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Abstract-- Filtering is the significant criteria to keep up
power quality improvement in the three stage three wire
framework. Presently Active powers Filters (APF) are generally
preferable for this reason. Traditional P1 control techniques are
disadvantageous in Kkilling high harmonics, created by the
second harmonics at the DC link of a shunt APF. This paper
proposes PR control strategy which invalidates second
harmonics and provides better execution exactness contrasted
with the conventional positive-succession control technique and
Dc link voltage control technique separately regarding quality
improvement and cost adequacy. The execution of the proposed
technique is shown through reproduction and test comes about.

Index Terms-- Shunt active power filter (APF), 2"¢ harmonic,
control methods, proportional integral control (Pl),
Proportional resonant control (PR), unbalanced and nonlinear
load

A. INTRODUCTION

Step by step our requirements are expanded as far as power.
Necessity will make trouble on power quality. Presently a day
the vast majority of the heaps are nonlinear because of
utilization of power electronic devices like semiconductor
devices utilized as a part of rectifiers and inverters, switching
power supply and other power electronic converters. To
overcome above problems shunt APF is perceived as savvy
answer for repaying harmonics in low and medium power
applications.

By and large PI controllers are assuming real part to control
shunt APF. For three stage Systems synchronous frame Pl
controllers can be utilized however it requires computational
weight if there should be an occurrence of different frame
changes. To overcome above we are preferred to utilize
Proportional resonant controller, which is having comparative
frequency response characteristics. PR controllers are utilized
for reference tracking as a part of the stationary reference
frame. The fundamental usefulness of a PR controller is to
present infinite gain at a chose resonant frequency for taking
out steady state error at that frequency.Theoretically, an
integrator whose DC gain compels the DC steady state error
to zero similarly resonant bit of the PR controller whose AC
gain (Gl) constrains the AC steady error to zero. Due to above
focal points go for PR control technique. Under an
unbalanced load the fundamental positive and negative-
sequence segments will present into the system. The
interaction of positive and negative sequence part of
switching capacities and AC currents of the APF produces
2nd harmonic ripple on the DC link of the APF, which will
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infuse 3rd harmonic segment in the AC currents of the APF
and line currents. In addition nonlinear load will infuse high
harmonic segments into the load current. The interaction of
positive and negative sequence switching capacities and high
harmonic AC currents of the APF produces high order even
harmonics on the DC link voltage of the APF, which make
high order odd harmonics into the APF AC currents. It will
lead to deterioration of execution of the system. It will
provide more weight on the dc link capacitor, which will
reduce life cycle of the dc link capacitor [1-3].

A few methods are proposed in the papers [1], [5] and [6]
to improve execution of the system. Methods, which are
proposed in the above papers, are used to wipe out just the 3rd
harmonic of APF AC current, consequently to reduce the
distortion of the line current however high harmonics can't be
reduced, Moreover the even harmonics on the DC link side
still exist

By utilizing customary positive sequence control method we
can't wipe out 2nd harmonic voltage totally from the DC link
voltage. Proposed method in the paper [2] can kill 2nd
harmonic voltage totally from the DC link. In any case, the
controller is unpredictable.

To overcome above disadvantages of the control method and
arrangement harmonics at both DC side and AC side of the
APF, PR Control method is proposed in this paper. This
method is implemented with straightforward controller. PR
filters can likewise be used for creating the harmonic
command reference precisely in an active power filter,
particularly ~ for  single-phase  systems, where d-q
transformation hypothesis is not directly relevant. Another
advantage associated with the PR controllers and filters is the
possibility of implementing selective harmonic compensation
without requiring excessive computational resources.

The remainder of the paper is organized as follows section
2 describes mathematical modeling of active power filter,
section 3 presents control strategy. Finally, the simulation
results and conclusion are given in section 4.
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B. MATHEMATICAL MODEL
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Fig.1 Basic current harmonic scheme of an unbalanced load
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Fig.2 The conventional PI control Diagram.

