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Performance Evaluation of 3-Phase Series
Active Filter in a Grid Tied PV-System
employing Sinusoidal Current Control Strategy
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Abstract: The basic aim of the electric power sector is to
produce power as when required at the suitable sites, then
transmitting and distributing to various load centres or
consumers, retaining the quality (sustaining frequency and
voltage at stated value) and fidelity of supply at an economical
tariff. The primary purpose is to have a brief idea about various
power quality advancement techniques and to learn the prospects
of various harmonic mitigation methods with a focus on
Sinusoidal current control strategy (SCCS). The SCCS is a time
domain control strategy established on instantaneous p-q theory.
The control strategy has been elaborated here in details and has
been implemented using MATLAB 2016A. The results have been
given and described in details explaining efficacy of the above
control strategy. Since sinusoidal current control strategy is a
simple and effective control strategy it has tremendous potential
for application in the Distributed Generation oriented system.
Further researches can be extended toward application machine
learning techniques for the improvisation of control performance
of the active power filters.

Keywords: Custom Power Devices, Power Quality, Series Active
Power Filter, Sinusoidal Current Control Strategy.

I. INTRODUCTION

These days' consumers are very much aware of receiving

quality power; therefore they stand as a challenge before the
suppliers for hassle-free power delivery. Although a rich
quota of power is produced, still it is tough and questioning
for power engineers to harmonizing the multiplying
anticipations to draw high quality of power which only be
viable through the mitigation of harmonics in power system
especially resulted due to nonlinear loads. Utilities have
already taken many measurements in this regard however
opportunities lies for advancement in power quality (PQ)
which is a convoluted idiom and needs to be elucidated. In
general, quality of power infers moderate frequency
interruption, inadequate amplitude and duration of over and
under voltages as well as modest harmonic distortion, poor
voltage flickering at the source end, besides diminishing
share of phase unbalancing, supply frequency fluctuation,
etc. The inadequacy of quality power ultimately results in
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production fall, damage to appliances, increase In voltage
drop, intervention with communication lines and many more.
The power system devices such as end user appliances,
overhead transmission lines, underground cables,
transformers, rotating electric machines, and protection
systems are harshly concerned for poor voltage quality. To
mitigate the voltage related issues, static synchronous series
compensator (SSSC) can be considered as one of the most
effective solutions, but it has certain demerits [1-2]. They are:
¢ Rectification is not possible.

e SSSC has to maintain DC link voltage itself, hence cannot
control active and reactive power at the same time.

e SSSC is more capable to mitigate the voltage related issues
properly but is less reactive towards the current related
issues.

e Due to many switches and energy storing elements, SSSC
becomes bulky.

e It is also not economically viable to use SSSC in
distributed energy environment.

Therefore the most common harmonic filters were passive
harmonic filters where a series inductor and capacitor (form
an LC tuned circuit connected across the supply mains) are
used for mitigating the harmonic current distortions in power
industry. As the shunt passive filter characteristics are
determined by the impedance ratio of the source and the
shunt passive filter, hence shunt passive filter has the
following issues:

e As passive filters are installed rigidly in place and the
passive elements in the filters have very less therefore the
tuned frequency and the size of the filter has a hard chances
of change resulting it unsuitable for changing system
conditions, i.e., not dynamic in nature (operation is
independent of varying load and utility source impedance).

e The parallel resonance between the system and filter
results in amplification of current at harmonics restricting a
designer to select tuned frequencies to ensure enough
bandwidth in between shifted frequencies and harmonics
(odd and even).

o The earthed neutrals of star connected banks support a low
impedance path for 3 harmonics resulting magnification
in few cases.

e Requirement of distinctive protective and monitoring
devices.

o Passive filters are unsuitable for loads like cycloconverters

or power system with inter-harmonics.
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o Passive filters having negligible control on reactive power

limits the increase of load demand.

o Size of the filter becomes bulky for THD control resulting
overvoltage with the banks are switched in and under
voltage with switched out.

e It posses resonance problems, system impedance
dependency performance, absorption of harmonic current
of nonlinear load, etc., further leading propagation of
harmonics through the power system.

