTRIaE

Transformer
£
038
Rl
(7]
v
- Es
Vet Primary — f'\)
—> control
+ +
Auxiliary — Feedback
control signal

917 3.4 LuvANaesresgLnInitamElAsIATNAT AUAZNNTAYLAN

Tugi? 3.5 uansasanyavesginsnisaradlasiadeain Tnani9dalniin
nsvadAUTmaNAaUTELLAIRNAL NN lussastsenausausaiulszq (C) rauneiined

wazitansaldssruuganias Wi unissamilaatinfina (L) wazaufiiuniu (R)



20

a g

TaUNUINAIgaRereneunafineiuarudioutas dou R sieruiuegiusfafiutlszqiiu

X o [ = -e:ll a a o o a v &
memmmammemmmnmimmsﬂum@ummwmummizgaalLmﬂﬁlummuﬂizﬂg [9, 15]

Q@

drun el vilnszuanssuarAuasIna3AZIA N1 EIATUN LA LLILIA 18I LAAIAE

IWAnszuaaaLRUTuILN AL LA

©ta RS Ls isa €sa idc
F——A— e
ew Rs Ls i, ©s| Voltage
VW\—""Me————— source dec Rp Cs
[ Rs Ls isc ©sc | converter
(n)
| Es
Et
64
O
0s
» R

(1)

U7 3.5 MasaNyarasginsniramedelasiaTatio

o dl o r-‘ll ' 1o o v A 1 e
LLN@I‘HVI‘LIZQL’ﬂ‘ﬂllmﬂmﬂﬂﬁtﬂﬂ@ﬂﬂ’]@ﬂi%’ﬂ’]ﬁﬁ’]L‘V]’]ﬂi.l

e, =+/2E, cos(wt +6,) (3.1)

o

Tnei E, Aa A1 RMS aaqussdina uaz 0, An yuinaeussduimia douusesun

Taresginsnitamedelasiadaatniaminmy

e =+/2E_ cos(wt +6,) (3.2)



21

Tne?l E, Aa A1 RMS wlazesusasuuas 0, Ae yuazesussiuntasesginanl
gaaeialasiadeatin WeNansmeiulniiinszuaadulugli 3.5n annsndau

ANNNTAYNLS 1A

R 0 0
| - | €.~ 8
. - S
[Sb =1 0 TF:S 0 ?Sb +rs €, — 6, (3.3)
I I € ~ &
o o R
L LS_

annn9? (3.3) arnnsnutasliieglugtlensaniaeiunseudiedasauazaunnIn

(synchronous reference frame) ﬁ’QLLm\ﬂugﬂﬁ 3.5% 15satl [16]
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F(x)>0 (4.3)
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minc' x (4.4)
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min A

C(x)>0 (4.5)
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(MW) (MVAr) (MW) (MVAr) (MVAr) (pu) (BNAN)
1 0 0 0 0 0 1 0
2 163 0 0 0 1 0
3 85 0 0 0 0 1 0
4 0 0 0 0 0 1 0
5 0 0 90 30 0 1 0
6 0 0 0 0 0 1 0
7 0 0 100 35 0 1 0
8 0 0 0 0 0 1 0
9 0 0 125 50 0 1 0
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14 (MW) (MVAr) (MW) (MVAr) (MVAr) (pu) | (B9AN)
NR2 0 0 380 126.8 63.8 1.0283 | -31.63
RE1 0 0 110 26 22 1.0284 | -52.69
UD1 0 0 110 19.7 41.9 1.0099 | -59.33
LS 200 -554 0 0 0 1.0084 | -28.62
LTK 450 69.8 0 0 0 1.02 | -14.61
NPO2 616.6 106.7 0 0 0 1.025 | -37.74
uB2 0 0 101 11.6 22 1.0068 | -66.81
SO1 0 0 43.2 7.3 22 1.0157 | -59.42
KK1 0 0 1121 34.3 39.6 1.0272 | -42.54
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naNg | MAanNaNgn | wan | Tuas | doiudseq | auim | yuees

