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Abstract -- In this paper, Distribution Static Compensator
(DSTATCOM) is used for power factor correction, harmonics
mitigation, and balancing of source currents in distribution
system. In existing DSTATCOM control algorithms, dc-link
voltage is maintained constant by dc voltage regulation loop (or
PI controller), which give P, term of Voltage Source Inverter
(VSID). In the proposed method, power quality improvement is
achieved by DSTATCOM without dc-link voltage regulation
loop. For that, the DSTATCOM parameters are designed in new
approach. The main advantage of the proposed scheme is that, it
will reduce the voltage sensing elements without affecting the
compensation capability of DSTATCOM. Its performance is
validated through matlab - simulink platform under various
load conditions.

Index Terms--DSTATCOM, dc-link voltage, harmonic

mitigation, PI controller, voltage source inverter (VSI).

L.

In distribution power system most of the loads are typical
loads, such as adjustable speed drives, computer loads,
electronic ballasts, refrigerators, air conditioners and other
domestic, commercial appliances. Switch Mode Power
Supply (SMPS) is used almost in all these appliances, it
draws excessive harmonic currents and causing severe power
quality problems such as poor voltage regulation, low
efficiency, reactive power burden, current harmonics, high
%THD and current unbalancing etc. The power quality
problems and its mitigation techniques are reported in the
literature [1], [2]. There are many standards proposed to
control the power quality of supply system in the distribution
system [3]. The power quality is improved by using the
custom power devices, such as DSTATCOM, Dynamic
Voltage Regulator (DVR) and Unified Power Quality
Conditioner (UPQC). Among the different custom power
devices, DSTATCOM is more generally used to mitigate
current related power quality problems in distribution system
[4]. Many DSTATCOM topologies are there for power
quality improvement, some of them are, three-leg Voltage
Source Inverter (VSI) with zig-zag transformer [5], [6], four-
leg VSI [7], three single phase VSI and three-leg VSI with
split capacitor. The three-leg VSI with split capacitor is
having its own advantages such as neutral current
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compensation, no requirement of transformer, less number of
switching devices. In comparison to normal open loop
voltage Pulse Width Modulation (PWM) inverter, the current-
controlled PWM inverter having more advantages: control of
instantaneous current waveform and high accuracy,
extremely good dynamics, compensation of dc side and ac
side voltage changes, peak current protection [8], [9]. More
over the performance of current controlled voltage source
inverter system largely depends on quality of applied current
control technique.

Different theories are presented in literature for reference
compensating current generation. Some of them are p-g
theory based extraction of fundamental active and reactive
components of currents [7], Synchronous Reference Frame
(SRF) theory based transformation of a-b-¢ frame to
synchronous rotating frame [10], [11], instantaneous
symmetrical component theory [12], and neural network
theory.

PI controllers or closed loop regulators are used to
calculate the power loss term (Py,) of VSI, which is useful in
the reference current generation [13], [14], [15]. However the
power loss (Py,) of VSI is fraction of average load power, so
it will not affect transient response of the system [16].

In this paper, without voltage regulation loop ( i.e. without
considering P, term) dc-link voltage maintained constant by
designing dc-link capacitor in new approach which also gives
capacitor value low compare to existing design value. The
main advantage of this proposed method is number of voltage
sensing elements are reduced without compromising the
DSTATCOM performance. Here the reference currents are
generated by using instantaneous symmetrical component
theory because of simplicity and good dynamic response. For
load variations also the proposed DSTATCOM topology is
able to compensate without dc-link voltage regulation.

