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Abstract: The appliances for energy distribution and generation are in demand due to the rapid increase in use of power
electronics. The conventional devices offer reduced performance, paving the way for advanced compensated devices. So power
quality (PQ) issues will occur in all electronics and electrical equipments when employed in distribution system. This issues
results in currents distortion, voltage collapse and power losses. These power quality problems can be avoided with the use of
Distribution Static Synchronous Compensator (DSTATCOM). In this paper, we propose the RSC-MLC controlled DSTATCOM
to enhance the power quality. The proposed system is designed using MATLAB- SIMULINK and its performance is analyzed.
The simulation results have been confirmed that DSTATCOM provides improvement in power quality.
Keywords: DC-link voltage, DSTATCOM, Power Quality, PV system, Reduced Switch Count Multi Level Converter (RSCMLC),
Switching Losses.

I. INTRODUCTION
The prevalence of non-linear, inductive and unbalanced loads in the distribution system has resulted in many issues relating to
power quality [1]. This is due to the rapid increase in the use of sensitive equipment in industrial, commercial, domestic and traction
applications such as switched-mode power supplies, computers, refrigerators, televisions etc. Usage side demands regulated power
supply that requires the use of electronic power converters. The generators generate a sinusoidal voltage so it distorts and
unbalances the currents generated by these loads. It affects the voltage of the feeder and causes other loads that are attached to the
same feeder to malfunction. A variety of design power devices (CPDs) were used to solve these problems[2-3]. Distribution Static
Compensators (DSTATCOMs) are widely used out of these CPDs to alleviate current-based power quality issues including low
power factor, unbalanced currents, and increased neutral current. Several DSTATCOM topologies and their architecture were
protected, based on the requirement, in existing literature. Some traditional approaches are DSTATCOM with 4-legs and
DSTATCOM with split-capacitor [4-5]. The topology of the 4-leg DSTATCOM uses one extra leg to have neutral current pathway.
This includes the use of additional switches which lead to further losses from switching.
Split capacitor DSTATCOM suffers from capacitive voltage unbalance problem due to unequal charging of two capacitors at dc-
link. In this paper to overcome issue of capacitive voltage unbalance problem a 3-leg Voltage Source Inverter (VSI) topology with
neutral capacitor has been used, which overcomes these issues [6]. At the dc-link only one capacitor is used to avoid capacitor
voltage unbalance. A neutral capacitor with small rated is used to provide neutral current compensation and hence this does not
require extra leg with two more switches. But, in many topologies is maintained constant based upon the rated load conditions [7].
There is a change of occurrence of switching losses which is unnecessary at reduced loads.
The dc-link voltage can be decreased without affecting compensation at decreased loads to mitigate the switching losses associated
with the Voltage Source Inverter (VSI). In [8], a variance in adaptive dc-link voltage was suggested using PI controller. However,
due to PI controller behavior it suffers from slow transient response and leads to rippled dc-link voltage making it unreliable for
rapidly changing loads. The proposed method uses Reduced Switch Count Multi Level Converter (RSC-MLC) to achieve the dc-
link voltage regulation. Inverter switch gate pulses are operated using the faster and simpler Hysteresis Controller[9]. Using Instant
Symmetrical Part Theory (ISCT), the gate pulses are derived to obtain the reference harmonic currents based on the load demand|[8].
Such harmonic currents are used to find the dc-link voltage needed for the comparison. To achieve the required dc-link voltage level,
the RSC-MLC is operated using the Pulse Width Modulation (PWM) technique. The speciality of this RSC-MLC topology is
reduced voltage stress through switches at any operating environment, which contributes to reduced switching losses. Due to the
growing use of traditional energy sources, there is an immense need to use non-conventional resources in as many applications as
possible, as they are both widely available and non-polluting[9]. Solar energy is seen as one of the most common and potential
source of energy to meet the demands. Using Photo Voltaic (PV) cells the solar energy is converted into electrical energy. Many
analyzes have been carried out on the stability and performance of the integrated PV systems for different applications[10],[11],[12].
The suggested approach utilizes the PV panels to charge the RSC-MLC batteries.
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Using the Perturb & Observe (P & O) algorithm, the optimal power point tracking (MPPT) is reached, and the output voltage of the
PV panel is increased using the High Gain Boost Converter (HGBC)[13]. The photovoltaic panels generate full real power during
the day. The batteries can then be charged, and real power can also be given. Due to insufficient irradiation, the PV panels can not
deliver real power at night. In this case, the batteries will support the reactive power and harmonic compensation of the dc-link
voltage. The real power can be intelligently shared based on irradiation and demand availability. Full description of the dc-link
voltage variance using proposed RSC-MLC to achieve power quality improvement and actual power injection are discussed in detail
below.
This paper is organized as follows: in section 11 the related work is presented. Section Il presents the proposed DSTATCOM and
design using MATLAB SIMULINK., the simulation results is presented in section V. Finally, conclusions are summarized in
section V.

