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Abstract: Unified Power Quality Conditioner is a versatile custom
power device which mitigates voltage and current related Power
Quality issues in distribution system. Modified UPQC topology
dealt in this which uses a common DC link voltage for both series
and shunt active filter, thus overcoming the need for capacitor
voltage balancing in conventional UPQC topology. In this
topology, interfacing inductor of shunt active filter is connected
in series with a capacitor. The fourth leg of the VSI is connected
to negative terminal of DC link and thus eliminates the
requirement of fourth leg of VSI. Switching signals are generated
using hysteresis band current controller and Icos ¢ algorithm for
the operation of UPQC. The performance of modified UPQC
topology with hysteresis band current controller and Icosd
algorithm has been analyzed and comparison has been done
using Matlab/simulink.

1. INTRODUCTION

Present days, power quality problems are the major concerns
for the consumers and to the industrial sectors. Power quality
problems are mainly because of the power semiconductor
devices and the electronic controllers which are used in
industries are very sensitive to voltage quality. With the poor
voltage quality, harmonics of the system increases and leads to
the poor power quality. The different power quality mitigation
techniques like SVC, STATCOM, TCSC and UPQC comes
under the FACTS controllers mainly designed for enhancing
the power quality improvement and reliability.

Devices like DVR, DSTATCOM and UPQC etc are mainly
used for improving power quality of voltage and current [1].
Among all the devices UPQC gives the best results for the
power quality. This is the combination of both the series and
shunt active filters. Series active filter (DVR) is connected to
source side, mainly reduces the load voltage harmonics and
eliminates the supply voltage imbalances. Shunt active filter
(DSTATCOM) which is connected to the load side, reduces
the source current harmonics and compensates the load
reactive power [2]. Configuration of UPQC needs two
inverters side by side. UPQC solves the source current and
load voltage imperfections. The structure of UPQC shown in
Fig.1

Load

Figure 1. Structure of UPQC

The performance of active filter is influenced by the dc-link
capacitor voltage values. For the shunt active filter, dc link
capacitor voltage rating must be greater than the line to neutral
voltage. For distortion free compensation, the dc link voltage
required must be higher or equal to 1.6 times the phase
voltage. Similarly for a better series compensation of voltages,
the series active filters dc link voltage maintained at a value to
the peak of line to line voltage [3]. In the case of UPQC, the
capacitor value is not same for both the shunt and series
filters. There is a mismatch happening in the dc capacitor
voltage requirement for the filters. So, in order to avoid this
mismatching, it is proposed [7] to use a common dc link
capacitor ratings which satisfy the dc link voltage requirement
for both the filters.

For general 3phase 4wire systems, neutral clamped topology
[4,5] is used which requires the independent control for both
series and shunt inverters, but problem in this case is it
requires capacitor voltage balancing. In this paper the
modified topology [7], capacitor is connected in series with
the shunt filter inductor, reduces the dc link capacitor voltage
for shunt active filter and compensates the reactive power to
the load. By the addition of capacitor, it allows the matching
of the dc link voltage requirement for both series and shunt
active filters with a common dc link capacitor. To avoid the
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necessity of fourth leg in VSI of the shunt active filter, the
system neutral is connected to negative side of dc bus.

The controller plays an important role in the performance of
UPQC. Some of the control strategies mentioned in literature
[6] which were used for UPQC are P-qg-r theory, modified p-q
theory, synchronous reference frame theory, Unit vector
template technique etc. In this paper, UPQC is mainly tested
for the power quality improvement by a) Reducing the THD’s
of source currents and load voltages b) power factor correction
and d) Mitigation of Voltage sags. This has been simulated
and analyzed with hysteresis band current controller and Icos
¢ algorithms, the comparison of both algorithms has been
explained in detail in section I'V.

