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Abstract: 

This paper proposes a new control method of three 

phase active power filters for reducing the dc capacitor 

voltage fluctuations in transient load change. The 

proposed control method introduces a new k-step 

compensator, which maintains the mean active power 

flowing into the dc capacitor at zero every 1/(k − 1) ac 

line period. Therefore, the compensator can suppress 

the transient voltage fluctuations across the dc 

capacitor even when a quick load change occurs. This 

paper theoretically reveals the relationship between the 

step number k and the reduction effect of the dc 

voltage fluctuations. The experimental setup 

introducing the proposed seven-step compensator 

exhibits a good suppression effect of the dc voltage 

fluctuations and makes it possible to reduce the 

required capacitance value of the dc capacitor by a 

factor of seven.   

 

Index Terms: 

Nonlinear loads, Active Power Filter (APF), 

Hysteresis Control, DC Capacitor. 

 

INTRODUCTION: 

Active Power Filters (APFs) have been developed and 

put into practical use for suppressing the harmonic 

current produced by harmonic-producing loads in 

power systems [1], [2]. An APF suppresses the source 

harmonic current by absorbing harmonic current which 

is anti-phase from the harmonic currents drawn by the 

harmonic-producing load. The APF requests a high-

accuracy and a small-phase delay in the harmonic-

detection and the current-control circuit and/or method 

to improve the compensation performance [3], [4].  

 

Various control methods have been proposed mainly to 

improve harmonic compensation characteristics [5]–

[12]. Nakata etal[6] have proposed the application of 

moving average filters to a comprehensive harmonic 

detection method for suppressing the steady-state 

error. The current control performance of the APF is 

also an important factor for the improvement of 

harmonic compensation characteristics. A deadbeat 

control method [7] and a quadruple sampling 

technique for single-phase APFs[11] have been 

reported to expand the current control bandwidth. Any 

control method causes an amount of instantaneous 

active power flowing into/out of APFs, which is 

formed by the source voltage and the compensating 

current.  

 

Thus, a small energy storage element is required on the 

dc side of the APF. Usually, an electrolytic capacitor 

has been widely used as the energy storage element 

because of its high energy density. However, it should 

have large capacitance enough to meet the required 

ripple current because it has a large equivalent series 

resistance (ESR) value. On the other hand, film 

capacitors, which have a low energy density but a 

small ESR value, are expected to miniaturize its 

volume and to extend its operating lifetime because of 

its large ripple current rating [13]. Since the APF 

absorbs only the power ripples caused by harmonic 

currents in steady states, the required energy storage or 

capacitance is relatively small [14],[15]. However, a 

sudden load change may cause a serious voltage 

fluctuation and/or an overvoltage across the dc 

capacitor in the transient state, when a small dc 

capacitor is installed on the dc side. 
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Fig.1 Block diagram of proposed active power filter 

 

To overcome the disadvantages due to Passive Filters, 

Active Power Filters (APFs) have been presented as a 

current-harmonic compensator for reducing the total 

harmonic distortion of the current and correcting the 

power factor of the input source. The Active Power 

Filter is connected in parallel with a nonlinear load. 

The approach is based on the principle of injecting 

harmonic current into the ac system, of the same 

amplitude and reverse phase to that of the load current 

harmonics.. This will thus result in sinusoidal line 

currents and unity power factor in the input power 

system. In this case, only a small portion of the energy 

is processed, which may result in overall higher energy 

efficiency and higher power processing capability. 

These kinds of approaches are applicable for low-

power (less than 5kVA) to high-power applications 

(around 100kVA).  A three-phase shunt APF is 

typically composed of a three-phase bridge converter 

and control circuitry. Most of the previous control 

approaches need to sense the load current and calculate 

its harmonics and reactive components in order to 

generate the reference for controlling the current of a 

bridge converter. Those control methods require fast 

and real-time calculation; therefore, a high-speed 

digital microprocessor and high-performance A/D 

converters are necessary, which yields high cost, 

complexity, and low stability. 

 

ACTIVE POWER FILTERS 

Introduction: 

Active power filter has been proposed since 1970s. 

The advantages of the active filtering process over the 

passive one caused much research to be performed on 

active power filters for power conditioning and their 

practical applications. By implementing the active 

power filters for power conditioning; it provides 

functions such as reactive power compensations, 

harmonic compensations, harmonic isolation, 

harmonic damping, harmonic termination, negative-

sequence current or voltage compensation and voltage 

regulation. The main purpose of the active power filter 

installation by individual consumers is to compensate 

current harmonics or current imbalance of their own 

harmonic-producing loads. Besides that, the purpose of 

the active power filter installation by the utilities is to 

compensate for voltage harmonics, voltage imbalance 

or provide harmonic damping factor to the power 

distribution systems. 

 
Fig.2 Basic principle of harmonic currents 

compensations 

 

Classification of Active Power Filters: 

The configurations of the active filters are the shunt, 

series power filter. The shunt active filter shown in 

Figure 2.2 is the most fundamental system 

configurations. The shunt active power filter is 

controlled to draw and inject compensating current, If 

to the power system and cancel the harmonic currents 

on the AC side of a general purpose rectifier.  The 

shunt active power filter is normally used for the 

thyristor or diode rectifier with a DC link inductor. 

Besides that, it has the capability of damping harmonic 

resonance between an existing passive filter and the 

supply impedance. 
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Fig.3 Shunt active power filter 

 

PWM CONTROL OF ACTIVE POWER FILTER: 

The main aim of an active power filter (APF) is to 

generate compensating currents into the power system 

for canceling the current harmonics contained in the 

nonlinear load current. This will thus result in 

sinusoidal line currents and unity power factor in the 

input power system. 

