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Abstract— In recent years, PQ (power quality) problem 

makes quality of power supply drop, which even triggers 

power accident, so PQ has attracted widespread attention. In 

this paper we  deal with the power quality problem- 

harmonics. Two different combinations of the load are taken 

with linear and non-linear.  A MATLAB program is 

designed to calculate total harmonic distortion of the system 

using FFT(fast fourier transform). In the paper, the 

disturbances specially harmonics present in the power 

systems are detected with equipment like `power analyzer` 

or „digital signal oscilloscope‟ The values of the power 

signal obtained from above method are then inserted into the 

Simulink or MATLAB program and the signal is analysed 

on parameters and these results are finally cross-verified 

with the result obtained from above devices. The simulation 

results and the theoretical analysis show that the model in 

this paper  could simulate the harmonic disturbance well, 

which can provide data and basis for detection and 

identification of PQ and further control measures. 
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I. INTRODUCTION 

Power quality is important because certain types of power 

quality degradation will result in losses in the system. With 

the rise in high-power semiconductor switches, non-

sinusoidal load currents have become more common(1). 

Power quality indices are used to measure the quality of the 

power supply. Some of the best known indices are the 

following: total harmonic distortion, power factor, telephone 

influence factor, flicker factor and unbalance factor. With 

these indices, the voltage and current harmonics components 

are analysed.   

A growing power quality concern is harmonics 

distortion that is caused by the non-linear loads. This 

concern has drawn much attention from utilities, 

manufacturers of equipment and users.  

Harmonics distorts the waveform shape of voltage 

& current, and increases the current level, which results in 

many disturbances. The ideal quality of power supply is 

characterized by electric power energy with perfect 

sinusoidal waveform at a constant frequency of specified 

constant voltage with least amount. Harmonics is defined as 

the “content of the signal whose frequency is an integer 

multiple of the system‟s fundamental frequency”. The 

presence of harmonics distorts the waveform shape of the 

voltage and current increases the current level, and changes 

power factor supply, which in turn creates many 

disturbances. Poor power quality can affect industrial 

processes(3). 

 Now a day‟s Harmonic distortion has been a 

significant problem to maintain power quality. It is very 

essential to analyze of power signal and find different 

harmonics. Some harmonics in the power signals are 

harmful to sensitive equipment‟s and also causes to power 

loss. It is therefore important to find such harmonics and use 

different harmonic mitigation techniques to get clean/pure 

signal for safe operation of the connected equipment and 

minimize Power loss. Harmonic distortion is the corruption 

of the fundamental sine wave at frequencies that are 

multiples of the fundamental. Aim of this paper is extraction 

of fundamental and harmonic components in voltage/current 

signal using FFT & STFT, plot the stylized spectrum of 

distorted signal in MATLAB with power system frequency 

and classify the subtypes of harmonics, study the different 

characteristics and calculate total harmonic distortion (THD) 

that will be useful for solving problems related to power 

quality (4).   

   Harmonic current pollution is a one of the major 

power quality problem in electrical power systems. In office 

buildings one of the main harmonic sources is a large 

numbers of computer loads. Especially, personal computers 

apply harmonic distortions to their power supply systems. In 

this study, harmonics models of equipments, a MATLAB® 

code and single-phase Simulink simulation models are 

developed for office equipments in order to analysis 

harmonic activity in neutral conductor(5). 

II. TOTAL HARMONIC DISTORTION 

It is defined as the ratio of the sum of the powers of all 

harmonic frequencies above the fundamental frequency to 

the power of the fundamental frequency .(10) 

 
 

A. Total demand distortion 

Current distortion levels can be characterized by THD value 

as has been described but this can often be misleading. A 

small current may have a high THD but not be a significant 

threat to the system. For example many adjustable speed 

drives will exhibit high THD values for the input current 

when they are operating at very light load. This is not 

necessarily a significant concern because the magnitude of 

harmonic current is low even though its relative current 

distortion is high. 
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B. Total harmonic voltage distortion 

As harmonic current flows through reactance or resistance, a 

voltage drop is arises. These harmonic voltages cause 

voltage distortion of the fundamental voltage waveform.(11) 

 

C. Effects of harmonic distortion 

The effect of current distortion on distribution system can be 

seriously issue because harmonic does not transfer any 

power .harmonic current can affect the malfunction of 

electrical equipment over heating the conductors, motor and 

transformer insulation failure. Harmonic current can also 

increase the transformer losses.  

There are various effect can be described as  

 Effect of harmonic on generators, machine, 

transformers etc 

 Harmful effects of harmonics on ac side. 