Apart from that, it is only helpful for the part of the
electrical system upstream of the filter connection point, i.e.,
harmonics continue to flow between the downstream loads
and the filter's point of connection limits its use to a few
harmonics with a huge chance of introducing resonance
further into the power system.

Different active power filters (APFs) are the probable
alternative for diminishing the effects emerging because of
non-linear loads on the power network which passages to
recompense harmonics produced by nonlinear loads. To
accomplish compensation, generation of the reference signal
signifies the design outcome required for active filter
controlling. Somewhat adoption of filters armors electrical
appliances that is distorted by low PQ and bypasses the
propagation lead to instabilities in the power systems. Many
control strategies have been realized, out of which the most
effective is sinusoidal current control strategy for mitigation
of the harmonics and also others PQ issues as generated due
to unbalanced or unstable system owed to the non-linear
loading condition [3].

Il. ACTIVE POWER FILTERS (APFs)

APFs as a PQ improvement equipment operate
miscellaneous non-linear loads conferring current injection
that abort the presence of harmonics current in power system.
Further it customizes the power factor through reactive
current compensation.

Advantages of an active filter are it can remove all types of
harmonic currents from the sensitized non-linear loads, i.e.,
for lagging loads, it can compensate and behaves as a
damping resistor to prevent from harmonic resonance. Also,
the capital cost of active filters is low as it requires reduced
ampere rating. It also provides other advantages that reduce
the PQ issues like reduces the voltage fluctuations, voltage
regulation, and load balancing. APFs provide an adaptable
answer to various PQ issues penetrating harmonic voltage or
current with suitable amplitude and phase angle into the
system cancelling the nonlinear load harmonics.

Based on PWM converters APFs are associated in series or
shunt to the distribution system. Therefore, according to the
connection, there are three types of active filters i.e. shunt
active power filter (ShAPF), series active power filter
(SAPF) and hybrid power filter (HPF).

The Hybrid power filters (HPFs) are alloy of active and
passive filters that assists in appreciable cutback in the rating
and expenses over filters. These filters are competent in
damping out harmonic resonances rather compensating for
harmonic currents only [4-5]. The series hybrid active power
filter (SHAPF) are used due to its multitasking features, but it
is incapable to handle various PQ issues as a single operating
devices, i.e., sags, swells, notches, unbalancing, etc.

The filtering characteristics of ShAPF depend on the
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source impedance (inductive in nature), more is the source
impedance result with better filtering characteristics.
Nevertheless, the source impedance should be insignificant at
the fundamental frequency to reduce the voltage drop
appreciably which can be fascinated by the insertion of series
active impedance with the ac source. The active impedance
can be realized by the SAPF through the voltage source
PWM inverter.

The SAPF performs as administrable voltage source and
ShAPF as administrable current source. Both of these designs
are executed desirable with VSI, with a capacitor acting as a
dc bus.

I1l. SERIES ACTIVE POWER FILTER (SAPF)

The SAF is a series connected device with the power
supply used as a voltage booster with its voltage
compensation characteristics acts as a constant voltage
source (CVS) [6-7]. A single-phase SAF has been designed
S0 as to operate bidirectional avoiding the use of dc capacitor.
Furthermore it posses simpler implementation towards
hardware control [8]. The SAPF is customarily accustomed
to mitigate anomalies in voltage and other PQ problems.
They are more adequate in compensating the current issues as
compare to shunt compensators.

A. SAPF Configuration

The schematic diagram of SAPF has shown in Fig 1; which
consists of two components, i.e., PWM voltage control and
active filter controller (AFC).

Ve =
/\J L1— ’_nn-nm‘
Non Linear
VSI
PWM

SOURCE
Load
teo—x= Voltage
Control
~

L]
.

] |
— Reference
Voltage

Fig. 1. Schematic Diagram of SAPF

C
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CONTROLLER

Current ——

The elemental SAPF voltages are incorporated by the
converter with a familiar dc capacitor. The set voltage for this
converter is calculated through the AFC presented in Fig 1
has the input signal as load voltage and load current (same as
source current). A PWM voltage controller will be processing
power and incorporate the compensating voltage to be
depleted from the network. AFC will transform the signal to
interpret the real-time instant compensating voltage to pass
through continuously to PWM converter. The SAPF operates
in a closed loop method sensing the voltage and computes the
instant values of the compensating/series voltage reference

* .
value v for the PWM controller. A voltage source inverter
C

(VSI) has been used in SAPF for its higher efficiency, low
initial and compact size.
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It is acclaimed without any supply rather associated with a
capacitor as an energy storing component linked at dc end of
the converters for SAPF to perform like a compensator. In
supplement, zero average energy interchange among the
power filter and the power system is observed.

