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Abstract — Voltage sag is the most important power quality problems faced by many industries and utilities.
In developing countries like India, in distribution network due to increasing number of nonlinear loads that
injects harmonics in the system results in various types of power quality problems. Thus, for overcoming
reactive power burden and to lessen power quality issues such as voltage dip, voltage swell and flicker as
well as adverse harmful effects being caused by various types of load, it becomes crucial to take positive
steps in this direction. For this different types of FACTS devices can be used such as SVC, DVR, TCSC,
STATCOM, UPFC, and DSTATCOM. This paper discusses the detrimental effects of excessive reactive
power consumption by maximum AC loads on power quality within a power system. To address this issue,
compensating devices like DSTATCOM are introduced. These devices are designed to effectively manage
the flow of reactive power in distribution system. This paper provides a comprehensive background on
compensating devices and their power electronic applications, along with a detailed analysis of
DSTATCOM modeling for effective compensation. This paper extensively covers the modeling and
simulation of diverse control strategies in MATLAB Simulink with the assistance of simpower systems
toolboxes. The primary focus is on DSTATCOM and its performance is rigorously analyzed under varying
load condition, including resistive, inductive, and capacitive loads.
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deal with is voltage sag. More than 80% of the
power quality (PQ) issues in power systems are
caused by it. Voltage sag is defined as a decrease in
RMS value in AC voltage at power frequency,
lasting from a half cycle to a few seconds. [4].
Sensitive equipment utilized in contemporary
industrial plants, such as process controls,

I. INTRODUCTION

In present times, despite the relatively dependable
power generation, power quality (PQ) issues persist,
posing challenges. The growing demand for
nonlinear loads in distribution lines has further
compounded these PQ problems, making them a
significant concern. The distribution system

currently faces a range of PQ issues including
voltage sag, swell, and flicker [1]. Voltage sag is one
of the most complex problems faced by industrial
and commercial customers [2], and it negatively
affects the behaviour of induction motors,
adjustable speed drives (ASD), process control
systems, and computers [3]. The most significant
power quality issue that many industries and utilities

programmable logic controllers (PLC), adjustable
speed drives (ASD), and robots, cannot tolerate
voltage sags. According to reports, industrial
equipment like PLCs and ASDs have voltage sags
of roughly 10% while high intensity discharge
lamps used for industrial illumination experience
voltage sags of 20% [4-5]. A voltage sag is
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characterized by a sudden drop in the supplied
voltage from 90% to 10% of its nominal value [6].
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Fig. 1 Voltage sag

Sag typically lasts between 10ms to 1 minute. Such
circumstances make electricity loads susceptible to
voltage sag. Because of this, the focus of our
research will be on using specialized devices like D
STATCOM, which is a way to reduce voltage sags
and enhance power quality.
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Fig. 2 The “D STATCOM?” Layout

Power system-related issues encompass a wide
array of problems, including voltage swell, voltage
sag, harmonics, and various types of disturbances
[7]. To address the voltage sag problem, a statcom
network was designed, combining PWM circuit and
the dqgO analytical procedure [8]. This configuration
effectively maintains the voltage sag. For
controlling the output of the DSTATCOM, “PI
controller” and PWM are employed to accelerate the
activation signals for the switching devices [9]. The
utilization of a PIC Microcontroller contributes to
swift mitigation of a power quality problems,
leading to substantial improvement in power quality
concerns [10].
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Fig. 3 Common power quality problem

The hardware parts with the rectified supply are
shown in the diagram below. This figure has a
rectifier added along with the source. We are aware
that the inductor and capacitor are the two most
crucial parts employed in any "D STATCOM".
Since the inductor cannot operate on a dc source, we
are just using the capacitor in this prototype as our
hardware for working on dc voltages. The inductor
will be harmed if we add it to the dc supply. The
hardware is described in more detail in the diagram
below.
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Fig. 4 The schematic representation of D STATCOM

Different Various technologies, such as STATCOM
and SVC, are employed for voltage mitigation, but
they do come with certain limitations. Both
STATCOM and SVC require connection to the
main grid to facilitate flexible AC transmission.
STATCOM components must be connected in
parallel with the grid station for integration. We can
only "D STATCOM" can be used to improve the
voltage quality in homes; otherwise, all other
methods are typically employed in the main
distributed lines to change the rules and standards of
the voltages that are communicated to customers.
Improvements in voltage regulation for home use
are the fundamental remedies for these restrictions.
To stabilize the voltage level and enhance the
effectiveness of the voltage regulation, we advise
using filtering capacitors and the "d statcom".

