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Mitigation of PQ Disturbances using Unit-Template
Control Algorithm based DSTATCOM

J Bangarraju!

Abstract—This paper presents unit-template based control
algorithm for Distributed Static Compensator (DSTATCOM)
to mitigate Power Quality (PQ) disturbances in the three phase
distribution system. The proposed DSTATCOM can be
operated in Power Factor Correction (PFC) and Zero Voltage
Regulation (ZVR) modes to mitigate PQ disturbances such as
elimination harmonics, load balancing, unity power factor at
the source and terminal voltage regulation. The main feature
of this unit template control Algorithm is it requires only five
sensors whereas conventional control algorithm requires ten
sensors which reduces the cost of DSTATCOM. In this paper,
four-leg VSC based DSTATCOM is used for neutral current
compensation. The main advantage of four-leg VSC is
eliminating transformer at Point of Common Coupling (PCC)
which also reduces cost of DSTATCOM. The unit template
based control algorithm for DSTATCOM is modeled in
MATLAB environment using Simulink and Sim Power System
(SPS) toolboxes and results are validated.

Keywords—-DSTATCOM, Unit Template Control Algorithm,
Power Quality, neutral current compensation.

I. INTRODUCTION

The use of power electronic converters is increasing in day
to day life because they are energy efficient, compact and
reliability compared to other systems [1]-[2].But main
disadvantage of these power electronic converter are
generates harmonic currents at source as well as load which
effects performance of distribution system. These harmonic
currents are responsible for drawing more reactive power
from AC source and which causes voltage distortion and loss
in the three-phase distribution system [3]. Power Quality (PQ)
problems are defined in terms of deviation in voltage/current
waveforms, unbalance, distortion, reactive power drawn
[4].Many standards and guidelines are used in the design of
power systems with nonlinear loads [5]-[6].

The performance of shunt connected device namely
DSTATCOM depends upon control algorithm and design of
its power circuit [7]-[9]. The performance of DSTATCOM
depends on the selection of interfacing of ac inductor, DC
bus capacitor and IGBTs [10].The various control algorithms
reported in the literature are sinusoid-tracking algorithm [11],
parallel neural network based algorithm [12],ABC theory
based control algorithm [13],repetitive control algorithm
[14],delta modulation based control [15], Icose control
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algorithm[16] and simulation study of EPLL-based control
has been reported for power factor correction in single phase
ac system[17].These control algorithms require ten feedback
sensors whereas proposed unit-template control algorithm
requires five feedback sensors. Kasal et al [18] proposed
voltage and frequency controller for isolated asynchronous
generators feeding three-phase four-wire loads using
reduced feedback sensors.

In this paper, a unit-template control algorithm is proposed
for the control of a four-leg VSC based DSTATCOM for
Power Factor Correction (PFC) and Zero Voltage Regulation
(ZVR) modes of operation. During PFC and ZVR modes of
proposed algorithm PQ problems such as elimination of
harmonics, load balancing, and unity power factor at source,
reactive power control and neutral current compensation are
mitigated [19]. The proposed algorithm reduces the number
of feedback sensors which reduces cost of DSTATCOM.
The four-leg VSC based DSTATCOM s used for neutral
current compensation which eliminates transformer
connection at PCC. The computer simulation results of unit-
template control algorithm for four-leg VSC based
DSTATCOM are validated under MATLAB environment
using Simulink and Simpower System (SPS) toolboxes.

Il. SYSTEM CONFIGURATION AND PRINCIPLE
OF OPERATION

The schematic diagram of four-leg VSC based
DSTATCOM feeding three-phase four-wire linear/non-
linear load along with unit-template control algorithm is
shown in Fig.1.The distribution system linear loads consist
of three- phase star-connected resistive load and non-linear
loads consist of three single-phase diode bridge rectifiers
with R-C load. These non-linear loads in the distribution
system will create PQ problems at the source without
DSTATCOM. To mitigate PQ problems a DSTATCOM is
connected at Point of Common Coupling (PCC). The
proposed DSTATCOM consists of four-leg IGBT based
voltage source converter (VSC), four interface inductors
and a dc bus capacitor. The four-leg VSC based
DSTATCOM will inject compensating currents (ica, ico, icc)
in such a way that source current (isa, ish, Isc) IS pure
sinusoidal and maintains unity power factor at source. A
ripple of Resistance (Rs) and Capacitor (Cs) is connected at
PCC to filter voltage harmonics at three phase source
voltages (Vsa, Vsb, Vsc)-

I111. PROPOSED UNIT-TEMPLATE CONTROL ALGORITHM

The performance of DSTATCOM depends upon quick and
accurate extraction of fundamental of source current
harmonic components. All basic control algorithms of
custom power devices require ten feedback sensors whereas
proposed control algorithm requires only five feedback
sensors. The basic control algorithms require three feedback
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Fig.1Unit-template control algorithm of four-leg VSC based DSTATCOM

sensors for load currents, three feedback sensors for source
voltages, one feedback sensor for dc bus voltage and three
feedback sensors for source currents. The unit-template
control algorithm requires two feedback sensors for source
voltages (Vsa, Vsb), One feedback sensor for dc bus voltage
(Vac) , two feedback sensors for source currents(isa,isp) and
the third phase voltage Vs(-(VsatVsp)) & current is(-
(isa*isp)). The main feature of unit template control algorithm
is to reduce number of feedback sensors which will improve
performance of DSTATCOM. The proposed unit-template
control algorithm based DSTATCOM is the effective
solution to mitigate harmonics, power factor correction,
load unbalancing, reactive power control and neutral current
compensation.

