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Transmission System (FACTS) devices needs to be enhanced
such that the technology results in improved the quality of
power, voltage stabilization, power factor improvement, and
damping of harmonics [13-17]. Also with the rise in the
consumer demand it has become necessary to construct new
power stations and to have new transmission lines, but it also
raises the power system operation and control issues along
with the overall capital cost of such construction and
maintenance cost [18]. The reduction in the system margin due
to limitation in regulation increases the chances of voltage
collapse and frequency drop of the system [19]. Some of the
reasons for voltage collapse of the system include the
overloading of the system, severe faults, sudden increase in
the load and the rise in the reactive power demand and hence
the inability of the system to inject enough reactive power
results in the unstable system and system collapse [20]. Many
a times due to the fault in the system, there is a mismatch of
reactive power, also the variation of the load at the consumer
end causes such imbalance in the system [21]. Hence, to
recover from such condition it is necessary to supply the
reactive power to the system as according to the necessity. To
balance the power of the system mainly the reactive power,
linking of FACTS devices with the line can be useful for the
electrical system [22].

Abstract
For the power system stability enhancement, designing and
performance analysis of the Flexible AC Transmission System
devices has been presented in this paper for an 11kv system.
Devices like Thyristor Controlled Series Capacitor, Fixed
Capacitor Thyristor Controlled Reactor and Static
Synchronous Compensator are designed for the purpose of
system stability and continuous power flow in the system. The
idea of the paper is to compare the power profile of the system
under different conditions and system parameters which is
variable capacitor values (50µF - 1500µF). The power profile
and characteristics of the uncompensated system with the
system with compensating devices has been shown. Also, the
fault analysis for the statcom compensated system analyzing
the effect of fault on the system has been studied. The detailed
analysis of results, based on performance and economics,
device for the real and reactive power flow improvement,
enhancing the system stability shows statcom compensated
device to be better than the other compensating devices.
Keywords: Power Profile, Voltage Profile, Stability,
Economics, FACTS, Uncompensated system, TCSC, FCTCR, STATCOM.

FACTS are the devices that are capable of providing such
flexibility to the system reactive power demand. It is one of
the most important reactive power sources. FACTS may be
defined as a power electronic based semiconductor device
which can supply or absorb reactive power in a system as per
requirement. Thus, by the use of FACTS devices, the stress on
the power system can be eliminated. In addition to above
major factors discussed the FACTS devices like static
synchronous compensator, thyristor controlled series capacitor
along with fixed capacitor thyristor controlled reactor are also
capable of improving the steady state condition i.e. the
transient condition. Thus the other solution for the increasing
power transmission without any loss in the form of power
quality can be FACTS technology [23]. For the development
of HVDC transmission system, the whole system has been
transferred from conventional controllers to power electronics
based controllers for providing better power flow and stability
of the whole system. The major types of controllers available
in the FACTS controllers are of 4 types which are series
controller, shunt controllers, series-series controller and series-

INTRODUCTION
Due to the complication in the present power system, it is very
much important to fulfill the consumer demand with the finest
possible power quality and the power factor [1]. As the
increasing price and environmental effects of the conventional
fossil fuels now a day’s focus has shifted towards the
renewable energy resources [2-4]. But due to the these
renewable energy resources, increase in the network
complexity, more system operation and control is required,
which is another big challenge for the system [5-8], but with
the introduction of various types of RES in the electricity
network like wind and solar, FACTS technology proves to be
helpful in many ways [9-10].
The major factor that must remain the same is the steady state
stability of the system along with the power quality in the
network [11-13]. By the use of highly modern and developed
techniques, the system thus needs to be made more reliable
and secure, resulting in better power quality. To serve such
purpose in the modern world the use of Flexible AC
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FACTS DEVICES

shunt controllers. The power flow of the line or the system by
series controller is done by injection of line voltage in series.
This injection of voltage is controlled directly by the
controllers which are dependent upon the value of capacitor
and reactors thus control of power can be done, whereas the
shunt controllers are used for damping of oscillation [24].

FIXED CAPACITOR THYRISTOR CONTROLLED
REACTOR
SVC or the Static VAR compensators are the oldest in the
FACTS controllers’ family used for the improvement of the
overall system by the improvement of voltage regulation and
power flow in the system. The other benefits of SVC include
dynamic voltage problems can be solved along with reduction
in system losses and also the control feature of the controller.

