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ABSTRACT

This thesis proposes the analysis of voltage stability in power systemin case of the
connection between wind turbine power plant and EGAT’S LAM TA KHONG hydro power plant,
before actual installation. The study focuses on the voltage stability and voltage variation in power
system that effects to the operation of wind turbine power plant.

Generally, the voltage stability keeps every voltage buses in power system constant. The
automatic generation control (AGC) was the system that supplied the electrical power and
controlled stability of frequency, electrical voltage to keep the minimum variation in power system
by connecting the Flexible AC Transmission System (FACTSs) to the buses system to automatically
control the reactive power. The voltage stability and AGC were studied in this thesis using
MATLAB/PSAT environment.

The simulation results showed that the analysis of voltage stability of power system with
wind turbine 20.5 MW by connecting the STATCOM to the power system gave higher voltage
stability than the power system which connected to the SVC. The active and reactive power of total
generation is 13.1854p.u. and 15.7333p.u., respectively. The AGC has fluctuated to desynchronizes
with 1 MW 0.5 MVAR load capacity. The similar results were found, the system which connected
to the STATCOM also showed higher voltage stability than the SVC system. The active and
reactive power of total generation is 0.05016p.u. and 0.03773p.u., respectively. The frequency

variation is +2.10Hz.

Keywords: wind turbine, voltage stability, automatic generation control (AGC)
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S, =P+Q, = DV, V, Y, 4% 2.31)
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i ARV
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ﬁ”lﬁllmi‘ﬁ 2.38 muiuﬁnmsﬁ 2.39 %115{
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Jj=1
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1) Static Var Compensator (SVC)
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2) Static Synchronous Compensator (STATCOM)
o 1 [ d (v 4 1 1 [

Tudl 1999 svc gnihwnldswnuginsailfunlasunnasaronssainTvih uds
=y [ 1 = 9 [ [ a o 4 1 Q) 9 o
ITINNUAINSTATCOM”  UANHUSAANINUNY “]NTﬂ5uﬁﬂ@ulﬂuL"’]fﬁ]ﬁllgllﬂuﬂ'liel%@‘ﬂﬂﬁm
ad a do o 4 1 1 d (v { o [ Y]
flannseiindias naglivdoutauvoudeszvinglnsailunlaouuvasironssduluih fu
% 7 tﬂl v U A [ o 2 = =}
Ugs STATCOM ﬁTNTiﬂﬂ?UﬂﬂJllﬁ\iﬂuﬂ‘UﬁTﬂElﬂ'l'iﬂ'l‘]_lﬂuﬂ'ﬁ‘ﬂ’lﬂﬁﬁ'ﬁ]ﬁﬂﬂTﬁQVlV\lﬁTﬂlﬂﬂﬂw%Tﬂ

seuumaa llihuaasluaini 2.21

MNN 2.21 aNHAZVDINITAANI STATCOM [10]

PNITANYAUD STATCOMLLﬁ$ﬂmﬁﬂ‘lelmglﬂW'lgll'i\‘]ﬁulla$ﬂ§$£!ﬁ*ll'ﬁ]\‘l STATCOM
d' 9 1 1 Y o d! o
waaslunng 2.22 1a22.23 Ysgney AlguradngusIanINesHlacie ¥99esutasiueg
) { [ I @ [ : @ {
Rt udasusesdu dhinseuaasaflunssdu lddhnssuaady Faliminiuquizdunnud
' v A A 1 ' o w a o ) ~ 4

WNINUISUUNITDUND LLﬁz%ﬂL"ﬁﬂﬂ'Iﬂ'laxill‘v\hﬂ'ﬁ]iQLLE]8ﬂ1€1\1]‘l1/\|17115LL@ﬂVW\I@ﬁJﬂ’J'IiJ@]ENﬂ'IﬁJEN
szuu ngdazaanisaruguussau ldihnszuaasseen nurudsvesnisatuguez 143

AUANy e



38

— V.6
1,0
Filter
a:l1
Viaé
oo T

NN 2.22 NITANYAVI STATCOM

Vref

Vmin

) e
-

Imin Imnx

MUN 2.23 AVANVULIDNIZUTIAUUAZATZUAUYBI STATCOM

ad a <
M3AUAN STATCOM &2 3% A5msusn Aemsaruguyua iunsaiuaums
E = o 2 ax £ A
La’auumﬂ’d (B ) NAIVANVUIAUIIAUYDI STATCOM LLag’ﬂﬂ’J‘ﬁﬂWiﬁuQﬂ@ﬂWiﬂﬁUﬂNIﬂﬂﬂWﬁ
] 9
adndyniw PWM ioniuauauiaussduued STATCOM wazyua lunsdifivzuonnis

auauusan lvhnszuaassnouseau Ilihnseuaaduy



39

_OVac<6 T |

' Iac <0
Magnitude I \ A

LY
v 0t
' R+jX

PWM
Y +| kVge <O

Controller > T 1
k (PWM) Ve T C é R,

+ —
V]'ef O_> - |
T_' Magnitude

MNA 2.24 1UVT1009UD9 STATCOM

Filter

[

HUU1009999 STATCOM Munni 2.24 Hidof1nasz niemsniuguiLa NIy

= o a Y o S o = v A [ a @
G]NI@EJ“VI’JVlﬂﬂzuﬂhﬁlﬁllﬂﬂﬁﬂaﬂﬁﬂlﬂi STATCOM  HanHUIAYINUIATIINTNATI IATHH

a

a o o A
AUMIWIDUWUTVUDIUULUVIADI STATCOM 1ugﬂzﬂaiﬂu@ ﬁ@

U

X

a |=f(xeamV,V,, Vo, Vo o) (2.85)
m
. 2
V. = i cos (8— )—L—EI— (2.86)
Vv, RC CV,

P, —VIcos (6 -0)
. —VIsin(6-6
0= 2 Ql no- . (2.87)
P.-V°G, +kV, VG, cos(d-0)+kV, VB, sin (5—-0)
Q, +V°B, +kV, VB, cos (8§ —0) +kV, VG_ sin (§ - 0)

g(ak,V,Vy.,6,0,P,,Q;)




40

A A ' o 4 o ) o o
D m ﬂ@ﬂTN@ﬂlasﬂumﬂQQﬂﬂimllﬂaﬂWu uay Xe uaz £ () ﬁTWiUﬂiUﬂTiﬂ?ﬂﬂﬂ
FTUVLALAUMIANAIAY LUVT10099D3 STATCOM NNFUMIN 2.85 — 2.87 i]gll?g]}ﬁ'TiJTiﬂ

weouunu'ld
VoV, £X 1

ref —

0= Vdc - Vdc,ref
| P -V2/R,-RI’ (288)
i dc c

g(a(k’ V, Vdc 5. 6’ e’ Pi > Qi )

A saldllsunsuns Imavesiaa i lumsmimssidave iz ay |

a L4 @ { o o_ v
M AATIHIADITNNUTIAUVITEUUNY STATCOM Tuan1izasn N1snaveuvanssud

14 '
@ 1

youuuiiaesludn1nzasdIialy sas1dIueInIsuegIatry k. 1ie yuilavouseau

asaaussu 1dluuuuiaseminaussanini 2.25

< 1> Imax < - I> Imin >
1= Ia Q>0 1< Imax& Q>0 Q<0 =L
0 I <Inin & Q<0 0
Viet >V rer 0 N VO 0 0<Vier <V per
L Vref <V ref [—» Lof i < Vref >V ref [«

MUN 2.25 MINHAAVVIANIAILALIUNULTIA09EI STATCOM Tudn11znIf?

