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ABSTRACT. This paper proposes a comparison of control strategies for Hybrid Active
Power Filter (HAPF). First, the mathematical model of HAPF was established. Based
on the mathematical model, the analysis of the control strategies for HAPF has been
performed. Accordingly, the control strategy based on the supply harmonic current and
the load harmonic current is equally effective, regardless of the influence of the source
distortion. However, when the source is distorted, the control strategy based on source
harmonic current will be more efficient than the control strategy based on the load har-
monic in eliminating harmonics in the supply current and avoiding resonance between
the impedances of the passive power filters with the system impedance. The simulation
results have compared the effectiveness of the two above control strategies.

Keywords: Hybrid active power filter, Control strategy, Harmonic filter, Passive power
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1. Introduction. Currently, the Hybrid Active Power Filter (HAPF) is playing a very
important role in harmonic filtering and reactive power compensation in the power system
[1-4]. HAPF is a hybrid form of Active Power Filter (APF) [5] and Passive Power Filters
(PPFs), the PPFs in HAPF systems are usually designed to suppress high order harmonic
components, while low order harmonics will be handled by APF. This hybrid structure
reduces the capacity of the APF circuit, resulting in a low initial investment cost and it
can be used for high voltage grids and large capacity load.

Until now, there are many studies on HAPF and these researches mainly focus on the
following directions: parameters multi-objective optimization of HAPF [6-8], stabilization
of DC bus voltage of inverter [9-11], using Hysteresis [12,13], PI [14-16], fuzzy [17,18],
hybrid fuzzy [19,20], neural fuzzy [21-23] controllers, and structural improvement of the
HAPF [24,25]. However, the above published control studies for HAPF sometimes use
a control strategy based on the load harmonic current [2,3,6-8,19,20], and sometimes
use a control strategy based on the supply harmonic current [5,10,11,14]. In addition, the
research results only focus on considering the influence of the harmonic current component
from the load, not considering the influence of the harmonic component from the source.
In practice, the three-phase mains voltage is not always ideal. If the three-phase supply
voltage is distorted, what control strategy is effective? To clarify the above problem,
this paper performs a mathematical model analysis of HAPF to find out the relationship
between the supply current and other parameters in the HAPF system. Accordingly, the
influence of the harmonic source voltage and the harmonic current of the load on the
supply current is very significant. When three-phase source voltage is ideal, the effect
of the two above control strategies is the same. However, when the three-phase source
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voltage has harmonic distortion, the control strategy based on the source harmonic current
proves to be more effective. The simulation results have demonstrated the effectiveness
of the two above control strategies.

This paper is structured into 4 parts: Part 1 presents the importance of the problem
to be researched, the mathematical model and analysis of control strategy for HAPF are
presented in Part 2, Part 3 shows the simulation results and comments, Part 4 gives the
conclusion of the paper.

2. Mathematical Model and Analysis of Control Strategy for HAPF. The model
of HAPF is shown in Figure 1, where u, and Z, are voltage and impedance of the source,
CF is injected capacitance, C' and L, are the resonant capacitance and inductance at
the fundamental frequency, C'p and Lp are the resonant capacitance and inductance at
the 11th and 13th, Ly is the inductance of the output filter, V. is the DC bus voltage of
the inverter, load modeled by balanced load L;-R; and harmonic sources Hth, 7th, 11th,
13th.
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F1GURE 1. Model of HAPF

The single-phase equivalent circuit when considering the influence of the harmonic
source is shown in Figure 2.

lsh Zsh
— —
| S—|

I |,

2 IENoY

U, ((\)P U,, ith, Zin

FIGURE 2. Single-phase equivalent circuit when considering the effect of harmonics

Because Ly has a small value, its impedance is also small. From Figure 2, ug, is written
as
Ush = tsnZsh + ichZrn + Uine (1)
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On the other hand
lsh = 1tLn + lon + ipn (2)
Ush = tshZsh + iPnZph (3)
From here, the control strategies for HAPF are analyzed as follows:
+ Control strategy based on load harmonic current: Us,, = Kiipy
where K7 is a controllable factor that depends on the transfer function of the controller
used, the transfer function of the inverter, and the transfer function of the output circuit
(from the output of the inverter to the point connected with the grid).
Equation (1) can be rewritten as
Ush = snZsh + icndrn + Kiipn (4)
From (2), i¢y, is written as
ich = tsn — (ipn +ipn) (5)
Substituting (5) into (4):

Ush = Kiipy + Zpn [ish — ion — ipn) + isnZsh

= isn (Zrn + Zsn) — Zrnirn — Zrnipn + Kiipn, (6)
The supply harmonic current will be
Zrn — K1) A s
b = ( Fh 1) LLh i Fh ipn + Ush (7>
Zpn + Zsp, Zsh + Zpy, Zsh + Zpp
Substituting ipy, = % into (7):
(Zpn — K1) Zpy, . (Zsh + Zpn)

Top = irn + Uy 8
" ZpnZsh + ZpnZin + Zrnsh b ZpnZsh + ZpnZpn + ZrnZsh " ®)

Setting Z' = -ZerZrn the equation describing the supply harmonic current would be

Zpn+ZFn
7' (Zpn — K1) | 1
= ih + 5——=u
Zon (Zgy +20) ™" Zg+ 7

Equation (9) shows that if the harmonic component of the source voltage is not taken
into account (ug, = 0), when K is large enough, the supply harmonic current will be
greatly reduced. However, the possibility of resonance between the impedances Zpy,, Zps,
Zgp, is possible. This is very dangerous. If the source voltage has harmonic components
(usp, # 0), then this control strategy is not effective even if the value K is large enough.

