Shunt Active Power Filter Based
on P-Q Theory with Multilevel
Inverters for Harmonic Current
Compensation.

by Teguh Firmansyah

Submission date: 16-Apr-2023 10:56AM (UTC+0700)
Submission ID: 2065636399

File name: File_080b_Publish_6363-19389-1-PB.pdf (1.07M)
Word count: 3086

Character count: 15771



TELKOMNIKA, Vol.15, No.4, December 2017, pp. 1632~1640
ISSN: 1693-6930, accredited A by DIKTI, Decree No: 58/DIKTI/Kep/2013
DOI: 10.12928/TELKOMNIKA.v15i4.6363 m 1632

Shunt Active Power Filter Based on P-Q Theory
with Multilevel Inverters for Harmonic
Current Compensation

Suhendar’, Euh Firmansyah, Alief Maulana®, Zuldiag®, Vektor Dewanto®
234Dgpartment of Electrical Engineerin@niversity of Sultan Ageng Tirtayasa, Cilegon 42435
Computer Science Department, Bogor Agricultural University, Boegor, Indonesia
*Corresponding author, e-mail: teguhfirmansyah@untirta.ac.id

Abstract

A shunt active power filter based on P-Q theory combined with high pass filters (HPFs) for
harmonic-current compensation was proposed in this paper. A dual level H-bridge inverter (DLHI) and
clamp diode multilevel inverter (COMI) as inverters was used. The proposed active power filter was applied
to 3-phase power system withgl 0V voltage and 50Hz frequency. the simulation model was constructed by
using Simulink MATLAB. The results show that the proposed active power filter with CBA.‘ produces lower
total harmonic distortion (THD) than the active power filters with DLHI. Additionally, the proposed shunt
active power filter has lower THD compared with other types of active power filters.
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1. Introduction

The power quality is determined by voltage swell, voltage sag, flicker, voltage
interruption, negative and zero sequence components, voltage anfjcurrent harmonics [1, 2].
The use of non-linear load can increase a harmonic current [3]. The harmonic current also
cannot contribute to the active power and need to[EEg eliminated to enhance the power
quality [4]. Recent efforts have been maddggl improve the power quality by reducing harmonic
current based on active power filters [SEEh three-phase active power filters was proposed by [6].
This active power filter is controlled by the P-Q theory, the notch instantaneous method, and the
positive sequence method. A pulse width modulation (PWM) was used as an inverter. This
research shows that a notch instantaneous method can reduce a har monic current with the
value of total harmonic distortion (THD) from 19.76 % down to 5.58 %. Furthermore, a paositive
sequence method can reduce THD to 12.76 %, THD depression does not occur significantly.
Compared with the previous methods, the P-Q theory can reduce THD to 3.54 %. The THD
result is lofgr than those of the notch instantaneous and positive sequence methods.

A single-phase shunt active filter with a fuzzy controller and a PI controller for harmonic
mitigation was proposed by [7]. This active power filter was applied to 230 V, and 50 Hz power
systems. The fuzzy controller was reduced THD significantly in comparison with a conventional
Pl controllers. The dual-level inverter with a Pl controller has THD of 8.39 %, which is higher
than dual-level inverter with a fuzzy controller with THD of 5.68 %. In the case of a multi-level
inverter, the PI controller has 7.10 % and it is alf@ higher than multilevel inverter with a fuzzy
controller with THD 4.47 %. [8] proposed a 3-level (NPC) shunt active powerf§fEer based on
P-Q theory combined with a fuzzy controller for harmonic-current compensation. The simulation
results show that the effectiveness of the designed shunt active filter based on PWM fuzzy logic
controllers. THD is reduced after com @ sation to 2.12 %.

In this paper, we propose a shunt active power filter based on P-Q theory combined
with high pass filters (HPFs) for harmonic-current compensation. In this research, we used a
dual level H-bridge inverter (DLHI) and clamp diode muttilevel inverter (CDMI) as the inverters.
We applied th oposed active power filter to 3-phase 220 V and 50 Hz power systems. The
superiority of theory includes the capability of working iffflintaneously and in time
domain [9-11]. The P-Q theory is applied in 3-phase [12]. Hence, P-Q theory considers the 3-
phase as a unit, not a superposition or sum of three single-phase circuits [13]. Therefore, the P-
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Q theory is flexible in designing sflEht active power filters combined with a multilevel inverter for
harmonic-current compensation. The design methodology is detailed in the foEing sections.
Section 1 describes the state offhe art solutions. Section 2 describes the P-Q theary
instantarf@bus power. Furthermore, the performance of the proposed shunt active power filter is
reported in Section 3. Finally, Section 4 concludes this research.

