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ABSTRACT

The situation of the diminishing conventional energy sources in Thailand is becoming
critical as the energy resources have been decreasing. The government, therefore, has adopted a policy
to encourage development of alternative energy and renewable energy in order to produce the
electricity for demand load. As a result, distribution generators of renewable energy have been
installed in power distribution systems. When a power system is severely disturbed, for example in
case of a short circuit, this affects the protection system directly as the parameters for setting the
protection relay needs to be adjusted.

This thesis presents the control of transient stability in a proposed power system using
TCSC under a generator protective relay coordinate condition. A 5-MW synchronous distribution
generator was installed into a 22-kV power distribution system. In order to analyze the proposed
method, the simulation scheme was divided into three states to investigate the effect of a short circuit
as it occurs at different locations in the power distribution system. The first state was for examining
the effect of a short circuit on the normal system, the second state for the effect on the normal system
with an installed distribution generator, and the last state for the effect on the normal system with an
installed distribution generator and TCSC. This proposed study was conducted by using the
DIgSILENT program.

The simulation results showed that the TCSC could reduce the amount of short circuit
current close to that of the normal system. This reduced the effect on setting parameters of the
protection relay, reduced the oscillation of the generator’s rotor and increased the critical clearing
time. This thesis verifies that TCSC can reduce the effect of a short circuit and can improve the
transient stability in a power system.

Keywords : distribution generator, transient stability, critical clearing time, TCSC
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Ad Oscillato Ao
g AT, A8
Instability :
* Positive T |
* Negative T}, E
v/, B~ EN AT,
0 t

(b) With excitation control

517 2.5 dnpaizmsunisvesszuy lWihaimsaiugumsnszdu

_Y

o w @ @ [ g I {
Tuszuu'lWihiasludviudyniadesnndganavuaaniiiudymin
dulnaszmaiiosninmnamsnizsvesmunislussuutivesseison lanszuumans

T O & ~ v 2 ' A v o Y S {
LUNINUULDN ‘ﬂf\i!ﬁﬂfliﬂ"I‘WEU@QﬂWﬁl!ﬂ’Nuﬁ”lﬁJ”ﬁﬂLLUQﬁ”mﬂ'J"Illflllﬂ!ﬂu 4 aNYULAIYNU AU

25



[
[

2 - .. - .
2.3.1.1 TnuanuN@eInu (Local mode) 1Naa1nasodnuia Il uaioaniiavse

X 4 2~

A o A Y A A Y a o v v W A A
Lﬂi@QﬂTLu@"lWWTWﬁ18&?]5@\‘]1/]ﬂgiuwuﬂ‘lﬂalﬂﬂﬂﬂu@ﬂﬂﬁu@\iiﬂﬁﬂﬂﬂLlﬂlligll‘UV]!Waﬂ“]f\ill

Y

Ayl ANUINNABYITHIN 0.7 B9 2.0 Hz
] &’ { I 1
2.3.1.2 THuATEHIINUTN (Inter-Area mode) 11 HN1T1AIIIANT IANDU YD
1 d' o a 9 1 é (% 1 d' o a 9 1 d' 1 dy =\
nauasesnuiia IWihnauuilsnunguiasessuiia lihinguous luszuy msuntauniiegdl
o 9 1 ,i} A a Y ~ ] ] =
ANUFVFRUNINNI THUANUNADINY AUDIZ0Y 1139 0.1 D3 1.0 Hz
a o 1 4
2.3.1.3 TuanuaN (Control mode) tNAv1nM3liuusaginsiniuaulussuy
Ay v v 3 A o s _a 3 Y
limngausu dnuaunuE (Speed Governor) 130 AMFAKENAIEDA (SVC) 1Tudn
a a C I P A a dal A A
2.3.1.4 Tnuadanuia (Tensional mode) 1WUMIUANANATUNUNUYDUAT O
o a Y v o d‘ 1 1 d’ v A 9]
il Ivlihueaz neiu anudezedlugsanuddud nsie
9
2.3.2 1@ 850 1nugaau 100 (Voltage Stability) D14aFa38n31 188850 1n Tvan
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Condition) ta3ear i lfhazindeundieanuiEidedasid Taen hinamgidonislunios
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0 Ao anuiaIFlasiidveunsosinnalniieiu (reds)
= A A " J =
o, A0 YUVINIIANDUN (Angular Displacement) 1091505 NYULNY
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= I A J o A
sumuinag (£=0)tazanuEuFauueslsnes daaumsi 2.6

®, = 0, _ o, + do, (2.6)
dt dt
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0w Y (9 . = Yo P A A o &
maa Wil (Blectrical Power Angle, 5) Tagii & :55"1 Waz =", We p fe MU
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2 Ny
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AN H Yoy
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B MachineRatinginMVA Wy
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2
2 d f:Pm(P.U)—Pe(P.U) (2.12)
f, dt

nazdnsgnyy & Tugtuuvvesesmmailihansonaadldasaunis

n2.13

H d*6
=P -P (2.13)
1801, dt

nnmadldihnassaduiiaudasanimunldaindiaaniana 3udeu

Y
1 <
ﬁuﬂ1§ﬂ1illﬂ3\1ﬁllﬁllﬂu

H 'S
xf, df’

=P —P_sino (2.14)

max

H d*(5,+Ad)
f, dr’

=P —P_ sin(5, +AJ) (2.15)

SMSUMGUAUNOUTNITUNIY Ao

_H d’AS
xf, dt’

=P —P_ sing, (2.16)

v ¥ 9 J Ax = S L]
muuﬁumimwumwwmummyﬂwaﬂmﬂmﬂaauuﬂmummu

H d°A
M d 25=Pmax cos(,)A0 2.17)
nf, dt
H d°A
Hd 25=QA5=0 (2.18)
f, dt
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tlu

o—

2
) A25+”f0DdA5+”f0 PAS (2.21)
dt H dt
viselummnasgiuaumsoyiutsuduasuily
2
d Af +2¢w, aa0 w;PAS=0 (2.22)
dt dt ‘

A <3 A a o 3 o '
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D |nf,

=— (2.23)
*T o\ mp
NNTUMIONANHIL
s’+2lws+o =0 (2.24)

anzsowinnulnanulndal ¢ <11azsnNdeIueIauNIIIUIU

SI’S2 :_é/a)n i]a)n Vl_é/2

=—¢w, * jo, (2.25)

A 3 A 4 = 1 P Y <
V]G] , LﬂUﬂTﬂ'JT?Jﬂ"U@Qﬂ1ﬁﬁuﬂgﬂﬁu3ﬂ13ﬂlﬂu1ﬂ!ﬂu

w, =o1-¢° (2.26)

o @ A 1 < 9 LY a tgo v A 4
MTUTLUUNUMNITHUINY U DIN ﬂTﬂ"Iﬂﬂ'lﬁ?Jﬂi%ﬁ‘V]‘ﬁﬂﬁ]\i“]ﬁﬂiﬂi
4 = B~ Y 1 [ 4 A o 1 a I 2 A 1
“lum PS Hantuuinual mMsnvesaNNIstenanyaIgiTIUIUMT U ey F9D0152 VY
= A ~ l o . o Y 2 A
LEDYTNINANTUNITN 2.21 mauaq“lugﬂmuﬂsﬁmuz (State variable) i]%‘ﬂ”lnl,ﬂﬁ%ﬂilﬂ"]]uLM’f)
vy
msmﬂﬁwﬁﬁmmmﬂsﬁu
X, =AS uag x, =AS =AS

. s
xl _x2 Has ‘x2 —_a)nxl _2§wnx2

@ ] a J
%ﬂﬁﬁJﬂWiﬂgiHﬁNﬂWimﬂﬁiﬂﬁ

X, [ 0 1 }[M}
) ) (2.27)
X, -0, —2¢w, || x,
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x (1)=Ax(1) (2.28)

A= 0 1 2.29
| —a? 2w, (2.29)

H I~ @ a
AuUMIN 2.28 uaz 2.29 Wuaumsaulsaougsssuma (Unforced state

a 3 o & {
variable) W3oaunsaniuz Te Tudaiod (Wudals x, waz x, 1umsaovaussidonis

namesweulailu
1 0} x
£)= 2.30
y( ) [0 JL‘j 230
N30
y(1)=Cx(¢) 2.31)
diouasanlavesanmsi 2.27 v 1daumsii 2.32
SX(S) —x(O) :AX(S) (2.32)
s+2¢w, 1
X = GRS (2.33)
S22 s+’ '
e Taimesgnruniunuuiuiinuladroyuidng AJ,x (0)uaz
%, (0)=Aq, =0

33



B (S+2§'a)n)A50
S22 s+

AS(s) (2.34)

uae

*AS,
Aa(s)=—— G20 - (2.35)
s°+20w s+ )]

mmsudasanlary Maevvesnisasuanesvms TUIBUNA (Zero-input

Y
response) azla

AS(s) =220 o0 in (w0 + 6) 236)

J1-¢?

Ao(s)= P00 e ! (2.37)

N1-¢7
. 5 : eSS
o @, Wuanudvesmsduigniiagl’ 0 mldan
@=cos’ & (2.38)

M\ 2 ¢d 2 G o o
m3naeunveslsmesnryu lnuanudade Iasiiaily

5=6, +B% -t (sinaw,t+0) (2.39)
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x| 0 1 X, 2.46)
x| o 2w, || x '

x (¢) = Ax(t)+Bu(t) (2.47)
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- Load Flow and Fault Analysis of complete AC/DC network representation,
meshed & mixed 1, 2 and 3 phase AC and /or DC networks

- Dynamic Simulation

- EMT Simulation

- Eigenvalue Analysis

- Protection Analysis

- Reliability

- Voltage Stability Analysis

- Contingency analysis

- Power Electronic Device Modeling
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rmznew] ssoe

ASSEMBLY  NO.

rmrofianssuftnusaomdas M (sac)
TABLE OF CURRENT RATINGS OF SPACED AERIAL CABLE

NeudlyvIu (WONWUST)
ATALSIFU CURRENT RATING (Amperes)
o D, _—
(xv) AufvusRYava IR (B.NN.) .
VOL“(GE )R‘TING NOMINAL CROSS-SECTION AREA OF CONDUCTOR (mm’)
kV
50 70* | o 120 150® | 185 240"
22 180 220 270 3NS5 360 410 490
33 180 220 270 315 360 410 490
yunovg NOTES
I nnwﬂiahﬁumxﬁammﬁuﬁlniaﬁ'l ) I. THIS TABLE IS USED FOR ALUMINIUM
o:qfiflen AwesdluiSuufanw AERIAL CABLE INSTALLED IN LOCATION
wimapukof - WHERE -
11 nauAsgnuava I Anelannsy I DIRECTLY EXPOSED TO SOLAR RADIATION,
1.2 aufle . 1.2 STILL AIR; :
1.3 gungllagsaulufiu 40° c 1.3 THE AMBIENT TEMPERATURE IS NOT IN
2. s fFuIUAIANES§IU [EC PUBLICATION EXCESS OF 40°C .
2874982 ) 2. THIS TABLE IS CALCULATED ACCORDING TO
3. » Yetilifanfirnuuds IEC STANDARD PUBLICATION 2871982 .
3. # NO PURCHASING ANY MORE .

