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Abstract— Power quality has grown from obscurity to a
major issue in last ten years. The new technologies lead to
great demand of power electronic devices that leads to a
distortion the quality of voltages and currents of power
system in other hand many sensitive loads need a high
degree of power quality thus it is important to have the
suitable solutions. Several researches and studies regarding
the power quality and tray to solve the problems of
nonlinear loads regarding a union case of a balance three
phase and similarity of line currents, while in fact the
unbalance and dissimilar cases are the prevailing cases.
This paper proposed a new controller method for
compensating unbalance nonlinear loads and dissimilar in
line currents as well as eliminate the negative and zero
seguence components of line currents using SAPF. Also the
proposed control method is compared with a will known
method used for compensating nonlinear loads in many
researches known as instantaneous power pq theory.
Finally, fuzzy logic control is used to optimize the
performance of the compensator.

Keyword— SAPF, Unbalance Compensation,
Quality. Hysteresis Control.
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l. INTRODUCTION
The development of technology lead to the extengsesof
power electronic for equipment and loads in pradidé
and industrial areas, the point of common coup(iRGC)
could be highly distorted [1]. Power Quality protke are
defined as any distortion in voltage and currenteferms
or any voltage and frequency deviations that eftattthe

static VAR compensators, switching power factor
correction converter, switch mode power suppliesd a
other power electronic applications create harnmiicthe
power system [3]. In additions in modern power sy the

harmonics not come from the load side but also they

generated from the source side due to the presefice
distribution generators [4]. There are several ifgas
loads, such as computer or microprocessor base®®@C/
drive controller, with good voltage profile requinent; can
function improperly or sometime can lose valuakég¢ador
in certain cases get damaged due to these volegard
swell conditions[3]. One of the effective approache to
use a shunt active power filter (SAPF) at PCC tuiqut the
sensitive loads. Most of researchers deals witlpthblems
of nonlinear loads by using the instantaneous pdiheory
in the same time the researchers suppose thatltdsteare
symmetric and balanced. In fact, the prevailing linear
loads are unbalanced in addition these loads agd@ad of
linear and nonlinear types. Some researches detistive
unbalance in nonlinear line currents due to thealarred
in line voltages [3]. In this paper the unbalandet
currents are due to the asymmetrical in loads. v centrol
method to mitigate the distortion and asymmetryseduby
nonlinear loads in distribution system is proposeétis
method not only reduced the harmonics and distwdmm
the point of common coupling but also may have ek
of the negative sequence currents as well as Hseoin all
the equipment in the distribution system specitde power
transformers.

operation of customer loads [2]. Switching in power Il. SYSTEM CONFIGURATION
electronicconverters and unbalanced single phas@&he shunt APF based on hysteresis PWMVSI, the most
loadscause toexist harmonics in current lines anélow adopted type, is used to cancel load harmoniceictudue
currentthrough null wire[3].performance of dq theavith to nonlinear loads, compensate reactive-power and
Pl controller is quite good over p-g theory with balancing of three phase currents. The operatistesy of
Plcontroller[4]. Harmonic distortion affects the vper  the shunt APF is based on injecting harmonics otiirgo
systems and equipment; therefore, harmonic problemthe line system with the same magnitude as the dwaos
become important to solve and improve the qualftyhe generated by the nonlinear load with an oppositsehas
power industry. Non-linear loads such as converfers shown in Fig. (1) [4]. Thus, the power distributispstem
variable speed motor drives, HVDC systems, arcaces, sees the nonlinear load with the shunt APF as ardiyn
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resistor. If the harmonics current of the APF igdted to

eliminate harmonics due to nonlinear loadapplicatjcthe cosWt sinwt aw ] ¢
AC supply current will be smus.0|dal. While, |f .the =S sinwt coswt *’W 5°
harmonics current of the APF is used to eliminate 0 0o 1

harmonics and correct power factor as the same, tilee !
AC supply current will be sinusoidal and in-phashvits

v/

AC voltage.

