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Abstract:

The Boost converter is used for many applications, in hybrid electric vehicles, in
medical equipment, as renewable energy sources, as Power Factor Correction [PFC]
circuit, etc. This document proposes a new topology for the non-isolated threelevel
dc-to-dc boost converter. This proposed system has a high voltage gain compared to
the traditionalnon isolatedboost converter. The proposed dc-to-dcsystem is used in
photovoltaic applications to extract the highest and constant output voltage from
photovoltaics. The steadystate operation of the drive-in continuous conductionmode is
analysed with a feedback circuit to extract the constant voltage with a high voltage
gain for a resistive load. The performance of this proposed system is compared to the
traditional non-isolatedboost converter. The proposed system is also simulated within
the PSIM software to prove the calculations. The simulation results, show that the
converter is one of the most suitable solutions for photovoltaic production systems.

Keywords- DC-to-DCConverter, BoostNon-Isolated Converter, three-level, Voltage
Gain.

Introduction-Today, dc-to-dc converters are

and pushpull converter[10]. Non-isolated

employed in several applications, like converters are converters that does not have
inHybrid Electric Vehicles [HEV], in transformers in the topology. Therefore, they
sources of renewable energy technology, like are smaller, cheaper andcontrol is simple.
wind power plants, Solar Battery and Among transformer less  converters,
electrochemical cells, in medical converters that have a higher and constant
instrumentation and in servomotors, in output than the of the input voltage are
industrial circuits and as PFCcircuits, widely used. Due to the through connection

telecommunications. aeronautical and space
systems, industry and in mobile electrical
equipmentslike laptops andtelephones. The
switching command of the converter is
performed by modulating the width of
pulses(PWM) or changing the switching
frequency. The converters in  which
regulation is done by PWM are categorized
asnon-isolateddc-to-dcconverters, likestepup
(boost)  converter,  stepdown  (buck)
converter, stepup/down (buck-boost)
converter, and isolated power converters as
flypack  converter, forward converter,
halfbridge converter, fullbridge converter
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of the inductor to the supply and the smaller
output capacitor and the smaller size of the
output filter, the safety of the switch against
Electro-Magnetic  Interference (EMI) and
overvoltage, a reduced amount of stress on
the circuit elements, highereffectiveness,
better  transient  response are  the
characteristics of non-isolated converters.
Therefore, these converters find their use in
severaldc-to-dc applications insources of
renewableenergy and PFC and LED devices
and are used to improve the quality of energy
in industrial circuits.
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The introduction of a new structure,
performance analysis, stability analysis,
modelling, and controller design for these
converters are points of great attention to
authors. In topology [1-2], converters based
on stepup dc-to-dc (boost) has been
presented to attain a maximum output
voltage with a minimum number of
switching elements. To improve thevoltage
at the output of the traditional step-up
converter, various new topologies and
techniques are used, in particular the
Capacitor Switching (SC) technique [4] and
united with other dc-to-dc converter
topologies [3] and Voltage Lift technique
(VL) [5-6]. The SC technique integrates
numerous switches and capacitors with a
minimum number of inductors, making it
possible to easily reach an increase in the
output voltage. However, this technique
increased complication due to the multiple
switches and increased the current across the
switches. To reduce the current, coupled
inductors have been used, which in turn have
increased the size, in turn the cost of the
converter and is therefore not very
widespread. In [3], several converters have
been allied in series-parallel combinations to
obtain higher performance than the input,
used in particular for applications of
sustainable sources of energy. But because of
the increase in size, costs and complexity of
control have increased. Finally, the VL
technique based on the parameters of the
inductance and capacitor circuits was
introduced, with energy storage
characteristics and a reduced voltage in the
switches, and various new topologies were
presented. A topology was proposed to
increase the output using the least number of
elements using the VL technique [7-9] and
was compared with traditional topologies
and other proposals. Meanwhile, the new
topology with one power switch and two
power switches has been proposed,
respectively, in [10] and [11].

In this document, a new topology for
the transformer-lessdc-to-dc converter has
been proposed using the VL technique to
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achieve an voltage at the output higher than
that of input. In this document, the
performance of the novel transformer-less
boost converter is analyzed, then the current
and voltage gain of the converter are
calculated and compared with the
traditionaltransformer-lessdc-to-dc
converter. This converter has the smallest
input inductance value compared with the
traditionalDC-to-DCboost  converter. The
proposed converter is analyzed with the
feedback path to get a constant output
voltage. Finally, this proposed converter is
simulated within the PSIM software to
confirm the calculations. The simulation
outcomes show that the proposed converter
is one of the most suitable solutions for
photovoltaic production systems.

The Proposed Structure —The proposed
topology of the three (n) level transformer-
lesspulse converter is as shown in Fig.1. It
includes 2 switches, four (n+1) inductive
reactance, seven (2n+1) diodes and four
(n+1) capacitors. In the presentedconverter,
eachboost legcomprises of an inductor, a
capacitor and two power diodes. The
topology can be extended to "n" number of
stages. The switch operation is done by the
PWM method and works complementary to
each other.
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Fig.1: Proposed Boost Converter.
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To make simpler the analysis of the
converter,following conventions  were
considered:

e Converter operates in stable state, so
output V, is constant.

e The C; and C, capacitances are huge
enough that the voltage across them in
each period isunaffected.

e All diodes, switches used are considered
ideal.