By applying FACTS controllers into the system gives a
number of advantages over an uncompensated system like
giving better voltage stability, reducing the power losses,
improving the power profile of the system, power system
security, power quality improvement, increase in the capacity
of the transmission line to carry more power along with
voltage regulation of the system [25]. The use of FACTS
devices for improvement in the power profile along with
voltage, current for the enhancement of the system have been
studied in [26]. For the control of dynamic nature of the
voltage of the system STATCOM can be installed in both
transmission and distribution [27]. By the use of STATCOM
for improvement in the power quality, thus limiting the system
to still use fixed speed generator which gives minimum cost
and less maintenance [28]. For the system to be in a stable
state and provide reactive power compensation along with the
control of voltage and power flow the optimal location of the
devices have been discussed in [29]. The quality of power
depends upon the supplier. Due to drop in quality of the
supply the system feels flickering in the system such that there
is a need of the FACTS devices to balance this state such that
to enhance the power quality and thus the stability [30-32].

Figure 1. Fixed capacitor Thyristor controlled reactor

Significance of SVC controller
A. Increased performance rate in steady state.
B. Decrease in system losses.
C. System power flow control.
D. Transient voltage stability control.
In Figure 1. Fixed Capacitor Thyristor Controlled Reactor is
shown with parallel connection of the variable capacitor with
the TCR. Is, Ir and Ic are system current, reactor current and
current flowing through capacitor of the device. The main
objective of applying FCTCR into the system is to provide
continuous power flow in terms of VAR to the system. This
VAR can be either lagging or leading. By the control of the
firing angle of thyristor, Ir i.e. the current flowing through the
reactor can be easily controlled. To provide the leading VAR
the capacitor values are varied such that the system stability
and quality of power must also get improved and in case of
giving lagging VAR to the system the thyristor controlled
reactor is taken to be of much larger value than the capacitor
value.

Major Categories of modern FACTS controllers:
1.

Series-Series controller: For achieving better
performance in a controlled and coordinated manner,
the combination of different FACTS devices is done.
The advantage of such combination of the series
devices is the utilization of the strengths of different
devices upcoming their drawbacks for more stability.
Example of series-series controller: IPFC

2.

Series-Shunt controller: Similar to the series-series
combination, various shunt connected devices can
also be combined with the series devices in
connection with the power system. Such combination
can be used for a line where both the current and
voltage needs to be injected or absorbed such that for
increasing the stability of the system. Example of
series-series controller: UPFC, IPFC etc.

3.

Shunt controller: For the injection or absorption of
current in the power system, shunt connected FACTS
devices are used. Example of series-series controller:
TCSC, TCPAR and SSSC,

4.

Series controller: The main principle of using series
connected FACTS device is injection or absorption
of the voltage in series with the main transmission
line for the better reactive power control. Example of
series-series controller: STATCOM and SVC.

The authors in [33], discusses the power system with eight
buses and in connection with FC-TCR. The designed and
simulated system shows the reactive power control and its
benefits to the power system. Also, in [34], shows the detailed
simulation of FC‐ TSR‐ TCR system and its advantages to the
connection with the power system.In [35], the detailed study
of voltage stability and the non‐ sinusoidal quantities under
the PQ criteria have been done. The work aims towards the
harmonics and voltage stability in the power system in
connection with the TCR. Thus, the harmonics generated via
electronic devices and in SVC with TCR and the effects of
harmonics on Small Signal Voltage Stability are examined for
various operational conditions.
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the transmission capacity of the long transmission lines. For
the reactive power compensation, the authors in [39] proposed
a Voltage Source Control based STATCOM with PI and
Fuzzy Controller.

For the purpose of power oscillation damping, in [36] various
auxiliary signals have been studied. These signals may be a
deviation in active and reactive power to TCR‐ FC bus,
frequency deviation, derivative of active power, reactive
power etc. The simulation and design of TCR with GTO
controlled series capacitor for the series compensation of
transmission power system have been shown in [37]. For
voltage stability, in [38], by using the combined FC-TCR, the
issues related to variation in reactive power, frequency and the
small signal voltage stability have been analyzed.

