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Abstract—In this study, we present a multilayer DC-DC
converter design that was inspired by biology for the
purpose of speeding the charging of plug-in hybrid
vehicles and electric vehicles (EVs and PHEVs). The
unregulated power from the front-end ac-dc converter is
sent to the dc-dc converter's specified bioinspired design,
where it is then utilised by the EV propulsion battery. A
bio-inspired, multilayer, isolated dc-dc converter as a
technique to allow quick battery charging for electric
vehicle batteries is suggested. This converter would be
isolated and would have bio-inspired layers.

Index Terms— Multilayer DC-DC converter, bioinspired
design, plug-in hybrid vehicles

I. INTRODUCTION

There has been a notable increase in the number of
individuals driving electric cars [1,] which may be
attributed to the growing concerns over the effect that
emissions from automobiles have on the environment.
(EVs). Itis anticipated that electric cars would account
for thirty percent of the market by the year 2030 [2].
The ever-increasing market share of electric vehicles
calls for persistent enhancements to the infrastructure
used for charging such vehicles. Direct current fast
charging (DCFC) stations, vehicle on-board chargers
(OBCs), and electric vehicle supply equipment make
up the vast bulk of the existing charging infrastructure
(EVSE). In-vehicle chargers are by far the most
prevalent kind of charging source, and they can be
found in the great majority of vehicles [3]. They are
also the most convenient type of charging source.

Il. PROPOSED METHODOLOGY

Figure 1 provides a representation of the multilevel dc-
dc architecture in the form of a schematic diagram.
The output of the front-end ac-dc converter is wired to
a full-bridge network, which consists of MOSFETs Q1
and Q4, and is linked to the network. The DC bus is
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connected to this output right here. On the battery side
of the circuit, in addition to a number of switches and
diodes, there are also two voltage doubler rectifiers,
which are designated by the numerals D1-D2 and D3-
D4, respectively (Q5, D5, and D6). These components
are used to shift the outputs of the voltage doubler into
series and parallel, which enables a wide range of
voltage levels to be given. The needed resonance
frequency served as the criterion for determining
which of the four capacitors, C1 through C4, would be
used to construct the voltage doubler. These capacitors
are identical in every respect. By using a high-
frequency transformer that consists of three windings,
both the direct current bus and the battery are
maintained galvanically separated from one another
(HFT). The voltage that is produced as a consequence
of the phase-shifted action of the legs of the full-bridge
circuit represents a square wave. This phenomenon
may be seen. Because of the adjustment made to the
intermediate switch, the rectified outputs of the
voltage doubler are subjected to synthesis, which
results in the production of a multilayer voltage that is
produced at a frequency that is twice as high as the
switching frequency. This voltage is produced at a
frequency that is twice as high as the switching
frequency (Q5).
Bioinspired Model

Fitness optimization for
improving conversion

) efficiency under
different application
scenarios

(::I Feedback for learning
and continous tuning
operations

Figure 1. Design of the proposed model for efficiency
optimizations.
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It is assumed that there are no parasitic series
resistances, that all of the capacitors C1-C4 have the
same value, and that the voltage and current induced
on the two secondary windings Ws1 and Ws2 are the
same regardless of the application that is being
considered. In addition, it is assumed that there are no
differences in the values of the capacitors. Every one
of these factors is taken into consideration. Within the
confines of a single switching cycle, the functionality
of the converter may be partitioned into a total of 10
distinct modes, as can be seen in the illustration. Due
to the fact that the functioning of the converter is
symmetrical around a half-wave, just one half of the
processes that occur during the switching cycle will be
addressed in this article. The comparable circuits that
are used by the converter in each of its many modes of
operation are seen in the figure sets.

Mode 1 encompasses t0, t, and t1 in its definition (10,
t, and t1) After the conditions for zero voltage
switching (ZVS) have been met, the switch Q1 will
become active very early on in this mode. As a
consequence of the charging and discharging of the
output capacitor, the gate signal for Q2 was blocked
prior to the switch being made to this mode, and
during that time, an antiparallel diode was connected
to Q1 (controlled by the cos values of switches Q2 and
Q1, respectively). Because of this, the total conversion
efficiency will be boosted over a broad spectrum of
application circumstances as a direct consequence of
the use of bioinspired optimization with continuous
feedbacks, which will improve these model parameter
sets.

