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Abstract- The Unified Power Quality Conditioner
(UPQC) has composed of two back to back connected
series and parallel Active Power Filters. It can be used in
a power distribution network by unbalanced and distorted
voltages and currents to provide balanced and sinusoidal
source currents and load voltages. This paper proposes a
fast reference signal generation method for Unified
Power Quality Conditioner. Main principle of the
proposed control system is based on the Fourier
transform theory. Fourier transform can be used in
unbalanced and harmonic conditions for the extraction of
reference signals. But, its settling down time is one cycle
which results in week capability in dynamic condition.
The scope of this paper is extending the general Fourier
transform for increasing its response speed twelve times.
Proposed approach named Very Fast Fourier Transform
(VFFT) can be used in distorted three phase systems as a
useful tool for reference generation of the UPQC. Results
validate the proposed theory capability in reference
generation and power quality compensation of a typical
distribution system in sag, swell, and harmonized
conditions in the presence of dynamic loads. Comparison
between general and extended Fourier transform shows
increase in the reference signal generation speed.

Keywords: Very Fast Fourier Transform (VFFT),
UPQC, Power Quality, Dynamic Conditions.

I. INTRODUCTION

Nowadays, much of the equipments based on power
electronic devices which are used by the industry, lead to
power quality problems. These devices, which need high-
quality energy to work properly, at the same time, are the
most responsible ones for decreasing of power quality. In
these conditions, both electric utilities and customers are
increasingly affected from the quality of electric power
[1]. Between the different technical approaches available
for the compensation of power quality problems, Active
Power Filters (APFs) have an important alternative to
compensate the power quality problems [2-9].

In [10] various configurations of APFs are reported.
One of the most efficient solution systems for power
quality problems is the Unified Power Quality
Conditioner (UPQC).

It consists of a Parallel-Active Filter (PAF) and a
Series-Active Filter (SAF) together with a common dc
link. This combination allows a simultaneous
compensation for source side currents and delivered
voltage to the load. In this way, operation of the UPQC
isolates the utility from current quality problems of the
load and at the same time isolates the load from the
voltage quality problems of the utility [11-26].

Recently, major research area about UPQC has been
carried out on reference generation circuit with the
objective of fast response to obtain the switch control
signals. The performance of the UPQC mainly depends
on how accurately and quickly the reference signals are
derived. Fourier transform is a useful method for
reference signals generation of series and shunt APFs.
But its disadvantage is slow response and week capability
in dynamic condition.

The scope of this research is the extension of Fourier
transform for increasing its response speed in extraction
of the first order components magnitude and phase in
three phase systems. Extended approach has been named
Very Fast Fourier Transform (VFFT). In the proposed
approach for fast response as well as good steady state
response, there are two different data window lengths,

l and %; where, T is the main period. In the voltage

12
sag, swell and load change conditions data window length

is setup to —, but in the steady state condition it is

T
arranged to ER

Section II generally introduces UPQC and its
equivalent circuit. Section III explains proposed VFFT
and related equations. Section IV introduces UPQC
reference generation system based on the proposed VFFT
approach. Section V simulates the proposed algorithm. In
this section increase in response speed of the proposed
VFFT in comparison with general Fourier transform has
been shown. Finally, section VI concludes the results.

I1. CONFIGURATION
UPQC has composed of two series and parallel APFs
that are connected back to back and are controlled for
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instantaneously. The shunt APF which acts as a current
source inverter is responsible for the load current
harmonics compensation as well as reactive power. It is
connected to the grid via a second order LC filter and
parallel star connection transformer. Also, the series PAF
which acts as voltage source inverter is responsible for
the source voltage sag, swell, unbalance and harmonics
compensation. It is connected to the grid via a second
order low pass LC filter and three series single phase
transformer. Second order filters are used to reduce the
inverter switching frequencies. Figure 1 shows a simple
schematic of a UPQC.

