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Abstract: The distorted waveforms due to highly uses of the non-linear load, especially, the current that is
considered the main issues need to be addressed seriously. The issues of the distorted waveforms for the current
have attracted many researchers to recover them in the electrical system. There are so, many electronic
devices that have been used in order to protect the waveform of the current from distorted as it is very
dangerous and may cause the main supply to shut down or burnt. The main aims of this project is to design and
develop a shunt active power filter for the purposes to mitigate the distorted of current waveform produced by
the different types of non-linear loads using the controller of the SRF. The software MATLAB/Simulink will
be used to design and develop shunt active power filter and its controller. Finally, the performance of
the shunt active power filter and its controller at different types of non-linear loads will be evaluated through
the waveforms of the currents produced by different types of non-linear loads and the Total Harmonic
Distortion (THD) will be monitored and observed whether meets to the International Electrical Committee

(IEC) standard or not.
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INTRODUCTION

In the modern era electricity is indispensable to
everyone. Human use electronic devices in their daily
life. Therefore, power quality is important as it will
affect the electronic devices. However, the power quality
is not perfect all the time. There are nine common power
quality problems which include voltage sag, short
interruptions, long interruptions, voltage spike, voltage
swell, harmonic distortion, voltage fluctuation, noise
and unbalance voltage. Each of these power quality
problems will bring damage to the power system. For
harmonic distortion, the consequences are shortening the
life span of equipment. Harmonic distortion will cause
excessive heat and leads to malfunction in electronic
devices (Blooming and Carnovale, 2006; RFWW., 2012;
Shah and Vaghela, 2014; Kmail, 2012; Afonso et al.,
2001; Bhadra and Meena, 2015; Patel and Bhavsar, 2015;
Srinath et al., 2010; Jarupula et al., 2015).

In order to prevent the damage lead by harmonic
distortion, standards has been set both internationally and
nationally. According to IEEE-519, harmonic voltage
distortion on power system 69 kV and below is limited to
5.0% Total Harmonic Distortion (THD) with each
individual harmonic limited to 3%. Another standard set
by IEC declared that for 400 V power system, the total
harmonic distortion is limited to 5%. For 6.6, 11 and

20 kV power system, the THD is limited to 4%. In
Malaysia, TNB declared that the THD in 400 V power
system is limited to 5, 4% for 11-22 kV power system and
3% for 33 and 132 kV power system.

To overcome the power quality problem, passive
power filters were introduced. Passive power filter is used
to minimize the harmonic distortion in power system.
However, there were many disadvantages such as the size
of passive power filter is large, it will cause resonance
with the power system and its fixed compensation
characteristics (Jacob et al., 2014; Jarupula et al., 2012;
Kiran et al., 2011; Sakthivel et al., 2013; Rani et al.,
2017). To improve the power quality, Active Power
Filters (APF) was introduced to overcome the
disadvantages of passive power filters. Active power
filters can be classified into shunt active power filter
and series active power filter (Dubey and Singh, 2014).
The function of shunt active power filter and series
power filter are different. Shunt active power filter is
used to reduce the current harmonics in power system
(Belaidi et al., 2012; Kumar et al., 2011).

Shunt active power filter: The function of shunt active
power filter is to reduce the current harmonic in power
system. To reduce the current harmonic, the shunt active
power filter produces a same amplitude but 180° opposite
phase current. The current produced by shunt active
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Fig. 1: Basic scheme of shunt active power filter

power filter will cancel out the current harmonic
(Msigwa et al., 2009; Sreenubabu and Ranganaik, 2013;
Routhu and Arun, 2013; Mazari and Mekri, 2005;
Dugan et al., 2002) (Fig. 1).

Over the years, many control strategies were
introduced to control shunt active power filter to generate
current that responsible for reducing the current
harmonic in power system. The performance of shunt
active power filter varies with different control strategy
(Boukadoum and Bahi, 2014; PFL., 2019; Bayindir et al.,
2006).

