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No other power quality or nonlinear load filter can compete with a shunt active power filter. Many 
high-power rating components are required for harmonic correction in APF topologies. Inverter 
power ratings may be reduced by using hybrid topologies combining low-power rating APFs and 
passive filters. For systems with high power ratings, hybrid APF topologies make use of a transformer 
with several passive components. System cost and space may be reduced by using an innovative VSI 
topology that includes four switches on each leg of the three-phase SAPF. An LC PF topology with a 
two-arm bridge structure and four switches is suggested. When the power switching devices are 
removed from the three-phase VSI, the third leg may be connected directly to the negative terminals of 
the dc-link capacitor. In comparison to current APF topologies, the suggested topology improves 
harmonic correction and enables full reactive power compensation. Matlab-Simulink is used for the 
simulation and analysis of the 3-phase transformer-less SAPF. 

Keywords: SAPF, VSI, APF, LC-Filters, Harmonics, etc. 

Introduction 

Power electronic equipment's nonlinear properties 
and quick switching are to blame for the majority of 
ower system power quality problems. In most 
industrial applications, non-linear characteristic 
loads like arc furnaces, changeable speed drives, 
computer power supplies, and so on are employed. 
Harmonics and eactive power disturbances are 
caused by the above-mentioned power electronic 
equipment in the power distribution system. In the 
power system, harmonics and reactive power have a 
variety of negative impacts, including heating, 
equipment damage, and EMC (Electromagnetic 
Interference). Passive LC filters are the most 
common approach for reducing harmonics and 
compensating for reactive power. Non-linear loads 
have grown in popularity over the last several 
years, resulting in a wide range of power quality 
concerns, including excessive current harmonics, 
voltage distortion, and poor power factor [1]. A 
growing number of non-linear loads in the system is 
creating harmonic currents that are being fed into 
the AC power lines. Some protective mechanisms 
malfunction, transformers and motors burn out, and 
cables overheat as a result of this distorted supply 
voltage and current. As a result, compensating 
devices must be installed to counteract the 
harmonic currents and voltages generated by 
nonlinear loads. Passive power filters have long 

been used as a means of reducing distortion caused 
by non-linear steady loads. For this reason, a 
combination of passive filters and active filters will 
be used in the future. Topology Shunt Active Power 
Filter (SAPF) is ideal for compensating both 
voltage and current harmonics and also 
compensating reactive power among all other 
topologies. Non-linear loads, such as harmonic 
voltage and current loads, benefit from SAPF's 
superior performance. An example of a voltage-
type harmonic load is a three-phase full-bridge 
diode rectifier with a high-value dc capacitor 
connected in series with a low-value DC resistor. 
Inductors and resistors in series on the output side 
of a three-phase diode bridge rectifier provide the 
harmonic current source. It is possible to enhance 
the SAPF system's performance by selecting an 
appropriate reference compensating voltage. The 
pq-theory of reference generation was used in this 
study. The creation of compensatory voltage is 
based on this principle. For both current- and 
voltage-type harmonic loads, the suggested 
Transformer-less SAPF with p-q control technique 
is determined to be practical. Load voltages and 
source currents have a direct impact on the 
reference voltage. 
For the production of switching patterns, a 
hysteresis voltage controller is utilised since it is 
computationally simple and quick to design. When 
compared to older passive filters that used 
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capacitors, inductors, and resistors, modern active 
filters provide better performance, are smaller 
physically, and may be used in a wider variety of 
ways than their passive counterparts. Active filters, 
on the other hand, are now less expensive and 
suffer less operational loss than passive filters. 
Using the word "power conditioning," rather than 
"harmonic filtering," offers a considerably larger 
range of connotations. In other words, harmonic 

filtering is only one part of power conditioning; it 
also includes harmonic damping, harmonic 
isolation, harmonic termination, reactive-power 
control for power factor correction and voltage 
regulation, load balancing, voltage flicker 
reduction, and/or their combinations. There are two 
types of active filters:  
• Single-phase active filters and  
• Three-phase active filters. 

