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ABSTRACT  
 
Utilization of electrical loads in predominantly inductive single-phase low-voltage power 
grids, the quality of electrical power becomes poor due to reactive power consumption 
resulting in a lack of power factor resulting in power loss, voltage drop, and decreased 
service life of the power grids. equipment. The research on reactive power compensation 
using TCR-FC aims to make improvements in improving the power factor in single-phase 
low-voltage electrical networks so that they have flexible control, do not experience excess 
compensation, have fast dynamic responses, and are space-saving. And can monitor 
voltage, current, and phase difference parameters through sensor readings to process data 
mathematically. When using electrical loads, the reactive power value is larger and the 
power factor is low below 0.85, the system controls the ignition angle of the TRIAC so that 
the current flowing into the reactor can be controlled by the reactive absorption measure of 
the fixed capacitor. So, it can improve the power factor. Simulation results can increase the 
power factor that exceeds the average value of 0.9 by 0.9797 with an error of 0.0288%. 
Hardware test results can increase the average power factor to exceed 0.9 by 0.9758 with 
an error of 0.1373%. in conclusion, reactive power compensation devices that use thyristor-
controlled reactors and fixed capacitors can be more efficient than capacitor banks. 
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1. INTRODUCTION  

Good quality electrical resources for single-phase low-
voltage electrical networks are very necessary. Good 
electrical power quality is a power factor or cos phi with a 
value range of 0.85 to 1 (Unity) and according to IEC 
60364-8-1 if the power factor falls from 1.0 to 0.9 or below 
then the power used is less effectively 10% more current 
is required to supply the same load [1]. Because the 
electricity usage load for single-phase low-voltage PLN 
customers is generally inductive, it can cause a decrease 
in the power factor value which results in large reactive 
power consumption [3]. The power factor itself is a 
measure of the efficiency of the use of electrical power in 
a system that produces real work on electrical loads. 
Reactive power is still needed because the electric power 
is to build a magnetic field in inductive electrical loads, but 
this power does not directly produce real work. Some 
sources of electrical equipment that cause low power 
factors and voltage drops in single-phase low-voltage 
electrical networks are single-phase induction motors 
because induction motors work on light loads, the power 
factor is low and when fully loaded [4]. The economic 
disadvantage of a low power factor on the power grid is 
increased operational costs because systems with poor 

power quality tend to have low operational efficiency, 
resulting in damage to electrical equipment and increased 
repair or replacement costs [17]. The company is charged 
extra by the electricity provider for having poor power 
efficiency and thus has to supply more apparent power to 
support the active load requirements [11]. Operational 
losses are increased temperatures in electrical equipment 
and cables due to large currents, flicker disturbances can 
cause machines to stop or operate abnormally resulting in 
total damage to electrical equipment [2]. In general, 
reactive power compensation equipment consists of a 
capacitor bank that is installed in parallel with the load 
using a contactor switch [13]. Meanwhile, reactors are 
only often used in high voltage and extra high voltage 
power networks, such as the Extra High Voltage (EHV) 
Shunt Reactor [14]. Paying attention to these problems, 
we are motivated to 

Conduct design research using a Thyristor Controlled 
Reactor and Fixed Capacitor (TCR-FC) to develop a 
reactive power compensator that can overcome reactive 
power reduction when using electrical loads in single-
phase low-voltage power networks [15]. The TCR-FC 
circuit combines a reactor or inductor to absorb reactive 
power and a fixed capacitor to generate reactive power 
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which is connected in parallel with a controlled turning 
angle on a sinusoidal wave using a Thyristor type TRIAC 
[10]. For the method of controlling the ignition angle on 
the Thyristor, use Fuzzy Logic Control [16]. With this 
research, it is hoped that it can improve power quality by 
reducing reactive power and increasing the power factor 
value beyond 0.9 when using electrical loads on single-
phase low-voltage power networks [17]. 

The workings of the system for monitoring and 
improving the power factor are designed for single-phase 
low-voltage electrical networks with predominantly 
inductive electrical loads [18]. Then, in monitoring it will 
respond to the results of the readings and calculations of 
phase difference angles, active power, reactive power, 

and power factor, where if the power factor is below 
standard then the control can decide to provide an ignition 
angle to achieve the best power factor improvement set 
point for each variation in electrical load [19]. 
To design TCR-FC, a method is needed that will later be 
applied to the monitoring system and improve the power 
factor in single-phase low-voltage power networks when 
using electrical loads which can reduce the power factor 
[20]. The method that will be used is fuzzy logic control. 
Fuzzy logic control is applied when reading the power 
factor value which is not good so that it can help control 
in determining the TRIAC ignition angle which affects the 
work of the reactor or inductor [21]. The input parameters 
are the error value and delta error when reading a poor 
power factor, so data processing is carried out to obtain 
the best power factor value for each electrical load 
variation [22]. 

