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ABSTRACT- In the present world with the growing 
demand of electricity the quality of voltage becoming a 
vital problem. Voltage swell is one of the short term 
voltage disturbances that occur frequently in power 
distribution system. Voltage swell characterization is an 
important, because power quality analysis, 
troubleshooting, diagnosis, and mitigation policy could be 
carried out only after characterizing the voltage swells. 
The magnitude, duration, and phase-angle jump are the 
essential characteristics of voltage swell are considered in 
this work. In this paper, MATLAB/SIMULINK with 
SimPower System is used to simulate the proposed system 
to show the comparative performance of significant 
characteristics of voltage swells under power distribution 
system fault, energizing a capacitor bank and sudden 
switching off a heavy linear and nonlinear load.  

Keywords-Power quality, Voltage swell, Voltage swell 
characterization, voltage swell magnitude, Phase-angle 
jump. 

 

1. INTRODUCTION 

The field of power quality (PQ) is very broad by nature. It 
canvas all facets of power system engineering from 
transmission and distribution level analysis to end-user 
problems (Short 2004; Bollen 2000; Panda and Patnaik 
2007). In the present world with the growing demand of 
electricity the quality of voltage or quality power 
becoming a vital problem in every sphere of life 
(Hooshmand and Enshaee 2010). In power system network 
PQ problems affects all connected electrical and electronic 
equipment and are a measure of change in frequency, 
voltage, and current of particularly supplied systems and 
their components (Short 2004). A short duration voltage 
variations like voltage swells, voltage dips and 
interruptions are the most common and serious power 
quality problems are commonly occurring in power system 
(Sankaran 2002). Voltage swell is the significant power 
quality problem discussed in the article. A voltage swell is 
opposite of voltage sag. It is a short duration phenomenon 
of increase in RMS line voltage of 110% to 180% of the of 
the normal line voltage. This short interval of time is 
known as voltage swell duration and typically from 10 ms 
to 1 minute (Damaraju and Lalitha 2015; Ravi 2015; 
Raheman et al. 2015).  Most of the electrical and 

electronic equipments are sensitive to the voltage swells 
(Venkatesh et al. 2011). Short duration voltage 
disturbances such as swells and sags that present only a 
few milliseconds lead to interruption for hours in the 
production due to long start-up times for industrial 
processes. That results in production losses, which are 
very expensive (Wang et al. 2015; IEEE Std. 493 1997). 
Voltage swell characterization is an important, because 
power quality analysis, troubleshooting, diagnosis, and 
mitigation policy could be carried out only after 
characterizing the voltage swells. The magnitude, duration 
and phase-angle jump are the essential characteristics of 
voltage swell (IEEE Std1159 2009; Padiyar 2007; 
Eskander and Amer 2011). When voltage swell encounters 
in power systems, the energizing custom power devices 
(CPD) such as Distributed Static Synchronous 
Compensator (DSTATCOM) (Sundarabalan and Selvi 
2015), Dynamic voltage Restorer (DVR) (Ali et al. 2015; 
Basit et al. 2016) and Unified Power quality conditioner 
(UPQC) (Caicedo et al 2012) are used to correct the 
voltage signal. Generally, real data on power system 
performance are not available for educational or research 
purpose, so simulation tools are required (Leborgne et al. 
2006). There are various power system simulation tools 
available and every tool as its individual advantages and 
disadvantages. However, the most frequently used 
simulation tools are PSCAD/EMTDE (Alam et al. 2015), 
ATP/EMTP, MATLAB with Power System Toolbox (Rey 
and Muneta 2011), Power System Analysis Toolbox, 
Simulink with Sim Power System block set and Power 
Analysis toolbox. In this paper, MATLAB/SIMULINK 
with Sim Power System is used to simulate the proposed 
system to show the comparative performance of various 
characteristics of voltage swell under power system fault, 
energizing a capacitor bank and switching off a heavy 
linear and nonlinear load. The obtained results are helping 
the utility engineers to figure out the impact of voltage 
swell on power system operation. 