2. Research Method

As shown in Figure 1, we propose a shunt active power filter based on P-Q theory
combined with high pass filters (HPFs) for harmonic-current compensation. We applied the
proposed active power filter to 3-phase power system with a voltage of 220 V and frequency of
50 Hz. A flow chart for calculation of compensating current shown in Figure 2. A system wih
nonlinear load was constructed using Simulink MATLAB.
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Figure 1. Proposed a shunt active power filter with CDMI and DLHI inverter
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Figure 2. A flow chart for calculation of compensating current
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According to IEEE-519 standard, the total harmonic distortion (THD) is given by [14]:

@iﬂ :
THD= h=2"hRMS (1)

Irms
where Iysis the effective value of fundamental current and I, is the effective value of
harmonic current. Filter is not only reduce interf@fhce but also reduce harmonics power [15],
[16-18]. To reduce the THD, this study was used the P-Q theory. The P-Q instantaneous power
theory was introduced by Akagi, et al [13,14]. The P-Q theory consists of Clark Transformation
as shown in Figure 2. The three-phase current of I, I 1 and voltage Vi, Vg, Viin R-S-T
coordinates transform to o-f coordinates using Equation (2) and (3) [14].

1 1
=g
L7 IEVEY PRl | g
0 2 2 Ur
1
R T/
v
M- E ol ®
s 0 5 2l

After the Clarke transformation of current and voltage. It's followed by instaneous power
caleulation. Real power and reactive powers are calculated with (4):

lol= [f\’?ﬂ Al (4)
Thus_: B
P=P+P
Q=0+Q
whiiR

P=instantaneous real poweff) due to the fundamental component;

P=instantaneous harmonic real power P due to the harmonic component;

(=instantaneous reactive power Q due to the fundamental component;

@ =instantaneous harmonic reactive power Q due to th@harmonic component;

In this paper, a high pass fiter (HPF) was used. The real power is set to zero and an
instantaneous reactive power is set [flfo opposite vectors in order to cancel the reactive
component of the line current. The compensator will only compensate the instantaneous
reactive power.

] = wﬁ[; —\3&]_1’351 (5)

To get the reference current harmonics, the harmonic currents in the bi-phase system to
be transformed by Inverse Clarke Transformation of a-B, which is given by Equation (6) [13,14]

1

iii f [‘% ] ®)

1 -3
_he 3 3

nH o

B2 controller is used for generating pulses as the input of the inverter by comparing the
value of the reference current and the current measured.

The last circuit is an inverter. Figure 3 and Figure 4 show the MATLAB simulation of
dual level H-bridge inverter (DLHI) dan clamp diode multilevel inverter (CDMI), respectively.
Table 2 shows the parameter of simulation and Table 3 shows the comparing reference current
and the current measured.
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Table 2. Parameter of shunt active power filter simulation

Parameter Value
Power system  Three Phase
Vs 220V
Frequency 50 Hz
Al 100 Q
LI 5H
Rf 100
Lf 5H

Table 3. The comparing reference current and the current measured

- State
Condition Gl G2
a2z Iy 1 0
ha<l, 0 1
ezl 1 0
p<le 0O 1
ezlp 1 0
Ie<lp 0 1

3 Phase Generalor
220 V 50Hz

_ Ui
L I 7
G T |
Il -
i AJF% Kl
=N |l R ]
G T 1 i Lt 2
Ty T
e R
e -+
ol ] )
O_.__ Qg} Qg} U
L —7— —

Figure 3. Dual level H-bridge inverter (DLHI) [This Research: Inverter Model 1]

Shunt Active Power Filter Based on P-Q Theory with Multilevel Inverters for .... (Suhendar)




1636 W ISSN: 1693-6930

(]

o
W
3 Pnase Generator
20 VS0 HZ

92
zall
H |
e
Zall

-
f &) [&4]

O1& O1A ©F

[&e) &)

= O O E

<

M Mon Liner Load
04 0s o6& "
LT
| | ; )

Figure 4. Clamp diode multilevel inverter (CDMI) [This Research: Inverter Model 2]

3. Result and Analysis

The performances of the proposed shunt active power were explained in this section.
Section 3.1 shows the performance of three-phase power system with nonlinear load without an
active filter. Furthermore, section 3.2 and section 3.3 was explained shunt active power filter
with dual level H-bridge inverter (DLHI) and clamp diode multilevel inverter (CDMI), respectively.

3.1. Performance the three phase power system with nonlinear load

A system with nonlinear load as shown in Figure 3, and the THD before the shunt active
fitter operation has 28.41 %, 27.08 %, and 28.35 % for phase R, phase S, and phase T,
respectively. It is shown that a nonlinear load was effected to increase the THD value.

Figure 5a. shows a three phases of current in transient condition and steady state
condition. At the steady state condition, the Fourier Series approximations of Iz current is shown
in Figure 6 and the Equation of I is given by:

Iy = 2.6 sin(ot) + 0.07 sin(3et + 230°) +0.55 sin(Sot + 145°) + 0.33 sin(7ot + 56.4°)
+ 0.06 sin(9wt + 163.7°)
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FFT analyss

Fundamental (50Hz) = 2 589 , THD= 28 41%

Current (A)
o

Mag (% of Fundamental)

a ! [] 20 400 00 800 1000
Frequency (Hz)
Time (s)
(a) (b)
FFT analysis FFT analysis
Fundamental (S0Hz) = 2,681, THD= 27 80% Fundamental (50Hz) = 2601 , THO= 28.35%
g6 3
§ H
E E
2 4
50 H
s Ire
s B
£ £
F z
- 3 J
. Lot 1]
[] 200 400 00 [ 1000 400 600 800 1000
Frequency (Hz) Frequency (Hz)
(c) (d)

