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ABSTRACT 
The power factor value in RLC circuits is determined by the amount of pure resistance (R), self-inductance of the coil 

(L) and the capacitance of the capacitor (C). In this study, the measurement of the power factor value in series and 

parallel RLC circuits is conducted through experimental and simulation testing with the values of L and R as 

independent variables, while the value of C as a fixed. The purpose of this research is to determine the effect of 

inductance on the power factor in RLC circuit and to prove whether the experimental results are close to the simulation 

results. The experiment and simulation results are presented in graphical form. The relationship between the power 

factor and the inductive reactance of the experimental results for the values of R = 10 Ω and R = 20 Ω shows a pattern 

closed to the simulation results. In the series RLC circuit the power factor will decrease with the addition of the inductive 

reactance value, at R = 10 Ω and R = 20 Ω. Experimental calculation results show an average relative uncertainty below 

10% of the theoretical calculation results. In the parallel RLC circuit, the experimental and simulation results both show 

a decrease in the power factor with the increase in the value of inductive reactance, at R = 10 Ω and R = 20 Ω. 

Experimental calculation results show an average relative uncertainty below 13% of the theoretical calculation results. 

Keywords: Experiment, Simulation, RLC circuit power factor, Series Circuit, Parallel Circuit 

 

 

1. INTRODUCTION 

The quality of electrical power in industry is very important, 

because is greatly affects the process and the final product. 
More sensitive equipment in industry, the quality of 

electrics power becomes thing important to note. The 
quality of electrical power is expressed by the power factor. 

The greater the power factor value, the better the electric 

power quality. In the case of low power factor, there will be 
considerable voltage drop and loss electrical energy along 

the conductor, and will cause the system or equipment to 

have low efficiency values [1].    
In AC electrical circuits, there are three type electrical 

loads, namely resistive, inductive, and capacitive loads. The 
R component dissipates power, while the inductor and 

capacitor do not consume power, but store the power 

temporarily in the form of a field, which will return to the 
system. This energy storage-discharge process occurs 

continuously in capacitors and inductors. The most 

important part of this circuit is the power factor. 
The more the resistance to the inductor or inductive 

reactance (XL) or the resistance to the capacitor or 

capacitive reactance (XC), the more the impedance of the 
circuit. The more resistive, the more balanced XL and XC 

are, consequently to the more efficient they are in utilizing 

energy, this is happening due to the higher power factor. So, 
the inductance effect (XL) is countered by the capacitance 

effect (XC) so that the power factor gets closer to one. In the 

AC circuit the inductor can reduce unwanted current 
fluctuations, the main use of the inductor is to increase and 

decrease the alternating voltage and the electric current 
flowing in the inductor does not change rapidly and the 

change in current passing through the inductor depends with 

the inductor voltage [2]. 
The faster the current in the inductor changes, the faster the 

magnetic field in the inductor changes. The faster the 

magnetic field or flux changes, the greater the voltage 
generated. If the inductor is connected to an AC voltage 

source, the current and voltage are different in phase by 90°, 
as a result, on average, no energy is transformed in the 

inductor and no energy is wasted as heat. The bigger the 

effect of the inductance in the circuit, the smaller the power 
factor value so that the efficiency of the electric power 

generated will be reduced [3]. 
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The main cause of the low power factor is inductive load, 
so understanding of the effect on inductive load on power 

factor values is important. The purpose of this research is to 

study the effect of inductance on the power factor of the 
circuit through experimental and simulation results by 

determining the self-inductance of inductors L and R as 
independent variables, while the value of C is a fixed 

conditioned quantity. To get the power factor that is closest 

to the maximum, the relationship between power factor and 
inductive reactance is determined at several values of L. The 

purpose of this research is to determine the effect of 

inductance on the power factor in RLC circuit and to prove 
whether the experimental result is close to the simulation 

result. 

2. BACKGROUND 

2.1. Power Factor 

In the distribution of electrical energy, the term power factor 
(Cos φ) is known. The power factor can also be said to be 

the ratio of real power or active power to apparent power 

[4]. In AC power supply devices, this power factor value is 
very important, because the power factor states the level of 

efficiency of the electric power produced. The higher the 
power factor value of the voltage generating device, the 

better device quality is. 