+ Control strategy based on supply harmonic current: U, = Koig,

Proving similarly, we get

_ UshiLh Zrn + Ugh - A
Ko+ Zoy + 225 Ko+ Zpn+ 2200 " " Zpp (Ko + Zgn + 223

where K5 is a controllable factor, and it depends on the transfer function of the controller
used and the transfer function of the inverter.

Equation (10) shows that if the harmonic component of the source is not taken into
account (ug, = 0), when Ks large enough, the harmonic component of the supply current
will be reduced to the lowest level. Besides, the resonance between the impedances Zpy,
Zrn, Zg, will not be possible. If the source has harmonic components (ug, # 0), this
control strategy is also effective if K5 is large enough.

sh (9)

lsh

(10)

ish

3. Simulation Results and Discussion. To demonstrate the effectiveness of control
strategy based on load harmonic currents and supply harmonic currents, simulation results
were performed on a 10 kV-50 Hz HAPF system with the following parameters: C'r = 50
uk, C; = 228.47 uF, Ly = 44.34 mH, Ly = 0.1 mH, V. =600 V, R, =15 Q, L, = 60
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mH. PPFs are designed to cancel harmonics 11th and 13th with values of C; = 22.2 uF,
Ly = 3.77TmH, Ci3 = 22.2 uF, L3 = 2.7 mH. The harmonic sources are modeled by four
harmonic current sources 5th, 7th, 11th and 13th with amplitudes of 37 A, 30 A, 27 A,
and 22 A, respectively.

The simulation is performed on two modes of HAPF: when the source voltage is undis-
torted and when the source voltage is distorted.

When the source voltage is undistorted, a control strategy based on the load harmonic
current and a control strategy based on the supply harmonic current give results as the
same. Simulation results and frequency spectrum of waveforms with the control strategy
Uiny = Kiipp, or Uy, = Koty are shown in Figure 3 and Figure 4.
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FIGURE 4. Frequency spectrum of waveforms with the control strategy
Uz'm) - KliLh or Uinv - K2Z.sh

According to Figure 3, when HAPF is not working, the power factor is 0.617, and the
total harmonic distortion of the supply current is 17.45%. When HAPF is working (at
steady state), the power factor increases to 0.988 from 0.617, the total harmonic distortion
of the supply current is 0.552%.
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When the source voltage is distorted, the control strategy based on the supply harmonic
current gives better results than the control strategy based on the load harmonic current.
Simulation results and frequency spectrum of waveforms with the control strategy U, =
Kiip, are shown in Figure 5 and Figure 6.
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FIGURE 5. Simulation results with the control strategy Us;,, = Kiir, when
the source voltage is distorted
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FI1GURE 6. Frequency spectrum of waveforms with the control strategy
Uiny = Kyt when the source voltage is distorted

According to Figure 5, when HAPF is not connected to the system, the power factor
between the source voltage and supply current is 0.617. The total harmonic distortion
of the source voltage is 3.056%, and the total harmonic distortion of the supply current
is 17.45%. When HAPF is connected to the system (at steady state), the power factor
increases to 0.956 from 0.617, and the total harmonic distortion of the supply current is
reduced to 10.13% from 17.45%.

The waveforms and frequency spectrums of the source voltage, load current, and supply
current with the control strategy based on supply harmonic current are shown in Figure
7 and Figure 8.
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FIGURE 7. Simulation results with the control strategy U;,, = Ksis, when
the source voltage is distorted
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F1GURE 8. Frequency spectrum of waveforms with the control strategy
Uiny = Ksts, when the source voltage is distorted

According to Figure 7, when APF and PPFs are not connected to the system, the power
factor between the source voltage and supply current is 0.617 but the total harmonic
distortion of the source voltage is 3.056%, and total harmonic distortion of supply current
is 17.45%. When APF and PPFs are connected to the system (at steady state), the power
factor is 0.966, and the total harmonic distortion of the supply current is reduced to 3.45%
from 17.45%.

From the mathematical model and above simulation results, we can see that when the
source voltage is distorted, the control strategy based on the supply harmonic current is
more effective than the control strategy based on the load harmonic current. However,
the control strategy based on the supply harmonic current is also very difficult to cancel
most of the harmonic components from the supply current when the source voltage has
large distortion.

4. Conclusions. The paper analyzed the control mathematical model of HAPF. On that
basis, the effectiveness of the control strategies based on the load harmonic current and
the supply harmonic current was compared. When the source voltage has no distortion,
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the effect of the two above control strategies is the same. When the source voltage has
distortion, the control strategy based on supply harmonic current is more effective than
the control strategy based on load harmonic current in eliminating harmonic components
and preventing resonance. This study will be the basis for finding new control methods
for HAPF under non-ideal source conditions.
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