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Abstract
This paper deals with the linearisBdillips-Haffron model of a single machine infinite bus powgstem installe:
with a UPFC. This paper describes the theory amd ntlodeling technique of aFlexible Alternating Currer
Transmission System@ACTS) device, namelyUnified Power Flow Controlle(UPFC) damping controlle
Effectiveness and robustness of the damping fumatibthe UPFC among which the selection of effectand
robust input control signals of the UPFC to supeose its damping function are the b issues which are
discussedThe investigations reveal that the dam| controllers based on UPFC control paramellE and['B
provide robust performance to variations in syskeswlin¢ and equivalent reactance Xe.
Keyword: UPFC, Haffron modelGGate Turn Of

. Introduction
The control of AC power system in real time is ilweal because power flow is a function of the traission line
impedance, the magnitude of the sending end & veaeiend voltage, and the phase angle between tlwtsges
Years ago, eleatr power systems were relatively simple & were dgesd to be self sufficient, power exportatior
importation were rare. Furthermore, it was gengralhderstood that AC transmission systems could b&
controlled fast enough to handle dynamic systemditions. Transmission system designed with fixec
mechanically switched series & shunt reactive camptons, together with voltage regulating & phahéting
transformer tap changer, to optimize line impendemainimize voltage variations, the corl power flow under
steady state or slowly changing load condit
UPFC is the most comprehensive multivariable flexic transmission system(FACTS)controller. Sirmétaus
control of multiple power system variables with WPposses Enormous difficuls. In addition, the complexity «
the UPFC control increases due to the fact thattimrolled and the control variables interact vatich othe The
Unified Power Flow Controller (UPFC) is a no power transmission controller. The UPFC providégll dynamic
control of transmission parameters, voltage, Impedance and phase an
This paper gives sets of equations for a systerudimty the UPFC and an equivalent two bus powewoek.
Moving through the project, it was found that a Mk tool would be very useful step between rule of thumb &uex
comprehensive modelinghis paper presents UPFC analysis technique, Matides, exampl of application and
validation. The Matlab code given in paper allows to perform fast parametric studiegte
application of the UPFC
We design the linearised Phillipteffron model of a power system installed with aBRC, which is of the san
configuration as that of the unified model for &tAfAr compensator (SVS), thyrisi-controlled series compensa
(TCSC) and thyristocontrolled phase shifter (TCPS). selection of roloperating condition for designing dampi
controller; and the choice of parameters of UPRE€Hsas rg ,me,0¢,0g) are to be modulated for achievinesired
damping are the basic issues pertaining to thgdediUPFC damping controlls
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I1. Unified Power Flow Controller
In recent years. Advances in the high power sdbdesswitches. e.g. Gate Turn Off (GTO) thyristaye led to the
development of transmission controllers that prevagntrollability and flexibility for power transssion. A new
technology program is known as Flexible AC Transiis System (FACTS) is currently sponsored by (BPRiis
technological program has resulted in successfulamhstration of a couple of FACTS Controlle2®8 Mvar,500
kV Thyristor Controlled Series Capacitor (TCSC) BPA's power system and 300 Mvar. 161 kV Static
Synchronous Compensator (STATCOM) at TVA's powesteay. The Unified Power Flow Controller (UPFC) is
the latest FACTS controlletUPFC provides a dynamic control of transmissiorapaaters, voltage, line impedance
and phase angle..American Electric Power (AEPa gollaborativeR& D project with EPRI and Westinghouse is
implementing a+160 MVA Unified Power Flow Controller (UPFC). The Urefil Power Flow Controller (UPFC) is
one of the FACTS devices, which can control powestesm Parameters such as terminal voltage, linedapce
and phase angle. Therefore, it can be used ngtfonipower flow control, but also for power systestabilizing
control. Unified Power Flow Controller (UPFC) iambination of static synchronous compensator (BT@M)
and a Static source.

