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Abstract— This paper presents the use of shunt active power complex calculations and fails to perform during reaktim
filter for harmonic mitigation, reactive power compensation and  implementation [6] and some scheme use adaptive technique
mitigating unbalance in the system. The proposed otrol scheme for current decomposition [7].
based on decomposition of load current into four pds, viz. . . . .
fundamental frequency positive sequence active anceactive In this paper, a Shunt Active Power Filter (SAPF) is
current, current at harmonic frequency and fundamertal employed for which a simple Synchronous Reference Frame
frequency negative sequence current by using Synabmous  (SRF) based scheme is used to decompose the load cateent i
Reference Frame (SRF) theory. The compensating clwent is four parts:
obtained from the above decomposed components bying SRF
theory. The results obtained from a MATLAB simulation prove
the importance of the scheme.

a) Positive sequence fundamental frequency active
current (igy")

b) Positive sequence fundamental frequency reactive

Keywords—Active power filters (APF); Synchronousfeeence current (ix:")
frame (SRF) theory; voltage source inverter (VSkgactive power;
harmonic; unbalance; selective compensation. c) Current at harmonics frequencyi

d) Negative sequence fundamental frequency current
. INTRODUCTION (1)

Nowadays, the consumers are more aware of the power

quality problems and their causes. The extensive use crfrpowdecOmposed current components are compensated pricséy wi

electronics devices such as converters and inverterstm bq e. those current components with higher harmonics il

industrial an_d at consumer Ievel_ has emergec_j_ Wi.th th'Eompens‘,ated first. This technique is applied accordingpeo t
challenge to improve the power quality issues by migahe 1 jorivy jein the order followed by harmonics, phase

! ! € b
problems such as harmonics, reactive power compensation digaance, reactive power compensation and the vice-versa
to the non-linear loads. Suitable criteria are set by IGE& combinations of them. The effectiveness of the proposed

Zta“dgfd t? ?\éercon:e tor|1edharmon|c§ problem? W'th'negg"isfcheme is shown by Simulation in MATLAB with proper
ccording to these standards, an engineer must ensuréehat foq e and statistical data.

system should less than 5%THD [1].

By applying the selective compensation technique, the

The increased use of nonlinear loads, such as rectifier II. CONTROLSCHEME
devices in TV, ovens and telecommunication power supplies
and commercial lighting systems cause excessive mheutra, Basic Theory
currents, harmonic injection and reactive power burdetheé
power system. They result in poor power factor, and lowe

efn(:lency_ ?f p(c)jvye(; S%Stﬁm [Zt]. In thﬁ Iastbyears, desha_l,bl fnegative sequence current {ji at fundamental frequencies and
commercial and Industrial CUSIomers have Deen responsibie 1o, . rant 4t harmonic frequencieg,fiby using the SRF theory.
the increasing of non-linear loads connected to the utllityy g"is the time varying angle that represents the angular
which contribute significantly to the pollution of thewger position of the reference frame which is rotating atstant

supply system. Several power conditioners, such asesingl : : .
phase and three-phase Active Power Filters (APF)speed in synchronism with the three phase ac voltages. The

Uninterruptible Power Supply (UPS) systems, etc., haenb SRF theory is shown in the Fig. 1.

The load currents are decomposed into four parts i.e.
fJositive sequence active @), reactive (i;x) current and

used to improve the power quality both in three-phassethr

wire systems and three-phase four-wire systems [B T abc ap dq ap
reliability of the VSI components such as semi-conductol ] — LPF = ]

switches is critical for the shunt active power fiiteA failure of dqg of abc

in one of the switches decreases system performances a

usually leads to disconnect the filter [4]. The perforneaot Fig. 1. Basic proposed scheme using SRF theory

APF is dependent on how the reference compensatinglsigna

are estimated. Various theories such as instantaneaatve In this, load currentsy iy, iLc are converted intaf frame

power theory, p-q theory, modified p-q theory , FBi2#dry and then into dq reference frame as shown below by equation
and estimation based on neural networks[5]. This schemag’s (1) and (2).
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I g 3|0 —\/5/2 —\/5/ 2||. The net negative sequence components are obtained by
| e converting the extracted dc components imoand then into
. ) R a-b-c co-ordinates as shown by:
iy _{cosw) Sm@t)} i, - . .
. - . . I _ i
g —sin(at) cosgt) || I 4 | Lo 2 i
w |Ty5| 712 J312 i (11)
The extraction of dc components is done from low pasg i _ -1/2 \/_3/2 v
filter by an extractor as shown in Fig. 1. Now for obtagnihe Le
positive sequence fundamental frequency components, these .
extracted dc components are transformed backoifftdrame From the above decomposed components, selective
and then into a-b-c terms, which is given by compensation of individual and combinations of them is done
' and the harmonics, phase unbalance & reactive power
il_a* _[COS@I) ~ singt )} ideD* “ compensation is done priority wise.
I g sin(at)  cosft ) ||i i B. Control Scheme

