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# # 4670400521 :MAJOR ELECTRICAL ENGINEERING

KEY WORD: SUB-SYNCHRONOUS RESONANCE / THYRISTOR-CONTROLED SERIES
CAPACITOR / TCSC / THAILAND TRANSMISSION SYSTEM
PORNSAK PONGTHIPPITAK : A STUDY FOR SOLVING SUB-SYNCHRONOUS
RESONANCE PROBLEM USING THYRISTOR-CONTROLLED SERIES CAPACITORS.
THESIS ADVISOR : MRENAEBBOON HOONCHAREON, Ph.D., 130 pp.

Series capacitors have been used to increase the capacity of an existing power system,
especially in the case of the system with long distance between power plants and load centers.
However, this application may cause a subsynchronous resonance (SSR) problem in which damage
of the shaft connecting between the turbines of the generator prime mover may occur due to its

natural frequencies being excited.

This thesis studies the SSR phenomenon caused by the employment of fixed series
capacitors in a transmission system. Eigenvalue analysis of a linearized power system model, as
well as time-domain simulation, are applied to examine and compare between the results from a
test system with series capacitor to those from a respective system with thyrister-controlled series
capacitor (TCSC). Additionally, performance of an auxiliary control for power oscillation damping
(POD) has been examined. The main test system used here is a 11-bus and 14-line Central-
Southern transmission system of Thailand. The series-capacitor compensation is applied to the
Bangsapan-Suratthani transmission line, which is the longest and most crucial for transmitting
power from the Central to the South. The results of this thesis show that TCSC can mitigate the
SSR problem where the series compensation can be increased from 10% to 49% with respect to the
line reactance. When POD control is applied, the result shows that it can help damp power

oscillation'with no significant impact on the line compensation limit by SSE.

Field of study.... Biecinical tn
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-0 o 2 —O
1 3.5 usundou lwihanasew TCsC naznszua Insaaos
ar :-auxiliary time reference
or : original time reference
VULNU or line = | COS @t (3.2)
VUL ar I = 1COS(at —o) =l cosawtcoso + I sinwtsine  (3.3)

oc=1r—-a« (3.4)

110314 3.4 92 1daumsvesnszua Iihmungnszuaveune s ¥enil (Kirchhoff Current law,

KCL) f4i

iIine = Teap thy (3-5)
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yazhi TcsC Haw usundeu Ithanaseududvilszydszanamiduusanaeu luihan

AseuAUNIlei uf

Vind = Vcap (36)
diy, 1 e,
—L dty _ Ejncapdt +ve, (3.7)

0
cap

{ 4 ' 4 { a A o
Tagh v2_ Ao usundou ldihanaseudanuilseyuaznsaaessurhnszue
Wiemsuasaums (3.3), 3.5), uaz (3.7) Weglulamuvesnnud Iasldnmsuas

[ { ] a 4 1
anda uazviAnseuan lariu nimaes 92 19

2
(0] S . w
I, (S) =| =—>— | coso [—]Hma [—)+Cv° (3.8)
thy 32 +0)§ ‘ 32 +a)2 @ 32 +602 cap

Taoil @? = 1
LC

nasuaums (3.8) IdedlugiTamunaidiedsmlawmnduailary az ldaumsnszialng

Y
AT iy, (t) WE3 [0, o] fel

i, (1) = AcOS(awt — o) — Acoso Cosw,t — Bsinosin wyt + DV, sinagt  (3.9)

2

{ @, ,w
Tagh A=——2— B=—"
@, + o y + @

>z D=w,C

Y. o ' Yy a Y o
iy, (1) NAUNIBY TUIAUDINDY or AEMTUNY t =t + —
«
Iy () = Acoswt + (-Acoso cos@mo — Bsinosin@o + DVCSlp sin @o) CoS w,t
) _ ) (3.10)
+ (Acososinwo — Bsin o coswo + DV, cos@o)sin at

= ),

TaoN @ = —2

(4]
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A (] 1 & A a 4 = A 9
aun1s (3.10) lJﬂTE)QGlHGD"N [—O', O'] mgﬂﬂaummmmﬁ‘lmﬁmm%ummanmmmama

U

0
cap

1o o Y =S A o a & g9 - =K A1 3 J @ 3
mamgmwﬂwv UMAn dulszansrvunonvadsin a)otmum!,ﬂugrua NN INUULNU

aums (3.11) luaums 3.10) a2 1dnszuainSanes luva[-o, o]uas [27 - o, 27 + o]

WNAUANNITN (3.12)