The purpose of this research is to improve power 
quality by reducing reactive power and increasing the 
power factor value to 0.9 when using electrical loads on a 
single-phase low-voltage electrical network. The 
contribution to this research is to design a Thyristor 

Controlled Reactor and Fixed Capacitor (TCR-FC) in 
developing a reactive power compensator that can 
overcome the reduction of reactive power in the use of 
electrical loads on a single-phase low-voltage electrical 
network. The TCR-FC circuit combines a reactor or 
inductor to absorb reactive power and a fixed capacitor to 
produce reactive power that is connected in parallel with 
a controlled firing angle on a sinusoidal wave using a 
TRIAC type Thyristor. For the firing angle control method 
on the Thyristor using Fuzzy Logic Control. 
2. MATERIALS AND METHODS  

In this reactive power compensation system, a circuit is 
needed that can be used as an AC-AC voltage controller 

in the form of a thyristor-controlled reactor and a fixed 
capacitor [23]. Thyristor-controlled reactors and fixed 
capacitors are used to regulate the voltage and current 
flowing into the reactor by adjusting the ignition angle of 
the TRIAC which will then be used to balance the 
absorption of reactive power from the load used [24]. 
Thyristor-controlled reactors and fixed capacitors are still 
chosen because they can increase or decrease reactive 
power absorption without causing surge currents in the 
reactive power compensation system so it is safer to 
improve the power factor [8]. The block diagram of this 
reactive power compensation system can be seen in 
Figure 1. 

A. Power Quality 

A single-phase power grid is a two-wire AC power grid 
commonly used in residential and small commercial 
applications [25-27]. These networks have lower 
efficiency, lower power output, and lower stability than 
other types of electrical power [28-30]. Electrical energy 

 
Fig. 1. Thyristor Controlled Reactor and Fixed Capacitor (TCR-FC) System Diagram 

 

Fig. 1. Thyristor Controlled Reactor and Fixed Capacitor (TCR-FC) System Diagram 
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comes from potential differences, which produce charge 
currents. Electrical applications include power 
transmission lines and light bulbs. The rate of transfer of 
electrical energy in a circuit per unit of time is called 
electrical power. This is a measure of the amount of 
energy consumed in a period which is calculated using 
the Eq. (1) [16]. 

P = V . I . Cos φ   (1) 

In terms of power quality, calculating the active power (P) 
value is important because with active power we can find 
out whether we can use electrical energy properly or not. 
Active power at AC voltage involves several parameters 
including (V) effective voltage in volts, (I) effective current 
in amperes, and cos phi (φ) or power factor which is the 
cosine of the phase angle between voltage and current. φ 
angle indicates the phase difference between voltage and 
current in the system, which depends on the nature of the 
load used. Power factor is a concept about the 
comparison between the real power unit Watt (W) and the 
apparent power unit Volt-Ampere (VA) in an AC electric 
power system. Real power is the result of instantaneous 
average work, while apparent power is the result of RMS 
current and voltage flowing into the network or circuit. 
Power factor is a measure of how effectively a circuit uses 
a given power. This can be expressed in decimal or 
percentage form. The tissue phase angle is Φ. Figure 2 
shows a power triangle showing apparent power (W), high 
reactive power (VAR), and sloping side apparent power 
(VA).  

 
Fig. 2. Triangle of power 

Phase shift is where two or more waveforms are not in 
line with each other. The amount of phase shift between 
two waves can be expressed in degrees. A waveform with 
a backward position is defined as a lagging waveform 
where the current is 90° behind the voltage based on 
Figure 3., while a waveform with a leading position is 
interpreted as a leading waveform where the current is 
90° ahead of the voltage based on Figure 4. 

 
Fig. 3. Lagging Sinusoidal Waveform(Electrical Academia, n.d.) 

 
Fig. 4. Leading Sinusoidal Waveform(Electrical Academia, n.d.) 

The power factor value depends on the phase difference 
between current and voltage. The AC power capacitor as 
a compensator connected to the network will cause the 
load current to lead by 90°, Ic = Im sin (ωt+90°). This 
causes the load current to be in phase with the voltage. 
Where the load current lagging behind by 90° will be 
compensated by the capacitor current leading by 90°, Ib 
= Ib sin (ωt+90°+90°) = Ib sin t. This is based on Figure 5. 
[5]. 

 
Fig. 5. Phasor Diagram Compensator Concept 

 
Fig. 6. Power Factor Improvement Concept 

The concept of power factor improvement and the sum of 
real power, reactive power produces apparent power 
based on Figure 6. 

S = √P2+ Q2    (2) 
         S = V∙I            (3) 

https://ijeeemi.org/index.php/ijeeemi/index
https://doi.org/10.35882/ijeeemi.v6i4.12
mailto:epyk@pens.ac.id
https://creativecommons.org/licenses/by-sa/4.0/


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
Homepage:  ijeeemi.org; Vol. 6, No. 3, pp. 196-205, November 2024; e-ISSN: 2656-8624. 

               
hBps://doi.org/10.35882/ijeeemi.v6i4.12  

 

 
Corresponding author: Epyk Sunarno, epyk@pens.ac.id, Department of Electrical Engineering, Politeknik Elektronika Negeri Surabaya, Surabaya, 
Indonesia.  
Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an 
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

199 

JEEEMIi

Power Factor :     
Power / Apparent Power= PS=cosφ (4) 

 
Apparent power, denoted by the letter (S), is the total 
amount of power supplied to an electrical circuit and is the 
combination of active power (power that produces real 
work) and reactive power (power stored and returned by 
inductive or capacitive components in the system). 
meanwhile, the power factor denoted as pf or cos phi (φ) 
is the ratio between active power (P) and apparent power 
(S) in an AC system. power factor measures how 
efficiently electrical energy is used in a circuit. 

 
B. Thyristor Controlled Reactor dan Fixed Capacitor 

(TCR-FC) 

Thyristor Controlled Reactor and Fixed Capacitor (TCR-
FC) is an SVC from a combination of two opposing 
components, namely an inductor or reactor and a 
capacitor that can be controlled [18]. The TCR can only 
be regulated continuously in lagging reactive power 
conditions. To be set to leading, a fixed capacitor is 
connected in parallel with the TCR. The following is the 
Thyristor Controlled Reactor and Fixed Capacitor (TCR-
FC) configuration based on. Two thyristors connected 
anti-parallel to an inductor or reactor in series on the TCR 
work like a bi-directional switch where the thyristor T1 
conducts in the positive half wave and thyristor T2 
conducts in the negative half wave [12]. 