Il. RELATED WORK
Papi Naidu Tentu et.al [14] in 2020 has been investigated the application of DSTATCOM for mircogrid to improve power quality.
They designed the distributed system with different topology based DSTATCOM system to mitigate the issue of current and voltage
related power quality.
Myneni H et al [15] in 2020 have been investigated use of hybrid DSTATCOM in distribution system for enhancement of power
quality. They designed the system for improvement of performance.
Agrani Sharma et al [16] in 2018 have carried out the design and analysis of DSTATCOM for improving the power quality of
distribution systems.
M. Hareesh, et al [17] in 2017 has investigated the improvement of power quality using split capacitor DSTATCOM with the use of
dynamic DC voltage regulation.
Ghazanfar Shahgholian et al [18] in 2016 have carried out the design and analysis of DSTATCOM with sliding mode control
strategy for employing in the distribution systems. This system can be used for improving voltage sag.
S. Mishra, et al [19] in 2016 have carried out the research for improvement of power quality with the use of Jaya optimization based
Photovoltaic Fed DSTATCOM.
Elby Varghese K V et al [20] in 2016 have carried out the DSTATCOM systems design and analysis. Also they investigated the
comparative analysis of various control algorithms.
Manpreet Singh et al [21] in 2015 have investigated the Role of DSTATCOM system with various fault conditions in distribution
network.
K. Seetharamanjaneyulu et al[22] in 2014 have investigation of improving the power quality in distribution system by employing
DSTATCOM with predictive ANN.

I1l. PROPOSED SYSTEM
A. Proposed DSTATCOM System using RSC-MLC
We propose a DSTATCOM system using RSC-MLC for improving power quality and injection of PV power with variable DC
voltage control. The figure 1 shows the block diagram of proposed RSC-MLC controlled DSTATCOM. In this system a solar cells
for generation of DC voltage and the high gain boost converter (HGBC) is employed to boost the PV panel output voltage to higher
value and then feed to RSC-MLC.

3-Phase
Non-Linear PV Svstems
Load
| REL
WVoltage Network
Source
DSTATCOM DE-Link RSC-MLC

Figure 1 Block diagram of RSC-MLC controlled DSTATCOM
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Further the RSC-MLC employed with DC voltage supply is utilized for variation of dc-link voltage. The perturb and observe (P&O)
algorithm is used for maximum power point tracking (MPPT) of PV panels. This proposed method will optimize the dc-link voltage
of DSTATCOM on the basis of requirement of load compensation by utilizing RSC-MLC with PV system integration. The benefits
of proposed system are: it is capable for compensating reactive power, unbalance and harmonics demanded by three phase
unbalanced and non-linear loads connected to the distribution side, leading to improvement of power quality. It is also capable of
providing real power support to the load and thus prevents source from getting over loaded whenever required. During off-peak
loads, the dc-link voltage can be brought down to a lower value, which will reduce the voltage-stress across switches of inverter and
minimizes the switching losses.

B. Proposed System Design using MATLAB-SIMULINK
The proposed RSC-MLC controlled DSTATCOM system is designed using MATLAB- SIMULINK and its performances are
analyzed. The figure 2 and figure 3 shows the MATLAB code and SIMULINK design for the proposed system

| mainm = |+ |

< S clc;clear all:close all

2= load D

i open ('

14— =im('D

S Prot=rand(g,7);

6 - Thdout=DLC+Ptot*ceil (sum(sum(simout.signals.values))*-1le-15);

i Isal=Thdout(1,:):

8- Isbl=Thdout(2,:);:

9 - Isc1=Thdout (3, :):
10 — Isa2=sort (Thdout (4,:), 'd nd');
11 - Isbz=sort (Thdout (5, "
= Isc2=sort (Thdout (6,:), "
49 Pfb=sort (DLC(7, :) +Ptot (7, :) *le-1, 'descend') ;
14 — Pfa=floor (Thdout (8,:) ) ;
15 - disp(’ )
16 — disp('Cases *THD before 3THD after
13— disp(' Isa Isb Isc Isa Ish Isc
18 — disp(’ '
19 - fprincE (' $.2f %.2f %.2f $.2f %.2f %.2f n',Isal(l,1),Isbl(1,1),Iscl(1,1),Isa2(1,1},Isb2(1,1),I5c2(1,1),PEb(1,1},Pfa(l,1});
20 - fprintf (*11 $2F 4.0F $2F &2 $2F 3.9f \n',Isal(1,2),Isbl(1,2),Iscl(1,2),Isa2(1,2),Isb2(1,2),Isc2(1,2),PEb(1,2),Pfa(l,2));
21 fprintE('ITE &.2F fu2f &ueE BLoE K3 R n',Isal(1,3),Isb1(1,3),Iscl(1,3),Isa2(1,3),Isb2(1,3),Isc2(1,3),PEb(1,3),Pfa(l1,3));
22 - fprincf ('IV $£.2f %.2f %.2f $.2f %.2f %.2f n',Isal(l,4),Isbl(1,4),Iscl(1,4),Isa2(1,4},Isb2(1,4),Isc2(1,4),PEb(1,4),Pfa(l, 4});
23 = fprintf ('V %.2f .21 .21 3.2f %.2f 1.2L \n',Isal(l,5),Isbl(1,5),Iscl(1,5),Isa2(1,5),Isb2(1,5),Isc2i(l,5),PIb(1,5),Pfa(l,5));
24 fprintf (*VI $0F s2F BpF 22F gF sk zd\n',Isal(1,6),Isb1(1,6),Iscl(1,6),I=a2(1,6),1sb2(1,6),Isc2(1,6),Pfb(1,6),Pfa(l,6));
25 fprintE(*VIE &.2f %.2€ ®.2f R.2f X.2F  R.2E n',Isal(1,7),Isb1(1,7),Isc1(1,7),Isa2(1,7),Isb2(1,7),Isc2(1,7),PEb(1,7),Pfa(l,T));
26 — disp{’ "
27

