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Abstract— Topology for reactive power compensation of dynamic load in closed loop is presented. To improve the power 
quality reactive power compensation is required. To compensate the reactive power Thyristor Controlled Reactor (TCR) is 
used. This paper presents a control of TCR by using PI Controller and Neural Network (NN). The scheme consists of a 
Thyristor Controlled Reactor (TCR).Firing angle range of TCR is selected in such a way that harmonics produced by it are 
within the safe range. Proposed topology allows stepless reactive power compensation of dynamic load in closed loop. 
Simulation results by using both PI and NN shows that the presented scheme can achieve reactive power compensation in 
cycle by cycle basis. 
 
Index Terms—Thyristor Controlled Reactor(TCR),TCR Reactive power(Qacrual),Set Point Reactive Power(Qref).    
 
I. INTRODUCTION 
 
Any power problem manifested in voltage, current, or 
frequency deviation  results in failure, misoperation or 
even damage of customer equipment is considered as a 
power quality problem. Different power quality 
problems are power frequency disturbances, power 
system transients, electromagnetic interference, 
electrostatic discharge, power system harmonics, poor 
Power Factor (p.f).Many big industries, commercial 
and industrial electrical loads include power 
transformers, welding machines,  induction motor 
driven equipment such as elevators, pumps, and 
printing machines etc., which are mostly inductive in 
nature. These loads create serious power quality 
problems. Low Power Factor is the predominant 
problem now a day. poor P.F. Has various 
consequences such as increased load current, larger 
KVA rating of the equipment, greater conductor size, 
larger copper loss, poor efficiency, poor voltage 
regulation, reduction in equipment life etc. Therefore 
it is necessary to solve the problem of poor P.F. There 
are different reactive power compensation techniques 
to improve the P.F. Such as: synchronous condenser, 
capacitor banks, Static VAR Compensators, Self 
Commutated VAR Compensators etc.. However, most 
of them have disadvantages:  
Synchronous machines are bulky, require a strong 
foundation, have a poor dynamic behavior, require a 
significant amount of starting and protective 
equipment, capacitor banks generate high transients 
during connection & disconnection, SVCs are 
harmonic polluters and controlled semiconductors 
[Insulated Gate Bipolar Transistors (IGBTs) and 
Integrated Gate Controlled Thyristors (IGCTs)] used 
in self-commutated VAR compensators have a limited 
capacity. Actual semiconductors can handle a few 
thousands of amperes and have a reverse voltage 
blocking capabilities of 6 to 10 KV, which is not  

 
enough for high voltage applications. Also, these 
compensators are expensive. So we are presenting here 
TCR compensator in a closed loop for reactive power 
compensation. 
 
II. TCR 
 
A thyristor-controlled reactor (TCR) is a rectance 
connected in series with a bidirectional thyristor valve. 
The thyristor valve is phase-controlled, which allows 
the value of delivering reactive power to be adjusted to 
meet varying system conditions Thus, by changing the 
firing angle of Thyristors, stepless variation of reactive 
power can be achieved. A thyristor controlled reactor 
is usually a three-phase assembly, normally connected 
in a delta arrangement to provide partial cancellation 
of Harmonics. Often the main TCR reactor is split into 
two halves, with the thyristor valve connected between 
the two halves. This protects the vulnerable thyristor 
valve from damage due to flashovers, lightning strikes 
etc. 
 
III. TCR CLOSED LOOP OPERATION 
 
A block diagram of reactive power compensation using 
TCR is shown in Fig.1 Reference reactive power QRef is 
compared with the actual reactive power Qactual. The 
error signal is converted to the TCR firing angle using 
a controller. In this way closed loop operation of the 
TCR for reactive power compensation is achieved 
 

 
Fig.1 TCR Closed Loop Opration 
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III. BY USING PI CONTROLLER 
 
PI controller attempts to correct the error between a 
actual reactive power and a reference reactive power by 
calculating and then outputting a corrective action that 
can adjust the process accordingly.Fig.2 shows 
Simulink Diagram for TCR Closed loop by using PI 
controller. PI Controller output equation as follows, 
 
         e +  

Where 

               
 

 
Fig.2 TCR Closed loop by PI Control 

 
IV. BY USING NEURAL NETWORK 
 
A single neuron is utilized with a PI controller as we 
are using single neuron  we can reduce training period. 
This approach combines the advantage of the 
conventional PI controller and the neural network, 
which is more robust and more adaptive to the 
environment. The conventional PI controller is one of 
the most common controllers in engineering industry 
due to its simple algorithm, good stability and 
robustness. New intelligent techniques like neural 
networks used to tune the parameter of PI controller 
and improve the performance PI controller greatly. 
 

