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Abstract

In this paper, the active power filter is discussed and proposed in
order to improve power quality. It has been proved to be an
efficient way to compensate harmonic currents and reactive
power generated by nonlinear loads which affect and degrade the
power quality under any voltage conditions: balanced and
unbalanced condition. The APF proposed in this paper uses a
new approach of detecting compensation currents using mixed
coordinates and also uses a new control for VDC regulation. This
method is proposed for simplicity of the control circuit of the
active power filter. To verify the effective performance of the
proposed method, simulations are presented in Matlab /Simulink.
Keywords: shunt active power filter, Total Harmonic Distortion
THD and Non Linear Load.

1. Introduction

In an ideal case of power application, the electric system
should be operated with better power quality and higher
efficiency. Thus, the voltage and current must be
sinusoidal, in phase and balanced this without harmonics
and reactive power. However, in practical power
applications, nonlinear loads are widely used [1][2][3].
This process causes pollution and serious damage;
therefore, distorted current and reactive power would exist.
Electrical machines, transformers, variable speed drives,
computers, measuring instruments, consumer appliances
are mostly affected by harmonics. Hence, it is very
important to overcome these undesirable features.
Different approaches of power filters have been developed
to improve power quality like shunt passive filters, which
comprised of tuned LC elements. It was popular solution
for harmonics mitigation because it has some advantages
such as simplicity, reliability and cost. But this type of
filter, has two major limitations, on the one hand, each
filter is only effective for one harmonic of a definite
frequency, [4][10] on the other hand, resonance may occur
with the impedance grid which would create other
harmonics. To overcome these limitations Active power
filter appears to be a viable solution for mitigate harmonics
and compensate reactive power [5][6][7]. The active
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power topology can be connected in series for
compensation of voltage harmonic compensation, and in
parallel  for compensation of current harmonic
compensation or combination of both (unified power
quality conditioners UPQC). Most of the industrial
applications need current harmonic compensation so the
shunt active filter is more popular than series active
filter.[8,9,11,12] Different approaches have been proposed
and implemented for extracting the harmonic current, such
as the instantaneous power theory developed and defined
by Akagi in 1984 based in three phase three wires. This
theory gives good performance for balanced supply
condition; however, when the voltage source is
significantly  unbalanced,  performance is  poor,
[13,14,15,16] and it was later modified and extended by
Nabae and applicable to the 4 wires , unbalanced systems
(modified PQ theory or PQR theory). Other researchers
use synchronous reference frequency noted dq theory. This
method is ideally designed for 3 phases but the use of PLL
is necessary, it was also modified and named modified
SRFT or id-iqg method without using PLL. [17, 18, 19,
20].There are various other control techniques based on
fuzzy logic, neural network and genetic algorithm which
have been used for improving the performance of the
active filter.

2. Shunt Active Filter

The SAPF is basically a voltage-source inverter with only
a single capacitor in the DC side, it is connected in parallel
with the nonlinear to detect and inject compensating
harmonics at the PCC which have the same magnitude but
opposite in phase of the harmonic currents drawn by the
nonlinear loads. As a result, the source current can be
balanced and sinusoidal in phase with supply voltage, but
the load currents of nonlinear load are still unbalanced,
non-sinusoidal and with harmonics. The proposed Shunt
Active Power Filter in this work is shown in fig.1. The
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considered load to evaluate the effectiveness of the
proposed scheme is three phase rectifier with R-L load.
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Fig.1. Shunt Active Filter
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2.1 Current Reference Generation

Using a proper method for current reference generation is
the key to successful implementation of SAPF
compensation. In this paper, the basic idea is to calculate
the reference current on mixed coordinates abc frames and
ap0 frames using the instantaneous power theory in the
time domain. First, the instantaneous active power is
defined on abc coordinates, it is consisting of DC
component and oscillating component which are separated
through a Low Pass filter, after the average equivalent
admittance of the nonlinear load (Ge ) is calculated by
equation 24. Hence, the instantaneous active portions of
the load current are directly obtained in aff0 coordinates by
multiplying (Ge) with the voltages Va, VB and VO
respectively. Finally, with inverse Clarke transformation,
the final instantaneous compensating current for abc
coordinates is shown in equation 22.