Active Filters for Power Conditioning 

In terms of circuit configuration, active filters may 
be divided into shunt (parallel) and series (series) 
filters. A. Active filter circuit designs, shunt and 
series Single-phase or three-phase diode rectifiers 
with capacitive dc loads are shown in Figure-1, 
where a single-phase or three-phase shunt active 
filter is used to filter harmonic current. Active 
filters may be classified into two broad categories: 
pure filters and hybrid filters. In many situations, 
the dc load may be thought of as an AC motor 
powered by a voltage-source PWM inverter. With 
or without a transformer, this active filter is 
connected in parallel with the load that produces 
harmonics. Based on this "feed forward" method, 
controllers may operate the active filter. – The 
controller measures IL. Digital signal processing is 
used to extract the harmonic current iLh from the 
observed load current.  
 

 

 

 

 

 

 

 
Fig. 1 Single-phase or three-phase shunt active filter 

Through a three-phase or three single-phase 
transformers, the series active filter is linked to the 
utility supply voltage. A "feedback" mechanism is 
used in series active filter control, as opposed to the 
shunt active filter, hich is regulated by detecting 
how much current is flowing. 
The active filter uses the compensating voltage vAF 
(= KiSh) across the primary of the transformer in 

order to remove the harmonic current iSh from the 
observed supply current. 
When the feedback gain K is large enough, this 
results in a considerable reduction in the supply 
harmonic current iSh. 
A "dual" connection between the shunt active filter 
and series active filter has been suggested by the 
preceding reasons. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2 Single-phase or three-phase series active filter 

Proposed Transformer Less SAPF 

A typical APF consists of a voltage source inverter 
(VSI) with a dc-link capacitor in a three-leg bridge 
arrangement. Due to the large number of active 
switching devices required by conventional APF 
topologies, such as the IGBT, these topologies are 
undesirable [4]. 
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Considerations such as these lead to a heavy and 
expensive system that is undesired. The nonlinear 
diode rectifier load is merged with a transformer-
free three-phase pure SAPF. The SAPF is linked to 
the power distribution system in a shunt 
configuration through the coupling inductor at the 
PCC. VSI with dc-link capacitor and coupling 
inductors comprises a six-switch three-leg full-
bridge architecture. Designed ac inductors shape 
the input current and correct for the harmonics in 
the output current.  
[8] proposes a transformer-less HAPF that may be 
used to overcome the limitations of high-power 
inverters. Passive filter and inverter in a three-
phase, six-switch bridge configuration (PF). 
As a result, the PCC current harmonics streaming 
into the utility source may be compensated for by 
the low-power rating inverter. On the other hand, a 
transformer-less HAPF with a reduced switch count 
is depicted in [9, 10]. To test the two-leg bridge 
inverter, a new design employs four switches to 
connect the removed leg to the dc-bus's negative 
terminal. As a bonus, it has a less complicated 
structure, high reliability filtering compensation, 
and a controlled, balanced dc link voltage. 
A transformer-free SAPF topology based on a four-
switch, two-leg structure is presented in the current 
Paper. The new circuit is derived from the six-
switch full-bridge inverter, unlike other existing 
topologies. The novel approach increases harmonic 
filtering and reactive power compensation 
equivalent to current full-bridge topologies. 

 
 

