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ABSTRACT: Power quality is a growing concern for a wide range of customers. Usually the term
power quality refers to maintaining a sinusoidal waveform of bus voltages at rated voltage and
frequency. The Distribution Static Compensator (DSTATCOM) is most effective device based on
Voltage Source Converter (VSC). D-STATCOM is utilizes power electronics to solve many power
quality issues by distributed system. DSTATCOM used to improve the voltage regulation, load
balancing, power factor correction and harmonics etc. The Improved DSTSTCOM employs a simple
control scheme for the estimation of the reference compensation current based on fuzzy technique. This
improved power quality conditioner is able to operate in different load conditions (balanced,
unbalanced, variable). The proposed control scheme is tested for wide range of different types of Loads
with Improved dynamic behavior of DSTATCOM using fuzzy logic controller.

Key words: D-STATCOM (Distributed Static Synchronous Compensator); different loading conditions;
PI Controller; Hysteresis Current Control; Harmonic Distortion, Fuzzy logic controller.

I. INTRODUCTION

The term power quality is used in synonymous
with supply reliability to indicate the existence
of an adequate and secure power supply. Power
quality is generally used to express the quality
of the voltage. Power Generation, Transmission
and Distribution is a difficult process, requiring
the working of many components of the power
system to maximize the quality of the output.
The quality may be reduced by many factors
such as Harmonics, reactive power, voltage sag,
swell, and transients. Among all, the reactive
power is the main component to decrease the
quality of the waveform. So we need to
compensate the reactive power. Reactive power
is required to meet the inductive and capacitive

loads. Most of the electrical loads are inductive;
hence we need to compensate reactive power.
The Reactive power may be compensated in
many ways including FACTS [1-2] controller,
fixed capacitors and synchronous condensers
etc. Nowadays, FACTS controllers are used for
compensating the reactive power. Here
distributed static synchronous compensator
(DSTATCOM) 1is used to compensate the
reactive power. DSTATCOM has many
advantages than other FACTS controllers. The
advantages of DSTATCOM [3-4] are
compensating reactive power, and used for
reducing the voltage drops improve the transfer
capability of the power in the transmission and

Vol 06 Issue09, Oct 2017

ISSN 2456 - 5083

Page 183



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

distribution lines .The advantages of reactive
power compensation are improved power factor,
voltage balancing, and improve system stability.
So reactive power compensation is needed. The
main objective of this work is to compensate the
reactive power by using I4-I; control method [5-
6]. This method also maintains the voltage at the
stability level and the real power also
compensated by connecting the same setup in
series compensation. The I4-I control method is
very easy to implement and it gives faster
computation.The causes of power quality
problems are generally complex and difficult to
detect [7]. Technically speaking, the ideal AC
line supply by the utility system should be a
pure sine wave of fundamental frequency
(50/60Hz). Different power quality problems,
their characterization methods and possible
causes are discussed above and which are
responsible for the lack of quality power which
affects the customer in many ways. We can
therefore conclude that the lack of quality power
can cause loss of production, damage of
equipment or appliances or can even be
detrimental to human health. It is therefore
imperative that a high standard of power quality
is maintained. This project demonstrates that the
power electronic based power conditioning
using custom power devices like DSTATCOM
[8] can be effectively utilized to improve the
quality of power supplied to the customers.D-
STATCOM basically VSC based FACTS
controller [9]. It is employed at distribution
level or at load side also behaves as shunt active
filter. It works as the IEEE-519 standard limit.
Since the electrical power distribution system it
is very important to balance the supply and
demand of active and reactive power in the
electrical power system. Incase if the balance is
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lost the frequency and voltage excursion may
occur result in collapse of power system. So we
can say that the key of stable power system. The
distribution system losses power quality
problems are increasing due to reactive power.
The main application of D-statcom [10] exhibit
high speed control of reactive power to provide
voltage stabilization in power system .The D-
statcom protect the distribution system from
voltage sags, flicker caused by reactive current
demand.The control scheme, in which the
required compensating currents are determined
by sensing line currents only, is given in, which
is simple and easy to implement. Recently,
fuzzy logic controllers have generated a great
deal of interest in various applications and have
been introduced in the power-electronics field.
The fuzzy controller used for the control of
DSTATCOM gives better results compared with
the PI controller.

