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Abstract—A widespread use of Computer technology ingdrk

leads to increased presence of distortion currendaherefore to
increased harmonics in the power system. The harmesiresults
into a poor power quality and have great adverse remnic
impact on the utilities and customers. This paperoposes a
combined system of a thyristor-controlled reactofGR) and a
shunt hybrid power filter (SHPF) for mitigating thesproblems.
The main objective of this paper is to develop asebSHPF-TCR
for harmonic elimination and reactive power compertigm. The
SHPF is the combination of a small-rating active powélter

(APF) and a LC passive filter. The tuned LC passiveil and
the TCR form a shunt passive filter (SPF) to comperesaactive
power. SVPWM technique is simulated to generate switgh
signal to Shunt Active Filter. Conventional Pl cordlers were
used to control the compensation system. SVPWM héghe is
used in the present work for better utilization ot dus voltage
with efficient manner. The effectiveness of the coemsator is
verified through MATLAB Simulink. The simulation resu$ are
found to be quite satisfactory to mitigate harmondistortions
and reactive power compensation.

Keywords—Harmonics, PI controller, Shunt Hybrid Power
Filter, Thyristor Controlled Reactor, Space vector pwiRoint of
common coupling.

I. INTRODUCTION
Global competition is ballooning, forcing companieseek

The THD obtained without using the shunt activeefilis
much more than described in the IEEE standard-519.
According to this standard the THD value should |dss
than 5%. The THD equation for voltage harmonicgiiven

by (1).
VA+VE+-+V2
%THD (V) = + x 100
1
1)

and the THD equation for current harmonics is gibgr{2).

2 2 2
WTHD (I) = L2t Hj: 100
2)

In this paper, a new combination of a shunt hypoever
filter (SHPF) and a TCR (SHPF-TCR compensator) are
proposed to suppress current harmonics generated the
load and compensate the reactive power.

The APF sustains very low fundamental voltages and
currents of the power grid, and thus, its ratedacdp is
greatly reduced. Because of these merits, the piede
combined topology is very appropriate in compengati
reactive power and eliminating harmonic currentanver
system. The tuned passive filter in parallel witBR forms
a shunt passive filter (SPF) [3]. This latter isimhafor fifth

value and automate processes where ever possidl@rmonic compensation and PF correction. The sratitlg

Computer technology is increasingly used to accahpl
these goals, which means more compute power isregbu
[1]. The growing use of non-linear and time varyiogds
has led to distortion of voltage and current wawens and
increased in reactive power demand in AC mainsnidaic
distortion is known to be source of several proldesuch as

APF is used to filter harmonics generated by thedland
the TCR by enhancing the compensation charactisti
the SPF aside from eliminating the risk of resomeanc
between the grid and the SPF. The TCR goal is taimla
regulation of reactive power. The set of the loadai
combination of a three phase diode rectifier anthrae-

increased power losses, excessive heating of mgtatiPhase star-connected resistive inductive lineat [6&

machines, audible noise and incorrect operatioseabitive

A control technique is proposed to improve the dyica

loads etc [2]. To design a more cost-effective powdesponse and decrease the steady state error of TI&R

distribution system for modern computer systemis, gaper
defines mitigation technique using SHPF-TCR, disess
options that might be recommended to control Skutitve
Filter [1],[9].

Traditionally passive filters have been used toniglate
current harmonics of the supply network. Howevegsth
devices are suffers from resonance. Recently th&veac
filters were developed to mitigate the problemspas$sive
filters and used to compensate the reactive polwerifi the
transmission line and The supply current is distiy the
non-linear loads such as UPS,DC drives, AC drambarc
furnaces etc.
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shunt active filter needs to be controlled to abtie best
performance and thus Pl controllers are used. The
performance of shunt active filter here is studister
balanced and unbalanced source voltage conditiondo-
linear load. The simulation result shows that, this
technology will throw light on the emerging solut®
available for the power quality problem faced bygdarks,

[8] especially with harmonics current and reactpe@wer
demand drawn by the non-linear loads.

