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Abstract—To compensate the reactive power and current 

harmonic issues of the distribution power system, different power 

filters were developed. In this paper, three conventional power 

filters and a proposed compensator will be discussed, designed 

and compared to solve the reactive power and current harmonic 

problems of a three-phase three-wire power system. These 

conventional filters are: passive power filter (PPF), active power 

filter (APF) and hybrid active power filter (HAPF). The proposed 

compensator (HAPF//TCLC) is a combined configuration of a 

shunt HAPF and a shunt thyristor controlled inductor capacitor 

(TCLC). These compensating devices of PPF, APF, HAPF and 

HAPF//TCLC are examined about the ability of dealing with 

excessive compensating reactive power due to the loading change. 

Moreover, PSCAD simulation results are given in order to verify 

that the proposed compensator has good compensating 

performances on dealing with both designed and excessive load 

reactive power under low inverter rating. 

Keywords—Passive Power Filter (PPF); Active Power Filter 

(APF); Hybrid Active Power Filter (HAPF); Shunt Hybrid Active 

Power Filter and Shunt Thyristor Controlled Inductor Capacitor 

Filter (HAPF//TCLC) 

I.  INTRODUCTION  

With the development of science and technology in the 
society, the demand for power electronic equipment 
applications by customers is increasing. More and more 
electronic devices are connected to the power grid, hence they 
cause a lot of harmonics and reactive power fed back into the 
power network to deteriorate the power quality [1], [2]. It 
presents in lower power factor (PF) with generated reactive 
power and higher total harmonic distortion of current (THDi) 
caused by current harmonics with non-triplen and odd 
harmonic orders. Since with higher THDi, the problems like 
overheat and malfunction in equipments would happen more 
easily; and lower PF would lead to more system losses and 
lower system stability. Therefore, electrical customers are 
usually charged with extra cost for poor power factor. So to 
improve the power quality have become important issues; for 
the above reasons, different types of distributed power quality 
compensators continuously emerge, which are installed 
between the power grid and the loads as shown in Fig. 1, In Fig. 
1, vsx and vLx are the source and load voltage; isx, iLx and icx are 
the system, load and compensating currents; Lsx is the source 
impendence; LL and RL are the nonlinear load inductor and 
resistor which connected to a six-pulse diode rectifier; LLx and 

RLx are the inductive load inductors and resistors, and “x” 
denotes the phase a, b or c.  
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Fig. 1. The compensator is installed in a 3-phase 3-wire distributed power 
system with balanced inductive nonlinear loads. 

 

Begin from the middle of 1940s after the first passive 
power filters (PPFs) was installed, PPFs have been rapidly and 
widely applied for compensating current harmonics and 
reactive power with the advantages of low cost, simple 
structure and high cost efficient [3]. However, PPFs are 
designed for specific system loads with low dynamic 
performance, and they are affected easily by the system load 
variations [4], [5]. Then until 1976, the concept of active power 
filter (APF) was proposed for system power quality 
compensation [3]. APFs have the advantage of get over the 
problems of PPFs; but their costs are more expensive than 
PPFs because of their high DC-link voltage, which reduce the 
extensive use of APFs [4], [5]. Afterwards, different hybrid 
active power filter (HAPF) topologies which consist of PPFs 
with series or parallel connected APFs in the distributed system 
were developed [4]-[8]. One of the HAPF topologies, an 
inductor and capacitor hybrid active power filter (LC-HAPF) 
was proposed in 2002 [6], which required lower DC-link 
voltage rating compared with APFs due to the compensating 
voltage drops on the capacitor of the passive part [7]. So such 
LC-HAPFs are cheaper than APFs, but more expensive than 
PPFs. Yet, the reactive power compensation range of LC-
HAPFs is small than APFs [8]. So when the system load 
changes too much and causes the load reactive power excesses 
the designed compensation range of LC-HAPFs, the excessive 
part of the load reactive power cannot be compensated until 
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either the coupling capacitor of the original compensator is re-
designed and changed or increasing the DC-link voltage level. 
However, the first solution may be troublesome if the 
compensator has already been installed in the distributed 
system and the second solution may lose its low inverter rating 
characteristics.  

