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This work deals with a novel high step-up isolated DC-DC boost converter proposed with
the help of a couple of inductors. At present, eco-friendly vehicles like Electric-Vehicles
(EVs), Hybrid Electric Vehicles (HEVs), and Plug-In Electric Vehicles (PEVs) are effectively
used as a feasible solution for achieving high efficiency over fossil-fuel operated
vehicles, releases low emissions, global warming, noise-less, low maintenance, so on. In
general, the vehicles like Internal Combustion Vehicles (ICE) are propelled by using fossil
fuels like petrol, diesel, gasoline, and so on. But the efficiency is very low in this system
because of the usage of hydraulic and mechanical components which requires more
maintenance, high fuel consumption, toxic emissions, and so on. To overcome these
challenges a novel Isolated DC-DC converter has been proposed adopted from Zeta
converter with slight modifications. The proposed isolated DC-DC boost converters are
used in many applications, due to high step-up gains, low duty ratios, high efficiency,
low EMI loss, and low switch stress, so on. It has high power capacity, greater reliable
features, and a modular, compact size best suitable for vehicular applications.
Employing the high turns ratio of coupled inductor attains high voltage step-up gain as
well as the secondary winding is in series with a switched capacitor for obtaining
increased voltage level. Following is a detailed description of the proposed Isolated DC-
DC converter: (a) The energy in connected inductor leaky inductors may be recycled,
increasing overall system efficiency and reducing voltage spikes. (b) Using linked
capacitor and switched capacitor methods maximizes the conversion gain ratio. (c)
Creates an isolation channel while the solar PV arrays are not working, preventing
electric risks to humans. The performance of the system is studied in the simulation
environment.

1.Introduction

In recent years DC-DC converters in energy storage systems play a vital role in electric vehicles
to transfer power from low input voltage to high output voltage and vice-versa. Initially, there are
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different topologies like boost, buck, and buck-boost DC-DC converters in energy storage systems
(Fuel cells, Super capacitors) were introduced by many researchers [1-3], which are operated with
hard-switching conditions under various circumstances input, output, etc. However, these
converters have more conduction losses, switching losses, and poor efficiencies.

To enhance converter effectiveness, the literature focuses on soft-switching versions of zero
voltage/zero current. Non-isolated converter [4] has developed a new nonlinear inductor based on
magneto-rheological fluid (MR) to improve efficiency for light and intermediate loads.The proposed
coupled inductor can be utilised as a transformer in non-isolated high-voltage gain converters. By
choosing appropriate turns — the ratio of coupled inductors, the voltage gain of the converter is
increased. The leakage energy of the coupled inductors can be retrieved which leads to increase the
overall system efficiency. These converters have small current ripple that leads to reducing
EMI[5].High-voltage and efficient power converter topologies equipped with the simple and
practical controller circuits are necessary, especially for integration between the low-power and
low-voltage renewable energy sources (RESs) like the photovoltaic (PV) arrays and the grid. [6]

The bidirectional converter can operate in discontinuous conduction mode, reducing inductor
size and achieving a lossless snubber capacitor for zero-voltage turn-on and turn-off. Similarly, by
utilizing the passive lossless snubber capacitor and a single resonant inductor with a conventional
non-isolated BDC [7], the zero voltage switching turn-on operations are obtained with 97%
efficiency at 3kW output power. Then the research also focused on auxiliary edge resonant cells
(passive plus active) incorporated with conventional converters [7] obtained lossless 97% efficiency
by the ZVS turn-on technique. [8] proposed structure can ensure an enhancement in voltage gain
by eight times for duty cycle of 50% that is much more effective than a conventional boost
converter that can gain the input voltage to two times at the output of the converter. The higher
amounts of the DC voltage gain are possible by adding the novel and efficient switched capacitor
(SC) blocks. To achieve high output power from the converter, the design can be multiple numbers
of phase’s i.e. parallel connection of converter modules. For battery charging applications in hybrid
vehicles, a hard-switched isolated dual half bridge [9,10] is interleaved to obtain 1.5 kW output
power at 60 kHz. Non-isolated multi-phase bidirectional converters [11] are interleaved to attain
30kW as the output power, which is operated under hard-switching conditions. Similarly, a dual-
phase interleaved converter [12] topology is implemented on hard-switching with modal predictive
control (MPC) to reduce the switching transition between charging/discharging and to balance the
two inductor currents. A switched-capacitor-based quadratic single-switch power boost converter
to obtain the high voltage gains and low voltage stresses across the power components and
decrease the complexity of the controller designs was explained in [13].