The instantaneous active power p and reactive power ¢ in
three phase system can be expressed by:

p= 5nbc'?nbc (1)
g=vXx1 2
P =Vl + Uiyt vi, 3

The instantaneous reactive power vector composed of
three elements q,, g, and ¢, as follows:
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The instantaneous powers defined above are combined in a
matrix expression as follows:

p U, Uy v,
q. 0 —1 Vp Eirz
ap | = | Ve 0 —vyl ' 5)
ae —Vy Vg 0 | Li,
The currents can be expressed by the inverse
transformation of (5) as follows:
ig s v, O v, — 1y ;’
h|=—7 | — V% O Va| | g (6)
. e o
i, v, v, —v, 0
He

Where: v3, . = A= v2 + v + 12

From (6), active and reactive current component can be

derived as follows:
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The instantaneous active current vector i, and the

instantaneous reactive current vector i,are expressed as:

=
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The abc imaginary currents correspond to the components
in the original currents i, iy, i, which generate only
imaginary power as follows:

lag = 05— de (12)
ibg =" 4c— 4a (12)
icq ="y da = (13)
Where:
Ga = Vp.le — Ve lp (14)
Qp = Ve-lg — Vg lg (15)
Gc = Va-Ip — Up.lg (16)

Finally, the instantaneous compensating reactive current
can be described by:

=t

. 1] . &) . vh . ), .
lnq:f'uc'lﬁ__c'Uﬂ'lc_z'un'lb_i- g (17)

|

After simplification, the instantaneous compensating
reactive current in phase (a) can be obtained as given in
(18).

: 1.
lag = A (fg.d — L:Iﬂp} (18)
The final instantaneous compensating current iz is
composed of instantaneous active and reactive current as
shown in (22):

—_—

15 = lop +leg (19)
Where:

iop = 22 (20)

ife =g — "2 (21)

The final instantaneous current for abc coordinates is
shown in:
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. g
g = 7 Va
. : g
ir=|ip — 3l (22)
. _F
e =~V

Moreover, the voltage and current vectors can also be
expressed in of}0 frame, and then the compensating current
can be described by:

. g _
E’R’_El'ﬁ’ E:R'_GELJR'
it =lip —5ve| = e~ Geve (23)
iI}_EL’u E'IJI_GHUII!I
Where:
G. == (24)

Where: p = V. i + V. 0y + V.. 0,
average value of p.

and g is the

The proposed algorithm in mixed coordinates o0 and abc
for compensating the nonlinear loads currents and reactive
power is depicted in figure.2.
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Fig.2 the mixed coordinates instantaneous compensation algorithm
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The compensating currents and injecting currents at PCC
are compared to generate PWM pulses in order to
command VSI (voltage source inverters) switches as
shown in figure .3.

| Is=I;-Ic —_—
+ . Source currents Is L , .
. Grid | > — — z
| J ! | RL [
3 | | A S . J
************ Compensation currents
Non LinearLoad

Shunt Active Filter

Pulses Switching
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Vo |

P1 Controller

Fig.3.Basic structure of Shunt Active Power Filter

2.2 DC Voltage Regulator

To guarantee a better compensation, the voltage across DC
capacitor should be maintained at the prescribed reference.
The DC capacitor voltage plays two important roles in
APF control, first it maintains a dc voltage with small
ripple in steady state, and second it serves as energy
balancing medium that supplies or absorbs real power at
times of transient period. Therefore, the peak value of
reference current of the system under compensation is
related to value of DC voltage, the regulator regulates this
voltage to a fixed value; it also gives the command for
calculation of peak value of reference current. A classic Pl
controller can be used vastly for this purpose. In regulation
scheme involving PI controller, the capacitor voltage is
compared with reference value of DC voltage. The error
signal is then processed through a PI controller, the output
of the PI controller is considered as peak value of the
current, which accounts for losses in the APF to maintain

https://doi.org/10.20943/01201706.814
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the average capacitor voltage to a constant value.
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Fig.4. bc voltage regulator

The P Can be calculated as in the following equation:

. ki
PLIDSE = ﬂVDE{.kp + j} X VDl‘_'msnsu:l'ad (25)
(?ELIDS'S = ;J_L‘:S‘S (26)

The transfer function of voltage control loop is:

¥ wo(1+7s)
DCmeas - ,,E - (27)
VDeref 25 st o,
Where:
. ==

= — £ ——
& < 2. Jeki

To have a good regulation we have chosen & = 0.7, but the
cutoff frequency should be selected according to the
harmonics of the loop voltage.

