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Abstract:- Power quality is a big issue in distribution system
because of its impact on consumers,manufacturers and utilities.To
solve these power quality isues various techniques are developed.
This paper present the control alogithm of simple peak detection
of DSATCOM for improvement of power quality under linear or
nonlinear, balance, unbalanced

load condition in three phase four wire  distribution
system. DSTATCOM is used for reactive power
compensation,neutral current compensation and harmonic

elimination.peak detection control algorithm is used to generate
the reference supply current of VSC of DSATCOM ,which is
based on mathematical formulation.performance of DSATCOM
is validated using simulation in matlab software with power
system toolbox and its simulink.

Keywords- DSTATCOM(distributed static compensator),
VSC(voltage source converter), neutral current compensation,
power quality.

I INTRODUCTION

Now-days,AC distribution system is facing[1] poor power
quality problem due to the use of linear,non linear and
dynamic loads for the industrial ,residential and commercial
application.In distribution system power quality problem are
categorized in two ways such as current quality problem and
voltage quality problem.It included excessive neutral current,
load unbalance,distortion in supply ,voltage dip,over
voltage,harmonic current etc. These problems can be mitigated
using different devices such as Distribution static synchronous
compensator,Dynamic voltage restorers,unified power quality
conditioner[2].DSTATCOM is connected in shunt with the
distribution system,it is use to provide rective power
compensation, load balancing,neutral current and harmonics
current compensation and provide sinusoidal balance current
in supply system.[3]DSTATCOM is consist of six IGBT
switches based on current controlled voltage source converter
link with a DC capacitor[4]. Various topologies of VSC of
Distributed static compensator connected in distribution
system, are explain in the literature. Some of these are,
Voltage source converter having four legs[5], Voltage source
converter of three leg, Voltage source converter of 3 legs with
split capacitors[6], Voltage source converter of 3-leg linked
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with three DC capacitors,Voltage source converter of 3-leg
connected with transformers, and Voltage source converter of
2-leg connected with transformers[8]. The transformers used
are- a zig-zag transformer, a star-delta transformer, a Scott
connected transformer, a transformer with T connection , a
star/hexagon type transformer, and a star/polygon type
transformer. There are numbers of control algorithm are used
to extract the reference current, these are — Control algorithm
based on Proportional integral controller [9],Power balance
theory (PBT)[10],Icos,_based control algorithm,[11]

Current synchronous detection(CSD)based theory,
Instantaneous reactive power theory (IRPT),or PQ theory or
a—f theory, Synchronous reference frame (SRF) theory also
known as d—q theory[12],Singe-phase PQ theory, Singe-phase
DQ theory, Neural network theory .

In this paper, peak detection control algorithm is implemented
for reduction of harmonics and load balancing because of its
advantage of simple structure and fast extraction of reference
supply current. The important feature of this control
algorithm is reference supply current is directly estimated
from load current without use of  any reference frame.this
mathode is based on mathematical formulation and it gives
more accurate and fast respose and it is easy to implement.[13]

II. SCHEMATIC DIAGRAM AND DESIGN OF FOUR
LEG VSC BASED DSTATCOM

In this section the designing of reference Dc bus voltage, Dc
bus capacitor, AC inductor[14] and Voltage source
converter are explain with mathematical formulation.

The schematic diagram of DTATCOM based on 4 leg voltage
source converter is connected to the phase four wire system
feeding the three phase four wire balance and unbalance load
(figurel)

A. .Selecton of DC bus voltage

DC bus voltage across one capacitor is define
as Vae=2\2VLA3m
Where M is modulation index and considered as 1

© 2019, IJSREM | www.ijsrem.com

Page 1


http://www.ijsrem.com/

gl\%

IJSREM

- b7 INternational Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 03 Issue: 10 | Oct -2019

ISSN: 2590-1892

VL = line voltage (415) , hence the value of dc voltage is
Vae=2V2*415/N3*1=677.69
selected V=700 volt

B. Designing of DC bus capacitor:-

DC bus capacitor is connected in parallel with four leg VSC.
Capacitance is

Cdc=I(y/(20)Vdcpp)

Where Io= capacitor current

w=angular frequency

Vaepp= ripple in dc bus voltage

Consider the ripple is 1.5%
Vaepp=700%0.015=10.5volt

Io=1 . 1 *Ic

1=20*1073/(700)=28.57A
®=2I1f=2%3.14*50=314 hz
[6=28.57*1.1=31.42
Cac=31.42/(2%314*10.5)=0.004764 farad
selected Cac=5000uf for this investigation.

C. Design of Ac inductor:-

The ripple filter inductance for netural leg-
Lsi=mVac/ (3 \/3 astcrpp)

fi=10khz

consider the current ripple is 5%
Lerpp=28.57 *0.05*\2=2.02

m=1

a=overloading factor=1.2

Lo = 1*700/(3V3*1.2%10*10/3%2.02)

= 0.0055575 H

So 5SmH is selected in this investigation.

