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A New Control Circuit for Series Active Filters to Eliminate Voltage 

Flicker and Harmonics  

 

 

 

 
Abstract: This paper presents a new control structure for the 
series active filters. In this controlling structure, resonant 
controllers are used in order to eliminate harmonics and 
voltage flicker. The presented control circuit has the property of 
selective harmonics elimination and voltage flicker. Via this 
feature it is possible to separate selected harmonics in the point 
of common coupling voltage and then eliminate them by making 
reference voltage. The unique capability of this series active 
filter is the elimination of voltage flicker in the point of common 
coupling. It has been created by using the resonant controller. 
The series active filter is simulated in a typical network and the 
results shows that this filter reduces the harmonics and 
eliminates voltage flicker. 
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1. Introduction 

In recent years, with rapid growth of industries and 

increasing consumption of electrical energy and due to 

the variety among electrical loads, the power quality in 

power systems has become increasingly important [1]. 

The main challenging factors in power quality are 

harmonics and voltage flicker. Harmonics are produced 

by nonlinear loads and voltage flicker is produced by 

electric arc furnaces [2].Harmonics cause communication 

interferences, resonance and hotness in transformers. On 

the other hand, voltage flicker can cause a significant and 

annoying change in the light of lamps and can lead to 

malfunctions in some electronic equipment [3]. 

Researches show that just 0.5% of amplitude changes 

with frequency range 2 to 10 Hz can bother eyes [4, 5]. 

And so reduction and elimination of these effects is 

essential. 

Among proposed methods, active filters are one of the 

methods to eliminate harmonics [6].Series active filter is 

a kind of active filters. This equipment was introduced in 

the 1980s decade and generally used to improve the 

voltage waveform and in fact it is a harmonic isolator 

between nonlinear load and power supply [7]. 

Some kinds of instruments such as SVC and 

STATCOM have been introduced to reduce voltage 

flicker but these devices are too expensive [8]. 

Nowadays, researchers have paid attention to those 

kinds of devices which are able to improve various 

aspects of power quality at one time [9]. 

In this paper, it is introduced a new control circuit, 

which is series active filter and it is able to eliminate 

voltage flicker at the point of common coupling (PCC) 

beside its main task that is eliminating voltage harmonics. 

To confirm the correctness of operation of presented 

control circuit, its model has been simulated on a network 

and its good performance has been shown. 

At fallowing and in the section 2, system structure 

including power circuit and control circuit are described. 

In the section 3, simulation results have been shown.  In 

the section 4, conclusion is presented. 

 

2. System’s Structure 

Series active filters have two main parts; power circuit 

and control circuit, which will be described in the next 

subsections. 

2.1 Power Circuit 

Fig. 1 shows a general scheme of series active filter. 

In Fig. 1, nonlinear load is a three phase rectifier load 

with no neutral connection. Load current does not have 

even harmonics and triples and just gives 6n+1, n=1, 2, 

… harmonic orders. K+=6n+1 harmonics are positive 

sequence and k-=6n-1 are negative sequence. Flowing 

nonlinear load current harmonics from series impedance 

(L) causes voltage harmonics in PCC. 
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Fig. 1: General profile of series power active filter 

 

On the other hand, source side has voltage flicker and 

makes PCC voltage to have flicker. Power circuit of 

series active filter is included of a six pulse switch and a 

three phase’s transformer which is used as coupling 
transformer [10]. 

2.2 Control Circuit 

Via measuring harmonic voltages and transferring 

these voltages from abc axes to dq0 axes and by using a 

4
th

 orders high pass filter, voltage harmonics get separate 

of main component. Main component appears in the form 

of dc current in dq0 axes. 

To get ωe, angular speed of reference frame and ϴe, 

initial phase, it is used a PLL. 

 

2.2.1 Control circuit of harmonic section  

 

Voltage harmonics’ control circuit is divided to 

different sections which are assigned for every pair of 

harmonics with k=6n±1 orders. 