1L

DSTATCOM topology in distribution power system is
shown in Fig. 1. It consists of interfacing inductance ( Ly ),
resistance ( Ry ), two equal dc link capacitor ( Cg1, Caer ) and
VSI. The three-phase distribution system is connected to non-
linear diode rectifier load or controlled bridge rectifier load
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and unbalanced RL-load. The source neutral point (N) is con-
nected to load common point (#), in order to provide path for
unbalanced current. In Fig. 1, the source connected to the
load and DSTATCOM is connected in shunt with the load to
mitigate current harmonics and load reactive power compen-
sation. Here, vy,, vy, v, are the source voltages, iy, is, i are
currents drawn from source, iy, i, i;. are load currents and iy,
i, Iy are filter currents injected by DSTATCOM at the Point
of Common Coupling (PCC). The capacitance values of two
dc-link capacitors are equal. These two dc-link capacitors are
charged to equal value through an anti-parallel diodes of an
IGBT switches without applying gate signals. Designing of
DSTATCOM parameters like dc-link voltage, interfacing
inductor and dc-link capacitors are required for proper track-
ing of reference filter currents. The design process of
DSTATCOM is explained in section-III.
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Fig. 1. Topology of DSTATCOM in three-phase four-wire distribution
system

III. DESIGN OF DSTATCOM PARAMETERS FOR PROPOSED
METHOD

Design of DSTATCOM parameters: dc-link voltage, dc-
link capacitor, interfacing inductor is discussed below.

A.  Proposed DC-link voltage (V,.)

In literature, dc-link voltage is maintained constant to
reference dc voltage with voltage regulation loop. Here
reference dc voltage is taken as 2 times of peak of the phase
voltage of source [17].

In the proposed method of compensation, dc-link voltage
is maintained constant without dc voltage regulation, but it
requires a proper design of DSTATCOM parameters. In order
to supply compensating filter current, the current controller
automatically forces the compensating current in such a way
that to maintain the dc-link voltage constant. In general the
dc-link capacitors are charged through anti-parallel diodes of
IGBT switches of VSI to the voltage V. In three-phase four-
wire system, each dc-link capacitor is charged to peak of
phase voltage, i.e.,

Vdcl = I/;ch = \/EVph—rms ’ (1)

where, V., and V. are dc-link voltages and V)., is phase
rms voltage.

978-1-5090-3892-3/15/$31.00 ©2015 IEEE

B.  Proposed DC-link capacitor (Cg.)

In existing methods, dc-link capacitor value is calculated
from the equation given below.

_ 2pST

(1.8V,))% —(1.2V,)?
where, C,. is dc link capacitor, S is kVA required by load, p is
number of cycles required to control the dc voltage and T is
system period. The design of dc capacitor value with this
method gives better compensation but, the dc link capacitor
value is high, leads to slow transient response [18].

In proposed topology without dc voltage regulation, for
proper compensation and to improve transient response, there
should be special focus on the designing of dc capacitor
value. For that, Unit Capacitor Constant (UCC) is introduced
in the design of capacitors, it is similar to the unit inertia
constant in synchronous rotary condensers [18].

@

Cdc

3)

where, O = reactive power required by load, C = dc-link
capacitor.

C.

1

Interfacing Inductor (L)

The value of the interfacing inductance is selected on the
basis of proper shaping of compensating current. With higher
value of inductance, compensating current will not follow the
reference currents, with the lower value of inductance there
are large ripple in the compensating current. In designing of
interface inductance, hysteresis band width and maximum
switching frequency of compensator plays an important role.
The maximum switching frequency occur when the
instantaneous supply voltage is around its peak value [14].
The value of interface inductance (L) is obtained from

dec

L=,

wmax
where, m is modulation index, 4 is hysteresis band width and

4)

Jfswmax 18 maximum switching frequency.

183

D.  Hpysteresis band

Hysteresis controller is a non-linear current controller [8].
The hysteresis control scheme is based on non-linear
feedback loop with two level hysteresis comparators. When
error exceeds given tolerance band (%), switching pulses are
produced. In this paper, variable switching frequency
hysteresis current controller is used. The controlling of
switching frequency results in complex control of voltage
source inverter [19]. The main advantages of hysteresis
current controller are simplicity, outstanding robustness, and
no tracking errors.

IV. REFERENCE CURRENTS GENERATION AND CONTROL
STRATEGY

The DSTATCOM performance in current control mode
mainly depends on generation of reference filter currents.
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Many control strategies are there to generate reference filter
currents and each having its own advantages and
disadvantage [7], [8], [19]. The reference filter currents are
generated by using instantaneous symmetrical component
theory is used in this paper. The positive sequence currents
and voltages are,

- 2],
la+ ! “ a lsa
TR )
lg— | == a a i|Ish |
. 3 .
RZN) 1 1 1 Lye
- 27
1
Vsa+ 1 4 a vS(l
Vea— | = 5 1 a2 a Vb (5)
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The first objective is, in either three-phase three-wire or
four-wire unbalanced and nonlinear load system, is to provide
balanced supply currents such that zero sequence component
in the system becomes zero.