0 B

. A
V., =—SInNo ——Co0So tanwo (3.11)
D D

cap

cos(o)

cos(mw,t) (3.12)
cos(wo

Iy (£) = Acos(at) — A

anla 4 a 1 1 o w (% 09/’ a 4 1 {
AUUANNISUTIITUDUNTIUAINC) Qﬂﬂ']ﬂﬂ@f’)ﬂvlﬂ muuﬂszuﬁ"lmﬁmaiﬂmﬁmwaﬁmmﬁ
= 1 = Y a S (a A

yagu (Fundamental Frequency) (WOD819LAE7 Iﬂﬂﬁ']i]"lﬁﬂﬁ?llﬂ%1ﬂﬂ133ﬂ31$ﬂﬂuliﬂﬁl‘w9

9

o A oA =& Y a s A o dy
LL‘c’JﬂNaﬂlmmﬂuuﬂﬁﬂuq ﬂ@ﬂklﬂ Gm%ﬂﬂﬂ'imﬁllmﬁma’iﬂmmﬂy‘agmmu

Lo = A(20+sin(20-)j_4Acosz(a)(wtan(wa)—tan(a)j 3.19)

/4 (0® =1) r
o by = liny ) COS(@t) (3.14)

A A a Y} o U A s A A
91317 3.4 103 anaengued 1oy (Ohm’s Law) 92 laA15ueaAUGgNTU0Y TCSC 0
AMUIYATIY (X esow) MHIUvOIHaMITTEn s undeu Ilfhanaseudunszue T

: 4 4 3 ‘ . 4 4
Ivariu TCsC anudyagrudanvisailumlaires (Phasor) Avaunsh (3.15) nagaunish

(3.16) MUA1AY

V. ) ¢ jxclca .
XTCSC(l) | Tlcsc(l) 4 | pa) _ch(l_ |thy(1)) (3.15)

line line

XTCSC(l) =—Xc+ Cl{z(” —a)+sin[2(r - 0‘)]}

(3.16)
+C, cos’ (7 — a){@ tan[a@ (7 — a)] - tan(z — )}

2
_Xet Xie , e C, :—4;(” ae X ¢ = XeA

Tagil C,
V4 X, Xe =X,
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=

A Yo o o 1 A A J ] I ] [
aun1In (3.16) 1%’@'11{?5‘Uﬂ13‘ﬂ"I\ﬂuﬁluclf'lxwl!iEJﬂT]T“VilJﬂﬂ'J‘UﬂlI uU9oentlu 2 %99 ﬂ\i?}‘l]

A
3.6 A0
1 ° [ @ ~ o .
- YUPATUINTZHINO0" < & < o araHaiu@ Mo IWilh (Inductive Range)

] o [ v 3 v
- YNPATUINTEHIN @, < & <180° uaaswariludnnuilszy 1Wih (Capacitive range)

5
Capacitive range \
s
i Xm
3
2
1 4+ Control angle o :

(degrees) ; / Oty

X(a) - (Per Unit Reactance of X.)
'

(2) \
(3)
(4)

(Inductive range) ‘
(5) :

317 3.6 nsMlpudnvazYed TCSC [12]

u

[ i J v 3 I o { ) a
$ramsulasunlassznandaunudsgy ladududuniiaanirldihazinaniazs-
a’tg =S Y = Q' qu ] 4' 9 9 a oA
Tauuusay munguudlnzianiuiuedunieyugasuwd lnayn o, Tumalgia
y a0 a A o o & PRy 3
waguiyuyesuudaniu e, ieilestunanndunuilszyimsiuediasiag e

1 Y [
wlfusundoulrihmSenszualrihgaiunuiasivavesgungal Tasyuyasurunih i

Q Q

a 4 Y d' d' o A Aa 4 1

man1zs Tsuuugansom Idanaumsi 3.17) e nunusaugainans Ty ua
Y

Tumalfriamsesnuuugiumstinues TCSC lugaayugaruiu 90° f 180° tiu soulh

a Y =
!ﬂﬂﬂlii“]fuuuclﬂﬂ!wEJ\?i]qﬂLﬂEJ’J

2n—1)/X, /X
1—(n )2 L ¢ :n=123.. (3.17)

oy =7
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33 Anausanasuiihuaznszualnihves TCsc
Y
[ o o A v (Y [
wannaal lumsimuannamsldauves TCSC Yusgiumsoonuun iy
1 [ 1 ] o L 9 9 ] 4'
ulunaazanvue Tasdrulngansodwuneonmuyadszasnlumsldaula wu e
v A Y] J 4 ] 1 o
udtlymidudaTasians Tsuuud tag iilenuiemsunisvesiias lvlvh

o g a Ao 4 '
MI0BNUUY TCSC  aududosninnsandennavesusundou liiwaznszualnidnls

~ A

au aunsanaaladagili 3.7 ieyugaanugagaminy 180 9 &3 TCSC naawalugl
v g 1 Aaw 1 ' a 4 4 o
yosdunulszymiing X, lifinszualih Inarn Insames uaziioyuyaruiuanasili
= 1 o ~ o A 4? 1 Y1 A o v I =
tnszue i Ivaludinvesdauntioniniuyy awmaldnisueauaudvesdunuilszglia
A g a J [ a o
MnTUINEY (X, > X ) tagidusueauaud (du1l5e) Myuniuduuinn aunsznanagm
° .. 1T 1 1A
PAYUIUAIGA (Minimum control angle, ) %30 X, Uanilu 3 mves X, uatioV,
= v 4 A "o g Y oA
INAUDV, ganugudedan X, aunszinwsanaon lWihanaseudunuilszgdesniiie

mnu Ve ivetlesnuravesnsunaeu lWihimunniing

Capacitive |
Range
A

X, at Minimum

Control Angle (o) Varistor/Other
= ¥ Protective Level (PL)

Vb =
// = Xc at Control Angle o= 180°
Vr / _.Z {(No Thyristor Current)
.
o’.