HARAs | Fuaniiv A3 | Fuanin WU | WS | UIAY
174 (MW) (MVAr) (MW) (MVAr) (MVAr) (pu) | (29A)
SR2 0 0 0 0 64.8 1.0375 | -10.66
SuU2 0 0 19.1 2 0 1.0249 | -51.2
TTK 425.4 31.1 0 0 0 1.0426 | -12.39
MD1 0 0 19.8 3.2 11 0.9887 | -62.91
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NR2 0 0 0 0 0 0.9813 | -26.08
UB1 0 0 20.2 4.8 22 1.014 | -64.97
AN 0 0 28.3 7 11 1.0131 | -60.13
YT 0 0 0 0 0 0.9921 | -52.53
MD2 0 0 40.5 13.2 0 0.9858 | -63.08
TH 0 0 18.8 0.3 0 0.9965 | -61.45
NN 0 0 78.8 20 0 1.0124 | -58.78
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174 (MW) (MVAr) (MW) (MVAr) (MVAr) (pu) | (29A)
SO2 0 0 0 0 0 1.0131 | -58.6
RE1 0 0 0 0 0 0.9924 | -49.83
NP 0 0 0 1.7 0 1.0116 | -58.24
SD 0 0 28.8 8.1 0 1.0054 | -56.09
KL 0 0 42.7 1.4 22 1.0176 | -52.57
MK 0 0 49.8 6.4 22 1.011 | -52.61
KK2 0 0 50.8 6.7 0 1.0233 | -43.65
RE2 0 0 0 0 0 0.9957 | -47.93
BPI 0 0 30.4 8.3 0 1.0118 | -42.37
PO 0 0 19.9 4.5 0 1.023 | -36.64
NN 0 0 0 0 0 0.995 | -56.61
KNG 0 0 55 1.7 22 1.0224 | -37.53
NPO1 0 0 52.9 21.8 22 1.0415 | -43.62
NPO2 0 0 0 0 0 1.0456 | -42.25
ub2 0 0 46.3 13.7 44 1 1.0112 | -59.22
KK3 0 0 0 0 65.1 1.0185 | -38.46
NK 0 0 106 21 22 0.9853 | -62.45
NBL 0 0 102.1 4.8 66.1 1.0362 | -64.4
SO2 0 0 0 0 0 1.0055 | -57.34
PHK 0 0 104.5 13.7 44 1 1.009 | -63.26
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ANNFINUNY Afsuanuaud | Ann9lsvaansas
anmia Tlta (p.u.) (p.u.) (p.u.)
CyP KK3 0.00954 0.07327 0.14978
CyP KK3 0.00954 0.07327 0.14978
CYP NR2 0.0099 0.07608 0.15519
CYypP NR2 0.0099 0.07608 0.15519
CYP TTK 0.01919 0.14833 0.30583
CYyP TTK 0.01919 0.14833 0.30583
KK1 KK3 0.00068 0.00517 0.01081
KK1 KK3 0.00068 0.00517 0.01081
KK3 LS 0.01731 0.13183 0.27854
KK3 LS 0.01731 0.13183 0.27854
KK3 NPO2 0.00144 0.01583 0.06192
KK3 NPO2 0.00144 0.01583 0.06192
KK3 RE2 0.00904 0.06927 0.14123
KK3 RE2 0.00906 0.06925 0.14121
LTK NR2 0.00798 0.05349 0.10402
LTK NR2 0.00806 0.0534 0.1043
LTK SR2 0.00729 0.04887 0.09502
LTK SR2 0.00737 0.04879 0.09527
RE1 RE2 0.00201 0.01535 0.03122
RE1 RE2 0.00201 0.01534 0.03121
RE1 YT 0.00343 0.03844 0.14268
RE1 YT 0.00346 0.0384 0.14289
RE2 SuU2 0.01404 0.1078 0.22055
RE2 SU2 0.01406 0.10777 0.22052
NN S0O2 0.00845 0.06488 0.1323
NN THK 0.00205 0.01569 0.03195
SO2 THK 0.00772 0.05925 0.12085
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Ana Tiia (p.u.) (p.u.) (p.u.)

