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Abstract— With the widespread use of harmonic genéargt The simplest method of eliminating line current
devices, the control of harmonic currents to maiitiea high level  harmonics and improving the system power factdo igse
of power quality is becoming increasingly importamtn effective passive LC filters. However, bulk passive composent
way for harmonic suppression is the harmonic compatisn by  caries and parallel resonance and a fixed compensat
using active power filter. This paper presents a gmehensive characteristic are the main drawbacks of passivdiltaZsin

survey of active power filter (APF) control strategiesit forward i ith the i f i |adsyi
recently. It is aimed at providing a broad perspigeton the status recent years, wi € Increase or nonlinear %/ing no

of APF control methods to researchers and applicatiengineers ~ Sinusoidal currents, Power quality distortion hasdme a
dealing with harmonic suppression issues. Many caitr S€rious problem in electrical power systems. Aslinear
techniques have been designed, developed, andzedlior active loads, these solid-state converters draw harmomd a
filters in recent years. This paper presents difet types of reactive power components of current from ac mains.
Synchronous reference frame methods for real timengration Conventionally passive L—C filters were used toucsd
of compensating current for harmonic mitigation andeactive harmonics and capacitors were employed to imprdnee t
power compensation. All the techniques are —analyzedy,ywer factor of the ac loads. The increased seveit
mathematically and simulation results are obtaineghich are power quality problems and other problems assatiaiéth

being compared in terms of its compensation perfamse with th ive filt h | . d . i
different parameters under steady state conditiofhe three e passive filters such as large size and wefggher cost,

techniques analyzed are the Synchronous Reference nfea fiXed compensation, gnd resonance problems wittisl@ad _
Theory (SRF), SRF theory without synchronizing circuitke ~networks have required a focus on a power eleatroni
phase lock loop (PLL) also called instantaneous pemt solution, that is, active power filters (APF) asowi in
component theory and finally modified SRF theory. Sifation  Fig.1. In recent years, many publications [26-4&}é also
results are obtained under sinusoidal balanced aglé source agppeared on the harmonics suppression using gubiver
balanced Ioao! condition. The compari.son and effee!ri}ess of all  filters. Selection of a control method and propgrology of
the methods is based on the theoretical analysisl aimulation harmonic suppression, best suited to particuladitions,

results obtained with MATLAB employing a three phaderde : . .
wire shunt active filter test system. Finally shunttive power requires th_at advanFageS, d_lsf’:ldvantages and lionitaof
these devices, which exhibit a very broad range of

filter is applied to BLDC drive application. THD pts with and

without APF is presented. properties.
Keywords-component;  Synchronous Reference Frame,
instantaneous current component theory, Modified SRAgtive The control strategy for a shunt active power ffilte
Filter, Harmonics. BLDC Drive generates the reference current, that must beded\y the
power filter to compensate reactive power and haimo
I INTRODUCTION currents demanded by the load. This involves a ofet

In a modern power system, increasing of loads amd n currents in the
linear equipment's have been demanding the compemsa
of the disturbances caused for them. These nomlioeals . B Ls PCC

I
may cause poor power factor and high degree of dwios. T f“"'—
Active Power Filter (APF) can solve problems ofrhanic sl | e Non-linear
and reactive power simultaneously. APF’s consistafg C l load
voltage-source inverters and a DC capacitor haven be

researched and developed for improving the powetofa ‘al fon
and stability of transmission systems. APF haveatiity >
to adjust the amplitude of the synthesized ac geltaf the
inverters by means of pulse width modulation orcbwtrol
of the dc-link voltage, thus drawing either leadordagging
reactive power from the supply. APF’'s are an upldte Vecclab,e) b——
solution to power quality problems. Shunt APF'allthe — J—
compensation of current harmonics and unbalangether iifabie) (;‘;::":” —{G
with power factor correction, and can be a muchebet ————= e

solution than conventional approach (capacitors Fassive —

— -

il

filters). Figure. 1 Basic principal of shunt current compenstion in
active filter
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state, balanced and Sinusoidal conditions of suppltage.