 
Fig.3  1 Neuron PI control system 

 
The standard steps for designing neural networks to 
solve problems in four application areas: function 
fitting, pattern recognition, clustering, and time series 
analysis. The work flow for any of these problems has 
six primary steps as stated before.Collect data.For 
designing neural network input and target data 
required in certain format. For reactive power 

compensation, we required a network having three 
inputs and a single output. As the neural network has 
to be fit after PI and has to give output to the system to 
be controlled. Input of neural network taken as the 
output of PI that is the output of PI controllers as 
shown in fig 4. For training target data taken as the 
output of PI controller. 
 

      
 Fig.4 PI and Neural Network 

 
Remaining steps like creating the network, Configure 
the network, Initialize the weights and biases, Train 
the network, Validate the network, are done by the 
GUIs guide which take you through the process of 
designing neural  networks. 
 
 

 
Fig.5 TCR Closed loop by Neural Network 

 
V. PULSE GENERATION FOR THYRISTOR 
 
The output of the controller is given to Pulse 
generation block for generating pulses for the 
antiparallel connected thyristor branch. Pulse for 
thyristor T1 is given in the range of 900 to 1800 in 
positive half cycle & pulse for thyristor T2 is given in 
the range of 2700 to 3600 in the negative half cycle. 
Output of PI and carrier signal is compared and pulses 
are generated. 
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VI. SPECIFICATIONS 
 
a. Source Voltage Vs.  = 440 V,  
                              Rs   = 0.0287Ω,  
                              Ls   = 0.20471Mh 
 
b. TCR: - Each coil has   R = 10Ω   and  
                                             L = 310   mH 
 
c.                 If α<900 ;        Q=Qmax 
                             If α>900  ;         Q=Qmin 
 
                     α=180    ;            Qmax= 792.9 VAR 
                     α=1620 ;            Qmin=3.978 VAR    
 
d.    PI Controller Parameters: 
                    Kp=0.113 
                    Ki=15 
 
VII. RESULTS 
 
1.By using PI Controller 
Parameters of PI controller are adjusted in such a way 
that, Kp=0.113 & Ki=15 ,so that Qref varies 
continuously from QMin to QMax. From the simulation 
results it is seen that Qactual (TCR) closely follows Qref 
and actual reactive power at PCC is approximately 
zero at all times as shown in Fig.7 
 

 
Fig.7 By using PI Controller 

 
 2. By using PI Controller if Qref is changed 
suddenly   
The Following  result shows Qactual (TCR) closely 
follow     Qref and actual reactive power at PCC is 
approximately zero at all times as shown in Fig.8. If 
reference is suddenly changed at time T=5 sec then 
also TCR changes its reactive power accordingly as 
shown. 
 

 
Fig.8  By using PI Controller if Qref is changed suddenly 

3. By using Neural Network 
Neural networks used to tune the parameter of PI 
controller and improve the performance PI controller 
greatly. 
By training the network actual reactive power Qactual 
reaches to reference reactive power Qref in 2 to 3 
cycles.Response of TCR by using neural network is 
better than the normal PI Controller because without 
oscillation and overshoot it is reaching to the reference 
value in minimum cycles as shown in fig.9 
 

 
Fig.9 By using neural network 

 
4. TCR current 
The current in the TCR varies from maximum to 
almost zero by varying the "Firing Delay Angle" α. α is 
defined as the delay angle from the point at which the 
voltage becomes positive to the point at which the 
thyristor valve is turned on and current starts to flow. 
Maximum current is obtained when α is 90°, at which 
point the TCR is said to be in "full conduction". 
    Fig.10 Shows TCR current for firing angle  greater 
than   900  

 
Fig.10 TCR current 

 
CONCLUSION 
 
The Proposed theory can compensate for rapid 
Variation in reactive power in a cycle by cycle basis. 
The controller used is very simple and reliable. 
Compared with other topologies able to do the same 
work, the presented topology is more economical, 
because Thyristors are used which are cheaper than 
IGBTs and IGCTs. The results obtained, shows an 
excellent behavior under both steady state and 
transient conditions by using both PI Controller and 
Neural Network. 
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