1l Y v
22.6 MinuanInaanunNded19on ludad msunuiWa1ouye  (Automatic Load
Frequency Control for Multi Area)
M3 aveamas liweannuazias i ueannluTasesineszuuiias I
1 d' aAa [ o Y= d' 1 [ o w
uaazfvzlioaszuennniuazgnimualiinsaruguiuanarenuly msaiuquiias i
~ = [ @ L Y A [ = o w =S = =~
ueafilvzlianuduiius Indinesnunsaruauanuduazminruauiias liiSueniinagdl
[ 9 o Y ] % d’ o a ] td'
anuduwus Indinosnumsnruauussau ifhveuniosduia lvlih anuasdvesnnuduaz
@ I 7 o @ { [ o w
useau Iihfulamesndvaiuaasdsnunmuesurassiesigs T
o & < ' A <
MINTLRUVBIAUYDINITAILANANNGY 11 mislasunilasInanluszuuaziiy
o Y d' d' qu‘ = d' d! ; (Y vAa
wath 1iaud luanzasniuimsnlasumlasdazyuediuaguauiiaves Govervor Droop

v A A o A = 4 < 1
Lm$ﬂ15G]’f)iJE‘T‘L!’ENG]ﬂﬂﬁiﬂﬂﬂlﬂﬂiﬂﬂﬂiﬂﬂﬂﬂmiﬂﬂﬂ1mﬂl11/\|171WwJQ‘]Jﬂimﬂ’JiJﬂiJﬂ’ﬂmi’Jﬁﬂﬂﬁ



41

Y
=KX A '

[ Y [ [ k4
nasunasiualumssaamiaa Wi Tae hidisdeiunnegues Tnaanulaeunias aeiu
an dy Y A 1 o W Y 2w =
AamadesduilumaniuguniesdemaslidanuneanumanlasumlasvesInaaluszuu

Y ' 3 ' = = . Aay Y
MUAWAINS Iagri1uganenSouifiou1van (Load Reference Setpoint) N3 13n2uAN

[ Y [ [ 1

yoauaazinsosiniia lih duiwidelinisudoundlasInanluszuy nTesduiia ldihie
faeldiedreda Tuiame ldinanuanqaseninaudesnisves Inaauaznising
fas Iihaeuniossuialvilh

@ 4 a o w 1 (% A o {

Tagilszasausnveamanauqumsnaamas lWiheddn Tudaiunsdsuanud 'l
1 1 [ Y [ 1
Anlnamwizuaz Snudas lihniinsn)dsunlasnelusenisiiuiauauaulsuan
o o ¢ A o a 4 A v v A a g
dmualagmsdSuemnnveuniostuia i igniden’d deasuiiiiewdunsaiugu

o { o o 3 {

TnaanuAIUD (Load Frequency Control) 3093z aaanaesilumanszaienmsilasuainy
9 ) A ) a 091’ A vy o A c'c
doams luswuniestuia rlfhisuaie Indunumshnuiiadiga

A A = Aa 4 2 Py A A1 = o

Wonasandeszuunimsnlasumlasneludalsznovarsaesnundediniulae

1 1 4 4 1 {
HIUATSHOAUALTVOIT1010UAD (Tie Line Of Reactance) X, AMUAINN 2.26 [15]

P

X

tie

d‘ tﬂy A A A Y] 9 1 1 A ) a A 9
HNINN 2.26 Wuﬂﬂ’]ﬂﬂllﬂlﬂfﬂlliﬂﬂﬂu%gﬂﬁgﬂﬂﬂﬂﬂﬂﬂf;]ﬂﬂﬂﬂﬂlﬂﬂlﬂﬁ@\‘]ﬂuuﬂl’h/whﬂﬂﬂlelﬂ

Uy

v Y [ 9

msane TvaanuaNuduaaziuiazgniuduedlenang UM NIz MNIMUAYD

d’ o a d' 9 1 [y d' [

’N‘i]iﬁiJiJ”aGll@\Hﬂﬁ@QﬂHuﬂ‘lV‘lﬂ'} Eﬂ!L‘U‘U‘Vl“]Ji%ﬂE)‘Uﬂ’JEIWa']EJﬁ’JUQﬂEIfJiJﬁ‘ULUfNﬁ]WﬂL'i1%51%
d' 9 [ a d‘ [ 1 tﬂy d’
NeVeINUNseRdTaannelunnsestinsmeluuaaz nun

9 1 dy d‘ 9 1 1 [ d‘ 1Y Y 1

Nfﬂﬁﬁuyamq"Mﬁwmﬁw%ummmazwummmmmmaammwmumgmuﬁmm

= i3 A & Y o A ' ~
ﬁu,'e)ﬂu,mucmm39,amﬁu”lﬂmﬂum%mamumvm 2.27[15]



42

]
=

v ] Y
M 2.27 2esauyanie lihvesmsarugu Tnaaduanudededa Tusiauuuaesiiug

?IHJﬂTW“ﬁ 2.28 !Lﬁﬂ\iﬁ\?‘ﬂg@ﬂllﬂf)gllﬂﬁllsll’E)Q‘i%l]‘l]ﬁWﬁQHV‘IﬁWGLULW]Iﬁ%ﬁs‘Hﬁ%gL!ﬁﬂ\‘l
ﬁﬁﬂﬂﬂhléﬂﬁlﬁuu‘]a (Inertia M) mﬂdﬁf]Wiﬁl!"NwﬁWJmIﬁaﬂ (Load Damping Constant D)
AU (Turbine) uaz‘szuummnﬁﬁﬂﬂ% (Governing System) Nl Effective Speed Droop R
Tﬂamm%wingmmuﬁwﬁuﬂﬁxﬁwﬁmﬁﬂ@ﬂﬂﬂwﬁ (Synchronizing Torque Coefficient

= Q' dg’ o w d' ] 1 dy d’d’ 1% dy d’d‘
T) uay ummmmimmummmm"l‘Nﬁmmmumﬂwuwn 1 ll‘ﬂﬁl\‘i“WL!“l/]‘l/l 2



A(D1 1 A81 =) A62 | A(02
1 T 1
M S+ D, M,S+D,
N
NI NIPH
Turbine Turbine
AYI aY,
Governor Governor
R R
o] [ e,
Load ref. 1 Load ref. 2
Equivalent plant 1 Equivalent plant 2

] Y v v
7N 2.28 vaon laezunivueans Inavessias Idhondiuia 1 1aa 2

P = VlvzSin (01-02)
X

12

M3 avoamad I luuitesnnliassuniu

P2+ aPi2 = MAE sin (01+401-02-2402)

12

A~ v A 1 Y A 1 ~ F
manmimmﬂuazmi%msﬂﬂmiumﬂwammmmmmﬂmmiamauﬁumﬂmw

43

(2.89)

(2.90)



1

AP = VXV2 cos (01- 82) (ad1-202)
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(2.91)
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A = 27‘cAf=i (20)
dt

aPi2 = 2nTn [IAfldt—jAfzdt}

Take Laplace Transform

21Tz
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[Af1() = Afa(s)]
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(Fapo Pr Pr
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(2.95)
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AP21 = an aPn2 (2.97)
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. 1T
T, oo =1 +E—1(a)ref—a))+Tmho (2.99)
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AWTIAUANATONYATANULTIAL
vo=(V—-v)IT (2.100)
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AMTITUDIMNNVDIYA P |

1/rl Vrmjn < Vrl < 1/rmax
Vr = Vrmax Vr1>vrmax (2102)
V' min Vi <Vr min
AMWTIAUANATONYA Stablity Feedback
K;
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Voltage Magnitude Profile
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101

Tasunsy IEEE 14 BUS

Bus.con=1 ...
1691041;
2691041;
369104 1;
4691041;
5691041;
6 138102 1;
7138102 1;
8§18 103 1;
9138102 1;
10 13.8 1 0 2 1;
11 13.8 1 0 2 1;
12 13.8 1 0 2 1;
13 13.810 2 1;
14 13.81 0 2 1;

I;

Line.con=1 ...