Also, as per literature, [40] proposed novel multi‐ loop
dynamic error driven controller based on the decoupled (d‐ q)
voltage and current tracking system for modulating the
STATCOM. The proposed system was designed to be used in
distribution networks with dispersed renewable wind energy.
In [41], STATCOM device has been suggested for the issues
related to voltage stability and reactive power compensation.
In the work, designed STATCOM contains an Insulated Gate
Bipolar Transistor (IGBT) based Voltage Source Control for
voltage control and Reactive Power compensation. Thus, for
the overall control of the power system network STATCOM
device has been designed by many authors focusing on the
issues related to voltage stability and reactive power
compensation.

STATIC SYNCHRONOUS COMPENSATOR

Figure 2. Static synchronous compensator
Shunt connected GTO based device operated as to inject the
leading or lagging reactive power into the system is known as
STATCOM FACTS device. It is advantageous to use
STATCOM as it consists of no rotating parts, quick response
is provided by the device, no bulky passive components thus
require less space and low on maintenance. Figure 2. shows
the most basic diagram of STATCOM.

Figure 3. Equivalent circuit of STATCOM

The voltage source converters (VSC) using GTO are used to
convert the DC voltage into AC voltage and converted AC
voltage is injected into the line using transformers. During the
condition of less or no load, the line voltage is taken to be
higher than that of the converter voltage, thus the converter
absorbs the lagging VAR from the system and in case of
balanced state with the line voltage equal to the output voltage
of the converter the STATCOM goes in floating state and thus
there is no exchange of power between the FACTS device and
the system. In the ideal scenario, this state is preferred the
most.
Power flow constraints of STATCOM are given by:

QST  VP2bST  VPVST gst sin P  ST   bST cos P  ST 

Figure 4. Characteristics of STATCOM

(1)

PST  VP2 g ST  VPVST g ST cos P   ST   bST sin P   ST 
(2)
For the purpose of reactive power compensation in improving
the control of power system, STATCOM device is widely in
use. In real power system, reactive power at the source end
results in the increase of transmission losses and decrease in
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The authors in [42] present the shunt connected STATCOM
device for the reactive power compensation in power system.
For the same, STATCOM uses the self commutating devices
(GTO is widely used). Also, the work shows the analysis of
STATCOM device in the voltage regulation connected at
midpoint of the transmission line. The results show an
increase in the power transfer capability of the line with
reduced losses and also the control over reactive power. The
work in [43], shows the state feedback control approach for a
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For a constant value of capacitance,

single infinite bus Machine connected with a STATCOM.
Also, in [44], low rating STATCOM for the consumer end
was proposed for better control over the electric power
system. The proposed STATCOM is designed with cascading
full‐ bridge Voltage source inverters with PCC (point of
common coupling). Thus, allowing the compensation of
required reactive current at the consumer load end and the
midway harmonics present in the system. As per the authors
in [45] voltage source converter based STATCOM has been
purposed for the better voltage regulation in transmission and
distribution systems. The ability of the STATCOM FACTS
device of supplying dynamic VARs required at the time of
system faults for voltage support has been considered. In
work, by the purposed VSC based STATCOM device, effect
of supplying or absorbing of the reactive power on the
apparent impedance has been analyzed aiming towards the
working of distance relays. In [46] various applications and
advantages of the STATCOM FACTS device with SVC have
been discussed. The focus of the work is on STATCOM
device for the improved power quality of grid integrated with
wind power. Various other features and advantages of using
the STATCOM device in the improvement of power system
have also been reviewed. In [47], FACTS devices in
coordination with the power system for stable operation of the
complete system along with the reduction in losses and
increased power transfer capability has been studied and
reviewed. The control over power flows in the existing power
system is a major requirement for a stable system. The work in
[48] with STATCOM connected in shunt with the
transmission line for control of voltage and thus the power
flow has been presented. According to another author in [49]
nonlinear operation of STATCOM has been presented. The
analysis of the work shows nonlinear controller with better
performance than the linear controllers.

xT  

 jxC
x
1 C
xt
(3)

For the optimal power system planning and control, modern
FACTS technology has to be considered. The issue related to
the control of reactive power flow has been resolved using
modified PSO. The automatic adjustment of the TCSC
FACTS device in coordination with voltages of the generating
units is done using the proposed algorithm [50].

