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Abstract: - Distribution static compensator is a device
which is capable of compensating power quality
problems. The DSTATCOM is tested for harmonic
elimination, neutral current compensation and balancing
of linear as well as non linear load for topology of
DSTATCOM i.e.(T-connected transformer with three leg
VSC. The performance of the three-phase four wires
DSTATCOM to improve power quality is verified by using
MATLAB software with its simulink.
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I. Introduction

Industrial processes are based on electronic devices
such as controllers and adjustable speed drives.
Harmonics have adverse effect on electronic
equipments because their operation depends on either
the peak value or the zero crossing of the supplied
voltage, which are all influenced by the harmonic
distortion the ever-increasing use of non-linear loads,
invites problems of harmonics and reactive power in
distribution networks. Three phase and single phase
non linear loads are the main cause of current
harmonics in the supply system. A harmonic current
passing through the supply impedances creates problem
of voltage harmonics and voltage unbalance at the Point
of common coupling (PCC).

II Different Custom Power Devices to Improve
Power Quality.
With the introduction of custom power strategy, this is
designed primarily to meet the requirements of
industrial and commercial customer [1]. These CPDs
(custom power devices) include: (1) Distribution static
compensator (DSTATCOM). (2) Dynamic voltage
restorers (DVR). (3) Unified power quality conditioner

(UPQQC).

DSTATCOM (Distribution static compensator)
DSTATCOM is used to generate or absorb reactive
power in a three phase and shunt connected power
electronics based device [2]. Different components of a
DSTATCOM are shown in Fig.1. It consists of a dc
capacitor, three phase inverter (IGBT, thyristor) module,
ac filter, coupling transformer and a control strategy.
An inverter is used to convert the dc link voltage vdc on
the capacitor to a voltage source of adjustable
magnitude and phase. The DSTATCOM can also be seen
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as a current-controlled source. Voltage Source
Converters (VSC) is widely used as a basic component in
DSTATCOM. The harmonics in the output voltage of

DSTATCOM can be reduced using Pulse- Width
Modulation (PWM) switching techniques.
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Fig.1 single line diagram of DSTATCOM.

PWM methods reduce the harmonics by shifting
frequency spectrum to the vicinity of high frequency
band of carrier signal. For proper operation of
DSTATCOM, the PWM pattern must generate a
fundamental voltage with the same frequency of the
power source. The conversion of DC voltage across the
storage device into a set of three-phase ac output
voltages is done by VSC. These voltages are in phase and
coupled with the AC System of coupling transformer.
The effective control of active and reactive power
exchange between the DSTATCOM and the AC system is
done by suitable adjustment of the phase and the
magnitude of the DSTATCOM output voltage. If the
amplitude of the DSTATCOM output voltage is increased
above the amplitude of the AC system voltage, the
current flows through the transformer reactance from
the DSTATCOM to the AC system, and the device
generates reactive power (capacitive). If the amplitude
of the DSTATCOM output voltage is decreased to a level
below that of the AC system, then the current flows from
the AC system to the DSTATCOM, so the device absorb
reactive power (inductive). Since DSTATCOM is
generating/absorbing only reactive power, the output
voltage and the AC system voltage are in phase, when



neglecting circuit losses. The current drawn from the
DSTATCOM is 90° shifted with respect to the AC system
voltage, and it can be leading (generates reactive power)
or lagging (absorbs reactive power). A capacitor is used
to maintain dc voltage to the inverter. Phasor diagram
for unity power factor is shown in Fig.2.

Fig.2 Phasor diagram for UPF operation.

III Principle of Reactive Power Control
The reactive power supplied by the DSTATCOM is given
by

Q= VDSTAT;‘OM—VS Vs

Where Q is the reactive power.
Vbsratcom is the magnitude of DSTATCOM output voltage.
Vs is the magnitude of system voltage. X is the
equivalent impedance between DSTATCOM and the
system. When Q is positive the DSTATCOM supplies
reactive power to the system. Otherwise, the D-
STATCOM absorbs reactive power from the system. It
injects current in shunt with the load. For reactive
power compensation, a DSTATCOM provides reactive
power to the load and therefore source supplies only
real power to the load. Thus unity power factor of
source current could be achieved.
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Fig.3 T-connected Transformer