The Fig. 2 shows the control technique based on SRF
The real (iLRi+) and reactive (iLR+) currents can be theory. In this, load current signal is fed to the SRffactor; it
obtained by decomposing the dc components in the d-q frameextracts or decomposes the load current into required four
i ) 0 current components.
LRa™ | cosfd ) singt ) ] (5) The reference currents (i*sa , i*sb , i*sc) for required
iLR,B sin(ax) COS@I) ILdCQ+ compensation is obtained by taking the difference of dhd |
- current and the decomposed current components which are
iLX . cost) - singt )|[i . need to be compensated. Out of the four decomposed current
. ) LdcD (6) components, those components having higher number of
sin(ct) cos@t) || 0 harmonics are compensated priority wise in the descending
order i.e. those components having higher number of
harmonics will be compensated first, after that the rothe
From equation (5) and (6), the real and reactive componengdmponents in the level of their importance in the apjiioa

+

3

ILx/?+

in terms of a-b-c co-ordinates are given by: This is achieved by the priority and gain scheduler bldud; t
_ - _ _ components are selected priority wise in the level hafirt
i, 1 0 |_ _ importance. Thus, selective compensation is achievede, Her
_'-Ra 2 I Re the first priority is given to harmonics, then unbalaand after
L | T4 -1/2 J3/2| . (7) that reactive power compensation.
. 3 _ILR[;" | v,
i -1/2 312 .
- - - : Vi Pl dq
i 1 0 — - Controller [ ahc Gate
LRa* 2 i pulses
: LRa" - for vs|
e |=y5| 722 V312 ® s 1=
. LRB* iyt Hysteresis
[ - -1/2 \/é /2|~ - SRF : Current
L LRe* | L a | Decomposer | th Controller
IL iL' T
> is
The negative sequence current components are obtained %
transformation oty frame into dq frame, and then extraction K, 1Ky Ky
of dc quantities are done by LPF similarly as done praijou | 3 M;’I'W‘Vnd
in case of positive sequence components. e

Fig. 2. Proposed Control Technique
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The current component which required to be fully 0.08s. The unbalance is created with the help of breaker by
compensated will be assigned a gain “0”, and componentspening phase ‘a’ of three phase diode rectifier load.
which are not need to compensated would be assignatli@ v
“1”. Furthermore, to prevent the overloading of the SARPE Vs Source Voltage
adjustment of gains Kx , Kh, Kn are in reverse ordereHie
gains are assigned a value less than “1”. A PI contrigliesed . !
for regulating the dc bus voltage to its reference vahaeaiso Load current Phase ila
for minimizing the inverter losses. The required entris [ : :
added to the positive sequence fundamental frequency acti
component for maintaining the dc voltage constant and t : - -
minimize the inverter losses. The Hysteresis currentrolber : F W AT AP L5 N

__iL1 Resistive Load _

generates the PWM gating signals for the VSI of SAPF b il2a Diode Rectifier Load

using the reference supply current (i*sa , i*sb , i*sa) given IR TR PR R T R T T ;s
supply currents (isa , isb , isc). Finally, the overall =~ — .7 “.7 "7 "7 .0 .7 .0 .0 .0 .7
compensation current is injected so that supply currelotfsl iha Harmonic Current

the reference current.

Il MATLAB MODEL _illa-Negative Sequence Current

. _ LT LT
The basic model of proposed scheme consists of SAF . el SR R
connected between the three phase source and the load iL1Xa+ Positive Sequence Reactive Current

shown in Fig. 3.The load 1 is resistive load used for iorgat [~ - - -
unbalance in the system by opening any of the phases. The Ic = T r ! 3 I
2 is diode rectifier circuit followed by a combinatiaof iL1Ra+ Positive Sequence Active Current

capacitor and resistive load. T =, = YR

Fig. 4. Decomposition of Load Current

Ts = 5e-005 s.
N AR Timer3
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Fig. 3. Model of proposed scheme for current decsition.

APF

. . Fig. 5. Model with SAPF and diode rectifier load
The Fig. 4 shows the waveforms related to decompositio..

of load currents into four parts i.e. positive sequence

fundamental frequency active and reactive current, cuaent B C
: ) . ontroller

harmonic frequencies, negative sequence fundamental )

frequency current. As shown in fig. 3.2. we can see tzat 1 The Fig. 6 shows the controller used for the proposed

i.e. resistive load is switched on at 0.05s and unbal@ce scheme, in these the Pl controller is used to regulatddtpus

created at 0.14s by opening phase ‘a’, the negative sequenvgtage to its reference value and to compensate fortgrve

current observed changes as soon as unbalance occurs; whetesses. The signals from Pl controller are given todifj@ to

it is observed that there is no effect or change omptiséive  abc transformation block and finally connecting it to

sequence active and reactive current. summimg point. The three phase voltage source is fed to the
Discrete 3phase PLL block, from which the 6siand co8
A. Model With SAPF And Diode Rectifier Load guantities are extracted and further fed to the dq0 to abc

The Fig. 5 shows the model with SAPF and diode rectifiefransformation block. The three phase load current isofétet
load. The model consists of a controller and a measmemeSRF controller block from which the.d is obtained and
block. The timer block provided at the breaker of APFesak further feeded to the summing point. The: signals obtained
care of the time at which APF should be switched on,&tere  from the summing point and are signals are fed to the
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hysteresis current controller for generating the gate pitse IV.  SIMULATION RESULTS
VSI.
The following parameters are used designing of the SAPF
o n as shown in Table I.