In this paper, a novel combined system of a shunt hybrid 
active power filter and a shunt thyristor controlled inductor 
capacitor (HAPF//TCLC) are proposed and discussed. The 
TCLC filter of the proposed compensator is used to deal with 
the extra part of the compensating reactive power related to the 
existed HAPF design. The proposed HAPF//TCLC 
compensator would be compared with PPF, APF and LC-
HAPF in terms of compensating performances. And the active 
inverter part voltage rating (VDC) of APF, HAPF and 
HAPF//TCLC are also compared and investigated. Moreover, 
PSCAD is used as the simulation platform, and current quality 
compensation simulations are done under a 3-phase 3-wire 
distributed power system with balanced inductive nonlinear 
load change and excessive load reactive power (QLx). In the 
following, Section II shows the review of PPF, APF and HAPF 
designs. Then the structure and control of HAPF//TCLC are 
studied in Section III. The simulation verification for 
HAPF//TCLC in comparisons to PPF, APF and HAPF is given 
in Section IV. Section V will draw the conclusion. 

II. CONVENTIONAL POWER FILTERS (PPF, APF, HAPF) 

In this selection, PPF, APF and HAPF are introduced and 
their parameter designs are also studied. A PPF basically has a 
capacitor (Cxn) and an inductor (Lxn) connected in series for an 
nth order harmonic filter branch, as shown in Fig. 2. Each 
branch can provide a low impedance at the tuned nth order 
harmonic frequency to filter out the related load harmonic 
current. Cxn and Lxn are designed by (1) and (2) in [9],  
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where Qcxn is the nth branch compensating reactive power, ω1 is 
the fundamental harmonic angular frequency. When n = 1, it 
means the component is fundamental, that is Qcx1 = QcxF, where 
the subscript “F” means fundamental. 

An APF has an inductor (Lx) in each phase which is 
connected to a voltage source inverter (VSI), as shown in Fig. 
3, and Lx can be designed by (3) [10], 
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where fsw is the switching frequency of the VSI switching 
devices, and Iripple is the ripple of the compensating current. 
APF requires a high VDC to support the VSI for compensation, 
and it has a better dynamic compensation performance than 
PPF. The DC-link operating voltage (VDC) is chosen to be 
larger than two times of the source peak voltage [10], or it can 
be calculated by the minimum DC-link voltage method [11]. 

Also, the VSI control method is based on the instantaneous p-q 
theory [12] and the hysteresis current control [13].  

A HAPF has a coupling inductor (Lx) and capacitor (Cx) in 
series in each phase, which are then connected to the VSI like 
APF, so it can keep the dynamic compensation performances 
as APF [14], as shown in Fig. 4. Moreover, the HAPF requires 
much smaller VDC rating than the APF, as the compensating 
voltage drops on the Cx. The parameters of HAPF (Cx and Lx) 
can be designed in the same way as the PPF in [9], and the 
required VDC can be calculated by using the minimum DC-link 
voltage method as in [14], [15], [16]. The control method of 
HAPF is also based on the instantaneous p-q theory [12], the 
hysteresis current control [13] and the adaptive DC-link 
voltage control [14], [15].   
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Fig. 2. The 3-phase 3-wire PPF compensator 
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Fig. 3. The 3-phase 3-wire APF compensator 
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Fig. 4. The 3-phase 3-wire HAPF compensator 

 



