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Abstract—In this paper, a new developed construction moélel o In this paper, a hew develop construction model &fPFC

the UPFC is proposed. The construction of this rhodesists of one
shunt compensation block and two series compemsdiocks. In
this case, the UPFC with the new construction mod#l be

investigated when it is installed in multi-machisystems with non-
linear load model. In addition, the steady—statdopmance of the
new model operating as impedance compensationbwilbresented
and compared with that obtained from the systemhowit

compensation.
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|. INTRODUCTION

HE rapid development of power electronics technology

provides exciting opportunities to design new posystem
equipment for better utilization of existing syster®uring the
last decade, a number of control devices under ténm
"Flexible AC Transmission Systems (FACTS)” techiggibiave
been proposed and implemented [1-6]. FACTS dewegsbe
effectively used for power flow control, loop-flowontrol,
load sharing among parallel corridors, voltage Iatipn,
enhancement of transient stability, and mitigat@insystem
oscillations. In 1991, a unified power flow contesl (UPFC)
concept was proposed by Gyugyi [1]. It is a multidtional
FACTS controller with the primary function of powéow
control plus possible secondary duties of voltagepsrt,
transient stability improvement and oscillation ¢béamg, etc.
[1,2]. The installation of the UPFC in power syssefmas
recently come under intensive investigation intoritodeling
and various control functions, including dampingiol for
single-machine infinite-bus power systems. Manygraphave
been published related to modeling the UPFC intdtimu
machine power systems in steady-state mode of tiperfor
studying power flow control [7-12]. However, most the
work done was using the original Gyugyi construttinodel
of the UPFC (series compensation block (Converjearid
shunt compensation block (Converter 2) as illusttain
Figure 1 [7-20].
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is proposed. The construction of this model cossidt one
shunt compensation block and two series compemsakixks.
A UPFC with the new construction model installednilti-
machine systems with non-linear load model will
investigated. In addition, the steady-state peréoe of the
new model operating as impedance compensation heill
presented and compared with that obtained fromstrstem
without compensation.
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T

Fig. 1 A block diagram of a UPFC

Il. MULTI-MACHINES SYSTEM WITH THE NEWUPFCAS
IMPEDANCE COMPENSATION AND VOLTAGE REGULATOR

In this case, the UPFC has three converters thatadr
connected to the DC link as shown in Figure 2. @pen of
the three converters is based on PWM method. Tist fi
converter is the shunt converter and its modulatiatex is
selected to be 100%. The second converter (sefiedibn) is
installed between the Bus 1 and Bus 3. This coaved
operated as an impedance compensator with an aoghf,q,
and a phase angle of € 0-90) degrees so that its output
voltage is in quadrature with the line currentlhe magnitude
of the output voltage of this converter can be wilgd by
varying its modulation index pj; from 10% to 100%. The
third converter is installed at the line betweers Buand Bus
2. This converter is operated as a voltage regulato
amplitude of \j,, and at an angle in phase with the terminal
voltage at Bus 1 (angle of O degrees). The magaitfdthe
output voltage of this converter can be controlgdvarying
its modulation index M, from 10% to 100%. Therefore, the
advantage of this model is that it can install omhe FACTS
device which can control two lines in the transmisssystem
rather than installing two different FACTS deviceBhe
steady-state model of the multi machine systemis thié new
developed UPFC is shown in Figure 3.
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If the system has a nonlinear load that dependghen

From the complex powers of the system, all actind a

terminal voltage ¥, then the active and reactive power couldeactive powers can be calculated for the systefollasvs:

be characterized as folloyé"

w P31,Q31 B
F11,011 S
| = ]

Fig. 2 Multi-machines system with the new develop&d-C

V a
P, =P~ (1)
Q= Q[ij @

where, a and b are constant values apn@pPand \spare equal
to the initial values of £ Q;and \; respictivily.

In order to operate the UPFC as an impedance coafmn

the voltage Y, should be injected into the transmission line in

guadrature with the transmission line currentand thus the
angle of \jgmust be:

p=-6-90 3)

where 6 is the angle of the current Wwith respect to the

reference voltage ¥/
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Fig. 3 The steady state model of the multi mackystems with new
developed UPFC
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All the other active and reactive powers in otlieed can be
found in a similar way.