Vs Vcomp

r—T‘—‘ i comp
ﬂuﬁ@ |

Figure 1. General schematic of a UPQC

Equivalent single phase representation of the UPQC is
shown in Figure 2. Series active filter can be modeled as
the voltage source and parallel active filter can be
modeled as the current source. Related Kirchhoff’s
current and voltage lows are as Equation (1).

Series APF

ul¥e
Rq d
— | .
I o0
Cq J_ R, P Load
C Lp L

Shunt APF

Figure 2. Circuit model of UPQC

ig =i, —i

s L 'sh (1)
Vg =V +Vg

where, iy, is the shunt APF current and Vv, is the series
APF voltage.

I1l. PROPOSED VERY FAST FOURIER
TRANSFORM

Fourier transform has the capability of different order
components extraction of distorted periodic voltages and
currents. Positive first order components of voltages and
currents can be used for generating the reference signals.
Based on the general equations of Fourier transform,
settling time is one cycle which causes week capability in
dynamic conditions.

Proposed extended Fourier transform will be
responsible for improving this problem. First order
components of a signal can be written as Equations (1)
and (2).

a = % Ij” V(wt) cos(wt)dwt = % L;T V(wt)cos(wt)dwt (1)

2 f2r . 4 oz .
b :g.[o V(wt)sin(wt)d wt :EJ.O v(wt)sin(wt)dwt (2)

It is assumed that v(wt)=sin(wt+¢@), so it can be
resulted for any amount of ¢ :

%j: sin(wt + ) cos(owt)dwt = sin @ 3)
and,

T
21.[06 sin(wt + @) cos(wt)d wt +
Vs

3z

+ 8 J.ZE sin(wt + @) cos(wt)d wt + 4)
2L

6

Sm
8 (6 .. .
+§j4l sin(wt + @) cos(wt)d wt = sing

6
So, Equations (5) and (6) can be result in:

zij.oﬂ sin(wt + @) cos(wt)dwt =
Vs

v
= 21.[0? sin(wt + @) cos(wt)dwt +
Vs

i %ﬁ i Q)
+§.[21 sin(awt + @) cos(wt)d ot +
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4 e7 . .
gJ‘o sin(awt + @) sin(wt)d ot =
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2w ==

6
Sr
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6
It can be possible rewrite of Equations (5) and (6) as
Equations (7) and (8), respectively.

a = %J.Oz sin(wt + @) cos(wt)d wt +
+% [l (=sin(@t + - 27/))(~ cos(et - 274 ))dat +
8 =~
8 . 2 2 =
+ = Ioﬁ sin(wt + @+ %) cos(ot + %)d ot = ™

8 = .
=—— |6
Py Io sin(wt + @) cos(wt)d wt +

8§ X
2 i 27 27
+ . _[06 sin(wt + ¢ + A) cos(wt + A)d ot +

8 6. 27 27
+ZJ.06s1n(a)t+(p— 3’)cos(a)t— A)da)t
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b, = %J‘Oz sin(wt + @) sin(wt)d ot +
+%J‘0g (—sin(at +¢@ - 2%))(— sin(awt — 2%))d ot +

8§ =
2 i 27/ Vs 2z -
+ Py J.oé sin(ot + @+ A) sin(wt + A)d ot ®

8 = . .
= ;J‘Oé sin(wt + @) sin(wt)d wt +
+%J.O€sin(a)t+¢+2%)sin(a)t+2%)da)t+

8 6 27/ i 27
+EJ‘06 sin(ot + ¢ — A)sm(a)t— A)da)t

Above equations show that it is possible to extract the
Fourier first order components of a balanced three phase
signal by using of three phase voltages combination until

T . .
o sec. It means that the response speed will be increased

twelve times. But, the problem of this is the unfiltered
steady state oscillations in the response which is because
of small data window length. Thus, for accessing the fast
response, as well as good steady state response, proper

. T T .
composition of ) and E) data window lengths have
T .
been used. In other word, E) data window length acts as

T

a low pass filter and proposed approach uses ) data

window length in signal magnitude change instances, for
. T .

accessing the fast response, and > data window length

in other times, for accessing the good response without
oscillation.