2. PROPOSED SYSTEM DESCRIPTION   

Schematic diagram of the 33/0.4 kV distribution substation 
of Damodar Valley Corporation (DVC), DVC market, 
Rabendrapelly, Kharagpur, India is depicted in figure 1 
has been considered for characterization of voltage swells. 
The system is modeled using MATLAB/SIMULINK with 
SimPower System Tools. The performance analysis of the 
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test system is carried for characterization of voltage swells 
under distribution system fault (between two lines at point 
A), energizing a capacitor bank, and sudden removal of a 
linear and a nonlinear load. 

 
Figure 1. Single line diagram of proposed system 

3. VOLTAGE SWELL AND ITS 
CHARACTERIZATION  
A voltage swell is reverse of voltage dip. It is a short 
period event of an increase in RMS line voltage of 10 to 
80 of the of the normal line voltage. This short duration of 
time is known as voltage swell duration and is typically 
from 10 ms to 1 minute. Figure 2 depicts the voltage swell 
during switching of a heavy load.  

 

Figure 2. Voltage swells during capacitor energizing 

Main causes of voltage swell are: (i) Fault:  because of 
line-to-line fault in the distribution network, voltage 
waveform of the healthy phase increases (swell) due to the 
absence of ground point and high fault resistance. (ii) 
Energizing a capacitor bank: capacitor energizing is a 
frequent phenomenon in the distribution networks used to 
improve the power factor, due to which there is an increase 
in leading VAR causes voltage swell. (iii) Removal of a 
larger load: voltage swell occurs in the power system when 
large linear and nonlinear loads are switched off suddenly 
from the system.  

Effects of voltage swell are: 

(i) Interfacing with communication signals. 

(ii) Malfunction of measuring and control equipment 

(iii) Malfunction of electrical low-voltage devices. 

3.1 Voltage swell characteristics 
Voltage swell magnitude, voltage swell duration, phase-
angle jump, point on wave of swell initiation and point on 
wave of swell recovery are considered as the most 
significant voltage swell characteristics6,14as shown in 

figure 3. The magnitude of voltage swell means the 
magnitude of maximum phases of all three-phase voltages 
during a fault condition. The duration of a voltage swell is 
the time interval between the starting and the ending of the 
voltage swell magnitude22. In power system some of the 
equipments correct determination of fault initiation time 
and fault clearing time is necessary for accurate 
determination of additional characterization of voltage 
swells such as phase-angle jump, point-on-wave of swell 
initiation and point-on-wave of swell recovery11. 

 

 
 

Figure 3. Characteristics of voltage swell 

4.  ALGORITHM FOR PHASE-ANGLE 
JUMPS CALCULATION 
Figure 4 shows an algorithm for the determination of 
phase-angle jump during voltage swell.  
 

 
 

Figure 4. Algorithm for phase-angle jump determination 

5. SIMULATION RESULTS AND 
DISCUSSION 
The main aim of the simulation is to present the various 
voltage swell characteristics such as voltage swell 
magnitude, voltage swell duration, and phase-angle jump 
under (i) system fault (ii) capacitor bank energizing (iii) 
switching off a linear load and (iv) switching off of a 
nonlinear load. A line-to-line fault occurs at a point ‘A’ as 
depicted in figure 1. Switches 1, 2 and 3 are used for 
addition or removal of a linear load, nonlinear load and 
capacitor bank to the distribution system. The total 
simulation period of the system is 0.2 seconds. The system 
parameters are given in Table 1. 
Table 1. System parameters 
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Parameters Values 
Supply Voltage  10MVA ,Vs= 33 kV 

Frequency f= 50 Hz 
Source resistance Rs= 0.55 Ω 

Source inductance Ls= 1.5mH 

Transformer-1 5 MVA, 33/11 kV 

Transformer-2 750 MVA, 11/0.4 kV 
Fault resistance Rf=8000 Ω 

Linear load 
Nonlinear load 

P=50 W, QL= 30 VAR 
Diode rectifier with Rd= 2.5 Ω, 
Ld= 1.5 mH 

Capacitor bank QC= 30e3 VAR 

 