IV. CONTROL STRATEGY OF SAPF

The design of the controller for SAPF is not so easy when
applied in power system as the supply voltage itself is already
unbalanced and/or distorted. The aspects of compensation for
the active filter may be determined by the control algorithm
as enforced in the SAPF controller.

The 3-¢ Four-Wire system recognizes all line currents to
be sovereign unlike 3-¢ 3-Wire system where both of them

are autonomous, i.e., for a 3P4W system, i1, 1. are

independent to each other whereas for a 3P3W system,
among the three currents two of them are independent. There
are several reasons for considering the 3-¢ 3-wire system.
One of the major advantages is the easiness of controlling the
line current harmonic values in pg-reference frame, which
simply converts 3-¢ 3-wire currents and voltages into 2-¢
mutually independent quantities, so that easier control is
possible in pg-domain.

The design of the controller for SAPF is not so easy when
applied in power system as the supply voltage itself is already
unbalanced and/or distorted. The aspects of compensation for
the active filter may be determined by the control algorithm
as enforced in the SAPF controller.

The 3P4AW system recognizes all line currents to be
sovereign unlike 3P3W system as both of them are

autonomous, i.e., for 3PAW system, i_ i, i are independent

to each other whereas for 3-¢ 3-wire system, among the three
currents two of them are independent.

There are several reasons for considering 3-¢ 3-wire
system. One of the major advantage is the easiness of
controlling the line current harmonic values in pg-reference
frame, which simply converts 3-¢-3-wire currents and
voltages into 2-¢ mutually independent quantities, so that
easier control is possible in pg-domain.

* A steady instantaneous source active power
* A sinusoidal source current

* The minimum supply RMS current which transfers energy
to load with less loss in the transmission line, i.e., the
corresponding  source current and voltages are
proportional.

For non sinusoidal as well as irregular supply voltages,
compensation of load voltage is carried by the SAPF assuring
for a single optimal compensation only. Hence, according to
the choice of preferences the design of the controller for a
SAPF is made which is the major cause of inferring
sinusoidal current control strategy.

V. SINUSOIDAL CURRENT CONTROL STRATEGY

Sinusoidal current control strategy (SCCS) is based on
instantaneous power theory, which is based upon the
transformation from abc- frame to af0- frame. But the reason
for not adopting control in abc- reference frame is that in 3-¢
system the 3-phases are mutually dependent on each other, so
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independent control of the quantities is difficult. To make the
control simple, 3-¢ quantities are converted into 2-¢ mutually
independent quantities, so that easier control is possible in
pg-domain, which is a stationery reference frame as proposed
by H. Akagi. The purpose for choosing this control strategy is
its simplicity in implementation. So far several applications
on this strategy have been seen in different literatures. For a
system with multiple renewable energy systems integrated,
implementing a robust control becomes cumbersome, as the
control of renewable itself requires a lot of complexities
[9-11].

The control involves 3-¢ quantities first converted into 2-¢
quantities. Then these 3-phase quantities are used to evaluate
the instantaneous powers in time domain, both instantaneous
active as well as reactive power can be estimated. By using
low pass filter, the harmonic power can be extracted, which is
accustomed with the generation of compensating current with
the known zero sequence power. The neutral point clamped
capacitor voltage can be used to evaluate the zero sequence
power. Hence the above mentioned method is termed as
sinusoidal current control strategy (SCCS) as the
compensating current is sinusoidal in nature.

Advantages of pg-Theory over all other compensating
theory are it can be valid for both steady state as well as
transient state. Instantaneous power can be defined on af0-
frame i.e. in three phase form. So, three phase system can be
considered as a single unit but not the addition of three
individual 1-¢ circuits. abc- frame to af0- frame
transformation is also known as Clarke transformation.

For appropriate expression, zero sequence power, po is
expressed in terms of af0- frame of reference, as the
instantaneous watt power, p and instantaneous VAR power, g
are known from the instantaneous power theory.