ILoad Current

[ Z= | shunt actve

Power Tilter

Fig.1: Block Diagram of SAPF

M. REFERENCE CURRENTS CALCULATION

The currents are injected to the system throughsgieeial
transformer known as the injected transformerdits tratio
must be high enough to reduce the value of theriere
output current and to reduce the voltage inducedhat
primary windings. The transformer core and case
dimensions are bigger than the regular transforofethe
same MVA [7]. The interface filter or reactor issilgned to
prevent harmonic components from spreading into the
power network and ensure the dynamic behaviourhef t
current. Most of the harmonics current componeni$s w
flow into the power system if the interface reaatalueLs
low. On the other hand, a high value of the intafeeactor
blocks the harmonic currents from spreading intosthpply

First calculating the reference currents by usingSystem but reduces the quality of compensation [8].
instantaneous power pg theory the desired injected Nerefore, the main object of the coupling or ifsee

reference current..«) is calculated [5] as:

reactor is to provide the isolation and filteringtlween the
APF and the power system. Also during commutatibn,
limits the magnitude of the SAPF current spike prmtects

2 C
i L:Va Vbc%"' p'OSIE ]1‘ the switching device from a high rate of di/dt ahgyi

labrd = —3 2 o .
Va+ Vb Vb Va switching transients [9].

Then

S1 V. CONTROL SCHEMES FOR SAPF

ig 72 1 s o As shown in figure 2 the measured currents arestoamed

2:: 1 1 A OW ] ¢ to the dg0 components and the quadrate and zero qO

I abe re = 38/5 -2 gf aw 2 components are equated to zero. The in phase da@anp

EE 1 3o VY is filtered using a fifth order butter worth analegfilter

SO > =W then the ripple power value is retransformed to abc

quantities. The dc voltage of the capacitor is tatgal using
Pl controller to generate the.R with the ripple of real
power to calculate the second reference currentsy ys
theory. These currents with the first referencerents
represent the reference input to the inverter.

Where P are the ripple components of the active and

reactive power, respectivelj’™ s the required poiee
the regulation of capacitor voltage.

When the dg-pq theory is used the reference curient
calculated [6] as:

. " . I
| Idgo_ré = | ldgo = | quog 3

The first part of equation (1) represents the ayeralues E}

of the dqO components of the load currents.
o 47\ —‘g Iiﬂ wf aim

The alpha beta zero reference value [ ] are:

P
L= T

Ve _ref.

Fig. 2: Proposed Controller of SAPF for Unbalance
Compensation

|abq:

Then
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V. HYSTERESIS CURRENT CONTROL
Hysteresis band PWM HBPWM controller is simple
implemented and fast [10] so that it used to cdntne
compensating currents and determine switching &dioa
inverter switches. There are bands above and utiger
reference current. If the difference between thereamce
and inverter currents reaches to the upper (lolei), the
currents is forced to decrease (increase) as slmwvigure
(3). In this method, the following relation is ajgol.

Where HB and fc are Hysteresis band and switching
frequency, respectively.

T1+ T2 =Tc =1/fc

L=
Fig. 3: Hysteresis Control

The HB that has inverse proportional relation with
switching frequency is defined as the differencénbeen
VH and VL (HB=VH-VL) [7]. In bipolar switching schmae,

as shown in Figure (4), there are two bands and th
controller turns on and turns off the switch (S18%) at
the same time to generate +Vdc or -Vdc at the dautu
inverter.

[T

Fig.4: Bipolar hysteresis current control (a) output current
with limiting bands (b) switching signals.

VI FUZZY LOGIC BASED SAPF

Fuzzy logic is close in spirit to human thinkingdamatural
language than other logical systems. It providesféective
means of capturing the approximate and inexactraatf
systems. The fuzzy control is basically a nonlinaad
adaptive in nature, giving the robust performantethie
cases where
controller is present. Fuzzy control is based omr th
principles of fuzzy logic. It is a non-linear cowitrmethod,

which attempts to apply the expert knowledge of an

experienced user to the design of a controller.z¥uz
modelling provides the ability to linguistically egfy
approximate relationships between the input andretks
output. The relationships are represented by afsitzzy
If-then rules in which the antecedent is an appnaté

WWwWw.ijaems.com

in the effects ofparameter variation of

representation of the state of the system anddhsegjuent
provides a range of potential responses.