The power switch,S; is ON and the
power switch,S, is OFF. Then, power diode
D, is forward biased and diodes
Dy,D,,D3,D, Ds and Dy are reverse biased.
The inductors L4,L,, L3, L, and capacitors
C;, C,, C5 are linked in sequence, and hence
their energy stored decreases. This stored
energy is discharged into the output
capacitor C,. Therefore, the output voltage
Vo increases due to series connection of the
capacitors.

The switch,S;, is ON and the
switch,S; is OFF. Then, diode D, is reverse
biased and diodes Dy, D,, D3, D4 Ds and Dy
are forward biased. The
inductors,Lq, Ly, L3, Ly and
capacitors,Cy, C,, C5 are linked in series, and
hence theirenergy gradually increases. The
output capacitor C, discharges.

The voltage gain equation is gives as,

Z_Oi - _D(13—D) - (D
The critical inductance L., is given as,

Ly = ZEDR D ey
The critical inductance values for other

inductors are given as,

D?(1-D)R _ V,RD
2nf 2V, f

Wheren=2, 3, 4.

.. (3)

LCn =

The current gain equation is as follows,
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I 3
I, D(@-D)

. (4)

Assuming the ripples in the inductor currents
and the capacitor voltages are small, hence
are neglected.

Inductor currents equals to,

IL1 = Ii (5)
I, = 3, ... (6)
Wheren=2, 3, 4.

Diode current,
Ip, = 3, )

Output capacitor voltage,
V., =V, - (®)

Current through switches,
IS = IL _IC = IL1 + ILZ (9)
... (10)

1 1 1

IS = ILZ

2

Maximum Peak current of power switchsS; is

given as,

Igp, = GRV;j eE
!\/Ia>_(imum Peak current of power switch S;

is given as,

Isp, = 22 .. (12)

Evaluation of Proposed Converter with
the Traditional Converter —

In this section, proposed transformer-
less boost dc-to-dc converter is compared
with other topologies presented previously
and is represented in Table.l. This
comparison is made by in view of same
situationsof V;, D and f (such as V; = 12V,
D =0.5, f = 10kHz).
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Table.1: Comparison Of Different Converters

V,
Topology No.of | No.of No.of | No.of Gain ( _o)
Switches | Inductors | Capacitors | Diodes Vi
Traditional Boost 1 1 1 1 1
Converter -0
Presented in [7] 1 2 3 3 (14D)
(1-D)
Presented in [8] 2 3 3 4 2
D(1-D)
Presented in [9] 2 2 2 2 1
D(1-D)
Presented in [10] 2 1 3 2 (14D)
Presented in [11] 1 2 5 6 |n(3D+2)+(2-D)
2(1-D)?
Proposed topology 2 2 2 3 1
with 1% stage only b(1-D)

From the table it can inferred that

e Though the quantity of elements in
proposed converter and in the one
presented in [7] are equal, the gain of
presentedtopology is high.

e With the same number of switches as in
converter presented in [10], the gain of
presented topology is higher.

e The proposed topology requires one extra
diode compared to the converter
presented in [9] for same voltage gain.
But the converter topology presented in
[9] has limitations in D.

e Although the topology presented in [11]
has high voltage gain compared to the
converter topology presented in this
paper, the number of elements used in
the topology of [11] is more.

Closed Loop Analysis —

In this section, the threelevel non-isolateddc-
to-dc converter is simulated with the
feedback path as shown in Fig.2.
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Fig.2: Closed loop Analysis of the Converter.

The closed analysis is done by the PI
controller. The gain of the proportional and
the integrator block is calculated using
Ziegler-Nichols method.

Simulation Results —

In the following section, simulation
outcomesof the converter,in fig.1, are
provided. Parameters for the simulation are
given in the Table.2.

Table.2: ParametersConsidered for Simulation.

Parameters Values Unit
Duty D= -
Cycle 50%

R 100 Q
Lq 17.36 uH
Ly, L3, Ly 208.33 uH
Ci1, C3, Cs 68 uF
C, 47 uF
V; 12 \Y/
f 10 kHz
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(c) Current across Switches, (d) Current through the
Inductors.
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Fig.2: Simulation Outcomes of Proposed Converter

: (a) Gate Pulses to the switches (b) Output Voltage
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) Conclusion-
WWW\(W\NWW\(WWW\N\(\ In this document, a new topology of three
level transformer-lessdc-to-dc converters is
- " . " “ proposed.  This  converter has the
(b) characteristic of a high voltage gain. The

theory presented was verified by the results

of the converter simulation. Furthermore, the
’/ ,/ F ‘/ F }/ }/ quantity of circuit elements and power

switches of the proposed converter is
compared with other pulse converter
topologies presented on the basis of the VL
’—j technique and the voltage gain variations
- have been analyzed for the same voltage
(© input and for various working values, duty
cycle, D. Consequently, the converter

/WVVVWW\/WVVWVVVVWWV\ produces a higher gain for the same input

and duty cycle, D. As,V; =12 V, F = 10

kHz, D = 0.5, the theoretic concepts are
TMAMAMAMAAM/MNMNUW confirmed with the results of simulations. As
calculated, the average output voltage is 144

AV -V ina steady state.
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