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
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 amanner that
is suitable to the operation of that equipment”.
a) 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.
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That is it changes its shape other than
sinusoidal.

b) 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.

/
Qﬂ(\mf\f\
G

Figure.1: Fundamental component and Sth
harmonic component
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Figure.2: Power System with non-linear loads
Voltage at point of common coupling

Voee = Vi = L1 (52) (1
is - 55]_ + Eish (2)

l".pnr = (Vsh —Lg %)) = (Lﬂ = (d::t-'h)) 3)
Vpcc == Vﬂﬁ'ﬂ =5l

pcel(distortion) (4)

Where
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di
VDCCL - (Vsﬁ . le ( d;l))

dish
Vpcc{distartiau) - le o ( dt )

Non-linear loads draw reactive power. So input
power factor is also get poor.

Line current and Total Harmonic Distortion
(THD)

v, = ‘\Elﬂ; sin wt (5)
= Ulysifot =90+ B2y siont=40) )
is =£51(t)+zijh(t] (7)
I; = (I3 + Zi%) ®)

If we remove fundamental, then only ripple will
be left

1 1
Lgistortion = (!';2 == I:31)2 = (ziszh)z (9)

00

%THD = listortion * 1 )
%THD = |12 — I « =
51

(1)

II1. PRINCIPLE OF D-STATCOM
It is shunt connected at the distribution side of
the power systems. A D-STATCOM is a
controlled reactive source, which includes a
Voltage Source Converter (VSC) and a DClink
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
compensator.The AC terminals of the VSC are

synchronous

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
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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.

NorHinear
h A h n
| U U | \VIAV] —I%Loads
Vs Ls
@ | Re o Iy PCC *
rlsTATCOM
Other

| Equipments
VSC Jﬁ

T
Figure.3: Power system with D-STATCOM
Configuration and operation of DSTATCOMD-
STATCOM has 3-phase voltage source
converter, capacitor at DC side of inverter is
connected with the electrical system at the PCC.
The instantaneous controllable3-phase output
voltage is generated from DC voltage at
fundamental frequency. The pulse is generated
by the hysteresis current controllers which takes
the difference of reference current and actual

=
o

source current and minimizes the error and
controls the current and generate 3-phase output
voltage and injects capacitive or inductive
current according to the nature of load.

IV. MATHEMATICAL EXPRESSION

FOR SYSTEM

Total instantaneous power delivery drawn by
non-linear load

PL(£) = Pey (£) + Po(t) + Pea(6) (1)

Real power supplied by source-
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Fs = Py, (13)
Reactive power supplied by source-
Q=0 (14)
Real power drawn by the load-

P =Psy + Py (15)

Reactive power drawn by the load-
QL = Qs + Qg (16)
Real power supplied by the D-STATCOM-

FSTATE‘OM = Psh = FIass a17)

Reactive power supplied by D-STATCOM-
Qstarcom = @s1 + Qs (18)
Where P;,;;component of STATCOM
From the single line diagram Figure 2
is(t) = i, (€) + israrcom (1) (19)
When the phase of Vsrarcomis in quadrature
withlsr 4rcom Without injecting real power the D-
STATCOM canachieve the voltage sag
mitigation. The shunt injecting currentlsr4rcom

and 5 in Figure 3 can be expressed as equation
(20 and 21)

V-V
Isarcom === 1, - ( :;m L) (20)
Vi = Ven + Usrarcom = 1) Zep Q1)
"Is = (Vth = FL)!!Zrh (22)

