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ABSTRACT

This paper evaluates the performance of Distribution Static Synchronous Compensator (DSTATCOM) using a
Voltage Reference Configuration (VRC) and the Instantaneous Power Theory (PQ) control scheme for power quality
improvement in three-phase three-wire distribution system. It is used for harmonic elimination according to IEEE-519
standards under nonlinear loads. The Voltage Reference Configuration (VRC) is a simpler and robust control scheme for
extracting reference current signals. The performance of the control schemes are simulated and analyzed under MATLAB

environment with its Simulink and PSB set toolboxes.
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INTRODUCTION

Fast industrialization has increased power
electronic loads tremendously in electric power
distribution system. These nonlinear loads produce
harmonic distortions which cause non-sinusoidal current
in distribution network. Harmonic distortions have become
the main concern for power quality problem since the
distorted current flow through different impedances in the
power supply system and affect the AC mains. These
nonlinear loads such as transformers, adjustable speed
drives (ASDs), High-voltage DC (HVDC) systems,
renewable energy sources, switch mode power supplies
(SMPSs), uninterruptible power supplies (UPSs), arc
furnaces, welding systems, telecommunication towers and
many others generate multiple power quality distortions at
the point of common coupling (PCC) in the AC mains and
led to waveform deviation. Poor power quality will affect
both utilities and consumers such as malfunction of
sensitive equipment in industries, loss of revenue, increase
power losses and resonance with source impedance[1]-[6].

In order to mitigate power quality problems in the
distribution network, custom power devices (CPDs) or
active power line conditioners (APLCs) are capable to
provide remedial measures with a more cost effective
solution [7]-[9]. These compensating devices are capable
to compensate necessary reactive power and harmonic
component from connected nonlinear loads [10]. The
APLCs can be categorized into series, shunt and hybrid
devices. As an example, distribution static compensator
(DSTATCOM) is a shunt device and dynamic voltage
restorer (DVR) is a series device whereas unified power
quality conditioner (UPQC) is a hybrid of series and shunt
compensating devices. Among these, DSTATCOM has
been considered as one of the most effective compensating
device with a very fast response for reactive power
compensation [11]-[13]. The DSTATCOM injects the
compensating current through the interface inductor at the

Point of Common Coupling (PCC) to eliminate harmonics
and compensate reactive power as well as load current [9].
Several international standards have been enforced in
order to mitigate power quality problem at the Point of
Common Coupling (PCC) such as IEEE-519, IEC-61000—
3-2 and others [14][15]. In this paper, the total harmonic
distortion (THD) of source current is observed to be less
than an IEEE-519 standard limit of 5%.

Due to the increasing concern of power quality
issues, development and applications of DSTATCOM has
increased from the last 10 years and become the most
widely used in the industrial processes [16]-[19]. The
effectiveness of a DSTATCOM is mainly depends on
control algorithms for the generation of reference signals
and switching scheme [3],[20]. Based on previous
literatures, many control algorithms have been reported
such as the instantaneous reactive power theory (PQ) [21],
synchronous reference frame (SRF) theory [22][23],
synchronous detection method [24], adaptive interference
canceling technique [25] and other neural network
techniques [26][27][28]. PQ and SRF theory are the most
widely used control algorithms for active power line
conditioners [29].

In this paper, a DSTATCOM is controlled with
PQ theory for harmonic elimination and compared with
new Voltage Reference Configuration (VRC) in three
phase system under nonlinear load. The performance of
these control algorithms will be simulated in MATLAB
environment.

SYSTEM CONFIGURATION

Figure-1 represents three phase DSTATCOM
circuit diagram with a nonlinear load in a three-phase
three-wire distribution system. The nonlinear load is
represented by three phase rectifier supplying a fix
resistive inductive (RL) load. The DSTATCOM is a three
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phase voltage source inverter (VSI) with IGBTs and anti-
parallel diodes.

————————————

Honiinear
Load

X R L I—-- L- : :

— R N |

= & [ L] i

T » 5 l 2 i
e b K i &
] N :
I i

DETATCOM

Figure-1. Three phase DSTATCOM circuit diagram.

