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Abstract

This paper deals with the harmonic mitigation and reactive power compensation using Shunt Active filter. The performance of the Shunt
active filter depends on the design and current control technique for generating a reference current. The design of the filter involves the
iterative procedure for choosing the filter components so that it compensates the harmonics and reactive power for maximum load condition.
The current controller method adopted for indirect current control technique where the reference signal is similar to the supply current signal.
The Adaptive filter used in current controller mitigates harmonics and reactive power and voltage control loop of SAF balancing the active
power between the load and supply unit. The learning rate is fixed by repeated simulation. The SAF active filter is tested in four load
condition ie., nonlinear load(37% Total Harmonic Distortion(THD)),highly nonlinear load(>100% THD), linear load(<8% THD, power
factor(pf) <0.5) and both nonlinear and linear load(37% THD and 0.7 pf). The study is carried out in MATLAB Simulink and the results are
presented.
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1. Introduction

Harmonics and reactive power alleviation are the crucial power
quality issue because of the usage of power electronics devices
in industrial and domestic applications. Many filters are
designed to infuse the harmonics and reactive current to the
supply mains. The Active filter compensates the harmonics and
static VAr compensates the reactive power [1-6], but both
compensation is still under research. The lessening of both
issues depends upon the reference current generated by the
control algorithm and current controller of the Shunt Active
filter (SAF). The control algorithms extort the fundamental
component of the load current or the harmonic component of
the load current. The elemental algorithm is synchronous
reference frame and pq algorithm, the former gives promising
results only for the balanced sinusoidal voltage condition and
later one gives effective results for any condition. Both
involved many transformations and mathematical calculation.
Many types of reference current generator of APF are proposed
in the literature [1-5]. The harmonic current can be extracted
from the load current using frequency domain and time
domain. The frequency domain techniques primarily depend on
the use of the Fast Fourier Transform, Discrete Fourier
Transform, Wavelet analysis [4,7]; offers an exact reference
current in steady-state condition, but execution in real-time,
requires more computational effort, as a result, a long time
delay is introduced in the system response. This increases the
researchers to focus on time domain-based techniques. The
commonly used time domain technique is the pq theory, i.e.
measuring the instantaneous active and reactive power [8,9]
and the Synchronous Reference Frame (SRF) alternatively
called dg methods [10]. The two algorithms offer a better
response than frequency domain control algorithm, guaranteed
compensation under all operating conditions. The instantaneous
pq theory which is known as a feasible elucidation to the

contamination produced by solid state based electrical load and is
commonly employed [11]. The paper suggests a direct current control
technique and acquiring a power which is the difference between p
and q.

An adaptive filter is a self-amending digital filter that alters its
coefficients to lessen the error signal so that the system
characteristics match with the desired outcome [12,19-21]. There are
different types of filter configurations such as system identification,
noise cancellation, linear prediction and Inverse systems. The
adaptive algorithms update the weights using Least Mean Square
(LMS) Algorithm, Normalized LMS algorithm or Recursive Least
Square (RLS) algorithm [13, 14]. The noise cancellation system [15]
has the reference signal and primary signal and it differs from other
types because of the two input signal given to the system is shown in
fig 1. The noise signal estimated from the primary signal consists of
the actual signal with noise and it is subtracted from the signal
generated from the adaptive filter.

Input signal

Desired signal

— Adaptive fjMer

Z

Fig. 1: Noise cancellation system

In this paper, the harmonic compensation and reactive power
compensation for the different loads are taken for the study to prove
the reactive power compensation and harmonic compensation.
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2. System Configuration

A three phase three wire SAF connected with the three phase
diode bridge rectifier load and three phase linear load shown in
fig 2. Proper tuning of Lf and Cdc of SAF provides smooth
filter current and VVdc of SAF. Cdc is chosen in such a way that
it eliminates high frequency signal in the waveform. Nonlinear
load effect is increased to study the harmonic effect and the
performance of the proposed algorithm is observed and linear
load effectiveness is increased to study the proposed algorithm
under this situation.

Synchronous reference frame(traditional) and least mean
square (proposed) algorithm are implemented in the system
configuration and the results are analyzed.
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Fig. 2: System configuration

3. Adaptive Filter Using LMS Algorithm

The tap-weight vector computed for each iteration in the
adaptive filter by using the method of steepest-descent with a
suitable value of gradient vector (V) and step size (i) would
indeed converge to the optimum value. [16].
The disadvantage with fixed value of “u” is that the LMS
algorithm is not able to achieve minimum static error with fast
convergence rate [17]. When ,,u” is high, the convergence is
fast with increased static error. However, when ,,u* is small,
convergence is slow with reduced static error.
This filtering approach provides fast and accurate estimation of
sinusoidal fundamental current from distorted load currents by
minimizing the error between sensed and estimated currents.
The LMS technique along with its variants has been used in
several power system studies including the shunt
compensation. Several advantages offered by LMS algorithm
by means of simplicity and computational efficiency make it
perfect choice for constant load compared to other proposed
algorithms.
The fundamental current extraction using adaptive filter is
given by the following equation

The error signal is given by,

gq=dq =Yg 1)
Yq = Vq' Xq ©)

where dg is the primary signal, Xq is the reference signal to a
digital filter, yq is the output signal

The Least square algorithm fine tune the coefficients of the
digital filter and the weight is updated by

Vaa=V. +2//£,,X,, (2
VqH =‘\7’q +4¢&:ng (3)

£q 15 the error signal of yvq and dq.
The adaptive filter noise cancellation is a suitable algorithm to
obtain the fundamental component from the harmonic I..

