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ABSTRACT

Green energy and clean power are the recent trends of modern power distribution net-
works (PDN). In recent years, great attention has been focused on T type inverters due to
their advantages over conventional voltage source inverters (VSI), such as fault-tolerant,
overload capability, less total harmonic distortion (THD), better output waveform and high
efficiency. An inductor coupled T type (IC-T type) inverter-based distribution static com-
pensator (DSTATCOM) is built for active power filtering of 3-phase 3-wire PDN connected
nonlinear load in this paper. The proposed topology is composed of three inductors connected
between the VSI and common source. The proposed PDN is obstructed by the DSTATCOM
using icos[] control algorithm for the inverter DC link voltage reduction, filter inductor rating
minimization, decreasing the switching stress, increasing the life span of an inverter, reliable
operation, stress balancing, loss reduction and increase in efficiency. Apart from these, other
improvements such as power factor (PF) correction, better voltage regulation, harmonics re-
duction and load balancing are obtained. The efficacy of the IC-T type inverter in different
loading scenarios is justified using MATLAB/Simulink software captivating in reflection of
the IEEE-514-2017 and IEC- 61000-1-3 benchmark.

Keywords: DSTATCOM; IC-T type inverter; i cos ¢ control algorithm; THD

1. Introduction quality of power dropped due to the uti-

With the rapid increase of both in- lization of various nonlinear loads and the
dustrial and domestic clients, the demand application of semiconductor technology in
for quality and continuous electricity distri- every sector of life by different power con-
bution has gradually increased [1-3]. The sumers [4, 5]. A sustained effort is required
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to enhance the power quality (PQ) of PDN,
otherwise, it will affect and create different
complications like damage of phase cables
due to over current flow, copper loss and
torque problems in the electric drive sys-
tem, blackout of sophisticated equipment
and overall, it degrades the whole system
efficiency. All these important issues are
motivating a unique research direction for
the development of improved versions of
DSTATCOM. Researchers and power engi-
neers focus on reactive power compensa-
tion and harmonics control to provide qual-
ity electricity to different clients and main-
tain the safe and reliable operation of PDN
[1-7].

Conventional two-level VSIs are
widely used in universal applications due to
their low cost, simplicity and reliable oper-
ation. However, a momentous amount of
effort from both power engineers and re-
searchers has gone into the design and con-
struction of modified topology to concen-
trate on the issues with the conventional
VSI, such as high DC link voltage, buck
converter, voltage stress on switches, in-
crease inverter rating and increase the fil-
ter inductor rating and relatively low ef-
ficiency [8-13]. To overcome the nega-
tive aspects of VSI, the topology of the T
type inverter is utilized for low and medium
voltage 3-phase 3-wire PDN application
[14, 15]. It possesses superior reliabil-
ity and better efficiency under a medium
operating switching frequency range (4-30
kHz) [16-18]. Hence, T type inverters are
widely applied for industrial applications
such as DC power source usage, HVDC
power transmission, uninterruptible power
supplies, refrigeration compressors, solar
systems, power grids, induction heating,
electric motor speed control, etc. Not only
does it enhance the PQ issues of the 3-
phase 3-wire PDN under a 3-phase non-
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linear load, it also increases the inverter ef-
ficiency [19-25]. But, in a recent paper,
we noticed that the THD reduction in T-
type inverter-based DSTATCOM is approx-
imately equal to that of the conventional
VSI based DSTATCOM [26]. The T type
inverter has a unique topology configura-
tion that supports the fault tolerance capa-
bility and other merits [16], but it is not so
effective in THD reduction which is not pre-
ferred for 3-phase 3-wire PDN where qual-
ity power delivered to their clients is most
important at any cost.

The PDN impedance and its char-
acteristics regulate the performance of
DSTATCOM in some applications, such as
grid connected inverters and voltage con-
trol mode operation introducing an external
inductor inline [27-29]. In [30], the simu-
lation result shows the IC-T type inverter
performance is better than the T type. The
icos[] controller is employed for the opera-
tion of inverters [31, 32]. The control tech-
nique is authenticated by simulation results
for a low and medium-voltage PDN with
nonlinear load. The reference source cur-
rents are obtained from the three-phase non-
linear load current and it is found to be sim-
ple and error-free [31-34]. Additionally, the
icos[] control scheme makes the proposed
inverter performance better.