Among all the methods presented in the literature iy +| Non
Synchronous Reference Frame method (SRF) is otleeof g ot h I
most common and probably it is the best methoid. ased T i i i
on the fact that harmonics change their frequentyai LIS load
rotating reference frame, and so they are bettdatisd with
high pass filters. The method presents excellel C ¢ E
characteristics but it is a little difficult to irfgment. This IC E .
paper presents a different modification based @nstéime t e
principle and compares its performances with siidado tiodit Voltiee
source and balanced load condition. The ModifiedF SR £ (L NS
method called, in this paper, Filtered Modified &ehce [t 140
Frame Method (FMRF), because it uses filters arohised {l
on the modified reference frame method [8]. f l l
o .
Il SRF METHODS —F {J}— Relerence
Among the several methods presented in the litexatu L Lk-ulrlr':ﬂ':lai'-n

the Synchronous Reference Frame method (SRF) iobne e v il T
the most common and probably it is widely used weth T T T PLL r
This section is organized as to describe succirtbilySRF abe ol |eosd sing ™ abe ’f
methods. The three methods presented in this seuith % R e A
some results obtained with the above mentioned audsth 1-&* v +'1- Filier] 1'
The nonlinear load considered is a three-phasecdiodige 5-( _-""—|_L|7
rectifier. - C
A Synchronous Reference Theory (SRF) Figure. 3 Basic principal of SRF

In the SRF [5], the load current signals are trarméd
into the conventional rotating frame d-g. theta is the
transformation angle, the transformation is defibhgd

B. Instantaneous Current Componentdfiq) Theory
The Modified Synchronous Frame method is
presented in [7]. It is called the instantaneousrecu
. component @iq) method. This is similar to the SRF frame
cosg) Cﬂﬁ(ﬁ—% cos | 5—— method. The transformation angle is now obtaineith wie
E Ry [Ei | w _ (3 " voltages of the ac network. The major differencthig, due
\ yz - = ? sin to voltage harmonics and imbalance, the speed ef th
¢ reference frame is no longer constant. It varies
instantaneously depending of the waveform of theeth
Fig.2 shows the basic configuration of synchronou&eference phase voltage system. In this method the compengati
frame. currents are obtained from the instantaneous adiive
reactive current components and of the nonlinezd.léin the
In the SRF is a time varying angle that represéims same way, the mains voltagesaM) and the polluted
angular position of the reference frame which igting at currents ibc) in a-p components must be calculated as
constant speed in synchronism with the three plase given by (2), where C is Clarke Transformation Natr
voltages. In the SRF- is a time varying angle that However, the load current components are deriveth fa
represents the angular position of the refererem@drwhich synchronous reference frame based on the Park
is rotating at constant speed in synchronism with three transformation, where represents the instantangoliage
phase ac voltages. To implement the SRF method &orde vector angle (3).
of synchronizing system should be used. In [6] pHasked ] . [nc]
ilg

1 1
= —
ya ¥o

loop (PLL) is used for the implementation of thisthmod. In

this case the speed of the reference frame is ipatyt

constant, that is, the method behaves as if theraefe - mse — .
frame’s moment of inertia is infinite. The fundarten [ ]— oo cosel [nﬂ 8 = tan™i %
currents of the d-q components are now dc valuée T

harmonics appear like ripple. Harmonic isolationtttd d-q ] ]
transformed signal is achieved by removing the fiset 13— dhe J HPF — dq _pic*a
This is accomplished using high pass filters (HRf)spite _;“ /
of a high pass filter, a Io.w pass fllter is usedotwain the i s/ y » ich
reference source current in d-gq coordinates. /
IF“: .:.' lii.t HFI .I." ahi —p i{'(
3
Figure.4 Principal of the synchronous reference frene
method
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Fig. 3 shows the block diagram SRF method. Undés a friction constant andm is the rotor speed. The back
balanced and sinusoidal mains voltage conditiomggeahis EMF’s and the electrical torque can be expressed as
a uniformly increasing function of time. This trémsnation a