Mathematically:

Po Vo © ° lio
p |[=| O va Vﬂ |-a ——————— (1)
q (0] Vﬂ _Va '

Here, the 3-¢ instantaneous active power is defined by
both instantaneous active power with the instantaneous zero
sequence power. In case of 3-¢ 3-wire (3P3W) system,
instantaneous zero sequence power does not exist so for this
type of system, Ps4 can be treated as p only. But for
3-¢-4-wire (3P4W) system it may be noted as follows:

P3_¢ =Val g VitV io=v i +Vﬂ|ﬁ +v0|0 =p+ p0 -——(2

cc

But for 3-¢p-3-wire system,

P3_4=V i +V ig-—-----rm— 3)
@ o «a yis B

Whereas,

p= P + P )
Average Value Oscillating Component

of the Active Power  of the Active Power
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From (4), it is observed that instantaneous active power can
be divided into two parts i.e., pand p , where p is referred to
the average value or dc value of active power which implies
total energy transfer in the system and p defines the
oscillating component of active sequence power and the
instantaneous reactive power can be defined as:

. . 1 . . .
A=Vplg ~Vo'p =E(Vab'c +Vpcla +Vca'b) ——————— )

Where, i

. 0p,1,andV,,V,,V are the instantaneous current

15,1, and

V, are the instantaneous current and voltage in

in abc - frame, whereas

l,.

and voltage
Vi, Vg,
a0 —frame.

As the converters used now a days are basically acts a
non-linear load, the energy flow between the systems has a
boundary condition. Comparing to the response of the
converter and the generation of harmonic components and
reactive power with the traditional mode, the analysis of
different type of power is not sufficient using average or rms
value as variables. So in a nonlinear circuit, time domain
analysis has to be carried out for analysis of energy flow.

A 3-¢ sinusoidal voltage which consists of only positive
and zero sequence voltages are considered for the realization
of zero sequence power. Symmetrical component in
frequency domain only is applicable for steady state
operation. Hence it can be converted into time domain for
analysis of both steady state and transient state. For voltage,
(6) is used as follows:

Vg = \/Ev+sin(a)t+<9v+ )+\/Evosin(a)t+0vo )
. 2 .

Vp :\/§V+sm( wt—?”+t9v+ )+\/Evosm(a>t+9v0 )r————(6)
) 2 .

Vo = \/EV+S|n(a)t+§+0V+ )+\/Evosm(a)t+0vo )

Whereas (7) used for current is as follows:

i :\E|+sin(wt+ei+ )+\/Elosin(wt+9i0 )

i :\/El+sin(a)t—2—;+9i+ )+21gsin( t +0ig )

. . 2 .

ic :\/El+sm(a)t+?+9i+ )+\/§I05|n(a)t+9i0 )

In order to obtain zero sequence components, the above
equation is required to be converted into af0-frame by using
Clarke transformation. For voltage, (8) is used as follows:

v, = +\/§\/+ sin(at + 6’V+)

Vg =3V, sin(et+6, )p———————- (8)
Vo = +\/€V0 sin(wt + 49\,0 )
Whereas (9) used for current is as follows:

i = /31 sin(wt+ 6 )

i = /3l sin(wt +6 )p———————— )

ig = +V6l1gsin(at + %)

From (8) and (9), the instantaneous zero sequence power
can be obtained as:
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p=3glg cos(QVO —9.0)—3\/0I0 cosRat + 6, +‘9i0)
=p=pPpp+Pg———————————————————— (10)
So the instantaneous zero sequence power can be divided
into two parts which consists of average power and
oscillating component of power which is at double the line

frequency. Here ﬁo is unidirectional energy flow as

conventional active power and ’|50 represents the oscillating

component whose average value is zero. Interesting fact
about zero sequence power is pg cannot be obtained alone

without the oscillating component B, . Hence the total zero

sequence components always associated with both average as
well as oscillating component [12].

In the case of pg-theory, the instantaneous power so
obtained is in time domain without consideration of the rms
value of voltage and current. It also comprises of
conventional frequency-domain concept for which the theory
is not the contradictory theory rather it is the complementary
theory in frequency domain.