IV. CONTROL SCHEME OF UPQC

Figure 3, shows the block diagram of the proposed
VFFT based control approach. Based on the previous
indications, the detection of sag, swell, and load change
conditions are essential problem for proper control of the
UPQC. In this paper, based on fast detection capability of
proposed approach slope of the first order component
magnitude of the voltage and current signals has been
compared with a constant value for the detection of
voltage sag, swell and load change. This is based on the
facts that in these conditions, the slope of the signal
magnitude changes.

FTof Magnitude
3 Phase VFFT > ¥
Signal
Data
Window,
Length Sag, swell &
Load Change
Detector

Figure 3. Proposed VFFT based control system

A. Series Active Filter Control Circuit

In this paper, the series APF operates as a controlled
voltage source arranging the load voltage sinusoidal and
at a predetermined constant voltage level. In this control
approach, series active filter can compensate harmonics
as well as voltage sag and swells. Proposed approach can
be used for the extraction of direct and indirect first order
components of the source side voltage. Thus the
magnitude of reference load side voltage can be setup to
the nominal value as Equation (9) for generation of
desired load voltage. The series APF injects compensator
voltage which is a voltage equal to the difference of the
desired load voltage and the supply voltage to the grid.
Figure 4 shows the block diagram of the series APF
control circuit.
v, (t) = , cos(at) + b, sin(awt) =

. a,
= w/alz + b12 sin(t + arctan —-) 9)
by
. a, .
Vier (1) = Vo sin(at + arctan El) =Vyom Sin(@t + @)

where, ¢, is the first order component phase angle of
the load voltage.

Mag
Proposed |
Y, First Order
' Component
Detector

Phase

Voltage
Nominal
Magnitude

wt

Figure 4. SAF control system block diagram

B. Parallel Active Filter Control Circuit

In this paper parallel active filter have the purpose of
the reactive power compensation, as well as, current
harmonics. The shunt APFs acts as a controlled current
source. The shunt APF injects compensator current which
is a current equal to the difference of the load current and
the desired source current to the grid. For generation of
desired source current active first order component of the
load current which is tangent component of the load

current to the load voltage can be used as Equation (10).
Lrer () = 11y cos(@y =gy sin(@t + @y, ) (10)
where, |, and ¢,, are the first order component

magnitude and phase angle of the load -current,
respectively. Figure 5 shows the block diagram of the
shunt APF control circuit.

Voltage
Phase

Proposed
First Order
Component

Detector

IS_.

Figure 5. PAF control system block diagram
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V. RESULTS
For the investigation of the validity of the proposed
control strategy in reference generation and power quality
compensation of a distribution system, simulation of the
test circuit of Figure 6 has been done.

Vs v
+

Figure 6. General test system circuit

This power system consists of a three phase 380 V
(RMS, L-L), 50 Hz utility, two three phase linear R-L
load and a three phase rectifier as a nonlinear load which
are connected to the circuit at different times. This is for
the investigation of the proposed control system
capability in dynamic conditions. For the investigation of
the voltage sag and swell conditions, utility voltages have
0.25 pu sag between 0.04 sec and 0.08 sec and 0.25 pu
swell between 0.08 sec and 0.12 sec. Also, for the
investigation of the proposed control strategy in the
harmonic conditions, source voltage has been harmonized
between 0.17 sec and 0.4 sec. Tables 1 and 2, shows the
circuit parameters. In this study series active filter has
been connected to the circuit at time zero. But, parallel
active filter has been connected to circuit at time 0.25 sec.