Ly iy +i, =0 Q)
where, i, iy, i, are the source currents.

The second objective is, for a predefined power factor, the
relation between instantaneous positive sequence voltage
(vgq+) and current (i) is given below.

LvsaJr = Ll‘.s‘a+ + 0+ (7)
where, 6, is angle between fundamental positive sequence
source voltage and current and it is consider zero because of
unity power factor constraint.

The third objective of compensation is, three-phase source
supply only active power Py, to the load, that means the
reactive power required by load is supplied by compensator
(DSTATCOM). The VSI also draws real power from the
three-phase supply which in termed as losses in the inverter.
The power loss in inverter is very less when compare to real
power drawn from source so losses are neglected.
+v. i = P,avg

®)

where, vy, Vg, Vi are source voltages, iy, iy, i are source

currents and Py, is average active power drawn by load.
From equations (6), (7), (8), the solution for reference

currents is

Vi +V,i
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where, zfa*,i,b*,zﬁ* are reference filter currents, iy, ip, i) are
load currents, vy, is zero sequence voltage and A= v2, +
vszh + vszc - 3vszo~

It is observed from Fig. 2, after getting the reference filter
currents from instantaneous symmetrical component theory,
error is calculated between reference filter currents and actual
filter currents injected at PCC. The error is given to hysteresis
controller, having inherent hysteresis band to generate the
switching signal. If error is positive, top switch S; or S, or 3
of the leg is ON. If error is negative, bottom switch S/ or S/
or S5’ of the leg is ON.

The current control forces the filter currents to follow the
reference current signals produced by instantaneous
symmetrical component theory.
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Fig. 2. Switching pulses generation for VSI of DSTATCOM.

V.

In order to validate the proposed method, simulation
studies are carried out in MATLAB Simulink. The system
parameters used for simulation studies are given in Table.1.
The simulation results for the proposed method are presented
in this section for three cases.

Case A: Performance of DSTATCOM with Unbalanced and
Three-Phase Diode Bridge Load

The source voltages, source currents, phase-a source
voltage and source current are shown in Fig. 3 without
DSTATCOM. From Fig. 3(b) and 3(c), it is observed that
three-phase  source currents are non-sinusoidal and
unbalanced, and phase-a current lags phase-a voltage
respectively. The phase-a source current %THD is 20.04%
and harmonic spectrum are shown in Fig. 4. The load
currents, filter currents, source currents and phase-a source
current and source voltage with DSTATCOM are shown in
Fig. 5. It is observed from Fig. 5(c), source currents are
balanced and sinusoidal, and from Fig. 5(d) phase-a source
current is in-phase with source voltage.

The voltages across the dc-link capacitors V. and V., are
charged through anti-parallel diodes of IGBT switches and
maintained constant as shown in Fig. 6(a) and Fig. 6(b). It is
observed from Fig. 7, the %THD of phase-a source current is
reduced to 1.76%, which is less than 5% recommended by
IEEE 519-1992 standard.

SIMULATION STUDIES
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TABLE 1
SIMULATION PARAMETERS
System Parameters Values
System voltage 200 V (Phase)
Supply frequency 50 Hz
Source R, and L; 1Q,0.1 mH
Interfacing inductor 16 mH
dc-link capacitor 600 uF
Case:A | Three phase diode 120+j63 Q,
bridge rectifier load
Unbalanced load 200+ ;103 Q, 160+ j63 Q,
100+ 110 Q.
Case:B | Three phase controlled | 6 =45,
rectifier load 55+j62 Q
Unbalanced load 84+3j60 Q, 70+j121 Q,
95+ 748 Q.
Case:C | Load varied att=0.6
sec of three phase 56+j23 Qatt=0.6 sec
bridge
Unbalanced load 200+;103 Q, 160+ j63 Q,
100+ 110 Q.
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Fig. 3. Simulation results without DSTATCOM (a) source voltages, (b)
source/load currents, (c) phase-a source voltage & current.