Of course, the complexity of the T
type inverters is much more than the 2-level
inverter. A 2-level inverter is not perfect
for line-commutated converters (LCC). The
LCC depends on the line voltage of the AC
system rather than the current. In the other
way, the current ripples and flow of control-
lability are improved by inserting an induc-
tor in VSI. Hence, additional advantages
cause the semiconductor switching devices
to turn ON and OFF as per the system re-
quirement to enhance the PQ of PDN. Fi-
nally, the findings are highlighted as fol-
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lows: 1) the DC voltage regulation loop is
designed to maintain DC link voltage across
the capacitor, 2) the AC voltage regulation
loop is designed to control AC voltage at
the point of common coupling (PCC), 3) the
control scheme is used to maintain source
current harmonic reduction as per grid code,
and 4) PF improvement is maintained.

In this paper, a 3-phase split capac-
itor support IC T type inverter is designed
using MATLAB/Simulink software to fully
exploit the benefits of the inductor coupled
and T type topology. This paper identi-
fied the better DSTATCOM used for active
power filtering in PDN based on the the-
oretical research and simulation results of
conventional VSI, T type inverter, and IC-
T type inverters. The designed model pro-
vides a new direction for research and de-
velopment of active power filtering of 3-
phase 3-wire PDN using IC-T type inverter
based DSTATCOM.

This paper is arranged in the follow-
ing manner: General phenomena, applica-
tion, utilization and formation of the paper
about IC-T type inverter under steady state
and dynamic state are described in Section
1. The circuit configuration of the proposed
topology is analyzed for various scenarios
in Section 2. The implementation proce-
dure of the icos[] control algorithm is given
in Section 3. Simulation results justifying
the feasibility of the method are presented
in Section 4. Conclusions are drawn in Sec-
tion 5.

2. Circuit Description of PDN and
Different DSTATCOM

In this section, the structure of the
proposed system is presented as follows:
The PDN consists of a 3-phase nonlin-
ear load, 3-phase balanced supply and IC-
T type inverter based DSTATCOM. These
various topologies based on DSTATCOM
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Fig. 2. Circuit configuration of two-level VSI.

are served to moderate the PQ issues, as de-
picted in Fig. 1. The structure of an IC-
T type inverter is obtained by connecting
three inductors in series with a VSI unit and
a common source unit.

The different notations used in the
PDN are PCC voltages of (Vsq, Vsps Vsc),
supply currents (isq, isp,isc), load currents
(i1a,11p,11c), and DC link voltage (vg4.). In
Fig. 2, the two-level VSI is shown. The T
type inverter and the proposed inverter con-
figuration are shown in Figs. 3-4, respec-
tively. Here, an uncontrolled rectifier with
resistive and inductive load is considered
the same for all types of topologies. The
implementation of the i cos ¢ control algo-
rithm is described as per the mathematical
analysis presented in Section 3.
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Fig. 4. Circuit configuration of IC-T type in-
verter.

2.1 Novelty of the IC-T type inverter

The authors are motivated to develop
a new topology for achieving fault toler-
ant and reactive power control capability
in PDN. The novelties of the IC-T type in-
verter with the proposed i cos ¢ controlled
method are as follows.

2.1.1 Increase the overload capac-
ity of the inverter

The total load current supplied by the
IC-T type inverter is equal to the summation
of currents provided by the VSI and com-
mon source. Therefore, the current rating of
switches is decreased. Hence, the inverter
overload capability can be boosted due to
unexpected continuous overload conditions
[16].

2.1.2 Reduced DC link voltage
The IC-T type inverter DC link volt-

age is reduced by approximately 5% from
690V to 660V, as compared to VSI [26, 30].
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2.1.3 Reduction in THD of the sup-
ply current

The %THD of the source current ob-
tained from the proposed inverter is less as
compared to other topologies [26, 30].