Average current flowing through DC link of the APF under
an unbalanced load is [2]
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DC link voltage of APF [2]
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Where |2 is magnitude of second harmonic component of DC
link current of the APF. We can represent equation (2) in the
form of

u =U_+A sinot+a )
(©)

Where g™, igg?" are conjunction vector positive and
negative sequence parts of APF currents in the pivoting
synchronous frame, individually dqq™, daq? are vector of
switching capacity positive and negative sequence in the
turning synchronous frame, separately. From (2), we can tell
that the 2nd harmonic ripple shows up on the DC link
terminal due to the interaction of positive and negative
sequence segments of information currents with switch
capacities.

Since DC link voltage contains the 2nd harmonic in (2), the
yield of the PI controller of DC link voltage, i.e., the reference

current for APF current circle, can be given as (DC thing is
neglected).

A .
T i i (we+i) _(ws+i)
i, =AgsinCot f) =" " e )
4

Where Ai = A€, , s the error of the voltage control loop
and subscript “*” means reference value.
From equation (4) it can be seen that 2" harmonic
component still exist in reference current, which we are
getting from output of the PI controller. The output of the
APF current compensator is obtained as

A ,
- . v Qot+p,) -iQat+p)
v :Av3|n(2a)et+ﬁv):7(ej ¢’ )
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Transforming equation (5) into the form in af stationary
frame, equation (5) is written as
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In equation (6) the 3rd harmonic part shows up in the APF
current such harmonic results in a 4th harmonic on the DC
link voltage and DC link current of the APF, which causes
high order harmonic in the APF AC currents. These
harmonic flows into the line and deteriorates the execution of
the system.

In addition under the nonlinear load, load current contains
the fundamental negative sequence segment, as well as high
order harmonics 6k £ 1, where k=0, 1, 2... ... interaction of
these high order harmonics and fundamental negative and
positive sequence segments leads to a progression of high
harmonics 2k, k = 0,1,2... .. at DC link, e.g., 2nd ,fourth
,sixth ... ..

Three phase proportional resonant (PR) exchange capacities
are used for the detachment of positive and negative sequence
segments. When all is said in done proportional basic
exchange capacities are used for the division of positive and
negative sequence segments however it requires
transformation from stationary reference frame (af) to
synchronous reference frame (dq), which will expand the
computational exertion. Subsequently we use PR move
capacities as far as stationary reference frame. Here we need
to do turn around transformation from dq to af. The inverse
transformation can be performed by using the following
2x2matrix:

Gupl9) = =

5 |: qul + qu2 @

deql— deqZ
— JGugr + jGdq2

Gdqr + Gdg2

Where Ggq1 =Gag(stjo)

Gagz =Gug(sHj)
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Given that Gg(s) = Kp + Kifs and Ggy(s) = K, + Ki/(1
+(s/wc)), the equivalent controllers in the stationary frame for
compensating for positive-sequence feedback error are
therefore expressed as:
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Similarly, for compensating for negative sequence feedback
error, the required transfer functions are expressed as:
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Comparing equations (8) and (9) with (10) and (11). It is
noted that the diagonal terms of Gus*(s) and Ggs(s) are
identical, but there non-diagonal terms are opposite in
polarity. This is inversion of polarity can be viewed as
equivalent to the reversal of rotating direction between the
positive — and negative- sequence synchronous frames.

Combining both the equations, the resulting controllers for
compensating for both positive- and negative- sequence
feedback errors are as expressed as:
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Equations (7- 13) are getting from [3]
In this paper | have used equations (9) and (11) for separation
of positive- and negative-sequences in the PR control method.