o ' : ‘ .
Al |
-5 i i Il 1 1
04 0.41 0.42 043 0.42 0.45 0.46
T
i Fundamental (50Hz) = 6.832 , THD= 20.04%
= 100 e s Sl
=
2
e
k]
=
5 sof .
5
E3
2 ol N L om 1 i
= 0 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz)

Fig. 4. Phase-a source current %THD & harmonic spectrum without
DSTATCOM.
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Fig. 7. Phase-a source current %THD & harmonic spectrum with
DSTATCOM.

Case B: Performance of DSTATCOM with Unbalanced and
Controlled Bridge Load

The three phase source voltages, source currents, phase-a
source current and voltage without DSTATCOM are shown
in Fig. 8. It is observed from Fig. 8(b) that, the three-phase
source currents are unbalanced and distorted, and from Fig.
8(c) phase-a source current is lags voltage by some angle,
due to reactive load. The phase-a source current %THD is
20.53% and harmonic spectrum shown in Fig. 9. In Fig. 10
shows the load current, DSTATCOM currents, source
currents and phase-a source voltage and current. It is
observed from Fig. 10(c), the source currents are perfect
sinusoidal and balanced. Fig. 10(d) infers that, the source
current of phase-a in-phase with source voltage of phase-a.
The %THD of phase-a source current and harmonic spectrum
are shown in Fig. 11, and it is observed that the %THD of
phase-a current is reduced to 3.85% from 20.53%. The dc
link capacitors are charged through anti-parallel diodes to the
voltages V. & V., shown in Fig. 12(a & b)
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Fig. 8. Simulation results without DSTATCOM (a) 3-ph source voltages, (b)
3-ph source currents, (c) phase-a source voltage & current.
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oo Case C: Performance of DSTATCOM for load variations
= /7-7- \ I \ — »\'7 In order to show the effectiveness of the proposed method,
il e s JF e ] the following variations are considered.
"84 0.41 042 043 0.44 0.45 0.46 (1) At t=0.3 sec DSTATCOM connected at PCC point.

0 Fundamental (S0Hz) = 6.628 , THD= 2053% (2) At t= 0.4 sec gate signals applied to DSTATCOM
(3) At t=0.7 sec load decreased
In Fig. 13 shows three phase source voltages, source
currents and phase-a source current lags source voltage
without DSTATCOM. It is observed from Fig. 13(b), the
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Frequency (Hz) source currents are non-sinusoidal and unbalanced, and from
Fig. 9. Phase-a source current %THD and harmonic spectrum without Fig. 13(c), the phase-a source current lags phase-a source
DSTATCOM. voltage. The phase-a source current %THD is 22.93% and
harmonic spectrum without DSTATCOM are shown in Fig.
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. e ‘ — : ' \ for charging of dc-link capacitors through anti-parallel diodes
3£ Lo . e J shown in Fig. 15(e) and (f). When gate signals are given to
0% 037 % 0® %4 o4 o2 IGBT switches of DSTATCOM at time ¢ = 0.4 sec,
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% PCC shown in Fig. 15(b), so that source currents are become
% 037 0% o 03 0 04 a2 balanced, sinusoidal which are shown in Fig. 15(c) and
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phase-a source current becomes in-phase with the phase-a
Flg 10. Simulation results with DSTATCOM (a) 3-ph load currents, (b) 3- source Voltage Shown ln Flg_ ls(d)_ When load decreased at
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time ¢ = 0.7 sec, voltage across capacitors increased and
voltage and current. A
comes to constant value near to 350V shown in Fig. 15 (e &
st f). The %THD of phase-a source current is 4.11% with
10 DSTATCOM & harmonic spectrum are shown in Fig. 16.
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and source current balancing is not affected under load
variations also. The main advantage is dc-link voltage
sensing elements are not required. It has been shown that the
DSTSTCOM is able to keep the %THD of supply current
within the limits according to IEEE-519-1992 standard
(<5%), without dc voltage regulator also.
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