VI‘],

\ Xp=Vg/lg

&
...-
.‘.
. a5 ‘Continuous Operation ‘
3]
=V — .
> My Line Current (I1)
%‘D 0.0 ‘ ,(! —>
© | ‘
- —yy
| l'll--p.....’/{'
f U
-
T Iy I7 Ip
h
v X g During Bypass Operation ]
Inductive g
Range

517 3.7 nsmlugasiinausunaou Iiduisununszuda Il luaeves Tcsc [12]
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{ 1 o o w [l 1 ]
131N 3.8 AsueAuAUFY0d TCSC gnitnaliedlugig X, < X < X,, U529

@

Temporary Overload 118 Dynamic Overload gnivuanniinaveusundon lianasouda
d Y 1 4 1 1 H 1
mudszy nsmliinanaeeingli 3.7 assimalSeuiieuwavesnszua ldih luaedsdiiae
A v A 4 o v a X [ A Y]
WnasueAuAugGYes TCSC  Tasvmzitaumnminszud WA uiudaszdu I, 5o 1,62
Y v A 4 A @ q Y A Aav 1 =2
mugudetanszauiuoauaugves TCSC aulotlosiulildnszualiiluiuina uaninda

o E4 v Y o 9 Ao A Y] = v A
sau | F Qﬂﬂiﬂlﬂ@ﬁﬂﬂ@ﬂﬁﬂWﬁHWﬂ@ﬂ TCSC ﬂ@ﬂﬁ]”lﬂﬁSi‘]JULW@ﬂ’ENﬂHﬂ’J"IﬂJLﬁEJﬁWWIUVI

Capacitive [
Range Continuous I:l
Y Operation
= s Temporary
—T Overload
Dynamic ——

Overload

Line Current (/)

Reactance

—p —-1q----- g

0.0 // >
o | 1 :
1
Iy i
Y
Inductive [
Range

31 3.8 nsmliinasueauaudisuiunszualilih luaeves TCsc [12]

34 malFau Tesc luszuuluihnigs
4
Tyade iz nanediod1ans 15uaiaed TesC. Tuszundsliihgiininaien

v Y
nTan aano il

D dsemaansgomwimluil a.A.1992 Western Area Power Authority (WAPA) 11013
AnAY TCSC 3¢, 230 kV, 330 MVAr 1d11ig08 Kayenta 1unasy Arizona ety
m3 lvavesias lwihsgning aoniides Shiprock lunass New Mexico fuaniil

898 Grand Canyon Gl,um%’g Arizona TCSC NAAAINAN IA8USHN Siemens [9,10]
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2) Uszmausidaludl ae. 1999 szunlWihvealszmausidaldiFoudeszuy
Tihsgnieneumiieuaz ldvetsemendndrsiuduszozna 1020 Alawas
Taw ABB ugesnuuy uazii TCSC Ghndnda i3z @nEamasming
msundsveside i veeszuuiimsadeniemad ihiluszozmalnag
MsAARY TCSC 1 #1179 107.5 MVAr, 500 kV aynsufuduiulszgeynsy
AR 5 ¢ Haoiides Imperatriz [13,14]

3) Uszwnaaiauluil a.d. 1999 ABB fiads Tese ioudoszuylihwesaiiauin
Fuszu Iihalszmailunang diodeids i lugae 800-1100 MW tazan
NANTZNUVDI SSR ﬁﬁ’ﬂmmqﬂﬂmﬁ%’ﬁizﬁuumﬂﬁau‘Mﬂw 400 kV, 1500 A,
439 MV Ar HAMSFAFOTALE IWIANNA 70% FUTUmMIvAeuIUnd 49% az
uuuYsUA A (TCSC) 21% [8,15]

4) dszmavuluil a.f. 2000 TCSC Qﬂﬁﬂgwfhﬁmwu 500  kV 0199010
azSusenmeuniiouassu medamida lfhuua 2200 MW 91na01# Yimin 11

[ ~ = 1 @ ~ IS
g389D1U Fengtun Gluu’f]\jiﬂlaﬂllagﬁ@llﬂﬂ\?ﬂ’]ﬂﬂa’]\jsua\‘]ﬂigl‘ﬂﬁﬂulﬂuﬁgﬂg‘ﬂ'm

1300 0 Tawas [16]
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4 A o a 4
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) 1
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