2. MODIFIED UPQC TOPOLOGY

The modified topology of UPQC [7] is explained in detail. Fig
2 shows the power circuit of the VSI topology for UPQC
compensated system. In this figure, the source voltages of

phases a, b, and ¢ are termed as V ,, V,, and V_,

respectively. The source terminal voltages areV,,, V,, and

V... The injected voltages of the series active filter are V,

vra
Viw » and V,

e Tespectively. The three phase source

currents are represented asi, i, and [, and the load

sa’

currents are i, , I, and i, . The shunt active filter currents
are denoted as i, , I, and i, . L and R are the source

inductance and impedance. L f and R ¢ are the filter

parameters of the shunt active filter. L , and R, are filter

parameters of the series active filter respectively. The load
used here is shown as unbalanced linear load and non linear
loads

Modified UPQC topology has single capacitor in DC link
when compared to conventional UPQC which has two DC
storage devices in DC link. In conventional UPQC topology
series and shunt inverters are controlled independently.
Modified UPQC topology are more preferred that
conventional because of reduced DC storage device even
though it has advantages like smooth tracking with less
number of switches. In the modified topology, neutral wire has
been connected to negative edge of dc bus, in addition to that

capacitor C ¢ s connected in series with the inductor of the

shunt active filter. The capacitor connected in series, supplies
the part of reactive power required by the load and active filter
will compensates the balance reactive power and the
harmonics present in the load. This topology avoids the over
ratings of the series active filter of the UPQC compensation
system and also avoids the need of balancing the dc link
voltages [7].
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Figure 2.Power circuit of VSI topology for UPQC compensated
system

3. CONTROLLER STRATAGIES OF UPQC

The main aim of the controller strategies is to generate the
reference signals for the APF’s of UPQC. The distortions of
the load current and source voltage are extracted using the
control technique. The elimination of voltage harmonics at the
source side is carried out by controlling the series active filter.
Similarly, for the alleviation of the source currents from the
harmonics, balancing the currents and the reactive power
compensation mainly done by controlling the shunt active
filter. The control strategies for the operation of UPQC are
explained in detail.

A. Hysteresis band current controller

The terminal voltage has been distorted due to the flow of
distorted load current through feeder impedance. Voltage at
PCC can be made sinusoidal and balanced using series active
filter. However voltage continues to distort. Since the terminal
voltage is distorted, current reference for shunt filter cannot be
generated. This limitation can be overcome by extracting

fundamental positive voltage sequences V',V ,V, at PCC.

The equations for reference compensator currents are given
below. The DC capacitor voltage PI controller generates the

P

oss term which is the combination of both switching and

ohmic losses in actual compensator. The reference filter
currents are given below[7].

+ + +
s Vg YV V)

lfa lla lm =l A+ (Plavg + Ploxs)
1
+ + +
L e _V1b1+7(vlc1_vla1)(P +P )
Lg =1y =Ly =1 A lavg loss
1
+ + +
e Vg F YV =)
ljc llc _lac - llc - A+ (})lavg + Ploss)
1
................. (1
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where

A=Y )

j=a,b,c

j=a,b.c y=tan(e/\3)

The phase angle between source voltage and currents is given
as e. Irrespective of distorted supply, the above algorithm
gives compensated and balanced source currents. For series
active filter, the reference voltages are generated as given in
equation 2.

* *
Yavri 1 hi @
i=a b, c

* . . .
Vi - Reference series filter voltages, V,, - source terminal

voltages, v; - desired load voltages.

Hysteresis conroller

: ! '—F\I
| | S e
o P o Irvertar g..-llmg | §
T circuit | B
i —
. * s
Reterence current __1' taby g Posiive soquence Vo
Iy 2 - i FOSINE S2qUance m i
eneration usin W P
" . g i etraction | 7| |
In 'I.' e
Ld
Power calculation o I
Al ¥t T
contraller LIRg Moving
average (ifer (MAF) e

Figure 3. Block diagram of controller UPQC [7]

The controller block diagram is shown in Fig.3.The sensed
actual and reference values calculated from the measurements.
Switching pulses are generated by Hysteresis band current
controller [7] is a two level comparator, based on feedback
loop which generates the switching commands for the VSI
switches and these switching commands are generated,
whenever error value increases to particular tolerance band
limit. For the shunt active filter, the switching done as follows

Ifig, Zi;a + h;, then bottom switch is turned ON whereas
top switch is turned OFF (S, =0, S;l =1)
If i, < i;a —h,, then top switch is turned ON whereas

bottom switch is turned OFF (S, =1, S; =0)
For the Series active filter, switching done as follows
¥V, >V 4+ h,, then bottom switch is turned ON

dvra dvra

whereas top switch is turned OFF (S, = 0,5, =1)

¥V, <V’

dvra dvra

bottom switch is turned OFF (S =1,S, =0).