On Board Charging Process

The BLIL PFC boost converter [20-23] utilizes the
following components to carry out this process: four
inductors (L1, L2, L3, and L4), four power MOSFETs
(Q1 to Q4), four diodes (D1 to D4), and an
intermediate DC link capacitor (C01). As the name
implies, the diode bridge rectifier has been eliminated
from the circuit. The four channel interleaving boost
converter exhibited much less input current ripple than
the standard interleaved boost converter. Input current
is equal to the sum of the currents flowing via
inductors L1/L2 and L3/L4. As a result of the fact that
the ripple currents in the inductors [L1/L2 and L3/L4]
are no longer in phase with one another [24], the ripple
of the input current has been substantially reduced.
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Interleaving reduces electromagnetic interference
(EMI) in a circuit, along with current stress on the
devices and ripple in the output capacitor [25]. For the
development of the BLIL boost converter, the PFC
control algorithm is used. This enhances the power
factor and power quality of the input current in
accordance with IEC standard 61000-2-3. Moreover,
the voltage across the load may be adjusted to the
desired level. There are several strategies for forming
the PFC [26, 27], including the boundary conduction
mode (BCM), the continuous conduction mode
(CCM), and the discontinuous conduction mode
(DCM) (DCM). In boost PFC converters, the
management of the average current mode, often
known as ACM, is commonly regarded as one of the
most effective means of achieving high power factor
and little distortion. + This solution has the drawback
of requiring the detection of input current, input
voltage, output voltage, and a multiplier circuit, which
makes the circuit more complex. Whenever there is an
interruption in the line voltage, the ACM control
mechanism will make the necessary adjustments. This
will result in an increase in the output voltage's
resistance to supply line variations. The system
requires a considerable number of switching cycles to
attain a steady state since the outer voltage loop reacts
slowly to transients. However, these drawbacks may
be eliminated by using a nonlinear control approach.
Resettable integrator control is used to govern the
CCM mode-operating BLIL boost converter that is the
subject of this study. The resettable integrator (RI)
approach is presented for use with converters that
operate at a constant frequency [28-30]. +is control
does not require an input voltage sensor, multipliers,
or an input current error compensator. The opposite of
average current mode control. This control strategy
enables for the reduction of harmonics while still
monitoring transients, which is a considerable benefit.
In this stage, the output signal is blended until it is
nearly equivalent to the reference signal. Both the
frequency of the input signal, x(t), and the frequency
of the reference signal, Vr(t), may be regarded as
constants even though the switching frequency of the
converter, f0, is much greater than both of these
frequencies. The output variable's settings should be

y(t) for real-time scenarios.
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Figure 2. The on-board charging processes

Off Board Charging Process

Figure 3 depicts the converter's proposed architecture.
The suggested construction consists of five elements
in total, as shown in the following figure: two power
electronic switches, two inductors, three capacitors,
and three diodes. The suggested architecture is
switched using the PWM technique, and the switches
used to turn them on and off complement one another.
The suggested architecture has a sizable voltage gain
and does not need the use of a high-frequency
transformer; nevertheless, its main disadvantage is that
it requires challenging switching conditions. The
energy storage element feature, which includes
capacitors and inductors among other parts, is used to
achieve the advised converter voltage gain. The
following conditions are presumed to be true in order
to streamline the analysis: (a) the converter is
operating in steady state, which means that the output
voltage Vo is constant; (b) the capacitors are
sufficiently large for their voltage to remain constant
throughout each switching period; (c) all switches and
diodes are perfect; (d) equivalent series resistance
(ESR) ESR is ignored; and (e) the isolation of the
system is completed before the converters.
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Figure 3. Design of the off-board charging process
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I11. CONCLUSION

A bio-inspired, multilayer, isolated dc-dc converter
as a technique to allow quick battery charging for
electric vehicle batteries is suggested. This converter
would be isolated and would have bio-inspired layers.
Because of the design of the voltage doubler and the
ability to reposition the voltage doubler units in series
or parallel by adjusting an intermediary device that
produces multilayer voltage, the proposed converter
may have a high voltage gain and a wide voltage
range. These features are made possible by the
construction of the voltage doubler. The better power
conversion efficiency that has been noticed as a
consequence of its employment may be attributed to
the recommended modulation approach, which
enables full-bridge devices to engage in soft
switching. This has been made possible as a result of
the utilization of the technology.
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