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Abstract— In this paper proposed topology work deals with a firing angle range control and minimization of harmonics in 
thyristor controlled reactor (TCR) and transient free switching of thyristor switched capacitor (TSC). In recently Static VAR 
Compensators generally consists of a thyristor switched capacitor (TSC) and a thyristor controlled reactor (TCR) and 
compensates loads through generation or absorption of reactive power. The operation of thyristor controlled reactors at 
appropriate conduction angles can be used advantageously to meet the phase-wise unbalanced and varying load reactive 
power demand in a system. However, such as an operation deteriorates the quality of power supply through percolation of 
harmonic currents generated into the mains. This topology proposes how the delta connected TCR minimizes the harmonic 
components and transient free switching operation of TSC bank. Harmonics in the SVC can be minimizing by controlling 
the firing angle within the range of TCR. Also it provides almost step less variation of reactive power. 
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I. INTRODUCTION 
 
This is well documented in literature and through 
public discussions at various levels that a substantial 
power loss is taking place in our low voltage 
distribution systems on account of poor power factor, 
due to inadequate reactive power compensation 
facilities and their improper control. [1,2] Switched 
LT capacitors can directly supply the reactive power 
of loads and improve the operating condition. 
Government of India has been insisting on shunt 
capacitor installations in massive way and 
encouraging the state electricity boards through Rural 
Electrification Corporation and various other 
financing bodies. The expansion of rural power 
distribution systems with new connections and 
catering to agricultural sector in wide spread remote 
areas, giving rise to more inductive loads resulting in 
very low power factors. [3] The voltages at the 
remote ends are low and the farmer‘s use high HP 
motors operating at low load levels with low 
efficiencies. This is giving rise to large losses in the 
distribution network. [4] 
In case of power system there mainly two types of 
compensating devices, static shunt compensators and 
static series compensators and one another type i.e. 
combined compensator. Static series compensators 
are Gate Turn Off thyristor (GTO), Thyristor 
Controlled Series Capacitor (GCSC), Thyristor 
Switched Series Capacitor (TSSC), Thyristor 
Controlled Series Capacitor (TCSC), Static 
Synchronous Series Compensator (SSSC), Static 
shunt compensators are Static Synchronous 
Compensators (STATCOM) and Static VAR 
Compensator (SVC) , combined compensators 
Unified Power Flow Controller (UPFC), Interline 
Power Flow Controller (IPFC). [5] 
The SVC is indispensible and based on proven 
technology for reactive power compensation. 
Traditionally SVC has been used as shunt device that 

offers voltage stability and reactive power 
compensation to the load or at PCC (Point of 
Common Coupling). Since EPRI‘s (Electric Power 
Research Institute) release of FACTS strategies in 
1987 SVC‘s have grown in popularity and are well 
established in power industry. 
The Basin Electric Power Corporation (BEPC) 
installed the first SVC at Nebraska in 1977. 
Typical shunt compensator to be employed in a 
distribution system primarily consists of shunt 
capacitor and shunt reactors to provide variable 
inductive reactive power respectively. Reactors are 
employed in power systems for 
various purposes both in series and shunt forms in LT 
and HT systems. There exists number of types 
designed and manufactured to serve variety of 
applications. 
 
Major Drawbacks which are appeared in Literature 
Survey: 

1. TCR generates harmonics due to controlling 
of reactor. 

2. More I2R losses in TCR due to use of large 
amount of Cu. 

3. Also cost of TCR is more due to use large 
amount of copper and Filter required to 
eliminate Harmonics which are generates 
due to mainly TCR. 

 
These are some major disadvantages appears in 
literature survey. [6, 7] 
In this paper the drawbacks which are appear in 
literature are overcome in proposed topology in 
following way: 
 
1. By choosing capacity of TCR bank as same like 
smallest capacity of TSC bank among all five TSC 
banks. Because of choosing smallest capacity TCR 
bank harmonics content are very low and also the 
required firing angle range is small. 
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2. Due to smallest capacity of TCR, small amount of 
copper conductor is used that‘s why less I2R losses. 
3. Due to small capacity of TCR, the copper 
conductor material is used in less amounts and small 
capacity filter is reactor so that cost of proposed 
topology is very low. 
 