Series transformer

Thyristor switch

GeH™

Fig 1.System configuration of the UPFC model
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Flexible Alternating Current Transmission Systel&CTS) devices,namelySTATic Synchronous COMpensator
(STATCOM), Static Synchronous Series Compensat86(S .Unified Power Flow Controller (UPFC), aredise
control the power flow through an electrical tramission line connecting various generators andda@ddts sending
and receiving ends. The UPFC, in this paper andtiagi references, consists of two solid-state galtaource
inverters which are connected through a common ibiCdapacitor. Each inverter is coupled with a sfanmer at

its output. The first inverter, known as STATic 8kmonous COMpensator (STATCOM), injects an almost
sinusoidal current, of variable magnitude, at thenp of connection. The second inverter, known &atiS
Synchronous Series Compensator (SSSC) injectsnarstikinusoidal voltage, of variable magnitudesénies with
the transmission line . When the STATCOM and th&S$®perate as stand-alone: devices, they exchdmgesta
exclusively reactive power at their terminals. Véhilperating both the inverters together as a URkeCexchanged
power at the terminals of each inverter can betigaas well as real. The exchanged real poweneatdrminals of
one inverter with the line flows to the terminafdite other inverter through the common DC link acitor.

L PQ_ o
> S Vs 4+ |_‘>/v*r\

transmission line

——

Va .- Vy xVyx sind

R
TR P b
' 41__\]

KA ' Q- V5(Vy —Vgeosd)
- X

Fig:2 Implementation of the unified power flow controller

http: // wwwe.ijesrt.com  (C) International Journal of Engineering Sciences & Research Technology[189-197]



Research Article [Johri, 1(4): Jun., 2012]
ISSN: 2277-9655

Two voltage source inverters (VSI) sharing a comrB@h storage capacitor. It is connected to the systeough
two coupling transformers [10]. One voltage sounteerter is connected in shunt to the system vishant
transformer. The other one is connected in seniegigh a series transformer.

The UPFC has several operating modes. Two contodiesiare possible for the shunt control.

1. Automatic voltage control mode: The aim is to maintthe transmission line voltage at the conneqgpioint to
a reference value.
2. VAR control mode: The reference input is an indeeior capacitive VAr request.

Four control modes are possible for the shunt control
1. Direct voltage injection mode: The referenceutspare directly the magnitude and phase angldefseries
voltage.
2. Phase angle shifter emulation mode: The refer@muut is phase displacement between the sendidy@tage
and the receiving end voltage.
3. Line impedance emulation mode: The referencetiigp an impedance value to insert in series whihn line
impedance.
4. Automatic power flow control mode: The referemuguts are values of P and Q to maintain on thestmission
line despite system changes.

Generally, for damping of power system oscillasiodPFC will be operated in the direct voltage dtifn
mode.
The UPFC control system comprises two controllers.\
1. Power-flow controller
2. Power-system oscillation-damping controller.

1. Upfc Modeling And Analysis
Two types of dynamic modelling of UPFC are:

A. Non linear Dynamic Model

Disregarding the resistance of all the componefitthe® system (generator, transformer, transmisimes, and
shunt and series converter transformers) and émsignts of the transmission lines and transforimktise UPFC ,a
non linear dynamic model of the system is derivEte. non-linear dynamic model of the system using~ORs

given below.

_ (Pm—Pe-DAw)