 
Fig. 7.	TCR-FC Circuit and Output Waveform 

The ignition angle (Firing Delay Angle) results in reduced 
power losses in the thyristor, but besides that it also 
results in harmonics which change the shape of the 
sinusoidal wave. The range for setting the ignition angle 
(α) is from 90° to 180°. When the angle is 90° it causes 
the thyristor to conduct fully, whereas when the angle is 
180° the thyristor does not conduct or is in blocked mode. 
Turning angles between 0° and 90° are not permitted 
because they produce asymmetric currents in the DC 
components. DC components can cause increased 
harmonic distortion in the system resulting in voltage 
fluctuations, reduced system efficiency, and increased 
system reactive power demand. The effect of increasing 
the ignition angle is to reduce the basic harmonic 

component of the current, while the inductance value in 
the reactor or inductor will increase and the reactive 
power will decrease in direct proportion to the current. The 
following is a calculation of the components contained in 
the thyristor-controlled reactor and fixed capacitor circuit. 

QC=P×tan (cos−1θ1−cos−1θ2)   (5)  
XC= V2Qc      (6)  
C= 12 ∙ π ∙ f ∙ XC     (7)  
XL = VI      (8)  
L = XL2 ∙ π ∙ F     (9) 

In designing the thyristor-controlled reactor and fixed 
capacitor circuit, there are two main components to 
compensate for reactive power, namely the capacitor (C) 
and the reactor or inductor (L). In calculating the capacitor 
value, you must obtain the reactive capacitive (QC) value 
by knowing the power factor before repair and the desired 
power factor target after repair so that you can know the 
reactive power requirements to compensate for it. 
because Eq. (7) requires a capacitive reactance value 
(XC), the voltage is divided by the capacitive reactance. 
because equation (7) requires a capacitive reactance 
value (XC), the voltage (V2) is divided by the capacitive 
reactance. In calculating the inductor value (L) you must 
know the inductive reactance value (XL) because the 
results of this calculation correlate with the inductor value. 
Figure 8. is a system flowchart for the entire equipment 
which illustrates the system's path from the voltage 
source to the electrical load through the main system, 
namely voltage sensors, current, zero crossing detector, 
etc. The way it works is when it detects voltage and 
current, it is read on the microcontroller and then sent to 
the TFT LCD, then the zero crossing detector reads each 
zero point on the AC voltage to calculate the phase 
difference based on time according to the formula 
process, then each cos and sin is used for power 
calculations active, power factor, reactive power then it 
can display the condition before repair on the TFT LCD. If 
the power factor condition is less than 0.9 or the voltage 
is less than 220 VAC, it means lagging, then a fuzzy 
process is carried out, whereas if the power factor 
condition is less than 0.9 or the voltage is more than 230 
VAC, it means leading, then a fuzzy process is carried out. 
If it has been evaluated, then read the power factor again 
whether it has passed these two conditions or not and if 
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the switch is OFF with the symbol 0 or LOW then the TCR-
FC system is turned off so the system stops operating. 

 
Fig. 8. TCR-FC System Flow Diagram 

2. RESULTS  

In this research, to obtain results, simulation and 
hardware testing were carried out to find out the various 
characteristics of each variation of electrical load used. 
Simulation testing carried out via MATLAB software will 
be carried out twice, in which the test will be done using 
an open loop simulation by testing how much power factor 
improvement is based on changes in each TRIAC ignition 
angle from 90° - 180°, while the next test will be carried 
out using a closed loop simulation using test how well 
controlling the TRIAC ignition angle improves the power 
factor until it reaches the best value. 

A. Closed Loop System Integration Simulation  

 The Thyristor Controlled Reactor and Fixed Capacitor 
(TCR-FC) simulation using fuzzy logic control aims to 
show that the designs made in the simulation can be used 
in real conditions to compensate for the reactive power of 
single-phase low-voltage electrical networks. Previously, 
a simulation was carried out without using fuzzy logic 
control to find out the value before compensating the 
reactive power which was compared with after using fuzzy 
logic control whether it could improve the power factor or 
not. For the simulation circuit without TCR-FC, it can be 
seen in Figure 9. It is hoped that the Thyristor Controlled 
reactor and Fixed Capacitor simulation can detect 
variations in the electrical load used, and then control the 
PWM signal to set the right ignition angle to achieve the 
best power factor improvement at each electrical load 
variation. It can be seen from Figure 10 that the power 
factor measurement results for a 125W single-phase 
electric motor load, 36W ballast, 20W TL lamp, and 100W 
incandescent lamp without thyristor controlled reactor and 
fixed capacitor are 0.6964. Because there is no control to 
regulate the size of the reactive power compensation, 
which means that the reactive power of the load has a 
large, constant value, the reactive power produced by the 
single-phase low-voltage electrical network source 
supplies the electrical load so that the power factor 
becomes low and the efficiency of the active power is 

 
Fig. 9. Simulation Without TCR-FC Using 4 Electrical Loads 
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reduced. The following is a table listing the tests with 
variations in the electrical load used 

 
Fig. 10. Power Factor Measurement Results Without TCR-FC Using 

4 Electrical Loads 
 
 
Table 1. Simulation Results on Variations in Electrical 
Load Used Before Connecting the TCR-FC 