IV Three-phase three-leg VSC with a T-connected
transformer
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The proposed DSTATCOM consisting of a three-leg VSC
and a T-connected transformer is shown in Fig. 3. The
neutral current is mitigated by using T-connected
transformer and the three-leg VSC compensates
harmonic current, reactive power, and balances the load
[3]. Two single-phase transformers are connected in T-
configuration for interfacing to a three-phase four-wire
power distribution system and the required rating of
the VSC is reduced. The insulated gate bipolar transistor
(IGBT) based VSC is supported by a capacitor and is
controlled for the required compensation of the load
current. The dc bus voltage of the VSC is regulated
during varying load conditions. Load is connected at the
PCC.
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Fig.4 Mat lab model of three legs VSC and T-connected
transformer for linear load.

The DSTATCOM provides the neutral current
compensation, harmonic elimination and load balancing
along with power factor correction or line voltage
regulation three-phase four-wire distribution system.
The zero sequence fundamental current resulted from
the unbalanced load current is compensated by single
phase VSCs of DSTATCOM. Thus the source neutral
current is maintained at nearly zero.

V. Performance of DSTATCOM with linear load for
neutral current compensation load balancing.
The three-leg VSC and T-connected transformer-based
DSTATCOM for linear load is modulated and simulated
using MATLAB and its simulink [4]. The DSTATCOM
system for linear load is shown in Fig.4. For filtering the
ripple in the PCC voltage ripple filter is connected to the
the VSC of the DSTATCOM. The SRFT (synchronous
reference frame theory) algorithm is used for the
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control of DSTATCOM [5]. At 0.2 sec, the three-phase
linear lagging power factor load is changed to a two-
phase load and changed again to a single-phase load at
0.3 sec.
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Fig.5 Performance of DSTATCOM for linear load

These loads are applied again at 0.4 sec. and 0.5 sec,
respectively. The PCC voltage (vs), balanced source
current (isource), load current (i), compensator
current (ic ), source neutral current (isn), load neutral
current (iLn),compensating neutral current (icn) DC bus
voltage (vqc),) are demonstrated in Fig.5 under changing
load conditions. The source neutral current is observed
as nearly zero, due to the proper compensation currents
injected by the DSTATCOM and this verifies the proper
compensation.

VI Performance of DSTATCOM with Non linear load
for harmonic compensation, load balancing
Matlab based model for non linear load is shown in
Fig.5.1 (g). Non linear load is connected at the PCC.at 0.2
sec, the three-phase linear lagging power factor load is
changed to a two-phase load and changed again to a
single-phase load at 0.3 sec. These loads are applied
again at 0.4 sec. and 0.5 sec; respectively the
performance of DSTATCOM with non linear and
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unbalanced load is shown in Fig.6. The total harmonic
distortion of load current is 86.35% whereas the total
harmonic distortion of source current is 4.05% figure 7
so the performance of DSTATCOM is realised.
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Fig.6 Performance of DSTATCOM for non linear load.
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Fig.7 Harmonic spectrum for source current.

VII. Results and Discussion



The performance of DSTATCOM with T-connected
transformer, It has been observed that DSTATCOM gives
satisfactory response to neutral current mitigation,
harmonic-compensation.

APPENDIX
(1) A T-Connected Transformer and Three-leg VSC
Based DSTATCOM for Power Quality Improvement.
Line impedance=0.01Q, L=1mH.

Loads:
Linear: 20KVA, 0.8PF lag.
Non linear: Three single-phase bridge rectifiers with
R=25 Q and C=470pF.
Ripple filter R = 5Q, Cf = 5uF. DC bus voltage of
DSTATCOM: 700V. DC Bus capacitance of DSTATCOM:
3000 pF.
AC inductor: 2.5mH.

DC voltage pi controller: kpa= 0.19, kig = 6.25

AC line voltage: 415V, 50 Hz.

T-Connected transformer: Two single-phase

transformer of rating 5KVA, 240V/120V/ and 5
KVA.208V/208V

References
[1]. Ghosh, A, and Ledwich, G., Power Quality
Enhancement Using Custom Power Devices,

London: Kluwer Academic Publishers, 2002.