The instantaneous zero sequence power components in the
elemental voltage and current or in harmonics have no impact
on instantaneous watt power and reactive power. The total
instantaneous watt power is always same as the addition of
instantaneous true power and zero sequence power that
includes both average and oscillating components. The
instantaneous reactive power reveals the energy exchanged
between system even in the harmonic and unbalance
condition.

The physical implication of instantaneous power in

af0-frame has been illustrated in Fig 2.
P+P — .

5

a al 1, Va
SYSTEM X' b ‘b Vb SYSTEM 'Y
i v, ‘[
0

N

Fig. 2. Physical implication of instantaneous power in
af0-frame

p+ p0 — Total Instantaneous unit-time power flow.

q — Exchange of Power between 3-phases with zero

energy transfer.

As shown in Fig 2, the total instantaneous active power
flow and instantaneous imaginary power flow in between the
two systems, i.e., source and load for a power distribution
system. Imaginary power shows the energy exchanged
between the phases not the energy transferred from one phase
to other phase. The watt and var current units are obtained
from the instantaneous abc voltages and currents are
represented as:
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[_ia} 1 {Va Vg ]{p} 1 [Va vg }H_(m
' v§+v% Vg Va0 v§+v% s Va9

Active Part Reactive Part
With the use of Inverse Clarke Transformation abc real
and imaginary current may be obtained as follows:

i 10 -

a(p) 2] 1 J3 (Va'a+vﬁ'ﬁ) v, "
be) | V3|2 2 2.2 L) 4
| 'c(p) 1 3 b

L 2 2 ]

And

!a(q) Vabic * Vbeia + Veaib Vbe

Ib(q) = 5 > > VCa —————— (13)
ic(q) Vab *Vbc *Vca Vab

Whereas V,,, V.,V are the line voltages which can be
obtained as follows:
Vab =Va ~Vb:VYbc = Vb ~Vc:VYca = Ve — Va
Also i Ao i and i Ji i _are the real and
a(p) b(p) c(p) a(q) b(g) c(q)

imaginary current components which generate real and
imaginary power respectively.

The line voltage does not contain any zero sequence

componentas: v.. +v. +v =0.
ab bc ca

As the line voltage is free from zero sequence components,
hence (12) and (13) can be re-written as:

ia| |lo| [lam | |'a(@)
' | =10 |+ Ib(p) [*]b(@) | =777 (14)
lc ] ol [lepy | [le(a)

Among the two classifications of instantaneous power
theory, one of them has already been described, i.e.,
instantaneous pqg — theory. The other one is instantaneous
abc — theory where use of Clarke transformation (abc — to
a0 —transformation) is avoided. In this process instead of
calculating real and imaginary power, active and non-active
current is computed from abc phase voltage and currents
[13].

A. SCCC for SAPF

As there is a question over the selection of the SAPF, then
few reasons can be broadly listed as:

* It is hard to comprehend a large-rating PWM converter
with swift current respond and low loss in compensating
the harmonic components with high efficiency as in the
main circuit of ShAPF.

* Injected currents by ShAPF may flow into the capacitors
connected on the power system.

Apart from the above, SAPF compensates the current
distortions resulted due to non-linear loads with an
appointment of high impedance path (by the wvoltage
generation of equal frequency of same current harmonics to
be waived) enforcing the high frequency current to pass
through the passive filter in parallel.

Based on the above discussions the proposed work is once
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again carried out with the simple control strategy on
instantaneous pq — theory on SAPF, which is applied on a
3P3W system. The basic block diagram of a 3P3W SAPF for
compensation of voltage is illustrated in Fig 3.

- - - === 1

a | Vea |

e - I

\b Vio la J Vs |l Vo
— w00 - r s
/\j v, b | Y TIIA | Ve (]
| ve | >
c 1 0 1 o
ELECTRICAL POWER — NIy
GRID TV‘ (A kLl I Tv(

|

I

I

|

I

|

INVERTER

CONTROLLER

|
I;t::
+
=

Fig. 3. Basic block diagram of 3-P-3-W SAPF

The SAPF is for compensation of voltage. The input for
the control block meant for calculation of the instantaneous
power is the phase voltages at the PCC and the line currents
of the nonlinear load for compensation.