- h2 , then top switch is turned ON whereas

From the controller, six pulses are generated and
complimentary signals are used to controlling the 12 switches
of two converters.

B. Icos @algorithm
a) Reference voltage generation for series active filter:

The series active filter control algorithm [8] is given in Fig 4.
To synchronize with the supply voltages, a PLL (Phase
Locked Loop) is used for the distorted source voltages. The
distorted source voltages are given to PLL and it evaluates the
2 quadrature unit matrices (i.e. Sin @t & cosat). The
output of PLL (i.e sine and cosine) are used to calculate all the
three phases with a displacement of 120°, three unit vectors
are given below in equation (3)

" 1 0
u“ 1 A3 {sin 6} (3)
b 2 2 cos @
SR B SE]
L 2 2

where u, , u, and u, are the three unit vectors
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Figure 4.. Series active filter controller

Phase b

The extraction of amplitude of fundamental source voltage is
done at the zero crossing of the unit template of the source
voltages which are in phase with each other. This procedure
involves the shifting of source voltage by +90° using a set of
low pass filters. In order to obtain the magnitude of source
voltage, the cutoff frequency of the low pass filter is
maintained at 50Hz.The determination of amplitude of in
phase sine waveforms is done by using the zero crossing
detector and sample and hold circuits. Finally, reference load

voltages (V. ,V,,V,)) are obtained as the product of

a ®
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fundamental supply voltages and to the unit vectors as given
below.

*
V), 1=V, Mug 1

*
[Vlb] = [Vsbl]'[ub] 5

*
Vi 1=V 1ue] “)
where V , V, and V , are magnitudes of fundamental

source voltages of phase a, b and c respectively. The reference
load voltages are compared with the actual load voltages and
then given to hysteresis controller and switching signals are
generated. Generated switching signal are given to the six
switches of Series Active Filter.

b) Reference current generation of shunt APF

The controller for shunt active filter [9 10] mainly for the

>}’
. SC) to eliminate

generation of reference currents (i.e i
the current harmonics and balancing the source currents. The
shunt active filter control algorithm is given in Fig 5.For the
shunt active filter, the fundamental load current component of
current is extracted at the zero crossing of the source voltages
which are in phase with each other. The source voltages are
shifted by 90 degrees using a set of low pass filters. The cut
off frequency of these low pass filter is maintained at 50Hz.
The sample and hold circuits and zero cross detectors are used
to extract the Icos ¢ component from the load current at PCC.
The obtained reference source currents are compared with the
actual source currents and then given to hysteresis controller
and switching signals are generated. Generated switching
signal are given to the six switches of Shunt Active Filter.

The block diagram of shunt active filter controller is given
below:
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FigureS. Shunt active filter controller

4. SIMULATION RESULTS

The UPQC topology is developed by using
MATLAB/simulink platform. The simulated results of the
UPQC topology by using both the controllers (1.Hysteresis
band current controller and 2.Icos ¢ algorithm) are given in
this section. For good understanding, the results are tabulated
and comparison has been done. The simulation model of
UPQC (shown in Fig.7) consists of three single phase sources
connected in star with a phase shift of 120 degrees apart with a
neutral wire with voltages of 400V (line to line), frequency
(50Hz) and having the load of both linear as well as non linear

loads. The system feeder impedance is taken as Z

=1+j3.141Q. Three linear transformers of 1:1, 1000VA and
230V are connected in series with all the three phases and a
capacitor (80uF) is connected across the secondary of the
transformers shown in fig 7. For harmonics in the source
voltages, a three phase diode rectifier is used. The load is a
combination of both the unbalanced linear loads (a)
7,,=34+j47.5 Q, b) Z;,=81+j39.6 Q, ¢) Z,;=31.5+j70.9 Q) and
diode bridge rectifier with R=150Q and L=300mH as non
linear loads.

The load parameters and the circuit parameters are presented
in the Appendix.

The simulation results of the three phases four wire system
without compensation is obtained as shown in Fig 6. Before
compensation, the source currents and load voltages are
distorted and unbalanced as shown in Fig 6.