ﬁm .............. \ / LohallESIR aam,

y mﬁv‘é\ﬂsm TouvonmDae
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PssnoUnYT
ASSEMBLY NO. 9207
Ay NS ugduRuauFvosoniiao e SMFUmMos MUY 22 33 kV 1 2993
TABLE OF SEQUENCE IMPEDANCE OF ARIAL CABLE FOR 22,33 kV DISTRIBUTION LINE 1 CIRCUIT
Cond. | Line | Sequence Surge Impedance Attenuation | Velocity | Wavelength| Resistance | Reactance |Susceptance
(mm2) | Type Magnitude Angle
No.cct ohm degree db/km km/sec ohm/km ohm/km ohm/km S/km
T CIRCUIT
50 13 Zeto 1109.90 “14.66 | 0.0040828 | 1.7489E+05] 3497.70 | 1.009500 | 1.796800 | 1.6729E-06
Positive 42123 3544 | 0.0095318 | 2.0372E+05| 407450 | 0.763980 | 0.264950 | 4.4301E-06
2 Zero 1046.20 -1531 | 0.0043124 | 1.7317E+05] 3463.50 | 1.002000 | 1.693600 | 1.7977E-06
Positive 468.19 -33.71 | 0.0085192 | 2.1366E+05| 4273.10 | 0.764030 | 0317890 | 3.7752E-06
120 | 1,3 Zero 1030.60 888 | 0.0024185 | 1.7638E+05| 3527.50 | 0.567060 | 1.769400 | 1.7492E-06
Pasitive 282.85 -26.80 | 0.0055308 |2.4923E+05| 4984.60 | 0321520 | 0237030 | 4.9928E-06
2 Zero 1030.70 -8.89 | 0.0024181 | 1.7642E+05| 352850 | 0.567020 | 1.769100 | 1.7486E-06
Positive 283.01 -26.79 | 0.0055271 |2.4928E+05| 498550 | 0321520 | 0.237230 | 4.9885E-06
185 | 13 Zero 1007.00 734 | 0.0020000 | 1.7574E+05| 3514.90 | 0.459960 | 1.755800 | 1.7898E-06
Positive 241.72 -21.87 | 0.0041511 |2.6389E+05| 5277.70 | 0.214410 | 0.224020 | 5.3073E-06
2 Zero 1007.40 734 | 00019992 | 1.7580E+05| 3516.00 | 0.459940 | 1.755800 | 1.7886E-06
Positive 241.71 -21.87 | 0.0041513 | 2.6388E+05| 5277.70 | 0.214410 | 0.224010 | 5.3076E-06
Line Type 1 Line Type 2 Line Type 3
9
50 1,150 7,15()[ 50 550 : } ioﬂ 550 T
T j - 1.1%0 1.1%0 4‘4!»'0 n 292.5 592.5 gne LMT‘ :-*_1 :_ 1,664
W o0 o "“T Az X o0 T ¥ 50 C 500 | 600 B sso A
2,550 2,100 2R (o)}
o
1 i} N + i k y Fm ”
r 75
12,2004 12,200 12,200 Mo »
7.300 20 Y 7.300 7,300
+ + +
2.200 2,200 2,200
FR S Li AT JL u 2 E J
NOIIY ! R 1$umunuuS82-015/30004
shoRanszuyInh ms'lﬂ‘ﬁmaugumﬂ grumuTaoin..........
R TTIY I T - /ﬂ/ “ Rouadoiuil o no. 2501
A5, é”j‘lﬂ’li}( ............................ AR,
3rans.. TS IO
bamdwmun..... 7! aIndniudduiuaudvosmomidao e WIASIIN. oo
Fonumsnea. L2 5. dinFumedmuie 22 33 kv ¥od niin.
ngmmsﬁw.'. ..................
I0INNMIMEININUIRY TABLE OF SEQUENCE IMPEDANCE OF AERIAL CABLE HULAYH...SB2-015/41005
Aaussyy T ) FOR PEA 22,33 kV DISTRIBUTION LINE (AT, L ¥BISTU 2. 1hU
NG+ 6 Lot
¥
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nIUsznouawn
ASSEMBLY NO. 9207

msnFndusduRuausyosmomibiooinn dmiumos muie 22 33 kv 2 193
TABLE OF SEQUENCE IMPEDANCE OF ARIAL CABLE FOR 22,33 kV DISTRIBUTION LINE 2 CIRCUITS

dmiuaesmuie 22 33 kV ¥e4 nnn.

Cond. | Line | Sequence Surge Impedance Attenuation | Velocity | Wavelength | Resistance | Reactance [Susceptance
(mm2) | Type Magnitude Angle
| No.cct ohm degree db/km km/sec ohm/km ohm/km ohm/km S/km
2 CIRCUITS
50 1 Zero 1076.20 -15.45 0.0044183 | 1.7068E+05 3413.50 1.055300 1.763600 1.7744E-06
Positive 427.19 -35.44 0.0095329 | 2.0370E+05 4074.10 0.763990 0.264940 | 4.4310E-06
2 Zero 1045.90 -15.63 0.0045984 | 1.6596E+05 3319.30 1.066500 1.757600 | 1.8793E-06 |
Positive 427.09 -35.44 0.0095352 | 2.0366E+05 4073.10 0.763990 0.264940 | 4.4331E-06
3 Zero 868.92 -15.38 0.0054663 | 1.3731E+05 2746.20 1.054500 1.771800 | 2.7309E-06
Positive 402.58 -35.45 0.0101280 | 1.9185E+05 3836.90 0.764750 0.264770 | 4.9935E-06
120 1 Zero 994.37 -9.72 0.0027159 | 1.7218E+05 344350 0.612900 1.735800 | 1.8617E-06
Positive 282.98 -26.79 0.0055278 | 2.4925E+05 4985.00 0.321520 0.237220 | 4.9897E-06
2 Zero 964.32 -9.92 0.0028534 | 1.6724E+05 334490 0.624100 1.729800 | 1.9775E-06
Positive 282.90 -26.79 0.0055293 | 2.4918E+05 | 4983.70 0.321530 0.237210 | 4.9923E-06
3 Zero 786.86 967 0.0034267 | 1.3567E+05 2713.30 0.612040 1.744100 | 2.9853E-06
Positive 263.66 -26.83 0.0059492 | 2.3202E+05 4640.50 0.322290 0.237040 | 5.7550E-06
185 1 Zero 970.25 818 | 0.0022874 | 1.7154E+05 3430.70 0.505820 1.722500 | 1.9070E-06
Positive 241.68 -21.87 0.0041517 | 2.6386E+05 5277.10 0.214410 0.224010 | 5.3086E-06
2 Zero 939.79 -8.38 10.0024150 | 1.6647E+05 3329.40 0.517010 1.716500 | 2.0298E-06
Positive 241.61 -21.87 0.0041530 | 2.6378E+05 5275.60 0.214410 0.224000 | 5.3117E-06
3 Zero 758.89 -8.14 0.0029202 | 1.3358E+05 2671.50 0.505150 1.730800 | 3.1306E-06
| Positive 223.64 -21.94 0.0045047 | 2.4394E+05 4878.90 0.215180 0.223830 | 6.2080E-06
Line Type 1 Line Type 2 Line Type 3
9
g o, /[y ety -
T o ; as@ FDC; T eq,@ oge ss¢ C soc J 600 8 ssp A
2,5550 } zq;cc { | | OOO
| N i
| | |
z,zcc{ 2,20¢] ! ‘ i
7.300 7 S'CF | |
| H |
i i 1
i 2200 | | 2200 [ 2200 : !
Al o J g~ J o U
NBIINY , R T3
thavmurszuu v M3 I }Njﬂ}lﬂ'lﬂ grunuTaou..
 C TR T - Souedaiudi o no. 2541
LT T uluuudl
Tl
asndndudouRuaugvosmeoniaoime VIS

TOIHNMIALHULAY
ﬁ’mmsxe}u'lﬂ h
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danilwdnluwn avin.1 (nvln.)