Assuming no zero-sequence current, the relation among
the source voltage, load voltage and active filter voltage is
given by,

Vsa Va VCa
Vep |=| VYo |~ |Veb |/ ————— @as)
Vsc Ve VCc

The basic SAPF voltages are synthesized by three 1-®
converters with common dc capacitor. The reference voltage
for these converters is computed by the AFC as per Fig 3.
Here the voltages are calculated by the dual pg - theory
(assuming the known current component, real and the
complex powers though which the voltage components to be
calculated) as given in (16):

pl=|0 iy gy |-————————- (16)
q 0 —i i Y,
B la VP F

rom the above equation, the oscillating real power p and the
oscillating imaginary power g ,assuming the zero sequence

power pgand pgare to be zero due to zero-sequence current.

With these oscillating powers, the instantaneous voltages to
be injected by the SAPF for load harmonic voltage
compensation by using:

VCa|__1 e ~ip m —————————— an
Véﬂ i2+i§ Iﬁ lo q

a

A certain amount of Ap should be added to p with an
objective to compensate the losses.
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The reference voltages VZ and V::b can be converted to the
a

abc - reference by:

Véa 5 1 v
Véb — \/; _ 1 \/_/ [VCa:| _________ (18)
| V3l 1 g |

The SAPF generates the voltages mentioned in (18) for the
harmonic voltage compensation in the load producing
oscillating active and reactive power at the load end. This
approach confirms the voltage from the source side have
purely sinusoidal waveforms. The control block diagram of
the SAPF has been illustrated in the Fig 4.

abe— af Transform Ve

Power Voltage Reference
Calculation Block Calculation

ok 5 o

L |

]

iR
=1 i

o=t
L3l g

Vi
A
- 8
Lo w
L ]
L af - abc Transform
P u
Bl 1 '1
-2 2
g 4 [ I iF ﬁ
- s 3t
w -
jﬂ
abe - af Transform
L)
ih _— H V2 VT NE| PWM Generator
o NI 14|
tg[= ; 1 == a= |:,]
Lh I ]
LB FIRING PULSES

Fig. 4. Control circuitry of SAPF

The voltage v::abc are the voltage that needs to be obtained

for compensating the harmonic component of load, which
produce the oscillating real and reactive power. The source
and load voltages thus obtained are purely sinusoidal in
nature.

AC Source Measurement | | Series § | Load
: Block : Transformer A
A A 1
I v
Control p  Series
Circuitry p  Inverter
PV Boost Inverter
Source Converter —

Fig. 5. System Block Diagram for SAPF

Fig 5 illustrates the SAPF based detailed modelling of grid
connected renewable system.

The SAPF integrated to the system that is implemented to
take care of power quality related issues and to inject grid as
well as load desired power. It consists of a PV system whose
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voltage is stepped up by a boost converter.

VI. SIMULATION ANALYSIS

To validate the efficacy of the suggested sinusoidal current
control strategy through SAPF the simulation was carried out
on a 3P3W system for non-linear load. The proposed strategy
was simulated using MATLAB/SIMULINK 2016a with a
system having Intel Core i5 processor with clock frequency
2.4 GHz, 8 GB RAM. The analysis of SAPF was carried in
different environments.

The load parameters considered for the simulation are
given in the Table I.

Table I: Load Parameter

Parameter Value
Load Resistance 60Q
Load Inductance 0.15mH

Grid Voltage 230 V (RMS)
DC Link Capacitance 2000pF
PV Voltage 104V

The simulation was carried out as per the system model
given in Fig 5 and the control strategy explained in Fig 4.

The Fig 6(a) represents the performance of supply
considering the SAPF. This SAPF is resulting source voltage
characteristic in phase and the Fig 6(b) presents the
performance of the source current of a 3¢3W system. It is
observed that the sinusoidal current control strategy in series
active filter maintains sinusoidal behavior of source voltage
whlle load voltage harmonics is compensated.