There is a significant demand in the current research scenario for soft switching ZVS or ZCS
converters to power storage applications, most notably effective use of sources switching from
batteries, fuel cells, and super capacitors, but also an efficient application of energy storage
resources [14,15].This research focuses on soft turn-on-based two-phase interleaved bidirectional
converter to limit the currents of inductors, and ripple produced by the batteries and increase the
life cycle. An auxiliary resonant cell [16-23] was used in a boost converter to minimize switching
stresses and reduce size and cost. Battery storage systems in DC traction vehicles consist of stacked
super-capacitors, with each battery supplying 125V to the non-isolated converter. The output
voltage from the converter is used as input to the isolated FB converter, which generates the
source voltage for the inverter controlling the drive-in electric vehicle. [24] explains switched
capacitor (SC)-based single-switch DC-DC boost converter structure operating under the high
voltage gain and the low duty ratio is proposed using the Pl control technique. With the proposed

93



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 48, Issue 2 (2025) 92-104

converter, an output voltage of 10 times greater rather than the input voltage is obtained at 0.57 of
the duty cycle.

2. Methodology
2.1 Proposed System Description and Principle of Operation

The Isolated DC-DC converter proposed in Figure 1 is based on a Zeta converter, but the input
inductor is replaced with a coupled transformer or coupled inductor. The high turns ratio of the
coupled inductor achieves a high voltage step-up gain, and the secondary winding is in series with a
switched-capacitor for obtaining an increased voltage level. The coupled inductor is configured with
a MOSFET switch Sal and the N1, N2 are the primary and secondary windings of the coupled
inductor. The coupled inductor N1 consisted of magnetizing inductor Lam and the primary leakage
inductor is LKal and the secondary leakage inductor is Lkaz, the diode Da1, and capacitor Ciiact as
recycling energy storage elements from N1. The N, secondary winding is integrated with another
set of diodes Da2 and capacitor Ca, all these are in series formation with N1. The load-side rectifier
diode Da.3 interconnects to load side capacitor Csz and load R.. The operating features of the
proposed Isolated DC-DC converter are clearly described below:

1) The energy in leakage inductors of a coupled inductor can be recycled, increasing overall
system efficiency and preventing voltage spikes.

2) The conversion gain ratio can be maximized by using either the coupled capacitor or the
switched capacitor techniques.

3) The switch creates the isolation path when the solar-PV arrays are in non-operating
situations, preventing any electric hazards to human beings. The proposed Isolated DC-DC
converter is working in CCM operating mode and steady-state analysis is presented in the
following sections.

Da2
—_— iDa2
. 4 Vbs — . Ca1
e e EPRE N | I G
L v I I
_ISal + PS N1 Caz
+ vLam Lam
__? Vin xDal
- 1iLam
Lxa1 1iLKa1 tiDal
@ 9

Fig. 1. Schematic configuration of proposed isolated DC-DC converter
The individual operations of this converter are explained with the help of Figure 2(a-e). The

theoretical voltage and current waveforms are shown in Figure 3. According to Figure 3, there are
five modes in each Ts. The following are the details of these modes:
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Mode-A: (to, t1)