Table 1. Utility voltage

Voltage Time (sec)
2204/2 sin(at) 0-0.04,0.12-0.17
0.75%220~/2 sin(at) 0.04-0.08
1.25x2204/2 sin(at) 0.08-0.12
2204/2 sin(@t) + (0.1)220+/2 sin(at) + 01704
(0.1)2202 sin(5et — 7 / 4)

Table 2. Load powers and related switching times

Nominal Nominal Switching
Load Power Voltage Time
(kVA) (RMS, L-L) (sec)
Linear 10 380 V 0
Linear 10 380V 0.29
Non linear 5 380V 0.29

Figure 7 shows the source and load side voltages of
phase 1. In the load side voltage, sag and swell as well as
harmonics have been compensated. Figure 8 shows
compensator voltage of phase 1. Compensator voltage in
sag, swell and harmonic conditions is nonzero. Voltage
harmonics have been compensated in the load voltage.
Figure 9 shows first order component magnitude of the

T .
source voltage extracted by T and 5 data windows.

T .
Response speed in > data window state has been

increased twice.
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Figure 10 shows the first order component magnitude

of the source voltage extracted by the :——2 and
. T T .
composition of — and — data windows. Advantage of
12 2
the proposed VFFT over the FFT and composition of 1T—2

and % data windows over the 1T—2 data window can be

viewed from Figure 10. In the proposed approach,
settling time is 0.00166 sec and there is no oscillation in
the response. Figure 11 shows the load and source side
currents of phase 1 in presence of switched linear and
nonlinear loads. Figure 12 shows the compensator current
of phase 1 which is for reactive power as well as current
harmonics compensation.

Current harmonics has been compensated in the
source current. Figure 13 show first order component

. T
magnitude of the load current extracted by T and > data
windows. Figure 14 shows the first order component

. T
magnitude of the load current extracted by Eand

composition of 1T—2 and % data windows. Table 3 shows

THDs of the source and load voltages and currents. Load
voltage and source current harmonics have been
compensated satisfactory.
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VI. CONCLUSIONS
In this paper power quality compensation have been
investigated in sag, swell, and harmonized conditions in
the presence of dynamic loads via the UPQC. The

proposed control system was based on the proposed

Load Current
THD (Percent)
9

Table 3. Total Harmonic Distortion (THD)

Source Voltage
THD (Percent)
14.14

extended Fourier transform theory. In this research for

, Very Fast Fourier

increasing the responsibility speed
Transform (VFFT) approach has

031 082 033 034
Time (Sec)

0.3

(V) a1

been proposed for

balanced three phase systems. In the proposed approach,

Figure 11. Load side current (solid line) and source side current

settling time of the response could be reduced to one

twelfth of a cycle.

(dashed line) of phase 1

In the proposed approach, there were two data

. In the sag, swell, and load

l and 1
12 2

window lengths,

T
12

change conditions, control system was switched to
for obtaining fast response. Then, for improving the

proposed approach responsibility in filtering of unwanted

steady state oscillation, control system was switched to

T

for obtaining no oscillated response. In these states,

fast response in dynamic conditions as well as good
response in the steady state conditions would be possible.
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In this research for the detection of the source voltage
sag, swell, and load change conditions, slope of the first
order magnitude of the voltage and current signal, were
compared to a constant value. Proposed control approach
was simulated in MATLAB/SIMULINK software.
Voltage sag, swell, and harmonics were compensated by
SAF. But, reactive power and current harmonics were
compensated by PAF. THD of load voltage before
compensation was 14.14 percent which was reduced to
zero after the compensation. Also, THD of the source
current before compensation was 9 percent which was
reduced to zero after the compensation.

NOMENCLATURES
iy, : The shunt APF current

Vg : The series APF voltage

i, : The load current

vV, : The source current

Vpom : Nominal voltage magnitude

@, The first order component phase angle of the load

voltage
l,;: The first order component magnitude of the load

current
@i, - The first order component phase angle of the load

current
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