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ABSTRACT

The use of mid-point-clamped multilevel inverters, such as active neutral point-
clamped or stacked multicell converters, has risen significantly in recent years. This
expansion can be attributed to significant voltage gains, major decreases in common-
mode voltage and leakage current, enhanced bidirectional power flow capacity.
However, there is a problem with the maximum AC output voltage is just half of the dc-
link voltage. In order to overcome this constraint and properly handle low also widely
variable input voltages, an additional front-end boost circuit must be integrated. In the
present study, a single phase five-level Dual boost T-Cell inverter that may equal the
peak amplitude of the grid voltage even when the dc-link voltage is low and varies
considerably is explored. This paper proposes an enhance impedance source network
(switch boost network) to improve the DC-link from a low-amplitude input source,
allowing dynamic voltage gain also increased them. To control the proposed topology,
the 1800 carrier phase shift algorithm (PS) with two carriers for a five-level topology
will be used. Both the analysis and results of simulation will be illustrated as proof of

the accuracy of this proposed.

Keywords: Dual Boost T-Cell Inverter, Impedance Source Network, switch boost
network, PS algorithm, dynamic voltage gain.

1. INTRODUCTION renewable energy or electric vehicles

In recent years, high efficiency [1].[2]. Multilevel inverters (MLI) are
power converters have drawn significant gaining popularity due to their high
interest in order to meet the application power conversion efficiency, low EMI
requirements for grid-connected for improved the lifespan, and low dv/dt,



which reduces output filter size and
volume [3]. In this instance, it's common
to utilize supplementary front-end dc-dc
boost converters preceding MLI. These
converters facilitate the transmission of
power from low-capacity dc voltage
sources, such as photovoltaic (PV) string

arrays, to the ac/grid side [4].
Conventional MLIs are classified

types
configuration.

into several based on their

operational Many
topologies have the advantage of reduce
common mode voltage, decreasing leak
current propagation, and voltage/current
stress on semiconductor such as: Mid-
Point Clamped based MLI with Active
Neutral Point (ANPC) [5], Stacked-
Multicell Inverter (SMC) [6], T-type
Inverter [7], Flying Capacitor Inverter
[8],.... However, one restriction of
ANPC, T-type and SMC
arrangements is that they only use half of
the dc-link voltage. A dc-dc boost

converter is required to overcome this

inverters

drawback and  improve  system
performance. This converter serves as an
essential interface, increasing the low dc-
link voltage to a greater range, efficiently
addressing the limited dc-link voltage
use. The system is able to achieve greater
effectiveness and performance, showing
an opportunity for further advances and
improvements in MLI. Figure 1 shows an
ANPC
configuration using a front-end DC-DC
DC-Link

voltage [9]. Figure 2 depicts a 1 phase

5-stage  1-phase inverter

converter to increase the
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SL-SMC inverter topology that employs
a front-end DC-DC similarly to Fig 1 [6].
However, adding a traditional DC-DC
converter leads to an increase in system

size as well as reduced performance [10].

DC-DC Boost Converter

Fig. 1. Convetional two-stage DC-DC
boost SL-ANPC inverter [9]

The integration of the Switched
Capacitor (SC) concept into conventional
MLI has received much attention as an
achievable choice for reducing the limits
caused by the standard dc-dc boost
converter located at the front of the
inverter design. This method improves
voltage regulation adaptability,
potentially leading to more efficient and
adaptive power conversion systems [11].
SC-networks

input current profiles,

However, include
discontinuous
which causes spiky current stress on the
MLI switches. In addition, the voltage
gain when using SC-network for input
boost is also a major drawback. There has
been a concerted effort to integrate the
dual power processing stages of dc—dc
and dc—ac conversion into a unified
The

objective of this integration is to improve

single-stage dc—ac  converter.
overall system efficiency and power
density. An initial approach towards this
employing

integration involves

impedance-source (IS)-based inverters



featuring  integrated  shoot-through
operation and a five level (S5L) output
[12]. The

incorporation of shoot-through operation

voltage waveform
within IS-based inverters holds promise
for enhancing operational efficiency and
refining the output voltage waveform by
enabling a greater number of output
voltage levels. However, achieving a
substantial increase in output voltage
levels requires the utilization of multiple
IS networks with isolated dc voltage
sources, thereby introducing circuit
complexity and imposing constraints on

leakage current suppression.