V. CONTROL STRATEGY

- PICONTROLLER
Id|
h

g
D00 ABC.
- PIGONTROLLER TRANSFORMATION
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o
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i

Figure.4: Control Strategy to generate pulses
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VI. MATHEMATICAL MODELING
The direct and quadrature axis component of
current are:

I = (Kp +?) * (Vﬁc — Vie) (23)
I = (Hp it %) * (Qgria — Qgria)

(24)
a) d-q-0 to a-b-c transformation
Xabe = K_lxdqﬂ-
cos(8) —sin(0) lz
X4
= En cos(B——) —sin(ﬂ —E—Tr) l2 [IQI
2m ) 2m 1 o
cus(8+?) —sm(8+T) —2 (25)

b) Hysteresis Current Controller

In conventional hysteresis band (HB) current
control, the switching signal is sent to the IGBT
at the same arm (T1 andT4). The output of the
HBC is directly connected to the transistor T1
and reverse is connected to the T4, therefore the
transistor in the same leg is not simultaneously
ON or OFFIGBT are self commutated.
Hysteresis Current Controller compares the
actual and reference current and generates
pulses for the inverter.

If

i< ("= HB).then TLinON

If

i 2 (i* + HB), then T4 is ON 27

VII. FUZZY LOGIC CONTROL
» Fuzzification

The first step in the design of a fuzzy
logic controller is to define membership
functions for the inputs. Seven fuzzy levels or
sets are chosen and defined by the following
library of fuzzy-set values for the errore and
change in error. They are as follows

www.ijiemr.org

e NB negative big

e NM negative medium

e NS negative small

e ZE zero equal

e PS positive small

e PM positive medium

e PB positive big

¢ The number of fuzzy levels is not fixed
and depends on the input resolution
needed in an application.

¢ The larger the number of fuzzy levels,
the higher is the input resolution.

¢ The fuzzy controller utilizes triangular
membership functions on the controller
input. The triangular membership
function is chosen due to its simplicity.
For a given crisp input, fuzzifier finds
the degree of membership in every
linguistic variable.

>

¢ Since there are only two overlapping
memberships in this specific case, all
linguistic variables except two will have
zero membership.

\; ~ / R \
S/ /'-/\

rpu2
Fig.5 Block diagram of the Fuzzy Logic
Controller (FLC) for proposed converter.
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Fig.6 Membership functions for Input, Change
in input, Output.
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Rule Base: the elements of this rule base table
are determined based on the theory that in the
transient state, large errors need coarse control,
which requires coarse in-put/output variables; in
the steady state, small errors need fine control,
which requires fine input/output variables.
Based on this the elements of the rule table are
obtained as shown in Table 1, with ‘Vdc’ and
‘Vdc-ref’ as inputs.

* When the output of the converter is far from
the set point, the change of duty cycle must be
large so as to bring the output to the set point
quickly.

* When the output of the converter is
approaching the set point, a small change of
duty cycle is necessary.

* When the output of the converter is near the
set point and is approaching it rapidly, the duty
cycle must be kept constant so as to prevent
overshoot.

* When the set point is reached and the output is
still changing, the duty cycle must be changed a
little bit to prevent the output from moving
away.

» When the set point is reached and the output is
steady, the duty cycle remains unchanged.
When the output is above the set point, the sign
of the change of duty cycle must be negative,
and vice versa.