II. OBJECTIVES OF PROPOSED TOPOLOGY 
 

1. Maintaining the power factor at unity. 
2. Maintaining the power factor at the PCC to 

any specified value. 
3. Transient free switching of capacitors is 

carried out. 
4. Obtain almost step less control of reactive 

power so that we can operate the system at any 
desired power factor. 

5. Minimum feeder current and loss reduction. 
6. Improvement in distribution feeder efficiency. 
7. Improvement in the voltage at load end. 

 
III. PROPOSED TOPOLOGY 
 
This paper presents a simple topology, which is 
shown in Fig.1. The proposed scheme consists of 
thyristor Switched capacitor (TSC) banks operated in 
conjunction with thyristor controlled reactor (TCR) of 
the smallest step size. 
In proposed scheme the harmonics are eliminated by 
using suitable firing angle range control of TCR. 
 

 
Fig.1 Proposed Topology 

 
A. Firing angle range control for minimising 
harmonics in TCR: 
A basic TCR consist of an anti-parallel connected 
pair of thyristor valves in series with reactor. The 
anti-parallel connected thyristor pair acts like a 
bidirectional switch. The TCR acts like a variable 
susceptance. Variations in the firing angle, alpha 
changes the susceptance and consequently, the 
fundamental current component which is shown by 
equation;  
 

 
 

The controllable range of TCR firing angle ‘α’ 
extends from 900 to 1800. In case of ideal reactor of L 
Henry firing angle of 900 results in full conduction 
with continuous sinusoidal current flow. The relation 
between firing angle ‘α’ and the current through 
inductor ‘IL’ for ideal inductor having resistance 
tending towards zero. Thus the TCR acts like a 
variable admittance. 
By varying the firing angle ‘α’ admittance changes 
and consequently fundamental current component 
which in turn gives rise to variation of reactive power 
absorbed by reactor, if continuous conduction of 
current take place. However, if firing angle is 
increased beyond this, non sinusoidal currents are 
generated and hence harmonics get occurred. All 
TSC‘s are arranged in such manner that it results into 
the reduced TCR capacity. Therefore harmonic 
distortion as well as cost of overall system gets 
reduced. TCR of capacity 5 KVAR is used because 
minimum capacitor bank step size is 5 KVAR. 
 

 
Fig.2 Block diagram of TSC-TCR Compensator 

 
B. Transient free switching of TSC bank: 
TSC consists of an anti-parallel connected thyristor 
and diode, thyristor as a bidirectional switch. The 
anti-parallel connected diode and thyristor are in 
series with a capacitor. Transient free switching of 
capacitors is obtained by satisfying following two 
conditions; 

a) Firing the thyristors at the negative/positive 
peak of supply voltage. 

b) Pre-charging the Capacitors to the 
negative/positive peak of supply voltage. 

 
C. Controller: 
Controller is the heart of compensator. Voltage (V) 
and current (I) at PCC are sensed by Potential 
Transformer (P.T.) & Current Transformer (C.T.) 
respectively and given to controller. Controller 
determines the value of reactive power required to 
achieve the desired power factor & then generate the 
control signals (gate signals) which are given to SVC. 
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By coordinating the control of SVC, it is possible to 
obtain almost step-less control of reactive power in 
closed loop by the control signals (gate signals) 
which are given to SVC. 
 
IV. CONTROLLER DESCRIPTION AND 
SIMULATION MODEL 
 
Controller Description: 
A close loop control of TSC-TCR compensator is 
shown in Fig3. Due to switched arrangement of 
TSCs, reactive power supplied by TSC Qcomp(TSC) may 
be greater than the required load reactive power QL. 
 

 
Fig3.Reactive Power Compensation Using TSC-TCR 

 
This may lead to leading power factor. To avoid this, 
excess leading KVAR is given to the TCR controller 
which generates the firing pulses according to the 
received input signal using lookup table method. 
Thus excessive leading KVAR is absorbed by TCR. 
At all times reactive power given by combination of 
TSC & TCR, Qcomp(TSC&TCR) closely follows QL. In 
this way closed loop operation of TSC-TCR 
compensator for reactive power compensation is 
achieved. 
 
