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Abstract - In this paper, the performance of a three-phase
shunt active power filter (APF) using the instantaneous
power theory (p-q theory) has been compared with that
corresponding to the use of the synchronous reference
frame (SRF) based method. It is clear that, under
balanced and sinusoidal voltage conditions, these two
methods gives similar results. The entire system has been
modeled using MATLAB-SIMULINK software. The
simulation results demonstrate the applicability of both
methods for the APF control.
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I.INTRODUCTION

Shunt active power filters (SAPFs) are voltage source
inverter based static converters, bidirectional in current
and voltage, which are connected in parallel with the
nonlinear load and controlled so as to meet different
compensation objectives (harmonics, reactive power
and load unbalance).

Active power filters have many advantages over
passive filters, which have established them as a
competitive, modern and efficient filtering solution:

- they can reduce the total distortion factor (THD) to
very low values, which fall within the limits imposed by
regulations (the reduction is greater than 10:1);

- they cannot be overloaded due to the harmonic
currents transmitted in the network by other distorting
loads;

- the currents to be compensated can be selected;

- harmonic distortion and/or power factor can be
compensated, simultaneously or independently (they
can also suppress the reactive current, not only
harmonic currents);

- the compensation accuracy is higher;

- they do not produce resonances with the power
distribution systems;

- they have a great flexibility regarding the location
and the connection schemes [1].

The first step in the SAPF control is the generation of
the prescribed compensating current based on the
sensed supply voltage and load current. There are many
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methods in the literature used for the calculation of the
reference prescribed current, such as those based on the
following theories: the instantaneous power (p-q)
theory, the synchronous reference frame (SRF), the
Conservative Power Theory (CPT), the Currents’
Physical Components (CPC), the Fryze-Buchholz-
Depenbrock (FBD) theory [1]-[13].

Then, the closed-loop control system must be able to
handle the accurate tracking of this prescribed current.

In this paper, two methods of generation the
prescribed current are analyzed, namely the p-q theory
based method and synchronous reference frame (SRF)
method.

I1. COMPENSATING CURRENT COMPUTATION
METHODS

In this part of study, the control scheme of APF
system using p-q theory is discussed and compared with
that using synchronous reference frame (SRF) method.

A. The p-q Theory Based Method

The specificity of the p-q theory lies in the use of so-
called instantaneous active and reactive powers (p and
q) in expressing the prescribed compensating current

(iF).

ic =ic + jigg==———sU-se, (1)
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where the SAPF apparent power (SF) is:

Sp=—P-— 10 for only the harmonic

compensation (p~=p -P; q~=q-Q);

SF==P-=19  for the total compensation.

P and p~ are the the average value and the AC
component of the instantaneous active power p.

Q and g~ are the the average value and the AC
component of the instantaneous reactive power g.

The components of voltage and current space vectors
(u and 1) in the (o, B) stationary reference frame (ua, up,
ia, iB) are used in the expressions of p and q [1].

The Simulink model in Figure 1 corresponds to the
objective of total compensation of both current
harmonics and reactive power.
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Fig. 1. Simulink model for the prescribed current generation by using
the p-q theory in the case of total compensation.

The proper prescribed compensating current ensures
a sinusoidal supply current after compensation in phase
with the supply voltage.

B. The SRF Based Method

According to SRF method, the three-phase system of
real currents is transformed into a two-phase rotating
system d-g-0, whose speed is the fundamental pulsation
when the identification of the fundamental component
of load current is desired (Figure 2) [1]-[4], [14].
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0 is the angular position of the rotating reference
system, which is determined by PLL circuits.

The currents obtained in the (d, g) coordinate system
are formed by a direct current component (id-, ig-) and
an alternating current component (id ~, iq~), which can
be separated by a low-pass or high-pass filter.

If the rotating system is synchronous with the
fundamental component of the current, to separate the
compensating current, which corresponds to the
alternative components of the current in the (d, q)
coordinate system and constitutes the reference current
for the active power filter, a high-pass filter is used.
Then, the transition to the three-phase system is made
by the inverse Park transformation, respectively:

@
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The separation of the fundamental component of the
current can also be considered, through the DC
components of the current in the rotating system (d,q)
through low-pass filters, followed by the passage in the
three-phase system.

The performance of the SRF method are similar, but

the p-q control method was more effective under
transient conditions.
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Fig. 2. Simulink model for the prescribed current generation by using
the SRF method [2]-[4].

Like all time-frame reference current calculation
methods, the SRF method is advantageous in terms of
calculation volume, implementation speed, and control
complexity compared to the methods in the frequency
domain.

In practice, it is not only desired to eliminate a
harmonic by active filtering and, therefore, the
synchronous rotating system method is applied
simultaneously for several harmonics, the reference
current for the active filter being the sum of the
reference currents on the harmonics.

Problems with the implementation of the
synchronous rotating system method are mainly related
to the correct detection of the angular position,
especially when the three-phase power system is not
balanced.

I1l. CURRENT CONTROL METHOD

The role of the active power filter control system is to
generate signals for the control of semiconductor
devices in the structure of the voltage inverter, so that
the current injected into the power supply to follow its
reference value. This function is conditioned by the
need to control the voltage across the compensation
capacitor.

The basic technique of current control by hysteresis,
frequently adopted in the control of active filters,
involves the generation of control signals for the
semiconductor devices in the static converter by
comparing the current error with a fixed hysteresis band
(Figure 3). In this way, the hysteresis comparator also
has the role of current regulator.
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Fig. 3. Block diagram of the hysteresis control technique applied to
the direct current control at the filter output.