The operating principle of the DSTATCOM is
very much similar to a shunt active power filter. The
DSTATCOM will provide compensating currents in order
to eliminate the harmonic at the point of common coupling
(PCC) which is located at point of a, b and ¢ in Figure-1.
The harmonics injected by the nonlinear load will be
compensated by DSTATCOM by injecting the same
current in different direction [30]. Thus, the total harmonic
distortion (THD) at the PCC can be maintained according
to IEEE-519 guidelines.

CONTROL ALGORITHMS

In order to maximize the performance of the
DSTATCOM, the control algorithm used to generate
reference current (harmonic current) is a very important
factor. In this paper, the proposed control algorithm will
be compared with instantaneous reactive power theory
(PQ) for harmonic compensation.

Instantaneous reactive power theory (PQ)

The PQ theory is widely used to control three
phase active power filter which is based on the
transformation from three phase quantities (abc) to two
phase quantities (off) and calculation of instantaneous
active and reactive powers [21][31]. The PQ theory
consists of Clarke transformation, phase lock loop (PLL),
power losses calculation, digital low pass filter and
hysteresis current controller. The inputs required for this
control system are line voltages (va, vb and vc), line
currents (ia, ib and ic) and dc bus voltage (vdc) as show in
Figure-2. The line voltages and currents will be
transformed to va, vf, ia and if. On the other hand, the dc
bus voltage (vdc) will be compared with dc bus reference
voltage (vdcref) to produce dc power signal (Pdc). Then,
the dc power and active power signal will be used to
produce reference current signal (ia*, ib* and ic*). The
hysteresis current controller will generate PWM signal
from PLL signals and the reference currents [32].

Va,Vb,Ve —» Clarke : PWM signals
Transformation E

ia,ib=ic - Clarke P Hysteresis current

Transformation
Vi
¢ +Q—> PID °

Vdcref

controller

e H i i, i |

Figure-2. Block diagram of PQ control strategy.

Voltage reference configuration (VRC)

The voltage reference configuration control
algorithm extracts the fundamental magnitude of load
currents. Then, the switching of H-bridge IGBTs will be
controlled by wusing hysteresis controller signals to
generate harmonic compensation currents. Since the load
currents are assumed to be symmetrical, Equation. (1) is
the harmonic equation in Fast Fourier Transform (FFT).
The source current is shown as Equation. (2).

() =2>=., % sin (7121} cos(2ift)

(1

I.(t) = I4 sin(wt + 90°) 2)

Since the compensator current is the result from
subtraction of load current from source current, then it can
be represented as Equation. (3).

Igomp(t) = () — I,(t)

- : K oo 2TA..ifnm

= [, sin(wt + 90°) — Zﬂzlg sin (?) cos(2mft) G)
The voltage reference configuration consists of

hysteresis gap, comparator and flip flop as shown in

Figure-3. The hysteresis gap is used to measure upper and

lower envelope of reference signal. Then, the switching of

the H-bridge IGBTs for PWM signals is generated from

flip flop outputs [32].
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Figure-3. Block diagram of voltage reference
configuration control strategy.
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DSTATCOM SYSTEM MATLAB BASED MODEL
The basic simulation model of DSTATCOM in
three phase three wire system is simulated in MATLAB as
represented in Figure-4. The nonlinear load is a three
phase rectifier supplying a fix resistive inductive (RL)
load with 20 ohm and 50 mH respectively. Then, this
DSTATCOM model is simulated with different control
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algorithms stated above. The models of control algorithms
simulated are given in Figure-5 and Figure-6.

e
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Figure-4. DSTATCOM system MATLAB based model
using PQ theory.
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Figure-5. DSTATCOM system MATLAB based model
using PQ theory.
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Figure-6. DSTATCOM system MATLAB based model
using voltage reference configuration.

RESULTS AND DISCUSSIONS

Figure-7 shows the dynamic performance of PQ
theory with its three phase voltage sources, nonlinear load
currents and line currents after compensation whereas the
performances of DSTATCOM with voltage reference
configuration are shown in Figure-8. The polluted load
current with 28.86% total harmonic distortion (THD) has
been improved up to 0.34% as presented in Figure-9 by
using PQ theory control algorithm. Thus, this classical
theory has been verified that it can improve the THD at the
point of common coupling according to the IEEE-519
standard limit. However, the disadvantage of PQ theory is
any voltage distortion will affect the accuracy of reference

current calculation due to voltage signals that will be used
to estimate the instantaneous active and reactive powers
[31].

