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Abstract— One of the methods that have been used for the
analysis of three phase systems is the rotating fundamental
dq frame. Although it was especially used for the analysis of
three phase machines, because it is a time domain method is
also suitable for the compensating current computation in
the active filtering. In fact, it was already been used for the
computation of the current fundamental, and if desired, for
the computation of some of the upper harmonics. This way
the compensator could eliminate from the power grid cur-
rent all or some of the harmonic content. But this is also, the
limitation of this method, because it cannot intrinsically
obtain the compensation of reactive power. This is because
this method refers to currents and not powers so the
reactive power is not defined. At the same time and for the
same reasons, it could not obtain the compensated current
to have the same shape as the grid voltage. If the compensa-
tion goal includes the reactive current compensation, this
method must be adapted to compute beside the load current
fundamental, the active component of the load current fun-
damental. Another adaptation of this method is the unity
power factor compensation, which implies that the compen-
sated current has the same shape and phase with the grid
voltage, so the active power is transported not only on the
voltage fundamental, but also on the voltage harmonics.

[. INTRODUCTION

The active compensator performance is dependent on
the compensating current computation, and a method
which can be used in this respect is the synchronous fun-
damental dq frame. Although it’s having some disadvan-
tages and limitations, this method can give good results,
so the implementation and adaptation of this method for
shunt active power filters is the aim of this paper.

After the introduction, the synchronous fundamental dq
frame theory is presented in detail in the 2nd section. The
3rd section describes the implementation of each compen-
sation goal and in the 4th section the virtual model of the
filtering system and the simulation results are presented.
In the 5th section the experimental results are briefly pre-
sented to validate the simulation results.

II. THE SYNCHRONOUS FUNDAMENTAL DQ FRAME
THEORY

According to the synchronous fundamental dq frame
theory, the Park transform is used to make the transition
from the three-phase coordinate system of the current ob-
tained from the current transducers, to a two-phase or-
thogonal coordinate system rotating at an imposed speed

[11[2].
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Fig. 1. The current phasor projections on the rotating synchronous dq
referential axis

Following this transformation, the current projections
on the two axes will be [2][3]:

- a DC component due to the current harmonic with the
angular frequency equal to the dq frame rotating speed;

- an AC component, due to the current harmonics of
angular frequencies different from the dq frame rotating
speed.
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For the extraction of the DC component, low-pass fil-
ters are commonly used, and for the extraction of the AC
components, high-pass filters are used [2][4].

One disadvantage of this method is the necessity to ob-
tain the dq frame angular position (angle 6), which in-
volves the use of a PLL for determining the mains voltage
phase [2].

Another disadvantage is that the DC component is ex-
tracted using numeric low pass filters. In this case, the
lower is the cutting frequency the higher is the filter re-
sponse time. This can be avoided using the running win-
dow averaging technique to compute the mean value of
the phasor projection for the selected harmonic over the
specified period. In this case, the response time is equal to
the harmonic period. Assuming that the current fundamen-
tal is to be extracted, so the dq frame is rotating with the
speed of 1007 rad/sec, the current phasor projections on
the dq frame axis are:
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The mean value of the d axis phasor projection calcu-
lated for 50 Hz is null, while the q axis phasor projection
mean value is just equal to the phasor amplitude which is
required to be obtained. This is true only if the current
system has the same succession as the voltage system. If
the current succession is reversed, so the dq frame rotating
direction is reversed to the current phasor direction, then
the mean values of both projections are null. This is be-
cause when the rotating directions are opposite, the pro-
jections on the dq frame of the current phasor are not DC
components but AC components of twice the angular fre-
quency (the angular frequency of the phasor summed with
the angular frequency of the dq frame).

In this case, the projections on the d and q axis of the
rotating dq frame are:
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Whose mean values over one period of the desired
harmonic are, obviously null.

According to the compensation goals, there may be dif-
ferent approaches. This is because some authors consider
that the optimum power transfer is obtained when the cur-
rent follows the power grid voltage shape, so the power is
transferred on all the voltage harmonics, not only on the
fundamental. But, other authors consider that when the
grid current is sinusoidal then no voltage distortion ap-
pears and the voltage is also sinusoidal. In this case, the
active power is transferred only on the voltage fundamen-
tal but there is no voltage distortion to affect the operation
of the grid connected loads.

Thus, the compensation goals can be defined as fol-
lows:

- sinusoidal grid current:

o  partial compensation — only the distortion compo-
nent of the current is compensated, so the current is si-
nusoidal keeping its phase delay;

o total compensation —the distortion and the reactive
components of the grid current are compensated, so the
current is sinusoidal and in phase with the voltage.

