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Abstract. The growing number of consumers representing non-linear loads has 
led to an increase in the level of harmonics and poor power quality. It is not 
news to apply active power filtering (APF), but the drawback is the lower 
efficiency and complexity. The described here active power filter control 
system is simpler and more efficient. It is based on a relay current regulator and 
its converter uses the existing DC bus of the rectifier. The theoretical basis of 
the APF is described. A model of the proposed APF (with its suggested control 
system and the common DC link) is simulated in Matlab. The result of this 
simulation demonstrates that the level of the Total Harmonic Distortion (THD) 
of the input current is less than 3 %. The input current matches the phase of the 
input (mains) voltage: i.e. the consumption of reactive power from the grid is 
minimized. The simulation is confirmed by experimental study of the relay 
current controller. The corresponding results are provided. 

Keywords: Non-linear load, Quality of electric energy, Total harmonic 
distortion, Relay current control, DC-link, Active power filter. 

1 Introduction 

1.1 Power Quality 

Less than twenty years ago the harmonic components of current and voltage in the 
electric alternating current were negligible and their impact on the grid could be 
ignored. Currently, in most countries the level of harmonic components in power 
grids has increased in several times. The tendency for further growth is here to stay 
[1]. The high level of harmonic components should be considered seriously because it 
has a negative impact both on the grid and its users. 

The reason for the growth of the harmonic current and voltage is the growing 
number of electricity customers that use non-linear load, both in the industrial and 
domestic sectors. The main negative effect of the non-linear load consists in the 
specific nature of the harmonics in the consumed current from the grid. The harmonic 
components frequencies can be so high that they provoke electromagnetic disturbance 
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became possible to solve this issue by means of active power filters (APF) [5], [6], 
[7]. The APF that is currently applied consists of a voltage converter (with fully 
controlled power switches) and a capacitor battery in a dedicated DC link. However, 
the most non-linear consumers, having a rectifier incorporated, already possess a 
capacitor in their output DC link. It is suggested therefore that a new type of APF will 
use this already existing DC link: the converter of the filter is connected to the DC 
output voltage tank. This will reduce the number of circuit elements and simplify the 
control system of the APF [8]. The chosen control system is based on the relay (bang-
bang) current controller. This control system is characterized by simplicity, stable 
performance, high speed and high accuracy [9], [10], [11].  

The APF is supposed to operate as a step-up converter, i.e. the output voltage (the 
output filter’s DC link voltage) will be always higher than the voltage applied to the 
APF converter (the damaged voltage that is necessary to correct). The main task in  
the development of this APF is the construction of the control system based on the 
balance of the power consumed by the nonlinear load from the AC supply and the 
power injected into the DC link. The other task is the control of the voltage level at 
the output of the APF converter in order to correspond to the consumed power. 

2 Relationship to Collective Awareness Systems 

The increase in the number and the power of non-linear loads is due to the rapid 
development of the modern electronics. From the point of view of the economy, the 
power electronics made the energy use more efficient. Unfortunately the electronic 
devices applied in the energy sector have led to quality problems of the power grid. 
Those problems our society needs to solve by the effort of both the energy producers 
and the electric power consumers. 

In the industry, the modern static power converters and the frequency controllers 
for motor drives made possible by the high-power IGBT transistors and other 
emerging devices to facilitate the control of the induction motors, the cheapest and 
most common type of electric motors. The application of electronic devices brought 
certain effects in the general electric network: massively the controlled AC drives 
have been upgraded by introducing a frequency controlled converters in already 
existing power system and this distorted the consumed current. 

In the domestic applications the switching power supplies increased dramatically in 
number. The switched power converter is highly efficient but the massive use of it 
created problems. For example, the millions of laptops, tablet PCs and mobile phones, 
the necessary servers, routers, etc., all of these electronic devices operate at a constant 
voltage supply, but they are connected to the AC mains. The converters from the AC 
to DC in the millions of devices and other equipment represent a non-linear load. As a 
final result, the quality parameters of the AC grid deteriorated. 