nvin.1 -3

Sﬁﬂﬁlaam‘mﬂﬁ’l BUIE visfouUas |3 P Fault | SLG Fault R1 X1 R2 X2 RO X0

MVA kA kA pu. pu. pu. pu. pu. pu.
1 ﬂﬁuwi‘iﬁ 115 5.829 2.949 0.01080 | 0.08545 | 0.01073 | 0.08555 | 0.05283 | 0.33424
22-TP1 50 7.812 0.986 0.02011 | 0.33534 | 0.02004 | 0.33546 | 7.88011 | 0.32270
22-TP2 40 6.695 0.986 0.01828 | 0.39154 | 0.01821 | 0.39166 | 7.87828 | 0.29733
2 AABILIR 115 4.883 2357, 0.01468 | 0.10175 | 0.01460 | 0.10257 | 0.06822 | 0.43283
(‘iT"Jﬂi’l’J) 22-TP1 25 6.106 6.687 0.02253 | 0.42922 | 0.02244 | 0.43013 | 0.00000 | 0.31710
3 ﬂamﬁ 115 4.752 2.268 0.01513 | 0.10457 | 0.01506 | 0.10539 | 0.07034 | 0.44642
22-TP1 50 6.350 7.000 0.02306 | 0.41262 | 0.02298 | 0.41352 | 0.00638 | 0.29733
22-TP2 50 6.350 7.000 0.02306 | 0.41262 | 0.02298 | 0.41352 | 0.00638 | 0.29733
4 AaDIVaN 115 6.767 3.391 0.01015 | 0.07350 | 0.01007 | 0.07432 | 0.04536 | 0.29150
22-TP1 50 6.929 7.457 0.01757 | 0.37836 | 0.01748 | 0.37927 | 0.00638 | 0.29733
22-TP2 50 6.929 7.457 0.01757 | 0.37836 | 0.01748 | 0.37927 | 0.00638 | 0.29733
5 lanud 115 11.920 4.926 0.00550 | 0.04176 | 0.00516 | 0.04195 | 0.04534 | 0.21690
22-TP1 50 7.188 0.987 0.01263 | 0.36490 | 0.01225 | 0.36511 | 7.87847 | 0.31886
22-TP2 50 7120 0.987 0.01263 | 0.36836 | 0.01225 | 0.36857 | 7.87847 | 0.32233
6 ABUNA 115 7015 4.089 0.01065 | 0.07015 | 0.01059 | 0.07026 | 0.03415 | 0.22377
22-TP1 50 6.647 7.115 0.01808 | 0.39438 | 0.01802 | 0.39450 | 0.00000 | 0.31710
22-TP2 50 6.647 7.115 0.01808 | 0.39438 | 0.01802 | 0.39450 | 0.00000 | 0.31710
7 mﬁLﬁlUU 115 11.870 6.875 0.00503 | 0.04199 | 0.00506 | 0.04240 | 0.01965 | 0.13265
22-TP1 50 7.496 7.839 0.01191 | 0.34990 | 0.01195 | 0.35034 | 0.00637 | 0.30360
22-TP2 50 7.496 7.839 0.01191 | 0.34990 | 0.01195 | 0.35034 | 0.00637 | 0.30360
8 a3 115 26.751 25.076 0.00134 | 0.01872 | 0.00136 | 0.01901 | 0.00229 | 0.02212
9 lnstoy 115 15.897 11.296 0.00151 | 0.03154 | 0.00151 | 0.03155 | 0.00783 | 0.06980
10 5&1;15 115 6.349 3.199 0.00914 | 0.07854 | 0.00914 | 0.07854 | 0.04628 | 0.30923
22-TP1 50 6.812 7.366 0.01645 | 0.38490 | 0.01645 | 0.38491 | 0.00638 | 0.29832
22-TP2 40 6.423 6.914 0.01664 | 0.40822 | 0.01664 | 0.40822 | 0.00657 | 0.32163
11 uAsUIEN2 115 1911 0.853 0.03877 | 0.25983 | 0.03870 | 0.25994 | 0.19970 | 1.22378
22-TP1 50 4.304 SE1N) 0.04908 | 0.60776 | 0.04900 | 0.60788 | 0.00633 | 0.32130
12 uAIVaNn 115 6.659 3.304 0.01032 | 0.07469 | 0.01034 | 0.07498 | 0.04723 | 0.30105
22-TP1 50 6.904 7.442 0.01776 | 0.37968 | 0.01778 | 0.38000 | 0.00638 | 0.29733
13 wuvid 115 933 4.298 0.00718| 0.06287 | 0.00711 | 0.06298 | 0.03452 | 0.22118
22-TP1 50 6.781 0.987 0.01426 | 0.38674 | 0.01418 | 0.38686 | 7.87824 | 0.30495
22-TP2 50 6.781 0.987 0.01426 | 0.38674 | 0.01418 | 0.38686 | 7.87824 | 0.30495
14 wuAsl 115 22.690 19.875 0.00063 | 0.02212 | 0.00050 | 0.02322 | 0.00347 | 0.03030
22-TP1 40 6.201 6.317 0.00862 | 0.42310 | 0.00848 | 0.42432 | 0.00792 | 0.39872
22-TP2 40 6.201 BStT 0.00862 | 0.42310 | 0.00848 | 0.42432 | 0.00792 | 0.39872
15 WIuAs2 115 18.675 13.811 0.00140 | 0.02685 | 0.00127 | 0.02797 | 0.00724 | 0.05379
22-TP1 40 5918 6.077 0.00973 | 0.44332 | 0.00959 | 0.44455 | 0.00819 | 0.40734
22-TP2 40 5918 6.077 0.00973 | 0.44332 | 0.00959 | 0.44455 | 0.00819 | 0.40734
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aonillwinluin nvin.1 (nvln)

nvin.1 -4

S’]U%aﬁn’]mwﬁ’] BUIS Y vislouuas | 3 P Fault [ SLG Fault R1 X1 R2 X2 RO X0

MVA kA kA pu. pu. pu. pu. pu. pu.
16 WIUAT3 115 15.145 9.855 0.00239 | 0.03306 | 0.00226 | 0.03418 | 0.01220 | 0.08465
22-TP1 50 7.897 0.990 0.00902 | 0.33221 | 0.00888 | 0.33345 | 7.87828 | 0.29576
22-TP2 50 7.864 0.990 0.00902 | 0.33359 | 0.00887 | 0.33483 | 7.87828 | 0.29714
17 mm"wﬁy'u 115 20.384 13.750 0.00233 | 0.02452 | 0.00235 | 0.02474 | 0.01107 | 0.05915
22-TP1 40 8.460 0.990 0.00965 | 0.31004 | 0.00967 | 0.31026 | 7.87922 | 0.28552
22-TP2 40 8.460 0.990 0.00965 | 0.31004 | 0.00967 | 0.31026 | 7.87922 | 0.28552
18 Uaned 115 17.007 12.070 0.00127 | 0.02949 | 0.00127 | 0.02949 | 0.00710 | 0.06542
22-TP1 40 6.084 0.984 0.00933 | 0.43124 | 0.00933 | 0.43124 | 7.87982 | 0.39872
22-TP2 40 6.027 0.984 0.00932 | 0.43535 | 0.00932 | 0.43535 | 7.87982 | 0.40283
19 vnadus 115 10.523 5.978 0.00417 | 0.04753 | 0.00417 | 0.04753 | 0.02152 | 0.15512
22-TP1 50 7.368 7.749 0.01096 | 0.35600 | 0.01096 | 0.35600 | 0.00637 | 0.30360
22-TP2 50 7.401 7.785 0.01096 | 0.35444 | 0.01096 | 0.35444 | 0.00637 | 0.30204
22-TP3 50 7.409 7.794 0.01096 | 0.35405 | 0.01096 | 0.35405 | 0.00637 | 0.30164
20 VTS 2 115 10.739 6.142 0.00401 | 0.04658 | 0.00401 | 0.04658 | 0.02076 | 0.15038
(%)Jﬂ'iﬂ’d) 22-TP1 50 7.019 YA e¥ A 0.01450 | 0.37362 | 0.01450 | 0.37362 | 0.00000 | 0.32243
22-TP2 50 7.019 C2Ch 0.01450 | 0.37362 | 0.01450 | 0.37362 | 0.00000 | 0.32243
21 vulns 115 4.802 2.342 0.01309 | 0.10373 | 0.01309 | 0.10374 | 0.06563 | 0.42902
22-TP1 50 4.334 5.270 0.02507 | 0.60501 | 0.02507 | 0.60502 | 0.01064 | 0.28277
22-TP2 50 4.346 5.281 0.02507 | 0.60337 | 0.02507 | 0.60338 | 0.01064 | 0.28285
23 ynaleniu 115 8.638 5807 0.00861 | 0.05748 | 0.00856 | 0.05759 | 0.02407 | 0.16091
22-TP1 50 6.816 N3 0.01583 | 0.38467 | 0.01577 | 0.38479 | 0.00633 | 0.32130
23 ynazdu2 115 25.031 22.981 0.00157 | 0.02000 | 0.00149 | 0.02082 | 0.00228 | 0.02451
24 y1Uzdu3 115 5.900 2.969 0.01001 | 0.08450 | 0.01001 | 0.08451 | 0.05027 | 0.33344
22-TP1 50 6.741 7.328 0.01741 | 0.38892 | 0.01741 | 0.38893 | 0.00638 | 0.29576
25 UnnsEA3 115 5.081 2.676 0.01506 | 0.09766 | 0.01500 | 0.09777 | 0.05618 | 0.36068
22-TP1 50 6.454 0.984 0.02298 | 0.40599 | 0.02291 | 0.40611 | 7.87828 | 0.29832
22-TP2 50 6.454 0.984 0.02298 | 0.40599 | 0.02291 | 0.40611 | 7.87828 | 0.29832
26 UMK 115 11.487 6.725 0.00353 | 0.04356 | 0.00353 | 0.04356 | 0.01834 | 0.13539
22-TP1 50 7.493 7.853 0.01026 | 0.35006 | 0.01026 | 0.35006 | 0.00637 | 0.30204
22-TP2 50 7.493 7.853 0.01026 | 0.35006 | 0.01026 | 0.35006 | 0.00637 | 0.30204
27 Uuaanse 115 13.479 8.120 0.00429 | 0.03700 | 0.00422 | 0.03782 | 0.01587 | 0.10906
22-TP1 50 8.132 8.448 0.01162 | 0.32252 | 0.01154 | 0.32334 | 0.00732 | 0.28552
28 thuaul 115 13774 8.374 0.00417 | 0.03621 | 0.00409 | 0.03703 | 0.01522 | 0.10507
22-TP1 40 8.152 0.989 0.01149 | 0.32173 | 0.01141 | 0.32256 | 7.87922 | 0.28552
22-TP2 40 8.152 0.989 0.01149 | 0.32173 | 0.01141 | 0.32256 | 7.87922 | 0.28552
29 thuau2 115 12.560 7.368 0.00473 | 0.03969 | 0.00465 | 0.04051 | 0.01800 | 0.12236
(‘;;"Jﬂ‘i’n) 22-TP1 50 7.689 8.027 0.01159 | 0.34109 | 0.01150 | 0.34200 | 0.00638 | 0.29733
22-TP2 40 7.689 8.027 0.01159 | 0.34109 | 0.01150 | 0.34200 | 0.00638 | 0.29733
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anfilvivluen nein.1 (nvin)