The supply voltages (Vsa, Vsb, Vsc) OF three-phase system can
be represented as

V,, =V, Sin(wt) M

Vg = Vi SIN(WE —120°) @)

Vge =V, SiN(wt — 240°) 3)

The magnitude of three phase voltages (Vsa, Vsb, Vsc) at PCC
is given by

2(V2 + V2 +V2
Vp :\/ ( sa sb sc) (4)

3
A. Power Factor Correction operation of Unit Template
based DSTATCOM

The in-phase component of unit templates (Usa,Usb,Usc) are
calculated from (vsa,Vsh,Vsc) Which are given by
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The dc bus voltage error (veqc) is the difference between
reference dc bus voltage (vac”) and sensed dc bus voltage
(Vac) under PFC mode. This dc voltage error is given to dc
bus Proportional Integral (PI) controller and its output of Pl
is considered as active component of current 10ss (igis).

Taisgo = laisgen) T Kap Vedeto — Vedereny) T KaiVeaegy  (6)

where Kgp and Kgi are proportional and integral gain
constants of DC bus PI controller.

The reference  active component source currents
(igsa"igsb igsc ) are determined as
Idsa = usaldls ; Idsb = u'sbldls ; Idsc = uscldls; (7)

B. Zero Voltage Regulation operation of Unit Template
based DSTATCOM

The quadrature phase component of unit templates
(Wsa,Wsp,Wsc) are calculated from (Usa, Ush, Usc) Which are
given by

(_usb + usc) .

W, =———k——, 8

sa Ne (8)

w, = (f3n s —U), o
23

_ (_Busa + Uy, _usc) .

w
sc 2\/5

The ac bus voltage error (vep) is the difference between
reference ac bus voltage (v,") and sensed ac bus voltage at
PCC (vp) under ZVR mode. This ac voltage error is given to
ac bus Proportional Integral (P1) controller and its output of
Pl is considered as reactive component of current 10ss (igis).

(10)

sy = Tase-n) + Kap Vepgg ~Vepaeny) T KaiVepy (1)

where Kg and Kgi are proportional and integral gain
constants of AC bus PI controller.

The reference reactive component source currents
(igsa"igsb »igsc ) are determined as

-k . -k - .k -

Isa = Wealgie Togp = Wiplgis s Tgse = Wl

gsa sa'qls? gsc = W qls?

(12)

C. Generation of Reference source currents

The total reference source currents (isa,ish isc’) are the sum
of the reference in-phase source current (igsa",idso iasc) and
reference quadrature source currents(igsa”,igsh igsc )are

.k

isa = Idsa + iqsa (13)

Isb = Idsb + Iqsb (14)

-k
|

-k
sc Idsc

+ iqsc (15)

D. Current Controlled PWM Generator

In a current controlled PWM Generator, the difference
between reference source currents (is,", ish ", isc) and sensed
source currents (s, ish, Isc) are taken as error source currents
in each of the three phases. In addition to error source
currents in three phases, the source neutral currents(isn) are
compared with triangular waveform to generate switching
pulses for four-leg VSC based DSTATCOM.

IVV. RESULTS AND DISCUSSION

MATLAB/SIMULINK is used for development of proposed
DSTATCOM and results are carried out with ode23tb solver
(stiff TR-BDF-2) in discrete mode at fixed step size of 4 x
10—-6.The performance of unit-template control algorithm
based DSTATCOM is simulated in PFC and ZVR modes of
operation at three phase time-varying linear/nonlinear loads.

A Performance of unit template control algorithm

Fig.2shows the various intermediate signals of unit
template control algorithm which include three phase source
voltage (vs), three phase load current (i), three phase
reference source current (is"), reference active component
source currents (igsa), reference reactive component source
currents (igsa), active component of current 10ss (ias),
reactive component of current loss (igs), DC bus voltage
error (Veac), AC bus voltage error (vep) and three phase
sensed source (is) respectively. The waveforms of unit
template control algorithm shows that fast and accurate
extraction of control signals occurs at three phase non-linear
loads in ZVR mode.