2 5 100 69 60 0 0 0.05695 0.17388 0.034 0 0 0 0 O 1;
6 12 100 13.8 60 0 0 0.12291 0.25581 0 0 0 0 0 O 1;
12 13 100 13.8 60 0 0 0.22092 0.19988 0 0 0 0 0 O 1;
6 13 100 13.8 60 0 0 0.06615 0.13027 0 0 0 0 0 O 1;
6 11 100 13.8 60 0 0 0.09498 0.1989 0 0 0 0 0 O 1;
11 10 100 13.8 60 0 0 0.08205 0.19207 0 0 0 0 0 O 1;
9 10 100 13.8 60 0 0 0.03181 0.0845 0 0 0 0 0 0 1;
9 14 100 13.8 60 0 0 0.12711 0.27038 0 0 0 0 0 O 1;

14 13 100 13.8 60 0 0 0.17093 0.34802 0 0 0 0 0 O 1;



SW.con=] ...

9 100
2 100
2 100
4 100
5 100
100
100
9 100
6 100
7 100
7 100

13.8 60 0 0 0 0.11001 0 0 0 0 0 0 1;

69
69
69
69
69
69
69
69
69
18

60
60
60
60
60
60
60
60
60
60

(==
(==

0.01938 0.05917 0.0528 0 0 0 0 O
0.04699 0.19797 0.0438 0 0 0 0 0
0.06701 0.17103 0.0346 0 0 0 0 O
0 0.05403 0.22304 0.0492 0 0 0 0 0
0 0.01335 0.04211 0.0128 0 0 0 0 0
0 0.05811 0.17632 0.0374 0 0 0 0 O
5 0.005 0.55618 0 0.969 5 0 0 0 1;
50 0.25202 0 0932 00 0 0 1;

50 0.20912 0 0978 0 0 0 O 1;

1.304348 0 0.17615 0 0 0 0 0 O 1;

1 100 69 1.06 0 99 -99 12 0.8 2324 1 1 1;

I;

PV.con=] ...

2
6

100 69 0.4 1.045 05 -04 1.2 0.8 1 1;

100 13.8 0 1.07 0.24 -0.06 1.2 0.8 1 1;

100 69 0 1.01 04 0 1.2 0.8 1 I;

100 18 0 1.09 0.24 -0.06 1.2 0.8 1 1;

PQ.con=1 ...

11 100 13.8 0.049 0.0252 1.2 0.8 0 1;

13 100 13.8 0.189 0.0812 1.2 0.8 0 1;

3 100 69 1.3188 0.266 1.2 0.8 0 1;

5 100 69 0.1064 0.0224 1.2 0.8 0 1;

1;
1;
1;
1;
1;

1;

102



103

2 100 69 0.3038 0.1778 1.2 0.8 0 1;

6 100 13.8 0.1568 0.105 1.2 0.8 0 1;
4 100 69 0.6692 0.056 1.2 0.8 0 1;

14 100 13.8 0.2086 0.07 1.2 0.8 0 1;
12 100 13.8 0.0854 0.0224 1.2 0.8 0 1;
10 100 13.8 0.126 0.0812 1.2 0.8 0 1;
9 100 13.8 0.413 0.2324 1.2 0.8 0 1;
I;

Bus.names = {...
'Bus 01'; 'Bus 02'; 'Bus 03'; 'Bus 04'; 'Bus 05';
'Bus 06'; 'Bus 07'; 'Bus 08'; 'Bus 09'; 'Bus 10';

'Bus 11'; 'Bus 12'; 'Bus 13'; 'Bus 14'};

Tasun33 IEEE 14 BUS with Wind turbine 2.5 MW,

Bus.con=1 ...

1138101 1;
269104 1;
3691041;
4691041;
5691041;
6691041;
7138102 1;
8§ 138102 1;
918103 1;

10 1381 0 2 1;



11 138102 1;

12 1381 0 2 1;

13138102 1;

14 138102 1;

15138102 1;

I;

Line.con=1 ...

36 100 69 50 0 0 0.05695 0.17388 0.034 0 0 0 0 0 1;

7 13 100 13.8 50 0 0 0.12291 0.25581 0 0 0 0 0 O 1I;

13 14 100 13.8 50 0 0 0.22092 0.19988 0 0 0 0 0 O 1;

7 14 100 13.8 50 0 0 0.06615 0.13027 0 0 0 0 0 O I;

7 12 100 13.8 50 0 0 0.09498 0.1989 0 0 0 0 0 O 1;

12 11 100 13.8 50 0 0 0.08205 0.19207 0 0 0 0 0 O 1I;

10 11 100 13.8 50 0 0 0.03181 0.0845 0 0 0 0 0 O 1;

10 15 100 13.8 50 0 0 0.12711 0.27038 0 0 0 0 0 O I;

15 14 100 13.8 50 0 0 0.17093 0.34802 0 0 0 0 0 O I;

151 100 13.8 50 0 0 0.03181 0.0845 0 0 0 0 0 0 1;

8

~ B

5

10 100 13.8 50 0 0 0 0.11001 0 0 0 0 0 O 1;

2
3

7

100 69
100 69
100 69
100 69
100 69
100 69
100 69

50 0 0 0.01938 0.05917 0.0528 0 0 0 0 O
50 0 0 0.04699 0.19797 0.0438 0 0 0 0 0
50 0 0 0.06701 0.17103 0.0346 0 0 0 0 O
50 0 0 0.05403 0.22304 0.0492 0 0 0 0 O
50 0 0 0.01335 0.04211 0.0128 0 0 0 0 O
50 0 0 0.05811 0.17632 0.0374 0 0 0 0 0

50 050 0.25202 0 0932 000 0 1;

10 100 69 50 0 5 0 0.55618 0 0.969 0 0 0 O 1;

58 100 69 50 0 5 0 0.20912 0 0978 0 0 0 O 1;

9 8 100 18 50 0 1.304348 0 0.17615 0 0 0 0 0 0 1;

1;
v,
I
7
1;

1;
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SW.con=1 ...
2 100 69 1.06 0 99 -99 1.2 0.8 2324 1 1 1;
I;

PV.con=][ ...

1 100 13.8 0.01019 1.02 0.5 -0.5 1.2 0.8 1 1;
3 100 69 0.4 1.045 0.5 -04 1.2 0.8 1 1;

7 100 13.8 0 1.07 0.24 -0.06 1.2 0.8 1 1;

4 100 69 0 1.01 04 0 1.2 0.8 1 1;

9 100 18 0 1.09 0.24 -0.06 1.2 0.8 1 1;

PQ.con=1 ...