TABLE-I. DESIGN SPECIFICATIONAND PARAMETERS

700

dao M Parameter Specifications
Constnt p]sin-cos . . . _,@ Source Voltage (Vs) 230V per phase
R S Source Resistance (Rs) 01
_.Vampu) “ ] Source Inductance (Ls) 0.15mH
Sin_Gos|—1 DC bus Voltage (\) 700V
S PLL Filter Capacitance({ 0.1uF
Filter Inductance(f) 4.3mH
[ > ot DC Link Capacitance(§) 2000pF
Loadl (Resistive) Q@ per phase
RF CONTROLLER Load2(Rectifier fed R Load) 30kW
Fig. 6. Controller of the Proposed Scheme
1) SRF controller A. Without Applying Filter

The Fig. 9 shows the results obtained without applyingrftth

The Fig. 7 shows the SRF controller. The thtexsp load the proposed scheme. The unbalance is created by opening
current (labc) and three phase source voltages (Vabcs) gshase ‘a’ for duration 0.18sec to 0.35sec, due to this it
converted into two components Id and Iq by Clarke’sobserved that load current phase a (iLa) is zero for this
Transformation. These decomposed current components afi@ration. After 0.35sec, the phase ‘a’ is restoreis. dbserved
converted into their dc components by Park’s Transformationthat there is no change in source voltage, but theresepce
This extracted dc components of current Iddc and Igdc aref harmonics components in the source current (Is) and three
further combined and reference current signals Isref arphase load current.

obtained.
” Thieephe evolta gsoure s
AR VAN N / ARIAAAAN
It )"/‘\/\m,‘.“tf“_\‘ / YYYYVYYY
GO P 1df—li 1dde f—{ ldde I \ \ Ty i "\_ i |
m MWV W WAV
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Vabcs ] gLl Igcc J—lodc fq) :C " M M " MM o M e ; vk i - JML
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2) Hysteresis current controller O W b e pt ; ! e e
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The Fig. 8 shows the hysteresis current controller. Thi "Lt i | i ! | l |
difference between,l;and | is taken and given to PI controller LoadCuren Prasgblh
and further the difference between the output of the P [ 1 ‘\ ;’\ 0 1\ 5‘/ g
controller and the repeating sequence block is takeengiv i vf ey ,fk "w w)- e H;- W‘J i r“\v /’Lmr L - ‘\,’k f
the convert block and finally the gating pulses araiobd for i | Al i i
the SWitChing of the IGBT's of the VSI. Load[u ent Phaswlc
IF T 7 (\ i § =
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Fig. 9. Results obtained without applying SAPF

The Fig. 10 shows the Fast Fourier Transform (FFT)
analysis of Source Current)(Without applying filter. In this, it
s is observed that due to presence of harmonics and unbalanc
the %THD is 22.81%, 22.70% and 21.44% for source current
phase a, b, c respectively. There is major presehd¥, &th,
7" order harmonics.

B. With Filter

The SAPF is operated at 0.08s and phase ‘a’ of three phase
] ) diode rectifier load is opened from 0.18s to 0.35s, ther fis
Fig. 8. Hysteresis current controller eliminating harmonic alone from 0.08s to 0.22s; as veeil a
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compensate for all problems i.e. harmonics, unbalance and The FFT analysis for the source current by applying the

reactive power compensation all together from 0.35s44<0.

filter is shown in Fig. 12.(a)-(c). In this, it is obged that there

as shown in Fig. 11.It is clearly observed that due to thé reduction in %THD to 4.62%, 4.26%, 4.17% for source

SAPF, there is restoration of opened phase and harmameics current L of phase a,b,c respectively. It is observed thad it i
well below 5% as per IEEE standards.

eliminated.
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Fig.10. (a)-(c) FFT analysis of Source currgblylwithout applying filter
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Fig.11. Results obtalned by applying SAPF
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Fig.12. (a)-(c) FFT analysis of Source curreiylapplying filter
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C. Comparison of %THD and RMS current With And the foreseen above problems. The simulation results of
Without Applying Filter proposed model shows the effectiveness of the scheme with

reduction in %THD according to IEEE519 standards.
Load current and %THD of source current is obtained

without and with applying filter is tabulated in Table Il.is

observed that there is reduction in %THD and it is below 5%. REFERENCES
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