As every part of controlling sections operates in 

reference synchronous frame, it is possible to change 

every pair of harmonics with k=6n±1 orders to k=6n 

orders and then just one controller with desired frequency 

will be enough for every pair of harmonics. 

Suppose that active filter has LF inductance and RF 

resistance, and VF, filter voltage, VT, coupling 

transformer's terminal voltage, iF, filter current and 

superscript k shows harmonics' order in reference 

synchronous frame. Then we have: 
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in which positive ωe is for positive sequence harmonics 

and negative ωe is for negative sequence harmonics. 

For designing this controller, it is used pole and zero 

cancelation method for kωe harmonic. For this purpose 
k
PIkH  used in the following way 
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K=6n±1 harmonics are our aim harmonics. By 

converting these harmonics to reference synchronous 

frame with – kωe frequency shift for positive sequence 

harmonics and +kωe for negative sequence harmonics 

(which is k=6n). We can get transfer function
PIk

H  for 

positive sequence harmonics and 
PIk

H   for negative 

sequence harmonics. 
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To calculate k
PIkH , we must at first calculate the sum 

of 
PIk

H   and
PIk

H  . 
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Transfer function of PIkH  is a resonant controller with 

real coefficients which gives zero gain to dc signal. 

With assumption of ideal PWM, its closed loop 

transfer function will be as follow: 
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In which Fkv  is output voltage of filter and 
*

Fkv  is the 

measured voltage in PCC. Fig.2 shows the frequency 

response of Eq. (5) and is drawn for Kpk=1, Kpk=5.As it is 

obvious, for each Kpk, amplitude of Hk in 300 Hz 

frequency equals one and its phase is zero. 

In order to eliminate zero of controller and pole of RL 

model, we must have ik F

pk F

k R

k L
 , in which Kpk value is 

chosen by designer [11]. The calculated transfer function 

is used as a second orders band pass filter for kωe 

frequency. 
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By analyzing Bode diagram, we can show that with 

having a positive Kpk, this transfer function is always 

stable. 

Fig.3 shows the accurate correlation between Eq. (5) 

and Eq. (6) and in fact by eliminating zero and pole, the 

transfer function Hk in Eq.(6) will have the same 

frequency response like Eq.(5). 

In general, voltage harmonic controller can be 

achieved by superposition of HpIk for every pair of 

harmonics: 
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When the system has the some pairs of harmonics with 

high amplitude, we can raise the active filter’s ability in 
response to these harmonics via eliminating of other 

resonant controllers. 



 
Fig. 2: The frequency response of Eq. (5)’s transfer function 

 

 

 

 
Fig. 3: The frequency response of Eq. (6)’s transfer function 

 

 

 

 

2.2.2 Control circuit of flicker 

 

In this section, we make use of a transfer function 

which is same as control circuit of harmonic part. In this 

part, we set the frequency in which transfer function has 

amplitude one on 10 Hz. Of course like harmonic part, 

we can use some parallel transfer functions for 

eliminating flicker in other frequencies. 

Suppose that the superscript u is a non-integer digit 

and it shows the ratio of flicker frequency to main 

frequency of system. So the transfer function of control 

circuit of flicker part will be as follow: 
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Fig.4 is frequency response of transfer function (8). 

 
Fig.4: The frequency response of Eq. (8)’s transfer function 

 

  

3. Simulation Results 

In this section, the proposed controller is simulated on 

a typical power system in Fig.1. Fig.5 shows the PCC 

voltage waveform and harmonics amplitude percent (to 

amplitude of main component) before applying series 

active filter. As it is seen, THD of voltage is 8.93%. 

Fig.6 shows PCC voltage waveform after applying 

series active filter and it is obvious that THD of voltage 

has decreased to 1.96%. 

For showing the effect of series active filter on voltage 

flicker, it is supposed that source has a voltage flicker 

with 0.5% amplitude and 10 Hz frequency. Fig.7 shows 

the source’s voltage waveform which has flicker. 
Operation of series active filter in order to prevent the 

entrance of these PCC voltage flickers is shown in Fig.8 

which shows the efficient performance of series active 

filter in preventing entrance of voltage flicker to PCC. 