- ;0= wolw—1)

w

~Efq+Ka(Vyes—Vt)
Ta

B = (—quEfd)

q T o Era =

o

Vae = e (sin(8g) Igp + c0s(8p)l5q) + 7 (5in(8p) Ipa + €05(85) Inq)
Where,
P, = Vialig + Vigleq 5 Eq = Eq + (X4 — Xi) e
Ve = Vig + jVeqs Vea = Xqltq; Viq = Eq — Xalua

lia = l1a + Iga + Igas Itq = Ith + IEq + IBq}

Xg 1 mgVy, 1
li1q = EIEd + X_T > cos(6p) — Evb cos(9);
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Lo =By o P MmeVae ooy Ly Ging)
tiq = X Eq X 2 sin(8g X b sin(8);
XqT + XX Xgqt + XgpXp2) MgV, X . XgrmgV,
- :( dT BBXb3) Vi, cos(5) _( dT BBXb2) MpVyc cos(dg) +ﬂEq _ Xgr Mg V4c cos(dg) ;
X4E XdE 2 XdE X4E
XqT + XX XqT + XBBXaz ) MgV, X . Xgr MgV,
Igq = —( aT 5B 33) V,, sin(8) — ( ar 5B 32) ETdc sin(dg) + EEq 9T B dc sin(dg) ;
XqE XqE 2 XdE Xqg 2
1 ' mEVdc mBVdc
Igg = a(XEEq + (Xp, — XExbz)Tcos(SE) + (Xp3Xg — Xp1)Vp cos(8) + xpq > cos(SB));

1 mEVdc . . mBVdc .
IBq = ; (Xa1 — XEXaZ)TSIH(SE) + (Xa3Xg — Xa1)Vp Sin(8) + x4y 2 sin(g) );
q

Xar = Xig + Xg; Xqr = Xq + Xews Xas = Xeg + Xg + Xg5 Xgs = Xq + X + Xg;

oo = GaXrtxgXe) o Xar o Xgr
al XT » Saz2 XT » “a3 XT ’
. (xasXr + xa7XE) 14 Xar - _ Xar

b1 X, 3 Xp2 X, 3=,

Re Vplz — Vglz) =0

This is the equation for the real power balanceveeh the series and shunt converters.

B. Linear Dynamic Model (modified Heffron-Phillips model of an single machine infinite bus system
including UPFC)

A linear dynamic model is obtained by linearisihg hon-linear model around an operating condifidre
linearised model is given below:

(AP —AP.—DA®)

Aw 7 A = w,Aw
M
—AE, + AE
AE,’I — ( q . fd)
Tdo
—AEpg + Ko (AVyer — AV;)
AEfd =

T,
The modified Heffron-Phillips model has 28 constaas opposed to 6 constants in the Heffron-Philtijeslel.
These constants are functions of the system paeasna@bd the initial operating condition. Fig.2 skdive modified
Heffron-Phillips transfer function model of the 1% including UPFC. The equations for computingdbestant of
the model are given below. The control vector dafined as follows:

AVye = K708 + KgAE], — KoAVy + KooAmg + K 5,085 + KopAmg + K 5,A85

Where,
APe = K1A6 + KzAE‘; + Kpé‘bA(sB + erAmE + Kp56A5E + KpbAmB + KpdAVdC

AE, = K,A8 + K5 AE) + KgoAmg + Ky5oASg + Koy Amy + K508 + Kga AV,
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AV, = KsAS + K4AE) + KyoAmy + Ky5o085 + KppAmg + Ky5pA85 + KugAVge
u= [AmB AmE A(SE A5B]T

Where,

Amg = Deviation in pulse width modulation indexg of series inverter. By controllingg, the magnitude of
series-injected voltage can be controlled.

A8z = Deviation in phase angle of the injected voltage

Amg = Deviation in pulse-width modulation index; of the shunt inverter. By controllingg the output, voltage
of the shunt converter is controlled.

A8 = Deviation in phase angle of the shunt-inverteraggt
The series and shunt converters areated in a coordinated manner to ensure thatdaé power input to

the series converter. The fact that the DC voltageains constant ensures that this equality is taiaied.
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Fig 3.Control scheme of UPFC Model

It may be noted tha{,,, Kqu, K, and K, in Fig.3 are the row vectors defied below:
Kpu = [Kpe Kpse Kpb Kpsb];
Kqu = [Kqe Kgse Kb Kaan]i
Koy = [Kve Kyge Kub Kyl

Koy = [Kce Kese Keb Kch];
Whereu = [Amg Amg Adg ASg]T is a column vector

Fig. 4 UPFC Based Modified Heffron-Phillips model of SM1B system
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Fig 5. Transfer function of the system relating component of electrical power (APe) produced by
damping controller (mg).