C. CONTROL STRATEGY

Our control system is to kill 2nd harmonic at the DC link
voltage of the APF under an unbalanced load condition. As
from above investigation, the fundamental negative sequence
part is the explanation behind production of high harmonics
in the line current and also DC side of the APF. In this way,
we must be diminished the fundamental negative sequence
segment of APF, along these lines, drop the harmonics in the
system. In order to understand this article, we need to keep up
quadrature part of fundamental positive sequence reference
current, which is the yield of PI controller of voltage control
circle, and both the direct and quadrature segment of
fundamental negative sequence reference current must be
zero.

ii™"=0andig! =0

U]

This is the premise for a PR control method of the APF. The
new control method square diagram for the APF system is
appeared in Fig.3. It is having two control circles in the
general system. External circle is the voltage control circle,
which manages the DC link voltage of the APF to the
reference esteem. The inward circle includes the fundamental
current controller and high harmonic controller. If there
should arise an occurrence of customary positive sequence
control method and DC link voltage control method PI
controller is used in fundamental current controller and PR
controller is used in high harmonic current controller.

If there should be an occurrence of PR control method PR
controller is used in both the fundamental sequence current
controller and high harmonic current controller. This control
method will reduce the multifaceted nature of the circuit. The
PR control method is compared with the traditional control
method and DC link voltage control method. The DC link
voltage control method piece diagram is given in Fig.4
joining [1] with [2].
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Fig.4 Model of DC link voltage control method.

control method. The simulation results of the APF are shown

in Table I.
D. SIMULATION RESULTS AND COMPARISION TABLE |
Simulation results of PR control method are compared with PARAMETERS OF THE APF
the conventional positive sequence control method and DC Parameters | Value Parameters | Value
link voltage control method. Here we are looking at THD lsa 0.2856mH | rsa 91mQ
(total harmonic Distortion), 3rd harmonics and 2nd, fourth, Cuc 0.35mF Udc_ref 700V
sixth harmonic parts at the DC link. Just about we are getting la 10 mH ra 1mQ

same results for both DC link Voltage control method and PR
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1. Conventional positive sequence control method:

In the conventional positive sequence control method
positive sequence is controlled. Negative sequence is not
regulated. From the Fig.5, Fig.6 and Fig.7, we can see line
current, DC link voltage and repaying current. Fig.8 (a) and
(b) will demonstrate THD of line current and Harmonic
content of DC link voltage.
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Fig. 8 (b) Harmonic content of the DC link voltage

2. DC link voltage control method:

We can control positive and negative sequences are
controlled. Pl controllers are used for controlling of both
positive and negative sequences. From the Fig.9, Fig.10 and
Fig.11, we can see line current, DC link voltage and
Compensating current of APF. Fig.12 (a) and (b) will

demonstrate THD of line current and Harmonic content of
DC link voltage.
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Fig. 10 DC link voltage.
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Fig. 11 Compensating current.
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Fig. 12 (b) Harmonic content of DC link voltage

3. Proportional Resonant (PR) control method:

PR controllers are used for the controlling of both positive
and negative sequences. From the Fig.13, Fig.14 and Fig.15,
we can see line current DC link voltage and remunerating
current. Fig.16 (a) and (b) will demonstrate THD of line
current and harmonic content of DC link voltage.

The AC current THD and ripple of DC link voltage of the
three controllers are appeared in Table I
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Fig. 15 Compensating current.
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TABLE Il
Comparison between three control methods
Conventional DC link PR control
positive sequence voltage
control control
AC current | 2.64% 2.66% 2.64%
THD
3 0.1368A 0.2591A 0.1335A
harmonic
current
Ripple of | 1) 2™ 1)0.3098V 1) 0.2476V
DC harmonic(0.3865V)
voltage 2) 4t 205721V 2) 0.6393V
V) harmonic(0.6372V)
3) 6" 3) 4016V 3) 3.3V
harmonic(4.032V)

E. CONCLUSION

In this paper, examination between ordinary positive-
sequence, DC link voltage control and PR control methods
are discussed based on THD and 3rd harmonic segment of
line current and ripple of DC link voltage. The simulation
comes about uncover that distortions caused by the 3rd order
harmonics hanging in the balance current and by 2nd ripple
on the DC link are nullified, consolidating with the ordinary
positive-sequence control method.

Despite the fact that DC voltage control methodology can't
alleviate the 3rd order harmonic at stake current and 2nd
ripple at the DC link, the PR control method is implemented
all the more basically and cost a few. This method should not
use for power factor redress since it is satisfied equation (7).
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