angle is sensitive to voltage harmonics and unkatan ¥, = R(i, —i'b]—i-,[—(r i)t e. —& (1)
therefore @/dt may not be constant over a mains perioc :ﬁ“
With transformation (2) and (3) the direct voltage
component is R, —1,)+ l—{;‘ Y+, ~a (2)
=l LG n-f
il o Ve V. lil — R _; ;
T SV Vs g Fadllip RO 1)+ L—(i, —i_)+e —e, (3)
dr
- ==l V0] =
g e — 7 s mw |
iCg Il’ngi-'l’.g*: V.I? 1;P-:: IEQ 'Te ZB(ﬂm +_'il {_1')
y
K
compa i &= : fUmFI:IHE]' (5)
4
‘r::nmp.ll —= [C]T s 3=
il o, .
Icon:p_-u & = 3 ) (6)
C. Modified (iriq) Theory e =% i Feo — M5 (7)
N e 1 | g : -
3 [P CosE g
Y, s
LI —Mabe ; ’—. , . o A
= J I;=AT[F{9_ i, +F(@, , +F(6, ——}r’r} )
) i F 2 = = 3 = B
27— K - and K, are the back EMF and torque constants.
2 T ® LPF , L.. N oo
iRE VAL ol Bt IV. MATLAB /SIMULINK M ODELING AND SIMULATION
RESULTS
T Fig. 6 shows the Matlab/Simulink model of Shuntiact
|' 2 4ol A power filter. Here simulation is carried out foufoccases. In
i ’L' case one APF is simulated using Synchronous Referen
Theory (SRF), and case two APF is simulated in BLDC
drive application.
LPF (-» _\.[

Figure.5 Principal of modified (id-iq) method

powergu

R

The method suggested in this section is based en th
modified (i-ig) method (FMRF). The principle is the same.
However there are two differences in the deterrmonaof

the instantaneous position of the rotating refeeedn@me. In
spite of using thePvoltages to calculate the transformation
angle, low pass filters (LPF) are used to reduecenbaics of

the network signals, and consequently use on timéralo
process approximate sinusoidal waveforms, “Fig.Bhis
filter is important because the method becomes more :
insensitive to harmonics on the mains. It will berifred il M — : ol g [—
also that the behaviour of the filter will be diéat |
concerning to on symmetrical and unsymmetrical
conditions.

AAAAA

I
L]

. MATHAMATIAL MODELING OF BLDC

The three phase star connected BLDC motor can be
described by the following four equations in bipateode of
operation.The symbolV , i and e denote the phase to phase
voltages, phase currents and phase back EMF'satbsgly,
in three phases a, b and c. The resistance R amd th

idoref]

Figure.6 Matlab/Simulink Model of Shunt Active Powe

. Filter
inductance L are per phase values ardrid T are the
electrical torque and the load torque. J is therritertia, B A Case one
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' ' o igure. 9 Simulation results of APF BLDC drive
.-......... Fig. 9 shows the simulation results APF. It shdiuee
V. phase source voltage, three phase source curnedittheee
‘.'...-....... phase non sinusoidal load currents.
U . : ! T ! 1 ! ! T T T

[
|

Figure. 7 Simulation results for Synchronous Refenece Theory

three phase source voltage, three phase sourentsiand

Fig.10 shows the simulation results of APF BLDCwerit
consists of stator currents, motor speed and el®eignetic
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Figure. 12 FFT analysis of source current with APF

Fig.11 shows the source current without APF andnbaic
spectrum. Since BLDC motor require square waveecuirr
the THD in source current without APF is very h{gi2%).
Fig. 12 shows the source current with APF and haimo
spectrum. From this figure it is clear that withiAthe THD
is reduced to 2.9%.

V. CONCLUSION

This paper presents the compensation performaned of
the different SRF techniques under sinusoidal geltsource
condition as shown in table-1. Results are similath
gained source THD under IEEE 519, but under variittes
type the chebyshev type filter is having superior
performance compare to Butterworth filter for alétimods.

The Synchronous Reference Frame method is oneeof th
most common and performing methods for detection of

harmonics in active filters. An Improved Synchrogsou
Reference Frame Method for the control of activevero
filters was presented. It is called Filtered Moelifi
Reference Frame Method (FMRF) and is based onaime s

principle as the Synchronous Reference Frame method
However, this new method explores the fact that the

performance of the active filter to isolate harnwsnilepends
on the speed of the system that determines thdingta
reference frame, but doesn’'t depend on its positim the
delay introduced by the ac voltage filters, used the
detection of the reference frame, has no influeoicethe
detection capability of the method. Compared witheo
methods, this new method presents some advantagewod
its simplicity. Finally a BLDC drive application is
considered for simulation purpose. THD plots withaiF
and with APF are presented.
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