B. Performance of DSTATCOM in PFC Mode

The performance of four-leg VSC based DSTATCOM for
PFC mode with three phase linear load is shown in
Fig.3.The dynamic performance of DSTATCOM is
analyzed on the basis of three phase source voltages (vs),
three phase source currents (is), three phase load currents (iLa,
iLb, iLc), three phase compensating currents (ic), load neutral
current (iLn), source neutral current (isn), sensed dc link
voltage (vic) & reference dc link voltage (vac*) and sensed
terminal voltage at PCC(v;) and reference terminal voltage
at PCC (vp*) are shown in Fig.3 under a time varying load
at t=0.62sec to 0.78 sec condition. The waveforms show that
satisfactory operation of DSTATCOM in PFC mode
operation under linear loads.
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Fig. 2.Various intermediate signals of unit template control
algorithm

Similarly the performance of four-leg VSC based
DSTATCOM for PFC mode with three phase non-linear
loads/(diode bridge rectifier with parallel connected
resistive and capacitive load) considered in the distribution
system is shown in Fig.4. The waveforms of three phase
source voltages (vs), three phase source current (is), three
phase load currents(iLa, iLb, iLc), three phase compensating
currents (ic), load neutral current (iLn), source neutral current
(isn), sensed dc link voltage(vy) & reference dc link
voltage(vac*) and sensed terminal voltage at PCC(v,) and
reference terminal voltage at PCC(vy*) are shown in Fig.4.
The harmonic spectra waveforms of phase ‘a’ source
voltage(vsa), source current (i) and load current
harmonic(iLa) with three phase non-linear R-C loads are
shown in Fig.5(a)-5(c).The waveforms shows that
the %THD of phase ‘a’ load current (iLs) is 70.74%
whereas %THD of source voltage(vss) and source current(isa)
are 2.23%,4.96% respectively. The performance results of
DSTATCOM in PFC modes operation are shown in Table.1.
It is observed that the proposed DSTATCOM shows give
satisfactory results in PFC mode operations under non-
linear loads.

C. Performance of DSTATCOM in ZVR Mode

In ZVR modes operation, the amplitude of reference
terminal voltage at PCC is regulated to the reference
terminal voltage by injecting extra reactive power. The
dynamic performance of DSTATCOM is analyzed on the
basis of three phase source voltages(vs), three phase source
current (is),three phase load currents(iLa, i, iLc), three phase
compensating currents(ic), load neutral current (ivn), source
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Fig. 3.Dynamic performance of DSTATCOM under linear loads
in PFC mode
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conditions. The waveforms show that satisfactory operation
of DSTATCOM in ZVR mode operation under three phase
linear loads.

The performance of four-leg VSC based DSTATCOM for
PFC mode with three phase non-linear load is shown in
Fig.7. The waveforms of three phase source voltages (vs),
three phase source current (is), three phase load currents (i,
iLb, iLc), three phase compensating currents(ic), load neutral
current (in), source neutral current(isn), sensed dc link
voltage(vqe) &reference dc link voltage(vac*) and sensed
terminal voltage at PCC(v;) and reference terminal voltage
at PCC(vp*) are shown in Fig.7.The harmonic spectra
waveforms of phase ‘a’ source voltage (vsa) ,SOUrcCe
current(isa) and load current harmonic(iLs) are shown in
Fig.8(a)-8(c).The waveforms shows that the %THD of
phase ‘a’ load current (i) is 70.85% whereas %THD
ofsource voltage (vsa) and source current (isy) are 2.22%,
4.66% respectively. The performance results of
DSTATCOM in ZVR modes operation are shown in Table.1.
It is observed that the proposed DSTATCOM shows give
satisfactory results in ZVR mode operations under three
phase non-linear loads. The DSTATCOM is able to regulate
reference terminal voltage at PCC of 339V.

Table.1.Performance of DSTATCOM at PFC and ZVR
modes of operations
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neutral current (isn), sensed dc link voltage (vqc) & reference
dc link voltage (vqc*) and sensed terminal voltage at PCC(vp)
and reference terminal voltage at PCC(vy*) are shown in
Fig.6 under a time varying load at t=0.62sec to 0.78 sec

Operating Performance Non-Linear R-C Load
Mode Parameters
Source voltage(Vsa), 334.9V, 2.23%
%THD
Source current (isa), 36.38A, 4.96%
0,
PFC Mode #THD
Load current (iLa), 31.44A, 70.74%
%THD
Source voltage(Vsa), 340.7V, 2.22%
%THD
Source current (isa), 37.49A, 4.66%
0,
ZVR Mode | 2THD
Load current (iLa), 31.99A, 70.85%
%THD

V. CONCLUSION

The proposed unit template control algorithm for four-leg
VSC based DSTATCOM has been found to provide
acceptable characteristics in PFC and ZVR modes of
operation. During the PFC and ZVR modes of operations,
the dynamic performance of DSTATCOM shows
satisfactory results for harmonic elimination, reactive power
control, load balancing, and neutral current compensation

11
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under linear and non-linear loads. The DC link voltage and
terminal voltage at PCC of proposed DSTATCOM has been
also regulated without overshoot to reference value under
various load conditions. It is observed that the %THD of
source current and source voltage is within IEEE519
standard.

APPENDIX

Three phase supply voltage=415V, 50Hz.
Supply Impedance: R=0.05Q, Ls=5mH
Loads: Linear Loads R=15Q and L=25mH
Non-Linear R-C Loads: three single phase diode
bridge rectifier with R=15Q and C=500uF
DC bus Capacitor C4=3000 |F
PWM switching frequency f;=10 KHz
DC bus PI Controller: Kgp=2.36 Kgi=4.1
AC bus PI Controller: Kgp=1.02 Kgi=2.41
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