Figure 5. A system before the shunt active filter operation (a) Three phase current, (b) Total
harmonic distortion phase R (lg), (c) Total harmonic distortion phase S (ls),
(d) Total harmonic distortion phase T (I1)
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Figure 6. The Fourier Series approximations of I_R current

The FFT analysis shows that the three phases system has large a total harmonic
distortion (THD) and the time domain plot also agrees with Fourier Series approximations. The
Fourier Series approximations shows tfE] the three phases system has a Iot of harmonic
frequency. This paper was proposed a shunt active power filter based on P-Q theory. As an
inverter, a dual level H-bridge inverter (DLHI) and clamp diode multilevel inverter (CDMI) was
used in this research.

3.2. Performance Shunt Active Filter with dual level H-bridge inverter (DLHI)

The performance shunt ggive fitter with dual level H-bridge inverter (DLHI) is shown in
Figure 7. It is shown thaff®fore the shunt active filter operation, the source of current is highly
rich in harmonics. After the shunt active filter starts the compensation process, the source is
sinusoidal with phase 0°, 120°, and 240°. A Powergui FFT Analysis Tools on Powergui Matlab
Simulink is used to get the value of THD. The THD before the shunt active filter operation has
28.41 %, 27.08 %, and 28.35 %. The THD after the shunt active filter with dual level H-bridge
inverter (DLHI) has 3.73 %, 3.72 %, and 4.53 %. The THD value has conformity with the
standard IEEE recommendations (THD <=5%).
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Figure 7. (a) The source current (Iz) after and before compensation with injected current by dual
level H-bridge inverter (DLHI), (b) The source current (ls) after and before compensation with
injected current by dual level H-bridge inverter (DLHI), (¢) The source current (I} after and
before compensation with injected current by dual level H-bridge inverter (DLHI)

3.3. Performance Shunt Active Filter with clamp diode multilevel inverter (CDMI)

The performance shunt active fil@@ with a clamp diode muttilevel inverter (CDMI) is
shown in Figure 8. It is shown thaifBBfore the shunt active filter operation, the source of current
is highly rich in harmonics. After the shunt active filter starts the compensation process, the
source is sinusoidal with phase 0°, 120°, and 240°. The THD after the shunt active filter with
clamp diode multilevel inverter (CDMI) has 1.91 %, 1.93 %, and 1.91 %. The THD value has
conformity with the standard |IEEE recommendations (THD <=5%).
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Figure 8. (a) The source current (Ir) after and before compensation with injected current by
clamp diode multilevel inverter (CDMI), (b) The source current (ls) after and before
compensation with injected current by clamp diode multilevel inverter (CDMI),

(c) The source current (l1) after and before compensation with injected
current by clamp diode multilevel inverter (CDMI)
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The result showed that active power filter with CDMI produced lower total harmonic
distortion (THD) than active power filter with DLHI. The TEP with DLHI and CDMI is lower than
limits of IEEE harmonics standards. It is also shown that the proposed shunt active power filter

has lower THD compared to another type of active power filter as shown in Table 4.

Table 4. The THD value compared to another type of active power filter
THD

References Systems Controller Inverter ) THD .
before compensation after compensation
Notch
Giprian aphase control 19.76 % 5.58 %
Balanuta, - pulse width
ot al 300 V P-Q Theory modulation 18.76 % 3.54 %
(61 S0 Positive 18.76 % 12.76 %
Sequences SR ee
1-phase dual-level inverter 16.5% 8.39 %
C L Anooja 230 Vv Ploontroller . ii-level inverter 15.5% 7.10 %
71 50 Hz Fuzzy dual-level inverter 165.5% 5.68 %
controller multi-level inverter 15.5 % 4.47 %
Chennai Z-phase Fuzzy pulse width
Salim 220V : 28.16 % 212 %
(8] 50 Hz controller modulation
dual level H-bridge Phase R = 28.41 % Phase R =3.73 %
inverter (DLHI) Phase S = 27.08 % Phase S =3.72 %
This work 3-phase P-Q Theory [Inverter Madel 1] Phase T =28.35 % Phase T =4.53 %
220V combine clamp diode o o
50 Hz HPF multilevel invener Phase R = 28.41 % Phase R =1.91 %
(COMI) Phase S = 27.08 % Phase 5 =1.93 %

Phase T = 28.35 %

Phase T=1.91%

[Inverter Model 2]

4, Conclusion

A shunt active power filter based on P-Q theory with dual level H-bridge inverter (DLHI)
and clamp diode multilevel inverter (COMI) was design, modified, and analyzed. This shunt
active power filter was applied to 3 phase power system with a voltage of 220 V and frequency
of 50 Hz. The simulation model was constructed using Simulink MATLAB. The simulation result
showed that active power filter with CDMI produced lower total harmaonic distortion (THD) than
active power filter with DLHI. The two cases studi in conformity with the standard IEEE
recommendations (THD <=59%). It is also shown that the proposed shunt active power filter has
lower THD compared to another type of active power filter.
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