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ABSTRACT:

A Power quality problem is an occurrence manifested as a nonstandard voltage, current or frequency
that results in a failure or a mis-operation of end user equipments. Due to deteriorate the quality of
power, other customers which are connected to the same PCC also experiences the poor quality of
power so whole system gets affected by these non-linear loads. D-STATCOM solves these problems
more efficiently and reliably. Many application of D-STATCOM is in the power systems at the
distribution level. It compensates the reactive power, improves power factor, enhances voltage
regulation and compensate at fault condition. Here in this project the main concern is harmonic
distortion due to non-linear loads and mitigation of current harmonics using D-STATCOM and
compensation of reactive power for load and maintains the grid reactive power near to zero using
MATLAB/SIMULATION. A fuzzy based controller is also used and compared with conventional
controller. Finally performance of the both controllers are compared and analyzed.

I INTRODUCTION

STATCOM [1] and D-STATCOM have similar
strategies but objective of these two are current to cancel out the other harmonic
different and covers the different area of frequency component (other than power
objective. When STATCOM is connected to frequency). So it acts as an active power filter
the distribution side then it is called D- [3].

STATCOM. D STATCOM has the additional

advantage in the power systems. It has its own
applications viz. to improve power factor, to
improve voltage regulation, to maintain three-
phase balanced voltage and compensate at the
fault condition. DSTATCOM is a shunt
connected power electronic device which used
self-commutated device like IGBT, IGCT etc.
Voltage source converter (VSC) is the main
part of the STATCOM. It injects the
compensated or harmonic component of the

II POWER QUALITY

Power quality deals with maintaining a pure
sinusoidal waveform of voltage and frequency.
Voltage quality concern with deviation of
voltage from ideal voltage (sinusoidal) it is a
single frequency sine wave at rated magnitude
and frequency with no harmonics. Current
quality is a complimentary term of voltage
quality concern with a deviation from the ideal
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current. Current should be in phase with the
voltage.According to IEEE standard 1100,
“power quality is the concept of powering and
grounding sensitive equipment in a manner that
is suitable to the operation of that equipment”.

1 Power quality problems

There are so many problems related with
quality of power. Here the main concern with
the poor power quality with nonlinear loads.
Non-linear loads can cause voltage and current
distortion. That is it changes its shape other
than sinusoidal.

2 Harmonic Distortion

Harmonic components are those waveforms
which have the frequency as an integer multiple
of the fundamental. Any periodic waveform
which is non-sinusoidal can be divided into
fundamental and non fundamental components.
Every nth harmonic will have a frequency n
times that of fundamental frequency [3].

Figure 1: Fundamental component and 5th
harmonic component

Nondinear
Loads

Other
Equipments

Figure 2: Power System with non-linear loads
Voltage at point of common coupling
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III Principle of D-STATCOM

It is shunt connected at the distribution side of
the power systems. A D-STATCOM is a
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controlled reactive source, which includes a
Voltage Source Converter (VSC) and a DC link
capacitor connected in shunt, capable of
generating and/or absorbing reactive power.
The operating principles of a D-STATCOM are
based on the exact equivalence of the
conventional rotating synchronous compensator
[5].The AC terminals of the VSC are connected
to the Point of Common Coupling (PCC)
through an inductance, which could be a filter
inductance or the leakage inductance of the
coupling transformer, as shown in Figure 3.
The DC side of the converter is connected to
capacitor, which carries the input ripple current
of the converter and reactive energy storage
element. This capacitor could be charged by
voltage source or inverter. When AC output
voltage of inverter is equal to terminal voltage,
then there is no reactive power exchange. It
there difference between these voltages the
only reactive power exchange occurs. The
control strategies studied in this paper are
applied with a view to studying the
performance of a D-STATCOM for reactive
power compensation and harmonic mitigation.