3. Simulation Results :

To verify the performance of the proposed compensation
algorithm for the SAPF, results obtained by using
Matlab/Simulink are given. In the first case, balanced
sinusoidal source voltage condition has been considered:;

figure 5 shows the simulated result of the source currents

before and after compensation with mixed coordinates
instantaneous compensation algorithm. Without filter, it
can be observed that source currents are distorted and with
harmonics; as a result, the percentage of THD exceeds
above IEEE-519 standard harmonic current limits. Figure
7 shows harmonic spectrum where total harmonic
distortion is found to be 22.12%. At t=0.04s, with filter
implementation, it can be clearly seen that the SAPF

follows the reference currents to compensate the harmonic
currents and reactive power, so source currents are
sinusoidal and balanced. The THD is restricted as per
IEEE-519 to 2.59 %. In the second case, source voltages
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are unbalanced in magnitude. The magnitude of source
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Fundamental (50Hz) = 10.45 , THD= 22.12%
T

voltage of phase-a- is less than source voltage of phase-b-
and phase —c- by 20%. Simulated results are presented in
figure 7, the effect of unbalanced source voltage can be
observed in load currents in which the THD is 25.44%.
But with the proposed algorithm the best compensation is 2
widely required where source currents are very close to ar
sinusoidal waveforms and in phase with their i

Mag (% of Fundamental)

-

‘L IiI 0 m | | im = - lm

1
0 200

corresponding source voltages. Power factor is also very
close to unity.

!
400 600 800 1000 1200 1400 1600 1800
Frequency (Hz)

Fig.7 harmonic spectrum source current without APF

Simulation results in balanced voltages :

Fundamental (50Hz) = 11.69 , THD= 2 63%

Load current
10 ; ! ! ; ; ) !

10 i i i i i i i i

Source curent
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Fig .8.Harmonic spectrum of source current with SAPF
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Fig.5. load current, source current, harmonic current and 100 i i i i L i i i
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compensation current reference Of phase (a).
Fig.9. Source current and source voltage waveform
n : : | | sourcalcunenl ‘ | |
e Simulation results in unbalanced voltages :
] am o 0m 0o4 o5 006 007 4@ ol When the phase (a) is unbalanced, the proposed algorithm
_ _ o gives a good compensation of the line current
Fig.6. Source currents waveform without and with filter. THDisa = 5.13%, THDisb = 3.69%, THDisc = 3.6%.
Balance of the source current is well observed in figure
A1
Source Voltage
i 1 1 1 1 | 1 1 1
0 om 002 003 004 006 005 007 008 003 O
Fig.10.Unbalanced sinusoidal source voltage.
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Fig.11. Source current under unbalanced source voltage with and
without filter. Fig.15. Source current and source voltage waveform under
unbalanced source voltage (phase a).
NonLoad cunent
T T | T T T T SRS . .- . .
- f“ - — — oo 1 In this condition, as seen in figure 15 the presence
B Vo] \ ] B of unbalance in the source voltage does not have an
| L . L) L
‘ —— S— ‘ ' effect on the performance of the APF. The source
T T T T T T T
RS — o~ N current and the source voltage are balanced and
[ | ~ e L \ \ .
/ o/ - AN also in phase.
" 1 i i i I I i
Hamenc Cuvent
[p— T T T T
oL 4o N A VAN Y AN VAV W Table 1: Current THD value with and without SAPF
] i I i \ i ] THD for Balanced Unbalanced
. . e | . Source Current voltage voltage
i ' A \ A Without APF 22.12% 25.44%
T AL ’\"\ﬁ./\/ i With APF 2.59% 5.1%
"( ﬂlﬂ Il‘[! o n‘m 1!5 ﬂ‘l! o l‘ﬂi IEB 11}

! _ _ The parameters simulation is shown in Table 2.
Fig.12. load current, source current, harmonic current and compensation current

reference in phase (@) under unbalanced source voltage. L .
P @ 9 Table 2: Parameters used in simulation

Fundamental (00 =317 , THD= 25 44%
' o ‘ ‘ ' Parameter Value

< | Vs 100v - 50 Hz

] RLLL 24Q - 25 mH

g T} 1 Ls 0.3mH

£ | Cdc 1800 pF

I I I Vdc 900 v
e L e e
Frequency (H) Lf 83 mH
Fig.13. harmonic spectrum source current without APF under
unbalanced source voltage.
Conclusions
Fundamantal (60He) = 12 11, THO= & 13%

122 ‘ ‘ ‘ ' i Most of the algorithms used for APFs degrade
- : 7 performance in the case of voltage unbalanced. This paper
5 op . presents a new and efficient strategy of SAPF where the
Sl | reference currents are based on a new algorithm on mixed
£ . coordinates. Its performance has been evaluated under

ol | source voltages unbalanced, and simulation shows

L R I R TR R T excellent results. The harmonics generated by nonlinear
A load are eliminated and the reactive power can be
Fig .14.Harmonic spectrum of source current under unbalanced Compensated.

source voltage.
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