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Abstract— An appreciable and significant assess of
consideration and mindset is currently growing up for power
dc-dc converters and its further more consideration is taken
towards adoption of Modular-Multilevel Converters (MMC).
The paper presents a transformer less MMC by the means of
superior and advanced conversion ratio for higher dc-dc
power conversion. This converter is being capable of utilized
mutually for both the Medium Voltage Direct Current
(MVDC) transmission systems and High Voltage Direct
Current (HVDC) transmission systems, due to its some
remarkable distinctive attributes such as modular design,
scalability, consistency, tolerance of failures, larger step up
and step down ratio and lowers filtering requirements. The
MMC idea connects N low voltage sub-modules in sequence to
produce a high voltage output. Thus there is no complex
control algorithm necessary to stabilize or balance the
voltages in every sub-module. Thus the simulation and
analysis of a MMC design connected with stray inductances in
order to reduce losses is done with an instance of 11-times
stepping up ratio.
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. INTRODUCTION

Recently, Modular Multilevel Converters (MMCs)
application and examination has rapidly gone into complete
swing over the past few years. With the expansion and
enlargement of MVDC and HVDC technology, many of
the current dc-dc power conversion systems can be
constructed by means of power conversion techniques in
order to simplify and ease up the step-up voltage and
convert step-down voltage functionality [1-3]. However,
the MMC idea offers the possibility of using the dc-dc
converter in MVDC or HVDC scheme, such as in urban
power distribution system, electric wvehicles, traction
system, electric ships etc. Thus MMC is getting more and
more popularized and effective in recent years [5-11].

Even though MMC technologies are previously
established to study advanced and verified features of
converters in addition to auxiliary difficulties energy
effectiveness, consistency, power compactness, simplicity,
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price  minimization with expanding their field of
implementation to develop into more appealing and
competitive topology [4-10]. Numerous multilevel dc-dc
converters are suggested excluding magnetic parts in order
to obtain elevated effectiveness and high power density.
Thus it ensures high peak conversion ratio thereby
restricting large power losses [12-14].

Furthermore additional promising dc-dc  power
conversion techniques which would deliver an elevated
voltage conversion ratio include Switched Capacitor and
Dual Active Bridge Modular Multilevel. Various Switched
Capacitor techniques use stray inductance to accomplish
Zero Current Switching operation [15-16]. The use of stray
inductances helps to reduce the high voltage and current
spikes that are generated by switching devices. In addition
to Switched Capacitor technique the Dual Active Bridge
Modular Multilevel techniques are more efficient and
upcoming source of medium and high voltage application
by utilizing MMC. Modular Multilevel Dual Active Bridge
(DAB) through Input Series Output Series (ISOS)
configuration can be also featured for elevated voltage dc-
dc power conversion.

This paper introduces an innovative performance method
for generating high DC voltage with the suggested MMC
topology with small DC voltage supply [17-19]. The
benefits and advantages of the suggested converter
topology are as follows:

1. The automatic manipulation of voltage sharing by the

different converter topologies.

The computation burden is dramatically reduced.

Its higher efficiency, which is marked as an important

priority for high-power application.

4. With the amount of levels engaged, the difficulty and
complications does not improve significantly.

5. The power losses and filtering needs are greatly
reduced.

6. Small sizes of passive components are used and thus it
does not require additional large size inductor for
balancing.

2.
3.
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Figl. Basic Configuration of MMC

Il. MMCBASED DC-DC CONVERTERS

The novel MMC based dc-dc converter topology have
been intensively studied and developed, appreciating many
characteristics such as strong modularity, easy scalability,
reduced or minimized filter cost, robust control, easy
configuration structure, idleness and redundancy. The
difficulties, problems and drawbacks of Dual Active Bridge
Converter can be avoided by the means of utilizing
modular multilevel converter. This type of converter
consists of identical energy cells linked in the sequence as
represented in figl, in addition to it every cell of converter
consists of typical standard components, allowing the link
to high voltages pole. The modular design of MMC’s
allows to wider the range of high voltage rates at the same
time ensuring identical and homogeneous stress taking
place on the systems of semiconductors. The MMC is an
extremely well organized and efficient converter by means
of elevated power efficiencies of up to 99.5%. The MMC
based DC-DC converter is recommended with elasticity
and adjustable expansion of reduced harmonics followed
by fault isolation. They can be flexibly connected to
various operating states, particularly in case of the HVDC
transmission power grid.
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I1l. PROPOSED CONVERTER TOPOLOGY AND ITS
OPERATION

Moreover fundamental structural design of the
proposed circuit topology for the MMC with different sub-
module is as shown in fig2. The working principle and
control of the system is established with analysis of system
performance.

A. System Topology and Sub-Module Configuration

The structural arrangement of the proposed converter
topology consist of series connection of the N number of
sub-modules (SMs) with single inductor (L), constructing
the two arms of the converter and utilizing a one individual
dc source for the converter as shown in fig2. In order to
elevated dc voltage on the output arm, each of individual
sub-modules has a small dc voltage. The number of sub-
modules designated depends on the power capacity and
applications which will be employed. Multiple connections
of capacitors are done with each of the sub modules which
results in form of minute current flow from the capacitor
and reduced losses. The stray inductances used in each sub-
module also helps to achieve Zero Current Switching
operation even when the capacitor are bypassed and thus
minimizes the high voltage and current spikes generated by
the switching devices of the converter.
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Fig2. Basic Structure of Modular Multilevel
Converter

B. Control of Proposed Converter

The projected converter topology with six half bridge
sub-modules (HB-SM) is represented in fig3. In order to
accomplish and attain elevated power conversion ratio,
only individual sub-module will be disabled at a time,
which means only single capacitor will be bypassed
throughout the entire operating sequence. The suggested
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converter topology is controlled by utilizing phase-shifted
PWM control method. The phase shifted based PWM
technique can easily overcome all the lower order
harmonics for the multilevel converters. On the other hand
in the conventional phase shifted technique, each carrier
correlates to the switching cycle of individual sub-modules.
In this method, each of the MMC sub modules individually
and separately regulated. The PWM signals for each of the
sub-module of the converter enclosed and has been divided
into six equal parts and is shifted through angle of 0e, 60c,
120, 1809, 240° and 300° respectively.