Nl -5

‘)"]U#jaﬁn’]mﬂﬁ’] Bl wisfaudas | 3 P Fault | SLG Fault R1 X1 R2 X2 RO X0

MVA kA kA pu. pu. pu. pu. pu. pu.
30 thuada 115 2713 1.239 0.02647 | 0.18317 | 0.02641 | 0.18328 | 0.13568 | 0.83439
22-TP1 50 5.243 6.064 0.03556 | 0.49928 | 0.03549 | 0.49940 | 0.00638 | 0.29733
31 tulwa 115 21.678 18.754 0.00026 | 0.02316 | 0.00026 | 0.02316 | 0.00204 | 0.03395
22-TP1 50 8.102 8.320 0.00666 | 0.32385 | 0.00666 | 0.32385 | 0.00638 | 0.29832
22-TP2 50 8.102 8.320 0.00666 | 0.32385 | 0.00666 | 0.32385 | 0.00638 | 0.29832
32 Uvgumﬁl 115 6.869 3.557 0.00810 | 0.07264 | 0.00810 | 0.07265 | 0.04074 | 0.27432
22-TP1 50 6.930 7.457 0.01531 | 0.37840 | 0.01531 | 0.37841 | 0.00638 | 0.29832
22-TP2 50 6.930 7.457 0.01531 | 0.37840 | 0.01531 | 0.37841 | 0.00638 | 0.29832
33 UV‘luG”lﬁZ 115 4.809 2.346 0.01307 | 0.10359 | 0.01307 | 0.10360 | 0.06551 | 0.42829
22-TP1 50 6.445 7.114 0.02079 | 0.40663 | 0.02079 | 0.40664 | 0.00639 | 0.29242
22-TP2 50 6.445 7.114 0.02079 | 0.40663 | 0.02079 | 0.40664 | 0.00639 | 0.29242
34 Uvgumﬁ3 115 7.397 3.836 0.00736 | 0.06747 | 0.00736 | 0.06747 | 0.03745 | 0.25426
22-TP1 50 5.496 5.798 0.01603 | 0.47722 | 0.01603 | 0.47722 | 0.00792 | 0.40283
22-TP2 50 5.496 5.798 0.01603 | 0.47722 | 0.01603 | 0.47722 | 0.00792 | 0.40283
35 UszdunAu 115 6.968 3.659 0.00857 | 0.07154 | 0.00850 | 0.07165 | 0.04143 | 0.26423
22-TP1 50 6.973 7.498 0.01582 | 0.37601 | 0.01575 | 0.37613 | 0.00638 | 0.29714
36 U?’ﬁulﬁz 115 18.704 15.862 0.00139 | 0.02681 | 0.00133 | 0.02691 | 0.00538 | 0.04089
37 WIEWNEUIM2 115 4.991 2.385 0.01431 | 0.09957 | 0.01433 | 0.09986 | 0.06711 | 0.42472
('l:lu'iﬂi’]’l) 22-TP1 25 6.245 6.848 0.03347 | 0.41887 | 0.03349 | 0.41919 | 0.00000 | 0.30961
38 WuA 115 6.987 3.494 0.00976 | 0.07119 | 0.00978 | 0.07148 | 0.04443 | 0.28364
22-TP1 50 7.005 1531 0.01714 | 0.37425 | 0.01716 | 0.37457 | 0.00638 | 0.29576
39 nnwdn 115 11.106 6.281 0.00549 | 0.04487 | 0.00552 | 0.04527 | 0.02207 | 0.14735
22-TP1 50 7.541 7914 0.01243 | 0.34778 | 0.01246 | 0.34823 | 0.00638 | 0.29832
22-TP2 50 7.541 7914 0.01243 | 0.34778 | 0.01246 | 0.34823 | 0.00638 | 0.29832
40 1.555UAEANS 115 17.342 14.428 0.00176 | 0.02890 | 0.00172 | 0.03149 | 0.00433 | 0.04371
22-TP1 50 9.086 9.401 0.00839 | 0.28872 | 0.00835 | 0.29157 | 0.00645 | 0.25686
22-TP2 50 9.086 9.401 0.00839 | 0.28872 | 0.00835 | 0.29157 | 0.00645 | 0.25686
22-TP3 50 9.086 9.401 0.00839 | 0.28872 | 0.00835 | 0.29157 | 0.00645 | 0.25686
41 diesaen 115 13.049 8.037 0.00270 | 0.03838 | 0.00270 | 0.03838 | 0.01420 | 0.10962
(‘Flu'lﬂi'l’l) 22-TP1 a0 7.728 8.064 0.00935 | 0.33945 | 0.00935 | 0.33945 | 0.00638 | 0.29714
42 $@nld 69 7.107 3.486 0.01297 | 0.11702 | 0.01297 | 0.11701 | 0.06679 | 0.47998
22-TP1 50 5 52T 6.072 0.02059 | 0.47491 | 0.02059 | 0.47490 | 0.00629 | 0.34590
22-TP2 50 5521 6.072 0.02059 | 0.47491 | 0.02059 | 0.47490 | 0.00629 | 0.34590
43 Tsue 115 6.217 3.079 0.01119| 0.07997 | 0.01111 | 0.08079 | 0.05031 | 0.32302
22-TP1 a0 7.171 0.986 0.01851 | 0.36550 | 0.01843 | 0.36632 | 7.87922 | 0.28552
22-TP2 40 F a7} 0.986 0.01851 | 0.36550 | 0.01843 | 0.36632 | 7.87922 | 0.28552
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WPy —— wifouvas | 3 P Fault | SLG Fault R1 X1 R2 X2 RO X0

MVA kA kA pu. pu. pu. pu. pu. pu.
a4 Tsaug 2 115 16.513 11.288 0.00303 | 0.03025 | 0.00297 | 0.03349 | 0.00960 | 0.06877
22-TP1 50 7.953 8.179 0.00972 | 0.33069 | 0.00965 | 0.33425 | 0.00638 | 0.29733
22-TP2 50 7.933 8.179 0.00972 | 0.33069 | 0.00965 | 0.33425 | 0.00638 | 0.29733
45 T5ug 3 115 5.886 2.891 0.01191 | 0.08447 | 0.01183 | 0.08529 | 0.05390 | 0.34535
(';Illiﬂi’]’l) 22-TP1 40 6.713 7.289 0.01951 | 0.39046 | 0.01942 | 0.39136 | 0.00638 | 0.29733
a6 MATIViaN 115 7.268 3.812 0.00747 | 0.06867 | 0.00747 | 0.06868 | 0.03747 | 0.25426
22-TP1 50 7123 7.649 0.01462 | 0.36813 | 0.01462 | 0.36814 | 0.00639 | 0.29242
22-TP2 50 7123 7.649 0.01462 | 0.36813 | 0.01462 | 0.36814 | 0.00639 | 0.29242
a7 mﬂuquuﬁ’; 115 10.478 6.084 0.00411 | 0.04774 | 0.00411 | 0.04775 | 0.02079 | 0.15038
22-TP1 50 7.495 7.891 0.01091 | 0.34997 | 0.01091 | 0.34998 | 0.00638 | 0.29733
48 i‘hqnm 115 5.556 3.086 0.00878 | 0.08994 | 0.00878 | 0.09001 | 0.04387 | 0.30427
22-TP1 50 6.536 7.124 0.01605 | 0.40120 | 0.01605 | 0.40127 | 0.00637 | 0.30204
22-TP2 50 6.536 7.124 0.01605 | 0.40120 | 0.01605 | 0.40127 | 0.00637 | 0.30204
49 Yatiey 115 9.016 4.793 0.00722 | 0.05522 | 0.00714 | 0.05604 | 0.03047 | 0.19976
22-TP1 50 7373 7.813 0.01434 | 0.35566 | 0.01425 | 0.35656 | 0.00638 | 0.29478
22-TP2 50 7.443 7.892 0.01434 | 0.35232 | 0.01426 | 0.35322 | 0.00639 | 0.29144
50 Jatiew2 115 6.087 yioms Yo 0.01094 | 0.08174 | 0.01034 | 0.08194 | 0.08753 | 0.47819
(“I?’Jﬂiﬂ’«l) 22-TP1 40 5.364 5716 0.01998 | 0.48884 | 0.01932 | 0.48906 | 0.00792 | 0.39872
51 d"qug"uﬁu 115 2323 1.058 0.03140 | 0.21386 | 0.03133 | 0.21397 | 0.15750 | 0.97885
22-TP1 50 4.908 5.761 0.04099 | 0.53312 | 0.04092 | 0.53324 | 0.00638 | 0.29733
52 202 115 5.042 2.427 0.01411 | 0.09857 | 0.01414 | 0.09897 | 0.06550 | 0.41590
22-TP1 50 6.126 6.693 0.02189 | 0.42784 | 0.02192 | 0.42829 | 0.00634 | 0.31917
53 IMTUN 115 5.026 2.406 0.01420 | 0.09888 | 0.01422 | 0.09917 | 0.06641 | 0.42082
22-TP1 50 6.449 7.083 0.02203 | 0.40635 | 0.02206 | 0.40667 | 0.00638 | 0.29733
54 ARUMING 115 8.490 4.693 0.00652 | 0.05877 | 0.00645 | 0.05888 | 0.03106 | 0.20023
22-TP1 50 6.793 71.196 0.01352 | 0.38610 | 0.01345 | 0.38622 | 0.00633 | 0.32130
55 @szuiia 115 5.829 2944 0.01080 | 0.08545 | 0.01073 | 0.08556 | 0.05311 | 0.33509
22-TP1 50 6.695 7.280 0.01828 | 0.39154 | 0.01821 | 0.39166 | 0.00638 | 0.29733
56 amﬁ 5 115 8.562 4.455 0.00767 | 0.05813 | 0.00769 | 0.05842 | 0.03375 | 0.21794
22-TP1 50 1.327 7.791 0.015051 0.35788 | 0.01507 | 0.35820 | 0.00660 | 0.29379
22-TP2 50 7.291 1151 0.01504 | 0.35962 | 0.01507 | 0.35994 | 0.00659 | 0.29553
57 ﬁ"s:ﬂﬁz 115 26.051 25.756 0.00138 | 0.01922 | 0.00141 | 0.01962 | 0.00146 | 0.01948
58 @wlan 115 8.518 4.558 0.00595 | 0.05864 | 0.00595 | 0.05864 | 0.03042 | 0.21044
22-TP1 50 &122 7.566 0.01292 | 0.36825 | 0.01292 | 0.36825 | 0.00637 | 0.30360
22-TP2 50 o122 7.566 0.01292 | 0.36825 | 0.01292 | 0.36825 | 0.00637 | 0.30360
59 @ 115 4.655 2.224 0.01610 | 0.10664 | 0.01610 | 0.10674 | 0.07224 | 0.45581
22-TP1 50 6.250 6.897 0.02412 | 0.41922 | 0.02411 | 0.41933 | 0.00637 | 0.30164
22-TP2 50 6.250 6.897 0.02412 | 0.41922 | 0.02411 | 0.41933 | 0.00637 | 0.30164
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ANl -7