Source Voltage
T

T T

,lr IR (’ s' s’ It
3‘11 L (m” F

Voltage(volt)

Time (seconds)

(@)
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Because of nonlinear load (i.e., RL rectifier circuit) the load
voltage was found to be distorted and unbalanced in absence
of compensation, but applying sinusoidal current control
strategy, the characteristics shows the load voltage becomes
balanced and smooth as shown in Fig 6 (a) and 6 (b).
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The circuit breakers (CB) were a given a time delay of 0.1
sec to see the actual performance before the inception of the
SAPF into the circuit. The non-linear behaviour of the load
giving rise to distortions can be seen during the first 0.1
second. After this, due to the effect of SAPF on the system
the balanced and distortion free voltage can be observed.
These waveforms disclose the compensation of SAPF for the
disturbances at the source end.

The Fig 7 (a) and (b) show the load voltage and current
waveforms respectively. The load voltage was found to have
231 V RMS value and load current is found to be having an
RMS value of 3.53 RMS value.
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Fig. 7. Load End Parameters: (a) Load Voltage (b) Load
Current

Due to the application of Sinusoidal current control
strategy the load voltage and current waveforms are found
sinusoidal. Further the strategy is applied to variable grid
voltage condition to see the performance of series active filter
compensation. The figure 8 shows the grid voltage at

different instances.
Grid Voltage

Grid Voltage(V)

0 05 1 15 2 U
Time(Sec)

Fig. 8. Grid injected voltage

There is voltage sag between 0.5 sec to 1 sec and voltage
swell in between 1.5 sec to 2.0 sec. But the series active filter
able to maintain the voltage level fixed at 311V RMS. The
injected voltage by the series inverter is shown in the above
figure.

The load voltage is fixed due to the voltage injected by a
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SAPF which can be observed in the Fig 9.

Load Voltage

Load Voltage(V)
d "~
=
S

Time(Sec)
Fig. 9. Load voltage

The injected voltage adds up to grid voltage during 0.5 sec
to 1.0 sec and nullifies during 1.5 sec to 2.0 sec. Here it is
found that the response of the SAPF is quite fast and it tries to
maintain the desired load voltage by injecting the
compensating voltage.

The series injected voltage at the series transformer

terminals is presented in Fig 10.
Series Injected Voltage
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Fig. 10. Series inverter injected voltage

There was an injection of voltage during voltage sag from
0.5 seconds to 1 second. From 1.5 second to 2 seconds there
was an interruption, taken care by SAF by injection of
voltage during the same period.

The harmonic analysis of load voltage is obtained as seen
in the Fig 11.

Fundamental (50Hz) =311.5, THD=0.74%
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Fig. 11. Harmonic analysis of load voltage

The THD in load voltage is found to be 0.74%. The RMS
value of load voltage is 311.5 V. Presence of higher order
harmonics are suppressed by SAF which can be seen from the
THD analysis. The grid current is shown in Figure 11 and its
harmonic analysis is given in the Fig 12.
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Performance Evaluation of Series Active Filter in Grid Tied PV System employing Sinusoidal Current Control
Strategy
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Fundamental (50Hz) = 8.623 , THD= 22.35%
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Fig. 13. THD of Grid current

The THD in grid current was found to be 22.35%. The
RMS value of grid current was 8.623 A. Presence of 5™ order
harmonics has been suppressed by SAF significantly. Its
magnitude in respect of fundamental is found to be below 20
%. The SAF based on sinusoidal current control strategy
offers assurance against voltage sag and swell. Besides this, it
offers harmonic isolation to load voltage, as evident from the
results. The THD in load voltage is found to be 0.74 percent
which is quite satisfactory. The performance of series active
filter can be validated by comparing the performance of some
other techniques proposed by other authors, which is given in
the Table I1.

Table Il: Validation Table for Series Active Filter

Author Proposed Methodology Grid Voltage
THD
Wang et al. [14] Hybrid control approach 5.7%
based on reference
generation
Kim et al. [15] Shunt Active filter with 1.37%
LCL Filter
Proposed Sinusoidal Current Control 0.74%
Sinusoidal Current | Strategy applied to Three
Control Strategy Phase Three Wire Strategy

VIl. CONCLUSION

The conceptual analysis of SAPF, by sinusoidal current
control strategy has been executed for 3P3W system along
with passive and non-linear load. Even the voltage and
current in 3-®s are jeopardise towards the disturbance in the
transient state, the adopted control strategy provokes drawing
of steady current during steady state loading conditions. The
load voltage at load terminal was obtained sinusoidal and
balanced irrespective of sag, swell.
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