Figure 6. Characteristics of TCSC
TCSC being used as the multi objective tool in power systems
has its application in the voltage stability of the power system.
By varying the reactive power of the system, the voltage of the
connected system can be stabilized. In the literature, the effect
of connecting TCSC with power system for the purpose of
small signal voltage stability has been well discussed [51].
For identification of the best location for connecting the
TCSC, line stability index has been considered as per [52],
under accepted lines outage contingencies. For the purpose of
voltage stability, the FACTS device is incorporated in the
purposed Newton Raphson load flow algorithm. For the
damping characteristic improvement, in [53] an output
feedback variable structure controller has been proposed. The
input to the proposed controller is the actual and the real
power at the point of TCSC. These input signals are used to
build the switching hyper plane for the proposed TCSC
controller. The automatic control scheme for the working
model has been developed in [54] – [55]. The analysis of the
TCSC connected system for synchronous stability and voltage
stability is done using the P‐ δ and P‐ V Curves which show
improved results when compared with the literature. For
determining the available power transfer capacity, TCSC have
been used in [56]. The loading limits of the thermal units are
considered as the constraints of the proposed work. Also, the
maximum and minimum of the transfer capacity of the thermal
unit are calculated using Power Transfer Distribution Factor.
The challenges of increasing power transfer capacity in power
system have been discussed in [57].

THYRISTOR CONTROLLED SERIES CAPACITOR
With the special feature that the thyristors with gate turn off
capability not required TCSC is an important series
compensator in the FACTS device family. It is positioned in
series with the main transmission line as shown in Figure 5.
The capacitor and a reactor are required for the control of the
power. In series with the line, capacitor of variable value is
fixed and the TCR is placed in parallel to the capacitor.

Figure 5. Thyristor controlled series capacitor
The economics of the system is improved by using TCSC as
the insertion of capacitor results in elimination of the use of
HV transformer. But the constraint of using TCSC in the
system is the use of high value of capacitor as at low value the
results may come out to be non-satisfactory.

As per the literature, the issue of power system stability
improvement with TCSC controller, modifying the design of
the coordinates has been shown in [58]. It uses the PSO
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and reactive power measurement block is used to measure the
real and reactive power of the system on the load side. The
model in the Figure 7. display each value that is required for
the analysis of the uncompensated system. Below are the
simulation results of the system showing obtained power
flows, load voltage and the load current:

technique, optimizing the parameters of FACTS devices
constrained to nonlinear optimization problem. Similarly, the
authors in [59], using the genetic algorithm analyzing the
sensitivity and optimum setting of the TCSC device have
proposed the new method. Thus, aiming towards the optimal
location and setting of TCSC.
OBJECTIVE AND MOTIVATION
The foremost aim of this paper is to study the performance of
various FACTS devices in the 11kv system with same system
configuration. On the basis of performance, the comparison
between uncompensated and compensated devices has been
done. The other part of the paper shows the performance
analysis of the system and the device under fault and after the
clearance of the fault. The overall preference of the FACTS
device is hence dependent on the performance characteristics
along with the economy factor.The problem of economics due
to mismatch of the device and the system configuration along
with the preference that has to be given to the device on the
basis of their performance analysis is the main motivation of
this paper.

Figure 8. Real power flow

PERFORMANCE ANALYSIS OF SYSTEM WITH FACTS DEVICES
Uncompensated Power System
The below model created by using MATLAB Simulink
software shows an uncompensated system with 11KV of
source voltage and a constant load of 25MW and 50MVAR.
The basic model, shown in Figure 7 consists of various
measurements block available in the Simulink library with real
and reactive power measurement block too. As from [4] the
test system configuration with 11KV of source voltage and
constant load of 25MW, 50MVAR includes source impedance
of (0.01+j0.001) Ω, Line impedance of (5+j0.023) Ω. The
various measurement blocks like current measurement block
measures the instantaneous value of the source as well as load
current of the system. In the similar manner the voltage
measurement block gives the source and load voltage of the
system.