The quality of electric power is greatly influenced by the 
use of certain types of loads which result in reduced 

efficiency; the types of loads that affect the quality of 
electric power are inductive loads. [5,6] 

2.2. Series RLC Circuit 

In a series RLC circuit, the current in each component of R, 

L and C have the same value while the voltage is different. 
The voltage characteristics of each component can be seen 

using a phasor diagram. The voltage across the resistor (VR) 

has the same phase as the current. The voltage on the 
inductor (VL) has a phase difference ϕ = 2π rad with the 

current, where the voltage precedes the current. The voltage 

on the capacitor (VC) has a phase difference ϕ = -2π rad 
with the current, where the current precedes the voltage 

[3.4]. 

 

 

Figure 1. a. Series RLC Circuits, 1.b. Phasor diagram of 

Series RLC Circuits 

The currents in each load or component are the same, so that 
IR = IL = IC = IS and the impedance of the RLC series 

circuit is 

𝑍 = √𝑅2 + (𝑋𝐿 −  𝑋𝐶)2  (1) 

and X where XL = ωL, is the inductive reactance  XC = 1 / 

ωC, the capacitive reactance. 

Based on phasor diagram the power factor in the series RLC 
circuit are: 

𝐶𝑜𝑠 𝜑 =  
𝑅

𝑍
    (2) 

Cos φ will be at maximum value. When XC = XL (called 
Resonance), in this state the current in the circuit will be 

maximum. [7] 

2.3. Parallel RLC Circuit 

In a parallel RLC circuit, the current in each component of 
R, L and C have different values while the voltage is the 

same. The current characteristics of each component can be 

seen using a phasor diagram. The current in the resistor (IR) 
has the same phase as the source voltage V. The current in 

the inductor (IL) has a phase difference ϕ = 2π rad with the 
current, where the voltage precedes the current. The current 

in the capacitor (IC) has a phase difference ϕ = -2π rad with 

the voltage, where the current precedes the voltage [8]. 
 

 

 

Figure 2. a. Parallel RLC Circuit, b. Phasor Diagram of 

Parallel RLC 

 
The voltage relationship in the circuit is: 

 

VR = VL = VC =VS  

 𝐼𝑆 =
𝑉𝑆

𝑍
 ,  𝐼𝑅 =

𝑉𝑆

𝑅
 , 𝐼𝐿 =

𝑉𝑆

𝑋𝐿
  and 𝐼𝐶 =

𝑉𝑆

𝑋𝐶
 

The impedance equation in parallel RLC is [8] 

 

𝑍 =  
1

√(
1

𝑅
)2+(

1

𝑋𝐶
−

1

𝑋𝐿
)2

  (3) 

 

Based on the phasor diagram, the power factor of a parallel 
RLC circuit has an equation: 

 

𝐶𝑜𝑠 𝜑 =  
𝑍

𝑅
   (4) 

 
Cos φ will be a maximum value when XC = XL 

(Resonance), in this state the current in the circuit will be 
minimum. 
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3. METHODOLOGY 

The method used in this research is descriptive analysis of 
laboratory experiments and computer assisted data 

processing. The research procedure consists of several 

steps. 
Experiment method: Series RLC circuit and Parallel RLC 

circuit setting with R=10 Ω and 20 Ω, C=1000 µF and 

variations L=9 mH, 18 mH, 36mH, 45 mH, and 54 mH. 
Collecting experimental data (P, Ieff and Veff) and 

calculate power factor from the experimental data cos ϕ = 
P/ (Ieff Veff).[9] The equipment used in experimental data 

collection is shown in Figure 3. 

 

 
Figure 3. The RLC Circuit Tools 
 

Simulation method base on theory: Calculate the Impedance 

of Series RLC circuit and Parallel RLC circuit analytically,  
Calculate the Impedance with variations of L (0-60 mH) and 

R (10 Ω and 20 Ω ) using Microsoft Excel program, 
Calculate the power factor with variations of L and R. 