° NL |NM NS |EZ |PS |EM [PL

NL NL | NL | NL | NL | NM | NS | EZ
NM NL [ NL | NL | NM | NS | EZ | PS
NS NL |NL |NM|NS | EZ|PS |PM
EZ NL |NM | NS | EZ | PS | BM | PL
PS NM | NS | EZ | PS |EM|PL | FL
PM NS |EZ | PS |PM|PL |PL |PL
PL NL |NM | NS | EZ | PS | FM | EL
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VIII. MATLAB/SIMULATION RESULTS

—— (I I |
Control it

Fig.8 Grid reference current
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Fig.9 Grid phase and reference currents

Vol 06 Issue09, Oct 2017

ISSN 2456 - 5083

Page 188



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

www.ijiemr.org

Fig.13 Reactive power demanded by load

Fig.10 Source current, Load current, D-
STATCOM injected harmonic current and
Source voltage

Fig.14 Reactive power supplied by D-
STATCOM
Selected 9|gna| 10 cycles. FFT window (in red): 1 cycles

1))

0 0.05 0.1 0.2
Time (s)

. N FFT analysis
Fig.11 Power factor angle between source

Fundamental (50Hz) = 571.1 , THD= 29.54%
voltage and current : : , :

20t
T
a
g 15}
o
5
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£
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Frequency (Hz)
Fig.12 Reactive power generated by Grid Fig.15 Load current THD
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Wag (% of Fundamental)

0 200 400 600 800 1000
Frequency (Hz)

Fig.16 Source current THD
Case: 1 Un-balanced non-linear load

Fig.20 Source current, Load current, D-

STATCOM injected harmonic current and
Fig.17 MATLAB/SIMULINK model of D- Source voltage

STATCOM with un-balanced non linear loads

| Fig.21 Power factor angle between source

Fig.18 Grid reference current voltage and current
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Selected signal: 10 cycles. FFT window (in red): 1 cycl

Fundamental (50Hz) = 385.8 . THD= 4.42%

Mag (% of Fundamental)

0 200 400 600 800 1000

Fig.22 Reactive power generated by Grid S
Fig.26 Source current THD
Case: 2 Balanced non-linear load

AT
fese L
J"LG T = A"

ﬁ;, *\‘Hﬁ' -—l J —+4

e
Va2 2

Fig.23 Reactive power demanded by load

Fig.27 MATLAB/SIMULINK model of D-
Fig.24 Reactive power supplied by D- = odero

ST ATCOM STATCOM with bala‘nced non-linear loads
Selected signal: 10 cycles. FFT window (in red): 1 cycle
Time (s) 0=

Mag (% of Fundamental)

Fundamental (50Hz) = 2310 . THD= 7 38%
5 4
4 4
3 i
2 L1 1
1 4
< 600 800

F q ency (Hz)

Fig.25 Load current THD

Fig.28 Grid reference current
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Fig.29 Grid phase and reference currents

f:i* J4AM\ ACM

Fig.33 Reactive power generated by Grid

Fig.30 Source current, Load current, D-
STATCOM injected harmonic current and
Source voltage

Fig.31 Power factor angle between source Fig.34 Reactive power supplied by D-
voltage and current STATCOM
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Selected signal: 10 cycles. FFT window (in red): 1 cycles
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Fig.35 Load current THD

Selected signal- 10 cycles. FFT window (in red): 1 cycles

Fig.39 Source current, Load current, D-
o STATCOM injected harmonic current and

o 0.05 _n"?:(ﬁ) 0.15 Tz SOurce VOltage
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Fig.36 Source current THD

AT Fig.40 Power factor angle between source
y o o voltage and current

Fig.37 Grid reference current

Fig.38 Grid phase and reference currents Fig.41 Reactive power generated by Grid
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Selected signal: 10 cycles. FFT window (in red): 1 cycles
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Fig.42 Reactive power generated by Grid
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Fig.45 Source current THD
IX. CONCLUSION
An  Improved DSTATCOM has been
incorporated for power quality improvement
i.e., to reduce harmonics in source currents.
Various simulations are carried out to analyze
the performance of the system consisting of non
linear loads. Both PI controller and fuzzy logic
controller based improved DSTATCOM is
implemented for harmonic and reactive power
compensation of non-linear loads. A system has
been developed to simulate the fuzzy logic
based and PI controller based improved
DSTATCOM in MATLAB. The performance of
both the controllers has been studied and

Fig.43 Reactive power supplied by D-
STATCOM

Selected signal: 10 cycles. FFT window (in red): 1 cycles

500F
compared. The fuzzy controller based Improved
DSTATCOM has better performance compared
G o - T = to PI controller in steady state.
= REFERENCES

[1] Dinesh Kumar and Rajesh, “Modeling,
Analysis and Performance of a DSTATCOM for
Unbalanced and Non-Linear Load”, IEEE/PES
Conference on Transmission and Distribution
conference and Exhibition Asia and pacific,
Publication, pp. 1 — 6, 2005.