In fact, it is not possible to avoid the non-linear load in the energy system. A 
promising solution to this problem is the use of APF in order to compensate the 
damage made to the grid parameters. This filtering is also a must for the 
interconnections between the numerous generators and consumers in the future smart 
grids. If a simple and reliable solution like the proposed one will be adopted, the 
manufacturers of electronic equipment will produce massively equipment that will be 
more easily made compact and cheap. 
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The consumers connected to the mains will be able to have their nonlinear 
influence compensated: the APF will be cheaper and more acceptable to be used in 
massive number to compensate for harmonic distortion. This will contribute to the 
development of Collective Awareness Systems, where the price of the nonlinear load 
compensation will be equally divided between the consumers and the producers of 
electric energy. 

3 Theoretical Bases 

The schematic diagram of the proposed APF is shown in Fig. 2 (a). A transformer is 
used as the matching element between the APF converter output (here it is an 
inverter) and the electric grid. 
 

(a)  

 
 

 
(b) 

Fig. 2. APF: (a) its connection to the load and grid; (b) its control system 

The operation of the suggested APF control system is planned to compensate for 
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L L L

*I I IΔ = − .                           (1) 

The “Ideal” current, flowing from the mains, is defined by the power that the DC 
consumer requires. 

The active power 1P at the input should correspond to that DC power, and 1P  is: 
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where kLI  is the current drawn from the grid by the uncontrolled rectifier, 

k1U is the AC input voltage, 

kϕ  is the phase shift between the voltage and current (in fact, the first harmonic 

of the input current is the only harmonic contributing to the DC output power!). 
The reactive power 1Q at the input is: 
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The apparent power 1S  at the uncontrolled rectifier input is: 

2 2
1 1 1S P Q= + .                            (4) 

According to the required (and expected) result from the filtering, it is assumed 
that the phase angle between the current and the voltage will be zero ( 0ϕ = ). Then 

the total power at the input of the scheme is: 

1

1 1 1 L

Q 0;
S P 3 U I .

=
= = ⋅ ⋅                          (5) 

The power 2P  that is expected to be consumed by the load is: 

2 u 1 dP k U I= ⋅ ⋅ ,                          (6) 

where uk 1.35=  is the DC/AC voltage ratio of the full bridge rectifier, 

and dI  is the DC current drawn by the load. 

The power balance between 1P  and 2P  will be: 

1 2P P P= + Δ ,                            (7) 

where PΔ  represents the total losses in the APF, the rectifier and the transformer. 
In general, the lost part PΔ can be represented as a function of the current dI

multiplied by the coefficient PkΔ . Then the balance of power is: 

1 L u 1 d P d3 U I k U I k IΔ⋅ ⋅ = ⋅ ⋅ + ⋅ .                    (8) 
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As a general outlook, the APF control circuit is shown in Fig. 2 (b). The relay current 
control (RCC) is configured by adjusting the hysteresis value in order to determine the 
precision by which to process the signal from the current sensors. The difference 
between the “ideal” and real current is delivered to the RCC together with the signal 
from the DC current feedback iD. The RCC block calculates and compares continuously 
the instantaneous “ideal” load currents and the real load currents. The control signals for 
the converter (it is an inverter in Fig. 2 are generated by RCC. These signals are aimed 
to form the APF output current instantaneous value. The instantaneous values of APF 
output currents are supplied to a step-up transformer. The secondary of the transformer 
supplies the missing instantaneous current continuously and thus compensates for the 
non-sinusoidal waveforms of the consumed current in the load. As a result, the current 
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6 Conclusions and Future Work 

According to the results from the theoretical analysis, mathematical modelling, and 
experiments, the proposed APF based on the power rectifier filter capacitor as a DC 
link is designed and verified. The APF control based on RCC and limited calculation 
based on "ideal" load current was investigated. According to the simulation results, the 
uncontrolled rectifier combined with the new APF system is an effective means of 
compensation for harmonic current distortion and reactive power. For the experimental 
verification the APF set-up has been designed, and it confirmed the good performance 
of the simple “bang-bang” RCC control of the APF. The application of the proposed 
APF control system to non-linear power converters will improve the electromagnetic 
compatibility of the “naturally” nonlinear consumers and the power grids. It will have 
a positive influence on the power system and its customers. It provides increased 
reliability and energy efficiency. This will be especially important for the future smart 
grids construction.  Further work on the APF will be in experimental studies of 
“uncontrolled rectifier – APF” to improve the construction and control system of the 
proposed APF. 
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