IV.  Damping Controllers Designing
Designing of damping controllers is done to prodaeslectrical torque in phase with the speed diewaThe four

control parameters of the UPFC are there (i&,me, 6z anddg ) which can be modulated in order to produce the
damping torque. The four alternative UPFC basedpiagncontrollers are examined in the present wdrk $peed
deviationAw is considered as the input to the damping cortrellDamping controller based on UPFC control
parameter g shall henceforth by denoted controllergjmSimilarly damping controllers based o,z anddg
shall henceforth be denoted as damping controligf), (damping controller dg), and damping controllersg),
respectively. The parameters of the damping cdefralre obtained using the phase compensation itpedhiThe
block diagram of UPFC based damping controllethisven in Fig.6. It consists of gain, signal washaot phase
compensator blocks..
The detailed systematic procedure for computingriepie is given below:
1. Calculation of natural frequency of oscillatien from the mechanical loop.
Klw0
on =— [——

M
2. Calculation of Phase lag betwe&m andAPe at s = jpn i.e £GEPA. Let it bey .
3. Design of phase lead/lag compensator Gc.
4. For 100% phase compensation the phase lead/lagetmaor Ge is designed to provide the requiredegegr
of phase compensationGc(j wn) + 2GEPA(j on) =0 Assuming T1 =aT2 in one lead-lag networkg th
transfer function of the phase compensator becomes,

1+saT?2
1+sT2

G (s) =

Since the phase angle compensated by the leadelagprk is equal to -, the parameters a and T2 are
computed as,

_ 1+siny, 1

" 1-siny’ wnva
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5. Computation of optimum gain K The required gain setting Kdc for the desiredugabf damping ratio
¢ = 0.5 is obtained as,

_ 2{wnM
Kdc = IGe(s)|IGEPA(s)|

Where|Gce(s)|and|GEPA(s)| are evaluated at s .

The value of the washout time constanty Should be high enough to allesignals associated with oscillations in
rotor speed to pass unchanged. The single washthg high pass filter that prevents steady chaingéne speed
from modifying the UPFC input parameter. The value @fi3 not critical and may be in the range of 1s@s 2Tw
equal to 10s is chosen in the present studies.

sTy 1+sT,
AR wo- ]
Ao 1+sTy 1+sT, | Au

Gain Signal Washout Phase compensator

v

Fig 6 Structure of UPFC based damping controller

V. Simulation Result
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Fig.7 The UPFC controller having load Pe=1 with and without damping controller mg
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Fig.8 Dynamic responses of four UPFC damping controller with Pe =1
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Fig.9 Dynamic response of mE damping controller with wide variation in loading

VI. Effect Of Variation Of Loading Condition On The Dynamic Performance Of The System

In any power system ,the operating load varies @vernde range .It is extremely impoprtatant to stigate the
effect of variation of the load conditions on thadmic performance of the system.

Loading of the system is varied for Pe=1 and Pea@dBthe dynamic responses are obtained for eaitte dbading
condition considering parameters of the dampingrotlars computed at nominal operating condition tfee step
load perturbation in mechanical power (&&Pm = 0.01 pu).in order to examine the robustnesth@®fdamping
controllers to wide variation in the loading conmufit

VIl.  Conclusion
The significant contributions of the research wgmesented are as follows.A systematic and compsiden

approach to designing UPFC controllers has beesepted.The relative effectiveness of UPFC conigniads (g,

mg, Og,) in damping low-frequency oscillations has beramined. Investigations have revealed that UPFGrabn
signaldg and dg provide robust performance to wide variation iading conditions. In near future ,the project can
be extended to multi machine model.
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