Hendri Masdi, Norman, S.M Bashi, Azah Mohamed

and Sallehhudin Yusuf Construction of a prototype

DSTATCOM for voltage sag mitigation” European

journal of scientific Research ISSN1450-216X

vol.30no.1 (2009), pp.112-127.

. Bhim singh, P. Jayaprakash and D.P Kothari “A T-
connected Transformer and Three Leg VSC based
DSTATCOM for power quality improvement” IEEE
Trans.Onpowerelectronic.vol.23, no 6.
Nov.2008pp.2710-2717

. Bhim Singh, P Jayaprakash, T R Somayajulu, D P

Kothari, Ambrish Chandra and Kamal-Al-Haddad,

“Integrated Three-Leg VSC with a Zig-Zag

Transformer Based Three-Phase Four-Wire

DSTATCOM for Power Quality.” IEEE PP.796-801.

B. Singh and ]. Solanki, “A comparative study of

control algorithms for DSTATCOM for load

compensation,” in Proc. IEEE ICIT, Dec. 15-17, 2006,

pp. 1492-1497.

. Bhim singh, P. Jayaprakash and D.P Kothari Three-
Leg VSC and a Transformer based three-phase four-
Wire DSTATCOM for Distribution Systems Fifteenth
National Power Systems Conference (NPSC), IIT
Bombay, December 2008pp.602-607

. Bhim singh, P. Jayaprakash and D.P Kothari
“isolated H-Bridge VSC Based3-4-wire DSTATCOM
for power quality improvement” ICSET-
2008pp.366371.

. Shiva kumar Iyer, Arindam Ghosh and Avinash Joshi
“Inverter topologies for DSTATCOM applications—a

[2].

[5]-

69

International Journal of Current Trends in Engineering & Technology

www.ijctet.org, ISSN: 2395-3152
Volume: 04, Issue: 01 (January- February, 2018)

simulation study.” Electric Power Systems Research
75 (2005) 161-170.

Bhim singh, P. Jayaprakash and D.P Kothari “Three
single phase voltage source converter based three -
phase four wire DSTATCOM”IEEE Trans. Ind. Dec.

[9].

pp. 27-29.
[10]. B. N. Singh, P. Rastgoufard, B. Singh, A. Chandra and
K. AL Haddad, “Design, simulation and

implementation of three pole/ four pole topologies
for active filters,” IEE Eletr. Power Appl, vol. 151,
no.4, pp. 467-476, July 2004.

B. singh, A. Adya, A. P. Mittal and ]J.RP Gupta
“Performance of DSTATCOM with non linear loads
for power quality improvement” IIT Madras 600036
Dec.27-30.

P. Verdelho and G. D. Marques, “Four-Wire current-
regulated PWM voltage inverter,” IEEE Trans. Ind.
Electron., vol. 45, no. 5,pp.761-770,0ct. 1998.

H. Hingorani “Introducing Custom Power” IEEE
Spectrum, vol.32 no.6 June 1995 pp 41-48.

H. Akagi and A. Nabae, “Control strategy of active
power filters using multiple voltage source PWM
converters,” IEEE Trans. Ind. Applicat., vol. 1A-22, pp.
460-465, May/June 1986.

[15]. Akagi, H., Watanabe, E. H, and Aredes, M,
Instantaneous Power Theory and Applications to
Power Conditioning, NJ: John Wiley & Sons, 2007.

B. singh, A. Adya, A. P. Mittal and ]J.RP Gupta
“Performance of DSTATCOM with non linear loads
for power quality improvement” IIT Madras 600036

[11].

[12].

[13].

[14].

[16].

Dec.
[17]. Aredes, M., Hafner, ], and Heumann, K, “Three-
phase four-wire shunt active filter control

strategies, "IEEE Trans. Power Electron., Vol. 12, No.
2, pp- 311-318, March 1997.

Authors Profile

Dr. Yashpal is professor in
Electrical Engineering Department
in NIT Kurushetra. He has
experience of 20 years. His area of
interest is power electronics and
drives, power quality custom power
devices.

Arpan kumar is presently working
in hydro powers. His interest areas
include power quality problems
and their mitigation.