Since the operation of the converters of the UP$-8aised
on PWM method, the relation between the magnitudthe
voltages of {q: and Vg, with the magnitude of voltage ofsy
as a function of the modulation index can be witis®®*

Vpaa| = Ky IM g DV (16)
MqZ‘ = Kz M pgp Vsp 17)

where My, and Mg is the modulation index of the converters
(2) and (3) respectively and both can be variethf(@0% to
100%). The voltage ¥ has an angle: with respect to the
transmission line voltage vV This angle will determine the
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amount of power transfer needed from converter tl) same time and therefore the range of controllirg power
converters (2) and (3). flow in this case will be larger and more flexible.

For the sake of simplicity, it is assumed that gleéve power
consumed by this FACTS device is zero. Therefore,

Psh = Poq = Ppg2 =0 (18)

Ill. SIMULATION RESULTS

The system in Figure 3 has been modeled and siadlulat
using Matlab. In this case, an active powey) €pplied to the
grid by the synchronous machine (2) is selectebed.479
p.u. and the active power jHs considered as variable power
demanded by the load. The impedance of the reactainthe
transmission lines are selected to be;=X04 p.u.,
X,=X3=0.22 p.u. and X 0.047p.u’?®. The constants a & b of
the non-linear load given in Equation (1) and Epuaf2) are 8
considered to be 1.38 & 3.22 respectivéy). The other

parameters aregy =1 p.u., B = 6.381 p.u., @= 0.2458 p.u., & B )
V,;=1.018 p.u., and ¥1.011 p.u.. A | = Without .
For the system shown in Fugure 3, the steady sta Compensation
P11 P12 P24 P3

Fig. 5 The flow of reactive power ggand Q,) as modulation index
of converters 2 and 3 are varying

performance of UPFC was investegated for two cffer With

values of the modulation index. The flow of actiemd Compensation
reactive powers in all the lines was also recordiedhis case, 0 -
the modulation index of converter 3 (Mpg2) has vkitje
affect on the power flow in all lines as shown iigute 4. 2
However, the most changes in active power flow cdrom
changing the modulation index of converter 2 (Mpql) Fig. 6 The flow of active power in the transmisslioe without the
Therefore, converter 3 has much less sensitiviy ttonverter ~ compensation and with the compensation using M(ideand (2)
2 on controlling the active power flow between Buand Bus

3. But we can see that converter 3 has much higgasitivity 0.8
effect on the reactive power flow on some transimistines
as shown in Figure 5. 0.6 -
H Without
0.4 - Compensation
0.2 - | With
Compensation
0 .
Q11 Q12 Q24 Q@3
-0.2

Fig. 7 The flow of reactive power in the transnssiine without the
compensation and with the compensation using M@dednd (2)

Fig. 4 The flow of active power ¢p as modulation index of
converters 2 and 3 are varying

IV. CONCLUSION

A new model of UPFC was proposed. The construation

In addition, Figure 6 and Figure 7 show the corguariof this model consists of one shunt compensation béoak two

the active and reactive power flows in the linesote and
after the compensation at 100% modulation indexeséhtwo
figures show that both this Model can be used @ntwlling
the flow of the active and reactive power in thenimission
lines. However, both figures also show that the wammf
compensation of active and reactive powers inrdmgstnission
lines using the new Model is reasonable. In addlitithis
Model can be used to control two transmission limeshe

construction model was investigated when instalfeanulti-
machine systems with non-linear load model. Thadstestate

compensation was presented and compared with btained
from the system without compensation. The resdtsd in
this paper would be very useful in selecting thghbst
possible amount of compensation of active or reagiower
flow in transmission lines.
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APPENDIX(NOTATIONS)

P..= Active power flow in the transmission line froraipt n
to m.
Q.= Reactive power flow in the transmission line frpoint

nto m.
Vp=

Voltage at n point of the transmission line.

V= Injection voltage from the series compensatiackhlof

UPFC.

I,= Current in n transmission line.

M~ Modulation of the series compensation block oFGP

a= Angle of the controller of the shunt compensatitmtk of
UPFC.

p= Angle of the controller of the series compensabtock of
UPFC.

8,= Angle of V..
0= Angle of the transmission line current |
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