Harmonics: Harmonics are undesired AC voltages and
currents in a power system that contain non-linear loads.
The frequency of harmonics are integer multiples of the
fundamental frequency of normal AC voltages and
currents. The power conversion method employed to
non-linear load caused the existence of harmonics. The
basic calculation of harmonics in power system is
depends on the fundamental frequency of the distribution
system. For example, the 2nd harmonic in a 50 Hz system
can be calculate by 50 times 2 which is 100 Hz. However,
for a 60 Hz power system, the 2nd harmonic will be
120 Hz which is 60 times 2. In a three-phase power
system, there is only odd-order harmonics (3rd, 5th, 7th,
9th) but no even-order harmonics is presented. Electronics
equipment with non-linear load such as computer are
consuming currentin abrupt short pulses. The short pulses
created will misshape the fundamental sinusoidal wave of
the AC power system. The non-sinusoidal wave which is
harmonic will flow back into the power system source and
flow to other parts of the power system. Harmonic
distortion is more common in a power system that
connected to many electronic devices such as computer,
fluorescent light and variable speed drives (WWG., 2019)
(Fig. 2).

Total Harmonic Distortion (THD) is a measure of
the effective value of the distorted sinusoidal
waveform’s harmonic components. Normally, total
harmonic distortion is used to relate with voltage

= Distorted
s waveform

/ Fundamental

3rd harmonic -

Fig. 2: Waveform of harmonics

harmonic distortion. However, total harmonic distortion
is also used to calculate current harmonic distortion in a
power system (Abdelaal et al., 2017). The following
equation is used to measure and calculate THD in a power
system:

Z::z Mﬁ (1)

1

THD =

Where:

M, : Individual harmonic component
M, : Fundamental component

M : Be either current or voltage

Synchronous reference frame thoery: Synchronous
reference frame theory also called d-q theory. This theory
needs only simple calculation and only algebraic
calculation is involved. Therefore, synchronous reference
frame theory is applied extensively in shunt active power
filter (Kumari and Awashthi, 2013). This theory is
developed in time domain based reference current
generation. The basic concept of synchronous reference
frame is it transform load current to the d-g synchronous
reference coordinate. Only d and q is considered in this
theory. In SRF, a high pass filter is needed. ASRF based
controller do not required voltage info. However, the SRF
based filtering is not going to work when the load is
imbalanced. The park transform method is used to
transform the load current. The following equation shows
park transform:

. 2 .
q |~k iLb @
i0 iL.c
Where:
2n 2n
cos(wt) cos(vvt-—) cos[wt+—j
3 3
. . 2n . 2n
K =| -sin(wt) -sm[wt- 3 ] -sm(wt+?] ©)]
L L L
2 2 2

Inverse park transform is performed to calculate the
current source reference in three-phase system. The
following equation shows inverse park transform:
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I id
IZ =|‘(invx Iq (4)
I, i0
Where:
cos(wt) -sin(wt) 1
Koy = cos(wt-z,;j -sin(vvt-zgj 1 (5)

cos(wt+2—n) -sin(vvt+@j 1
3 3
MATERIALS AND METHODS

The proposed system comprising three phase
voltage supply, diode rectifier, 5th and 7th harmonic filter
and SRF based shunt active power filter are shown
in Fig 3-5. The parameters of the system are shown in
Table 1-3.

Figure 5 show the Simulink block used in the
controller to transform labc to Idg. The transformation

process is summarized as:

Table 1: Parameters of proposed system

Parameters Values
Vpeak 339.463 V
Frequency 50 Hz
Liane 1mH

fabc 25 I’LF
PWM carrier frequency 20 kHz
R load 10 kQ
C load 10 uF
Table 2: Parameters of 5th harmonic filter
Parameters Values
L 2.02 mH
C 200 uF
Table 3: Parameters of 7th harmonic filter
Parameters Values
L 2.07mH
C 100 uF
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Fig. 3: Three phase voltage supply with diode rectifier
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Fig. 4: Three phase voltage supply with SRF based shunt active power filter
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Fig. 7: Simulink block of labc to Idq transformation
Id = 2/3( la *sin wt+Ib*sin (t-21/3) +lc*sin (ot+21/3) Figure 6-7 show the Simulink block used to

transform the three phase abc frame load voltage Vlabc
into its corresponding two phase dq frame VIdg. The
10=13(la+lb+lc) transformation process is summarized as Fig. 8 and 9:

g = 2/3(la* cos t+lb*cos (wt-2r/3) Ic*cos (wt+2m/3)
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Fig. 9: Simulink block of Vabc to Vdq transformation

Vd = 2/3(Va*sin ot+Vb*sin(ot-2r/3) +Ve*sin (ot +21/3)
Vg = 2/3(Va*cos ot+Vh*cos(mt-21/3) +Ve*cos (ot +2n/3)
V0=1/3(Va+Vb+Vc)

RESULTS AND DISCUSSION

The proposed system consists of three phase power
supply is connected to a diode rectifier which is a
type of non-linear load as presented in Fig. 3. The
waveform of the current is measured at the both
sides of the load and the source of the proposed
system. The waveforms of the current at the load and
source sides as shown in Fig. 10 and 11 and can be
observed that the waveforms are distorted and their
THD value for the current of source and load side
are considerably high at around 24.9% as displayed in
Fig. 12 and 13.