Figure 9. Reactive power flow

Figure 10. Load voltage

Figure 11. Load current

Figure 7. Uncompensated System

The above results show the load voltage to be 2.514KV along
with the Real and reactive power flow without adding any
compensating device. By the injection of reactive power in the
system the system stability, which is considered to be an

The results of the current and voltage measurement block can
be seen using the scope and the value of Is IL Vs VL is
displayed through the display block. The PQ block or the real

5144

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 7 (2018) pp. 5140-5153
© Research India Publications. http://www.ripublication.com
important factor can be maintained. By the use of various
compensating devices to provide system stability and thus
better performance various devices have been presented in this
paper. Based on the assessment of the system with various
devices, the device with better performance will be decided.
The system with the compensating devices is tested for various
capacitor values ranging from 50 µF – 1500 µF.
Compensated Power System
Figure 15. Load Voltage

Fixed Capacitor Thyristor Controlled Reactor compensated
Model
For 11k line the compensated model for the Fixed CapacitorTCR model is shown in Figure12.

Figure 16. Load current

Table 1: Variation of power flow with change in capacitance
Sr. no.

Capacitance

Real power

Reactive power

(µF)

(MW)

(MVAR)

Figure 12. FC-TCR compensated system

1.

50

11.71

23.43

The load and the impedance for the system is 25MW,
50MVAR and (0.01+j0.001) Ω. In Figure13. to Figure16.,
results for the system configuration of Figure12. have been
discussed.

2.

100

12.05

24.11

3.

200

12.76

25.52

4.

500

15.06

30.11

5.

750

17.09

34.18

6.

1000

19.05

38.10

7.

1500

21.89

43.38

The table1 clearly shows the variation in the system power
flows with the change in the capacitor value. At the maximum
value of capacitor the real and the reactive power are
maximum and decrease with the decrease in the capacitive
value.

Figure 13. Real power flow

Static Synchronous Compensator compensated Model
The STATCOM compensated system with the same
configuration has been shown in Figure17. The capacitor
placed in shunt with the line must be varied to get the change
in the power flow level of the system. The simulation results
for the STATCOM compensated device are given in Figure 18
to Figure 21 representing real power, load voltage and current
and also the reactive power of the system. Whereas the
variation in the flow of real and reactive power with respect to
the change in capacitor value can be seen in Table
2.

Figure 14. Reactive power flow
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Figure 21. Load current

Table 2: Variation of power flow with change in capacitance
value from 50µF - 1500µF.

Figure 17. STATCOM compensated system

Capacitance

Real power

Reactive power

(µF)

(MW)

(MVAR)

1.

50

12.41

24.82

2.

100

12.77

25.54

3.

200

13.51

27.01

4.

500

15.87

31.75

5.

750

17.90

35.80

6.

1000

19.75

3950

7.

1500

21.73

43.66

Sr. No.

Figure 18. Real power flow

With the rise or drop in the capacitor value the change in
the power of the system can be seen such that at the maximum
capacitor value of 1500µF the real power of the system is
21.36MW and would decrease as the capacitor value is
decreased.
Figure 19. Reactive power flow

Thyristor controlled series capacitor compensated system

Figure 20. Load voltage

Figure 22. TCSC compensated system

The system model with TCSC device is shown in Figure 22.
For the capacitor value of maximum rating, the results have
been shown in Figure 23. to Figure 26. It shows the real along
with the reactive power flow in the system.
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Table 3: Variation of power flow with change in capacitance
Sr. No.

Figure 23. Real power flow

Capacitance

Real power

(µF)

(MW)

Reactive power
(MVAR)

1.

50

0.63

1.17

2.

100

0.91

1.69

3.

200

1.57

3.14

4.

500

3.19

6.38

5.

750

8.23

16.47

6.

1000

12.86

25.71

7.

1500

16.65

33.29

Thus, it can be observed that by increasing the value of
capacitor continuous compensation of real and reactive power
can be done without any drop. Also the voltage profile
improves up to a certain point, depending on capacitance
value.

Figure 24. Reactive power flow

The Figure 25 and Figure 26 shows the voltage and the
current at the load side such that the magnitude of the voltage
must be in accordance to the sending end voltage of the stable
system.