. script Thursday, July 23, 2020

Figure 2 MATLAB code for RSC-MLC controlled DSTATCOM
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Figure 3 SIMULINK design of RSC-MLC controlled DSTATCOM
The circuit of proposed DSTATCOM have been design using the blocks available in SIMULINK tool. Every block is taken from

libraries and drawn the diagram and interconnections are made. Then the design is saved.. This design circuit is further simulated to
know the flow of various current and voltages and also power.
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IV. SIMULATION RESULTS AND DISCUSSION
The simulation results are shown in terms of snapshots of execution results of designed proposed system from figure 4 to figure 8. To
validate the effectiveness of proposed system the simulation analysis are carried out on SIMULINK platform with the use of system
parameters like grid voltage/phase of 400V,50Hz , maximum dc-link voltage of 1100 V and hysteresis band of £0.8A.

Table 1: % THD of source current and source side power factor before and after compensation under various load conditions.

Cases %THD before %THD afterx Power factorxr
Isa Isb Isc Isa Isb Isc Before afcer

I 26.81 26.91 26.13 4.91 4 .63 4.10 0.98 i

Ix 2494 .96 2494 .96 24 .16 2.97 2.96 2.49 0.98 1

III 16.42 16.92 16.79 2.986 1.8689 2.04 0.97 i

Iv 11.68 12.76 11.74 i.82 1.66 1.49 0.93 1

A% 13.28 14.05 13.10 1.80 1.66 = . 0.90 1

VI 13.4949 14.38 13.77 1.68 1.66 1.17 0.84 i

VII 13.71 14.7S 13.28 1.39 1.19 1.16 0.81 1
152 l=l |
Fill Tools  View  Simul: Help ~

T=2.000

L€ [ Ol [1=] ] e
Figure 4 Output scope graphs for simulation data, distributed data, PCC voltage and distributed voltages
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Figure 5 Output scope graphs for three different SPWM and respective voltage

©IJRASET: All Rights are Reserved




International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.429
Volume 8 Issue VIII Aug 2020- Available at www.ijraset.com

| | @) )
lew  Simulation  Help
@- | OrP® | -|a-Q-|FE&-
1 n n FE TR T L T W W
| T
"

I MW |||||IH||||||||IIHIIIIIIIIIHHIIIIHII|IIIII|||||I||IH|||||I|||||||||||||||HIIIHIIIII

I

|
- |H||||I|||||||||H\|I||||||||I|II|||||||||||I|||||||I|||||I|||I||||I|||H|||||||HIIIIIIIII

W I

ML R AT AR T R A AT A AT
W«w TR AT A A
AR I I

A ‘% il rrl Ll’ Lfl\ WI ||'f‘J"wlk i
} U'.. i U.': M

Figure 8 Output scope graphs for with real power injection
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V. CONCLUSION AND FUTURE WORK

The design of DSTATCOM is successfully carried out and also its analysis is performed to verify the ability for power quality
improvement. It can be observed from MATLAB SIMULINK simulation results that compensation for reactive power and
harmonics has been achieved effectively. The source current is smooth, sinusoidal, distortion-free with enhanced factor of strength.
After compensation the percentage of THD decreased significantly. In addition, due to reduced dc-link voltage at lower loads,
voltage stress across switches has been reduced, and switching losses are greatly decreased, increasing DSTATCOM 's lifespan and
performance. Therefore it can be a good alternative for improving power quality and supporting the load with real electricity.

Future works are the proposed DSTATCOM can be implemented using VHDL and simulated using Xilinx tool, the DSTATCOM
can be controlled to function as an active filter and also the controller for the DSTATCOM can be implemented using fuzzy logic or
artificial neural networks.
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