A) Simulation Model: 
The simulation model can be shown in Fig.4. 
Simulation is mainly divided in following parts: 
1) Dynamic load 
2) TSC and TCR banks 
3) Controller 
In simulation firstly constant reference value Qref 
should set with the help of Qref i.e. set point we can 
operate PCC at any desired value. Then set point it is 
given to summation block where comparison of 
actual and reference is takes place. The error is given 
to S/H circuit. The output of S/H circuit is given to PI 
controller block. Through PI controller, controlling 
action takes place. If there will be occurrence of error 
means if the desired power factor is leading then TCR 
banks will operate otherwise TSC banks will operate. 
According to desired power factor PI controller will 
operate. If power factor is leading then its output is 
given to A/D converter and then the transient free 
switching is carried out through appropriate switching 
of capacitors and the desired reactive power is 

compared with load reactive power. If the actual SVC 
reactive power is not equal to load reactive power 
then error is calculated. This is again feed back to the 
system and same procedure will be repeated till 
desired output is not achieved. 
 

 
Fig.4 Simulation Model of SVC 

 
V. SIMULATION RESULTS 
 
MATLAB/SIMULINK is used in the paper for 
simulation. 
Data used in Simulation is shown below. 
a. Source:- Voltage V = 400 V, Rs = 0.0287Ω, Ls = 
0.20471mH. 
b. TCR:- Each coil have R = 9Ω and L = 150 mH. 
c. TSC banks:- Five TSC banks are used in the 
simulation and one TCR bank whose values are 
shown in Table I. 
 

Table I Simulation Results of TSC-TCR 

 
 
Dynamic Load: 
Typical nature of load variation is as shown in Fig. 5. 
QL can be obtained by simulating three phase 
dynamic load. 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-6, Jun.-2016 

Simulation Based TSC-TCR Static VAR Compensator in Closed Loop Operation For Dynamic Reactive Load 
 

51 

 
Fig.5 Simulation Result of Three Phase Dynamic Load 

 
Dynamic reactive load means fast varying load i.e. 
the load which is continuously varies with respect to 
time. Here maximum reactive power i.e. Qmax, 
minimum reactive power Qmin, base reactive power 
Qbase can be varied by changing the parameters of 
three phase dynamic load. Qref should kept zero in all 
simulation so that it is assumed that desired power 
factor will be at unity all times. 
 
TSC-TCR Closed loop operation: 
When Qcomp(TSC-TCR) supplied by TSC is greater than 
the required load reactive power QL and if difference 
between them is greater then desired value then TCR 
will come into the action. When Qcomp(TSC-TCR) 
supplied by TSC is greater than the required load 
reactive power QL and if difference between them is 
greater then desired value then TCR will come into 
the action. TCR controller will generate the firing 
pulses according to the error signal between Qcomp(TSC) 
and QL. Thus excessive leading VAR gets absorbed 
by TCR and actual reactive power at PCC (Qactual) is 
maintained close to the Qref. 
 

 
Fig.5 Simulation result of closed operation using TSC&TCR 

 
Waveforms of load reactive power QL, reactive power 
given by TSC-TCR (Qcomp.(TSC & TCR)) and actual 
reactive power QActual at PCC are shown in Fig. 5. 

From simulation results it is seen that Qcomp(TSC&TCR) 
closely follows QL and Qactual at PCC is very close to 
zero at all the times. Difference between Qcomp(TSC) 
and QL is the reference reactive power (QTCR-Ref) for 
TCR. Maximum reactive power absorbed by TCR is 
2500 VAR. Thus TSC-TCR compensator can provide 
reactive power compensation from 260 VAR to 77.5 
KVAR in step less manner. 

 

 
Fig.6 Current Waveforms through all TSC banks, TCR & 

Source 
 
CONCLUSION 
 
Reactive power compensation using combination of 
TSC-TCR has been presented. The TSC banks values 
are chosen in such manner that it weights to make the 
resolution small and to reduce the capacity of TCR. It 
helps to reduce losses, Harmonics and Cost of TCR. 
The current flowing through TSC bank is transient 
free. Almost Step less control of reactive power can 
be obtained by coordinating the control between 
TSC-TCR. The proposed scheme can be implemented 
where there are fast variations in reactive power such 
as arc furnaces, welding equipments etc. 
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