Research  flowchart is shown in figure 4. 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 

 

Figure 4. Research Flowchart 

4. RESULT AND DISCUSSION 

In this research, the power factor value (Cos φ) was 
measured in series and parallel RLC series through 

experimental test and simulation or theory with the values 

of L and R as independent variables, while the value of C = 
1000 µF as a fixed conditioned quantity. 

 

 
 

Figure 5. Relationship of power factor (Cos φ) to XL for 

the value of R = 10Ω and 20Ω on the RLC series based 

on experimental data 
 

 
 

Figure 6. Graph of the relationship between power 

factor (Cos φ) and XL in the RLC series 

experimentally and in simulation 
 

 
In the graph of the relation between power factor and 

inductive reactance, for R = 10 Ω and 20 Ω, it shows the 

same pattern, this proves that the inductor has an effect on 
the power factor value, even though the R value is different. 

The experimental calculation results for R = 10 Ω and 20 Ω 
the maximum power factor values are reached when L = 9 

mH. This result is confirmed based on simulation 

calculations that the resonance (power factor = 1) occurs 
when XL = XC = 3.18 Ω or at L = 10.14 mH. Figure 4 shows 

a graph of the relationship between the power factor and 
inductive reactance (XL) of the experimental and simulation 

results for a Series RLC circuit. 

The simulation or theory of series RLC calculation results 
show that the power factor value before resonance increases 

with the increase in XL, then decreases sharply after passing 

resonance. In the series RLC circuit for R = 10 Ω and R = 
20 Ω the experimental results show a similar pattern to the 

simulation or theory results and both show that the power 
factor value decreases with the increase in the inductive 

reactance value. For a series RLC circuit with a value of R 
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= 10 Ω, it shows a faster reduction in the power factor to the 
increase in the value of the inductive reactance than in the 

RLC circuit with a value of R = 20 Ω. The average relative 

uncertainty between the experimental results and the 
simulation results shows a value of 9.0% for R = 10 Ω and 

0.99% for R = 20 Ω. 
 

 
 

Figure 7. The relation of Power Factor (Cos φ) to XL for 

R = 10Ω and 20Ω in the RLC parallel circuit based on 

experimental data 

 

 
 

Figure 8. Graph of cos φ against XL in a parallel RLC 

circuit experimentally and in simulation  
 

In Figure 7, R = 10 Ω and R = 20 Ω shows the same pattern, 
namely the reduction in the power factor value to the 

increase in the value of inductive reactance. The decrease in 

the power factor value for R = 20 Ω is faster than the 
decrease in the power factor for R = 10 Ω. 

The maximum power factor value for both R values is 
obtained at XL = 3.18 Ω or L = 9 mH. Meanwhile, based on 

the results of simulation calculations, resonance occurs at 

XL = XC = 3.18 Ω or at L = 10.14 mH. Figure 6 shows a 
graph of the relationship between the power factor and 

inductive reactance of the experimental and simulation 
calculations for a parallel RLC circuit. 

The simulation parallel RLC circuit calculation results show 

that the power factor value increases sharply before 
resonance and decreases after resonance with the increase 

in the value of inductive reactance. In the parallel RLC 

circuit, the experimental and simulation results both show 
that the power factor value decreases with the increase in 

the value of the inductive reactance. For a parallel RLC 
circuit with a value of R = 20 Ω, it shows a faster reduction 

in the power factor to the increase in the value of the 

inductive reactance compared to the value of R = 10 Ω. The 
average relative uncertainty between the experimental 

results and the simulation results shows a value of 12.0% 

for R 10 Ω and 10.1% for R = 20 Ω. [10] 

5. CONCLUSION 

The relation between the inductance value and the power 
factor based on the experimental results and the simulation 

calculation results both show the same behaviour or pattern 

for both series RLC circuits and parallel RLC circuits. In 
the series RLC circuit and the parallel RLC circuit, both 

show that the power factor value will decrease with the 

increase in the value of the inductance after passing 
resonance. The rate at which the power factor value declines 

against the inductance value will be different for different 
resistance values. For series RLC circuits with R = 10 Ω, 

the power factor decreases faster than series RLC circuits 

with R = 20 Ω, while parallel RLC circuits with R = 20 Ω 
will experience a decrease in power factor faster than 

parallel RLC circuits with R = 10 Ω. 
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