Furthermore, the simplified voltage reference
configuration manages to improve the total harmonic
distortion up to 0.36% from 28.86% according to the
IEEE-519 guidelines which is demonstrated in Figure-10.
The advantages of this voltage reference configuration are
less computational time and easier to implement.
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Figure-7. Performance of DSTATCOM under nonlinear
load with PQ theory a) Voltage source b) Load current c)
Line current.
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Figure-8. DSTATCOM system MATLAB based model
using voltage reference configuration a) Voltage source b)
Load current ¢) Line current.
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Figure-9. Harmonic spectra for a) Load current b) Line
current after compensation by PQ theory controller.
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Figure-10. Harmonic spectra for a) Load current b) Line
current after compensation by voltage reference
configuration controller.

The THD of the line current with the nonlinear
load is 28.86% which is quite high. After compensation
with PQ theory, the THD of the line currents are further
reduced to 0.34%. Moreover, the THD of line current are
also reduced to 0.36% by using voltage reference
configuration controller. Even though there are slight
differences between both control algorithms, both
controllers have shown that current source can be
compensated and eliminate the harmonics for the power
quality improvement in three phase system. Table-1
summarizes the comparison of line current THD before
and after harmonic compensation by using PQ and voltage
reference configuration controller.

Table-1. Comparison of THD for PQ theory and voltage
reference configuration (VRC).

THD Before After Compensation
Compensation PQ VRC
Load 28.86% 034% | 036%
Current

CONCLUSIONS

The performance of DSTATCOM has been
modeled and simulated with PQ theory and voltage
reference configuration under nonlinear loads. Both
control algorithms can eliminate the harmonics and
maintain the THD limit according to IEEE-519. The
voltage reference configuration (VRC) control algorithm
is easier to implement due to its simplicity and takes less
computational time. The effectiveness of the control
algorithms have been verified using MATLAB simulation.

REFERENCES

[1] B. Singh, G. Bhuvaneswari and S. R. Arya. 2012
Review on Power Quality Solution Technology.
Asian Power Electronic Journal. Vol. 6, No. 2, pp.
19-27.

[2] A. Emadi, A. Nasiri and S. B. Bekiarov. 2005
Uninterruptible Power Supplies and Active Filters.
CRC Press LLC. Boca Raton, FL, USA.

[3] S. R. Arya and B. Singh. 2013. Performance of
DSTATCOM Using Leaky LMS Control Algorithm.
IEEE Journal of Emerging and Selected Topics in
Power Electronics. Vol. 1, No. 2, pp. 104-113.

[4] F.F.Ewald and A.S.M.Mohammad. 2008. Power
Quality in Power Systems and Electrical Machines.
Elsevier Academic Press London, U.K.

[5] B. Singh, S. R. Arya, A. Chandra, and K. Al-Haddad.
2012. Implementation of adaptive filter based control
algorithm for Distribution Static Compensator. In:
2012 IEEE Ind. Appl. Soc. Annu. Meet. pp. 1-8.

[6] S. R. Arya and B. Singh. 2014. Power quality
improvement under nonideal AC mains in distribution
system. Electr. Power Syst. Res. Vol. 106, pp. 86-94.

[71 G. L. Arindam Gosh. 2002. Power Quality
Enhancement Using Custom Power Devices. Kluwer
Academic Publisher Group, AH Dordrecht.

[8] R. C. Dugan, M. F. McGranaghan, and H. W. Beaty.
1996. Electrical Power Systems Quality. McGraw-
Hill.

[9] V. K. Kannan and N. Rengarajan. 2014. Investigating
the performance of photovoltaic based DSTATCOM

10743



VOL. 10, NO. 22, DECEMBER 2015

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

=
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

using I cos U algorithm. Int. J. Electr. Power Energy
Syst. Vol. 54, pp. 376-386.

[10]A. Moreno-Munoz. 2007. Power Quality Mitigation
Technologies in a Distributed Environment. Springer-
Verlag London Limited.

[11]C.-S. Chen, S. Member, C. Lin, W.-L. Hsich, C.-T.
Hsu, and T. Ku. 2013. Enhancement of PV
Penetration with DSTATCOM in Taipower
Distribution System. IEEE Trans. Power Syst. Vol.
28, No. 2, pp. 1560-1567.

