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ABSTRACT

Energy quality is a very important in the electrical networks reliability, domestic and industrial equipment
security. Indeed, all electrical network can be negatively impacted if the energy quality is poor. This poor quality
is generally due to the phase unbalanced problems (cables and equipment warming, rotating machines stopping,
equipment destruction, etc.). To solve this problematic, in this work, we first modeled the balanced three-phase
network suppling three identical single-phase loads without filter using. Secondly, we modeled an unbalanced
three-phase network, with a non-identical single-phase loads and a single-phase fault on phase 2 in two
configurations; the three-phase unbalanced networks without filter and parallel active filter using. In this context,
we propose an approach based on the SRF method (Synchronous Reference Frame) to solve the unbalanced
electrical network phenomena by taking into account the harmonics attenuation generated by non-linear loads at
the source side. Finally, we have designed and simulated the different model of balanced and unbalanced
networks, with or without active power filter under the Matlab/Simulink environment. The obtained results show
our model effectiveness with a net compensation of active energy and unbalanced harmonic distortion rate
(THD<5%).

KEYWORDS: Parallel active filter, Unbalanced problem, 3-phase electrical grid, Harmonic distortion rate,
SFR method.

1. INTRODUCTION
At to date, the electrical energy needs became more and more increasing, as well as the users requirements in
terms of energy quality. One of these qualities concerns the balanced phase in electrical network, which is
generally unbalanced. This imbalance can drive to the cables and electrical equipment overheating, sudden
shutdown of rotating machines, equipment destruction, etc.

To solve this problem, several authors have proposed methods such as:

The authors of [1] propose an algorithm using reference currents under different conditions and based on the
instantaneous powers theory which allows to detect and compensate harmonic currents. The obtained results
showed that the proposed model allows the harmonics attenuation and a response time reduction for the reference
currents computation. However, the proposed method is not applied to an unbalanced network.

In [2], the authors use an active power filter in order to study the operating regimes in three configurations:
balanced, unbalanced with load and a single phase fault on the load side. The obtained results are satisfactory but
do not include the current harmonics attenuation at the source.
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The authors of [3] propose a three-phase parallel active power filter based on a two-level voltage converter
controlled by the PQ algorithm to compensate the electrical networks harmonics. The obtained results are
satisfactory in the harmonic compensation quality and power factor correction, except that they are not take into
account the unbalanced systems in load and fault configuration.

In [4], the authors propose a parallel active filter which adapts to load variations. This filter is a PWM voltage
inverter allowing to eliminate the harmonic currents generated by an uncontrolled three-phase rectifier bridge
(nonlinear load). The obtained results showed that the harmonic distortion rate (THD) calculated after filtering is
lower than 5%. A device is technically complex and generates economic costs linked to the PWM converter use.
In addition, the considered network is not unbalanced and the current harmonics attenuation phenomena at the
source side is not take into account.

The authors of [5] use a DSTATCOM to, filter the load currents harmonics, rectify the power factor and
compensate the reactive power using two methods: SRF (Synchronous Reference Frame) and IRPT (Instantaneous
Reactive Power Theory). Under these conditions, the obtained results show that the SRF method is better than
IRPT method, it should be noted that this study does not take into account load faults and their fluctuation in
network quality. Furthermore, it is not applied to an unbalanced network and is not take into account the current
harmonics phenomena at the source.

In the reference [6], the authors study the robustness and the dynamic performance of an active filter compared to
a passive filter under the frequency and load variation conditions without consider the voltage, which explains
that the unbalance phenomena is not taken into account.

In [7], the authors use the instantaneous power method and the synchronous detection method to improve the
network quality under the nonlinear loads influence. The obtained results from the parallel active filter which is
based on the hysteresis control of the inverter are satisfactory, except that the network considered is not
unbalanced.

The authors of [8] make a comparative study between a new approach proposed FVM (Filter Multi-Variable) and
the SRF method to compensate the harmonics currents in a network including several loads. For this, they use two
current inverters to inject current harmonics at the connection points. Although the results are satisfactory with a
THD conforming to the standard, this method generates some technical-economic problems resulting to the two
inverters use and does not take into account the nonlinear loads effect on the currents at the source side.

In [9], the authors propose a real-time control technique using an active power filter to improve the quality of an
unbalanced network subjected to fluctuating non-linear loads. They use two STF filters, one to process line voltage
and the other to separate fundamental current and harmonics. The results obtained are satisfactory with a THD
conforming to the standard; however, they do not take into account the current harmonics at the level of the source.