APF .

As long as the error falls within the limits of the
hysteresis band, no switching takes place. Switching
occurs only when the error exceeds the hysteresis band.
Thus, the hysteresis band (H) determines the maximum
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and minimum limits of the current deviation from the
reference value (Figure 4).

Fig. 4. Generation of the control signal in the case of control with
hysteresis.

Therefore, in order to obtain the current
compensation with small switching ripples, the value of
H must be reduced, which determines the increase of
the switching frequency. In the case of the active power
filter, through this instant control, of the “bang-bang”
type, the current to be controlled is forced to follow its
reference value, without exceeding the tolerance
imposed by the hysteresis band.

Although it is simple, robust and allows to obtain
good dynamic performances, reasons for which it is
frequently adopted in current control structures, the
hysteresis control technique has a number of
disadvantages, mainly due to the fact that the switching
frequency of the converter is variable and is superiorly
limited only by the width of the hysteresis band and the
dynamics of the system. Thus, the losses in the power
semiconductor devices increase, difficulties appear in
the design of the interface filter of the active filter and
the appearance of unwanted resonances in the network
is favored. A negative influence of the filtering
performances determined by the interaction of the phase
currents was also noticed if the three-phase power
system is with isolated zero [1], [5], [6].

The Simulink model of the hysteresis band based
control is illustrated in Figure 5 and the generation of
the control signals for the IGBTS is shown in Figure 6.

Logical
Operatort

Fig. 5. Simulink model for the basic method of current control by
hysteresis.

Scope
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Fig. 6. Generation of the control signal in the case of hysteresis based
control — Simulink.

IV. SIMULATION RESULTS

The study was done by simulation based on specific
Simulink models, for both methods of calculating the
reference current. It is specified that for the two
calculation methods, the load is the same: a three-phase
uncontrolled rectifier that feeds a passive load of RC
type, which simulates a direct current motor. The
current drawn from the power supply by the nonlinear
load is shown in Figure 7.

Figure 7. The waveform of the currents absorbed by the nonlinear
load.

The rated values are:
Nominal voltage: 380 V;
Nominal current: 20 A;
Active power: 9.48 kW;
Apparent power: 12.55 kW.

For the current control, the hysteresis based method
was used in both simulation systems.

A. The p-q Theory Based Method — Simulink
results

The Simulink model conceived for the whole active
filtering system based on the p-q theory based method
is shown in Figure 8. All the components are illustrated
(power supply, nonlinear load, active power filter with
the compensation capacitor on the DC-side and the
interface filter of L- type on the AC side, control blocks
and calculation blocks).
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Fig. 8. Simulink model of the active filtering system in case of using the p-q theory based method.

The current waveforms in Figure 9 shows the
performance of the active filtering system to perform
the total compensation. The supply currents after
compensation are very close to the sinusoidal shape,
illustrating the switching influence of the inverter,
whose effect is not completely eliminated by the
inductive interface filter. The remaining distortion
factor of the supply current is 5.42 %, leading to an
active filtering efficiency of about 15.02 (Table I). The
currents provided by the voltage source inverter to
achieve the compensation are shown in Figure 10.
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Fig. 9. Current waveforms at the supply side after compensation in
case of using the p-q theory.
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Fig.10. Waveforms of the currents at the inverter output in case of
using the p-q theory

B. The SRF Based Method — Simulink results

In the Simulink model of the active filtering system
in the case of the SRF based method (Figure 11), the
specificity is given by the block “SRF” which provides
the reference currents to the current controller.
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As with the use of the p-q theory, the supply currents
waveforms after compensation (Figure 12) are very
close to sinusoids (THD = 5.22 %). The resulting active
filtering efficiency is of about 15.6 (Table I). Figure 13
illustrates the waveforms of the currents at the inverter
output in case of using the SRF based method.
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Fig. 12. Current waveforms at the supply side after compensation in
case of using the SRF based method.
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Fig.13. Waveforms of the currents at the inverter output in case of
using the SRF based method.

TABLE I.
SUMMARY OF THE NUMERICAL RESULTS
p-q Method
1 (rms) THD_source THD_load f'io‘ltcetrli\:leg
0, 0,
(Al [%] %] efficiency
19.02 5.42 81.41 15.0202
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Fig.11. Simulink model of the active filtering system in case of using the SRF based method.
A summary of the numerical results obtained by ACKNOWLEDGMENT
simulation is presented in Table | and Table Il. As Thi K wed by th N
shown, the THD values of the currents after IS Work ~was — supporte y the gran

compensation are very close to the value of 5%
recommended by Std. IEEE 519 [15].

TABLE II.
SUMMARY OF THE NUMERICAL RESULTS
SRF Method
I (rms) THD_source THD_load f'.AI‘C“.Ve
[A] %] [%] Lenng
efficiency
19.02 5.22 81.41 15.5957

V. CONCLUSION

Two methods for the reference current generation
used in the control of a three-phase shunt active power
filter, namely the p-q theory based method and the SRF
based method, were investigated in this paper.

Under balanced and sinusoidal supply voltages these
two methods gives similar results for total
compensation.

Under nonideal voltage conditions, the synchronous
reference frame method leads to better results.
However, the p-q method allows the compensation of
only the current harmonics, or of the reactive power, or
the total compensation, being more flexible.

The SRF method is advantageous in terms of the
volume of calculations, the execution speed associated
with the implementation and the complexity of the
control.

Both methods are frequently adopted in the control of
active power filters.
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