12 100 13.8 0.035 0.018 1.2 0.8 0 1;
14 100 13.8 0.135 0.058 1.2 0.8 0 1;
4 100 69 0.942 0.19 1.2 0.8 0 1;

6 100 69 0.076 0.016 1.2 0.8 0 1;

3 100 69 0.217 0.127 1.2 0.8 0 1;

7 100 13.8 0.112 0.075 1.2 0.8 0 1;
5 100 69 0.478 0.04 1.2 0.8 0 1I;

15 100 13.8 0.149 0.05 1.2 0.8 0 1;
13 100 13.8 0.061 0.016 1.2 0.8 0 1;
11 100 13.8 0.09 0.058 1.2 0.8 0 1;
10 100 13.8 0.295 0.166 1.2 0.8 0 1;
I



Dfig.con= ...
1125 13.8 50 0.0048 0.09241 0.00549 0.09955 3.95327 3 10 3 10 0.01 75 4 3
0.011236 1 0 0.7 -0.7 1 1;

5;

Wind.con=1 ...

215122540.120251515 150 50 0.01 0.2 50;
I;

Bus.names = {...
'Bus 15'; 'Bus 01'; 'Bus 02'; 'Bus 03'; 'Bus 04';
'Bus 05'; 'Bus 06'; 'Bus 07'; 'Bus 08'; 'Bus 09';

'Bus 10'; 'Bus 11'; 'Bus 12'; 'Bus 13'; 'Bus 14'};

Ta5un33 IEEE 14 BUS with Wind turbine 20,5 MW.

Bus.con=1 ...

1691041;
269104 1;
3691041;
4691041;
5691041;
6 138102 1;
7138102 1;
818103 1;
9138102 1;

10 1381 0 2 1;
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11 138102 1;

12 1381 0 2 1;

13138102 1;

14 138102 1;

15138103 1;

I;

Line.con=1 ...

2 5100 69 60 0 0 0.05695 0.17388 0.034 0 0 0 0 0 1;

6 12 100 13.8 60 0 0 0.12291 0.25581 0 0 0 0 0 O I;

12 13 100 13.8 60 0 0 0.22092 0.19988 0 0 0 0 0 O 1;

6 13 100 13.8 60 0 0 0.06615 0.13027 0 0 0 0 0 O I;

6 11 100 13.8 60 0 0 0.09498 0.1989 0 0 0 0 0 O 1;

11 10 100 13.8 60 0 0 0.08205 0.19207 0 0 0 0 0 O I;

9 10 100 13.8 60 0 0 0.03181 0.0845 0 0 0 0 0 0 1;

9 14 100 13.8 60 0 0 0.12711 0.27038 0 0 0 0 0 0 1;

14 13 100 13.8 60 0 0 0.17093 0.34802 0 0 0 0 0 O I;

79 100 13.8 60 0 0 0 0.11001 0 0 0 0 0 O 1;

12100 69 60 0 0 0.01938 0.05917 0.0528 0 0 0 0 0 1;

15 14 100 13.8 50 0 0 0.01 0.044 0.0492 0 0 0 0 O 1;

3
3

2
4

~ B

100
100
100
100
100
100
100
100
100

69
69
69
69
69
69
69
69
18

60
60
60
60
60
50
50
50
50

0
0

0 0.04699 0.19797 0.0438 0 0 0 0 O I;
0 0.06701 0.17103 0.0346 0 0 0 0 O I;
0 0.05403 0.22304 0.0492 0 0 0 0 O 1;
0 0.01335 0.04211 0.0128 0 0 0 0 O 1;
0 0.05811 0.17632 0.0374 0 0 0 0 O 1;
5 0.005 0.55618 0 0.969 5 0 0 0 1;
50 0.25202 0 0932 00 0 0 1;

50 0.20912 0 0978 0 0 0 0 1;

1.304348 0 0.17615 0 0 0 0 0 O 1;
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SW.con=1 ...

1 100 69 1.06 0 99 -99 1.2 0.8 2.324 1 1 1;
I;

PV.con=][ ...

15 100 13.8 0.0059861 1 0.5 -0.4 1.2 0.8 1 1;
2 100 69 0.4 1.045 0.5 -04 1.2 0.8 1 1;

6 100 13.8 0 1.07 0.24 -0.06 1.2 0.8 1 1;
3100 69 0 1.01 04 0 1.2 0.8 1 1;

8 100 18 0 1.09 0.24 -0.06 1.2 0.8 1 1;

PQ.con=1 ...

11 100 13.8 0.049 0.0252 1.2 0.8 0 1;
13 100 13.8 0.189 0.0812 1.2 0.8 0 1;
3 100 69 1.3188 0.266 1.2 0.8 0 1;

5 100 69 0.1064 0.0224 1.2 0.8 0 1;
2 100 69 0.3038 0.1778 1.2 0.8 0 1;
6 100 13.8 0.1568 0.105 1.2 0.8 0 1;
4 100 69 0.6692 0.056 1.2 0.8 0 1;
14 100 13.8 0.2086 0.07 1.2 0.8 0 1;
12 100 13.8 0.0854 0.0224 1.2 0.8 0 1;
10 100 13.8 0.126 0.0812 1.2 0.8 0 1;

9 100 13.8 0.413 0.2324 1.2 0.8 0 1;
I;



Dfig.con= ...
15 1 20.5 13.8 50 0.0048 0.09241 0.00549 0.09955 3.95327 3 10 3 10 0.01 75 4 3
0.011236 1 0 0.7 -0.7 1 1;

5;

Wind.con=1 ...

215122540.120251515 150 50 0.01 0.2 50;
I;

Bus.names = {...
'Bus 01'; 'Bus 02'; 'Bus 03'; 'Bus 04'; 'Bus 05';
'Bus 06'; 'Bus 07'; 'Bus 08'; 'Bus 09'; 'Bus 10';

'Bus 11'; 'Bus 12'; 'Bus 13'; 'Bus 14'; 'Bus 15'};

Tasun33 IEEE 14 BUS with Wind turbine 20,5 MWand SVC.

Bus.con=1 ...

1691041;
269104 1;
3691041;
4691041;
5691041;
6 138102 1;
7138102 1;
818103 1;
9138102 1;

10 1381 0 2 1;
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11 138102 1;

12 1381 0 2 1;

13138102 1;

14 138102 1;

15138103 1;

I;

Line.con=1 ...

2 5100 69 60 0 0 0.05695 0.17388 0.034 0 0 0 0 0 1;

6 12 100 13.8 60 0 0 0.12291 0.25581 0 0 0 0 0 O I;

12 13 100 13.8 60 0 0 0.22092 0.19988 0 0 0 0 0 O 1;

6 13 100 13.8 60 0 0 0.06615 0.13027 0 0 0 0 0 O I;

6 11 100 13.8 60 0 0 0.09498 0.1989 0 0 0 0 0 O 1;

11 10 100 13.8 60 0 0 0.08205 0.19207 0 0 0 0 0 O I;

9 10 100 13.8 60 0 0 0.03181 0.0845 0 0 0 0 0 0 1;

9 14 100 13.8 60 0 0 0.12711 0.27038 0 0 0 0 0 0 1;

14 13 100 13.8 60 0 0 0.17093 0.34802 0 0 0 0 0 O I;

79 100 13.8 60 0 0 0 0.11001 0 0 0 0 0 O 1;

12100 69 60 0 0 0.01938 0.05917 0.0528 0 0 0 0 0 1;

15 14 100 13.8 50 0 0 0.01 0.044 0.0492 0 0 0 0 O 1;

3
3

2
4

~ B

100
100
100
100
100
100
100
100
100

69
69
69
69
69
69
69
69
18

60
60
60
60
60
50
50
50
50

0
0

0 0.04699 0.19797 0.0438 0 0 0 0 0 I;
0 0.06701 0.17103 0.0346 0 0 0 0 O I;
0 0.05403 0.22304 0.0492 0 0 0 0 O 1;
0 0.01335 0.04211 0.0128 0 0 0 0 O 1;
0 0.05811 0.17632 0.0374 0 0 0 0 O 1;
5 0.005 0.55618 0 0.969 5 0 0 0 1;
50 0.25202 0 0932 00 0 0 1;

50 0.20912 0 0978 0 0 0 O 1;

1.304348 0 0.17615 0 0 0 0 0 O 1;
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SW.con=1 ...