The authors of [ 10] use instantaneous power theory to propose an active power filter to attenuate current harmonics
at the source. The obtained results are satisfactory with an acceptable THD, moreover, it should be noted that the
electrical network considered in this study is not unbalanced.

Recent works have been focused on this phase unbalanced problematic [11-19]. In these works, some authors use
intelligent techniques which require a lot of parameters adjustment, this fact makes their experimental validation
difficult. Other authors combine at least two techniques, this implies the technical and economic complexity
increase of the system.

None of the studies propose an active filter to solve the unbalanced electrical network problem while taking into
account the harmonics attenuation generated by nonlinear loads at the source. In addition, the challenge is to
develop only efficient method but also a less complex system. For these reasons, we propose a parallel active filter
using SFR method to solve the unbalanced problem in 3-phase electrical grid.

The rest of this article is organized as follows: the section 2 describes the methodology part, the simulation results
and discussion are presented in section 3 and some concluding remarks are made in section 4.

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology

31]

IJESRT is licensed under a Creative Commons Attribution 4.0 International License.



http://www.ijesrt.com/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

:_E THOMSON REUTERS
ISSN: 2277-9655
[Niare at al., 14(5): May, 2025] Impact Factor: 5.164
IC™ Value: 3.00 CODEN: 1JESS7

2. PROPOSED METHODOLOGY
The approach used is the SRF method which exploits successively Concordia and Park transformations to reach
hree phase line currents to Park dq line current. This allow to transform the fundamental current component into
a continuous component and the harmonic current components in AC components. This aptitude offers eliminates
the DC current component elimination by using a simple low-pass filter. In this condition, the Concordia inverse
transformation allows to provide the reference currents.

SRF Method

Matlab/ Simulink

1st transformation from three-phase to two-phase (Concordia)

2nd transformation into dq (Concordia - Park)

Transform the fundamental component into continuous and the
harmonic component into alternative, Continuous component

Concordia inverse transformation to obtain reference currents

Fig.1. Proposed methodology

N
g

? limite supéricurs
BH

Limite inferienre

Fig. 3: Switches control by hysteresis [1]
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Fig.4 : The voltage inverter
-First transformation or transformation of Concordia: to switch load currents from three-phase to two-phase.
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-Second transformation or transformation in the dq referential: to switch the fundamental component to DC and
the harmonic component to AC.
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-Inverse transformation: to find the reference currents.
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The algorithm for identifying the reference currents by the Synchronous Reference Frame (SRF in English) using
the Matlab/Simulink software is shown schematically in the figure below.
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Fig. 5: Principle of identification of harmonics by the SRF method
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Schematic diagram of APF is given by the figure below.
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Fig. 6: Network set, APF, polluting load [2]
SIMULATION RESULTS AND DISCUSSION
Description of the three-phase electrical network without active power filter:

-Balanced system without APF:

Table 1: Simulation parameter

Vs_eff (V) f(HZ) Is (mQ) L, (uH) IC (mQ) Lc (uH) T di1123 (Q) L d123
(mH)
240 50 3,63 14,12 12,87 105,98 5 30

Coma

F:#”
formi—1 | B o5

R 23ci 2 1-" . @ - ‘—[ 1 '
nlyy

=Fis;
Fig. 7: Balanced electrical network without APF
Voltage on the source side is sinusoidal and balanced.
15 == Phase 1
== Phase 2
Vi Phase 3

Voltage (V)

0.5 055 06 065 0.7 075 0.8 085 09 0.95 1
Temps (S)

Fig. 8: Source side voltage

The current absorbed by the nonlinear load is shown in the following figure;
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Fig. 9: Load current
Non-linear loads generate current harmonics at each phase.
-Unbalanced system without APF:
1st case: single-phase load imbalance:
Table 2: Simulation parameter.
Vs ef (V) f (Hz) rs (mQ) L, (uH) rc (mQ) L ¢ (uH)
240 50 3,63 14,12 12,87 105,98
ran () L gy (mH) rap () L 4p (mH) ras () L 45 (mH)
0,2 1 0,79 4,8 0,3 4
]
Pl -l 15 it
Three Phase Source : - ] - ‘ wmen | STy

[
!