III. THE PROPOSED COMBINED SYSTEM OF A SHUNT HAPF 

AND A SHUNT THYRISTOR CONTROLLED LC 

Since a pure HAPF has a lower VDC rating than APF, thus a 
combined system of a shunt HAPF and a shunt thyristor 
controlled inductor capacitor (HAPF//TCLC) also has a low 
VDC rating characteristic for the HAPF part as well. The circuit 
configuration and the control block diagram for the proposed 
HAPF//TCLC are shown in Figs. 5 and 6. The single-phase 
total compensating reactive power (Qcx) of HAPF//TCLC is 
offered by both HAPF (Qcx(HAPF)) and TCLC (Qcx(TCLC)).   
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Fig. 5. The proposed 3-phase 3-wire HAPF//TCLC compensator  
  

For the TCLC part in Fig. 5, the TCLC coupling inductor 
(Lcx2) is roughly designed by (4) [17] in this paper, 
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where ωTCLC is the switching angular frequency of the 
bidirectional thyristor switches (D1x and D2x) and equals to the 
system angular frequency (ω); VLcx2 is the voltage across Lcx2 
and Icx2 is the TCLC compensating current, where VLcx2 and Icx2 
are small values when TCLC does not provide compensating 
reactive power (i.e. Qcx(TCLC) = 0). Moreover, the capacitor (Cx2) 
and the inductor (Lx2) of the TCLC part can be designed from 
(5) which referred to [18],   
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where XLx2, XCx2 and XLcx2 are the reactance values of the Lx2, 
Cx2 and Lcx2. When the firing angle (αx) is 180°, the maximum 
capacitive Qcx(TCLC) is given and Cx2 can be calculated; and 
when αx = 90° with the given maximum inductive Qcx(TCLC), Lx2 
can be obtained. Moreover, the TCLC part can be controlled by 
generating the thyristor controlled signal according to the firing 
angle (αx) from (5) and the amount of Qcx(TCLC). On the other 
hand, the design of the HAPF part in Fig. 5 is the same as the 
pure HAPF, so the HAPF parameters and VDC can be referred 
to the HAPF in Section II.  

 But the HAPF part control is a bit different with the pure 
HAPF, because the 3-phase dc component of the HAPF 
compensating reactive power (QcF(HAPF)) is set to be a fixed 
amount as the compensating reactive power reference 

(QcF(HAPF)*) which is equal to the original designed 
fundamental compensating reactive power of the pure HAPF 
for the unchanged load case. And the 3-phase ac component of 
the HAPF compensating reactive power (QcH) equals to the 
reverse-directional harmonic components that generated by the 
load and the TCLC part. When the load inductive reactive 
power (QLx) falls outside the designed compensation range of 
the HAPF part of the HAPF//TCLC by additional inductive 
nonlinear loads (i.e. |QLx|<|QcxF(HAPF)| or |QLx|>|QcxF(HAPF)|), the 
HAPF part would keep on providing a fixed amount of the dc 
compensating reactive power (QcF(HAPF)*) to the power system 
and the TCLC part can deal with the compensating reactive 
power difference by subtracting the fixed HAPF compensating 
reactive power reference (QcF(HAPF)*) from the dc compensating 
reactive power (QcxF) of the TCLC part (i.e. Qcx(TCLC) = QcxF – 
QcxF(HAPF)*) as shown in Fig. 6. Moreover, when the load 
reactive power is the same as the HAPF designed range (i.e. 
|QLx| = |QcxF(HAPF)*|), the TCLC part would provide 
approximately zero or very less compensating reactive power 
(i.e. QcxF(HAPF)* = QcxF, and Qcx(TCLC) = 0).  