2.1.4 Merits of the modular config-
uration

The proposed system possesses less
THD of the source currents. Also, the mod-
ular configuration of the proposed inverter
provides fault-tolerant capability which in-
creases the reliability of the inverter. The
reliability of the inverter has been given
more importance than harmonic distortions,
especially in sophisticated equipment con-
nected to PDN [16-18].

2.1.5 Better efficiency than VSI

The T type inverter has higher relia-
bility and efficiency for the medium operat-
ing switching frequency (4-30 kHz) [16-18]
and here the operating switching frequency
is 20 kHz.

3. Control Algorithm

This section illustrates the operation
of DSTATCOM using the icos[ control al-
gorithm. In this proposed system operation,
the source supplies the real part of the load
current. Thus, in the i cos ¢ control algo-
rithm, ’i’ represents the fundamental com-
ponents of the connected load current and
i cos ¢ stands for the displacement power
factor of the same load. The control struc-
ture of the recommended i cos ¢ algorithm
is shown in Fig. 5. Based on the principle
of the i cos ¢ algorithm, there are four steps
to find the switching signals for controlling
the DSTATCOM,; these are derived below
[29, 30].

* The required fundamental quantities
are extracted from the load current
with the help of the Fourier block.



J. Sabat et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

* The unit  vector  templates
(Uap,upp & ucp) are expressed
using source currents (is4,Isp, and

iSC)'

* Both the active and reactive parts of
load currents are processed as per the
algorithm principle.

* Finally, the generated switching
signals are utilised to operate
the DSTATCOM for better shunt
compensation.

* Design and control of the icos[] tech-
nique is briefly presented below [1].

The fundamental active components
of 3- phase load currents (ijap.iibp,iicp)
are written as

ilap Re(iq) i1a COS Piq
ibp | =| Re(i) i1p COS P11y
ilcp Re(ilc) ijc COS ¢lc

Then, the weighted active average
value is

W = i1a COS P1q + i1 COS P1p + ijc COS Pic
- 3

(3.2)
Further, the reactive components of funda-
mental three phase load currents (i1aq, i1bg»
and ;) are obtained as

ilap Im(izq) i1a SN ¢yq

ip | = | Im(ip) | = | isingy

ilcp Im(ijc) i1c SIn ¢y
(3.3)

Then, the weighted reactive average value
is

l1q SIN P1q + U1p SIN Py + i1 SIN Py
wp = 3

(3.4)
In the design of the PI controller, there
are some significant parameters to be con-
sidered such as, “wg,” active components

of the reference source currents,’k,qp,”
proportional controller,”k;4,” integral con-
troller, and ”v4,” error in dc voltage.

The active components of the refer-
ence source current “w,” are the obtained
from DC control loop as

Wap = kpdpvde + kidp / vdedt. (3.5)

Then, the total active component of the ref-
erence supply current can be computed as

Wept = Wap +Wip. 3.6)

Further, the total reactive component of the
reference supply current is expressed as

Wsgt = Wgq + Wig- 3.7

The filtering weighting value of the load
current is extracted with the help of a low
pass filter.

Moreover, the instantaneous active
and reactive source currents are expressed
in Egs. (3.8)-(3.9) respectively.

Isap ] [ Uap

Isbp | =Wspr | Ubp | (3.8)
| iscp | | Ucp

Isaq ] [ Uaq

Isbg | = Wsqgt | Ubg | (3.9)

lch | Ucq

In addltlon the reference source currents
are as follows:

3k

lea isap isaq
i:b = isbp + ishq . (3.10)
lse lsep lscq

Both the reference (i}, Yb, iy.) and actual
source currents (isq,isp,isc) Of respective
phase are compared. Then, the error signals
are obtained which are processed through
the hysteresis current controller (HCC). The
switching devices of a-phase are controlled
as:

) Ifigq < i
(1) If i3,

va» the S11s ON and Sy is OFF,
> I¢4, the §11s OFF and S4 is ON.
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Fig. 5. Structural diagram of icos[| control al-
gorithm.