5.1 Voltage swell characteristics during 
power system fault 
Due to a line-to line fault between phase-b and phase-c at 
0.05 to 0.15 seconds. The healthy phase-a at supply end 
and load experiences a voltage swell of magnitude 4.9 % 
and 5.1% with voltage swell duration of 0.1 seconds. 
Similarly, phase-b encounters a voltage swell of 3.6% and 
5.1% and phase-c experiences voltage swell of 4% and 
5.1% at supply and load end when fault occur between 
phase-a and phase-c and in between phase-a and phase-c 
Generally in the power system, for better visualization, 
voltage swell magnitude is commonly presented in root 
mean square (RMS) waveform as shown in figures 5-8. At 
t= 0.15 seconds, voltage swell is terminated and the system 
recovers to its normal value. 
 

 

Figure 5. Instantaneous source voltage during line-to-line fault 
(a) phase-a (b) phase-b and (c) phase-c 

 

Figure 6. RMS source voltage during line-to-line fault (a) phase-a 
(b) phase-b and (c) phase-c 

 

 

Figure 7. Instantaneous load voltage during line-to-line fault (a) 
phase-a (b) phase-b and (c) phase-c 
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Figure 8. RMS load voltage during line-to-line fault (a) phase-a 
(b) phase-b and (c) phase-c 

The voltage swell causes a change of the actual phase-
angle. The smallest phase-angle jumps occur for voltage 
swells due to distribution system faults as shown in figures 
9 and 10. Figure 9 shows the phase-angle jumps on supply 
side equal to 36º, 19.8º and 9.9º for phases a, b. and c 
respectively. It is clearly observed from figure 10 that load 
voltage accompanied phase-angle jumps of 13.8º, 13.8º, 
and 6.9º during the voltage swell. 
 

 

Figure 9. Source voltage Phase-Angle Jump during line-to-line 
fault (a) phase-a (b) phase-b and (c) 

 

Figure10. Load voltage Phase-Angle Jump during line-to-line 
fault (a) phase-a (b) phase-b and (c) phase-c 

5.2 Voltage swell characteristics during 
energizing a capacitor bank 
 Figures 11-13 shows the voltage swell characteristics such 
as voltage swell magnitude, voltage swell duration and 
phase-angle jump due to energizing a capacitor bank by 
closing the three-phase breaker (Switch-3) in a figure-1. 
Capacitor switching is a common process at substations 
used for power factor improvement, due to which there is 
an increase in leading VAR, resulting in the voltage 
magnitude rise. A three-phase balanced voltage swells of 
magnitude 12.6% on the supply side and 13.4% on load 
side experienced by distribution system which starts at 
t=0.05 seconds and ends at t=0.15 seconds.  
 

 

Figure 11. Voltage swell magnitude during a capacitor bank 
energizing (a) Instantaneous source voltage (b) RMS source 

voltage                   
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Figure 12. Voltage swell magnitude and duration during a 
capacitor bank energizing (a) Instantaneous load voltage (b) 

RMS load voltage 

Apart from deviation in voltage swell magnitude, the 
voltage accompanied by phase-angle jumps on supply side 
equal to 95º, 96º and 92º and load side equals to 95º, 93º 
and 94.5º respectively as depicted in figure 13a-b. Once 
the voltage swell is removed at t= 0.15 seconds, all the 
waveforms of the system reach the pre-swell values. 
 

 

Figure 13. Phase-Angle Jump during a capacitor bank energizing 
(a) source voltage (b) load voltage 

5.3 Voltage swell characteristics during 
removal of heavy linear load 
Figures 14-16 shows the voltage swell characteristics due 
to the sudden removal of a constant impedance type linear 
load by closing three-phase breaker (Switch-1) in figure 1. 
System encounters a three-phase balance voltage swell of 
magnitude 9.4% on source side with phase angle jumps 
equal to 94º, 96º, and 96.5º on phase a, b, c as depicted in 

figures 14 and 16a and 10.38% on load side from 0.1 
seconds duration. In this case, the load voltage is 
accompanied by 97.5º, 94º and 96º phase-jump as depicted 
in figure 16b. 
 