COMPARISON OF FACTS DEVICES
From the observation, it is seen that with the variation in the
capacitance value significant improvement is present in all
three systems. For the real power, STATCOM for the
capacitor value of 500μF is preferred and at capacitor value of
1500μF, FC-TCR gives improved performance, whereas for
reactive power STATCOM gives better performance than the
other two devices. It must be noted that the rise in the value of
capacitor gives consequent rise in the cost of the capacitor,
thus for the system to be purely economical the cost constraint
is an important factor for the designing of the system.
Table 4: Power Flow comparison of devices for various
capacitor values

Figure 25. Load Voltage

Figure 26. Load current

Device

Real power

Capacitor value
(µF)

50

FC-TCR

11.71 15.06 21.89 23.43 30.11 43.38

STATCOM

12.41 15.87 21.73 24.82 31.75 43.66

TCSC

0.63

500

3.19

Reactive power
1500 50

16.65 1.17

500

6.38

1500

33.29

Thus, from the Table 4 it can be concluded that the
STATCOM device is much more suitable for the purpose of
compensation than the other devices as comparatively the
performance of the device is better along with the economic
constraint STATCOM can be preferred with the capacitor
value of 500µF or even 1000µF.

TCSC compensated system with a higher capacitor rating
shows better performance and the improvement in the stability
level. For various values of the capacitor the ranging from
50µF to 1500µF, table3 shows the simulated change in the
power level of the system.
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RESULTS AND DISCUSSION
For the various devices discussed above in this paper, the
overall results have been plotted in this section. Variation in
the power profile with the change in capacitor value for
FCTCR, STATCOM and TCSC are shown in Figure 27 to
Figure 32.
Fixed Capacitor Thyristor Controlled Reactor type SVC
compensation

Figure 29. Variation in the real power flow with adjustment in
capacitance (50-1500μF)

For the FC-TCR compensated system model the real and
reactive power flows for the capacitor value of 500µF, 1000
µF and 1500 µF have been shown in the above Figure 27 and
Figure 28.

Figure 29 and Figure 30 shows the change in the power flows
with change in the value of shunt connected capacitor in the
system. The STATCOM is preferred over the other devices
because of its various advantages and better performance.

Figure 27. Variation of Real power flow with change in
capacitance (50-1500μF)

Figure 30. Variation of reactive power flow with change in
capacitance (50-1500μF)

Thyristor controlled series capacitor Compensation
The graph shows the power flow of the power system for the
changing value of the capacitor when a TCSC is connected to
it. The rise in the value of capacitor results in the improvement
in the system performance along with the system stability but
relatively the cost of the capacitor and other components of
the system is a constraint that is required to be achieved.

Figure 28. Variation of Reactive power flow with change in
capacitance (50-1500μF)

Static Synchronous Compensator Compensation
For the most preferred device of all, STATCOM compensated
system shows the significant rise in the real and reactive power
for the given system. The value of real power at the maximum
value of 1500µF comes out be nearly 21.73MW, more than in
comparison with the other devices.

Figure 31. Variation of real power flow with change in
capacitance (50-1500μF)
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Case Study
In case of the occurrence of fault in the compensated system
the system must respond to it in such a way that the system
stability must be maintained and the compensation provided
by the STATCOM device must remain constant after the
clearance of the fault.
Figure 32. Variation of reactive power flow with change in
capacitance (50-1500μF)

Power Flow comparison of devices
The Figure 33 and Figure 34 shows the real and reactive
power flows of all the various devices for same rating of
capacitor and the system configuration. For high value of the
capacitance the Fixed Capacitor-TCR system is considered to
be better than the others, but is not proffered as it offers high
capital investment in the system.

Figure 35. STATCOM compensated system with fault.

Figure 35 shows the faulty system with STATCOM
connection. The use of the single phase breaker is assumed to
be a kind of fault activated externally. This case study is to
analyze the response of the system and the device in the fault
condition. The results are simulated similarly for various
values of capacitor, but for a specific value i.e.1500µF and are
given by Figure 36 and Figure 37.