The load current is highly distorted and lags the supply voltage and
is given by,

ILla(t): hOZ:lImahSin(ha)t_qh) (4)

L1a(t)= 115 Sin(ent — gy )+

& . (5)
> I man S'n(ha’lt - Qh)
h=2
I 14 (t)= 115 sinwtcosqy — | 4 cosawtsing
& . 6
+ 2 Iman sin(hogt —qp) ©
h=2
ILla(t): I fla (t)+ Ireatla(t)+ Iharla (t) ©)

The load current is considered as a primary signal extract the
fundamental active component which is the output signal (lf1a).

Ifla(t): :{a sinat (8)
Where Il’a = Ila Cosql
| t
sin ot = ”—a() ©
Ila

The sine wave is generated from the supply voltage and is taken
as the reference signal for the digital filter

V, (t) =V, Sinot (10)
|
Vo (t) =Vppp —= (11)
Ila
II
g =V () 5™ (12)
a S Vma
I fla =Vs (t) g Wq (13)
_— lia  liaSinet
q - - -
Vma VmaSinaot 14
i) g 0
Vs(t)  Xq

Vq is the weight of the adaptive filter, lra(t) is the output signal,
Vs(t) is the reference signal of the adaptive filter, I 1a(t) is the
primary signal of the adaptive filter.

Therefore, the error in equation(1) is compared with equation(7)
and is given by and also weight is updated by equation(3)

&q = Ia(t)=1$1a(t) = lreat1a + Iharia (15)

Vq+1 = vq + Zﬂ(lsla(t)_ I fla(t))‘/s (t) (16)

The initial value of V4(0) is taken as Vq(0) = 0.
The extracted reference current is given by,

Ira(t): I fla(t): I naa SIN X a7
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The fundamental current is adjusted by Pl controller for Adaptive filter(Rectifer load)

power balancing which is given by[18], 400
200 Aﬂ/\ﬁn /\h/\R/\ AAAA AA/\AA /\A/\Ah Aﬁl\f NANN I\/\Aﬁ a¥a¥a I\AI\AI*
2
Irefalt) = lra (XK +1) (18) g  OAONOONNNN \Y
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-50
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4. Simulation Circuit of Adaptive Filter
Using LMS Algorithm

-50

The adaptive filter is designed using MATLAB simulink 50

blocks and the power circuit is designed using Power system % 0

block sets. The supply voltage is 240V, 50Hz, Rs and Ls are =

0.86Q2 and 0.01uH, switching frequency 11kHZ, nonlinear 50

load 30kW, linear load 10kW, L:300uH, Cdc 3000pF and

Vaeref 800V. Fig 3. Shows that the simulation circuit of the % “X“x *x)‘ AXAX “‘x Ax" ‘X"f

Adaptive filter using LMS algorithm.ates the balanced three % 0 II I XX xx xx XX X Y xx

phase reference current only after 100ms 50 MWW AWAAAAAAAAAANMAAAN
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Fig. 4: Supply voltage, load current, filter current, reference current and
supply current of Rectifier Load
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A. Simulation results for Rectifier Load
Fig. 5: Performance parameters of SAF for Rectifier Load
The load current is distorted due to the nonlinear load Fundamental (S0Hz) = 57.85 , THD= 28 20%

_ —Fundamental (50Hz) = §9.16 , THD= 4.87%
connected to the supply mains. The waveforms of voltage and £ &0 £ 60
current for the rectifier load are shown in Fig 4. the Shunt £ £
active filter injects the harmonic current and the supply current = 4 K
is near to sinusoid. Fig 5.shows that the performance of the Y t:’
control algorithm isobserved from the dc bus voltage graph. 32" M
The FFT spectrum of the load current shows that the THD is = z
28.7% and the filter injects the 5th, 7th, 11th and 13th order 3 0 0 00 1wy = O 1 500 1000

harmonics respectively. Thus the supply current FFT spectrum Frequency (Hz)

L M Frequency (Hz)
shows the reduction in % THD of 2.21 demonstrated in Fig 6.