Fig.1 shows the topology of the proposed combined
SHPF and TCR. The SHPF consists of a small-ratiRfr A
connected in series with a tuné@ passive filter. In this
paper, controlling of the shunt active filter usitige PI
controller with SVPWM technique is analyzed andigtd.
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Fig. 1 SHPF-TCR Topology

In Section Il, the type of the power filters andeth B. Shunt Hybrid Power Filter
compensation principle of the SHPF-TCR are expthineThe schematic diagram of the shunt hybrid poweerfil

Section Ill focuses on the importance of the D® hnltage
in the shunt active filter as well as its influerioghe system
and why to maintain it equal to the reference vagmction
IV includes the simulation part and followed by @&t V
which deals with the results and its analysis. iBecVI

(SHPF) is presented in Fig.3. The scheme contdies t
supply voltage, diode rectifier and the filteringstem
consists of a small-rating active power filter ceated in
series with the LC passive filter. This configuoati of
hybrid filter ensures the compensation of the sewuarrent

gives the final conclusion of this paper followed/ b harmonics by enhancing the compensation charatitsrisf

references.

II. SYSTEM CONFIGURATION OF SHPF-TCR
COMPENSATOR

A. Thyristor-Controlled Reactor

A linear air - cored reactor is connected in sevidth the
anti-parallel connected thyristor is known as TERy .2
shows the schematic representation of the TCR T8k
TCR goal is to obtain the regulation of reactivavpo The
anti-parallel connected thyristor pair acts likbidirectional
switch, with the thyristor valveT1 conducting in gitdve
half cycles and the thyristor valve T2 conductinging the
negative half cycle. The firing angle of the thtois is
measured from the zero crossing of the voltage ajppe
across its terminals.

Fig. 2 Thyristor-controlled reactor
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the passive filter besides eliminating the riskresonance
[4]. It provides effective compensation of curréarmonics
and limited supply voltage distortion. The hybrittef is

controlled such that the harmonic currents of thalinear

loads flow through the passive filter and that othe

fundamental frequency component of the load curiemnd

be supplied by the ac mains.

6 LS ° e LL Ry
L system L load
AC mains
Non-linear load
Shunt g
Passive
Filter

it

Shunt
Active
Filter

Fig. 3 Shunt Hybrid Power Filter circuit
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Fig. 4 Compensation Principle of a SHAF-TCR

The Active power filter is controlled by using Rérdroller
to draw/supply the compensating current from/toltizel to
cancel out the current harmonics on AC side, tmta#i the
DC link voltage constant by maintaining the realvpo flow
in the system and reactive power flow from/to tloairse,

purpose of the active power filter is to maintdie DC link
voltage and to give the compensating current tagatié the
current harmonics present in the system [7]. Trapep
represents the control offered by two differenttoaliers to
control the shunt hybrid power filter (SHPF). Pintoller

thereby making the source current in phase withrc&u which is a linear controller is used to control $Héhd the

voltage [5], [6].

results are analyzed.

Fig. 4 shows Compensation Principle of a SHAF-TCR

and it serves as an energy storage element toystippreal

B. Mathematical analysis

power difference between load and source during thléhe system equations are elaborated here. The ysuppl

transient period. When the load condition changfes,real
power in the system i.e. between the mains antbtdtalso
changes. Due to this unbalance of the real powethén
system the improper functioning of the system hapmnd
thus the real power disturbance is cleared by tRelibk

capacitor and in doing so the voltage across thelibiC

capacitor changes away from the reference voltage.
obtain the optimal performance of the system, tleakp
value of the reference source current must be tdju®

proportionally change the real power drawn fromgberce.
If the DC capacitor voltage is recovered and astaime

reference voltage, the real power supplied by thece is
supposed to be equal to that consumed by the Igaid.an

this fashion, the peak value of the reference souorarent
can be obtained by regulating the average voltégeeoDC

capacitor.

lll. DESIGN STRATAGY

A. DC Link Voltage Regulation

Whenever there is a sudden change in the load ttomdihe

real power flowing in the system is disturbed amd heeds
to be settled down. The DC link voltage is usedatance

the real power flow in the system and thus theaggtacross
the DC link capacitor changes [5],[8]. If the aetipower

flowing into the filter can be controlled in suctway that it

is equal to the losses inside the filter, the Dk lvoltage

voltage is sinusoidal form but the supply currentnon-
sinusoidal form due the connection of Non-lineaads in
the supply line. The supply current will be distattoy non-
linear load.

The supply voltage is given by (3)

Vs =V, sin(w t) s

®3)

Due to the Non-linear loads, the supply currenta@iois the
fundamental components and harmonic component,

iL(t) = Y= Iksin (kw4 t + @k)
4

iL(t) = I, skw;t+ 01) + Y %—; IKsin(Kwt + ¢K) (5)

Where,

I, = fundamental current

I, = kth harmonic current

Vi = maximum supply voltage

@, = phase angle between the supply voltage andrdunfe
the kth harmonic component.