S’]U#aﬁn’]mwﬂ’] S widfoudas | 3 P Fault | SLG Fault R1 X1 R2 X2 RO X0

MVA kA kA pu. pu. pu. pu. pu. pu.
60 WUBILA 115 8.913 3.216 0.00680 | 0.05592 | 0.00620 | 0.05611 | 0.06678 | 0.34949
22-TP1 50 6.892 7.286 0.01406 | 0.38051 | 0.01340 | 0.38073 | 0.00657 | 0.31886
22-TP2 50 6.830 7.216 0.01406 | 0.38397 | 0.01340 | 0.38419 | 0.00656 | 0.32233
61 wuawlda 115 10.565 3.703 0.00540 | 0.04721 | 0.00480 | 0.04741 | 0.05977 | 0.30609
22-TP1 50 6.751 0.986 0.01250 | 0.38855 | 0.01184 | 0.38877 | 7.87845 | 0.33650
22-TP2 50 6.751 0.986 0.01250 | 0.38855 | 0.01184 | 0.38877 | 7.87845 | 0.33650
62 2aA3NE 115 3377 1.560 0.02194 | 0.14703 | 0.02187 | 0.14786 | 0.10469 | 0.65883
22-TP1 50 5.462 6.215 0.03053 | 0.47953 | 0.03045 | 0.48044 | 0.00634 | 0.30495
22-TP2 50 5.462 6.215 0.03053 | 0.47953 | 0.03045 | 0.48044 | 0.00634 | 0.30495
63 a‘:;’EyU"aZL'VIﬂ 115 3527 1.646 0.02138 | 0.14074 | 0.02140 | 0.14085 | 0.14075 | 0.61466
22-TP1 50 5.133 6.468 0.02994 | 0.45681 | 0.02996 | 0.45693 | 0.00637 | 0.30164
64 EJ%\JVU'J:,‘L'VI?I 2 115 3.461 1.613 0.02181 | 0.14342 | 0.02182 | 0.14352 | 0.14288 | 0.62793
('l?’JﬂiTJ) 22-TP1 25 9.811 11.966 0.02181 | 0.26660 | 0.02182 | 0.26671 | 0.00000 | 0.12318
65 819031 115 15.068 14.195 0.00469 | 0.03299 | 0.00463 | 0.03310 | 0.00448 | 0.03911
22-TP1 50 7977 8.282 0.01155 | 0.32879 | 0.01149 | 0.32891 | 0.00639 | 0.29242
22-TP2 50 8.001 8.308 0.01155 | 0.32781 | 0.01149 | 0.32793 | 0.00639 | 0.29144
66 819832 115 22.389 18.829 0.00257 | 0.02228 | 0.00256 | 0.02237 | 0.00430 | 0.03478
67 AAn 69 9.782 5.066 0.00786 | 0.08518 | 0.00786 | 0.08517 | 0.04140 | 0.32185
("E”Jﬂi’n) 22-TP1 a0 6.382 6.910 0.01501 | 0.41095 | 0.01501 | 0.41093 | 0.00000 | 0.31710
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Design and Analysis of Close Loop Control Circuit for TCSC

a v a. < aa
23T Q_ﬁnﬁ\j uasnqunyul gun

medeTimniailai auzdmnsauenans amTinendomalladsmenadyyi

<

aa
WY

=N

-

Email : 1156704210094@mail.rmutt.ac.th

UnAnga

Fmanssuszvulniidduasysuaamiamelun sy
AamarInlunsasTIendulnineliaesiiogiay 5
Yegvuimaluladigunsal FACTS (Flexible AC Transmission
Systems) laigsnifumumesiunalunsiiunudaneguean1sas
V1emasulniiy Fiufvuseyeynsunivquaselniamnes
(Thyristor Controlled Series Capacitor: TCSC) ffugunsal FACTS
vilamieiida s Ayeeiaintunssga FACTS Ansdlnerooyn s
WUszUVEEa it TiTae A SueAuaudlua I i laIeae
annsosesienduldedieiaussouzuiniu lnemauguaiuyy
¥197 (Thyristor firing angle: @) Fau30AugulfaE19 A2
uazgniseeiewos umAILTIaUEN 15 INNUYTIABI299T
AvguuuuNTnamsvgUnsal TCSC luszuulvig Tnslslusunsu
PSCAD/EMTDC tileiiszemeeiiaalniasuaniin watusntnasiile
WIsyAIwINAAA LA saluszuy N vei na1889995
TR

ddAry: gUnsal FACTS, duifuszgoynsumupuaielnimnes,
N, WISAIUALLULNTR

Abstract

Power system engineers are currently facing challenges
to enhance the power transfer capabilities of existing
is where the Flexible AC
Transmission Systems (FACTS) technology comes into effect.
Thyristor Controlled Series Capacitor (TCSC) is one of the
important member of FACTS family, is an impedance
compensation which is used in series reactance on an AC

transmission  system. This

transmission system to provide smoaoth control of series
reactance by controlling thyristor firing angle () to increase
the capability of the reactive power compensation of the
transmission line. This paper presents design of control system
by MATLAB/PSCAD which
performance of the proposed control circuit in case of peak
load and half load of the transmission line where the

is used to implement the

simulation shows a good result where the reactive power is
compensated and transmission line capacity is extended.

Keywords: FACTS, TCSC, Thyristor firing angle, Close loop
control
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(Close loop control)
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Control of Low Frequency on 59 buses Power System
using TCSC
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Abstract— This paper presents the analysis and compensation
oscillations of low frequency in the power system with the
controller power flexible )Flexible AC Transmission System,
FACTS( in the low frequency power system using the PSAT to
help determine value stability in the 59 bus radial system of PEA
when the motor transients in power systems by simulation of the
59 bus radial system of PEA as a case study. Equipment used to
control the oscillation frequency will control power flexibility to
type a serial is the TCSC analysis to display the second form is
compared to the time )Time Domain(. and the resulting value.
Eigen )Eigen Value( of the results of simulation work to see that
the power control flexibility can compensate for the low
frequency oscillations in power systems.

Keywords—stability; ftransients;
JSrequency oscillations

TCSC; Eigen value; low

I. INTRODUCTION

The main function of power system is to convert energy
from one of the naturally available forms to electricity and
transport it through grids to points of consumption. As
electrical energy cannot be destroyed like any other forms of
energy. whatever produced from generators should be utilized
or stored. However. technology for storing electricity in large
quantities has not yet matured. Thus many equipment and
controllers have been used to maintain the balance between
what is being demanded and generated in a reliable manner
with high degree of quality.

In modern power systems. apart from a large number of
generators and associated controllers, there are many types of
load, ranging from a simple resistive load to more complicated
loads with electronic controllers. The influx of more and more
controllers and loads. increase the complexity and nonlinearity
of power systems. As a result. power systems are viewed as
complex nonlinear dynamical system that shows a number of
instability problems. Instability problems in power systems
that can lead to partial or full blackout can be broadly
classified into three main categories. namely voltage. phase
angle and frequency related problems Though instability
eventually blackout or collapse never happened in a pure form
of voltage or phase angle or frequency problems. the initial
part of the incident can be clearly related to one of the
categories

Krischonme Bhumkittipich
Department of Electrical Engineering
Rajamangala University of Technology Thanyaburi
Phathum Thani. Thailand
krischonme.b@en.rmutt.ac.th

If one looked back the history of power system since its
evolution. operation engineers faced with transient instability
problem and researchers struggled to find counter measures to
overcome it [1]. Transient instability problem, considered as
part of the phase angle related problem. is defined as the
ability of power system to maintain synchronism when
subjected to large disturbances. When the system faces large
disturbances such as large load increase. loss of tie lines. loss
of generating units. maintaining constant electrical speed
among all the generators were challenging as some machines
speed up while some other slow down to adjust to post
disturbance situation. If there is no control mechanism to keep
the speeding up or slowing down generators within the
allowable speed limits, there is a good chance that these
generators would fall out of the grid by losing synchronism
Hence, fast exciter or Automatic Voltage Regulators (AVR)
was introduced in the system as one of the remedial measures
to solve the problem The introduction of fast AVR was able to
give the “coarse adjustment” to keep electrical speed of
synchronous generators within the limits and successful in
maintaining synchronism by controlling the first swing
However. the fast AVR could not do the “fine adjustment” to
control oscillation in the speed. Then. Power System Stabilizer
(PSS) was introduced in generator to give that fine adjustment
to damp out power oscillations that are referred to as
electromechanical or low frequency oscillations (LFO) [1-2].

Apart from the fast exciter there are a number of other
sources that contribute to oscillation in modern power system
such as frequency load dependency. network characteristics
and negative interaction of controllers

Though oscillations are inherent in power system if not
properly controlled could lead to partial or full blackout of the
system as it happened in many practical power systems. Hence
a complete understanding of the problem would help in
finding effective remedial measures. ways and means to
control them

Rest of the paper is organized as follows. Following
introduction, the paper describes what low frequency
oscillation is. Some noteworthy oscillation related incidents
and lesson learned is covered next. Then the methodologies
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available for power system oscillation studies are described
along with general power system modeling. Most widely used
methodology for low frequency oscillation study, eigenvalue
analysis is presented in details in the methodology section. A
simple case study showing the effect of different controllers
on power system oscillation modes in a systematic way is also
presented in the paper with some discussion. Finally,
conclusions and contributions of the paper are summarized.

II. THEORY

A. Low Frequency Oscillation

Low frequency oscillations are generator rotor angle
oscillations having a frequency between 0.1 -2.0 Hz and are
classified based on the source of the oscillation [1]. The root
cause of electrical power oscillations is the unbalance between
power demand and available power at a period of time. In the
earliest era of power system development, the power
oscillations are almost non observable because generators are
closely connected to loads. but nowadays. large demand of
power to the farthest end of the system that forces to transmit
huge power through a long transmission line. which results an
increasing power oscillations.

B. Power System Modeling

Dynamic modeling of power system includes a set of
differential and algebraic equations (DAE). Low frequency
oscillation studies can be done in two ways depending on the
interest. If the interest is to capture the local behavior related to
an area or particular power plant. then that area of power plant
can be modeled in details and 4 the rest of the system with
simple models. If the interest is to capture both local and global
modes such as inter areas mode each and every machine in the
system and their associated controllers should be modeled in
details. It is important to include loads. controllers and other
power system components that would influence the LFO. A
general mathematical model of power system is given by (1).

