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Abstract:The focus of this research work is on a FACTS device known as Unified Power Flow Controller
(UPFC), which can provide simultaneous control of basic power system parameters like voltage, active power
flow, reactive power flow, impedance and phase angle. In this research work, simulation models for different
multi machine systems are carried out, e.g. a hybrid power system, a power system with two synchronized hydro
power stations etc., without UPFC & with UPFC located at the load end of the power system, has been
developed. Simulation models have been incorporated into MATLAB based Power System Toolbox (PST) for
their voltage stability analysis. These models were analyzed for voltage, active power flow, and reactive power
flow and phase angle, with and without UPFC. The results of the power system with UPFC and without UPFC
are compared and the conclusion is given at the end.
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I.  Introduction

In today’s high complex and interconnected power systems, there is a great need to improve power
utilization while still maintaining reliability and security. Reducing the effective reactance of lines by series
compensation is a direct approach to increase transmission capability. However, a power transfer capability of
long transmission line is limited by stability consideration [13].Oscillation of generator angle or line angle are
generally associated with the transmission system disturbances and can occur due to step changes in load,
sudden change of generator output, transmission line switching and short circuit [18]. Different modes of rotor
oscillation are local mode, intra-area mode and inter-area mode. The frequency of oscillations of rotor swings
varies from 0.2 to 4 Hz [2]. The lower end of frequency spectrum corresponds to inter-area modes, in which a
large number of generators participated and their damping is difficult. This low frequency is important to damp
as quickly as possible because they cause mechanical wear in power plants and cause power quality problem. If
the electromechanical oscillations are not properly controlled in the electric power system operation, it may lead
to a partial or total system outage [18]. Instability problems in power systems that can lead to partial or full
blackout can be broadly classified into three main categories, namely voltage, phase angle and frequency related
problems [3]. In early age this signal instability problem was solved by amortisseurs implemented in generator
rotors, later with the application of fast excitation system this was solved by development & utilization of Power
System Stabilizer (PSS) and however in modern power system due to the connection of power grids in vast area,
for inter area oscillation damping due to the ability of controlling line impedance, power flow and bus voltage,
Flexible AC transmission Systems (FACTS) devices implementation offers an alternative solution [19].

Il.  Case-With Two Hydro Generating Stations
1) Under 3-Phase to Ground Fault Condition without FACTS Devices
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Fig.1  Two Hydro Generating Stations Under 3-Phase to Ground Fault Condition

A three phase to ground fault is created at t=10 sec for 0.08 sec at bus 2 as shown in fig. 1. The active power,
reactive power, voltage and phase angle curves with respect to time at different buses (B1 B2 B3 B4 B5) are
shown in fig. 1.1.1-1.1.8
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Fig. 1.2 Reactive Power At Bus B2
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Fig. 1.6 Reactive Power At Different Bus
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Fig. 1.8 Phase Angle At Different Buses
2) Using UPFC under 3-Phase to Ground Fault Condition

BR=!

1000 MVA
Reg_M1
Hydro plant
138KV 1000 MVA
Phasors
Three-
powergui

Veonv_mag (pu)

UPFCL

Veonv_phase (deg.)

Cl\c

Tr3: 1000 MVA
1381230k

TrL: 1000 MVA
230KV/500K/

Phase Fault
ROAN LA/

e

B2

1250m

230kV
a2 Al—a
:%B s
¥ o |—s
— 1+
— ias Trd: 1200 MVA w2 Reg N2
B— 138 KI230kv
5 Hydro plant
L1_65km double circuit 1380/ 1200 VA
2 0
Tr2: 800 MVA | el
UPFC 230 kVI500 kY RP‘
¢ o
} He
I
Al
| B L3 _50km B Equivalent
B_UPFC <0 500
Shunt 500 KV, 100 MVA 15000 MVA
Series 100 MVA,10% injection % 1200 MW
| 1968
689.7
Qeef () i [ 587
Vipos. seq. B1 B2 B3 B4 B
[ T
W i P B1.B2 B3 B4 B (W) #ﬂ .
— \teasrements JLELE2E8B4B5 (W) |_| |
¢ P Linest
Active Powers (MW)
Qlined B1B2B3B4B1

UPFC phase

Fig: 2 Two Hydro Generating Stations Using UPFC under 3-Phase to Ground Fault Condition

A three phase to ground fault is created at t=10 sec for 0.08 sec at bus 2 as shown in fig. 2. The ratings of the
various components used are given in appendix-B. The UPFC is made on at t=8sec and the power flow in the
system goes from 5.87pu to 6.87pu. The active power, reactive power, voltage and phase angle curves, voltage
at UPFC with respect to time at all five buses (B1 B2 B3 B4 B5) are shown in fig. 2.1-2.10.
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Active Power Flow (MW)
Buses Without UPFC With UPFC
Bus 1 95.2 194.9
Bus 2 588.8 689.85
Bus 3 586.8 687.16
Bus 4 899 799.11
Bus 5 1279.5 1279.87

It is observed that the time of clearing the fault is less when the system is provided with UPFC.

Here as can be seen from the table that the UPFC don’t have much impact on the active power flow of the
system but in case of fault, the oscillations produced in the system are much less in magnitude and also the time
of clearing the fault is less when the system is provided with UPFC.
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