4. Simulation Results

Fig. 1 is designed by using MAT-
LAB/Simulink software for the above-
mentioned topologies.  The individual
topology shunt compensation performance
of source currents and power factor correc-
tion are presented in the subsequent sec-
tion respectively. The different simula-
tion parameter values of the system are ar-
ranged in Table 1. The icos¢ control al-
gorithm is used for different DSTATCOM
topology operations to improve the PQ of
PDN. Initially, the system is verified with-
out DSTATCOM and it is found that the
load current and source current THD are
approximately equal. Next, the VSI, T
type inverter and IC-T type inverter based
DSTATCOM are switched ON at PCC to
check its compensation capability. Internal
control signals of the icos¢ controller for
different topologies are shown in Fig. 6.
From this, it is observed that the proposed
topology possesses tuned and distortion-
less current for producing the reference
source current, which further improves the
actual firing pulses required for the con-
trolled switches.

The complete analysis of individual
topology is fully discussed in the respective
sub section below.
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Fig. 6. Internal control signal icos¢ controller.

Table 1. Simulation Topology parameters.

Topology parameters  Symbol Magnitude
DC link voltage vae(ref) 700V
Capacitor Cac 2000uF
Proportional

controller (DC) Kpa 0.01
DC Integral

controller Kia 0.0
Proportional

controller (AC) Kpr 0.2

AC Integral

controller Kir I

3- phase source

voltage Vg 230V (rms)/phase
Frequency fs 50Hz
COfnpensator R. 0250
resistance

.Compensator L. 1 5mH
inductance

Source Ry  05Q
resistance

Source

inductance Ls 2mH

4.1 Case-1 (VSI)

In this subsection, the case study of
VSIunder steady and dynamic states is exe-
cuted. The simulation response from down-
ward to upward, inverter DC link voltage,
DSTATCOM compensating currents, non-
linear load currents, system source currents
and system source voltage are depicted in
Fig. 7. The steady state waveforms are ana-
lyzed during the time intervals T= 0.55 Sec
to T= 0.6 Sec and T= 0.7 Sec to T= 0.75
Sec. The dynamic state waveforms are an-
alyzed during the time interval, T= 0.6 Sec
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I VN

Time (Sec)

Fig. 7. Simulated waveforms under steady state
and dynamic state from downward to upward,
inverter DC link voltage, DSTATCOM compen-
sating currents, non-linear load currents, system
currents and system voltage.

to T= 0.7 Sec. When VSI is switched on,
the stable DC link voltage of 690V is ob-
tained during the steady state and the oscil-
lating DC link voltage of 750V to 780V is
obtained during the dynamic state. The sys-
tem phase displacement between the supply
voltage and current without correction be-
fore compensation and with correction af-
ter compensation are shown in Fig. 8(a)-(b)
respectively. It is also noticed after com-
pensation that the THD of the system sup-
ply currents and nonlinear load currents are
4.69% and 34.82% shown in Fig. 8(c)-(d).

4.2 Case-2 (T type inverter)

In this subsection, the case study of
the T type inverter under steady and dy-
namic states is executed. The simulation re-
sponse from downward to upward, inverter
DC link voltage, DSTATCOM compensat-
ing currents, non-linear load currents, sys-
tem source currents and system source volt-
age are depicted in Fig. 9. The steady state
waveforms are analyzed during the time in-
tervals T= 0.55 Sec to T= 0.6 Sec and T=
0.7 Sec to T=0.75 Sec. The dynamic state
waveforms are analyzed during the time in-
terval, T= 0.6 Sec to T= 0.7 Sec. When
the T type inverter is switched on, the sta-

195

v Tl

v (i )

o5 052 054 0.56 058 0.6
Time (8=c)
Fundamentsl §0Hz) = 5875, THD= 4 859%
—
His
@
oz
b
=
i}
[/] Z 4 . ] 10
© Harmomic order
Fundamental §0Hz)= 5853 THO= 34 B2%
=
Bz5
=
T
s
=10
=
EI:' E
=
[/]

1] Z 4 ] 8 10
* Harmonic order

Fig. 8. Simulated system power factor without
correction.