In Fuzzy Logic Control, basic control action is&fetined by
a set of linguistic rules. These rules are deteethiby the
system variables. Since the numerical variablexaneerted
into linguistic variables, mathematical modelling the
system is not required in FLC. Fuzzy logic useguistic
variables instead of numeric variables. The proces
converting a numeric variable to a linguistic vaté (fuzzy
set) is called fuzzification. An arbitrary membepsfunction
is assigned to each linguistic label. The datalsisees the
definition of the membership functions of the fuzzystem
variables.

The fuzzy control algorithm consists of a set afziy control
rules which reflects the experience gained from phent
operation. The rules are combined by using theigapbn and
the compositional inference.

The FLC comprises of three parts: Fuzzification,
Interference engine and Defuzzification. The FLC is
characterized as; i. seven fuzzy sets for eacht iamal
output. ii. Triangular membership functions for pinity.
iii. Fuzzification using continuous universe ofahsirse. iv.
Implication using mamdani’'s ‘min’ operator.
Defuzzification using the ‘Takagi Surgeno’ lineaettmod.
The knowledge bases are designed in order to oatgood
gynamic response under uncertainty in process pEeam
and external disturbances. DC voltage control u§ingzy
Logic is shown in Fig. (5). The membership functicare
triangular shaped with 50% overlap for a soft and
progressive control adjustment.Iln our applicatitwe, fuzzy
controller is based on processing the voltage exrat its
derivation. Figure (6) show the membership fundiohthe
input and the output linguistic variables. Triangleaped
membership function has the advantages of simyplanitd
easier implementation and is chosen in this apjica

I'zziﬁnalinnl—'R“lEI‘ luati : ID i
™

V.

— X

Fig. 5: DC voltage control using Fuzzy Logic

NB NM NS PS PM PB

Membership
function

4 1

Fig. 6: Triangular membership function for input variables

0

In the fuzzification stage numerical values of tagiables
are converted into linguistic variables. Seven distic
variables namely NB (negative big), NM (negative
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medium), NS (negative small), ZE (zero), PS (pesiti
small), PM (positive medium), and PB (positive baye
assigned for each of the input variables and outpritible.
Normalized values are used for fuzzy implementatias
there are seven variables for inputs and outpuethee 7 x
7 = 49 input output possibilities as tabulated able 1. A
membership function value between zero and one haill
assigned to each of the numerical values in the meeship
function graph [11].
Table.1: Rule-Base Linguistic for Fuzzy Like PI

5‘\\~A{ NB | NM NS z PS PM PB
NB NB | NB NB NB NM NS Z
NM NB | NB NB NM NS z PS
NS NB | NB NM NS Z PS PM
Z NB | NM NS Z PS PM PB
PS NM | NS Z PS PM PB PB
PM NS Z PS PM PB PB PB
PB z PS PM PB PB PB PB
VII. SIMULATION RESULTS WITH

DIFFERENT CONTROL SCHEMES
As shown in figure 7 the SAPF installedsubstation

side the transmission line is 10km long and thed loa

consists of different single phase rectifier alse single
phase RL load with various values of current levels

Fig. 7: Matlab smulation of SAPF

7.1 UNBALANCE COMPENSATION USING PQ
THEORY

Most of the researches deals with the compensaifon

harmonics in three phase balance loads in spitieeomost

of loads are unsymmetrical. In this section thetanier

of the SAPF is developed in order to compensate . j ——
unbalance three phase distortion currents in faet t

instantaneous power pq theory generaté®ah&monics
when used in unbalanced voltage system []. Indaidion

we exam the pg theory to compensate unbalancenganli
loads in balanced three phase voltage systertigis that
this method failed to compensate these types afsl@s
shown in figure (8) the unbalance in currents isam as
well as the THD is high so the new hybrid contnolie

developed and compensate nonlinear asymmetric loads

based on using the dq and pqg theories also the wipu
PLL is replaced by the line currents rather thanubltage
as shown in figure (2) in section IV this is verffeetive

WWwWw.ijaems.com

and lead to perfect compensation of unbalance weistré
noted that the injected transformer consists adetsingle
phase transformers and used in both controller ogisth
this is also has a great effect for compensatirtzplamce
currents.