4T s

Fig. 10: Unbalanced electrical network, single-phase without APF

The source side voltage is sinusoidal and balanced:
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On the other hand, the load currents are unbalanced.
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Fig. 11: Source side voltage
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Fig. 12 : Load current.
2nd case: single-phase fault of phase 02:
Table 3: Simulation parameter
Vs et (V) f (Hz) s (mQ) LsuH) rc (mQ)
250 50 3,63 14,12 12,87
L ¢ (uH) rai (Q) L au (mH) ras (Q) L a3 (mH)
105,98 5 30 5 30

B
e = i

Threa-Phasa Source Rgtidigtid
J}

(]

Fig. 13: Electrical network unbalance, phase fault 02

The voltages on the source side form a balanced sinusoidal signal:
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Fig. 14: Source side voltage

On the other hand, the charge current is unbalanced:
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Fig. 15: Load current

We notice that the FFTs of phase one and three are identical and that we have no results for phase two, this is due
to the fact of the single phase fault on this phase.

Table 4: The THD of source currents before filtering

Phase Balanced electrical | Unbalanced electrical network, | Electrical network unbalance,
network Load different phase phase fault 02

THD phase 1 | 09,67 % 17,45 % 31,79 %

THD phase 2 | 10,31 % 20,23 % No value

THD phase 3 | 10,90 % 20,21 % 31,79 %

Description of the three-phase electrical network with active power filter
After having described our electrical network connected to three non-linear single-phase loads, we will mount our
active filter in parallel between the source and the single-phase non-linear load.

Table 5: APF simulation parameters

L¢ (}J.H) Cae (mF) Ve (V)
200 8 700

-Balanced electrical network:

[

Fig. 16: Balanced electrical network with APF

Current on the source side is sinusoidal on the other hand; current on the load side is of the following form:
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Fig. 17:
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Fig. 18: Filter current injected into the network
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Fig. 19: Source current compensated

have been compensated.
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The reactive energy has been compensated so as to obtain the sinusoidal shape of the current.
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Fig. 20: Unbalanced electrical network, single-phase.

Current on the source side is sinusoidal on the other hand; current on the load side is of the following form:
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Fig. 21: Unbalanced load current, single-phase load not identical
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Fig. 22: Filter current injected into the network

001 o Phiase 1

0.008 N f AWA . -
_ 0,006 - \ — Phase 2
0.004 o Phiase 3
0.002 |- 5
o -0.002 :
Y 0008 [ :
.88 09 0.92 094 096 098

o=

urant (A

-0.006
-0.008
-0.01
0.

! 1
Temps (5

Fig. 23: Source current compensated

The load current harmonics of each phase have been compensated.

We also notice that the current imbalance has been corrected (THD <5%)

The energy compensated therefore the shape of the current became sinusoidal again.
- Single-phase unbalanced electrical network, phase 02 fault:

p-ﬁ;w

) :;T
4T3 -

Fig. 24: Unbalanced electrical network, phase 02 fault with APF .

Current on the source side is sinusoidal on the other hand; current on the load side is of the following form:
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Fig. 25: Load current for the electrical network in the absence of phase 02.
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Fig. 26: Filter current injected into the network
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Fig. 27: Source current compensated

The load current harmonics of each phase have been compensated.
We also notice that the current imbalance has been corrected (THD <5%)
The energy compensated therefore the shape of the current became sinusoidal again.

0.98 1

Table 6: The source current THD after filtering

Phase Balanced Unbalanced electrical network, | Electrical network unbalance,
electrical Load different phase phase fault 02
network

THD phase 1 2,21 % 2,98 % 2,34 %

THD phase 2 2,21 % 2,00 % 2,14 %

THD phase 3 2,21 % 2,16 % 2,00 %

3. CONCLUSION:
In this paper, we have proposed a parallel active filter based on SFR method in order to improve the unbalanced
electrical network quality. This proposed method is applied on electrical network in balanced and unbalanced
configuration with line and loads faults. The filtered system is designed in Matlab/Simulink environment in order
to study his behavior. The obtained results show that the proposed parallel active filter allow to strongly attenuate
the generated harmonics by the nonlinear loads at the source side with the harmonic distortion rate whose the
value is lower than 5% (THD<5%). In addition, they allow to compensate reactive energy and to maintain constant
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the condenser voltage. This fact implies the implementation simplicity of proposed method compared to methods
which regulate DC bus voltage to the condenser boundary. In the future, it will be interesting to see how the hybrid
filter (parallel and series) or the UPQC (Unified Power Quality Controller) can be improve the unbalanced
electrical network quality.
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