R NN

i)

b

i)

fdi

0es
Time (8=¢)

Fig. 9. Simulated waveforms under steady state
and dynamic state from downward to upward,
inverter DC link voltage, DSTATCOM compen-
sating currents, non-linear load currents, system
currents and system voltage.
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ble DC link voltage 680V is obtained dur-
ing the steady state and the oscillating DC
link voltage 735V to 760V is obtained dur-
ing the dynamic state. The system phase
displacement between supply voltage and
current without correction before compen-
sation and with correction after compensa-
tion are shown in Fig. 10(a)-(b). It is also
noticed after compensation that the THD of
the system supply currents and nonlinear
load currents are 4.80% and 35.23% shown
in Fig. 10(c)-(d).
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Fig. 10. Simulated system THD% of load cur-
rent.
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4.3 Case-3 (IC-T type inverter)

In this subsection, the case study of
the IC-T type inverter under steady and dy-
namic states is executed. The simulation re-
sponse from downward to upward, inverter
DC link voltage, DSTATCOM compensat-
ing currents, non-linear load currents, sys-
tem source currents and system source volt-
age are depicted in Fig. 11.

SO0 RRgUni

e e e
L ]
= ann . L L
055 a8 LK. a7 475
Timre (S=c)
Fig. 11. Simulated waveforms under steady

state and dynamic state from downward to up-
ward, inverter DC link voltage, DSTATCOM
compensating currents, non-linear load cur-
rents, system currents and system voltage.

The steady state waveforms are ana-
lyzed during the time intervals T= 0.55 Sec
to T= 0.6 Sec and T= 0.7 Sec to T= 0.75
Sec. The dynamic state waveforms are ana-
lyzed during the time interval, T= 0.6 Sec
to T= 0.7 Sec. When IC-T type inverter
is switched on, the stable DC link voltage
660V is obtained during steady state and the
oscillating DC link voltage 715V to 740V is
obtained during the dynamic state. The sys-
tem phase displacement between the supply
voltage and current without correction be-
fore compensation and with correction after
compensation are shown in Fig. 12(a)-(b).
It is also noticed after compensation that the
THD of'the system supply currents and non-
linear load currents are 3.15% and 34.37%
shown in Fig. 12(c)-(d). The IC-T type
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rent.

inverter is compared with VSI and T type
inverter and their performed simulation re-
sults are arranged in Table 2. The obtained
results compared with the existing ones are
presented Table 3.

5. Summary
In this paper, the shunt compensation
capability of IC-T type inverter for enhanc-
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Table 2. Performance parameters of VSI, T
type inverter and IC-Ttype inverter.

Performance DSTATCOM at PCC
parameter T type IC-T type
VSI . .
inverter inverter

Source
Current(A), 59.79, 4.69 59.6, 4.80 59.55,3.15
%THD
Source
Voltage (V), 321.4,2.23 321,1.42 321.4,1.04
%THD
Load
current (A), 58.53,34.82 57.86,35.23 58.53,34.37
%THD
P.F 0.96 0.94 0.98
DC link
voltage (V) 690 680 660
Fault f({lerant No Yes Yes
capability
Over load

o Up to 20% Up to 20%
.capablllty of No of l:ated load of lr:)ated load
inverter
Protection of Yes Yes
sophisticated NO (modular (modular
equipment configuration)  configuration)

Table 3. Comparison of proposed work result
with existing one.

Measurement Source current THD% PF
Reference [1] 4.14 0.9
Proposed work results 3.15 0.98

ing PQ in PDN is presented in detail. Com-
pared to the VSI and T type topology, the
IC-T type inverter inherits the advantages
which are detailed below.
e Source current THD reduction is per-
forming satisfactorily during compensation
within the limit of grid connection standard
e The proposed system is found to be capa-
ble of delivering the power with improved
P.F. according to the availability on the
source side.
e The issue of poor voltage regulation is
mitigated, thus ensuring stable operation of
the PDN.
e The switching power loss is reduced,
which demonstrates its superiority over the
aforementioned topologies.
e Maintains the DC link voltage at the de-
sired level (less than from VSI and T type
inverter).

The obtained simulation results are in



J. Sabat et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

close agreement with those theoretically de-
rived. The inference made from these above
shows that the recommended DSTATCOM
is the suitable shunt compensator for PDN.
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