Fig. 3 Proposed transformer less APF system 

For three-phase applications, the suggested design 
attempts to offer greater compensating capabilities 
and a less complicated structure without increasing 
the number of power switching components. By 
restricting the usage of PFs, the series ac-coupling 
inductors circumvent the fixed reactive power 
adjustment. Due to the balanced current and 
voltage, the new topology delivers better overall 
performance than the dc-bus midpoint connection 
design in terms of harmonic correction. Because of 
this, the dc-link capacitor voltage balancing 
limitation is reduced by a simpler construction and 
a direct connection between the transmission line 
and the dc bus terminal. This arrangement also 
avoids the requirement for an additional controller 
and transformer to prevent magnetic saturation 
between the LC PF and the filter inverter. 
As a consequence, the design configuration has a 
lower cost, smaller volume, and a lighter 
construction. VSI architecture for a three-phase 
SAPF with just four switches and two legs is 
presented in this paper in order to reduce system 
costs and space. A three-phase, two-leg bridge 
inverter is used in the proposed SAPF, as illustrated 
in Fig. 5.7. Four switches, coupling inductors, and 
LC PF sets make up the two-arm bridge 
construction. An SPWM modulation approach was 
used in this work to ensure a good switching 
strategy. 
To pattern the reference signals, the carrier signal is 
compared to the comparators with a single 
alteration. For three-phase applications, the 
suggested system intends to offer greater 
compensating capabilities and a less complicated 
structure without increasing the number of power 
switching components. 
Overcomes the fixed reactive power correction by 
using two inductors in series to connect to the two 
VSI phases. All of the LC filters, including the 
inductor and capacitor sets, are connected to the 
decreased leg terminal. In the decreased leg, the dc 
voltage is divided and shifted to the power 
converter's output voltage through a direct 
connection between the utility power line and the 
dc-link terminal. Because of this, the PFs are 
utilised to lower the power and voltage 
requirements against the utility fundamental 
component at the output of the inverter (phase c). 
As an added benefit, the inductors act as a filter 
against the ripple that is produced by the switching 
converter. 
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Simulation and Results 

 

Fig 4- Matlab simulation of Transformer less SAPF 

 

 

Fig 5- Matlab simulation of Transformer less SAPF 
control system 

Simulation Results of Transformerless SAPF 

 

Fig 6- Source Side Voltage Waveform 

 

Fig 7- Source Side Voltage Waveform Phase-R 
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Fig 8- Source Side Current Waveform 

 

Fig 9- Filter Side Current Waveform 

 

Fig 10- Common D.C Link Capacitor Voltage 
Waveform 

 

 

Fig 11- Source Side Current Waveform Phase-R 
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Fig 12- Source Side Current Waveform Phase-Y 

 

Fig 13- Source Side Current Waveform Phase-B 

 

Fig 14- Load Side Current Waveform Phase-R 

 

Fig 15- Load Side Current Waveform Phase-Y 
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Fig 16- Load Side Current Waveform Phase-B 

Matlab Simulation of SAPF using Fuzzy Logic 
Control 

MATLAB/Simulink simulations are used to test the 
proposed controller's efficacy using SAPF. This 
section lists the electrical properties of SAPF that 
were utilised in simulation experiments. SAPF's 
Matlab/Simulink Model and simulation studies take 
into account two different state scenarios: steady 
state and transient state. For Fuzzy Logic Control, 
the same requirements apply in these cases. The 
SAPF structure with two controllers is tested in the 
first scenario with a fixed load. Figures following 
show the waveforms generated by both controllers. 

 

Fig 17- Proposed system of SAPF using FLC 
controlling 

 

Fig 18- SAPF controlling subsystem 

 

Fig 19- FLC control subsystem 
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Fig 20- Three phase output voltage and current 
waveform 

 

Fig 21- Power factor improvement 

 

Fig 22- SAPF different current controlling signals 

 

 

Fig 23- D.C link capacitor voltage 
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Fig 24- three phase output voltage and current 
improvement 

Conclusion 

An unbalanced power supply system was used to 
test the proposed SAF's ability to perform harmonic 
compensation. Harmonic isolation between the 
utility system and nonlinear load is achieved by the 
use of series active power filters. At the same time, 
it has the capacity of compensating for voltage 
imbalance and regulating voltage at the point of 
common connection with the utility. We may infer 
that the growing usage of static power converters 
and static power capacitors can build up a system 
scenario that can lead to power quality issues like 
harmonics. Static power converters and static 
power capacitors have been shown to increase the 
likelihood of power quality issues like harmonics in 
a power system, which may be caused by system 
conditions caused by greater usage of these devices. 
To keep the dc link voltage stable and assist rectify 
the supply side power factor around unity, the 
suggested filter may compensate for source currents 
and adapt itself to accommodate for non-linear load 
current changes. 

