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ABSTRACT

Recently, more solar photovoltaics (PV) have been connected to power system
due to economic and environmental reasons. This could potentially endanger stable
operation that might eventually leads to wide area blackout. Therefore, this project
investigates dynamic voltage stability of a test power system with interconnected
solar PV. The emphasis is given on the impact of different levels of solar power on
voltage collapse. Moreover, the study is extended to study the impact of operation
of major power system equipment such as Under Load Tap Changer (ULTC),
Automatic Voltage Regulator (AVR) and Over Excitation Limiter (OEL) of synchronous
generator on voltage stability of the system. Simulation is carried out on Digsilent
Power Factory. The test system is assumed to be heavily loaded. Different generation
levels of solar PV are used to reflect seasonal variation of solar irradiance. A voltage
stability index based on phasor measurement technique is used to indicate proximity
to the collapse point. Simulation results reveal that generation level or solar PV has

direct impact on voltage stability of the power system.
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) anwariAwadvandaldialssasd

L7 A 1

4 nsauanaUnsaifeatuszuulniiug

@ LY a o s [
5 n1sfanatgesunssaulniienainainnisiidaivussyuaiee
wsarulwdr lussuuuniiuausndu nrsagvildsvaseiigedwia
SuaafiWlinauinignasdesdinisnaunaiunisldausening shunt

1

W N

capacitor, static var systems Wa¥ synchronous condenser 8814

LAUEEY

NM5UBIAUNITWINAE VDI TIAU

a 1 @) = vV 4
nstesiuansauuseanilu 2 wuInieRe HUINATIUNTITOBALUU (De5|gn

measures) WaLLUINIIAIUNITALTIUNTS (Operation measures)



WUINNATUNITBALUY
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2. MsmuANAsLeRTHLARLITuTDIRITEUY
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3. mavinuaeadszaiuvesaunsaidesiu (Coordination of protective devices)
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5. Msfnlvantilawsiuan (Under voltage load shedding)
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LUINIATUNSANRUNTS
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I : : | : Through current
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Reactor principle
(preventive auto
transformer)

Resistive principle

\lr;
gﬂ‘ﬁ 2.4 wann3 make (2) before break (1)
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2.6 SdNANITNTERUAL

TnguszavAvesidinn1Inssduiy (Over Excitation Limiter : OEL) Aennstaafiu
< 0o a v a o v B B B
wisiialwianaruieuguiudounannssuanssfuauiuwimanifaniudusses
v o a A v v a £ @ o 2/ " " .
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Limiter : MXL) mM3vihaulumeufjiaves OEL Yuagiunszuiunsnanueusaslseny
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uagndsaInnIIMLIe) OEL Avgvinudiu AR Tivihnsannisnseduusaiaiasriiiie
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AuAN DC regulator Imsazvhmisssanlinduluagiauiuduiadulunudaifn &
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ABINTINUAU field thermal capability

2.7 ANSUIRTTUIUBNLENBTAINLTIAU

enfinusatuiiazldudnnisiugiuvesasauyawiiiu (Thevenin equivalent
3 i s I =& a aa o s [} n:‘l) =l L =
circuit) iemABuiuaudITusldlunsduinivsdiatosnmussdiu 9nguil 2.5 9z

WU
(r0). (5]
y Zlhcv
(P+jO). Zy,,=V(E-VY (2.2)

A v i 1 o o e o o/ cf!
delvnsdednedidadu P+jO  uavaumsiawes 2.2 Wuaunisiideass TV As
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& o o | o w .
aumiﬁammamﬁmﬂumaL@uﬂﬁmaiaumaﬂw%qaqﬂ (Maximal power transfer) #1n
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el

911 Maximum power transfer V=(E-V) (2.3)
unusuAnaudluauns 2.3 Zioi T Z o 1) (2.8)
Maximum power transfer |Z;,,m; =qum (2.5)

=r(t) + jx(t

Ly =10+ 30

JU# 2.5 Talvaniisenusyuvanyawifiu
dunNuaugyalwan (Z,,,) Ao snsidussninudesussuiuigesnszua o Ua
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gudeatiesninuseivasiintunsaile Z,, dnswdeuiidwnluiuiives Z,, wieqgad

ANUFUNITA 2.5

Zfaad' = |Zrhe'v

TnegNuNvee Z

Zthev
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Zthev
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- - & i Y a v v v o o & o
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nysAINLSITUYRIsEUUTWHN)
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A8 =Z T Z. 1 (2.11)
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2.8 \Waduasading
\waalaa19ind (Photovoltaic) [11] ugunsaludamdsnuuasefindlidundaan
< ml; & w L] 1 aa . o [ £ o a
it Mgnasretuainansiisdian wu danou Wudu deuasmnnsznuuuusiuiead Sadves
oo s o a ' ! o Yo a @
waniloyniavesmasulsnauiiiienin Ineau (Photon) svaremmanuliiudidnnseu
(Electron)  luaisiedndhauiindsnuuinnefisgnsslansenuiainusiisgauateyney
s av v 1 a v O 4 a & o < o v a
(atom) uazindeuilieg1adasy Aululiedidnaseuindounasuisasazyinliinlwii

NITLLERTY

2.8.1 Ylinvadvaduwasaing

a a

1. waduaofindeladinaundniien (Monocrystalline silicon PV panels)
LsﬁaéLLaaawﬁméwﬁmﬁgﬂwﬁmﬁumnwﬁnmaq%ﬁﬂamﬁamﬁmﬁm Faduvianil
Usgiininmasnanlumealuladigaduasonding lasunfudiaswlamasnu 15 wWeiiduduas
s =Y ¢ @ st [ =y I3 a € of 4:1' 1 i) =l
WANIULAID VAT UNSINUINAT WANTEUIUNITHANYDUYAA LA N NENIAEIAD LY 95]
Anududeudimalifuyunisuinginiamealuladeingu

