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Abstract

This study examines the impact of multiple UPFC on
transient stability of a power system. A real based multi
machine-65 bus system is modeled and analyzed with Unified
Power Flow Controller (UPFC). The placement of the
compensators is determined based on the transmission lines
with highest voltage drop in the system. Transient stability
effects are analyzed for three system cases, one without
compensators, one with one compensator at a time and the
last one with multiple compensators. Angle, angular speed of
rotors and voltage of each bus is observed. The simulation
results showed that the system with multiple compensators
can damp oscillations more effectively, which makes the
system in a more reliable operation.

1. Introduction

Transmission networks of modern power systems have been
causing problems because of growing demand and restrictions
on building new lines. One of the consequences of such a
system is the threat of losing stability following a disturbance.
Flexible AC Transmission System (FACTS) devices are found
to be every effective in a transmission network for better
utilization of its existing facilities without sacrificing the desired
stability margin [1]. There are various forms of FACTS devices,
some of which are connected in series with a line and the others
are connected in shunt or a combination of series and shunt. A
unified power flow controller (UPFC) is a member of FACTS
family which is connected to a system in a combination of series
and shunt. It has two voltage source converters coupled through
a common dc link [2]. When the literature about UPFC has been
reviewed it can be seen that; PSS analysis was conducted in a
multi machine power system on DC capacitor, power and
voltage according to nonlinear dynamic model[3]. UPFC has
been effective in the improvement of power flow which depends
on serial and parallel compensators [4]. In the transient stability
condition, UPFC is effective on damping oscillation which
occurs on DC link capacitor voltage by converter. [5]. In the
power systems, for damping interarea oscillation using UPFC
and extra capacitor, the system works safer. [6-7]. In
determining optimum parameters of power systems like bus
voltage, line flow, UPFC has been alterative due to case based.
[8]. In regulation stability and transformer settings, UPFC
provides relief and more reliable working in complex power
systems. [9]. In steady state and transient conditions, depending
on double converter use, UPFC supports the line and the bus

10]. In multi machine power system, first swing stability of
UPFC in a multi-machine power system have been investigated
and it is seen its effectiveness in angle stability [11]. In different
controller modeling, UPFC provides better results than
traditional methods. [12]. In the present study, a real based
multi-machine 65 bus system is used to evaluate the impact of
UPFC under transient conditions. It has been shown that using
one UPFC results in late time response. The use of multi UPFC
improves the time response and effectively damps oscillations.

2. n-Machines Power Systems Modeling

Consider an n bus system with multi machines showed by a
classical model. The swing equations are given as i=1,2...ng.
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inertia constant, W_is the synchronous generator speed, ng is
the number of machines, Pm is the mechanical power input in
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angular positions of the rotors.

The power flow equations for a bus in transmission network
are given by a set of algebraic equations, i=1...... n.
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and QLI. are the real and reactive power loads, respectively, at
the i"™ bus [13].

3. Unified Power Flow Controller (UPFC)

Circuit modeling of a UPFC connected transmission line is
shown in Fig. 1.
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Fig. 1. UPFC circuit modeling

An UPFC consists of a parallel and series branches, each one
contain of a transformer, power-electronic converter with turn-
off capable semiconductor devices and dc circuit. Converter 2 is
connected in series with the transmission line by series
transformer. The real and reactive power flows in the
transmission line can be quickly regulated by changing the
magnitude and phase angle of the injected voltage produced by
converter 2. The basic function of converter 1 is to supply the
real power demanded by converter 2 through the common dc
link. converter 1 can also generate or absorb controllable
reactive power [14]. The system load flow equations can be
rewritten
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Load flow equations for the m™ bus with FACTS devices
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Figure 2 shows schematically how multiple UPFCs can be

integrated into the system admittance matrix.
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Fig.2. Schematic Representation of a Power System with
Multiple UPFC

By adding multi UPFC into the system, the admittance
matrix has been re-established in UPFC 1. Besides this, in
UPFC 2 according to the new established admittance matrix,
flow value has been re-calculated depending on the converters.
[15].

4. Description of the System

A modeling and simulation study has been carried out on a
real based multi generator-65 bus system shown in Fig.3 . The
system has 35 load buses (buses 2-36) and 29 generator buses
(buses 37-65) [16]. system shown in Fig.3 . The system has 35
load buses (buses 2-36) and 29 generator buses (buses 37-65)
[16].
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Fig.3. 65 buses real system

A load flow analysis is performed to determine the bus with
the lowest voltage and the line with highest voltage drop. While
Bus 21 has the lowest voltage, the lines between buses 37-54
and busses 33-59 are found to have the highest two voltage
drops. Later, a three phase short circuit between the period of
0.1s and 0.25s is applied to the lowest bus voltage. Circuit
breakers located at between buses 21 and 65 has the opening
time of 100ms.

Single and multiple shunt and series connections of FACTS
devices in the faulted system are simulated and effects are
analyzed through observing rotor angle. The following
scenarios are simulated.

A series and shunt FACTS, A 100MVA UPFC between bus
18 and 20, Multiple series and shunt FACTS, A 100MVA
UPFC between bus 37 and bus 54 and UPFC between bus 33
and bus 59.