The load current is given by

can be maintained at the desired value. Thus th@m ma

16
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i,(t) =i () + in(®)
(6) The ripple content present in the dq componentltisréd
For harmonic elimination and reactive power compéios, using the bessels filter and it will be transfornieth a-b-c
the supply current should have the fundamental covapt coordinates to obtain the fundamental componestpply.
and it should be in phase with supply voltage.

The supply current is given by, Lq = igsin(w;t) + igcos(w;t) a7)
I;(t) = I; sin(kw t) = ir(t) Ly = igsin(w t — 2m/3) + igcos(w t — 21/ 3)
Q) (18)
The harmonic current can be given as Le = igsin(wt + 21/3) + igcos(wyt + 2m/3)
(19)
in (t) = iaf(t) + ipf ®) (8)
Where J,lp ] are the reference currents apgdidpisic are
The load current is given as the three phase supply current.
i, () = iqp(®) + ip () +i5(0) (9) IV. CONTROL STRATAGY
A. Dc link with pi controller
Where j(t) = active filter current. Pl control With a view to have a dc bus of selfgutated,
the capacitor voltage is sensed at regular intenaaid
The equation (5) can be expressed as controlled by employing a suitable closed loop ocoinfThe
dc link voltage is sensed at a regular interval asd
i, (6) = I sin(wt) X cos@y + Ly + Ig + Ipy (10) compared with its reference counterpart v dc*. Emeor
signal is processed in a Pl controller [11]. A lins put on
Where the output of controller this ensures that the sewupplies
Iy = I cos(w;t) sing, (11) active power of the load and dc bus of the SHPLpart
of active power supplied by source is used to plewa self-
Iy = ipf = Igmsin (dw t + @4) (12) supported dc link of the SHPF-TCR Thus, the dc bus
voltage of the SHPF is maintained to have a praperent
Iny = Y=z IKsin(kw,t + @y) (13) control. With the primary PLL loop, a change in #ystem
fork#d load will result in a steady state time voltage aodrent
flickering depending on the load In order to redtlee time
The filter current is given by deviation to zero, a reset action is to be provided
laf = I + Iy (14)B. Space vector PWM
The Space Vector Modulation was tried out in thespnt
Where, study as it optimally utilizes the DC bus voltagethe linear
I, = fundamental reactive current component modulation range. However, the implementation o th
Is= dominant harmonic current space vector modulation technique by means of secto
d = dominant harmonic order identification and dwelling time calculation is

I, = remaining harmonic component of the supply arre  computationally complex [9].The principle of spaeector
¢ = phase angle between corresponding current goalysu PWM in three-phase mathematical system can be
voltage. represented by a space vector. For example, knoset af
three-phase voltages, a space vector can be distir{20)

The Zpf is the resonant filter tuned for thendnant
frequency, so that it will inject they to the supply mains. v(t) =2 [va(t)eie + vb(t)ej%" + vc(t)ei%n]
The shunt active filter will inject thg,land the } current so 3
that the supply is free from the harmonics and ghever
factor[13] is near to unity.

(20)

where Va(t), Vb(t), and Vc(t) are three sinusoidaltages

of the same amplitude and frequency but with + pR88e
shifts. The space vector at any given time maistata
magnitude. Therefore the space vector modulatiors wa
implemented by the conventional naturally sampled
sinusoidal [12], with a special type of zero sedqaen
component mixed to the sine references. This nexdlifi
sinusoidal PWM references can be shown to be santieea
space vector references.

Steps involved in the derivation of new space wecto
modulating signals from three phase sinusoidalreefses
are [5], [9].

1. Find the three phase references for sinusoidalepuls

C. The dq transformation theory

The time domain reference signal esfionat
technique is used for dq transformation. The dqpammants
(iswistg) @re filtered by Bessels filter.

DIRECT AXIS FRAME:
istq = 0.67 (istq Sin(w t) — igp sin(w,t — 21/3) +
Istcsinw1t+2m3 (15)

QUATRATURE AXIS FRAME:
Istq = 0.67 (iseq cos(wt) — igyp cos(wqt — 2m/3) +
iste cos(wyt +2m/3)) (16)
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width modulation (SPWM).

2. Compute the minimum of the absolute reference
each instant.

3. Add half the value of the reference sinusoid
minimum absolute value at each instant to all tl
SPWM references, as offset.