SR2 PCH 0.05777 0.16906 0.02253
SR2 SKI 0.10227 0.30249 0.03938
PCH NR2 0.07457 0.22357 0.02823
SKI NR2 0.03007 0.09014 0.01138
NR2 NR1 0.0072 0.03307 0.00475
NR2 NR1 0.0072 0.03307 0.00475
NR2 BR 0.13846 0.40391 0.05379
NR2 BR 0.13846 0.40391 0.05379
NR2 KNG 0.06039 0.17562 0.02326
NR1 BR 0.15626 0.33587 0.0413
NR1 PO 0.28601 0.35736 0.0393
NR1 KNG 0.04738 0.13779 0.01825
BR SU1 0.06581 0.14049 0.01721
SU1 SU2 0.00074 0.00339 0.00049
SU1 SuU2 0.00074 0.00339 0.00049
SU1 PYK 0.05676 0.26065 0.03752
PYK RE1 0.05625 0.25893 0.0373
PYK RE1 0.05625 0.25893 0.0373
RE1 YT 0.06988 0.20338 0.02693
RE1 YT 0.06988 0.20338 0.02693
RE1 KL 0.03803 0.11059 0.01464
RE1 KL 0.03803 0.11059 0.01464
RE1 MK 0.09861 0.11202 0.01483
YT SS 0.08935 0.26021 0.03448
YT SS 0.08935 0.26021 0.03448
YT uB1 0.09617 0.28738 0.03639
YT AN 0.04936 0.14347 0.01904
YT AN 0.04936 0.14347 0.01904
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Ana Tiia (p.u.) (p.u.) (p.u.)
SS uB2 0.06058 0.17627 0.02335
SS uB2 0.06058 0.17627 0.02335
uB2 UB1 0.03006 0.0874 0.01157
uB2 uB1 0.03006 0.0874 0.01157
UB1 AN 0.03998 0.18402 0.02645
AN MD1 0.23977 0.30348 0.03249
MD1 MD2 0.00542 0.02488 0.00358
MD1 ™ 0.02853 0.13112 0.01884
MD2 ™ 0.02289 0.10527 0.01512
TH NN 0.03712 0.17083 0.02455
TH NN 0.03712 0.17083 0.02455
TH SO1 0.28394 0.27788 0.01865
NN S0O2 0.18786 0.2141 0.02826
S02 SO1 0.00546 0.03681 0.00972
SO2 SO1 0.00546 0.03681 0.00972
SO1 NP 0.01786 0.08243 0.01174
SO1 KL 0.0757 0.35022 0.05018
SO1 PHK 0.07418 0.16087 0.01911
SO1 PHK 0.05191 0.15395 0.01958
NP SD 0.03227 0.14846 0.02133
SD KL 0.02575 0.11838 0.01701
KL MK 0.11921 0.13546 0.01794
KL KK2 0.07505 0.21844 0.02894
KL KK2 0.07505 0.21844 0.02894
MK KK1 0.22212 0.28104 0.03008
KK2 KK1 0.00705 0.0205 0.00271
KK2 KK1 0.00705 0.0205 0.00271
KK1 BPI 0.03985 0.11591 0.01535
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Ana Tiia (p.u.) (p.u.) (p.u.)
KK1 PO 0.18897 0.2356 0.02588
KK1 KNG 0.13631 0.39688 0.05263
KK1 NPO1 0.02968 0.0863 0.01142
KK1 NPO1 0.02968 0.08603 0.01142
BPI KNG 0.09646 0.28097 0.03728
PO CYP 0.05471 0.16171 0.0207
NPO1 NPO2 0.00182 0.01168 0.0034
NPO1 NPO2 0.00182 0.01168 0.0034
NPO1 ub2 0.0829 0.24134 0.03199
NPO1 ub2 0.0829 0.24134 0.03199
NPO1 uD1 0.09874 0.28747 0.03819
NPO1 uD1 0.09874 0.28747 0.03819
ub2 uD1 0.01106 0.03215 0.00426
ub2 NK 0.0556 0.16169 0.02141
ub2 NBL 0.03389 0.15603 0.02239
ub2 NH 0.03884 0.11596 0.01455
ub2 PHK 0.14458 0.3141 0.03738
UD1 NK 0.11596 0.14648 0.01567
UD1 NK 0.0473 0.13756 0.01822
ubD1 NBL 0.05199 0.15114 0.02004
NH PHK 0.05549 0.16572 0.02081
CYP CYP 0 0.0577 0
CYP CYP 0 0.0577 0
KK1 KK1 0 0.0592 0
KK1 KK1 0 0.0586 0
KK1 KK1 0 0.0586 0
NPO2 NPO2 0 0.0583 0
NPO2 NPO2 0 0.0583 0
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Ana Tiia (p.u.) (p.u.) (p.u.)
NPO2 NPO2 0 0.0583 0
NR2 NR2 0 0.054 0
NR2 NR2 0 0.054 0
NR2 NR2 0 0.054 0
RE1 RE1 0 0.0583 0
RE1 RE1 0 0.0583 0
SR2 SR2 0 0.054 0
SR2 SR2 0 0.0537 0
SR2 SR2 0 0.048 0
SuU2 SU2 0 0.0583 0
YT YT 0 0.0583 0
YT YT 0 0.0583 0
NN NN 0 0.0583 0
NN NN 0 0.0583 0
SO2 SO2 0 0.0583 0
S0O2 SO2 0 0.0583 0

2.2.3 TayaiAsasnnidatlildadnsus
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X4 0.72 pu 1.96 pu
Xq 0.54 pu 1.87 pu
X, 0.252 pu 0.181 pu
X, 0.54 pu 0.331 pu
X, 0.072 pu 0.09 pu
R, 0pu 0 pu
T 11.9s 6s
Ty 1s 1s

H 5.36s 1.94s

1 pu 0 pu
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T 13s 0.4s
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ANNIHLA8S 5 5
U LTK U8 NPO2
T: 0.1s 0.1s
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Amnadimed | e ialiindiva LTK | wisesdnilalwiinfida NPO2

K, 240 pu 240 pu
T, 30s 30s
T, 0.497 s 0.497 s
T, 0.497 s 0.497 s
T, 0.07s 0.07s
T, 0.07 s 0.07s

Vs max 0.1 pu 0.1 pu

Verin -0.1 pu -0.1 pu

2.2.4 dayaalnsalgnadalasua e

AnsReFlunisasuAn P aesginsnlaaitedelasiaimedin K = 1, K = 10

UWazANANAIUNIU R, WU 0.01 pu Aawitientindalug L, winiu 0.15 pu
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