No. Electrical Load Current 
(A) 

Active 
Power 
(W) 

Reactive 
Power 
(VAR) 

Power 
Factor 

Power 
Factor 
Angle 

(°) 
1 1-Phase Electric Motor 125W, 

TL Lamp 20W, 100W Lamp, 
Ballast 36W 

1.939 297.1 306.2 0.6964 45.86 

2 1-Phase Electric Motor 125W, 
Ballast 36W, 100W Lamp 1.663 268.8 248.2 0.7347 42.72 

3 1-Phase Electric Motor 125W, 
TL Lamp 20W, 100W Lamp  1.53 277.2 190.8 0.8237 34.54 

4 1-Phase Electric Motor 125W, 
Ballast 36W 1.371 169.7 249.2 0.5628 55.75 

5 1-Phase Electric Motor 125W, 
TL Lamp 20W 1.189 178.1 191.6 0.6809 47.09 

6 TL Lamp 20W, 100W Lamp, 
Ballast 36W 1.039 147.2 174.9 0.6438 49.92 

 
In making fuzzy logic control there are 2 inputs that are 

converted into two fuzzy variables, namely Error (E) and 
delta Error (dE)(Institute of Electrical and Electronics 
Engineers, n.d.). These two variables will later be 
processed through Fuzzyfication, Fuzzy Inference 
System, and Defuzzification which will produce an output 
in the form of a duty cycle quantity for generating PWM as 
a control signal for the thyristor or SCR in Figure 11. which 
is installed in parallel but the anode and cathode on the 
thyristor are the same as the other. others are in opposite 
directions so that positive cycle and negative cycle AC 
electric current can pass through the thyristor. The PWM 
control signal for the thyristor or SCR functions to control 
the ignition angle of the AC voltage which produces a 
delayed ignition voltage for a predetermined angle so that 
voltage switching occurs where the reactor or inductor 
cannot supply completely so the current flowing to the 
inductor is also incomplete and interrupted. -separated. 
 

    
 

Fig. 11. Closed Loop TCR-FC Simulation With Fuzzy Logic Control 
 

 
 
 

 
Fig. 12. Input Error Membership Function 

 

 
Fig. 13. Input dError Membership Function 

 

 
Fig. 14. Output Duty Cycle Membership Function 

 
In Figure 12. shows the membership function of the Error 
variable with a range of -1 to 1, while in Figure 13. shows 
the membership function of the dError or delta Error 
variable with a range of -2 to 2. Then, in Figure 14. is the 
output membership function in the form of a duty cycle 
with range 0 to 1. The results of the fuzzification process 
are processed at the fuzzy inference system stage by 
arranging and considering the predetermined rule base. 
The following is an example of Table 2. fuzzy rule based. 
 

Table 2. Fuzzy Rule Based. 
E/dE NS Z PS PM NM NB PB 
NB NB NB NS NS NB NB Z 
NM NM NM NS Z NB NB PS 
NS NM NS Z PS NM NB PM 
Z NS Z PS PM NM NM PM 

PS Z PM PM PM NS NM PB 
PM PS PM PM PB Z NS PB 
PB PM PB PM PB PS Z PB 

 
It can be seen that to determine the control work that can 
determine the amount of output in the form of the duty 
cycle. The output from the fuzzy inference system will be 
processed as defuzzification input which is expressed in 
the form of a fuzzy set of real numbers. Defuzzification is 
the process of converting fuzzy output values back into 
crisp output data or classic output to the control object. 
The defuzzification method used is the Centroid Method. 
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Where the crisp solution output is obtained by taking the 
center point. The output is in the form of a duty cycle value 
of 0 – 1 to keep the output voltage constant. 
 

 
Fig. 15. Results from TCR-FC with Fuzzy Logic Control as Reactive 
Power Compensation 
 
Figure 15 shows one of the results of a closed loop 
integration simulation with 4 electrical loads according to 
no. electrical load 1 as stated in table 3. 1 that there is 
reactive power compensation where the reactive power 
produced by the TCR-FC compensates or replaces the 
reactive power losses from the green source (𝑄𝑆𝑜𝑢𝑟𝑐𝑒), 
but the value of the reactive power produced by the TCR-
FC is red (𝑄𝑇𝐶𝑅−𝐹𝐶) is smaller than the load reactive 
power wave which is blue (𝑄𝐿𝑜𝑎𝑑) and the active power 
of the source (𝑃𝑆𝑜𝑢𝑟𝑐𝑒). This compensation can reduce 
the use of reactive resources so that it falls into a good 
power factor range by obtaining a power factor value of 
0.9464 and a source reactive power value of 49.42 VAR, 
so the electrical load is inductive, the results of the fuzzy 
power factor wave can be seen Figure 16. 
 

 
Fig. 16. Results of Power Factor Waves with Fuzzy 

 
From Figure 16. shown above, the results of the power 
factor waves in the thyristor-controlled reactor and fixed 
capacitor which have used the fuzzy logic control method 
can overcome improvements in power factor where the 
waves control the ignition angle to influence the best 
power factor value. and has reached a steady state in less 
than 0.15s. The following is a table of experiments with 
various types of electrical loads that can reduce the power 
factor value. 
 

Table 3. TCR-FC Closed Loop Integration Simulation Results 
No. 