Figure 33. Variation of real power flow between above FACTS
devices with change in capacitance (1500μF)

Figure 36. Real power flow

Figure 34. Variation of reactive power flow between above
FACTS devices with change in capacitance (1500μF)

Whereas, if the overall performance for the various values of
capacitance is considered than the STATCOM device has to
be considered as it gives most suitable results at even lower
values of the capacitance.

Figure 37. Reactive power flow
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Table 5: Comparison of new and conventional devices
GCSC

Figure 38. Load current

TCR

Switches are in parallel with
the capacitor.

Switches are in series with
the reactor.

The main supply is the
current source.

The main supply is the
voltage source.

The current of capacitor is
controlled.

The voltage of the main
reactor is controlled.

Voltage of the device
controlled by blocking the
angle of switches.

Current of the device
controlled by the control of
the firing angle.

All the switches are fired or
blocked with zero voltage.

Blocking or firing of
switches with zero current.

Hence, for the future study the analysis of such devices
which have the ability to result in better, electrical network
can be studied and the basis of the analysis may vary such that
the aim of the research can be shifted towards the quality of
power or the harmonics mitigation.

Figure 39. Load voltage

The results above shows the real and reactive power flows
before, in the presence and after the clearance of the fault. It is
to be noted that the system stability must be regained. Thus,
from the above analysis, it can be seen that after the fault have
occurred there is a significant drop in the voltage, current and
the power of the system, but after the clearance of the fault the
real and reactive power that was required to be compensated
remains the same and the system stability remains in a healthy
state.

CONCLUSION
By the use of the MATLAB Simulink environment relative
study of various FACTS devices: FC-TCR, STATCOM and
TCSC associated with a short transmission line and its analysis
along with thorough comparison have been done.
Improvement in the voltage profile of the system, increase in
the system stability and power flow improvement can be seen.
From the observation table for FC-TCR and STATCOM
compensated system, power flow get better proportionally
with the variation or specifically rise in the capacitance value
from 50µF - 1500µF. For the TCSC compensated system,
high capacitance is required as at low values of capacitor
TCSC is not preferred. The performance of the system under
compensation has been analyzed such that, STATCOM gives
optimum performance at the capacitor value of 500μF when
the economic constraint is also included. FC-TCR type SVC
compensates the system by the variation in the capacitor value
of the range starting from very low to very high. The most
preferred and highest value of power flow is achieved at the
maximum capacitance value of 1500µF. Also TCSC, in the
similar way gives better performance at the capacitor value of
the order of 1500µF. But with the increase in the value of the
capacitor will result in the rise in cost of equipment and thus
the overall cost of the system. Thus the STATCOM device
provides the best performance when connected to the system
along with the economic constraint as compared to the other 2
devices. From the case study, where the fault state analysis
gives the result in the favor of the STATCOM device as it
maintains the stability of the system in the healthy state has
been done. Also a glimpse of the future aspects of the power
system quality and overall improvement devices like GCSC
which is gate controlled series capacitor is given.

SUGGESTIONS FOR FUTURE DEVELOPMENTS
In this paper as the focus is on the three major devices in
the FACTS family: STATCOM, TCSC and FCTCR, such that
on the terms of their performance and the economic analysis
the comparative study has been done. But this work can be
carried out in the future for other devices like UPFC, IPFC or
any other series connected device. In the modern world with
the rise in technology a new series device GCSC (Gate
Controlled Series Capacitor) has been introduced where the
shunt capacitors are better for the power factor correction and
reactive power support series capacitor used in GCSC can be
useful for the control of voltage and the power loss reduction
in the network [60]. Hence the gate controlled device GCSC
can prove to be another option for the improvement in the
power quality and power factor. Some of the advantages for
the GCSC over the classical TCR are given below:
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APPENDIX
Appendix 1: Nomenclature
FACTS

Flexible AC Transmission System

FCTCR

Fixed Capacitor Thyristor Controlled Reactor

STATCOM

Static Synchronous Compensator

TCSC

Thyristor controlled series capacitor

GTO

Gate turn-off thyristor

GCSC

Gate controlled series capacitor

Is and Vs

Source current and voltage

IL and VL

Load current and voltage

Appendix 2: System Data
Source voltage

11KV

Frequency

50Hz

Source impedence

0.01+j0.001Ω

Line impedence

5+j0.023Ω

Load

25MW, 50MVAR
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