 

Fig. 6. Control block diagram of the proposed 3-phase 3-wire HAPF//TCLC 

IV. SIMULATION VERIFICATION 

In this section, the PSCAD simulation results of a 3-phase 
3-wire distributed power system with balanced inductive 
nonlinear loads under compensation by PPF, APF, HAPF and 
the proposed HAPF//TCLC will be given. During the 
simulation, the system loads would change suddenly from 
Load 1 to Load 2, which affects the load reactive power (QLx), 
as in Fig. 1 and Table I. Table I shows the parameters of the 
system and loads. Since Load 2 is set to have half impedance 
of Load 1 by connecting two Load 1 in shunt to the power 
system, so QLx2 after the load change would be twice of QLx1 
before the load change (QLx2 = 2 × QLx1) and the total harmonic 
distortion of source current (THDisx) is similar. The current 
waveforms of the system before and after PPF, APF, HAPF 
and HAPF//TCLC compensation with the load change at 1.9s 
are shown in Fig. 7, as well as the power quality data with and 
without the load change after compensation by different power 
filters are summarized in Table VI. To simplify the simulations, 
a fixed DC-link voltage is supplied to the voltage source 
inverter of APF, HAPF and HAPF//TCLC in simulations. This 
paper targets on getting the total harmonic distortion of the 



source current (THDisx) less than 15% after compensation. As 
according to the IEEE 519-2014 Standards [19], when the ratio 
of the short circuit current over the load current (ISC / IL) is 
within 100 and 1000, the total demand distortion of the source 
current (TDDisx) would be equaled to 15%; and THDisx = 
TDDisx = 15% when assume that the rate current equals to the 
fundamental load current for the worst case. 

 

TABLE I. THE SYSTEM AND LOAD PARAMETERS 

Parameters Physical Values 

System  Vsx, f, Lsx 220V, 50Hz, 0.5mH 

Load 1 LL, RL, LLx, RLx 30mH, 20Ω, 40mH, 5Ω 

 
TABLE II. THE PPF PARAMETERS 

Parameters Physical Values 

Harmonic Order 5th 7th 11th 

Lxn, Cxn 2.8mH, 107µF 2.7mH, 78µF 1.7mH, 50.3µF 

 
TABLE III. THE APF PARAMETERS 

Parameters Physical Values 

Lx 5mH 

VDC 630V 

 
TABLE IV. THE HAPF PARAMETERS 

Parameters Physical Values 

Lx, Cx 1mH, 240µF 

VDC 30V 

 
TABLE V. THE HAPF//TCLC PARAMETERS 

Parameters Physical Values 

HAPF Lx1, Cx1 1mH, 240µF 

VDC 30V 

TCLC Lcx2, Lx2, Cx2 5mH, 30mH, 230µF 

 

Before compensation, as shown in Fig. 7(a) and Table VI, 
when the Load 1 is connected, the total harmonic distortion of 
the system current (THDisx) = 17.30% and power factor (PF) = 
0.8200. When the Load 2 is connected, the THDisx = 16.04% 
and PF = 0.8104. 

In the PPF simulation, the PPF has three tuned LC branches 
with the filter parameters shown in Table II, which eliminates 
the 5th, 7th and 11th current harmonics. When Load 1 is applied, 
it obtains THDisx = 4.42% and PF = 0.9986. However, when 
the load change to Load 2, it obtains THDisx = 3.62% due to the 
filter characteristic; and there is about only half of QLx2 
compensated (53%) due to the PPF is designed to offering the 
compensating reactive power which is same as the load 
reactive power of Load 1 (i.e. Qcx = QLx1), thus it reduces the 
PF to 0.9533 after the Load 2 is connected. 

In the APF simulation, the filter parameter of APF is shown 
in Table III, and the minimum DC-link voltage (VDC) of 630V 
is applied to the inverter. It results THDisx = 6.20% and 
PF=0.9968 for Load 1; and THDisx = 9.07% and PF = 0.9941 
for Load 2 due to the high VDC, as well as 87% of Load 2 
reactive power is compensated.  
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Fig. 7. Source current waveforms under balanced inductive nonlinear load 
change (a) before compensation, (b) after PPF compensation, (c) after APF 
compensation, (d) after HAPF compensation, e) after  HAPF//TCLC 
compensation. 