FD-STATCOM
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Fig. 5 simulation diagram

The prototype hardware’s fundamental approach is
to stabilize the voltage level during sag occurrences.
To achieve this, a set of capacitor is employed to
store charge and boost voltages when input voltages
are low. In the implementation of this hardware, the
key components are the capacitor and the inductor,
although, for this particular setup, only the capacitor
is used in parallel to reduce voltage drop.

For the hardware implementation, we exclusively
use the DC system in the prototype. The use of AC
is avoided due to safety hazards and for simplifying
the implementation process. To create the DC
system, we combine a stepdown transformer and a
bridge rectifier. This configuration converts the
input AC power into pure DC with the aid of a
filtering capacitor. The basic hardware diagram is
illustrated in Figure 6 below.

vy
¥, S
TN R X |
(T 1
Is :
IIHE
— [P+
VSC 5‘5. L +iQ
ml
| DSTATCO

Fig. 6 “D STATCOM?” basic Diagram

I. HARDWARE SPECIFICATION

Table 1 The hardware specifications

NAME OF HARDWARE | STEP DOWN TRANSFORMER

Turn ratio NpNs=12/220 Np/Ns=3/55
Np:Ns=3:55 Np:Ns=1:35/3
Np:Ns=1:18.3

Input voltages 220volts

Output voltages 12volts

Current ratings 1Amphere

Connection type Parallel

Operating Frequency 50Hz

Efficiency 94%

Name of Hardware Bridge Rectifier

Input voltages 12volt AC

Output voltages 12volts DC

Current Ratings 1 Ampere

Connection type parallel

Name of Hardware Arduino

Model UNOR3

At mega 328p

Input voltages Svolt DC

Purpose of use Detection of sag

LCD display Enable

Name of Hardware LCD

Model 16%2

Input voltages Svolts De

Purpose of use To display results

Contrast Enable

I11.RESULT AND DISCUSSION

When the network sags, the hardware reacts by
supplying the necessary voltage across the load to
keep the voltage constant. The compensated sag is
shown in Figure 7.
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Fig. 7 The voltage sag and the Swell graph

The above graph shows the sag and the swell of the
system the graph below shows the change in the
voltage level without DSTATCOM.
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Table 2 The Hardware Results of the D STATCOM.

Fig. 8 The voltage sag Graph Without DSTATCOM

The graph in the previous figure illustrates how the
voltage regulation has changed since the first graph.
The DSTATCOM smooths the hardware's output
voltage, which is seen in the aforementioned Figure
10.
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Fig. 9 The voltage Regulation Graph with the DSTATCOM

A. RESULT OF OUR DEMO MODEL

The hardware results of our model have surpassed
our expectations. The voltage sag limit of our
designed model spans from 10 to 90 percent,
indicating that if the incoming voltage is 220volts

12 / \ Hardware name “D STATCOM™
_‘I'Dﬁv\\__' )\ ¥ Sag compensation ratio 90%
Input voltages 240V-110V
. Overall efficiency 90percent
§ Protection mode Enables below 100 volts
o © Seres injection transformer | Enable
a — -
Sensitive load protection Enable
r - = | Short Circuit protection Enable
Over current Protection Enable
2 Remote Control operation | Enable
Output Voltages 12volts DC constant
o = O Maximum loading capacity | 4KVA 10 amperes(prototype)
Time ;1 ﬁ Minutes

B. SOFTWARE RESULTS

The "D STATCOM" is implemented with a "PWM"
programmable device to address the system sag. In
the event of disruptions, the goal is to control and
maintain a steady voltage across the delicate load.
There is no need to measure the KVA because the
rms voltage at load is detected using "PWM".
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Fig. 10 MATLAB Simulink of D STATCOM with 11kv line

The simulation process for sag detection work on
the following algorithum.
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voltage variations above 100 volts AC.
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Fig. 11 Flow Chart

203



International Journal of Advanced Natural Sciences and Engineering Researches

IV.CONCLUSION

This paper addresses power quality issues such as
voltage dip, swells, distortions, and harmonics.
Thefocus is on mitigating these problems using
custom power electronic devices, specifically
“DSTATCOM”. The design and application of the
“DSTATCOM” for voltage sag mitigation are
presented, along with comprehensive results. A
PWM-based control scheme is implemented, which
only requires voltage measurements, making it
highly suitable for low voltage custom power
applications compared to existing fundamental

frequency switching scheme in  MATLA/
SIMULINK.
The paper provides detailed modeling of

“DSTACOM” using the instant PQ theory for
control. These control algorithms are evaluated
under linear loads through extensive simulations.
The effects of capacitor size on harmonic
DSTATCOM generation, PWM control response
speed and transient over shooting are thoroughly
investigated. The study reveals that an undersized
capacitor degrades all three aspects, while an
oversized capacitor can lead to PWM control as
well.
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