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Abstract- Delivering good quality of power is the main agenda
for distribution system to the loads. But maintain power quality
is not so easy due to the load variations in the system. Sag and
swell are the main factors that affect power quality. In this
paper, multiple sag conditions and swell conditions were tested
by producing the condition in different phases of the system. A
simple algorithm called RMS algorithm was developed and
tested for the said conditions. Sag and swell were generated on
single phase and multiple phases for testing the algorithm. The
algorithm and the results were obtained using Matlab. .DVR is
installed between supply and load which will inject voltage and
active power to the distribution system  during
balanced/unbalanced voltage sag and swell disturbances. The
performance of DVR based of voltage sag, swell is going to be
tested and Simulation results are going to be carried out by
MATLAB with its Simu-link to analyze the proposed method.

Key Words: RMS (root mean square), DVR (dynamic voltage
restorer), sag, swell

1-INTRODUCTION

I n electrical engineering, the Ferranti effect is an increase in

voltage occurring at the receiving end of a long transmission
line, above the voltage at the sending end. This occurs when the
line is energized, but there is a very light load or the load is
disconnected. The capacitive line charging current produces a
voltage drop across the line inductance that is in-phase with the
sending end voltages considering the line resistance as
negligible. Therefore, both line inductance and capacitance are
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responsible for this phenomenon. In general practice we know,
that for all electrical systems current flows from the region of
higher potential to the region of lower potential, to compensate
for the electrical potential difference that exists in the system. In
all practical cases the sending end voltage is higher than the
receiving end, so current flows from the source or the supply end
to the load. But Sir S.Z. Ferranti, in the year 1890, came up with
an astonishing theory about medium distance transmission line
or long-distance transmission lines suggesting that in case of
light loading or no-load operation of transmission system, the
receiving end voltage often increases beyond the sending end
voltage, leading to phenomena known as Ferranti effect in power
system. Voltage sags caused by the short-circuit faults in
transmission and distribution lines have become one of the most
important power quality problems facing industrial customers
and utilities. Power quality issues like transients, sags, swells
and alternative to the curving wave shape of the availability
voltage have an effect on the performance of those
instrumentality items. The main objective of the paper is to
generate and controlled sag and swell in different phases of the
system and analyze them. A simple RMS algorithm was
generated to analyze the condition of the system, whether the
sag/swell exists in the system by using Matlab. Most of these
faults that occur on power systems are not the balanced three-
phase faults, but the unbalanced faults. In the analysis of power
system under fault conditions, it is necessary to make a
distinction between the types of fault to ensure the best results
possible in the analysis. In balanced voltage sag & swell, voltage
decreases and increase in all three phases simultaneously. In


https://en.wikipedia.org/wiki/Electrical_engineering
https://en.wikipedia.org/wiki/Electric_power_transmission
https://en.wikipedia.org/wiki/Electric_power_transmission

https://doi.org/10.46335/1J1ES.2021.6.6.4
Vol. 6, No. 6,2021, PP. 12 - 16

e-1SSN: 2456-3463

International Journal of Innovations in Engineering and Science, www.ijies.net

unbalanced voltage sag & swell voltage decrease and increases
in only one phase or two phases at a time.

1.1 Overview

Power quality determines the quality of electric power to load
devices. Maintaining frequency, voltage and power factor
within nominal values makes load to function properly without
stress on the devices. This maintenance of power quality also
reduces the losses in the system increasing the life of the
equipment connected. VVoltage sags and swells are the common
reasons for interruption in production plants and for end
instrumentality malfunctions generally, specifically, in
economical identification will cause disruption and vital prices
attributable to loss of production. One solution to the present
downside is to create the instrumentality itself additional
tolerant to sags, either by intelligent management or by storing
energy within the instrumentality. VVoltage sags caused by the
short-circuit faults in transmission and distribution lines have
become one of the most important power quality problems
facing industrial customers and utilities. Power quality issues
like transients, sags, swells and alternative to the curving wave
shape of the availability voltage have an effect on the
performance of those instrumentality items. The main objective
of the paper is to generate and controlled sag and swell in
different phases of the system and analyze them. A simple RMS
algorithm was generated to analyze the condition of the system,
whether the sag/swell exists in the system by using Matlab.

I1- PROBLEM DEFINATION AND OBJECTIVES

Power quality is very important issue recently due to the impact
on electricity suppliers, equipment manufacture and customers.
Power quality is described as the variation of voltage, current
and frequency in a power system. It refers to a wide variety of
electromagnetic phenomena that characterize the voltage and
current at a given time and at a given location in the power
system. Nowadays, there are so many industries using high
technology for manufacturing and process unit. This technology
requires high quality and high reliability of power supply. The
industries like semiconductor, computer, and the equipments of
manufacturing unit are very sensitive to the changes of quality in
power supply. Power Quality problems encompass a wide range
of disturbances such as voltage sags/swells, flicker, harmonics
distortion, impulse transient, and interruptions. Voltage
sags/swells can occurs more frequently than other Power quality
phenomenon. These sags/swells are the most important power
quality problems in the power distribution system.

The main objective of the paper is to generate and controlled sag
and swell in different phases of the system and analyze them. A
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simple RMS algorithm was generated to analyze the condition of
the system, whether the sag/swell exists in the system. This
method will be tested using MATLAB simulation.