 

Figure 14. Voltage swell magnitude and duration during 
switching off a linear load (a) Instantaneous source voltage (b) 

RMS source voltage 

 

Figure 15. Voltage swell magnitude and duration during 
switching off a linear load (a) Instantaneous load voltage (b) 

RMS load voltage                          

 

Figure 16. Phase-Angle Jump during switching off a linear load 
(a) source voltage and (b) load voltage 
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5.4 Voltage swell characteristics during 
removal of heavy nonlinear load 
Figures 17-19 shows the voltage swell characteristics due 
to the sudden removal of diode rectifier type nonlinear 
load by closing the three-phase breaker (Switch-2) in 
figure 1. System experiences a three-phase balance voltage 
swell of magnitude 70% on the source side with phase 
angle jumps equals to 85º, 85.5º and 83º on phase a, b, c as 
depicted in figures 17 and 19a and 77% on load side from 
0.1 seconds voltage swell duration. In this case, the load 
voltage is accompanied by 92.5º, 86º and 90º phase-angle 
jumps during the voltage swells as depicted in figure 19b.  
 

 

Figure 17. Voltage swell magnitude and duration during 
switching off a nonlinear load (a) Instantaneous source voltage 

(b) RMS source voltage  

 

Figure 18. Voltage swell magnitude and duration during 
switching off a nonlinear load (a) Instantaneous load voltage (b) 

RMS load voltage 

 

Figure 19. Phase-Angle Jump during switching off a nonlinear 
load (a) source voltage and (b) load voltage 

 
Figures 20(a-b) shows the comparison of instantaneous 
voltage swell magnitude on both supply side and load side 
under various power quality events such as a system fault, 
capacitor energizing and switching off a linear and a 
nonlinear load.  From the graphs it is clearly observed that, 
instantaneous voltage swell magnitude with respect to 
normal voltage on both the cases is higher during the 
capacitor energizing compared to system fault, and 
switching off a linear and a nonlinear load. Table 2 shows 
the comparison of a phase-angle jump during voltage swell 
condition under various short duration power quality 
events on both supply side and load side of the power 
system. It is observed that higher phase-angle jump occurs 
during the switching off of a linear load in compared with 
nonlinear load, line-to-line fault, and capacitor energizing. 
 

 

Figure 20. Comparison of voltage swells magnitude under 
various events (a) Supply side and (b) Load side 
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Table 3: Phase-angle jump under different events 

 
 
 

Phase 

Phase-Angle Jump 

fault capacitor 
bank 

linear load nonlinear 
load 

sourc
e side 

load 
side 

source 
side 

load 
side 

source 
side 

load 
side 

source 
side 

load 
side 

a 36º 13.8º 95º 95º 94º 97.5º 85º 92.5º 

b 19.8º 13.8º 96º 93º 96º 94º 85.5º 86º 

c 9.9º 6.93º 92º 94.5º 96.5º 96º 83º 90º 

 

6. CONCLUSION 
In this paper problem that affects the quality of voltage 
was investigated namely the disturbance of voltage swells. 
For proper analysis, alleviation and minimization of 
voltage swells requires fast and reliable characterization of 
voltage swells under different conditions. To show the 
different characteristics of voltage swells such as voltage 
swell magnitude, duration and phase-angle jump, the 
proposed system is tested with MATLAB/SIMULINK 
environment under system fault, energizing a capacitor 
bank and sudden removal of a linear and a nonlinear load. 
The obtained RMS voltage swell magnitude is higher 
under nonlinear load condition in compared to linear load, 
capacitor energizing and system line-to-line fault, but 
phase-angle jump during voltage swell is higher in the case 
of linear load. The obtained results have demonstrated that 
the proposed method effective not only in single-phase 
voltage swells, but also in three-phase voltage swells. 
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