Filtering scheme is used to minimize the highly
content of harmonic in the system. The three phases
of the proposed system are installed with a passive
filter in parallel which can be seen in Fig. 6. The
passive filter is tuned at 5th and 7th harmonic order as
exhibited in Table 2 and 3.

In the next simulation, the proposed system is
connected parallel to both 5th and 7th harmonic filter
at each phase of the system as displayed in Fig. 6.

L vege*
vve* Synchronous Reference Discrete Pl
Frame (SRF) 2 controller 1

[0}

Constant

The current waveform for load side and source side
is obtained and shown in Fig. 14 and 15. It can be
observed that the current waveform is greatly
distorted in Fig. 14 because of the diode rectifier
load and the THD value of the current waveform is
31.1% as displayed in Fig. 16. The waveform of the
source current is clearly less distorted as observed
in Fig. 15 and the THD value of the source current is
6.58% as presented in Fig. 17. It can be concluded
that the 5th and 7th harmonic filter can lower the THD
value in the system but unable to comply with the IEC
standard which is 5%.

The proposed system is connected with SRF based
shunt active power filter in the next simulation as
shown in Fig. 4. The source current and load current
waveform are obtained. It can be observed that the
load current waveform is hugely distorted as displayed
in Fig. 18 and the THD value of the load current is
33.39% as shown in Fig. 20. Meanwhile, the source
current waveform is clearly less distorted and very
close to sine wave as presented in Fig. 19 and the
THD value of the source current is 0.49% as
presented in Fig. 21. The parameters of RC load of
the diode rectifier in Fig. 4 are changed to 10 kQ
and 10 pF. The current waveform of source side and
load side are obtained. The load current waveform is
heavily distorted as shown in Fig. 22-25 and the THD

1315



J. Eng. Applied Sci., 15 (6): 1311-1321, 2020
i —— Phase A

T

Phase B =——— Phase C
4

o

2

(=3

Current (A)
o

-2

o

-4

O

—60

'%" 'l' II']'I

0 0.05 0.10 0.15 0.20

Time (sec)
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Fig. 13: THD value of source current with diode rectifier load (Fundamental (50 Hz) = 39.58, THD = 24.92%)
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Fig. 15: Source current waveform of diode rectifier load with 5th and 7th harmonic filter
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Fig. 18: Load current waveform of diode rectifier load with SRF based SAPF
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Fig. 19: Source current waveform of diode rectifier load with SRF based SAPF
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Fig. 20: THD value of load current for diode rectifier load with SRF based SAPF (Fundamental (50 Hz) = 11.08,
THD = 33.39%)
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Fig. 21: THD value of source current for diode rectifier with SRF based SAPF (Fundamental (50 Hz) = 201.4,
THD = 0.49%)
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Fig. 22: Load current waveform of diode rectifier load with SRF based SAPF
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Fig. 23: Source current waveform of diode rectifier load with SRF based SAPF
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THD = 0.13%)
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Table 4: THD value of load and source current with diode rectifier load
and different filter

THD of THD of
Load Filter load (%) source (%)
Diode rectifier - 24.92 24.92
Diode rectifier 5th and 7th harmonic 31.10 6.58
Diode rectifier SRF based SAPF 33.39 0.49
Diode rectifier SRF based SAPF 257.73 0.13

value of the load current is 257.73% as displayed in
Fig. 24. The source current waveform is close to perfect
sine wave and the THD value of the source waveform is
0.13% as shown in Fig. 23 and 25. The THD value of the
proposed system fulfil the IEC standard which the THD
value in the system must not more than 5%. Therefore, we
can conclude that the SRF based shunt active power
filter can mitigate the harmonic in the power system
(Table 4).

CONCLUSION

In conclusion, the SRF based shunt active power
filter is able to reduce the harmonics distortion caused
by non-linear load in a system. The proposed SRF based
shunt active power filter successfully reduced the THD
value in the system to as low as 0.13% which comply
with IEC standard. The proposed SRF based shunt active
power filter can protect the system from harmonics
distortion.
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