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A Simple Control of Shunt Active Power Filter to Enhancing Current Quality
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Abstract: Active power filters have been widely used for harmonic elimination. Application of
nonlinear loads and semiconductor switched devices in distribution systems results in many problems
in quality of power. In this paper the performance of a conventional three-phase shunt Active Power
Filter (APF) using Synchronous Reference Frame has been evaluated for harmonic suppression.
Currents are represented in d-q-0 synchronous reference frame (SRF) and PWM carrier strategy is
used to control the active filter. Power quality improvement through reactive power and harmonic
compensation is given. The validity of the control principle of Shunt Active Filter is verified by the
results of Matlab-Simulink simulations. 
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INTRODUCTION

Recently, wide application of nonlinear and time-varying devices has led to distortion of voltage and
current waveforms in ac networks. Consequently, harmonics, sub-harmonics and inter-harmonics are often
present in voltage and current spectra (Emanuel et al, 1988). Passive filters are conventional solutions to
mitigate harmonics but the limitation of passive filters for compensating has made active filters attractive
(Kimbark, 1971), (Steeper and Stratford, 1976). Active power filters are flexible and versatile solution to
voltage quality problems. Improvement of technologies devoted to ac induction machine drive and, in particular,
realization of fast electronic switches has developed the use of active filters for harmonic and power factor
compensation. Several works on active filter controllers based on synchronous reference frame transformation
are implemented (Bhattacharya et al, 1993), (Hafner et al, 1997). 

Shunt active filters using traditional control methods have successfully been used to compensate for basic
power quality problems such as current harmonics, reactive power and load imbalance (Dixon et al, 1995),
(Singh et al, 1998). Shunt active power filters are normally implemented with pulse-width modulated voltage
source inverters. In this type of applications, the PWM-VSI operates as a current controlled voltage source and
compensate current harmonics by injecting equal-but-opposite harmonic compensating current. 

A fundamental topic for shunt active filter design is the selection of a compensating strategy, that is, the
procedure for evaluating the reference compensating current. Various current control methods were proposed
for shunt active filter. Hysteresis current control method is the most popular one in terms of quick current
controllability, versatility and easy implementation (George and Basu, 2008).

In this paper a novel mathematical model of Shunt active filter based on switching function is derived;
the basic control strategy of Shunt active filter based on synchronous d-q-0 reference frame is proposed; some
simulation results are also presented.

Principle of Operation:
The shunt active filter shown in Fig. 1 is a current controlled voltage source inverter (VSI), which is

connected in parallel with the load. It is controlled in such a way to generate the required reactive and
harmonic currents of the load.

Shunt active filter injects a current equal in magnitude but in phase opposition to harmonic current. In this
case the shunt active power filter operates as a current source injecting the harmonic components generated
by the load but phase shifted by 180°. This principle is applicable to any type of load considered a harmonic
source. Moreover, with an appropriate control scheme, the active power filter can also compensate the load
power factor. In this way, the power distribution system sees the non linear load and the active power filter
as an ideal resistor.
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Fig. 1: Schematic diagram of Shunt Active Filter.

The control algorithm computes the reference for the compensation current to be injected by the shunt
active filter. The choice of the control algorithm therefore decides the accuracy and response time of the filter.
The control strategy should guarantee balanced and sinusoidal source current at unity power factor. 

Hysteresis Current Control:
The hysteresis current control scheme used for the control of shunt active filter is shown in Fig. 2. The

reference for compensation current to be injected by the active filter is referred to as iref and the actual current
of the active filter is referred to as iinj . The control scheme decides the switching pattern of active filter in
such a way to maintain the actual injected current of the filter to remain within a desired hysteresis band (HB)
as indicated in Fig. 2.

The switching logic is formulated as follows:

If  iinj < (iref  ! HB)  S1, S2 ON  &  S3, S4 OFF
If  iinj > (iref + HB)  S1, S2 OFF  &  S3, S4 ON

Fig. 2: Hysteresis current control.

The switching frequency of the hysteresis current control method described above depends on how fast
the current changes from upper limit to lower limit of the hysteresis band, or vice versa. Therefore the
switching frequency does not remain constant throughout the switching operation, but varies along with the
current waveform.

Shunt Inverter Control Circuit:
The shunt inverter described in this paper has two major functions. First, to compensate the current

harmonics generated by the nonlinear load and reactive power. Second, to compensate the load power factor.
Fig. 3  shows the controller developed for the shunt compensator.
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Fig. 3: Control block diagram of the shunt inverter.

The system load currents are detected and then transformed into synchronous d-q-0 reference frame with
the sine and cosine functions calculated using a PLL (Phase Locked Loop).
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With this transformation, the fundamental positive sequence components are transformed into dc quantities
in d and q axes, which can easily be extracted by low-pass filter (LPF). All harmonic components are
transformed into ac quantities with a fundamental frequency shift.

  (3),ld ld ld lq lq lqi i i i i i    

which

  (4)l s ci i i 

where il is the nonlinear load current, is is the source current and ic is compensating current. The control
strategy guarantee balanced and sinusoidal source current at unity power factor.
Reference current components in the d-axis and q-axis are expressed in (5).

  (5)
* *,fd ld fq lqi i i i  

In this situation, system currents are

  (6),sd ld sq lqi i i i 

If correction of power factor considered, reference current components and system currents are expressed
in (7) and (8).  

  (7)
* *,fd ld fq lqi i i i 
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  (8), 0sd lq sqi i i 

As shown in Fig. 3, reference currents are then inversely transformed into a-b-c reference frame. The
output compensatory currents of the shunt compensator are obtained by a PWM Hysteresis current control. 

Simulation Results:
The simulation is done in MATLAB environment. In this software, all required parameters are considered.

The parameter values of the system are shown in Table 1. 

Table 1: The parameter values of the system.
Parameters Values
Source phase voltage 220v/50Hz
Source inductance 0.01 mH
Source resistance 0.01?
Line inductance 5 mH
Inverter output inductance 1.6 mH
Inverter output capacitance 0.01 µF

Harmonic Compensation:
In this section, harmonic compensation of shunt active filter is studied. A nonlinear load with THD of 40%

is applied. Fig. 4. shows nonlinear load current.

Fig. 4: Nonlinear load current.

In t = 0.04sec shunt inverter starts compensation. The source current, injected current and the THD of
current, after and before compensation are shown in fig. 5. It is seen that the shunt inverter has modified
source current correctly and also THD of load current decreased from 40% to 5%.
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Fig. 5: (a). Source current. (b). Injected current. (c). THD of current.

Power Factor Correction:
For study of power factor correction with shunt converter, RL load is used with active power of 6kw and

reactive power of 6kvar. Simulation results show that with operation of shunt active filter, phase difference
between voltage and current become zero. Fig. 6. shows load voltage and current at power factor of 0.7lag.

Fig. 6: RL load voltage and current.

Fig. 7. shows source current and injected current of shunt converter for compensation of load reactive
power. It can be clearly observed that from t=0.04sec the input power factor is improved from 0.7 to unity.

Fig. 7: (a). Source current. (b). Injected current.
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Conclusion:
The Shunt active filter is a promising and effective device for power quality improvement and power factor

correction. By applying d-q-0 control strategy, good transient response can be obtained. Hysteresis current
control is implemented in the present study for harmonic elimination of source current. The simulation results
show that the performance of Shunt active filter is satisfactory in elimination of source current harmonics and
improving the input power factor.
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