I11- PROJECT IMPLEMENTATION

Power system disturbances can occur as general phenomenon
and these disturbances are of two types-long term duration and
short duration disturbances. Long duration disturbances are the
disturbances that persist for the duration more than 1 minute. If
the duration of the fault is less than 1 minute, the fault is termed
as short duration fault. Long duration voltage raise is called over
voltage and short duration voltage raise is called swell.
Similarly, long duration voltage drop is termed as under-voltage
and short duration voltage drop is termed as sag. Sag is a general
phenomenon that occurs due to energizing heavy loads or
starting of large motors. VVoltage sag might cause poor efficiency
and decreases the life time of the device connected. Swell might
cause the device to be damaged. This causes the power system to
poor power quality.

A simple algorithm called RMS algorithm was developed to
detect the sag/swell in the system. Sag or swell can cause
unusual operation of the system. Thus, the sag and swell should
be avoided. But in the power system due to load variations these
sag and swell cannot be avoided and these are very general
phenomenon as per the power system is concerned. But
measures should be taken to reduce the sag/swell. To take any
action the first step needed is to identify the parameter. Here the
identification of sag/swell is much important to take necessary
action against to reduce the quantity of sag/swell and bring the
voltage level to nominal value. Also, the identification is
required in how many phases sag/swell are present in the
system. So, a simple RMS algorithm was developed only for
identification of sag swell for different cases.

L3

Fig 3 simulation Model of Sag/Swell Identification without
DVR



https://doi.org/10.46335/1J1ES.2021.6.6.4 e-1SSN: 2456-3463
Vol. 6, No. 6, 2021, PP. 12 - 16

International Journal of Innovations in Engineering and Science, www.ijies.net

IV- SIMULATION RESULT

Table 3- show different cases of sag and swell in three phase Case: 1 When No Sag and No Swell Present in The System

system
CASES | VOLTAGESAG | VOLTAGESWELL RESTLTS
Caei | 0] 0| 0 0 |00 Nosazand no smel
Cael | 1] 0| € 0 | 0| @ Sazmphase |
Cae3| 1] 0| € 1 S O Sagimphase | & swellim phase !
Cad |10 0 0 [ 1] 1 Sazmphase | swelln? & 3 phase
Caed | 1| L[| @ 0 [0 [0 Sazmphase | &2
Caeb| 1| L[ 0 0 |0 ]! Sazmphase ] & ] swellim phase 3 Figure 4.1.1 Result showing no sag/swell present in the
system
Cse? (1|1 0 0 1 [ 1| Segmphasel&lswelmphasel &3
TOIEENEE T T T |Sum 8 sl e 1 83 ptae Case 2: When Only Sag Exists In 1 Phase of the System

3.1 simulation model with DVR

The performance of the DVR is demonstrated for different
supply voltage disturbances such as balanced and unbalanced
sag and swells at terminal voltages. The DVR is modeled and
simulated using the MATLAB and its Simulink. In cases we
only identify the weather sag in the system or swell in the
system or both sag & swell in the system. By using the Figure 4.1.2 Result showing sag present in 1 phase of the
compensating device (dynamic voltage restorer) we can system

controlled the sag and swell in the system. Above model consist

of DVR which can controlled sag and swell in the system .

Case 3: When Sag In Phase 1 and Swell in Phase 2 Present In
g = . the System

!

- Figure 4.1.3 Result showing sag in phase 1 and swell in phase
2 present in the system
Fig 4.1- Matlab/Simulink model with DVR for Sag/Swell
Condition.
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Case 4: When sag In Phase 1 and Swell in Phase 2 and 3

Figure 4.1.4-Result showing sag in phase 1 and swell in phase
2 present in the system

Case 5: When Sag In 2 Phases and No Swell in Any Phase

Case 7: when sag in phase 1 2 and swell in phase 2 and 3

Figure 4.1.7 Result showing sag in phase 1 2 and swell in
phase 2 and 3

Case 8: When Sag In 1 2 Phase and Swell in Phase 1 2 3

Figure 4.1.5 Result showing sag in 2 phase and no swell in
any phase

Case 6: When Sag In 1 and 2 Phase and Swell in Phase 3

Figure 4.1.6 Result showing sag in 1 and 2 phase and swell in
phase
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Figure 4.1.8 Result showing sag in 1 2 phase and swell in
phase 12

4.2 Matlab Results When Compensating Device Used in 3
Phase System

In above case studies we are only identify that, when sag and
swell occur in the system, but with the help of compensator
device (DVR) we not only identify but also controlled sag and
swell

4.2.1 Result of 3 Phase System without Compensating Device
(DVR)

In this result sag in three phases and swell in three phases
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Figure 4.2.1 Waveform of 3 phase system of source when sag
in 3 phases and swell in 3 phases

4.2.2- Result of 3 phase system when sag and swell in 3 phase
is removed by using compensating device DVR

Figure 4.2.2 Waveform of 3 phase system of source when
sag in 3 phases and swell in 3 phases is removed

4.2.3 Results with and without compensating device Below
result show without compensating device sag in three phases and
swell in three phase when disturbance occur such as power
system harmonic, power frequency disturbance , power factor
etc. .Second waveform shows sag and swell in the system is
removing by using DVR

” D | SN | N | S S | S | S

Figure 4.2.3 Wave form of with and without compensating
device
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V-CONCLUSION

Sag/swell detection algorithm has been proposed and compared
and implemented by using Matlab algorithms. The simulation
study of algorithm has been presented in this paper for extracting
voltage component of source voltage under sag/swell conditions.
The function of in Matlab is a powerful tool for doing that even
with noisy signals. The identification process is very accurate.
The simulation results shows that sag/swell have been identified
and controlled by using DVR (dynamic voltage restorer). This
algorithm explained is very simple and can effectively detect the
presence of sag/swell in the system. Different cases have been
considered for the production of sag/swell and the results were
shown.
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