5. Simulation Results

When the 3 phase fault occurs, it is seen that; generator angle
speed, angle, bus voltage have been instable. The results of the
3 phase fault without a UPFC in the system have been given in
Figures 4, 5, and 6.
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Fig. 4. Generators angular speed variations without UPFC
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Fig. 6. Load buses voltage variations without UPFC

The results of the 21 number bus 3 phase fault with a single

UPFC in the system have been given in Figures 7, 8 and 9.
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Fig. 7. Generators angular speed variations with UPFC
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Fig. 8. Generators angle variations with UPFC
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Fig. 9. Load buses voltage variations with UPFC

When the 3 phase fault occurs, it is seen that generator angle
speed, angle and bus voltage have been instable. For this
situation, the results between 18-20 buses and between 33-59
buses including 21 number bus 3 phase fault with multi UPFC
have been given in Figures 10, 11 and 12.
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10. Generators angular speed variation with multiple
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Fig. 11. Generators angle variations with multiple UPFC
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Fig. 12. Load buses voltage variations with multiple UPFC

According to the results;

the system time responses have

been given in table 2 respectively as; without UPFC, with a
single UPFC and with multi UPFC.

Table 1. System time response values
Time response (s)
Variables Without With With
UPFC UPFC multiple
UPFC
Generator
angular 45s 3.75s 30s
speed
Generator 425s | 350s| 275s
angle
Load bus 505 13 09
voltage
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If the system parameters in Tablel are investigated for time
response, it is clear that when multi UPFC is used the system is
stable in a short time.

6. Conclusion

When the transient stability effects of UPFC in a multi-
machine 65 bus systems have been investigated in this study.
The system with no UPFC shows an oscillatory behavior under
transient conditions. A single UPFC can partly improve the
transient stability of the system while multi UPFC can provide
more damping and quick response leading to a more stable and
reliable operation of the system.

7. References

[1] Hingorani N.G., Gyugni L., “Understanding FACTS:
Concept and Technology of Flexible AC Transmission
Systems”, IEEE Press, NY, 1999.

[2] Haque M.H., “Application of UPFC to Enhance
Transient Stability Limit”, IEEE Power Engineering Society
General Meeting, pp.1-6, 2007.

[3] Wang H.F., “Applications of Modelling UPFC into
Multimachine Power Systems”, IEEE Generation, Transmission
and Distribution, vol.146, pp.306-312, 1999.

[4] Liu J. Y., Song Y. H., Mehta P.A., “Strategies for
Handling UPFC Constrains in Stead- State Power Flow and
Voltage Conroller”, IEEE Transaction on Power Systems,
vol.15, pp.566-571, 2000.

[5] Fujita H., Watanabe Y., Akagi H., “Transient Analysis of
a Unifed Power Flow Controller and its Application to Design
of The DC-Link Capacitor”, IEEE Transaction on Power
Electronics, vol.16, pp.735-740, 2001.

[6] Pal B.C., “Robust Damping of Interarea Oscillations with
Unified  Power-Flow  Controller”, IEEE  Generation,
Transmission and Distribution, vol.149, pp.733-738, 2002.

[7] Zarghami M., Crow M.L., Sarangapani J., Liu Y., Atcitty
S., “ A Novel Approach to Interarea Oscillation Damping by
Unified Power Flow Controllers Utilizing Ultracapacitors”,
IEEE Transaction on Power Systems, vol.55, pp.404-412, 2010.

[8] Ghahnavieh A.R., Firuzabah M.H., Shahidehpour M.,
Feuilet R.,”UPFC for Enhancing Power System Reliability”,
IEEE Transaction on Power Delivery, vol.25, pp.2881-2890,
2010.

[9] Haque M.H., “Power Flow Control and Voltage Stability
Limit:Regulating Transformer Versus UPFC”, ”, IEEE
Generation, Transmission and Distribution, vol.151, pp.299-
304, 2004.

[10] Kannan S., Jayaram S., Salama M.M.A., “Real and
Reactive Power Coordination for a Unified Power Flow
Controller”, IEEE Transaction on Power Systems, vol.19,
pp.1454-1461, 2004.

[11] Haque M. H., “Evaluation of First Swing Stability of
Large Power System with Various FACTS Devices”, IEEE
Transaction on Power Systems, vol. 23, pp.1144-1151, 2008.

[12] Guo J., Crow M.L., Sarangapani J., “An Improved
UPFC Control for Oscillation Damping”, ”, IEEE Transaction
on Power Systems, vol. 24, pp.288-296, 2009.

[13] K. R. Padiyar, “Power System Dynamics, Stability and
Control”, Hyderabad, India: BS Publications, 2002.

[14] Gholipour E., Saadate S., “Improving of Transient
Stability of Power Systems Using UPFC”, IEEE Transaction on
Power Delivery, vol.20, pp.1677-1682, 2005.

[15] Padhy N.P., Moamen M.A.A., “Power Flow Control
and Solutions with Multiple and Multi-Type FACTS Devices”,
Electric Power Systems Research, vol.74, pp.341-351, 2005.

[16] Basaran U., “Various Power Flow and Economic
Dispatch Analysis on 380 KV Interconnected Power System in
Turkey”, Master of Science Thesis, Anadolu University, Natural
Science Institute, Eskisehir, 2004.

142