In this Mode-A, switch Sa1 is Switched-On, and diode Da; is in forward bias, then the secondary
side leakage inductor Lka» is predominantly supporting energy to Cs; capacitor. The current of
magnetizing inductor i.am is decreasing due to the input voltage Vin applied on Lsm magnetizing
inductor and Lka1 leakage inductor. Meantime, Lam is supporting energy to the secondary winding of
coupled inductor charging the capacitor Csxconcerning decreasing the charged current in Da; diode
Ipa2 and capacitor current ic.. The secondary side leakage inductor’s current i is diminishing the
with accorded to turns ratio as iLam/n. Once the increased current ika1 equals the decreasing current
iLam at transition t=ti, this mode-A completes. The working mode-A is depicted in Figure 2 (a).

iLam (t) - iLKal

irka2 () =
(1)
+ Vps —

ips, —id—
R S =5 ;
| ] .
: Sal : +

—Lie Via -
e— T. Vin é Vo

1 ] L]
| ] v
. H B
: Lxa ;
E T Y =

Fig. 2. (a) Current directions in proposed isolated converter working mode-A in CCM operation
Mode-B: (ty, t2)

In this Mode-B from Figure 2 (b), switch Sai1 is Switched-On and diode Das is in forward-bias, the
input voltage Vin is in series with capacitors Ca1, Caz, leakage inductor Lka2 and secondary winding N»
is used to charge the load-side capacitor Ca3 and achieves load voltage as constant, meantime the
magnetized inductor Lam is also energizing from input voltage Vin. The current iam, ika1 and ipa3 are
linearly increased due to Vi, is crossed over the inductors Lka1 and Lam and also primary winding Nj,
then the inductors Lka1 and Lam storing energy from input voltage Vin. Meantime, Vi is in series with
secondary winding N2 of coupled inductor and Ca,1, Ca2 capacitors are ready to discharge energy to
load-side capacitor C,3 and Ri-load, leads to increasing the current in iika1, iLam, ipa3 and ips. This
mode-B completes when the switch Sa1 is switched-OFF at t-t,.

di g (1) _ dip,; (1) _ I+ +Veu +Vean
dt dt Ly.s

(2)
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ig. 2. (b) Current directions in proposed isolated converter working mode B in CCM operation
Mode-C: (t2, t3)

In this Mode-C from Figure 2 (c), switch Sa1 is Switched-OFF and diode Da1, Das is conducted in
forward-bias, the secondary leakage inductor Lkaz is supported to charge Ca3 during switch Sai is in
OFF-state. The stored energy in leakage inductor Lka1 flows towards the diode Da1 supports charging
the Ca1 capacitor instantly during switch Sa1 is in OFF-state. Meantime, the leakage inductor
Lkazfurnishes current path towards the previous mode and it is in-series with capacitor Ca; to
support load side capacitor C,3 charging and achieves the R, load. The voltage across switch Sa1 is
added with Vi, Viam, Vika1, then the currents ika2 and ika1 suddenly decreasing due to current in
Lamis received from Lka2. Once the current in leakage inductoriikas2 attains to 0, then this mode-C
completes at t-ts.

Iy (1)=0 (3)

dipgqr (1) _ dip,s () _ W iam +Vear Vo

iLKa2

Vin

0

W

I
- .

= (c)
Fig. 2. (c) Current directions in proposed isolated converter working mode C in CCM operation
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Mode-D: (t3, ta)

In this Mode-D from Figure 2 (d), switch Sa1 is Switched-OFF, and diode Dai1, Daz is conducted in
forward-bias, the stored energy in magnetizing inductor Lam simultaneously supporting to charge
capacitors Caz and Ca1. The currents in ika1 and ipa1 are slowly decreased due to the current in the
leakage inductor travels towards diode Da1 and continuously charging the capacitor Csi. The
magnetizing inductor Lam is discharging its energy through N1 and Da» charges the capacitor Ca.
Then the stored energy in Cas is discharges to Ri-load constantly. The voltage across switch Sa1 is
same as previous mode-C, the currents ika1 and ilam are slowly decreasing but the current ipaz is
increased, then this mode-D completes when the current in ika1 comes to zero at t-ta.