(a)
‘5 /\” / \/ / / / /\
e
% ’\/\/) y >>/\J >\/\>><L\/\J\“> N

“or o nwz 013 EMA m EME 017 Dm ma 02
Trme

Figure 6. Load voltages and source currents before compensation

A. Simulation model of UPQC with hysteresis band current
controller

The simulation model of UPQC with hysteresis band
controller is shown in Fig.7
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Figure 7. Matlab simulation model of UPQC topology

The main purpose of the UPQC is to reduce the imperfections
in both voltages and currents and makes them as harmonics
less (reduces the THD values). After connecting the UPQC the
load voltages are balanced and become distortion free shown
in Fig 8(a) and the source currents are also balanced and
distortion free as shown in Fig.8(b)
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Figure 8. a) Load voltages and b) Source currents after
compensation

Power factor of the system is obtained as 0.95 as shown in
Fig.8(c)
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Figure 8.c) Power Factor

The load voltages and source currents after compensation are
shown in Fig 8(a) and Fig 8(b).The THD’s load voltages and
the source currents of the system without UPQC is found as
9.80 %, 8.98 % and 8.08 % respectively and the source current
THD’s are 10.74%, 12.10% and 13.14% respectively. This
THD level gives low quality supply. While controlling the
system in closed loop by UPQC the THD level found to be
reduced as 2.61 %, 2.65% and 2.86 % respectively for source
currents and the load voltage THD values are 0.95%, 0.91 %
and 1% respectively. Overall system losses can be reduced by
controlling the THD level. The power factor of the system is
obtained as 0.95 which is good to the system as shown in
figure Fig.8(c).

B. Simulation model of UPQC using Icos ¢ algorithm

The same circuit of UPQC is simulated with Icos ¢ algorithm.
The simulation model with Icos ¢ controller is shown in
Fig.9. The parameters used are same as given in the appendix
but for getting proper results filter parameters are tuned.

=

Figure 9.Simulation model of UPQC with Icos¢ algorithm
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The Load voltages and source currents of the circuit after
compensation are shown in Fig.10. Load voltages are balanced

and become harmonic less and

source currents are also

become balanced and harmonic less.
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Figure 10.a) Load voltage and b) source currents after

compensation

Power factor calculation of the system obtained as 0.98 which
is better as compared to the Hysteresis controller as shown in
Fig.11.

\
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Figure 11. Power factor =0.98

For the controlling of UPQC, Icos ¢ algorithm has been used
and the THD values are reduced. Before compensation THD
values of the system for load voltages THD’s are found as
9.80 %, 8.98 % and 8.08 % respectively and the source current
THD’s are 10.74%, 12.10% and 13.14% respectively. The
values of the THD after compensation are obtained for load
voltages are 1.96%, 1.74% and 1.79% respectively and for

source currents

found as 2.99%, 297 % and 2.99%

respectively. The series active filter mitigates the sag problems

and maintains the desired load voltages.

In all the three

phases, the 50% of sag is taken and starts at 0.5s and ends at

0.8s. The performance of the series compensator is given in
Fig.12.The source voltages with sag are shown in Fig.12 (a),
DVR injected voltages in Fig.12 (b) and the desired load
voltages in Fig.12(c).
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Figure 12. Series compensator performance a) source terminal
voltages b) DVR injected voltages and c) load voltages

5. PERFORMANCE COMPARISON OF
CONTROLLERS

For the operation of UPQC, both the controllers (Hysteresis

band current controller and 1 cos® algorithm) showing the
better results. By using both the controllers the THD values
obtained are less than 5% according to IEEE standard. For
both the controllers, there is a slight difference of 0.4% in the
THD values for source currents and for Load voltages 0.9%.
Power factor calculations of the system using both the
controllers are 0.95(for Hysteresis controller) and 0.98(for
Icos® algorithm). THD values of both the controllers are
tabulated and given below:
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Table I.: % THD values of the supply currents and load voltages

Supply Without | With UPQC | With UPQC
currents/ UPQC (Hysteresis (Icosd
load voltages band current | algorithm)

controller)
Isa 10.74 % 2.61 % 2.99 %
Isb 12.10 % 2.65 % 2.97 %
Isc 13.14 % 2.86 % 2.99 %
Vla 9.80 % 0.95 % 1.96 %
Vib 8.98 % 091 % 1.74 %
Vic 8.08 % 1.0 % 1.79 %

6. CONCLUSION

The three phase four wire UPQC is simulated with both the

controllers (Hysteresis band current controller and I cos ®
algorithm) and the results are compared with the simulation
results using Matlab/Simulink. Based on various power
quality improvements such as load balancing, power factor
correction, elimination voltage and current harmonics and
mitigation of voltage sags, the performance of UPQC is
satisfactory. Both the controllers show better performances
with a slight difference in THD values. The THD values are
reduced to less than 5% which is IEEE standard. Performance
of UPQC with both the controllers are tabulated with the
obtained % THD values and given in table no.1.