 Effects of harmonics on power factor, television 

interferences, TV etc. 

III. SIMULATION MODEL 

For linear load and non-linear load models we have done 

simulation. For simulation we used MATLAB software 

version: 7.6.0.324(R 2008a). 

A. Linear load 

Power module: set the voltage source as neutral grounding, 

the phase voltage of the three-phase voltage source as 380V 

and power grid frequency as 50 Hz; Transmission lines 

module: adopt the separate parameter line which is 40km 

long; Load module: select RL load, R = 10 Ω, L = 0.005 H; 

Measurement modules: three-phase V-I measurements are 

put in the circuit to measure voltage and current. 

 

 
Fig. 1: Simulation Model of Linear Load 

 
 

Fig. 2: The Voltage of Phase a of Power Side & Fourier 

Analysis of the Voltage. 

B. Non-linear load 

 
Fig. 3: Simulation Model for Non-Linear Load 

 Power module: set the voltage source as neutral 

grounding, the phase voltage of the three-phase voltage 

source as 380V and power grid frequency as 50 Hz; 

Transmission lines module: adopt the separate parameter 

line which is 40km long; Load module: select RL load, R = 

10 Ω, L = 0.005 H; Measurement modules: three-phase V-I 

measurements are put in the circuit to measure voltage and 

current. 

Taking three-phase bridge controllable rectifier 

circuit .The influence of power electronic equipment to the 
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grid harmonics is seen.  We choose diode rectifier bridge as 

rectifier bridge. 

The basis frequency component of phase A voltage 

is 412.8, THD (total harmonic distortion) is 8.63%, 

harmonic numbers are 5, 7, 11, 13 etc., that is 6k±1st. It can 

be seen from the graph that harmonic RMS is inversely 

proportional to the number of the harmonic.   

 
Fig. 4: The Voltage of Phase a af Power Side  and Fourier 

Analysis of the Voltage 

Nature of the 

load 
THD 

Harmonic 

order(n
th

) 

Linear 0.49% Fundamental 

Non-linear 8.63% 5,7,11,13,17,19 

Table 1: Harmonic Order and % THD 

For Linear load only fundamental frequency is 

observed. For Non-linear load THD observed is high also 

Harmonic of multiple orders as shown in Table 1. 

IV. CASE-STUDIES 

CFL of 25W and one lamp of 40 W are used. Waveforms 

are captured using DSO-[RIGOL DS 1052D]. We used 

resistors of value 1k and 500Ω. 

 
Fig. 5: Experimental Setup 

A. Using non-linear load 

 

Fig. 6: Waveform and FFT of 25W CFL 

Here,25W CFL is used as inductive load.THD is 

55.94%. Harmonics of order 3
rd

, 5
th

, 7
th

, 9
th

, 11
th 

, 13
th

 and 

15
th

 amongst these 7
th

 order was found to be more dominant. 

B. Using linear load 

 
Fig.6  Waveform and FFT of 40W Lamp 

Here, 40W Lamp is used as resistive load. No 

distortions are present in the waveform and it is purely 

sinusoidal. THD observed is 2.53% and this amount is due 

to the disturbance in source. 

C. Using non-linear + linear load 

 
Fig. 7 Using 25W CFL+ 40W Lamp 

Here,40W lamp (resistive load) is added to 25W 

CFL(inductive load).  THD obtained is 23.19%. Harmonics 

of order 3
rd

, 5
th

, 7th
,
 9

th
, 11th, 13

th
, 15

th
, 17

th
and 19

th 
are seen.

 

Harmonic of order 7
th

 is more prominent. 

After addition of resistive load the THD (total harmonic 

distortion) gets reduced. 
 

Sr. 

No. 
Description THD 

Harmonic 

Order(n^th) 

1 Non-Linear load 55.94% 3,5,7,11,13,15 

2 Resistive load 2.53% Fundamental 

3 
Non-Linear+ 

Resistive 
23.19% 

3,5,7,11,13,15 

(less severe) 

Table 2: Percentage THD for Case Study 

 For Non-Linear Load Harmonics Observed are 

severe. After addition of Resistive Load they got 

compensated. 

V. CONCLUSION 

Harmonic content in linear load is meagre and a minimum 

amount is present , the non-linear load has huge amount of 

harmonics yet when we add linear load to non-linear load a 

significant reduction in harmonics is observed. The 

harmonics are seen to be more prominent in non-linear load 

that is they are present at consumer end and go on reducing 

as we go towards PCC. This is proved with the help of case 

studies. 
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