2. \gaduaveindyiadanaundnsau (Polycrystalline silicone PV panels)

Waauaia1findulatlonuantuanuanvesdanounananan JIHEnLanFANLEY

YU U

v oo = 13 a

aa P [] [ = - [] v 1 <
ﬁﬂﬂ@UWQﬂVlﬁaﬁJLLﬁ&iVl']‘L‘WL‘L]UNaﬂ’LWﬂJ ﬂ@ﬁﬁﬁﬂw‘lﬂ'ﬂﬂuﬂ WLLaL‘VIWGLﬁLﬂJULLNuU’N"\]']ﬂUU
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1 =y = d 1 o =
Usznausunaneiuud uitauysal iwaduasenfindvdataziifununisndaiignnitviendn

U
= a a i
Wwen Ussansnmazegnusyana 12 Wesldus

3. Wankaveindudailduurtezuesiaddneu (Amorphous Silicon PV panels)
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wiidussudidnaseu @ p - type %Eﬂau%‘aaauiﬁ"lwé'wawaaa‘ Tassasreduluaidu
lga uidersiididnaseutsvudiudntey fundwes p - type FameuvziiunulavziSenia
Back Electrode vimtihiidusasiusulea

A o a a 1 o Yo a o & v
2. dlefluaterindnnnszvu wavenindazaramwdnuliiudidnaseunasloa vl
ansindiaulm Wendsgeweanadidnaseuaslaassindmuiedugiu Bidnaseussialuds



16

U n - type wazloaarleludady p - type

a - v o a o & 4 a
3. BlAnesauIslUTIWAUT Front Electrode wazlgadalusiufiud Back Electrode iladl
N15782995M#H197n Front Electrode wag Back Electrode TAsu19as Avziinnszualiin
d!l d n‘j - Cll H s 1 o
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2.8.3 n1s31ei1aslninsueaiinveuwaduasaniing [12]
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Voltage Stability Studies in a Power System

With Renewable Energy Sources
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Abstract

Recently, more solar Photovoltaics (PV) have been
connected to power system due to economic and environmental
reasons. This could potentially endanger stable operation that
might eventually leads to wide area blackout. Therefore, this

project investigates dynamic voltage stability of a test power

system with interconnected solar PV. The emphasis is given on
the impact of different levels of solar power on voltage collapse.
Moreover, the study is extended to study impacts of operation of
major power system equipment such as Under Load Tap
Changer (ULTC), Automatic Voltage Regulator (AVR) and
Over Excitation Limiter (OEL) of synchronous generator on
voltage stability of the system. Simulation is carried out on
Digsilent Power Factory. The test system is assumed to be
heavily loaded. Different generation levels of Solar PV are used
to reflect seasonal variation of solar irradiance. A voltage
stability index based on phasor measurement technique is
needed to indicate proximity to the collapse point. Simulation
results reveal that generation level or solar PV has direct impact

on voltage stability of the power system.

Keywords: Voltage stability, Voltage collapse, Voltage stability

margin, Photovoltaic, Time domain simulation
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Line :

(R and X in pu on 100 MVA base)

44

Line (between bus) R X B
2-4 0.0000 0.0040 0.0000
4-5 0.0015 0.0288 1.1730
8-9 0.0010 0.0030 0.0000
Transformer :
(R and X in pu on 100 MVA base)
Transformer R X Ratio
(between bus)
1-2 0.0000 0.0020 0.8857
3-4 0.0000 0.0045 0.8857
5-6 0.0000 0.0125 0.9024
5-7 0.0000 0.0030 1.0664
5-8 0.0000 0.0026 1.0800

Under load tap changer transformer (ULTC) :

Time delay for the first tap movement = 30 s

Time delay for subsequent tap movement = 5 s

Dead band = +1% pu bus voltage

Tap range = +16 steps
Step size = 0.00625 pu



Load:
Bus P(MW) Q(MVAr)
7 3271 1015 Load level 1
3320 1030 Load level 2
3345 1038 Load level 3
10 3384 971 Load level 1
3435 985 Load level 2
3460 993 Load level 3

Slack bus : Voltage set point 0.98 p.u.

Synchronous generator 1 (G1) : H = 2.09, MVA rating = 2200 MVA

Synchronous generator 2 (G2) : H = 2.33, MVA rating = 1400 MVA

Parameters for G1 and G2 :

R, = 0.0046
X, = 0.155
Xy =0.215
T, = 4.10
T, = 0033
Exciters :

T,= 0.02 second

Gain K, = 400 pu

Xd = 207
%, o8
X, =0.215

T, = 056

T, =0.062

Over excitation limiter (OEL) :

Gain = 0.01 pu

Minimum excitation to enable = 3.02 pu

Current first value of curve = 4.5 pu

Time first value of curve = 50 seconds

Current first value of curve = 4.6 pu

Xq = 1.99

Xq = 0.49
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Time first value of curve = 30 seconds
Current first value of curve = 4.7 pu

Time first value of curve = 10 seconds
Induction motor :

Motor rating = 3600 MVA, 60 Hz

Xm =33 pu R, = 0.01 pu

R, = 0.008 pu X, = 0.145 pu

Load torque exponent m = 2.0

X, = 0.145 pu

H=0.6s
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