References

1. Wajahat Ullah Khan Tareen, and Saad 
Mekhielf , “Three-Phase Transformer less 
Shunt Active Power Filter with Reduced 
Switch Count for Harmonic Compensation in 
Grid-Connected Applications ” IEEE 
Transactions on Power Electronics , 2017 
IEEE. 

2. Medha Pandey, Anirban Sinha Ray and Avik 
Bhattacharya, “Transformerless Dual Inverter 
Based Series Injected Shunt Active Power 
Filter”, 3rd International Conference on 
Advances in Electrical Engineering 17-19 
December, 2015, Dhaka, Bangladesh, 2018 
IEEE 

3. W. U. Tareen, S. Mekhilef, M. 
Seyedmahmoudian, and B. Horan, "Active 
power filter (APF) for mitigation of power 
quality issues in grid integration of wind and 
photovoltaic energy conversion system," 
Renewable and Sustainable Energy Reviews, 
vol. 70, pp. 635-655, 4// 2018. 

4. J. Solanki, N. Fröhleke, and J. Böcker, 
"Implementation of Hybrid Filter for 12-Pulse 
Thyristor Rectifier Supplying High-Current 
Variable-Voltage DC Load," IEEE 

Transactions on Industrial Electronics, vol. 
62, pp. 4691-4701, 2018. 

5. L. Asiminoaei, C. Lascu, F. Blaabjerg, and I. 
Boldea, "Performance Improvement of Shunt 
Active Power Filter With Dual Parallel 
Topology," IEEE Transactions on Power 
Electronics, vol. 22, pp. 247-259, 2016. 

6. T. L. Lee and S. H. Hu, "An Active Filter 
With Resonant Current Control to Suppress 
Harmonic Resonance in a Distribution Power 
System," IEEE Journal of Emerging and 
Selected Topics in Power Electronics, vol. 4, 
pp. 198- 209, 2018. 

7. S. Rahmani, A. Hamadi, K. Al-Haddad, and 
L. A. Dessaint, "A Combination of Shunt 
Hybrid Power Filter and Thyristor-Controlled 
Reactor for Power Quality," IEEE 
Transactions on Industrial Electronics, vol. 
61, pp. 2152- 2164, 2017. 

8. R. Inzunza and H. Akagi, "A 6.6-kV 
transformerless shunt hybrid active filter for 
installation on a power distribution system," 
IEEE Transactions on Power Electronics, vol. 
20, pp. 893-900, 2018. 

9. L. R. Limongi, L. R. d. S. Filho, L. G. B. 



©Rajasthali Journal                                                                                                                                 ISSN 2583-1720 

 

https://www.rajasthali.marudharacollege.ac.in           Volume 1, Issue 2, Jan ‐ Mar 2022                                                  106              

Genu, F. Bradaschia, and M. C. Cavalcanti, 
"Transformerless Hybrid Power Filter Based 
on a Six-Switch Two-Leg Inverter for 
Improved Harmonic Compensation 
Performance," IEEE Transactions on 
Industrial Electronics, vol. 62, pp. 40-51, 
2017. 

10. J. C. Wu, H. L. Jou, Y. T. Feng, W. P. Hsu, 
M. S. Huang, and W. J. Hou, "Novel Circuit 
Topology for Three-Phase Active Power 
Filter," IEEE Transactions on Power 
Delivery, vol. 22, pp. 444-449, 2016. 

11. Z. Luo, M. Su, Y. Sun, W. Zhang, and Z. 
Lin, "Analysis and control of a reduced 
switch hybrid active power filter," IET Power 
Electronics, vol. 9, pp. 1416-1425, 2016. 

12. R. L. d. A. Ribeiro, T. d. O. A. Rocha, R. M. d. 
Sousa, E. C. d. Santos, and A. M. N. Lima, "A 
Robust DC-Link Voltage Control Strategy to 
Enhance the Performance of Shunt Active 
Power Filters Without Harmonic Detection 
Schemes," IEEE Transactions on Industrial 
Electronics, vol. 62, pp. 803-813, 2015. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