Electrical 
Load 

Current 
(A) 

Active 
Power 
(W) 

Source 
Reactive 
Power 
(VAR) 

Load 
Reactive 
Power 
(VAR) 

TCR-FC 
Reactive 
Power 
(VAR) 

PF 
Simulation 

PF 
Theory 

%Error 
PF 

1 1.939 297.1 306.2 306.2 204.6 0.6964 45.86 0.0070 
2 1.663 268.8 248.2 248.2 195.7 0.7347 42.72 0.1549 

3 1.53 277.2 190.8 190.8 160.5 0.8237 34.54 0.0011 
4 1.371 169.7 249.2 249.2 203.7 0.5628 55.75 0.0040 
5 1.189 178.1 191.6 191.6 171 0.6809 47.09 0.0040 
6 1.039 147.2 174.9 174.9 159.2 0.6438 49.92 0.0016 

Rata – Rata Nilai 0.9797 0.9795 0.0288 
 
B. TCR-FC Hardware Testing with Fuzzy Logic Control 

In the TCR-FC test to control the switching of the TRIAC 
IC TCA 785 driver using a PWM signal from the 
microcontroller, as in Figure 17. Before entering pin 11 on 
the TCA 785 IC to control the TRIAC, a circuit is needed 
that can generate voltage from the STM32F4 
microcontroller and filtering so that The voltage required 
for pin 11 is a constant DC voltage in the form of a straight 
signal with the FOD3182 circuit accompanied by a filter. 
For PWM signals from fuzzy logic control processing on 
the microcontroller. In the fuzzy logic control that has been 
created, the input used is error and delta error which takes 
the value of the power factor, then the resulting output is 
a pwm signal with a limit of 50 - 100% duty cycle. This 
refers to the ignition angle control on the TRIAC which can 
be converted to match the ignition angle to the given duty 
cycle value. 

 
Fig. 17. TCR-FC Hardware Testing With Fuzzy Logic Control 

Table 4. Test Results on Variations in Electrical Loads Used Before 
Using TCR-FC With Fuzzy Logic Control 

No. 
Electrical 

Load 

Voltage 
(V) 

Current 
(A) 

Active Power 
(W) 

Source Reactive 
Power 
(VAR) 

Power 
Factor 
(cos φ) 

1. 225.4 1.991 307 322 0.688 
2. 225.3 1.704 280 260 0.733 
3. 227.5 1.545 294 190 0.833 
4. 225.8 1.165 191 181 0.702 
5. 226 1.406 186 255 0.589 
6. 226 1.073 150 189 0.523 

 
Table 5. TCR-FC Test Results with Fuzzy Logic Control on Electrical 
Load Variations 

No. 
Electrical 

Load 

Voltage 
(V) 

Current 
(A) 

Active 
Power 
(W) 

Source 
Reactive 
Power 
(VAR) 

TCR-FC 
Reactive 
Power 
(VAR) 

PF 
Theory 
(cos φ) 

PF 
Practical 
(cos φ) 

%Error 
PF 

1. 224.3 1.433 310 84.4 205 0.965 0.964 0.104 
2. 228 1.280 289 38.2 210 0.993 0.991 0.206 
3. 224.3 1.271 283 34.8 185 0.993 0.992 0.101 
4. 224.3 0.956 192 44.9 204 0.975 0.974 0.103 
5. 223.7 0.817 182 48.2 205 0.968 0.966 0.207 
6. 227.3 0.709 156 40 188 0.969 0.968 0.103 

Rata – Rata Nilai 0.9772 0.9758 0.1373 

 
Can be seen in Table 1. No. load is a list of variations in 
the electrical load used which is above Table 4. to make 
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it easier to include the electrical load in this table the test 
value is known before improving the power factor using 
TCR-FC in a closed loop with fuzzy logic control. 
 
3. DISCUSSION  
A. Closed Loop System Integration Simulation  

It can be seen in Table 1. This is a simulation without TCR-
FC and fuzzy logic control which contains a list of 
variations in the electrical load used so that you can 
determine the effect of using the electrical load causing a 
reduction in the power factor value. Then, it can be seen 
in Table 3. It is a TCR-FC simulation with fuzzy logic 
control which in No. The electrical load refers to Table 1. 
in number order and the use of electrical load variations 
to simplify the data collection in Table 3. From these two 
tables, it can be compared that TCR-FC can improve the 
power factor exceeding 0.9 or close to 1 (unity). Apart 
from that, it can be seen that reactive power 
compensation occurs where when the load reactive 
power is reduced by the TCR-FC reactive power, the 
source reactive power becomes smaller so that reactive 
power consumption is reduced, the power factor value 
becomes better because basically the smaller the source 
reactive power value, the better and maintained the 
reactive power consumption. 

 
B. TCR-FC Hardware Testing with Fuzzy Logic Control  
In electrical load variations No. 1 in compensating for 
reactive power, controlling the firing angle or ignition angle 
of 176.4°, which achieves an improvement in power factor 
reaching 0.964 with reactive power from the supplying 
electricity network of 84.4 VAR, while the reactive power 
produced by TCR-FC is 205 VAR. It can be seen that the 
electric current in the network before improving the power 
factor using TCR-FC in a closed loop was 1.991 A and 
after improving the power factor using TCR-FC in a closed 
loop it became 1.433 A, which resulted in a reduction in 
electric current so that losses could be overcome. copper 
in conductor lines and power losses. The difference in 
value between theoretical PF and practical PF is relatively 
small at 0.104%. 

In electrical load variations, No. 3 in compensating for 
reactive power controls the firing angle or ignition angle of 
126° which achieves an improvement in power factor 
reaching 0.992 with reactive power from the power supply 
network source of 34.8 VAR, while the reactive power 
produced by the TCR-FC is 185 VAR. The improvement 
in power factor by compensating for reactive power can 
be seen from the change in the reactive power value of 
the source before and after, where the reactive power 
value becomes approximately small. The smaller the 

reactive power value, the better the power factor in the 
system. 