[am (8) = i gy () =i gy (2)

(5)

i
DS

4

: Vin

Fig. 2. (d) Current directions in proposed isolated converter working mode D in CCM operation

Mode-E: (ts, ts)

In this Mode-E from Figure 2 (e), switch Sa,1 is Switched-OFF, and diode D, is conducted in
forward bias, the magnetizing inductor Lam is constantly supporting energy to capacitor Cs. The
current in magnetizing inductor iLam is slowly decreased due to energy flows continuously through
coupled inductors N1 to N2 and Daz to charge the capacitor Ca2. The stored energy in capacitor Cas is
constantly and slowly delivering to Ri-load. Then the voltage across switch Sa1 is the addition of
both Viam and Vin. This completes when switch Sal is switched-on at starting of the next transition
period.

ips

Fig. 2. (e) Current directions in proposed isolated converter working mode E in CCM operation
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Ik (=0 (6)

diLKa2 (t) — nVLam + VCaZ

dt LKaZ (7)

The steady state analysis of proposed Isolated DC-DC converter for EV system considering the
mode-B and mode-D for CCM operation, ignoring the primary, secondary windings, leakage
inductances, the respective equations is written from Figure 2 (b),

Viam =Vin (8)

Vo =nVy, (9)
During mode-D, the respective equations can be written as seen below;

Viem =Vea (10)

Vo =nVeys (11)

Applying the voltage-second balance principle on magnetizing inductors Lam yields,

DT, T,

jV,.,,dH I—VCaldtzo

0 DTs (12)
or, 7,

j nV, dt + J—VCazdt:O

0 DTs (13)

Then the voltage across the capacitors Ca1 and Ca are attained as follows;

Vey =——V,

Cal 1-D in (14)
nD

Vews = ——V,

Ca2 1-D in (15)

During mode-B, the voltage across load is V, =V, +V .. +V,+ as depicted as,

nD _1+n

D
Vo=V, +——=V, +nV, +——V, V.
1-D 1-D

in

1-D (16)

m

The output voltage gain M of proposed Isolated DC-DC converter can be represented as
follows,
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(17)

The main time waveforms of the proposed converter in CCM operation is shown in Figure 3

Vas —
ips /
Vbps
t
iLam
iLKa1 ~
iLKa2 é
M t
i E.\'/—/— 4
ipa1 i
t
iDaZ i .
ipas 1pa3 ipa2 .
tolit, t2ii taita ‘ts
DTs i (1-D)Ts
Ts

Fig.3. Typical waveforms of proposed isolated DC-DC
converter in CCM operation

Efficiency calculation:

To calculate the efficiency of the presented converter, the parasitic resistances of components
are expressed as follows:

e ON-state resistance of power switch (P1)

e ESR of inductors Lam, Lka1, Lka2 (P2)

e ESR of capacitors Ca1, Caz, Ca3 (P3)

e Forward voltages of diodes Da1, Da2, Da3 (P4)

The efficiency of the proposed converter can be calculated as follows:
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P
UCOV = : *100%
Py, + AP (18)

where AP = P1+P2+P3+P4

3. Results
3.1 Simulation Analysis

The performance of the Proposed Isolated DC-DC boost converter powered by Solar-PV system
is evaluated under different irradiance conditions by using Matlab/Simulink tool with the help of
system parameters illustrated in Table 1. Figure 4(a) shows Solar-PV Output Voltage, and Figure
4(b) DC Output Voltage. The Solar-PV array generates the 40V as input voltage to proposed isolated
DC-DC converter; it converts input 40V into required 400V output voltage as a step gain of 10%.