APPENDIX

Supply voltage: 230V (line to ground), 50Hz

R, =1Q, L =10mH

=5mH, C,, =80pF
Shunt filter parameters: L, =26mH, C , =65uF,
R, =0.1Q

DC link capacitance: C,;, = 3300uF

Transformer: 1IKVA, 230V, 1:1

Kp =0.5, K, =2

Loads: 1) Unbalanced linear loads a) Zla =34+j47.5 Q, b)
Z,, =81+j39.6 Q,¢c) Z,. =31.5+j70.9 Q

Series filter parameters: L,

2) Non linear load as diode bridge rectifier with R =150€2
and L =300mH load.

REFERENCES

[1] M. Bollen, Understanding Power Quality Problems:
Sags and Interruptions. New York: IEEE Press, 1999.

[2] Narain G. Hingorani, Understanding FACTS: concepts and
technology of Flexible AC transmission systems, Delhi: IEEE
press, 2001

[31 S. V. R. Kumar and S. S. Nagaraju, “Simulation of
DSTATCOM and DVR in power systems,” ARPN J. Eng. Appl.
Sci., vol. 2, no. 3, pp. 7-13, Jun. 2007.

[4] T. Zhili, L. Xun, C. Jian, K. Yong, and D. Shanxu, “A direct
control strategy for UPQC in three-phase four-wire system,” in
Proc. CES/IEEE IPEMC, Aug. 2006, vol. 2, pp. 1-5.

[5] M. Brenna, R. Faranda, and E. Tironi, “A new proposal for
power quality and custom power improvement: Open UPQC,”
IEEE Trans. Power Del., vol. 24, no. 4, pp. 2107-2116, Oct.
2009.

[6] Vinod Khadkikar, “Enhancing Electric Power Quality Using
UPQC: A Comprehensive Overview” IEEE Transactions on
Power Electronics, pp. 2284-2297, May 2012

[7]1 Mahesh k. Mishra and B. Kalyan Kumar ‘A Modified Three-
Phase Four-Wire UPQC Topology with Reduced DC-Link
Voltage Rating’ IEEE Transactions on Industrial Electronics,
Vol. 60, no. 9, July 2012 pp.3555-3566

[8] Y. Pal, A. Swarup, and B. Singh, “A novel control strategy of
three phase, four wire UPQC for power quality improvement,”
in proc. JEET, vol.7, pp 1-8, 2012

[91 G. Bhuvaneswari, M. G. Nair and S. Kumar Reddy,
“Comparison of Synchronous detection and ICos® Shunt Active
Filtering Algorithm”, Conf. IEEE PEDES’06, pp.1-5 Dec.2006,.

[10] G. Bhuvaneswari and M. G. Nair, “Design, Simulation and
analog Circuit Implementation of a Three-Phase Shunt Active
Filter Using the ICos® Algorithm,” IEEE Trans. on Power
Delivery, vol.23, pp.1222-1235, April2008.

[11] Y. Pal, A. Swarup, and B. Singh, “A comparative analysis of
three-phase four-wire UPQC topologies,” in Proc. Joint Int.
Conf. PEDES Power India, pp. 1-6, Dec. 2010

[12] V. Khadkikar and A. Chandra, “A novel structure for three-
phase four-wire distribution system utilizing unified power
quality conditioner (UPQC),” IEEE Trans. Ind. Appl., vol. 45,
no. 5, pp. 1897-1902, Sep./Oct. 2009

[13] N. Mohan, T. M. Undeland, and W. Robbins, Power Electronics:
Converters, Applications, and Design. Hoboken, NJ: Wiley,
2003

Voltage

Advanced Research in Electrical and Electronic Engineering
Print ISSN: 2349-5804; Online ISSN: 2349-5812 Volume 1, Number 5 (2014)