Of the six load variations, controlling the TRIAC ignition 
angle using fuzzy logic control has been carried out quite 
well because of the limitations in the control so that the 
PWM signal provided can change according to the 
conditions of the installed electrical load. The better the 
power factor value, the smaller the current and reactive 
power of the source because electrical power efficiency 
occurs with more ideal flowing current, so it can overcome 
copper losses in the conductor path and power losses. 
This means that the efficiency of power use in the system 
increases, as less reactive power is supplied from the 
source, reducing power losses and improving system 
performance. Changes in the voltage value of the 
electrical network system can change over time but are 
still in the range of 220 ~ 230 VAC. From all tests with 
variations in electrical load, the average power factor was 
0.9758, and comparing the theoretical power factor value 
with the practical power factor value taken from the LCD 
readings resulted in an error value that had an average 
error of 0.1373%. 

The fuzzy logic control method, when integrated with 
Thyristor Controlled Reactor and Fixed Capacitor 
equipment, has some weaknesses, it is not suitable for 
fast dynamic change conditions due to its slow processing 
of rules, the fuzzy system is not capable enough in the 
event of a large disturbance that is not contained in the 
fuzzy rules so that the performance of the TCR-FC is not 
optimal, and there is no standard method for determining 
the most suitable fuzzy rules for all operating conditions 
because if the operating conditions of the system change, 
the fuzzy parameters may no longer be appropriate, so 
additional adaptive algorithms are needed. In TCR-FC 
with fuzzy logic control is helpful in improving power 
system stability, where its adaptive response to dynamic 
load changes helps maintain voltage quality. In addition, 
fuzzy logic is able to optimize reactive power 
compensation, reduce power losses, and improve 
distribution efficiency. However, issues that arose when it 
was implemented was the difficulty of adjusting the 
parameters, which requires advanced hardware 
knowledge to develop successful fuzzy rules. Fuzzy 
systems may not be ideal for handling extreme changes 
in certain situations. However, its long-term benefits make 
it a promising solution for modern power systems. 

4. CONCLUSION 

The purpose of reactive power compensation research 
using TCR-FC is to make an update in improving the 
power factor in a single-phase low-voltage power grid so 
that it has flexible control, does not experience 
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overcompensation has fast dynamic response, and space 
saving. Based on data obtained from planning and 
integration testing as well as obtaining an analysis of the 
method used, when controlling the TCR-FC for reactive 
power compensation manually it lacks precision, it is 
different from when done in an open loop and closed loop 
because the PWM signal is issued directly from the 
microcontroller so it's more precise. When the PWM 
signal is controlled by fuzzy changes or can be controlled 
when the detected electrical load is different, it produces 
different ignition angles so that it can still produce a good 
power factor exceeding the value of 0.9 with an average 
error of 0.1373% and The average practice power factor 
value is 0.9758. Apart from that, the TCR-FC simulation 
with fuzzy logic control was able to produce a good power 
factor exceeding 0.9 with an average error of 0.0288% 
and an average simulation power factor value of 0.9797. 
to develop reactive power compensation devices using 
thyristor controlled reactors and fixed capacitors, more 
sophisticated control systems or methods are needed to 
improve control performance in improving power factor. 
 
REFERENCES  

[1]     ABB SACE S.p.A., "Efficiency of Electrical Systems Introduction to 
IEC 60364-8-1," ABB SACE S.p.A., 2019. 

[2]   Kour, Guneet & Brar, G & Jaswanti,. (2012). OPTIMAL PLACEMENT 
OF STATIC VAR COMPENSATORS IN POWER SYSTEM. 
International Journal of Engineering Science and Technology. 4. 

[3]  Gholami Farkoush, Saeid & Park, S.-N & Kim, K.-H & Rhee, S.-B. 
(2016). Efficient power factor improvement with SVC based on the 
PI controller under load fault in the smart grid. 11. 96-100. 

[4]  P. Anithashalini dan T. K. Santhosh, "Electric Supply System with 
Improved Efficiency through Power Factor Correction," International 
Journal of Research and Innovation in Engineering Technology. 
[Online]. Tersedia: http://www.ijriet.com. 

[5]   Y. Chusna Arif, I. Sudiharto, dan F. Ardiansyah, "Design of Power 
Factor Correction (PFC) with Metering and Capacitor Bank 
Control for Dynamic Load," n.d. 

[6]   DEL ENERGIE CONTROL INC., "Power-Factor-Correction," 2016. 
[Online]. Tersedia: https://dltenergy.com/power-factor-
correction.html. 

[7]   Electrical Academia, "Phase Relationships in AC Circuits | Phase 
Difference | Phase Shift," Electricalacademia.com. [Online]. 
Tersedia: https://electricalacademia.com/basic-electrical/phase-
relationships-ac-circuits-phase-difference-phase-shift/. [Diakses: 
27-Jul-2024]. 

[8]   Arif, Y & Raharja, Lucky & Auladah, S. (2021). Design and 
Implementation of Hybrid Filter for Harmonic Reduction and 
Damped Resonances in Non-Linear Loads. IOP Conference 
Series: Materials Science and Engineering. 

[9]  Institute of Electrical and Electronics Engineers, "2014 First 
International Conference on Computational Systems and 
Communications (ICCSC) : Trivandrum, Kerala, India, December 
17-18, 2014," n.d. 