2=fx%y1p) (1)
O=gx v lp (2)

Where x is a vector of state variable: y is a vector of
algebraic variables: / and p are uncontrollable and controllable
parameters, respectively. Machine and control dynamics will
be included in the differential equations while basic load flow
and other network equations will be included in algebraic
equations.

C. Eigenvalue Analysis

The small signal stability or LFO study of the system can
be determined by system eigenvalues at an operating point.
The relative participation of state variables and their
contribution in certain oscillation mode are given by the
corresponding elements in the right and left eigenvectors.
Hence, combination of left and right eigenvectors yield
participation factor matrix. The participation factor matrix can

be used to identify the dominant state variable in a particular
mode.

D. Time domain analysis

Time domain analysis involves no approximation in the
DAE model and considered as the most accurate way to study
LFO problem. However. pertinent information such as various
weak modes. the dominant states variable associated with those
modes and sensitivity of those modes to parameter variation
and other details cannot be obtained using time domain
simulation. Hence, eigenvalue and time domain analyses can
be used as complementary solutions to support each other and
verify the results. In time domain analyses. mode is perturbed
and the behavior of state variable is calculated by solving
differential equations in (1) using some numerical integration
techniques with the known initial values [3-4]. The initial
values in this case, are the initial equilibrium point.

E. TCSC Theory

A thyristor-controlled series compensation (TCSC) is a
series-controlled capacitive reactance controller that can
provide continuous control of power on transmission line. The
basic TCSC module consists of a series capacitor C in parallel
with a TCR as shown in Fig.1. The TCR is controlled such that
its current increase the effective voltage across the fixed series
capacitor. This enhanced voltage changes the effective value of
the series capacitive reactance with respect to the same line
current. An actual TCSC module also includes protective
equipment normally installed with series capacitors, such as
metal oxide varistor (MOV). circuit breaker (CB). and an
ultrahigh speed contact (UHSC) across the valve [5].

There are basically three modes of TCSC operation
described in the following. [6-7]

1. Bypassed-thyristor mode: The thyristors are fully
conducting with a conduction angle of 1800, and the TCSC
module behaves like a parallel combination of capacitor and
inductor.

2. Blocked-thyristor mode: In this mode. the firing pulse to
thyristor valves are blocked and the thyristors turn off as soon
as the current through them goes through a zero. The TCSC
module is thus reduced to a fixed series capacitor and the net
TCSC reactance is capacitive.

3. Partially conducting thyristor mode or Vernier mode:
This mode of operation allows the TCSC to behaves either as a
continuously controllable capacitive reactance or as a
continuously controllable inductive reactance. It is achieved by
varying the thyristor pair firing angle o in an appropriate range
as depicted in Fig. 2. The impedance of the TCSC is that of a
parallel LC circuit. consisting of a fixed capacitive impedance.
Xe. and a variable inductive impedance. Xz(a). that is,

X X, ()

XTCSC(a):X (@)-X.

3)

Where,
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> ' T r >
X, (a)=X,————. X, <X, (@) <o (4)
T—20—sina

X7 = wL, and a is the delay angle measured from the crest of
the capacitor voltage

+ Vacse R
||
hrese '
I Capacitor
y 3
D z Reactor
SNV
p— -
- K
Thyristors
Fig. 1. Equivalent circuit of TCSC
e to 180
Capacitive region
- =

le region

Inductive region
90 10 @y

Fig. 2. Impedance vs firing angle characteristic curve

ITII. METHODOLOGY

A 59 buses power system is used in the study to show LFO
behavior, shows the modes from various dynamics of the
system and the impact of various controllers on the critical
mode.

In order to study LFO phenomena in power systems, first
eigenvalue analysis is carried out with only machine in the
system. Here, a generator model with six ordinary differential
equations (6% order model).

Base case system is 22kV power system has 59 buses. 1
source generating 10 MVA. 1 diesel generator 5 MVA
connected at Bus#34 as show in Fig. 3.

Fig. 3. 59 bused power system

A. Case ]

Simulate the 3 phase fault occurs at bus#55 and critical
fault clearing time is 0.083 sec.

B. Case 2

Adding the TCSC to the system between Bus#31 and
Bus#32 show in Fig.4.

Fault clearing time = 0.083 sec

SMVA
o] T et Synchronous
Fer BT i
1M ‘;&/%3'“ B @
AL SRR LEL AR SLACLLLEL LAEELLY . — LLLELEY
Mo
=AY e :

Fig. 4. 59 bused power system with TCSC

IV. SIMULATION AND RESULTS

Comparison between the power system without TCSC case
show the damping ratio on the critical mode is higher with
TCSC case show in Fig. 5.

Time domain simulation is performed for a small
perturbation in mechanical power to the machine in case of
with and without TCSC.

1GsC

N ™

Rotor Angle (rad)

4 R B————

5
time (5)
Fig. 5. Rotor Angle of Generator from 2 case study

On s-domain. The eigenvalue plot of the system without
TCSC is show in Fig 6. The eigenvalue is far away from the
imaginary axis than the system with TCSC show in Fig 7.
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-1

B 30 25 20
Real

Fig. 6. Eigen value of system without TCSC

Fig. 7. Eigen value of system with TCSC

On z-domain. The eigenvalue plot of the system without
TCSC is given show in Fig 8, the eigenvalue is far away from
the center axis than the system with TCSC show in Fig 9.

4 08 06

04 02 0 02 04 06 08
Real

Fig. 8. Eigen value of system without TCSC

4 -08 06 04 02 0 02 04 06 08
Real

Fig. 9. Eigen value of system with TCSC

To maintain small signal stability TCSC are installed. The
advantage of the proposed approach is that eigenvalues are
shifted from positive real axis to negative real axis. It gives
more damping to reduce oscillations and high precision results
in determining the stability of the system. The results for
installing TCSC devices are compared in Table 1. from the
results the positive eigenvalues are reduced and negative
eigenvalues are increased. Therefore. the system is maintained
stable by installing TCSC devices.

TABLE I. EIGENVALUE ANALYSIS OF THE SYSTEM WITH AND WITHOUT TCSC

Eigen Value Type ‘Without TCSC | With TCSC
Dynamic Order 12 20
Buses 59 59
Positive Eigens 1 0
Negative Eigens 12 18
Complex Pairs 1 1
Zero Eigens 0 1

V. CONCLUSION

The paper presents a comprehensive low frequency
oscillation study in 59 buses power system to capture local
electromechanical mode. Base case system shows an
electromechanical mode with low damping ratio and the
introduction of AVR push the critical mode towards the
imaginary axis by adding negative damping on it. Adding
TCSC of the series FACTS controllers to help system
improving the damping which got reduced due to AVR. The
eigenvalue results have been corroborated with the helping of
time domain simulations.

REFERENCES

[1]1 P. Kundur. Power System Stability and Control. McGraw-Hill: New
York. 1994).

[2]  G.Rogers. Power System Oscillations. (Kluwer: Massachusetts, 2000).

[3] F. Milano. .,An Open Source Power System Analysis Toolbox". IEEE
'y ions on Power Systems. 20(3). (August 2005). 1199-1206.

[4] F. Milano. PSAT: Power System Analysis Toolbox. version 2.0.0-beta.
(March 2007).

[5] Power System Stability and Control. 3rd ed., The Electric Power
Engincering Handbook. Leonard L. Grigsby. ed. CRC Press. 2012.

[6] Narain G. Hingorani. Laszlo Gyugyi. “Understanding FACTS: Concepts
and Technology of Flexible AC Transmission Systems”. IEEE Press.
2000.

[7] S. Meikandasivam. Rajesh Kumar Nema and Shailendra Kumar Jain
“Bdllvxoml Study of TCSC Device — A MATLAB/Simulink

ion”. World Acad of Science, Engineering and
Technology, lnta-nmonal Joumal of Elecmcal Computer. Energetic,
El ic and ing Vol:2. No:9. 2008

132



The 9t Conference of Electrical Engineering Network
of Rajamangala University of Technology

EENET2017

"AIsSWaJun LI5CIﬂSSUIV-\';OQCIH'\KﬂSSUIIa:ﬂ'ISIﬂ UCISDEI.'I\')E‘JL\)ﬁU"

Sustainable Development of Innovation for Industryand/Agriculture

2-4 May 2017, K.P. Grand Hotel Chanthaburi

.~ Conference Topics

Electrical Power (PW)

Power Electronics (PE)

Energyand Energy Saving (ES)

Control Systems and Instrumentation (CT)
Computer and Information Technology (CP)
Electric Communication (CM)

Electronics (EL)

Digital Signal Processing (DS)

Innovation and Invention (IN)

General Electrical Engineering (GN)

A eusun ile Tnuéiniin 91iin @ W iil PTS
i l NEO DIDACTIC CO.,LTD.
Combination

SNOLUTIONH a General Cable company

‘TalEasyElec BW PRIMUS SAT

Bl atiibin. PRIMUS COMPANY LIMITED 35 udmaing 19

"
u ]
UNITIS CO.LTD.

133



v
malszpinnaadevisimns s il wminndoma TuTadsauena A59i 9

Proceedings of the 9" Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 2017)

i’mu'mé’mqqm’g@ﬁmsmuwmw

304MANTI158 AT.nqualvl YRR

¢ a 4
399NEANS19758 AT AT

o -
F09NANTINIE A3.19A BovNARAs
SO9FIANT19N5E A5 5yTe Nedland
509ANan519158 A5.81050 Junuiies

SOIANENTIANTE ATLATT WIIANITDY

309MANT198 A.otinde nanslione

FDINANTINIG AT.USLATYY TAAY
599an$19138 As.dgns lvegd
5991aR519198 A9.yRds Yainan

< v s
399NANTI38 A9.U5%1 anazeA

Cm o ta oo o
309Man 19158 A3.Tey Taduivi
38FNEANS158 AT INTY Bufy
399NANS1A198 A9 iTdwg Sasuna
F0NANTINTY A9.57Y Musaan
F0INANT1138 AN WUsHTUAT
FIAEANTINTE ATITIA AaFEIRL]
FBIFNANTINTE ATTIAT AeuLse
FDINAR1138 A33YAY Tuuan
309NAN19138 AT.AITE Toya

@ o £
504Man 119158 As.antanl ariudlans

304MANTINIY AT.ANAYTH gaunIIYING

SOIMANTIANTE AT ANTUS WLty

309Nan19138 As.qate auanade
SOINANTIANTE M9.Le0es SryRyAsInY
SD9FNANTIANTE 3. BVNIA Toadaun
SOIMANTIANTE UMT TounRiuns