1 100 69 1.06 0 99 -99 1.2 0.8 2.324 1 1 1;
I;

PV.con=][ ...

15 100 13.8 0.005905 1 0.5 -0.4 1.2 0.8 1 1;
4 100 69 0.1 1 99 -99 1.4 0.7 1 1;

2 100 69 0.4 1.045 0.5 -04 1.2 0.8 1 1;

6 100 13.8 0 1.07 0.24 -0.06 1.2 0.8 1 1;
3100 69 0 1.01 04 0 1.2 0.8 1 1;

8 100 18 0 1.09 0.24 -0.06 1.2 0.8 1 1;

PQ.con=1 ...

11 100 13.8 0.049 0.0252 1.2 0.8 0 1;
13 100 13.8 0.189 0.0812 1.2 0.8 0 1;
3 100 69 1.3188 0.266 1.2 0.8 0 1;

5 100 69 0.1064 0.0224 1.2 0.8 0 1;
2 100 69 0.3038 0.1778 1.2 0.8 0 1;
6 100 13.8 0.1568 0.105 1.2 0.8 0 1;
4 100 69 0.6692 0.056 1.2 0.8 0 1;
14 100 13.8 0.2086 0.07 1.2 0.8 0 1;
12 100 13.8 0.0854 0.0224 1.2 0.8 0 1;
10 100 13.8 0.126 0.0812 1.2 0.8 0 1;

9 100 13.8 0.413 0.2324 1.2 0.8 0 1;
I;
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Sve.con=1 ...
4 100 69 50 1 0.02 11 1.5-0.3 0.001 01 0.01 0.2 0.1 1;
5;

Dfig.con= ...
15 1 20.5 13.8 50 0.0048 0.09241 0.00549 0.09955 3.95327 3 10 3 10 0.01 75 4 3
0.011236 1 0 0.7 -0.7 1 1;
I
Wind.con=1 ...
2151225401202 51515 150 50 0.01 0.2 50;
I
Bus.names = {...
'Bus 01'; 'Bus 02'; 'Bus 03'; 'Bus 04'; 'Bus 05';
'Bus 06'; 'Bus 07'; 'Bus 08'; 'Bus 09'; 'Bus 10';

'Bus 11'; Bus 12'; 'Bus 13'; 'Bus 14'; 'Bus 15'};

Tasun33 IEEE 14 BUS with Wind turbine 20.5 MWand STATCOM.,

Bus.con=1 ...

1691041;
2691041;
369104 1;
4691041,
5691041;
6 138102 1;
7138102 1;

818103 1;
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9138 1021;
10 1381 0 2 1;
11 138102 1;
12 138102 1;
13138102 1;
14 138102 1;

15138103 1;
I;

Line.con=1 ...

2 5100 69 60 0 0 0.05695 0.17388 0.034 0 0 0 0 O 1;
6 12 100 13.8 60 0 0 0.12291 0.25581 0 0 0 0 O O 1;
12 13 100 13.8 60 0 0 0.22092 0.19988 0 0 0 0 0 O 1;
6 13 100 13.8 60 0 0 0.06615 0.13027 0 0 0 0 0 O 1;
6 11 100 13.8 60 0 0 0.09498 0.1989 0 0 0 0 0 O 1;

11 10 100 13.8 60 0 0 0.08205 0.19207 0 0 0 0 0 0 1;
9 10 100 13.8 60 0 0 0.03181 0.0845 0 0 0 0 0 0 I;

9 14 100 13.8 60 0 0 0.12711 0.27038 0 0 0 0 0 O I;
14 13 100 13.8 60 0 0 0.17093 0.34802 0 0 0 0 0 0 1;
7 9 100 13.8 60 0 0 0 0.11001 0 0 0 0 0 0 I;

1 2100 69 60 0 0 0.01938 0.05917 0.0528 0 0 0 0 0 1;
15 14 100 13.8 50 0 0 0.01 0.044 0.0492 0 0 0 0 O 1;
32100 69 60 0 0 0.04699 0.19797 0.0438 0 0 0 0 O 1;
34100 69 60 0 0 0.06701 0.17103 0.0346 0 0 0 0 O 1;
1 5100 69 60 0 0 0.05403 0.22304 0.0492 0 0 0 0 O 1;
54 100 69 60 0 0 0.01335 0.04211 0.0128 0 0 0 0 O 1;
2 4 100 69 60 0 0 0.05811 0.17632 0.0374 0 0 0 0 O 1;
4 9 100 69 50 0 5 0.005 0.55618 0 0.969 5 0 0 0 1;

56 100 69 50 0 5 0 0.25202 0 0932 0 0 0 0 1;
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4 7 100 69 50 0 5 0 0.20912 0 0.978 0 0 0 O 1;
8 7 100 18 50 0 1.304348 0 0.17615 0 0 0 0 0 0 1;
I;

SW.con=] ...

1 100 69 1.06 0 9.9 -9.9 1.2 0.8 2.324 1 1 1;
I;

PV.con=][ ...

4 100 69 0.1 1 0.5-04 12081 1;

15 100 13.8 0.005908 1 0.5 -0.4 1.2 0.8 1 1;
2 100 69 0.4 1.045 0.5 -04 1.2 0.8 1 1;

6 100 13.8 0 1.07 0.24 -0.06 1.2 0.8 1 1;

3 100 69 0 1.01 04 0 1.2 0.8 1 1;

8 100 18 0 1.09 0.24 -0.06 1.2 0.8 1 1;

PQ.con=1 ...

11 100 13.8 0.049 0.0252 1.2 0.8 0 1;
13 100 13.8 0.189 0.0812 1.2 0.8 0 1;
3 100 69 1.3188 0.266 1.2 0.8 0 1;

5 100 69 0.1064 0.0224 1.2 0.8 0 1;

2 100 69 0.3038 0.1778 1.2 0.8 0 1;

6 100 13.8 0.1568 0.105 1.2 0.8 0 1;
4 100 69 0.6692 0.056 1.2 0.8 0 1;

14 100 13.8 0.2086 0.07 1.2 0.8 0 1;
12 100 13.8 0.0854 0.0224 1.2 0.8 0 1;

10 100 13.8 0.126 0.0812 1.2 0.8 0 1;
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9 100 13.8 0.413 0.2324 1.2 0.8 0 1;
I;

Statcom.con =1 ...