MNorHinear
‘-PO%_ ‘M— | {:? Loads
Vs Ls
@ | Rs [ =2 |Pcc *
rlsTATCOM
Other

| Equipments
vsC Jﬁ

gt Ve

|
AN

Figure 3: Power system with D-STATCOM

Configuration and operation of DSTATCOM
D-STATCOM has 3-phase voltage source
converter, capacitor at DC side of inverter is
connected with the electrical system at the
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PCC. The instantaneous controllable 3-phase
output voltage is generated from DC voltage at
fundamental frequency. The pulse is generated
by the hysteresis current controller which takes
the difference of reference current and actual
source current and minimise the error and
controls the current and generate 3-phase
output voltage and injects capacitive or
inductive current according to the nature of
load [4].

Mathematical Expression for system [3]

Total instantaneous power delivery drawn by
non-linear load

PL(t) = Pa(£) + Pr(2) + Pen(t)
Real power supplied by source-

B =Py
Reactive power supplied by source-

Qs =0

Real power drawn by the load-
P L = P 51 + P sh

Reactive power drawn by the load-

QL = Qs]. + Qsh

Real power supplied by the D-STATCOM-
Psrarcom = Psn — Ploss

Reactive power supplied by D-STATCOM-

Qsrarcom = @s1 + Qsn
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Where Ploss component of STATCOM L = ( K, + ﬂ) * (Vic — Voe)
From the single line diagram Figure 2 s

is(t) = i (t) + israrcom (t) lg = (Hp T %) * (Qgria — Qgria)

When the phase of VSTATCOM is in
quadrature with ISTATCOM without injecting
real power the D-STATCOM can achieve the
voltage sag mitigation. The shunt injecting Xope =K 12 g0
current ISTATCOM and 5 in Figure 3.3 can be

1 d-q-0 to a-b-c transformation

expressed as equation (20 and 21) cos(8) —sin(®) iz
Viep—V 2 21 2my, 1 |[*e
I =5 -1 =1 — (== S -=) -sin(6-=) —=
starcom = I —Is = I — ( Zen ) —j; cos (9 3) sin (9 3) > [iql
2m ) 2m 1 °
Vi = Ven + Usrarcom — 1) Zen | €08 (8 +T) - (9 + T) N
I. = (Vi — V/Z,p, 2 Hysteresis Current Controllers
IV CONTROL STRATEGY In conventional hysteresis band (HB) current

control, the switching signal is sent to the IGBT
at the same arm (T1 and T4). The output of the
HBC is directly connected to the transistor T1
and reverse is connected to the T4, therefore

vdc*

the transistor in the same leg is not
simultaneously ON or OFF. IGBT are self
commutated. Hysteresis Current Controller
compares the actual and reference current and
generates pulses for the inverter [5, 6].

DO0-ABC
— PICONTROLLER TRANSFORMATION

HYSTERESIS If
CURRENT PULSES
CONTROLLER

i < (i* — HB), then T1 in ON

If

Figure 4: Control Strategy to generate pulses i > (i* + HB), then T4 is ON

V MATHEMATICAL MODELLING
The direct and quadrature axis component of VIFUZZY LOGIC CONTROLLER

current are: .
L. A. Zadeh presented the first paper on fuzzy

set theory in 1965. Since then, a new language
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was developed to describe the fuzzy properties
of reality, which are very difficult and
sometime even impossible to be described
using conventional methods. Fuzzy set theory
has been widely used in the control area with
some application to dc-to-dc converter system.
A simple fuzzy logic control is built up by a
group of rules based on the human knowledge
of  system Matlab/Simulink
simulation model is built to study the dynamic
behavior of dc-to-dc converter and performance
of proposed controllers. Furthermore, design of
fuzzy logic controller can provide desirable

behavior.

both small signal and large signal dynamic
performance at same time, which is not
possible with linear control technique. Thus,
fuzzy logic controller has been potential ability
to improve the robustness of dc-to-dc
converters. The basic scheme of a fuzzy logic
controller is shown in Fig 5 and consists of four
principal components such as: a fuzzification
interface, which converts input data into
suitable linguistic values; a knowledge base,
which consists of a data base with the
necessary linguistic definitions and the control
rule set; a decision-making logic which,
simulating a human decision process, infer the
fuzzy control action from the knowledge of the
control rules and linguistic variable definitions;
a de-fuzzification interface which yields non
fuzzy control action from an inferred fuzzy
control action [10].