309MANTI138 Yeyide Folae

Hihemans1913d as.ngiiey 1ilug)

Hihemans19138 as.nqual 619w

-

N e »
wminendowmaluladsivuspadnyys

3

winingdumaluladsvuRaday
wminenderEuny
wminerdemaluladgsund
WININNAUASVAUASUNG
WTIMEABLEIT R ALUE
wminedemaluladgsuns
anunalulaBnsyasumnddnunms
W Inendoualy

-

wiiverdemaluladsyvnasyys
wminendewalulagsvusaagas gl
WINNFE AL UATUTY
wminerasmaluladsvusraaIuun
wningsumaAlulaB sz IunaNTTUATATlD
wmneasvaluladuviuns
wininedowaluladsvusnans Tusen
anumeluladnsyasmnandnunms
anumealuladnsyasumnddnamims
wmngasmAluladnsz N msTuATIvie
winineduwaluladnse undmsyunsivie
UNTINNABIA G NI
wnvinendewalulagvusaagassgi
wvmneasvaluladuviuns
uIvendemalulagnszvemnansuys
anumalulaguyaiu
wmMingagiadgeiniug
wiminendemaluladvusaagssug
WWIneNdeleldeonaLug
wimnendumaluladsvusnadanu

wningdumaluladnszIeunansTuATAilo

2-4 WuMIAL WAL 2560 T5au331Ad unsus sump sunetiles S Tasump

A-Xi

134



2.
msdszinmaaiedieimnssu Il inndoma TuTadsauana a5 o

Proceedings of the 9" Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 2017)

i’mmuéﬂiaqm’gﬁﬁﬁmsm’mvnmm

HTIBAARTINNSE AT.NOuREIA TiusHs wiminendewmaluladsmunagdani Inenuaueuui

f8ans19158 A3.ngunN Beudu

ese

ese

emansN913d as.duivin analuugyie

PEANANTI9T58 790450 WSS

este

EMANTIANTE A5.EIgNIA Wugue

d

e

. . cm e e oo
19MNEANT19158 AS.ARGTILYEY qnYUIAed

ese

este

emansnsd asuding 9193

¢

OAENTINTE AT.UNAR UAISAU

este

EAEASINGE AT.UNNS WEsUsEAR

e

feansansd as.UgleR Snlnewsydn

ese

OFENTINTE AT.UINET AATBISEY

este

v a £ S
] W0Mans19139 As.Unsalliesh LAIRLLGNA

erEns19138 as.UfrsInsal 9n3dna

]

e

HTeManTI13e a9.Usgau Uans

HTeManT19138 A3.UTYA gumaTny

: 2 v 5
MuMans19159 as.Uszanlyn [ivesi

esme

v ‘ o A
HYPWAEANITINIY ﬂi.qmﬂﬂ“ﬂi AR MG

BANARNTINNTE AT.NU AAAINT

ese

ese

18ManT19138 A3.fiTn Ankigassal

HheManT115ed A3AVS TavidiEng

femans19138 as.lwyad e siguanes

ee

eManTI9138 As.utlE U igsnes

ese

HT8MAnT1915E AT.NEUN Mgl

HTEManTII1T0 ATATIUNS T

v  \ W 2
Htemansanse ns.Tusy seAtlly

HAtemansnse s dulye Auau

ineEns1138 A5, T Juaad

esve

HTeManTse 033958 el

v ¢ _aw P
HPWAEATINTY AT.9UY Tandn

Htemansanse n33lsat Yedim

wiminendewaluladsvuspaaiuun

=

uvminenaowmaluladsenasyys

3

v oa

wnInendemalulagsvuseastyys
wvmivenaswaluladsnansyuns
UVTINIABLNYATAERT
wininerdemaliladsvnnasoys
anuwalulagnsyaounaniinummsainnssdy
wvminenaswaluladssusmaauun
wvmivenasvAlulad N naNITUAT
WMINABLNYATANERS
wnAnendemaluladsvuspasyus
wimingnasvaluladssnans ity
wvmivenasmAluladununs
wmingnasmaluladsunag Tl
siminenaowaluladssuseasaulnduns
wvmingraswaluladuiuns
avimineasvalulad s InanTUAT
uimingnaowmalulassuseasaulnduns
wmMnendomalulansyassnawszuasivile
wminenaewAlulabs1TuInagT Tl
IvmneIaBAlUlad N INIAaN Y UAT
wminendemealuladuusnag s
WMnenaewalulaissusraaILUN
UNNNRENELEN
wvmivenasaluladvusraaIuu anhs
anumaluladwszanmnanitaammsainnsy Uy
wnIngndswAlulaBssusraauun Weene
antumalulagnszaomndnitnammsainnszls

wvmmeasvAlulag T TNIPaAIuL TBaTe

2-4 WQUMAN WA 2560 T3ausn AT unsud Ui sunaiiies Sandadumg

A-xii

135



%
msdszginnaasesnsimns s i innduma TuTadsana a3 o

Proceedings of the e ‘onference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 2017)

FPUUENTIAUIANITUIUNAY

inerans1anse 053 Tal Aivas

ese

HieMan9198 A3 35WA 33930

HYemMans1a138 as.dAnan auna

v ¢

EANANSI9138 7543 T gUsTIaTEY

esme

HTeeanT19158 A5.ANAR uihnaeem

EAERTIIE NT.ANA AT

ese

ese

[EAMERTINNIE AT.ANYY F3aNaLRY?

iN8AENI19758 AS.aNNS SosAudeaiy

ese

v ¢

eMANT19138 A9.89195 Viesnaivg

este

UANANSINNTE AT.E1AT RIS

este

HieMans19138 Asmeva Yadedu

eMEanT19158 A3.8159 Buvill

ee

EMANT1138 A3.AvBYsal Ansoasty

ese

BMERTI13E A3.0RIN TunzAnl

ese

inBfEans19158 As.a55aNa Jouaiing

este

8ANENS1ATE A9.81UIW 1599215

este

HieeanTI97198 Wiy ABNfiaY

nemans1anse daned aulvensd

e

Htemansa1sd Usendn nesae

[8AERTI13E WA &3nD

ese

iN8ANENI197158 WD IND39

ese

| .

NUAERSINSE WUAS 25IUNTS

Y

este

8aRT19158 TLyug ngusviasy

a

este

8FN@N319158 1nTIAE INANSHE

este

\ ¢ 19

8ERS19158 2 #9197

]

v
W
¢l

o

8MANTIANTE ASTE LAdeN

ese

EMANT19SE VBTV Fulng

ese

o

[18EART19138 RANA SAMAIRIA

ese

HYaemans1a158 ayTn 1asey
3 {

Ko mMans1a13e ansim unsyyy
4 Ay

wimnerdumaluladsvusradiuu Weese
uivendemaluladnszaemnasuy’
URTINGIABULIADT
winIngdemAlUlaBsTLIRADAY ANeAvBULAY
wimingndemaluladsivuseaauun Wesll
wiminendumAluladsTuIransTUAS
wiminedumaluladsvusradany
URTINGIABULIFIT
unmingndowalulagsvasaagassugl
WTIneaumAlUlAT I TUIPANSEUAT
wiverdewaluladsivusaaniunm
o
UV IREAI U
wvmingrdumAluladsvusraa U
wwiinenauwaluladsvusradanu
WTINNAYTWAYNITUAT

=

wingrdemaluladsvusaadyyd
winingdemaluladsvusradanu

A\ » .
wimingrdemaluladsvusraaun
winingrsemaluladsvuspany usen
URTINGIATAEL
wminendemalulagsvuseadyys
WmineraumAluladsTueRaNTTUAS
wimingrdumaluladsvuspaau Weese
UNTINGIATA Y

e O /4 4
wningrdemalulagswaserasau

-

umivendemaluladsvusaadyys
wminedemaAlulabsvuIradaIu
UNTINIAUFTIUAEARS
UNINEABLABUTLUDIR

wininedomaluladsivusradany

2-4 WHMAN WA 2560 13053 1Af unsusd Sumjs suneiiea SanTadunijs

A-xiii

136



s
malszpinnaadevisimns s iumInndoma TuTadsauana a5 o

Proceedings of the 9" 2 Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 2017)

i
]

ese

£
i
A3.n3HYaYT dndau
A3.NqREN aude
a3.ARyaw Teeuge
a5.A0RJual Tuiana
A3.AUNGY Yy

a o L 1 a
A9.93UNSANA udfien
A5.9n3nqY ATINWIEIYY

Y o £
A5.909 Taudnaguia
. o

75.059A WAlAsUS

o

5.00NeA D

A5.6057 D

o)

A3.AU Ussiaigan
A5.0uD launA
= £
A5 ANGLNS
- o £ o &£
n5.55eAnA audnm
A5.UNAR Naldios

aa _ ea dan 7AN
ns.uAnsel AaUAIINYE

75.001 1deua
75.U5¥97U U194
n3.U5u0y1 wemalad
ATIIHNN SANNTIA
AT WTING InyaTa
As.nangual U
5.y ogilan

As.ug wned

NUFMEANS1158 LRAUNA (Seamu il
EMANTIANTE WYTY 1ATETINTA

hemans1158 Srung Ygyayile

5’1&114'131é’mqqm'gﬁﬁﬁmsmwmw

wiminendemalulagsvusaagissuni
wiminendomaluladsvusradiuun Wesll

” mme g e PP
audwaluladBdnnseiinduazneuiininesuisi

.o
uvIneasAauIns
wmineaswaluladvuAaday
wimMinendsmaluladsvuiradau Ingwavouwny
wninendemaluladvunadyys
wwinendewaluladsvmaasaulnduns
wminendewalulagsvieradau Inewavouwny
wimvendowaluladuniuag
nulihdaaugiine
wIneaswaluladvusraauwn Wesse

) i o e PP
gudweluladBianynsotinduavaeuiinae suisna
WTIvende Ui ouy’

e |90 4 o "
wIneaswAluladnszasunaNITUATmile

i Y oo il 5
Auémalulagdianyselinduagneuiiino Suviani
smngrasmaluladsvusrainulnduns
aviminenaswmaluladsvusraaiuun Wesll