Vo

I
17
=

Vot

Fig3. Proposed Converter Topology

C. General Considerations and System Assessment

The assessment of proposed topology of Modular
Multilevel DC-DC Converter is done with subsequent
assumptions as determined below:

1. The switching systems of the converter are ideal.
2. In every sub-module, the parameters of all components

are identical.

3. There is refusal of dead time to the converter's
function.

4. The fluctuation in the capacitor voltage should be
ignored.

The switching frequencies of the entire sub-modules
switches would be similar and identical while the converter
is working in steady condition. As per the above
considerations, the standard voltage is presumed to be
identical transversely across each and every capacitor. The
converter operation takes place in two equivalent mode i.e.
model and mode2.
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Model: In model of converter operation all the upper
switching devices of each and every sub-module are turned
ON. The voltages across each of the sub module in model
can be calculated as follows

Vou =Vei +V, (1)

werei=1,2,...,6

The relation connecting the input voltage and output
voltage in this mode can be given by the equation
Vou =6V +6V -V, )
Mode2: In mode2 of converter operation the switch S1 is
boot out and the switch S2 is boot in, and thus the sub-
module consisting of capacitor C1 is deactivated. Therefore
the relation between the input voltage and output voltage in
this mode can be given by the equation

Vout = 5VCi +Vin (3)

werei=1,2,...,6
Consequently the average output voltage can be
calculated as

v 2 eV
out 2 (4)

D. Voltage Balancing of Sub-Modules

The major and foremost benefit of the proposed
converter is self voltage balancing ability across the
converter sub-module. Same as the variety of different
multilevel converter topologies MMCs also have
requirement of maintaining a balance of voltages around
the sub-module. Hence advancement and expansion within
the features of MMC includes the sub-module capacitor
voltage balancing in it. This characteristic draws
advantages from reduced converter voltage and current
losses, simpler hardware structure along with reduced
price. It also improves the reliability of the converter.
According to the previous analysis it has been observed
that the sub-module capacitors are constantly linked and
attached in series along the activated sub-module. Thus
each and every single capacitor tends to contribute high
voltages across through an identical and equivalent voltage
scheduled on all capacitors. As per the end result, the entire
sub-module capacitor is automatically balanced.

E. Comparison of Proposed Converter with Other
Converters

The comparison between the proposed modular
multilevel converter and other modular multilevel
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converter is presented in Table I. It has been seen that the
proposed converter has the same higher and acceptable
voltage gain as that of the modular converter presented in
[1]. The converter in [1] has sets of MOSFET as the
switching element in its sub-modules were as the proposed
converter has sets of diode and MOSFET connected along
with stray inductance in its sub-modules for the N number
of stages. From the point of view of number of elements
the proposed converter has one diode as a switching
element replacing the MOSFET in the sub-modules. Thus it
can be noted that the proposed converter has the same
voltage gain with high efficiency and reduced losses with
less number of elements at lower cost and minimal size.

Tablel: Comparison of the proposed converter with
other converter

S1

v

S3

\ 4

S5

v

Parameter Proposed Converter

Presented in [1]

Sub-module number 6 6
Diode 6 0
MOSFET 6 12

Input VVoltage 600V 600V

Output Voltage 6600V 6600V

Duty Cycle 0.913 0.913

Efficiency High High

IV. SIMULATIONRESULT

The idea of proposed version of half-bridge MMC was
being wverified by using MATLAB simulation. The
simulation is also done to validate and justify the purpose
of converter by the means of half bridge sub-module. In
order to attain a higher conversion ratio the proposed
converter is operating under phase shift PWM control
technique. As shown in figd the PWM signal for every sub-
module is been shifted through an angle of 0c, 60°, 120,
1800, 240° and 300° respectively.

113

S9

"l—l'

Su

.

Fig4: Phase-shifted PWM waveform

The simulation end result of the proposed MMC
converter consisting of six half bridge sub-modules is
shown in figs and fig6. The suggested half bridge sub-
module converter produces 1ltimes step-up voltage i.e.
producing a voltage of 6.6kV dc on the output terminal,
with an average standard capacitor voltage of 1.2kV. And
thus the voltage across each and every sub-module
capacitor is equally balanced.
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Fig5: Capacitor voltage waveform
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V. CONCLUSION

This paper introduces an unmarked and new transformer
less dc-dc MMC with phase shifted PWM control method
applied to converter operation, as more and more
individuals become involved by adapting and paying
attention towards prominent and superior conversion ratio
dc-dc modular multilevel converters. The converter
proposed in this paper uses the stray inductance, by
assembling the recommended converter as inductor less
converter. In addition, every sub-modules modular design
made it incredibly and extremely simple to preserve this
converter. This gives advantages from lower price, elevated
effectiveness, higher density of energy and larger
reliability. Moreover, the malfunctioned sub-module is
capable of being bypassed by utilizing the arrangement of
redundant sub-module, which enables the converter to
comprise of elevated tolerance capabilities. The simulation
outcome demonstrates that the converter with reduced
number of switches along with decreased standard device
switching frequency and decreased switching losses the
elevated and superior conversion ratio can be attained.
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