[10]  M. Moh, M. Aung, dan Y. Aung Oo, "A Fuzzy Logic Approach for 
Improvement of Power Quality Using FC-TCR," American 
Scientific Research Journal for Engineering. [Online]. Tersedia: 
http://asrjetsjournal.org/. 

[11]  S. V. Bhonde, A. V. Pachghare, dan T. A. Khairkar, "Automatic 
Power Factor Compensation," International Journal of Advanced 
Research in Science, Communication and Technology, 2023. 

[12]  Dang, Van Huyen & Hien, Phan & Cuong, Nguyen. (2017). Design 
of Dynamic - Static VAr compensation based on microcontroller 

for improving power factor. 186-190. 
10.1109/ICSSE.2017.8030862.  

[13]  T. Rusdjaja, C. Yani, I. Tjahja, dan Delyuzar, "Buku Pedoman 
Kapasitor Final," 2014. 

[14]  T. Rusdjaja, C. Yani, I. Tjahja, dan Delyuzar, "Buku Pedoman 
Reaktor Final," 2014. 

[15]  I. A. Soeprijanto, M. T. Rony, S. Wibowo, dan I. N. Aditya, "Study of 
SVC FC-TCR to Balance a Distribution System at Rungkut 
Substation PT. PLN (Persero) Surabaya," 2015. 

[16]  Gunawan, Tedy Surya, dll, “Design of power factor meter using 
internet of things for power factor improvement, remote monitoring 
and data logging”, Indonesian Journal of Electrical Engineering 
and Computer Science, Vol. 17, No. 2, February 2020, pp. 
700~709. 

[17] The Engineering Mindset, "Power Factor Explained - The Basics 
What is Power Factor (pf)," [Video recording]. [Online]. Tersedia: 
https://youtu.be/Tv_7XWf96gg?si=tJRYaQL3W0ssVS_V. 

[18]  M. M. M. Aung and Y. A. Oo, "A Fuzzy Logic Approach for 
Improvement of Power Quality Using FC-TCR," American 
Scientific Research Journal for Engineering, Technology, and 
Sciences, vol. 26, no. 2, pp. 239-256, 2016 

[19] N. Venkatesh and K. S. Reddy, "Reactive Power Control Using FC-
TCR," International Journal of Innovative Technology and 
Research, vol. 1, no. 1, pp. 37-41, 2013 

[20] D. Agnihotri and S. E. Mubeen, "Fuzzy Optimization for Power 
Quality (Power Factor) Improvement Using FC-TCR," 
International Journal of Scientific Progress and Research, vol. 11, 
no. 3, 2015 

[21] P. Sahu and A. Pachori, "Power Factor Correction Using SVC With 
Fuzzy Logic Controller," International Journal of Enhanced 
Research in Science, Technology & Engineering, vol. 2, no. 4, pp. 
52-57, 2013 

[22] R. S. Parikh and A. R. Patel, "A User-Friendly Simulink Model for 
FC-TCR to Investigate Power System Issues," International 
Journal for Scientific Research & Development, vol. 1, no. 12, 
2014 

[23] S. E. Ali and L. Daniel, "A Fuzzy Logic Approach for Improvement of 
Power Quality Incorporating FACTS Device," International Journal 
of Innovative Research in Engineering Applications, vol. 1, no. 2, 
2015 

[24] R. M. Mathur and R. K. Varma, Thyristor-Based Facts Controllers 
for Electrical Transmission Systems, IEEE Press, 2002 

[25] T. Y. Gelen, "The Behavior of TSR-Based SVC and TCR-Based SVC 
Installed in an Infinite Bus System," in Proc. IEEE 25th Convention 
Electrical and Electronics Engineers in Palestine, vol. 3, no. 5, pp. 
120-124, Dec. 2008 

[26] D. Murali, "Comparison of FACTS Devices for Power System 
Stability Enhancement," International Journal of Computer 
Applications, vol. 8, no. 4, pp. 30-33, 2013 

[27] V. Miranda, "An Improved Fuzzy Voltage Inference System for VAR 
Control," IEEE Transactions on Power Systems, vol. 22, no. 4, pp. 
234-241, Nov. 2000 

[28] S. Enamul Haque and N. H. Malik, "Analysis and Performance of a 
Fixed Filter-Thyristor Controlled Reactor (FF-TCR) Compensator," 
IEEE Transactions on Power Systems, vol. PWRS-2, no. 2, pp. 
176-182, May 1987 

[29] R. Mohan Mathur and R. K. Varma, Thyristor-Based FACTS 
Controllers for Electrical Transmission Systems, IEEE Press, 2002 

[30] H. K. Santhosh and M. Srinivas, "Simulation of FACTS Devices with 
Fuzzy Logic Controller for Power System Stability," International 
Journal of Electrical Power & Energy Systems, vol. 34, no. 4, pp. 
324-333, 2019. 

 
 
 
 
 

https://ijeeemi.org/index.php/ijeeemi/index
https://doi.org/10.35882/ijeeemi.v6i4.12
mailto:epyk@pens.ac.id
https://creativecommons.org/licenses/by-sa/4.0/


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
Homepage:  ijeeemi.org; Vol. 6, No. 3, pp. 196-205, November 2024; e-ISSN: 2656-8624. 

               
hBps://doi.org/10.35882/ijeeemi.v6i4.12  

 

 
Corresponding author: Epyk Sunarno, epyk@pens.ac.id, Department of Electrical Engineering, Politeknik Elektronika Negeri Surabaya, Surabaya, 
Indonesia.  
Copyright © 2024 by the authors. Published by Jurusan Teknik Elektromedik, Politeknik Kesehatan Kemenkes Surabaya Indonesia. This work is an 
open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0).  