 

 
Fig.5: The PCC voltage waveform before applying series active filter 
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Fig.6: The PCC voltage waveform after applying series active filter 

 

 
Fig.7: The source’s voltage with flicker before applying series active 

filter 

 

 
Fig.8: The PCC voltage without flicker after applying series active filter 

 

 

4.       Conclusion 

In this paper a new controlling algorithm for series 

active filter has been presented. By this control circuit, it 

is possible to eliminate PCC voltage flicker and 

harmonics. Results of simulation prove the efficiency of 

this algorithm. 

References 

[1] Chong Han, Alex Q. Huang, Subhashish B. Hattacharya, and Mink 
Ingram, “Field data-based Study Electric Arc Furnace Flicker 
Mitigation,”  IEEE Industry Applications Conference, vol.1, pp. 
131-136,oct. 2006. 

[2] S.R. Mendis, M.T. Bishop, and J.F.Witte, “Investigations of 
Voltage Flicker in Electric Arc Furnace Power system,” IEEE 

Industry Applications Magazine,vol. 2, No. 1, pp. 28-34,Jan-
Feb.1996.  

[3] M.I. Marei, E.F. EL-Saadany, and M.M.A.Salama, “An Intelligent 
Control For the DG Interface to Mitigate Voltage flicker,” IEEE 

Applied Power Electronics Conference and exposition, vol. 1, pp. 
179-183,Feb. 2003. 

[4] C. Sharmeela, G. Uma, M.R. Mohan and K.Karthikeyan, “Voltage 
Fliker Analysis and Mitigation Case study in Electric Arc Furnace 
Using PSCAD/MTDC,” IEEE International Conf on Power 

System Tech., November.2004. 
[5] G.T. Heydt, M. bakroun, and A. Inan, “Voltage Flicker Estimation 

based on Linearzation and Lp norms,” IEEE Trans. On Power 

Delivery, vol. 18, No. 4, oct. 2003. 
[6] F.Z. Peng, H. Akagi, and A. Nabae, “A new approach toharmonic 

compensation in power systems, a combined system of shunt 
passive and series active filter,” IEEE Trans. Ind. Appl., vol. IA-
26, pp. 983–989, Nov/Dec. 1990. 

[7] H. Rudnick, J. Dixon, L.  Moran, “Delivering clean and pure 
power,” IEEE Power and Energy Magazine, vol. 1,  Issue 5,  pp. 
32-40.  Sep-Oct. 2003. 

[8] T. Larsson, C. Poumarede, “STATCOM, an efficient means for 
flicker mitigation,” IEEE Power Engineering Society 1999 Winter 

Meeting. vol. 2, pp. 1208 - 1213, Jan- Feb. 1999.  
[9] M. Routimo, A. Makinen, M. Salo, R. Seesvuori, J. Kiviranta, H. 

Tuusa ,  “Flicker compensation with combined active and passive 
filters,” Applied Power Electronics Conference and Exposition, 

2006. APEC '06. Twenty-First Annual IEEE, March .2006. 
[10] Diron, J.W., Venegas, G, and Moran, L.A., “A series active power 

filter based on a sinusoidal current-controlled voltage-source 
inverter”. IEEE Trans. Ind. Elerron., vol. 44, pp 612 -620, Oct 
1997. 

[11] A.  Asiminoaei, C.  Lascu, F. Blaabjerg, I. Boldea, “New Current 
Control Structure for Shunt Active Power Filters,” IEEE Industry 

Applications Conference. vol. 1, pp. 183 – 190, Oct. 2006.  

 

 

1 1.005 1.01 1.015 1.02 1.025 1.03 1.035

-200

0

200

Time (s)

0 500 1000 1500
0

0.05

0.1

0.15

0.2

0.25

Frequency (Hz)

Fundamental (50Hz) = 299.1 , THD= 1.96%

M
ag

 (
%

 o
f 

F
u
n
d
am

en
ta

l)

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
310

315

320

325

Time(sec)

0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5
290

300

310

Time(sec)

http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=27597