b
Fig. 8: Unbalance Compensation of nonlinear |oads
using pq theory

7.2 UNBALANCE COMPENSATION USING DQ

WITH opTHEORY
Asymmetric nonlinear loads are selected so that gemerate
highly unbalance and distorted line currents asvshion figure
(9). After the compensation the rms values of the turrents
are varies to a union average value and the THRimsmized
from 29.8% to 4.1% also the ripple in power flowésluced.
The injected current has a high ripple in ordecdmpensate
the high ripple in power flow. Comparing figure-d8 with
figure (9-b) the proposed controller is very effeet for
compensating asymmetric nonlinear loads those meyapent
in distribution system.

o o
=

Page | 1728



International Journal of Advanced Engineering, Management and Science (IJAEMS) [Vol-2, Issue-10, Oct- 2016]
Infogain Publication (Infogainpublication.com) ISSN : 2454-1311

Reference Currents
T T

i
wl " i
o fessases: A
ol

“C L - i I

egative sequence currents pu

wf T ] — T

ol LM

<r0 sequence currents pu

“r 1 o t T T
s o= ‘

L L |

s Fig.10: Reference currents and sequence line currents

A before and after compensation.
WMMWWWW Another type of asymmetry and dissimilar in linereat is
e — tested using this controller. One of the three phaads is
' 1 linear (RL load) while the two others are nonlineansists

| \ I N HHM | of the two single phase rectifiers and all of theswe the
W uwwww i different rms values as shown in figure (11).
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Fig. 9: Asymmetric and dissimilar nonlinear loads

,,,,,,,,,,

compensation with a low single phase linear load (a) i T S ]
voltage, line current, injected current, dc voltage, and THD WW\J\MMMWN i T
(b) three phase instantaneous and rms currents (c) power ' .
flow (d) injected power (e) THD of line currentsftie and — e
(f) after compensation ‘ ‘ ‘ S ‘ ‘
Al

, A
As shown in Fig. 10 the negative sequence and zero .. ~ V !
sequence is completely eliminated after compensatics

adding a new function of the compensator and lgads
reduces the power loss and improve the capacitthef

transmission line and increase the efficiency @& thain . WWMMWWMMM
power transformer of substation. R R N N S R AN A AR R SR AR AR AR

d
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Selected signal: 25 cycles. FFT window (in red): 2 cycles
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Selected signal: 25 cycles. FFT window (i red): 2 cycles

Fig.11: Asymmetric and dissimilar nonlinear loads
compensation with a low single phase linear load (a)
voltage, line current, injected current, dc voltage, and THD
(b) three phase instantaneous and rms currents (c) power
flow (d) injected power (e) THD of line currents before and
(f) after compensation
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Fig.12: Asymmetric and dissimilar nonlinear loads
compensation with a high single phase linear 1oad (a)
voltage, line current, injected current, dc voltage, and THD
(b) three phase instantaneous and rms currents (c) power
flow (d) injected power (e) THD of line currentsbefore and
(f) after compensation.

7.3 FUZZY LOGIC BASED UNBALANCE
COMPENSATION USING DQ-PQ THEORY

A fuzzy logic control is also used in SAF for compating

unbalance nonlinear loads. As shown in figure (fl8

response, THD, and the ripple in power is modifigte
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THD is reduced to 3.57% compared with Pl controfler
THD was 4.66% absolutely this leads to decreagippie
of power flow.

A C—
fam (IR | ]

Selected signal: 38.5 cycles. FFT window (in red) 2 cycles
T T T T

Time (s)

x10° Fundamental (50tz) = 0.4465 , THD=3.57%
T T T T T T

Fig.13: FLC for asymmetric nonlinear loads
compensation(a) voltage, line current, injected current, dc
voltage, and THD (b) three phase instantaneous and rms
currents (c) power flow (d) injected power (€) THD of line
currents before and (f) after compensation

VIII. CONCLUSION

Unbalance harmonics currents cause a high ripppoier

flow, increase the losses and effect on the PCCctivanect
another loads.A pg theory could not compensate lanba
nonlinear loads even in three phase balance vottgstem.
The proposed dg-pq theory has the ability to corsgtn
unbalance nonlinear load as well as dissimilar loadents
efficiently. The angular frequency based on lingrent

rather than the voltages this has an evident effecthe
compensation. The proposed controller minimizegithyae

in power flow. Referring to all the figures it itear that the
real power consumed for compensation is equal o aed

the compensation is not effect on the power flowthaf

power system. Finally, FLC improve the performaatée

SAPF and reduces the THD from 4.66% to 3.57%.
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