 

Principles of Operation of PWM Control: 

Fig. 3.1 shows the configuration of a three-phase 

active power filter. The active power filter is 

connected in parallel with a nonlinear load. It consists 

of a power converter, a DC-link capacitor (C2) and a 

filter inductor (L2). To eliminate current harmonic 

Components generated by nonlinear loads, the active 

power filter produces equal but opposite harmonic 

currents to the point of connection with the nonlinear 

load. This results in a reduction of the original 

distortion and correction of the power factor. The 

inductor 2L  is used to perform the voltage boost 

operation in combination with the DC-link capacitor 

2C and functions as a low pass filter for the line 

current of an active power filter 

The exclusive features of this proposed PWM 

controlled APF are summarized as follows: 

(a) The reference frame transformation and a digital 

low pass filter are used to compute the harmonics of 

the nonlinear load current. 

(b) The voltage decouplers and pole-zero cancellation 

method are used in the current controllers of the active 

power filter to provide fast current harmonic 

compensation and simplify the control scheme. 

(c) The delay times of both current response of an 

active power filter and DC-link voltage feedback are 

considered. This results in decreasing the settling time 

of the DC-link voltage and reducing the high 

frequency current harmonic components of the power 

system. 

 
Fig. 4 Control block diagram of d- and q- axis 

current controllers of active power filter. 

            

HYSTERESIS CONTROL: 

The hysteresis current control (HCC) is the easiest 

control method to implement; it was developed by 

Brod and Novotny in 1985. The shunt APF is 

implemented with three phase current controlled VSI 

and is connected to the ac mains for compensating the 

current harmonics. The VSI gate control signals are 

brought out from hysteresis band current controller. 

 
Fig:5   Waveform of Hysteresis current controller 
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A hysteresis current controller is implemented with a 

closed loop control system and waveforms are shown 

in Fig 4.4. An error signal exceeds the upper limit of 

the hysteresis band, the upper switch of the inverter 

arm is turned off and the lower switch is turned on. As 

a result, the current starts decaying. If the error crosses 

the lower limit of the hysteresis band, the lower switch 

of the inverter arm is turned off and the upper switch is 

turned on. As a result, the current gets back into the 

hysteresis band. The minimum and maximum values 

of the error signal are emin and   emax respectively. The 

range of the error signal e max - emin directly controls the 

amount of ripple in the output current from the VSI.   

 

A.  Simulink Model of Hysteresis Current Control 

 
Fig. 6:   Simulink Model of Hysteresis Current 

Control 

 

SIMULINK MODELS OF PWM CONTROLLED 

APF 

 

Fig.7 Simulink Model of PWM Controlled APF for 

the  Three-Phase Power System 

Here in Fig.5.17 total system is shown as five sub 

systems, those are Three phase ac source, which is 

supplying for Nonlinear load. Active Power Filter 

(APF) ,that is connected parallel to the load and also 

PWM controller subsystem which is giving pulses to 

the APF such that it will inject compensation currents 

into the power line which are opposite in phase to the 

harmonic currents introduced by the nonlinear loads. 

Total controller subsystem will provide reference 

voltages to the PWM controller subsystem. 

 
Fig .8  Simulink  Model  for conversions and for 

producing reference waves  Vaf ,Vbf , Vcf . 

 

Fig.8 is a simulink model consists of two subsystems 

one is abc to dq  transformation       Subsystem  

another one is dq to abc transformation and also 

having current controllers. Here transformation is 

doing for sake of simplicity and easy of calculations 

for designing the controller  to  the analytical model of 

Active Power Filter. 

 
Fig .9 Simulink Model  for d and q axis current 

controllers of APF and  dq to abc conversion of  

reference voltages 
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Fig 10 shows the simulink diagram for dc-link voltage 

regulator, reference current calculation. Here dc-link 

voltage is taken as feedback, to maintain constant dc-

link voltage. Maintaining constant dc-link voltage is 

necessary to avoid real power processing between the 

converter and main power system. This feedback 

voltage is compared with the reference voltage and 

error voltage is considered in the development of d-

axis reference current. Here reference currents are 

nothing but harmonics due to the nonlinear load in the 

d-,q-axis load currents.  In Fig 10 the reference 

currents are compared with the  actual filter currents 

and error is passes through the current controllers, after 

that from the given model resultant reference voltages 

will come. Fig.11 is the simulink model for PWM 

controller. Here the reference voltages are compared 

with the triangular wave which is having frequency of 

10KHZ and produced the switching gate pulses for the 

power converter.                   

 
Fig .10 Simulink Model for PWM control of APF 

for Gating pulses 

 

 
Fig .11 Simulink Model of Hysteresis Controlled 

APF for the  Three-Phase Power System 

 

 
Fig .12 Hysteresis controller desing 

 

 
Fig .13 Source current with PWM technique 

 

 
Fig .14 Injected current to the line with PWM 

 

 
Fig .15 THD using PWM technique 
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Fig .16 Source current with Hysteresis technique 

 

 
Fig .17 THD using Hysteresis technique 

 

VI CONCLUSION: 

This paper has proposed a new harmonic current 

detection method which can suppress the voltage 

fluctuation caused by sudden load changes. The 

experiment confirms the suitability of the proposed 

method. As a result, the proposed method makes it 

possible to compensate harmonic currents as well as a 

conventional one and to reduce the voltage fluctuation 

applied across the dc capacitance in transient states. 

Therefore, the proposed method can reduce the 

capacitance of the dc capacitor to 1/7. 
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