Fuzzy conoiler

Reference input
r

Tapuis Detpuis
(] w

Process

Fig.5. General Structure of the fuzzy logic
controller on closed-loop system
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The fuzzy control systems are based on expert
knowledge that converts the human linguistic
concepts into an automatic control strategy
without any complicated mathematical model
[10]. Simulation is performed in buck converter
to verify the proposed fuzzy logic controllers.
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Fig.6. Block diagram of the Fuzzy Logic
Controller (FLC) for dc-dc converters

Ermor Amplifiar

A. Fuzzy Logic Membership Functions:
The dc-dc converter is a nonlinear function of

the duty cycle because of the small signal
model and its control method was applied to
the control of boost converters. Fuzzy
controllers do not require an exact
mathematical model. Instead, they are designed
based on general knowledge of the plant. Fuzzy
controllers are designed to adapt to varying
operating points. Fuzzy Logic Controller is
designed to control the output of boost dc-dc
converter using Mamdani style fuzzy inference
system. Two input variables, error (e) and
change of error (de) are used in this fuzzy logic
system. The single output variable (u) is duty
cycle of PWM output.
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Fig. 7.The Membership Function plots of error
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Fig.8. The Membership Function plots of
change error
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Fig.9. the Membership Function plots of duty
ratio

B. Fuzzy Logic Rules:

The objective of this dissertation is to control
the output voltage of the boost converter. The
error and change of error of the output voltage
will be the inputs of fuzzy logic controller.
These 2 inputs are divided into five groups;
NB: Negative Big, NS: Negative Small, ZO:

www.ijiemr.org

Zero Area, PS: Positive small and PB: Positive
Big and its parameter [10]. These fuzzy control
rules for error and change of error can be
referred in the table that is shown in Table II as
per below:

Table I
Table rules for error and change of error

se | NBON MO 20K | K | H
NN NB [N N M| N R
WO BB M WS DD
MM NN N DR | N
0 | M N | M| D K | M| M
B W N (0| K [ M| B |
(N 0 (K (BB (8 | B
m o 5 [N | B B | B B

VII. MATLAB/SIMULINK RESULTS
o= _[] | [j
F@ﬂm_! e

Fig.9 shows the matlab/Simulink model of
proposed system with PI controller
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Fig.10 shows the simulation waveforms of
source current, load current, injected current
and source voltage

Fig.11 shows the reactive power generated by
grid, demanded by load and supplied by D-
Statcom

Fig.12 shows the D-STATCOM  injected
harmonic current
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Fig.13 shows the THD response of source
current before compensation
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Fig.14 shows the THD response of source
current after compensation

Fuzzy Logic
Controller

Unit Delay2

Fig.15 shows the fuzzy logic controller system

Fig.16 shows the simulation waveforms of
source current, load current, injected current
and source voltage with fuzzy logic controller

Volume 06, Issue 04, June 2017

ISSN: 2456 - 5083

Page 1293



International Journal for Innovative

€ngineering and Management Research

A Peer Revieved Open Access International Journal

g 13 aharys
[T
of- ,
Y- 3
F 4
wa > g
H 05 i i i 5] 0 T 00 = 3
o
B et
' !
5
H
Ei 1
:‘ I |
I.l l.-.-u--_—._-_--.
-3 w v = - - B T
Frecumecy

Fig.17 shows the THD response of source
current after compensation with fuzzy logic
controller

VIII CONCLUSION

The model is designed and analyzed its
performance on the basis of reactive power
compensation and power quality improvement.
In this model, PI and Fuzzy controller are used.
The proposed concept is simulated using
matlab/Simulink and performance is observed
doing THD analysis. From that we can observe
that fuzzy controlling technique is having much
better performance than PI controller.
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