- unity power factor — the power absorbed from the
grid is only the active power, so the compensated current
is in phase with the voltage, but for distorted grid voltage,
the grid current will be also distorted;

III. THE IMPLEMENTATION OF THE SYNCHRONOUS
ROTATING DQ FRAME THEORY
The implementation of this compensating current com-

putation method was done using the Matlab Simulink en-
vironment, because of two reasons:
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- the virtual filtering system is a Matlab Simulink
model in which the active compensator computation sec-
tion is a Simulink block;

- the experimental filtering system is using an ac-
tive compensator whose computing hardware is the
dSpace DS1103 control board which is programmed start-
ing from the Simulink environment. Consequently, the
compensating current computation can be implemented
for the experimental equipment using the same Simulink
block as in the virtual system.

The compensation current computation block is con-
structed starting from (1) and implements all the compen-
sation goals.

A. Sinusoidal grid current

For the partial compensation, which is the intrinsic re-
sult of the synchronous rotating dq frame theory, the com-
pensating current is simply obtained by subtracting the
fundamental computed with (1) from the load current:
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The Simulink block for this part is illustrated in Fig. 2.
It can be seen that the dq frame instantaneous angular po-
sition is the angular position of the grid voltage fundamen-
tal obtained at a PLL output (Fig. 3).

The fotal compensation implies the injection in the PCC
by the active filter of both the distortion and reactive cur-
rents. But the latter is not defined by the synchronous
rotating dq frame theory. So this goal is reached in two
steps: at first, the load current fundamental is computed
(Fig. 2), and later, the fundamental is brought in phase
with the voltage and corrected. The phase shift is ob-
tained using the model in Fig. 3. In fact, the load current
fundamental is brought in phase with the grid voltage
fundamental by using a Park transform of the first with
the dq frame angular position of the load current funda-
mental (initial theta) and a reverse Park transform with
the dq frame angular position of the grid voltage funda-
mental (final theta).
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Fig. 2. The load current fundamental computation block
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Fig. 3. The load current phasor dephasing block

As a result the current phasor will be rotated with the
subtraction of the two angular positions, which is the
phase shift between the voltage and current. But, just the
phase shifting of the current phasor is not enough, because
the RMS value of the current remains unchanged and
equal to the value which gives the apparent power of the
load, not the active power.

At the same time, because the compensated current is
sinusoidal despite the non-sinusoidal grid voltage, the
active power is transmitted only on the grid voltage fun-
damental, the active power corresponding to the higher
voltage harmonics being equal to zero (the current har-
monics are null). In this case the apparent power drawn
from the grid after the compensation is equal to the active
power of the load. It follows that the compensated current
RMS value (when the reactive power is compensated) is
cos 0 times smaller compared to the case when the reac-
tive power is not compensated. So, when the reactive
power is to be compensated, the current phasor will be
corrected after its phase shifting with a correction coeffi-
cient equal to cos 0 (Fig. 3). Finally, the compensating
current is (Fig. 4):
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Where 1,14, 1a1b, 1aic are the desired active currents com-
puted with (2), shifted and corrected.

B. Unity power factor

This compensation goal implies that the compensated
current has the same waveform as the grid voltage. This
also implies that the compensated current is in phase with
the grid voltage, so the partial compensation cannot be
chosen. This is because each current harmonic would be
corrected as described above with an unnecessary compli-
cation of the model followed by the corresponding in-
crease in the computation time.

Because in this case, the compensated current harmonic
spectrum is similar to the grid voltage harmonic spectrum,
the active power will be drawn from the power grid not
only on the voltage fundamental, but also on each voltage
harmonic. The RMS value of the compensated current will
be the same to the sinusoidal compensated current, the
active power absorbed by the load being the same.

94

phase shifter

current
computation

a
sinusoidal
N

S|
I

Ok

u®
P|ut)
0, ]
grid voltage fundamental
computation Ly
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On the other hand, the RMS value of the compensated
current fundamental will be smaller than the correspond-
ing value of the sinusoidal compensated current.

In order to obtain the compensating current, the equivalent
conductance of the nonlinear load was used. This was
calculated starting from the premise that if the compen-
sated current is sinusoidal, the active power is drawn on
the voltage fundamental, resulting in a linear equivalent
load, which is having the conductance:
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So the compensating current is obtained by subtracting
the active current of the equivalent load from the real load
current:

I Fa ira u,

.’i< .

i Fo | =iy | = Geen | Up )
.* .

L Fe Ire U

IV. VIRTUAL IMPLEMENTATION OF THE ACTIVE FILTERING
SYSTEM

The virtual implementation of the active filtering sys-
tem is a Simulink model which contains all the system
components built with SymPowerSystems or Simulink
library blocks, as necessary (Fig. 5):

the power inverter (with 1200V and 100A IGBT
blocks);

the interface filter (first order inductive filter);

the compensating capacitor;

the nonlinear load (three phase thyristor AC volt-
age converter);

the active filter control block (which contains the
compensating current computation block (Fig. 4),
the output current and DC-Link voltage regulating
loops [5], auxiliary blocks for the active filter
start-up process control);

auxiliary measurement and computation blocks.
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Fig. 5. The active filtering system complete model
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The current absorbed by the nonlinear load is about  A. Sinusoidal compensated current — partial
15A, and its waveform and harmonic spectra is illustrated compensation