 

In the HAPF simulation, the HPAF is designed based on 
filtering the 7th current harmonics with the filter parameters as 
Table IV, since it have lower impedance values and lower VDC 
requirement when tunes at the 7th harmonics than the 5th 
harmonics. The minimum DC-link voltage uses VDC = 30V. 
Before the load change, the system with Load 1 under the 
HAPF compensation obtains THDisx = 4.50% and PF = 0.9996 
with compensating current Icx(HAPF) = 17.66A. When Load 2 is 
applied, the PF reduce to 0.9213 and THDisx rise to 25.96% as 
the HAPF cannot fully compensate the QLx2 and there is only 
about 54% of QLx2 is compensated. Since the HAPF is designed 
for compensating Load 1, so the excessive load reactive power 
caused by Load 2 related to Load 1 cannot be compensated by 
the HAPF. 

In the HAPF//TCLC simulation, the compensator 
parameters of Table V are used. The HAPF part provides a 
fixed amount of dc compensating reactive power QcxF(HAPF) as 
the set reference QcxF(HAPF)* which is as the magnitude of the 
Load 1 reactive power (i.e.  Qcx(HAPF) = Qcx(HAPF)* = 3677var in 
the paper). The HAPF part is also designed to filter the 7th 
current harmonics due the low impedance of the compensator 
and hence gives a low VDC implementation characteristic like 
the pure HAPF. In this simulation, VDC = 30V is also used as 
the pure HAPF for the HAPF//TCLC comparison. For Load 1, 
the HAPF//TCLC works as the pure HAPF, as the HAPF part 
can fully compensate the Load 1 with Icx(HAPF) = 17.79A which 
is close to the pure HAPF and the TCLC part gives very less 
compensating current for little uncompensated port from the 
HAPF part, and obtains THDisx = 3.77%. When the load 
changes to Load 2, the system is compensated to THDisx = 
4.34% and PF = 0.9992 for Load 2 due to the TCLC part 
compensates the excessive load reactive power which is out of 
the range of the HAPF part with Icx(TCLC) = 16.32A, while the 
HAPF part still provide full compensating reactive power with 
Icx(HAPF) = 19.73A. 

For the compensation Load 1, these four compensating 
devices show good compensating performances with PF close 
to one and THDisx less than 6%, which meets the IEEE 519-
2014 Standards of less than 15%; the HAPF//TCLC with VDC = 
30V, which is same as the minimum DC-link voltage of the 
pure HAPF, gives the lowest THDisx among the four 
compensators. For the Load 2 compensation simulation, QLx2 is 

fully compensated by HAPF//TCLC (100%) and mostly 
compensated by APF (87%), so it shows that the APF and the 
proposed compensator have higher compensation ability for 
compensating excessive QLx, which is outside the designed 
compensating range of the PPF (53%), and HAPF (54%). 
Furthermore, even through the HAPF//TCLC and the APF give 
low THDisx < 15% to meet the IEEE 519-2014 Standards and 
similar results on the load reactive power compensation and PF 
≈ 1, the proposed HAPF//TCLC uses a small voltage rating for 
the inverter as only about 4.8% of the APF inverter voltage.  
For the proposed HAPF//TCLC, when the load changes and 
leads to the load reactive power over the HAPF compensation 
range, the extra shunt connected TCLC filter can compensate 
the excessive of load reactive power. On the other hand, it can 
also think that for an existing TCLC filter, a HAPF 
compensator would be a good choice to be added to the system 
for current harmonic compensation because of its low DC-link 
voltage requirement.  

V. CONCLUSION 

In this paper, the PPF, APF, HAPF and the proposed 
HAPF//TCLC are discussed, stimulated and compared in terms 
of their compensating performances and voltage rating of the 
inverter parts. In the simulation, the proposed HAPF//TCLC 
configuration has the best compensating performance for both 
the designed range and outside range of load reactive power 
compensation of the HAPF part with low DC-link voltage 
related to APF, while PPF and HAPF cannot deal with the case 
of excessive load reactive power. 
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