Fig. 6: FFT spectrum of load current, filter current and supply current for
Rectifier Load
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B. Simulation results for Electric Drives Load

The Electric drives load current has low power factor and high
reactive power due to increase in harmonics. The Shunt active
filter is designed in such a way that the filter injects the high
content of the harmonic current to the mains and the supply
current is near to sinusoid as illustrated in Fig 7. The Active
power and dc bus voltage of the filter reaches the steady state at
0.3 sec which has more settling time compared to other two
algorithms shown in Fig 8. The FFT spectrum shows the
individual component of the load current, filter current and
supply current. The 5th and 7th harmonic components are near
to fundamental component thus the THD is above 100%. The
filter current injects the harmonic current and the supply
current only carries the fundamental component demonstrated
in Fig 9.
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Fig. 7: Supply voltage, load current, filter current, reference current
and supply current of Electric Drive Load

Adaptive Siter{Elactric driva)
10000

After compensation
5000 ——— Before compertsation

0 0.05 o 0.15 0.z 0.25 0.3 0.35 0.4

[ 0.05 R 015 0z 0.25 0.3 0.35 04

Power faclor Reactive power(yAr) Aclive power(W)
(=]

%mm

g Emr/r = \ldc,raf

2 . Vi, actual
Q 0 005 01 015 02 025 03 035 04

timafsac)

Fig. 8: Performance characteristics of SAF for Electric drive load
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Fig. 9: FFT spectrum of load current, filter current and supply current for
Electric Drive Load

C. Simulation results for Induction Motor Load

The fundamental reactive power is high and the power factor is low
and the THD is low because the inductive load draws sinusoidal
current from the mains depicted in Fig 10. As the THD is less than
8%, harmonic compensation is not required for the inductive load but
fundamental reactive current is more so reactive power compensation
is required. The filter injects the reactive current at the fundamental
frequency required for load as shown in Fig 11. Thus the supply
current is reduced from 43.41 A to 34.97A and the dc voltage of the
active filter reaches constant at 0.32 sec depicted in Fig 12.
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Fig. 10: Supply voltage, load current, filter current, reference current and
supply current of Induction motor Load
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Fig. 11: Performance characteristics of SAF for Induction motor load
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Fig. 12: FFT spectrum of load current and supply current for induction
Motor Load

D. Simulation results for Rectifier and Induction
Motor Load

The algorithm is tested in a distorted and lagging power factor
of supply illustrated in Fig 13. The filter current injects the
harmonic current as well as the reactive current to the mains.
The high reactive power shown in Fig 14, reduces after
compensation, and the power factor is increased from 0.74 to
0.9999 in supply unit. The dc bus voltage reaches the steady
state at 0.28 sec.
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Fig. 13: Performance characteristics of SAF for Induction motor load
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Fig. 14: Supply voltage, load current, filter current, reference current and
supply current of Rectifier and Induction motor Load

The Table | and Table Il illustrate the performance of the adaptive
filter using LMS algorithm. The active power is maintained constant
for all types of linear and non linear load. High reactive power due to
high THD of the electric drive is reduced to a very low value for the
compensated system. Thus the distortion factor is increased thereby
increasing the true power factor and the apparent power is decreased
from 7.38 kVA to 4 kVA. For 3-phase Induction motor load, after



550

International Journal of Engineering & Technology

compensation the fundamental reactive power is reduced and
the displacement power factor is increased which increases the
true power factor of supply mains. For rectifier and Induction
motor, the uncompensated current is high compared to

compensated current which reduces the kVA from 8.88 to 6.74. The
Shunt Active Filter based on the control algorithm reduces the THD
and increases the power factor.

Table 1: Comparison of the Performance Factor for Adaptive Filter using LMS Algorithm for Different Loads

Vs Is Ps Qs Ss
Load ) A (kW) (KVAr) (KVA
B.C AC B.C AC B.C AC B.C AC B.C AC
Rectifier 415 415 42.89 41.87 8.39 8.48 23 0576 8.7 85
Electric drive 415 415 33.12 17.95 3.76 3.98 6.35 0.348 7.38 4.0
Induction motor 415 415 30.73 24.26 471 5.17 4.59 0.455 6.58 5.19
n dF;iiit(')fr']er;;mr 415 415 41.07 31.49 6.59 6.71 5.95 0.635 8.88 6.74

Table 2: Comparison of Power Quality Factors for Adaptive Filter using LMS Algorithm for Different Loads

Load . . Displacement factor True power factor % THD
Distortion factor
B.C A.C B.C A.C B.C A.C B.C A.C
Rectifier 0.964 0.9977 0.9999 0.9999 0.964 0.9977 27.77 2.21
Electric drive 0.5176 0.9962 0.9848 0.9999 0.5097 0.9962 157.3 5.8
Induction motor 0.9987 0.9992 0.7169 0.9983 0.7158 0.9968 5.04 3.32
Rectifier +
NehEe fssar 0.9733 0.9991 0.7729 0.9979 0.7506 0.9960 23.61 474

6. Conclusion

Proposed algorithm mitigates the harmonics and compensate
the reactive power for all type of load. The fundamental
reactive power is compensated by the proposed algorithms
compared to load reactive power. The proposed algorithms
improve the power factor which is near to unity. Adaptive filter
based current controller provides fast response compare to
conventional algorithm as there is no need of Low Pass Filter
to reduced ripple content of dg component.
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