N ” .
uinerasmaluladsvuiraauun
wnvenaswaluladsvurasaulnduns
wimneasmAlulagsvusrad L

l \ Sy |
wiminendewalulagusnatyui
wminenaewaluladsvueaasaulnduns
uimineaemalulagdanu
wimnensowmaluladsvusaaiaulnduns
WwMIeAeTvAgiyaaeAT Iy
annUumMALUlAgUINYIREIUSS UMINENAUETTUFNEARS
wnIneraswaluladsvusradiuun Wesll
wimneasmaluladsvueraday Ineeanauns

wminenaewaluladsvuraaLun

2-4 NQUAAN WAL 2560 13905 1AH unTuA SuNjs sunaies Sanindumf
A-xiv

137



s
malszpAnmaaieiieimns sy iluminndomaTuTadsmana a3 o

Proceedings of the g Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 2017)

i’mmu;jmmm’g@ﬁmsmmwﬂ';n:u

p3.fisvia Yuniveu

AT.WNTNT LAIAE qmuuw‘

as.lwsse Bansia
AR gy

A3.4R usIUd
ATANAEN Redmaugn
3.600 FULHIAA
AT.UNTNIA TN
9.508 AvdTunin
A3y sonUs RN
A9.95UN3 qaAlle
a5 3vga
ATAANT WEAAUN
n3.A30 Yraend
f5.63gn1 lyenesan
AS.AUNT AT IMUNA
n3.d007 AI5AN
ATAUR Y319
A3.407d1 AUALUAS
AT.AuMN n¥Iaa
ATHANYAN 19A
ATLANATT WAGITIU
A9.0UUN AU
75,859 ¥Igiau
£3.9930 WYDUNDYU
A9.9315UNS uamnily

a £ a
AT.LONENT UNALAIYAIA
v

wnminendemalulagsvusaagis gl
wimnerdumaluladuniuns
wiMinendsmaAluladsvusradanu ewausuLny
ASUEDUEIUARTILAW(DSI)

WTIMENABWALULAD ITLIAADENY ANAANAUAT
wminendemaluladsvusaagas gl
UNTINEIRETWAIN

U3t fidle Wunou Sumesiuduuua S1im
URTINGIABULTAIT
wimneraumaluladsvusrang fusen
WAMIEAmALUlAD I BPANSEUAS

U INGIAYEITAURIUNS
winnerdomaluladununs

ANTULINTIN AT
wiminendemalulagsvusaagassgl
wiminendewalulagsvusaagIssugl
uTIngdesiquAssy
wvinerdemaluladnsyseuindsuyi
WATIVEIAETIBAYAnaUAS

UATIVEIABIOULAL

wimIneapuald
WIMeaEWAlLlaE I TIIARD Y
wvmivetaswaluladsmusaaa UL Weee
WMINeIAEImNALUlADS1TNARDENY INUUAVBULNL
nsluhunsvads

UNMIVIAELAYASANERS

wimingdemaluladsmaaiaulnduns

2-4 WQUMAY WAL 2560 T35 ATl ungud SUmf sunaiiles SimTasumf

A-xv

138



w
malszapdnmsasevioimnssu il wminedoma TuTadsmana a5 o

Proceedings of the 4 Conference of Electrical Engineering Network of Raje la University of Technology 2017 (EENET 2017)
o
a3ty
oD Y
unmalinids (Pw) wii
a o < ) & ' ' v o ‘o
Pwot - msltwaliamsmmmeuinzauigauuugsidumsudidym nsdelnenedesevdaniiilaidy 1

PWO02

PW03
i
faiu

PWO04

unau

YULYY

PW05

unam

LYY

PWO06

PWo7

PWO08

nnwamduuulisey
Fmus mune " Hulwe A’ uay aftiun astanes’

Fumingdemeluladnuaedun uinendomasa

Optimal Network Reconfiguration using Binary Particle Swarm Optimization 2
Watcharakom Pinthurat and Amrit Pauldel’

‘Rajamangala University of Technology Tawan-Ok ZNanyang Technological University

msufuspuaminihlagliflanesuuumadvidiauilossuesinlussuulnihangy 3
suning viwsidey digled lvewindn was mns wiawig

winedemalulaguaenanszuns

msfinydraeskansanumsfarrtusantiiiuseg it 22 kv uaz 115 kv day ATP-EMTP 7

#ila 3 dnsndy wavds uay ot AAnsnwns

uninedemaluladineanadoyyd

= .y . P 5
ﬂ'ﬁ?mi'\ﬁ‘ﬂﬂumﬂﬁ'\LWﬁ]ﬂ’J'\ﬂ%W?ﬂ'ﬂﬂﬂﬁ'}ﬂ‘ULﬂHiLLiﬂqQ 115@3 11
Tan uid’ uax osgls wyven”

a o o 2 a o 5
‘umimendemaluladnmaaiaulnduns ivinendeinuasmans

mstuauilEnmsnsnstlunstesiumsiiansheliuuusendhdassaes wiserdslrihuuy 15
nszanefmindalasia
wnum 8o’ uae 1nfama 15sndnt

‘wwimendeswsigdbnd “heneadwszuulitin mslihdugiing

msuszanamsaaniivsyaddmsuusuliih 19
DS

gvson Ay’ 253008 gafad’ was nquaival gifndfieg

‘uninendomalulatinmnadyyd ‘mslriindauniime wal (menaw) anszunsAieys
d4 o oa < 4 o
MIMUANNIVUIUATDINT LuﬂIWﬁwum 5] ﬂﬁﬂﬂLﬂiﬂQ’[uiSU‘U wenme 23

< ¢ aa aa ¢ a o £
NOUUTU QUARANYEY FIF HIWIA FNAN dNINA WAz TIIANA WABTUWA

wninendeimaluladieanadiyud

24 MgumAN WA, 2560 Tsausa nil unsus Uiy sunatios S iadumf
B-i

139



UNANNINING

% 5
malszgpdnmaaiedeimns s Tl wmiinndomaTuTadssena afai o

Proceedings of the 9" Conference of Electrical Engineering Network of Rajamangala University of Technology 2017 (EENET 2017)

mslszanamsaniilszysiamsumusud i

Estimation of Quick Charging Station for Electric Vehicles

o a v ¢ ¢ ¢ an aa
gNoan AU I3IRNY qnnml « e PR UN HUNAANYEY

[y P o i m = 2 = o Py o A
mieivorzun ihmdwaznaiau lﬂﬂ')‘ﬂ'l’)ﬂ’miiu"lﬂﬁ'l AULINNTIUNTNT urInodumaluTadsuana Wy

39 My 1 0.598A-uATUIEN 5 A.AABINN B.AABINAN 3.1/Nus1E TNIHW 02-549-3613 E-mail: yuttana_k@mail.rmutt.ac.th

*eddrmnssumaz Nary M3 llihdaugiime wal (manae) w.nszunsdeyson

oy
unnage
% . " gz b
unaninaueIsmalsznamsaniilszydidmiy
< & ) 4 4 '
ououd Il Tassnnamnn fugiudoya winaitui anumuimiu
voasnuilizying dadiuvesdszmnsiitisnouddiuyanade
. v = ' '
Fwaulszannsluiiui deviimsnlaeunlasmnnumuuniuyes
snudszangan 184 6 WeSiFuduazdadiumsiisnouddiu
2 4 sa 22 VT
yanavedllszans luiiuen 0.01 84 0.8 WeodiFud Tunu Suu
U
aofiszgeuoud Idiuindy imsmsnadenluszuudiming

o o

3 4 NI B, = a
aniisanf Ametlou 1 imsguiiuaniiiszquin 1 a4 aonii
) Y3
wemmimds g doluszuunohiima gy doiuiv

s syt o oy o .
18 e duiuluswanteiuiiudesiinranuunauasdumia

. s
fmnzanlumsasasaaiilszqluszunlibh

o o o = o = o o
mannny: ’(ﬁnuﬂi:?ﬁ’), Eﬂuﬂuﬁﬂﬂﬁ’l.ﬂﬁUi‘}‘lﬁ‘ﬂﬂﬂﬁﬂﬁ\lﬂu

Abstract

This paper presents a methodology to estimate of quick
charging station for Electric Vehicles (EVs) based on area data,
population density data, and proportion of EVs owner per the number of
population in area data for computing the number of quick charging
station. When vary the population density data and proportion of EVs
owner per the number of population in area data from 1 to 6 % and 0.01
to 0.8 % showed that the number of EVs station increased and random
selected Feeder No.1 of TYA to install the EVSs station No.1 to No.4 for
solving the total real power loss. The results shown that the total real
power loss increased 18%. Therefore, In future should be considered

the optimal size and site of EVs station in an electrical power system.

Keywords: Quick Charging Station, Electric Vehicles, Energy

Management System.
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Man 3 maaulsmsiiweinmhoesinldlumsiuim

dls mwniiees|  @uwnls | mwniines

A 112.124 Vo 138,535
Population 190.163 pPEV 138.54

pdensity 1,696.01 nep 8

sh 24 nst 12

>
ywansiouas
2,500kVA
(ncp x 250kW x 1.25)|

A15190 4 wamsUsznasuaniilszedidmiveuoud i
Vary pdensity

1%
Vary EV owner | 0.01%]0.05%] 0.10%| 0.20% 0.30%] 0.40%] 0.50%[ 0.60% [ 0.70% | 0.80%
nfStaion 0.011] 0.057( 0.114[ 0.229| 0.343| 0.457| 0.572| 0.686 | 0.8 | 0.915

1 [alalal ol slalalalk

[Vary pdensity 2%
[Vary EV owner [0.01%]0.05% 0.10%] 0.20%] 0.30%| 0.40%] 0.50% 0.60% 0.70% 0.80%

nfStaion 0.023] 0.114] 0.229[ 0.457| 0.686| 0.915| 1.143 | 1.372 | 1.601 | 1.829
Taewdu tlala]l a1y 1 [ 2212 ]2

Vary pdensity 3%

Vary EV owner [0.01%]0.05%]0.10%| 0.20% 0.30%] 0.40%] 0.50%[ 0.60% [ 0.70% [ 0.80%
nfStaion 0.034] 0.172| 0.343] 0.686 | 1.029] 1.372| 1.715 | 2.058 | 2.401 | 2.744
Tatawdu 1] 1| 11227323 A=
Vary pdensity 4%

Vary EV owner | 0.01%]0.05%] 0.10%)| 0.20% | 0.30%] 0.40% 0.50% [ 0.60% [ 0.70% [ 0.80%
nfStaion 0.046] 0.229] 0.457 [ 0915 1.372| 1.829| 2.287 | 2.744 | 3.202 | 3.659
Tatandu 1 |11 [ 122 ]8UNFe——=
Vary pdensity 5%

Vary EV owner

nfStaion

[Vary pdensity

6%
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