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Abstract: Problem statement: The Phillips-Heffron model of a power system witRPEC published
by AJAS, demonstrates the effect of the UPFC inrowmg power system oscillation stability.
Unfortunately, some of the equations have not lweerectly derived and so working with this model
in its existing form is misleading\pproach: In this study, the model is revisited and the eiguatare
re-derived obtaining correct results. Three-machpoeer system installed with a UPFC is used to
investigate the validity of these equatiom®esults. The simulation results demonstrated that the
corrected model with an effective controller isiaeton damping of the low-frequency oscillations
under different operating condition€onclusion: The corrected model works properly with power
system networks for enhancing power system stabilit
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INTRODUCTION (Meshkatoddiniet al., 2009). Thel. and 1., are
o o . derived and listed in matrix form as:
Simplicity and ease of application of Phillips-
Heffron model has encouraged many researchers O T 1 [ (e +Xg, +X5) X, v,
use this model in representing the power systerh Witji }:_{ - i(X,e +X )}{V}
. E2 E 1E E 2
FACTS devices (Song and Johns, 2000; Paserba, "~ ) _
2004; Al-Awamiet al., 2007). L1 {J(XEZ +Xg) iXe P}
The Phillips-Heffron linear model is presented by X:| ~iX¢ (X +Xe) || Vg
(Meshkatoddiniet al., 2009) to develop the non-linear
dynamic model of multi-machine power system withwhere, x; = (X,c + X)X+ X g+ X o) =X £.
UPFC. However, in its current form this model canno
properly represent power system networks installed
with a UPFC and need to be corrected. of the matrix second row ig-jx,c) and not (-jx.) as
In this study, the model proposed by claimed by (Meshkatoddirgt al., 2009). Also derived
(Meshkatoddiniet al., 2009) is corrected and tested onequation for generator current is stated as:
a three-machine power system installed with a UPFC.
The effect of efficient control of UPFC on dampiofy |
the low-frequency oscillations is demonstrated bing
the corrected model and the results are compartd wiwhere:
model presented by (Meshkatoddénal., 2009).
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Dynamic model of multi-machine power system with  F. = —[731 A\
a UPFC: The dynamic model of an n-generator
installed with a UPFC is derived in reference
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This result is not correct. Thgr,, Y,] in C, R
and F, must be changed tdY,, Y.] in order to

correspond with actual value.
RESULTS

A UFPC has been installed with a controller
between bus 4 and 5 in Fig. 1. The data of theesyst

generators and excitation are given by (Andersah an

Fouad, 2002). The voltage across the DC link cémaisi
controlled bydg which is the more efficient input control
signal of the UPFC control (Al-Awanet al., 2007):
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The data of UPFC and the controller are:
xg = 0.075, ¥ = 0.075, G, = 1, K= 10, Kjp=-120,
Ka= -0.5K=1,T;= 0.05, y.=1.

The controller is applied to the system using
corrected model and the model proposed by
(Meshkatoddiniet al., 2009). The models constants are
computed. The results demonstrate that

theK, 1, Ky, K o1 K 71y Koasr Koan Kuans K g Ky K

constants are equal to zero just by using model
proposed by (Meshkatoddirgt al., 2009). However
these results are not acceptable.

The simulation is implemented by using MATLAB
Simulink program to demonstrate the effect of UPFC
on the power system.

pdlj? " tadljr " tvdljr Y puljr i tquljr i tvulj

Case 1. In this case the system is subjected to 0.1
torque angle change at generator 1. The system time
domain responses under DC link capacitor controller
for both models are shown in Fig. 2.

Case 2: In another test case, the system is subjected to a
3 cycle three phase fault near bus 6 at the etideof-

6. The initial torque angle is assumed to be Ole T
system responses for both models are shown in3ig.
and 4, respectively.

DISCUSSION

It is clear from the Case 1 that the generaton 1 i
model proposed by (Meshkatoddiial., 2009) is not
affected bys change as shown in Fig. 2. By contrast, the
corrected model gives real response. In case 2,3Fig
shows that the generator 1 in the model proposed by
(Meshkatoddinkt al., 2009) is not affected by the fault.
This is not the real result. Figure 4 shows theualct
response for all generators by using the corrected
model.

Fig. 1: Three machine power system (Anderson and

Fouad, 2002)

107~~~ Model proposed by (Meshkatoddini et al.. 2009)
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The efficient controller for UPFC was implemented
by controlling the DC link capacitor voltage and
applied to corrected model. The results show the
effectiveness of the controller in damping of tioa
frequency oscillations.

ACKNOWLEDGEMEN

The authors sincerely acknowledge the financial
support of University of Malay, Malaysia under
research project entitled “Intelligent Controlleor f
UPEC Device of Large Scale Power Systems in Real
Time Implementation” project no. PS126-2009B.

1395