Table 1
Operating parameters
Parameter Value
PV input voltage Vov-40 V, Ppy-8KW
Proposed isolated DC-DC converter Vi-40 V
Vo-400V
Fs-50 KHz
C31= Ca2-47HF,
Cas- 1000 pF

PV OUTPUT VOLTAGE
50 ! : ! l ‘ :

2 : : : :
= : : : : :
>

A0 .......................... .......................... ................................................................. -

30 i I i i i i
0.15 0.2 0.25 0.3 0.35 0.4
TIME (S)

Fig. 4. (a) Solar-PV output voltage
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DC OUTPUT VOLTAGE
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Fig. 4. (b) DC output voltage
3.2 Comparative Analysis

The comparative analysis of conventional DC-DC boost converter, classical non-isolated, and
proposed isolated DC-DC converter is illustrated in Table 2. In that, the conventional DC-DC
converter requires high input voltage furnishes by solar-PV arrays as 200V produces a DC output
voltage of 400V with a voltage gain is 2%. It requires high space requirement for placing solar-PV
arrays and highly complex circuitry, high cost, etc. The classical Non-Isolated DC-DC converter
requires medium input voltage furnishes by solar-PV arrays as 150V produces a DC output voltage
of 400V with a voltage gain is 2.7%. It requires moderate space requirement for placing solar-PV
arrays and highly complex circuitry, medium cost, etc. As well as the proposed Isolated DC-DC
converter requires very low input voltage furnishes by solar-PV arrays as 40V and produces a DC
output voltage of 400V with a voltage gain is 10%. It requires low space requirements for placing
solar-PV arrays and low complex circuitry, low cost, etc. The current ripples of the conventional DC-
DC boost converter is 1.39% and classical Non-isolated DC-DC converter is 0.6%, and the current
ripples of the proposed Isolated DC-DC boost converter attain low ripple content in current is
0.02%. The proposed Isolated DC-DC boost converter has better features over the conventional and
classical non-isolated DC-DC boost converter on various factors. The graphical view of performance
analysis on conventional, classical non-isolated DC-DC boost converters and proposed Isolated DC-
DC boost converters are depicted in Figure 5.

Table 2
Comparison of conventional, non-isolated, and proposed DC-DC boost converters
Conventional DC-DC Non-isolated DC-DC Proposed isolated DC-DC

Parameter

boost converter boost converter boost converter
Input voltage Vin-200V Vin-150V Vin-40V
Output voltage V,-400V V,-400V V,-400V
Voltage gain (%) 2% 2.7% 10%
Ripple current 1.39% 0.6% 0.02%
Switch stress High Moderate Low
Efficiency Low Moderate High
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Fig.5. Graphical view of performance analysis of conventional DC-DC boost
converter, non-isolated and proposed isolated DC-DC boost converters, (a)
Input and output voltages, (b) Voltage gain and current ripples

Table 3 shows the performance of the proposed converter with number of components, voltage

stress on the switches and voltage gain is compared with other similar converters.

The proposed converter has high voltage gain and low voltage stress on the active switches
when compared with other similar converters. The voltage stress on the diodes for the proposed

converter is less among the compared converters when the turns ration less than 2.

Table 3
Comparison of proposed converter with similar converters
Parameter Converter[21] Converter[22] Proposed converter
No. of switches 2 2 1
No. of diodes 6 4 2
No. of cores 2 3 1

o o o
2+ ND(1- D) 2(1+ N) 2(1+ N)

Voltage stress



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 48, Issue 2 (2025) 92-104

2 2
) —Z [+ N] I+ N
1-D 1-D 1-D

Voltage gain ND +(

4. Conclusions

The performance of the isolated DC-DC boost converter driven by solar PV was examined under
changing irradiance circumstances. The proposed isolated DC-DC boost converter converts the
solar-PV voltage of 40V into a high step-up voltage of 400V with a step-up gain of 10%, and it is
operated in a closed-loop control system to provide constant and precise output parameters. To
stimulate performance evaluation of the suggested system, good operational statistics over the
standard DC-DC converter, classical Non-isolated DC-DC boost converter, and data obtained by
utilizing the Matlab/Simulink tool have been compiled and presented in detail. The suggested
technology is appropriate for an EV system since, in an electric vehicle, space is a critical
consideration, and the isolated DC-DC converter requires a minimal number of solar-PV arrays. It
also achieves high output voltage at low duty ratios, which reduces dv/dt switch stress. It also has
minimal current ripples, low switching losses, and high efficiency, among other characteristics.
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