AC filter inductance-

Ac inductance Ls is depends on DC bus voltage(VDC),
current ripple Icrpp, and switching frequency (fs)
Ls=V3mVac/(12aflerpp).

Consider the current ripple is 5%

a=1.2

L=V3*1%700/(12%1.2%10%10°3%2.02)

=0.0041681 H

D. Selection of IGBT parameter :-

IGBT switching voltage (Vsw) is calculated as
Vsw=Vdc+Vd
Where Vi=10% overshoot in dc link voltage
Vaw=700+(0.1*700) =770 volt
With safety factor 1200V IGBT are selected for
VSC IGBT switching current (Isw) is calculated as
sw=1.25 (Icrpp+Icp)
[=28.57 A
1=28.57%2=40.404 A
Lpp=28.57%0.05%Y2=2.02

Lw=1.25(2.02+40.404)=53.03A, next available rating of
300A IGBT switch is selected for VSC used in DSTATCOM.

E. Designing of ripple filter :-
Time constant of filter should be very small compared to
fundamental with period(T),R+ Cs <Tt¢
Consider Rt Cr =T</10
Where Rr=ripple filter resistance= 0.5 Q

Cr= ripple filter capacitance=15uF

Te= switching time
Te=15*%107-6%0.5%10=7.5*10"-5

Three phase four wire
balance /unbalanced load

]

_l

3
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Four . VSC
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Figure 1. Schematic diagram of four leg VSC of DTATCOM connected to
three phase four wire system

III. CONTROL ALGORITHM

Figure 2 shows the control strategy of proposed system.this
Simple peak detection control algorithm is used to extract
the reference source current which is based on mathematical
formulation.

Va, Vb, Ve = three phase voltage at
pcc Vae=DC bus voltage

A. PCC voltage and unit vector voltage
The amplitude of pcc voltage (Vi) is
V= {23(vie v +ve )} 2 )

B. In phase unit vector voltage are

llan:Va/Vts s ubn:Vb/ Vis llcnch/Vts

C. The quadraure unit vaector voltage

Uad=(- Ubp+ UCp)/\/3, ubd=(3 Uap +Ubp _UCp)/z\/:;,
UCd:(_3 Uap +Ubp _lIcp)/z\/:; (3)

© 2019, IJSREM

| www.ijsrem.com

Page 2


http://www.ijsrem.com/

< sourl International Journal of Scientific Research in Engineering and Management (IJSREM)
ISSN: 2590-1892

W Volume: 03 Issue: 10 | Oct -2019

D. Active and Reactive power components of load
current
Lia(t)=Iav+Ima(t)+T1da(t)+1x(t) (4)

Where L= DC components of load current

Ime=active power components of load current for phase a
Lu=reactive power components of load current for phase a

I =harmonics present in load current.

To extract the active power components of load current ,load
current is multiply by in- phase unit vector voltage then it is
passes through the low pass filter and multiply by factor 2 as a
gain is used to obtain the amplitude of active power
components.fundamental of active power components of load
current for phase b and c are also extracted using similar
method.

The average amplitude of fundamental active componenets of
load current is expressed as

Tina=(Tina+Iinb+Iinc)/3

Peak value of reactive power components of load current for
phase ‘a’ is extracted by multipling the quadrature phase unit
voltage to the load current of phase ‘a’ the passes through the
low pass filter and multiply by the amplification factor 2’ .
Similar process is repeated for obtainingthe reactive power
components of load current for phase ‘b’ and ‘c’.

The average amplitude of reactive power of load current is
expressed as

Taa=(Tida+L1db+114c)/3

E. Acive power components of regerence source current

It is a addition of fundamental active power components of
load current of self supporting dc bus of DSTATCOM. The
current of DC bus voltage of VSC for nh instant is

Ien(n)=Ien (n-1)+Kkp {(ve(n)-ve(n-1)}+ki vr(n)

Here error in amplitude of DC bus voltage is

Vr=Vdc 7Vdﬂc<

where vie =amplitude of reference voltage of dc bus
vae=amplitude of DC bus voltage . kp and ki are proportional
and integral gain constant of dc bus voltage.

Total value of active power components of reference supply
current is

IsnzllnA+Icn

F. Reactive power components of reference supply
current

reactive power components of reference supply current for ™
instant is expressed as

ch(n):ch(n—] )+kp{ Vr(n)—Vr(n—] ) }+kin(n)

Here the error in amplitude of pcc voltage is

Vi=vis _VEE

where vis =amplitude of pcc reference voltage

vis=amplitude of pcc voltage. Kp and ki proportional and
integral gain constant of PCC voltage bus PI controller.

