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Abstract Power demand in last two decades has increased substantially increasing
the complexity in power system network. Therefore to maintain the transient sta-
bility of captive power plant (CPP) during any grid fault or disturbance presents a
new challenge to researchers. In case of grid fault, captive power plant immediately
isolates its captive generator sets from grid to ensure safety. In this paper, an
attempt has been made to improve transient stability of captive generator sets during
grid fault using FACTS (Flexible AC Transmission System) controller. The per-
formance of FACTS controllers likes Static Var Compensator (SVC) is observed
during grid fault condition. The simulation analysis was performed using
MATLAB/Simulink software.

1 Introduction

The modern power system network consists of several complex electrical compo-
nents such as generator, automatic voltage regulator (AVR), exciter, power trans-
former, distribution transformer, transmission line, electrical motors and
combination of variety of linear and nonlinear loads etc. Combination of these
components makes the power system network more complex [1]. De-regularization
in power industry emphasizes the liberal provision with respect to build up of
captive power plant with a view of not only providing dependable power but also to
provide high quality and economic power as well. Current industry practice sug-
gests that after any grid fault captive power plant needs to be disconnected from the
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grid within 200–300 ms [2], if the system has not regained its stability. Stabilization
of CPP, under grid disturbance condition, can be done implementing load shedding
and anti-islanding scheme [3]. Active and passive filter array system is one of the
useful system to manage CPP [4, 5].

Recent power electronics research suggests that FACTS device is a useful tool to
enhance the transient performance index during any major grid disturbance [6].
First operational feature of FACTS device is to help the network to regain its
transient stability. Static Var Controller (SVC) is one of the reliable FACTS con-
troller which control the voltage of power network using reactive power compen-
sation technique. SVC also acts as a shunt compensator to control the transient
voltage and damp out oscillation during any grid fault [10, 11]. FACTS controller is
considered to be the most versatile one and used for improving the dynamic sta-
bility of power system network. FACTS devices consist of Static Synchronous
Compensator (STATCOM), Series Synchronous Compensator (SSSC), Unified
Power Flow Controller (UPFC) and SVC to control many electrical parameters
simultaneously. This paper presents a novel approach to improve transient stability
by connecting SVC inside the process plant network system [7–11]. Result shows
that the transient stability index of CPP generator improve significantly in terms of
time duration to reduce generator output voltage oscillation as well as rotor angle
variation of CPP.

2 Methodology

To study the transient performance of proposed network model a detailed network
diagram is prepared using MATLAB/Simulink software. The network block dia-
gram is depicted in Fig. 1.

In the network shown below, the alternator rated 30 MVA, 11 kV is connected
to the grid. A part of the generated power is used to supply the plant itself to sustain
the process of generation. After supplying the internal plant load of 5 MW, the

Fig. 1 Network diagram consider for analysis with SVC
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generated voltage is stepped up to 33 kV. The rating of the transformer considered
as 30 MVA and the primary side voltage of the transformer is 11 kV and secondary
side voltage is considered as 33 kV. The power is transmitted through a line of
considerable length to supply the grid. The power transmitted at this voltage is
ultimately stepped down to supply the load at the distribution end.

Now the interesting area is to deal with a sudden three phase fault occurs in
33 kV bus as shown in the Fig. 1. The voltage profile of the grid shows abnor-
mality. To maintain the safety rule as mention in IEC standard the generator
immediately needs to be isolated from the grid within critical fault clearing time.
The system behavior is analyzed in two domains one incorporates FACTS devices
in the network and other without it. SVC and UPFC is considered as FACTS device
to improve stability.

Basic points that are considered for the study:

(a) Loads as shown in various buses are motor load; static load, etc.
(b) Short circuit fault level of existing 11 kV system considered as 30 kA.
(c) Tolerance of impedances not considered except generator transformer.
(d) Tolerance of impedances for 30 MVA GT is considered as per IEC standards.
(e) Overhead 33 kV line fault level consider as 50 kA.

3 Results

The Transient stability study of the proposed network is performed in the following
conditions.

(a) For a fault in 33 kV grid side without connection of SVC at generator bus.
(b) For a fault in 33 kV grid side and SVC is connected at generator bus.

Event of operations performed for the transient stability study is indicated in
Table 1.

The simulation results of Transient stability study for case-1, case-2

Table 1 Event of operation
performed for transient
stability study

Event Time
(s)

Action Status of
SVC

Case-1 0.5 3Ph fault on grid bus Without SVC

Case-2 0.5 3 Ph fault on grid
bus

With SVC
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4 Discussion

From the simulation result Figs. 2, 3, 4, 5 and 6, the summary output is depicted in
Table 2.

Fig. 2 Voltage profile at generator bus without SVC

Fig. 3 Voltage profile at generator bus with SVC

Fig. 4 Variation of rotor angle during fault with and without SVC
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5 Conclusion

As per the analysis it is observed that, during grid disturbance and after removal of
fault, first acting turbine governor system along with exciter and SVC plays an
important role to maintain the transient stability of the system. From the transient
stability study it is very clear that turbine governor model with SVC performs better
in terms of improving transient stability index i.e. voltage variation, damping
oscillation and generator speed variation during a grid fault condition. With the use

Fig. 5 Speed variation of captive generator during grid fault without SVC

Fig. 6 Speed variation of captive generator during grid fault with SVC

Table 2 Summary of event of operation performed for transient stability study

S. No. Status of
SVC

Rotor angel
stabilization time (s)

Final speed
attended (rpm)

Time for
stabilization (s)

1. Without
SVC

0.6 Oscillates 1550–
1520

5

2. With
SVC

0.5 1500 2
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of SVC, time duration of voltage oscillation reduced from 5–2 s during 33 kV grid
bus fault. With the use of SVC, reduction in generator speed oscillation results in
reduction of thermal stress in turbine system and improvement of plant reliability
significantly. Improvement of reliability also helps plant operator to perform safe
islanding operation of captive generator.
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