in Fig. 6. For clarity only the first 31 harmonics are illus- The first compensation goal corresponds to the partial

trated. : : compensation and sinusoidal grid current. The grid current
) ) ) waveform and harmonic spectra are illustrated in Fig. 7.
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Fig. 6. The grid voltage and nonlinear load current: b)
a) waveforms, b) harmonic spectra Fig. 7. The grid voltage and current after the compensation for the par-
tial sinusoidal compensation: a) waveforms, b) harmonic spectra
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In this case, the compensated current should be sinu-
soidal keeping its phase shift, which is confirmed both by
the current waveform and by the harmonic spectra. It can
be seen that the current harmonics corresponding to the
voltage important harmonics (5™ and 7™) are greatly re-
duced, as well as the other current harmonics. At the same
time the current fundamental RMS value relative to the
global RMS value is nearly equal to one, which empha-
sizes even more the fact that the filtering goal is achieved.

Regarding the numerical results, the compensated cur-
rent total harmonic distortion factor is 2 % considering the
load current THD of 77.75%, which gives a filtering effi-
ciency of 38.78. It must be noticed that the calculated hys-
teresis band is 2.33 A, calculated for the given interface
filter in order to obtain the maximum switching frequency
of 7500 Hz. In fact, the measured hysteresis band after the
simulation is 0.25 A, with the consequence of increased
harmonic distortion. For example, the partial harmonic
distortion factor calculated for the first 51 harmonics is
1.88% which means that some of the compensated current
harmonic distortion due to the active filter switching op-
eration can be reduced by reducing the current overshoot.

B. Sinusoidal compensated current — total compensation

In the case of total compensation, only the fundamental
of the active component of the load current remains to be
absorbed from the power grid. Because the considered
nonlinear load is a special load designed especially to test
the functionality and performance of active filters, it ab-
sorbs from the power grid only reactive and distortion
power. Because it absorbs no active power, after the com-
pensation the current drawn from the grid must be null. In
fact, a small active current is absorbed from the grid to
cover the losses of both the nonlinear load and active fil-
ter. So, for the considered case, after the compensation,
the current RMS value is reduced to 1.21 A. The small
value of the grid current it can be observed also by analyz-
ing the waveforms illustrated in Fig. 8.

C. Unity power factor compensation

For the case of unity power factor, the current must
have the same shape as the voltage but because almost no
active power is drawn by the load, this current has also a
very small value (of 1.22 A).
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Fig. 8. The grid voltage and current waveforms after the compensation
for the total sinusoidal compensation
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Fig. 9. The grid voltage and current waveforms after the compensation
for unity power factor compensation
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Regarding the numeric values for the two previous cas-
es it can be seen that they are similar, the RMS values
being 1.21A, and 1.22 A respectively. This is because they
are only due to the load and active filter losses, and not
related at all to the compensating current computation.

Nevertheless, the obtained results are valid because as it
was mentioned the analyzed load is dedicated to test the
active filters operation and performances. So, for the con-
sidered cases this is the desired result proving the accu-
racy of the compensating current computation method and
the good operation of the entire filtering system.

V. EXPERIMENTAL RESULTS

The experimental waveforms of the compensated cur-
rent for the three stated compensation goals are illustrated
in Fig. 10 and the numerical results are synthesized in the
second section of Table I.

It can be observed that the experimental waveforms
are similar to the simulation waveforms for all cases. This
is also true for the power quality indicators in Table I,
whose similar values proves the validity of the filtering
system implementation.

TABLE I. NUMERICAL RESULTS

Case THDu THDi lRMS FE
[%] [%] [A]
Before I After Before I After
Simulation Data
Partial
“ 3.17 | 7775 | 2.00 | 16.43 | 13.07 | 38.78
;ri‘;ta' 317 | 7775 | 19.69 | 1643 | 121 | -
gl‘:my 317 | 7775 | 2017 | 1643 | 122 | -
Experimental Data
Zimal 1.84 | 91.49 | 10.28 | 14.83 | 11.08 | 8.89
STigtal 2.00 | 90.99 | 107.66 | 14.92 | 1.57 -
Elf}“y 1.94 | 9133 | 112.68 | 14.89 | 1.55 -
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Fig. 10. Experimental compensated current waveforms and grid voltage
waveforms for the stated compensation goals:
a) partial sinusoidal compensation; b) total sinusoidal compensation;
¢) unity power factor
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CONCLUSIONS

Although the performance of the active filtering system
based on the proposed implementation of the synchronous
fundamental dq frame was proved, some differences be-
tween the simulation and the experimental results are visi-
ble. This is because the DS1103 control board time step
cannot be too low because of the necessary time of the
ADCs to convert all the needed signals. If the simulation
step would have been adapted to the experimental time
step the results would be similar, but the first was kept as
low as possible in order to verify the maximum perform-
ance which can be obtained by this computation method.
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