Total reactive power components of source current is
Tsa=Ica—Taa
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Figure 2- control Algorithm

G. Generation of gating pulses

Active power components of supply current are
1sna=IsnUan s isnb=IsnUbn s isnc=IsnUcn
reactive power components of supply current are

Isda=IsdUad . 1sdb=Isalba . Isd

c=IsdUcd

Comparator

Total reference supply current are obtain by adding active and
regctive components of refer*ence supply current as
Las =isnatisda 5 Tos :isnb+isdb, Tes =lsncHisde
There phase reference supply current are compared with
sensed supply current to estimate the current error.
These current error are amplified using PI controller and out

of PI controoler is used to generate gating pulses of IGBTs of

VSC

IV. SIMULATION RESULT AND DISCUSSION

The performance of proposed system for various load

condition is simulated using matlab model are shown in the

following figures.In which voltafe source (Vs),supply current
source(Is),source neutral current(Isn),load cuurents
(Ila,Ilb,Ilc),load neutral current (Iln),compensator current
(Ic),DC bus voltage(Vac),terminal voltage (Vi) are shown.
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A. performance of DTATCOM under nonlinear loads

Figure3 shows the response of DTATCOM for nonlinear
load. three single phase bridge rectifier with R=20Q,
L=5mH, C=1000uF are used as a nonlinear load which
is connected at 0.8 sec to the supply system.
figure 4 shows its frequency spectrum analysis,the
THD for non linear load is 3.60% which is under the
limit of IEEE-519 standard.
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Figure4 frequency spectrum of DSATCOM for nonlinear load
B. performance of DSTATCOM for dynamic load

Figure5 shows the waveform of the DSTATCOM under
dynamic load condition ,the load is connected at 0.8 sec to
the supply system.the waveform of source current and its
harmonic distortion is shown in fig.6 It is observed that THD
for source current is 3.60%.which is with in the limit of IEEE
-519 standard.
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Figure3 performance of DTATCOM under nonlinear load
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Figure6 frequency spectrum of DSTATCOM for dynamic load
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Figure5 performance of DTATCOM for dynamic load

C. Figure 7 shows the performance of DSTATCOM for
control converter load.

Figure7 shows the waveform of the DSTATCOM for the load
of control converter,the load is connected at 0.8 sec to the
supply system.initially the source current is distorted but
when the DSTATCOM with 4 leg VSC is connected to the
system it become sinusoidal . The waveform of source current
and its harmonic distortion is shown in fig.8 The THD(total
harmonic distortion) for source current is 3.13%.which is less
than 5% as required by the IEEE-519 standard.
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Figure8 frequency spectrum of DTATCOM for control converter load.
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D. figure9 shows the performance of DTATCOM under

RL load Sehected sipaal: 8 cycles FFT window (in red): 3 cvches
The wave form obtain when RL load is connected to the o T TYY s DARIADY S
supply system is represented in the figure 9.RL load is = IJ" ‘‘‘‘‘
connected at 0.7 sec .the balance source current is observed & : A A \
for unbalance load and THD is recored for the current source o " ) | 1l 12 u u

is 4.94%.it is less then 5% thus meeting the requirement of
IEEE-519 standaed.
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V. CONCLUSION

‘ Proposed control algorithm contains DSTATCOM with VSC
Vi U\S having 4-legs linked with the DC capacitior which is
connected to four wire three phase system for refinement of

A ) AMAAAAN power factor, harmonic current and to compensate the neutral
: " (| ” | |/ | ” l1 current.This control algorithm is implemented to draw the
\ i \ \ Ll VYV Iu '‘ARAE reference source current used to generate the gate pulse of
TR TR RV T @ - e VSC.This topology gives the satisfactory operation under

) \ | ‘ balance and unbalance load condition . PI controller upgrades

the peformamnce of controller .The result obtained using

simulation based matlab model is giving the desired result.

APPENDIX

u u v ! u u L u Three-phase supply voltage: 415V (L-L),50Hz
figure9 qufonnanp? of DTATCOM unde}' RL load . DC bus capacitor: Cdc=5000uF
b DC bus voltage: 700V
& Source impedance: R=5Q, Ls =1mH
; Ripple filter: Rr =5Q, C=15uF
(i)Non-linear load: three single phase bridge rectifier with
, : Resistance=20Q, L=5mH, C=1000uF
™ PI controller of DC bus voltage : Ko =0.4,Ki=0.3
v PI controller of PCC voltage: Kp
% =0.8,Ki=0.5 (ii)Dynamic load
PI1 controller of DC bus voltage: Kp =0.5,Ki=0.3
PI1 controller of PCC voltage: Kp

| ...... “ | ‘ =0.5,Ki=0.5 (iii) . RL load;
C .}) W Wﬂm&mammmd i PI controller of DC bus voltage: Kp =0.6,Ki=0.5
ﬁ e HHUIN
PI1 controller of PCC voltage: Kp
u U =0.3,Ki=0.1 (iv). Control converter load:
e PI controller of DC bus voltage: Ky =0.8,Ki=0.5

PI1 controller of PCC voltage: Kp =0.8,
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