DC-DC Boost Converter

SL-SMC Inverter

Fig. 2. Conventional two-stage DC-DC
boost SL-SMC inverter [6]

To overcome the shortcomings of
the above studies, this study proposes a
topology, S5L-Dual Boost T-Cell, which
has the advantage of peak output voltage
reaching the entire DC-link voltage
instead of half compared to previous
configurations. An enhance impedance
network (SB) is
accordingly to increase the voltage gain.
of

principles and simulation results will be

source adjusted

Theoretical  analysis operating

presented in this paper.
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2. OPERATING PRINCIPLE OF 5L-
SB-DBTCI

Fig.3 illustrates the propose
topology of SL-SB-DBTCI. This scheme
includes a single-state boost DC-link and

single-phase five-level inverter.

GroEd
Fig. 3. The propose topology of 5L-SB-
DBTCI

2.1 Impedance source network

This enhanced impedance source
network (SBN) is made up of two
symmetrical networks about the neutral
point. Six inductors (L1, L2, L3, L4, Ls,
L¢) charge and discharge current while
also representing the characteristics of
the impedance source as short circuit
protection for the system, and four
capacitors (Ca, Cb, Cp, Cn) accumulate
and release voltage to increase DC-link
voltage profile, two diodes (D1, D») used
to conduct direct current and two
switches (Sp, Sn) to control the DC-link
voltage flexibly the
algorithm.

according to
Based on the operating status of 5
Dual boost T-Cell Inverter

topology as well as the simultaneous

levels -

switching and switching ratio of Sp and
Sn, SBN has 3 operating states: Shoot
through 1 (ST1), Shoot through 2 (ST2)
and Non-Shoot through (NST). Figure 4



shows the equivalent circuits in different
states of the SBN.

e

Fig. 4. The equivalent circuit of SBN in
three states (a) Shoot through 1, (b)
Shoot through 2, c¢) Non-Shoot through

Based on the cycle of operating
states of SBN described in Figure 4, we
can explain that at ST1 state, the switches
on the SL-DBTCI side are shoot through
(S1&S; turn on at the same time), the Sp
and Sn switches turn off, leading to
Diodes D and D> reverse bias, inductors
L1, L> charge, L3, L4 remain constant, Ls,
L¢ discharge, capacitors Cp, Cn Ca, Cp
charge. Similarly, in ST2 state, Sp and Sy
turn on, D; and D> are forward biased,
inductors L1, L> discharge, L3, L4, Ls, Ls
charge, capacitors Cp, Cn Ca, Co charge.
In NST state, SP and SN still turn off. Dy
and D, are forward biased. inductors and
capacitors in the discharged state.

2.2 5L-Dual Boost T Cell Inverter

Based on the operating state of
SBN and the control algorithm, the 5L-
DBTCI topology can be analyzed into 8

operating states.
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Fig. 5. Equivalent circuits correspond to
each operating state in an operating
cycle of SL-SB-DBTCI. a) vo=0V, b)
vo=0V, ¢) vo= +Vcsi, d) vo= +Vcsi, e)
vo= +Vcs, f) vo=-Vesa, g) vo= Vesi+

Vesa, h) vo=-Vesi- Ves?
Figure 5 shows the topology states
corresponding to each output voltage

The of the

corresponding to the output voltage level

level. state switches
is shown in Table 1 with the insertion of

the Sn/Sp control interval into Si, Sz, Ss



and Sg. It can be seen that the topology
produces 5 different voltage levels
related to the voltage applied on the
capacitors Cs; and Cs; including: -Vcsi -
Ves2, -Vesz, 0, +Ves2, +Vest +Vesa, . If
the two capacitors Cs; and Csy are
balanced in ideal conditions, then Vcsi =

Veso.

Based on the corresponding operating
states of inductors and capacitors on the
topology as well as on-off of the
switches, we can calculate the DC-Link

voltage as follows:

VPN = I/in‘ 2(1 = dO)
2[1-d,(1-d )]-5d m

(D

Where Vi is the input voltage, do is
the duty ratio of Sp and Sk, ds is the shoot

through ratio, m is the modulation index.

The boost factor B is determined as

follows:
B:VPN: 2(1_d0) (2)
vV, 2[1-d,(1—-d,)]-5d,m

Vst and Vs are defined as follows:

%
VCSI - Vcsz - 1—;Nd

st

3)

The peak voltage can be calculated as

follows:
n 2V,
v, =Vey Ve, = )
s1 52 1-2 ds;
The voltage gain is calculated to be
determined:
v
G=—"% 5
V, ©
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Table 1. The switching states and the
output voltage of 5L-SB-DBTCI

Switches turn Level of Output
ON Voltage

S1, S2, Ss, Se ov

S3, Sa, Ss, Se ov

S1, S2, Ss, S7 Vesi

S3, Sa, Ss, S7 Vst

S3, S4, Ss, Sg -Ves2

S1, Sa, Sa, S7 VesitVes2
S1, S, Ss3, Sg -Vesi-Vesz

3. PWM CONTROL SCHEME FOR
THE SL-SB-DBTCI

The gating signal waveform is
shown in Fig 6 by the reference voltage
of. The reference voltage function for 5L-
SB-DBTCI is shown below:

In this control method, a sine-
shaped reference signal with a function
like equation (6) is compared with two
the

condition that the carriers are 180°

high-frequency carriers under
degrees apart. Together, the two signals
Vcon and Vst is included to provide
Sp/Sn control timing as well as shoot
through to enhance voltage gain. Figure
7 shows the logic circuit used to the PS
algorithm's control principle and the

shoot-through insertion method.