4 100 69 50 1.5 0.1 1.5 -0.3 1;
I;

Dfig.con= ...
15 1 20.5 13.8 50 0.0048 0.09241 0.00549 0.09955 3.95327 3 10 3 10 0.01 75 4 3

0.011236 1 0 0.7 -0.7 1 1;
I;

Wind.con=1 ...
21512254 0.1 20251515150 50 0.01 0.2 50;

I;

Bus.names = {...
'Bus 01'; 'Bus 02'; 'Bus 03'; 'Bus 04'; 'Bus 05';
'Bus 06'; 'Bus 07'; 'Bus 08'; 'Bus 09'; 'Bus 10';

'Bus 11'; Bus 12'; 'Bus 13'; 'Bus 14'; 'Bus 15'};

Ta5un53 ALFC 3 BUS Wind Turbine 2.5 MW and Hydro Power Plant.

Bus.con=] ...
1 16.5 1.06 0 4 1;
222101 1;

322101 1;
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422101 1;
5069101 1;
6069101 1;
5;

Line.con=1 ...

2 3100 22 50 0 0 0.01 0.1 0.001 000 O O 1;
2 4100 22 50 0 0 0.01 0.1 0.001 0 00O O 1;
34100 22 50 0 0 0.01 0.1 0.001 0000 O 1;
6 5 100 0.69 50 0 0 0.01 0.001 0 0000 O 1;
455022500 31.8841 002000000 1;

12100 165500 0.750 017000000 1:
I;

SW.con=] ...

1 100 1651099 -99 12 0.8 2324 1 1 1;
I;

PV.con=] ...

6 100 0.69 0.0120202 1 09 -0.2 1.1 0.9 1 1;
I;

PQ.con=1 ...
3 100 22 0.04 0.03 1.2 0.8 1 1;
5;
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Syn.con= ...
1 160 16.5 50 5.3 0.2396 0.0018 0.99 0.2 0.18 11.9 0.08 0.646 0.646 0.4 0.001 0.033
10296 2001100 0

5;

Tg.con=1 ...
12100413-30104505001;
5;

Exc.con=] ...

1216201 0.020002110.20.001 0.0006 0.9;
I;

Dfig.con= ...
6125 0.69 50 0.0084 0.167 0.0083 0.1323 31 10 3 52 64 4 3 0.0185185 1 0 0.9 -
091 1;

I;

Wind.con=1 ...
412 12252100012101210000 1 10;
I;

Busfreq.con=1 ...
3 0.001 0.001 1;
l;
Bus.names = {...
'Bus1'; 'Bus2'; 'Bus3'; 'Bus4'; 'Bus5';

'Bus6'};
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Tasun3y ALFC 3 BUS Wind Turbine 20.5 MW and Hydro Power Plant and reject load

Bus.con=1 ...

1 16.5 1.06 0 4 1;
222101 1;
322101 1;
422101 1;
5069101 1;
6069101 1;
722101 1;

5;

Line.con=1 ...

23100 22 50 0 0 0.01 0.015000000 1;
24100 22 50 0 0 0.01 0.015000000 1;
3410022 50 0 0 0.01 0015000000 1;
27100 22 50 0 0 0.01 0.01500000 0 1;
6 5 100 0.69 50 0 0 0.01 0.01500000 0 1;
455022500 31.8841 002000000 1;
12100 16.5 50 0 0.75 0 0.17 000 0 0 0 1;

I;

Breaker.con=1 ...

4210022 50 1 61.083 4 1 0;
I;

SW.con=] ...
1 100 1651099 -99 12 0.8 2324 11 1;

5;
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PV.con=] ...
6 100 0.69 0.01201 1 0.9 -0.2 1.1 09 1 1;
5;

PQ.con=1 ...
3 100 22 0.03 0.03 1.2 0.8 1 1;

7 100 22 0.01 0.005 1.2 0.8 1 1;
I;

Syn.con= ...
1 160 16.5 50 5.3 0.2396 0.0018 0.99 0.2 0.18 11.9 0.08 0.646 0.646 0.4 0.001 0.033

10296 2001100 0;
I;

Tg.con=1 ...
12100413001 0.1 045 0.500 1;
I;

Exc.con=1 ...
121201 0.02000211 0.2 0.001 0.0006 0.9;
I;

Dfig.con= ...
61 25 0.69 50 0.0084 0.167 0.0083 0.1323 3 1 10 3 52 64 4 3 0.0185185 1 0 0.9 -

091 1;
I;
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Wind.con=1 ...
412 122521000121012100001 10;

5;

Busfreq.con=1 ...
3 0.001 0.001 1;

1 0.001 0.001 I;
I;

Bus.names = {...

'Bus1'; 'Bus2'; 'Bus3'; 'Bus4'; 'Bus5';

'Bus6'; 'Bus7'};

115151 ALFC 3 BUS Wind Turbine 2.5 MW SVC and Hydro Power Plant.

Bus.con=1 ...

1 16.5 1.06 0 4 1;
222101 1;
322101 1;
422101 1;
5069101 1;
6069101 1;

72101 1;
I;

Line.con=1 ...

2 3100 22 50 0 0 0.01 0.015000000 1;
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24100 22 50 0 0 0.01 0.015000000 1;
3410022 50 00 0.01 0015000000 1;
27100 22 50 0 0 0.01 0.1 0.001 0000 0 1;
6 5 100 0.69 50 0 0 0.01 0.015000000 1;
455022500 318841 002000000 1;
12100 16.5 50 0 0.75 0 0.17 000 0 0 0 I;

5;

Breaker.con=1 ...

4210022 50 1 61.083 4 1 0;
I;

SW.con=1 ...

1 100 1651099 -99 1.2 0.8 2324 1 1 1;
I;

PV.con=] ...

6 100 0.69 0.014 1.02 99 -99 1.25 09 1 1;
3 10 22 0.2 1.025 99 -99 14 0.7 1 1;

I;

PQ.con=1 ...
3 100 22 0.04 0.03 1.2 0.8 1 1;

7 100 22 0.01 0.005 1.2 0.8 1 1;
I;

Syn.con= ...
1 160 16.5 50 5.3 0.2396 0.0018 0.99 0.2 0.18 11.9 0.08 0.646 0.646 0.4 0.001 0.033

10296 2001100 0;
I;
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Tg.con=1 ...
121004 1.3 0001 0.1 045 0.500 1;
5;

Exc.con=] ...

121201 00200021102 0001 0.0006 0.9;
I;

Sve.con=1 ...

31022501 0020.1115-030.001010.01020.1 I;
I;

Dfig.con= ...
6125 0.69 50 0.0084 0.167 0.0083 0.1323 3 1 10 3 52 64 4 3 0.0185185 1 0 0.9 -
091 1;

I;

Wind.con=1 ...
212 12252100012101210000 1 10;
I;

Busfreq.con=1 ...
3 0.001 0.001 1;

1 0.001 0.001 I;
I;

Bus.names = {...



'Bus1'; 'Bus2'; 'Bus3'; 'Bus4'; 'Bus5';

'Bus6'; 'Bus7'};

TaJ5un53 ALFC 3 BUS Wind Turbine 2.5 MW STATCOM and Hydro Power Plant

Bus.con=] ...

1165 1.06 0 4 1;

222101 1;

322101 1;

422101 1;

5069103 1;

6069101 1;

722101 1;

I;

Line.con=1 ...

23100 22 50 0 0 0.01 0.01500 0000 1;
2 4100 22 50 0 0 0.01 0.015000000 1;
34100 22 50 0 0 0.01 0.015000000 1;
2 7 100 22 50 0 0 0.01 0.1 0.001 0 000 O 1;
6 5 100 0.69 50 0 0 0.01 0.0150 00000 1;
455022500 31.8841 002000000 1;

100 16.5 50 0 0.75 0 0.17 0 0 0 0 0 O 1;

Breaker.con=1 ...