[12]C. D. C. Teixeira. 2004. Power quality solutions for
low and medium voltage critical loads. In: 2004
IEEE/PES Transmision and Distribution Conference
and Exposition: Latin America (IEEE Cat. No.
04EX956). pp. 326-331.

[13]1D. Masand, S. Jain, and G. Agnihotri. 2006. Control
Algorithms for Distribution Compensator. In: IEEE
ISIE. pp. 1830-1834.

[14]1EEE Std 519TM-2014 (Revision of IEEE Std 519-
1992).

[15]IEC 61000-3-2. 2004.

[16]K. R. Padiyar. 2007. FACTS Controllers in Power
Transmission and Distribution. New Age International
(P) Limited, New Delhi.

[171M. El-Habrouk, M. K. Darwish, and P. Mehta. 2000.
Active power filters: A review. In: IEE Proc. Electr.
Power Appl. Vol. 147, No. 5, pp. 403—413.

[18]B. Singh, K. Al-Haddad, and A. Chandra. 1999. A
Review of Active Filters for Power Quality
Improvement. IEEE Trans. Ind. Electron. Vol. 46, No.
5, pp. 960-971.

[19]S. R. Arya, B. Singh, A. Chandra, and K. Al-Haddad.
2012. Control of shunt custom power device based on
Anti-Hebbian learning algorithm. In: IECON
Proceedings (Industrial Electronics Conference). pp.
1246-1251.

[20]B. Singh and S. R. Arya. 2012. Admittance Based
Control Algorithm for DSTATCOM in Three Phase
Four Wire System. In: 2012 2nd International
Conference on Power, Control and Embedded
Systems.

[211H. Akagi, E. H. Watanabe, and M. Aredes. 2007.
Instantaneous Power Theory and Applications to
Power Conditioning. John Wiley & Sons, Inc.
Hoboken, New Jersey.

[22]M. Takeda, K. Ikeda, A. Teramoto, and T. Aritsuka.
1988. Harmonic Current and Reactive Power
Compensation with an Active Filter. In: 19" Annual
IEEE Power Electronics Specialists Conference. pp.
1174-1179.

[23]V. Soares, P. Verdelho, and G. D. Marques. 2000. An
instantaneous active and reactive current component
method for active filters. IEEE Trans. Power Electron.
Vol. 15, No. 4, pp. 660—669.

[24]C. E. Lin, C. L. Chen, and C. L. Huang. 1992.
Calculating Approach and Implementation for Active
Filters in Unbalanced Three-Phase System using
Synchronous Detection Method. In: Proceedings of
International Conference on Industrial Electronics
Control, Instrumentation and Automation. pp. 374—
380.

[25]S. Luo and Z. Hou. 1995. Adaptive detecting method
for harmonic and reactive currents. IEEE Trans. Ind.
Electron. Vol. 42, No. 1, pp. 85-89.

[26]Y. Chen and R. M. O’Connell. 1997. Active Power
Line Conditioner with a Neural Network Control.
IEEE Trans. Ind. Appl. Vol. 33, No.4, pp. 1131-1136.

[27]1L. L. Lai, W. L. Chan, C. T. Tse, and A. T. P. So.
1999. Real-Time Frequency and Harmonic Evaluation
using Artificial Neural Networks. IEEE Trans. Power
Deliv. Vol. 14, No. 1, pp. 52-59.

[28]B. Singh and S. R. Arya. 2014. Back-Propagation
Control Algorithm for Power Quality Improvement
Using DSTATCOM. IEEE Trans. Ind. Electron. Vol.
61, No. 3, pp. 1204-1212.

[29]B. Singh and J. Solanki. 2009. A Comparison of
Control Algorithms for DSTATCOM. IEEE Trans.
Ind. Electron. Vol. 56, No. 7, pp. 2738-2745.

[30]Z. Chelli, R. Toufouti, A. Omeiri, and S. Saad. 2015.
Hysteresis Control for Shunt Active Power Filter
under Unbalanced Three-Phase Load Conditions. J.
Electr. Comput. Eng. 2015: 1-9.

[31]B. Singh and J. S. J. Solanki. 2006. A Comparative
Study of Control Algorithms for DSTATCOM for
Load Compensation. In: 2006 IEEE Int. Conf. Ind.
Technol.

[32]M. Y. Lada. 2012. Multipurpose Harmonics Free

Voltage Source PWM Inverter. Universiti Teknikal
Malaysia Melaka.

10744