V()= msin(ax) (6)
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Fig. 6. Waveforms of gating signals of
control technique for the SL-SB-DBTCI
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Fig. 7. Logic circuit of control technique
for the 5SL-SB-DBTCI

4. COMPARATIVE ANALISYS

To emphasize the significance of
the proposed inverter, a comparison was
made between the newly introduced
inverter and several existing ones,
specifically the SL-ANPC and 5L-SMC

topology.

The overall comparison is
presented in Table II. Among these
topologies, the SL-ANPC and 5L-SMC
employ a smaller number of components.
In contrast, both the SL-ANPC and 5L-
SMC do not utilize active switches in an
impedance-source network; instead, they
incorporate two switches in the boost
configuration. As indicated in Table II,
the SL-ANPC and 5L-SMC have a peak
output voltage of DC-Link/2, whereas
the proposed inverter operates at DC-
Link. Moreover, the proposed inverter
exhibits a higher voltage gain than the
S5L-ANPC and S5L-SMC, along with

superior shot-through immunity.

Table 2. Overall Comparison

Caps Peak
S |Bi| self Output | VG
balacing | Voltage
- DC-
oL 10lY No ] L
ANPC Link/2
10]Y| N DC
- 0
SL-SMC Link/2
DC-
Propose nly % . H
topology Link
Switch: S; Continuous: Cont;

Bidirectional: Bi; Voltage gain: G, Yes: Y;
High: H; Low: L.



S. SIMULATION RESULTS

Numerous simulations were carried
out using the PSIM simulation software
to validate the performance of the
strategy approach for the 5L-SB-DBTCI
The

conducted with the parameters listed in

topology. simulations  were
Table III, allowing for a comprehensive
review of the technique's operation and

effectiveness.

Table 3. Parameters used in simulation

Parameters Value
Input voltage 100V
DC-link 173V
Output voltage 320Vims
Shoot-through ratio 0.2
do ratio (Sp/Sn duty 01
cycle)
Modulation index 0.8
Carrier frequency 10Khz
Inductance 470 uH
Capacitance 4400 uF
Resistive load 400

b)

Fig. 8. Simulation results of 5L-SB-
DBTCI are presented in order from top
to bottom: (a) Input voltage Vin, (b)
DC-link.
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The simulation results for 5L-SB-
DBTCI are shown in Fig. 8. Fig 8 depicts
the input voltage Vin=100Vdc (a). Figure
8(b) shows the DC-link with a shoot-
through ratio of dy = 0.2 and a Vpn
reaches medium voltage at 173Vgc

behind the impedance network.

Fig 9 illustrates the output voltage,
than the

conventional inverter arrangement. It

which is much higher

shows 5 voltage levels exactly as
theoretically calculated, the -effective
value reaches 373 Vrms with dy = 0.2.
The root mean square current reaches
8 Arms with resistive load 40Q.

Fig. 9. (a) Output voltage Vo, (b) Output

current lo

Fig. 10. Joltage stress on S;

Figure 10 shows the stress voltage
on S;. The stress voltage placed on
component S; (switch with the highest
operating frequency
reaches 83V.

in one cycle)
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D=0.2 _
D=0.5 D=0.6

Gain

D=0.7
Conventional SL-ANPC [9]
m Conventional SL-SMC [6]
® Propose Topology

Fig. 11. Compare the voltage gain of the

proposed topology with conventional
topology.

Figure 11 shows a comparison with
traditional topologies, the proposed
configuration shows better performance
at low dy range. Higher voltage gain but
reduces  disadvantages  such  as
intermittent input current, voltage stress

on large components, etc.
6. CONCLUSION

The SL-SB-DBTCI topology,
which is suitable for PV system with grid
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connected or EV, has been presented in
this paper and is controlled by the PS
algorithm. The output voltage results are
perfectly as predicted, and the 5L-SB-
DBTCI arrangement has higher voltage
gain than the other convntional MLI. The
the

introduction of a shoot-through insertion

output voltage 1is raised by

algorithm.

This  paper
analysis as well as operating theory.
PSIM

simulation and verify accuracy. The

discusses  circuit

software is used to run the
outcomes of simulation and calculation
are equivalent.
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