[2] Walmir Freitas, Andre Morelato, Wilsun
- il S i e R Xuand Fujio Sato, “Impacts of AC Generators

Frequency (Hz)
Fig.44 Load current THD and D-DSTATCOM Devices on the Dynamic

-FFT analysi

Fundamental (50Hz) = 581.9 , THD= 29.61%

Mag (% of Fundamental)

Vol 06 Issue(9, Oct 2017 ISSN 2456 - 5083 Page 194



International Journal for Innovative

€ngineering and Management Research
A Peer Revieved Open Access International Journal

Performance of Distribution Systems”, IEEE
Transactions on Power Delivery, pp. 1493 —
1501, 2005.

[3] P. M. Meshram, B.Y.Bagde, R.N.Nagpure,
“A Novel FACTS Device for the Improvement
of Power Quality of the Supply”,2"
International ~ Conference  on  Electrical
Engineering and Electronics, = Computer,
Telecommunications and Information
Technology (ECTI-CON 2005), vol.1, pp. 775-
778,2005.

[4] M. G. Molina, P. E. Mercado, “Control
Design and Simulation of D-DSTATCOM with
Energy  Storage  for  Power  Quality
Improvements”, IEEE/PES Conference on
Transmission and Distribution Conference and
Exposition Latin America, Venezuela,pp.1 - 7,
2006.

[5] Bhim Singh, AlkaAdya, A.P.Mittal and
J.R.P. Gupta, “Modelling, Design and Analysis
of Different Controllers for D-DSTATCOM”,
IEEE Power India Conference on Power system
technology and, 2008, pp. 1 -8, 2008.

[6] Meenakshi Rastogi, Abdul Hamid Bhat.
“Reactive Power Compensation Using Static
Synchronous Compensator (STATCOM) with
Conventional Control Connected with 33kv
Grid”, Proceedings of 2™ international
conference of RAECS, IEEE, pp. 1-5, (2015).
[7] Vandana S Pal, Joy. “Reactive power
compensation and in a lossless transmission line
by the application of Statcom”, Proceedings of
Second IRF International Conference, Cochin,
India, and ISBN: 978-93-84209-43-8, (2014).
[8] Arindam Chakraborty, 1 Shravana
K.Musunuri, 2 Anurag K.Srivastava,3 and Anil
K. Kondabathini4 “Integrating DSTATCOM

and Battery Energy Storage System for Power

www.ijiemr.org

System Transient Stability: A Review and
Application”

[9] L. Zhang, C. Shen, M. L. Crow, L. Dong, S.
Pekarek, and S. Atcitty, “Performance indices
for the dynamic performance of FACTS and
FACTS with energy storage,” Electric Power
Components and Systems, vol. 33, no. 3, pp.
299-314, 2005.

[10] S. Srikanthan and M. K. Mishra, “DC
capacitor voltage equalization in neutral
clamped inverters for DSTATCOM
application,” IEEE Trans. Ind. Electron., vol.
57, no. 8, pp. 2768-2775, Aug. 2010.

[11] S. Srikanthan and M. K. Mishra, “An
improved hysteresis current control of three
level inverter for DSTATCOM application,” in
Proc. Nat. Power Electron. Conf., IISc
Bangalore, India, Dec. 2007, pp. 1-6.

Vol 06 Issue09, Oct 2017

ISSN 2456 - 5083

Page 195