42

100 22 50 1 20.083 4 1 0;
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SW.con=1 ...

1 100 1651099 -99 1.2 0.8 2324 1 1 1;
I

PV.con=] ...

6 100 0.69 0.01408 1.02 99 -99 1.25 09 1 1;

3 100 22 0.01 1.025 99 -99 1.4 0.7 1 I;
I;

PQ.con=1 ...
3 100 22 0.04 0.03 1.2 0.8 1 1;

7 100 22 0.01 0.005 1.2 0.8 1 1;
I;

Syn.con= ...
1 160 16.5 50 5.3 0.2396 0.0018 0.99 0.2 0.18 11.9 0.08 0.646 0.646 0.4 0.001 0.033
10296 200110 0 0;

I;

Tg.con=1 ...
12100413001 0.1 045 0.50 0 1;
5;

Exc.con=] ...

121201 00200021102 0.001 0.0006 0.9;
I;
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Statcom.con =1 ...

3 10 22 50 0.5 0.02 0.1 -0.3 1;
I;

Dfig.con= ...
6125 0.69 50 0.0084 0.167 0.0083 0.1323 31 10 3 52 64 4 3 0.0185185 1 0 0.9 -

091 1;
I;

Wind.con=1 ...
212122521000121012100001 10;

I;

Busfreq.con = ...
3 0.001 0.001 1;
1 0.001 0.001 1;

I;

Bus.names = {...
'Bus1'; 'Bus2'; 'Bus3'; 'Bus4'; 'Buss';

'Bus6'; 'Bus7'};
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Abstract

Currently, the fossil fuel power plant will affect the
stability of the system voltage decreases as the voltage collapse may
ocour. When the DFIG wind power into electricity to power the BUS is
close to 1 p.u. and the power of the system. The loss of load and
decreasing the system voltage stability. By analyzing the continuous
flow of power (CPF) with the standard IEEE 6 BUS relationship
between voltage and power real-time and with wind power connected
to the highest cost component with the PSATT to get to the point to the
voltage and the erosion of the installed wind power DFIG.
Keywords: Wind Turbine, Voltage stability, Continuation Power

Flow(CPF), Power System Analysis Toolbox (PSAT)
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9.2 Study to the Voltage Stability of 22KV PEA BUS connected by Lamtakong Wind Turbine
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Study to the Voltage Stability of 22KV PEA BUS connected by Lamtakong
Wind Turbine

J.Chanasith and K. Bhumkittipich
Power and Energy System Research Centre, Department of Electrical Engineering, Faculty of Engineering,
Rajamangala University of Technology Thanyaburi, Klong 6, Thanyaburi, Pathumthani 12110
E-mail: chanasith@hotmail com

Abstract—This paper presents the Study to the Voltage Stability of 22KV PEA BUS connected by Lamtakong Wind Turbine.
DFIG Lumtakong wind turbine have the total 2.5MW which connected to the 22KV. radial distribution system of the Sikhio
's power stations at the maximun load. This paper is to study the voltage stability which use the continuation power flow
analysis (CPF) with PSAT Software in the before and after condition of the Lumitakong windturbine connection. Under
maximum load without Lumtakong wind turbine condition. The system voitage result is the voltage collapse .When the

Lumtakong wind connected to the 22KV. radial distribution system. The voltage stability will stabilize the system.

Keywords—wind turbine, voltage stability analysis, Continuation Power Flow (CPF), power system analysis toolbox.

1. INTRODUCTION

Genera of fossil fuel shortages, the cost of production
is consumption of electrical power have increased
steadily. Electricity Generating Authority of Thailand has
installed two wind turbine generators at Kao Yai Tiang
Klong Sikhio Nakornratchasima province which
connected with the voltage of 22KV. PEA’s Sikhio
power station at FEEDER NO.6 to a pilot study for the
use of renewable energy. [1] This paper presents to study
to the voltage stability of 22KV. PEA Bus Connected
Lumtakong wind turbines which was the two Doubly Fed
Induction Generator ( DFIG) and solve the non-linear
power load flow equations with Newton Raphson method
with program (Power System Analysis Toolbox, PSAT)
developed by Prof. Dr. Federico Milano [2].

This article contains the first presentation will
discuss the definition of the two wind power generators
type. The radial transmission line. Voltage stability
analysis. Solving the power load flow equations. and
used PSAT to analyze the voltage stability of PEA 22KV
final conclusions are discussed and suggestions. For the

next researcher.
2.POWER WIND TURBINE

Wind turbines are devices that convert the kinetic
energy of the wind into mechanical energy. The power
output of wind turbines varies according to the wind
speed changes. Can be written as an equation.

1
P = g PAVC, (1)

When the current density ( o) ve (V) swept
through the cross-sectional area (A) is the coefficient of

power C p shows that the wind velocity will affect the

power of the wind turbine generator is shown in Figure 1

(31

Wind turbins eharsctaristios

Figure 1 Characteristic Curve of the turbines speed
reference to generator

Doubly Fed Induction Generator( DFIG) 1s structured
based on the Wound Rotor Induction Generator (WRIGs).
Both stator and rotor winding consisted the three-phase
inductor coils and the equivalent circuit of DFIG updated
from the induction generator is shown in Figure 2 [4].

I, X, X, I/s

Stator —-}-7 Rotor

Figure 2 The equivalent circuit of DFIG

‘While working in a steady state terms of Synchronous
operation ,the rotor connect to the machine side converter
and the line side converter which machine side converter
can adjust the voltage and frequency by the frequency
feeding to the rotor and combined with the rotor speed to
built the magnetic field when synchronize the stator
magetic field to maintain the stable stator frequency can
change the rotor speed in a wide range. Power factor
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controller will control to adjust the voltage magnitude to

the optimize efficiency performance are shown in Figure
3[4].

Rotor SideConverter  Grid Side Convarter

Figure 3 The Schematic Diagram of DFIG

3. RADIAL DISTRIBUTION SYSTEM.

The radial distribution system is the easiest power
distribution network. The power distribution supplied the
electrical power to the one direction and the power load
flow be same. This system can be adapted to the loops
distributed system. The 22KV.voltage 's Sikhio Power
station at the FEEDER NO.6 connected Lumtakong
windturbine which was the 8-bus radial distribution
system 1s shown in Figure 4 [5].

|

» »

Figure 4 The Single Diagram of the 8 bus radial
distribution system

Considering the flowed currents 1 bus was the
admittance matrix terms of the buses is shown in Figure 5

[6].

Figure 5 The example admittance bus for find the
power load flow

The equation of the flowed currents 1 bus arranged in
polar form, as demolishing.(2)

I = ZK’V%(%JFQ) @
=

4. VOLTAGE STABILITY ANALYSIS

Voltage stability is the ability of the system to
maintain a constant voltage at all buses in the system after
the problems happened within the system. This will
depend on the ability to maintain a balance between the
load and the power supply system. The voltage stability of
the power system found the limits of the power system
with the maximum load finding that the system can be
paid prior to voltage collapse. The bus voltage will
gradually decrease as the load increases. Real power and
reactive power loads was enter to the each bus of the
power system. Can be expressed as equation (3), (4) and

).