205 

JEEEMIi

AUTHOR BIOGRAPHY 
 

Epyk Sunarno was born in Ngawi, East Java of 
Indonesia on July 23, 1962. He received Bachelor’s 
degrees in Electrical Engineering from Institut 
Teknologi Bandung, Indonesia, in 2000 and received 
Magister’s degree in Electrical   Engineering from 
Institut Teknologi Sepuluh November Surabaya, 
Indonesia in 2009. He was joined in Politeknik 
Elektronika Negeri Surabaya Indonesia in 1991 as 
lecture. His research interests include power quality, 
protection coordination and artificial intelligence. 

The author can be contacted via email: epyk@pens.ac.id 
 

Eka Prasetyono received his Bachelor’s degree in 
Electrical Engineering from the Politeknik Elektronika 
Negeri Surabaya, Indonesia in 2007 and Master’s 
degree in Electrical Engineering from the Institute 
Teknologi Sepuluh Nopember, Surabaya, Indonesia in 
2010. He is currently as lecturer in the Electrical 
Engineering Department of Politeknik Elektronika 
Negeri Surabaya. His current research interests 
includes power converters, renewable energy, digital 
signal processing and artificial intelligence. The 

author can be contacted via email: eka@pens.ac.id 
 

Dimas Okky Anggriawan was born in Klaten, 
Central Java of Indonesia on January 19, 1991. He  
received the B.E. degree from electrical engineering 
department, Institut Teknologi Sepuluh Nopember in 
2013 and M. Eng degree from electrical engineering 
department, Institut Teknologi Sepuluh Nopember in 
2015. He is currently as lecturer in the Politeknik 
Elektronika Negeri Surabaya. His research interests 
include power quality, protection coordination and 
artificial intelligence. The author can be contacted 

via email: dimas@pens.ac.id 
 

Mochamad Ari Bagus Nugroho was born in 
Surabaya, August 19, 1994. He earned his Bachelor's 
degree in Industrial Electrical Engineering from 
Politeknik Elektronika Negeri Surabaya, Indonesia in 
2017, followed by a Master's degree from the same 
institution in 2019. He is currently as lecturer in the 
Electrical Engineering Department of Politeknik 
Elektronika Negeri Surabaya. His research interests 
focus on electric vehicles, battery management 
systems, and power converters. The author can be 

contacted via email: aribagus@pens.ac.id 
 

Rachma Prilian Eviningsih was born on 1 
April 1993 in Sidoarjo, since 2017 until now 
she has worked as a Lecturer in the Industrial 
Electrical Engineering Study Program, 
Surabaya State Electronics Polytechnic. The 
Bachelor of Engineering degree was obtained 
in Power Systems Engineering, Department 
of Electrical Engineering, Sepuluh November 
Institute of Technology, Surabaya (2015). 
Then the author continued his studies and 
obtained a Master of Engineering degree in 
the same field of science, namely Power 

Systems Engineering from the Department of Electrical Engineering, 
Institut Teknologi Sepuluh Nopember, Surabaya (2017). The author can 
be contacted via email: rachmaevin@pens.ac.id  
 

Suhariningsih was born in Ponorogo, East Java on 
April 4, 1964. She received Bachelor’s degrees in 
Electrical Engineering from Institut Teknologi 
Bandung, Indonesia, in 2000 and received Magister’s 
degree in Electrical   Engineering from Institut 
Teknologi Sepuluh November Surabaya, Indonesia in 
2009. She is currently as lecturer in the Politeknik 
Elektronika Negeri Surabaya. Her current research 
interests includes MPPT, artificial intelligent, and 
renewable energy. The author can be contacted via 

email: nuning@pens.ac.id 
 

 
Anggara Trisna Nugraha was born on 7 
November 1993 in Gresik, since 2019 until now 
she has worked as a Lecturer in the Marine 
Electrical Engineering Study Program, 
Shpbuilding Institute Of Polytechnic Surabaya. 
The Bachelor of Engineering degree was 
obtained in Electrical Engineering, Department of 
Electrical Engineering, Universitas Jember, 
Jember (2015). Then the author continued his 
studies and obtained a Master of Engineering 
degree in the Control System Engineering from 
the Department of Electrical Engineering, Institut 

Teknologi Sepuluh Nopember, Surabaya (2017). The author can be 
contacted via email: anggaranugraha@ppns.ac.id  
 

Andhika Ramdhan was born in Jakarta, DKI 
Indonesia on November 20, 2001. He is a 
Bachelor of Applied Industrial Electrical 
Engineering student with a research focus on 
"Thyristor Controlled Reactor and Fixed 
Capacitor as a Reactive Power Compensation 
Device with Fuzzy Logic Control on a Single-
Phase Low Voltage Power Grid". Research 
interests include Reactive Power 
Compensation, power factor improvement, 
power electronics, embedded systems, 
embedded software development, and power 

distribution and network systems. Experience gained includes being part 
of the Factory Automation laboratory, contributing to several major 
projects such as Power Quality Analyzer, Dynamic Voltage Restorer. 
The author can be contacted via email: andikaram8gb@gmail.com 
 

 

 

 

 

https://ijeeemi.org/index.php/ijeeemi/index
https://doi.org/10.35882/ijeeemi.v6i4.12
mailto:epyk@pens.ac.id
https://creativecommons.org/licenses/by-sa/4.0/