Compare the modified SPWM referencto triangular

carrier wave to generate the space vector PWM (SMP'

pulses. The SPWM reference, the offset and the fiedc

SPWM reference for one phase generated are shoWiy.i

5. Though the phase voltage reference of modifigace

vector modulation s not sinusoidal (and contains a z

sequence component), the line to line voltage lvéllpurely

sinusoidal as the zero sequence component will

cancelled in the line to line voltage [10].

Equating real and imaginary part, we obtain (214

(22):

Vg = %[va + vy cos (ZT”) + v, cos (%ﬂ)]

vg = %[vb sin (%ﬂ) +v, cos (%I)]

(21)

(22)

1 i 1 i i I i i
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Fig. 5 Generation of SVPWM Reference Sign.

The SVPWM reference is same as that of s vector
modulation proving the equivalence. Naturally SVPV
compares a low frequency target reference wavefefnv
(usually a sinusoid) against a high frequency ea
waveform. The phase leg is switched to the upperr@l
when the reference waveforis greater than the triangul
carrier and to the lower DC rail when the carriezveform
is greater than the reference waveform.

C. Simulation circuit

The control algorithm discussed in pervious secti@s
been validated by simulating in MATLAB softve. The
schematic representation of simulation circuit ftire
combination of shunt hybrid power filter and thyois
controlled reactor in reactive power compensatiomd
harmonic elimination is shown in fig 6. The By cmlesing
grid voltage, drop acrosshoke and losses, the DC t
voltage was fixed at 600V. Then the voltage cotgrobf
the shunt active filter was activated and the D& Yoitage
was boosted to 600V. Once the DC bus voltage rek
600V, the current controller was activated to stemmonic
compensation.

18
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V. SIMULATION RESULTS

The simulation results of various model of the preesvork
are presented.

A. Before compensation

The Nonlinear load has been connected to AC supply.
source currentglis shown in the figure 7 and the sou
voltage \sis shown in the figure

Source Current before compensation

40 | —Current

20

Current
o

-20

1 0.25

Fig. 7: Source current before compensatic

The distortion in this current is due to the preseaf Non—
linear loads in the electrical netwot

200

20 1
b1 0I5 Time(seq) 02 025

Fig. 8: source voltage after compensatic
The voltage from théc supply is pure sinusoidal in natt

B. Compensating current
The compensating current will be produced by thent
active filter circuit by means of using thi,ssand the supply
value. This resultant value will be given to theltage
source invertesuch that the switches in the voltage soi
inverter will starts to perform its function prope

As a result the compensating current will be predi
which in equal and opposite phase to the supplypoorent,
Which eliminates the harmonic contentsent in the source
voltage and source current. The compensating duiie
injected in parallel to the transmiss line. The
compensating current is shown in figur
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Non-linear load
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Fig. 8 Simulation Circuit Diagram of SHPF-TCR

The equivalent and opposite of the reactive curteatl The load voltage is obtained as in the figure 1iclvhs
current was supplied by the SHPF-TCR. Thereforddhd compensated by the inclusion of SHPF-TCR in the

draws only active current from the grid. transmission line.
Compensating Current
40 | 1 —Current 200 —voltage
| |
G T o o TRTaTY
— | [ o B -
Sl WA o
s I A IATIAT AR g
© | | %0—— e i Ei A S e e e e e ey Sl S
200 -~ e Ao >
| |
4 1 1 3o M . Y e TS 1P S O A
81 0.15 Time(Sec) 0-2 0.25
. . -20
Fig. 9: Waveform of the compensating current by shint 6 0.25

active filter

) Fig. 11: Source voltage after compensation
C. After compensation

The distortion in the load current can be elimidaby the p THD analysis
SHPF-TCR by means of using the compensating currefly  determine the reduction of harmonic current
The source current with the SHPF-TCR is obtainedndig  compensation of total harmonic distortion by using FFT

10, analysis in MATLAB Simulink models in Figs. 12 ath8.
source current after compensation FFT anaysis-
40 ; ; —Current
| | Fundamental (50Hz) = 42.23 , THD= 36.09%
| |
| |
207777 77777\77 o 77\ 7777777
i | :
— | I <
g e | %
2ol R
S B | l :
| | =4
200 Ak kA 2
l l
| |
_481 015 T|me(SeC) 02 025 Hamoanic order

Fig. 10: Source current after compensation Fig. 12: THD Analysis of Before Compensation
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