P, -jQ, = VLCHIY,V,46,+5,) 3)
=
P =YV, |1 %, |cos (6,-,+5,) @
J=1
Q = DIV, |7, |sin(6,-8,+8) ®
J=1

E and Qx were the real and reactive power at bus i,
|Kj|and |6’U|were the bus admittance matrix for the
network and phase angle between bus 1 and j, |Vl| and

|Hl| were the voltage peak magnitude and phase angle of

the bus voltage. To show the relationship between voltage
and power. When calculating the non-linear equations in
the terms of variables unrelated which consist the voltage
magnitude per unit and phase angle of the voltage was
radial.[6]

5. SOLVING THE POWER FLOW EQUATIONS

The power flow analysis is the important part of
planning and design for power system expansion in the
future. The calculated Data were the magnitude and phase
angle of the each bus voltage and the real power and
reactive power flow in the each transmission line. To
seperated the type of bus, Constraint and solving the
power flow equations was non-linear with Newton
Raphson Method which used the value of the error
function f(x)to zero by adjusting the Ax parameters.

Taylor's Series used to calculate and adjust the answers to
each bus simultanecusly made the number of the
calculated cycles independed on the number of bus
systems.[6]

The variable power factor of voltage and real power
ploted the relative graph to determine the ability of the
system which distributed the load. System was the
stability voltage to determine the maximum parameter at
the power system can distributed before the voltage
collapse state.
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The Continuation Power Flow (CPF) method is a
graph showing the relationship between voltage and real
power of both the upper and lower values for the
maximum load. CPF operation worked to the repeat step
function was the predictor and the corrector operation as
shown in Figure 6 [7]

091ag 095lag 10 055lead 09lead power factor

/

00 02 0 05 0z 10 12 14

P, / Poux

Figure 6 The relation curve hetween voltage and real
power of the CPF

This paper presents the Continuation Power Flow
(CPF) method used the distribute power data from the
PEA’s Sikhio power station at FEEDER NO.6
Nakornratchasima to Lumtakong wind turbine of the
Planning and operating system division northeast region
PEA is replicated in Table 1 [5]

Start and Final Bus Distance [ Active Reactive  [Power Facto

(KDML) | (MW) (MVAR)

Sikhio power station - Mobil Gas station 38 286 0.83 0.986
Mobil Gas station - Weight check station 56 647 261 09725
‘Weight check station - Nongbua Village 16 207 0.89 0.968
‘Weight check station - Kao Yai Thing entrance 88 372 209 09455
Kao Yai Thing entrance - Train Station 34 73 4.64 0931

Kao Yai Thing entrance - Lumtakong Windturbine 55 12 0.69 0.943

Table 1 The maximun load at the 22KYV. radial distribution
system of the Sikhio 's power stations connected the
Lumtakong windturbine

Load data in Table 1, it is a state with the 2.5 MW
Lumtakong wind turbine connected to PEA’s Sikhio
power station at the Feeder NO.6  The simulation
procedure is as follows.

1. Find the power load flow with the Continuation Power
Flow (CPF) of the data in Table 1, unconnected
Lumtakong wind turbine with the PSAT.

2. Find the power load flow with the Continuation Power
Flow (CPF) of the data in Table 1, connected Lumtakong
wind turbine with the PSAT.

3. The result of NO. 1 and 2 summarize the results of the
simulations.

6. SIMULATION RESULT

The Power System Analysis Toolbox (PSAT) is a
MATLAB tool for electric power system analysis and
control. The  applications can send data and
communication between the two programs. The power
systems analysis and simulation of statistic type analyzed

system and the dynamic type analyzed system can analyze
the power flow (PF) Continuation Power Flow (CPF)
Optimal Power Flow (OPF) Small Signal Stability
Analysis(SSSA) Time Domain Simulation (TDS) and find
the installed position location of Phase Measurement
Unit(PMLU), simulate elements both statistic and the
dynamic model. All operations can be assessed by means
of Graphical User Interfaces (GUIs) and a Simulink-
based library provided an user friendly tool for network
design.

7. RESULT AND DISCUSSION
This article presents the voltage stability analysis of

system to use PSAT for 22KV, radial distribution system
of the Sikhio's power stations as shown in Figure 7.

skhiz C
powierstation v v [N

BaanLutakong
KaoVzl Thing entranze

D

=

Mebi Gas statian eight \/ Traln Stztion

thedk .
statien Bean Nangbua

Figure 7 22KV. radial distribution system before
install the Lumtakong wind turbines

Before mstall the Lumtakong wind turbine simulate
with CPF find the load parameters changes to the
Maximum Loading Parameter( MaxLP) is equal to
4.0354 . The relationship between the real power voltage
with load elements of 22KV radial distribution system as
shown in Figure 8.

14

2

1

03

03

04

Figure 8 The relationship between the real power
voltage with load elements of 22KV radial distribution

system

Simulation results by CPF find the proper voltage was
have the 1.00 pu voltage magnitude at Bus NO.1,2 as
shown in Figure 9 and the O rad voltage phase at Bus
NO.2 as shown in Figurel0
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Figure 9 The buses voltage magnitude before install the

Lumtakong wind turbines

Figure 10 The phase of bus before install the

Lumtakong wind turbines

The total of the real power is equal to 1.5217 pu.
The reactive power is equal to 1.3587 pu. the total real
power of the load is equal to 0.92156 pu. and the reactive
power of the load 1s equal to 0.45844 pu. The total of the
real power loss 1s equal to 0.60019 pu. and the reactive
power loss is equal to 0.90029 pu.The most voltage bus
has changed at the bus NO. 7.

Connecting the DFIG Lumtakong wind turbine
(2.5MVA 690V 50Hz) to bus No.8. As shown in Figure 11

saanongous

Figure 11 The phase of bus after install the Lumtakong

wind turbines

After the install the Lumtakong wind turbines
simulate with CPF find the load parameters changes to the
Maximum TLoading Parameter( MaxLP) is equal to
0.88369. Simulation results by CPF find the proper
voltage was have the 1.00 pu. voltage magnitude at Bus
NO.1to 10 as shown in Figure 12 and the O rad voltage
phase at Bus NO.3 as shown in Figure 13

'
I
I
SR & WP EE g M0
BT

Figure 12 The buses voltage magnitude before install

the Lumtakong wind turbines
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Figure 13 The phase of bus before install the
Lumtakong wind turbines

The total of the real power 1s equal to 0.21428 pu.
The reactive power is equal to 0.12058 pu. the total real
power of the load is equal to 0.20873 pu. and the reactive
power of the load is equal to 0.10383 pu. The total value
of the real power loss is equal to 0.00555 pu. and the
reactive power loss is equal to 0.01674 pu.

7. CONCLUSION

This paper studies the voltage stability of the 2.5
MW Lumtakong DFIG wind turbines is connected to the
22KV. radial distribution system of the Sikhio 's power
stations at Feeder NO.6 Under maximum load conditions
for the power load flow analysis using Continuation
Power Flow (CPF) PSAT in the disconnected wind
turbine Lumtakong condition . The system voltage result
is the voltage collapse .PSAT can know the Maximum
Loading Parameter Max.LP) and power consumption of
the load and generator. When the Lumtakong DFIG wind
turbines connect to the 22K'V. radial distribution system
to load the system. PSAT simulate the power load flow
analysis using Continuation Power Flow (CPF).The
system voltage result of all buses find the proper voltage
was have the 1.00 pu. voltage magnitude at Bus NO.1to
10. The Lumtakong DFIG wind turbines can supply the
power load to stabilize the 22K'V. Voltage. The system
voltage will be stability.
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