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The electric vehicle (EV) is increasingly emerging as an attractive solution to
reduce reliance on fossil fuels in India. In commercial EVS, solar photovoltaic
(PV) technology is employed both to charge the battery and power the vehicle.
However, the conventional bidirectional DC-DC converter layout results in
underutilization of solar PV power when the battery's state of charge (SOC)
reaches maximum capacity. This work offers a unique dual input super boost
(DISB) DC-DC converter designed specifically for solar-powered electric
vehicles (EVs) to address the aforementioned challenge. The recently
suggested converter operates in six different modes to effectively capture solar
photovoltaic (PV) power. Notable benefits of this design include a wide range
of speed control and fewer conduction devices in each mode, which eventually
result in increased overall efficiency. An extensive analysis of the suggested
DISB DC-DC converter is carried out by the study, encompassing detailed
examination of operating waveforms and dynamic evaluations. Furthermore,
the converter's performance and operation under the six different modes are
verified through simulation.
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1. INTRODUCTION

In contemporary times, electric vehicles (EVs), and solar-powered EVs (SPEVS) [1], plug-in hybrid EVs
(PHEVs) [2]-[6] have gained significant popularity, leading to substantial business expansion. The Indian
government, in particular, has prioritized SPEVs to combat pollution and achieve financial savings by reducing
dependence on fossil fuel imports. Power electronic converters have a vital function in electric vehicles (EVs),
supplying essential power for acceleration, storing and harnessing solar energy, and capturing energy during
regenerative braking. Previous discussions have explored the combination of supercapacitors and batteries for
PHEVs, and there is a growing interest in integrating fuel cell (FC) [7]-[9] technologies with other energy storage
mediums. Several bidirectional battery charging topologies for PHEVs have been investigated to improve
performance and unit sizing for optimal operation [10].
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Different mechanisms, such as fast charging/discharging with an intelligent monitoring system (IMS)
and peak current or predictive current control techniques, seemed implemented to enhance EVs' dynamic
performance. Several converter configurations have been suggested to optimize EV performance, including
multiphase converters with four unsymmetrical voltage ports [11]-[13]. However, these configurations often
involve a higher quantity of inactive components, impacting operational effectiveness. Some designs introduce
complexities, such as a novel converter with a single-coupled inductor, others involve the electronic component
count of non-isolated multi-input DC-DC converters (MIDCs) with increased power [14]-[17]. Proposed
converters for electric buses also face challenges related to increased complexity and device count [18].

To overcome these issues, researchers investigated MIDC converter topologies for incorporating diverse
energy sources, such as solar PV, batteries, and FC, into hybrid energy systems (HES) [19]. However, these
approaches often require separate DC-DC converters for different energy sources, contributing to cost and
complexity. In contrast, the proposed converter offers flexibility in charging the battery without the need for an
additional separate converter [20].

In the context of commercial EVs, the conventional approach involves a separate charge controller for
solar PV charging and a bidirectional converter for simultaneous battery driving and charging from an external
source (plug-in). Nonetheless, solar power is underutilized because the charge controller switches to standby
mode when the battery SOC exceeds 80%. To circumvent this constraint, this study introduces a novel dual input
super boost (DISB) [21]. The block diagram of the proposed DSIB converter is depicted in Figure 1.
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Figure 1. Block diagram of proposed DSIB converter

The DISB converter allows recharging batteries from various sources, providing fuel flexibility, quiet
and efficient operation, and grid interface support in public parking lots. Additionally, it assists the utility grid
by offering backup power, maintaining voltage and frequency, and mitigating peak demand [22], [23]. In
comparison to the conventional configuration which requires three separate converters for the suggested DISB
converter with a common buck-boost cell has six operating modes and uses a single-stage converter, which
lowers the number of components and conduction devices needed for each working mode. Additionally, it
provides improved dynamic performance and a broad range of speed control [24], [25]. The parts that follow
provide more information on the voltage gain analysis and operating waveform.

2. METHOD

The DISB converter, as proposed, operates in six distinct modes, with five of them using the boost or
buck operations. When the vehicle is operating at a fast speed, the solar PV and battery power are combined by
the DISB converter to push the vehicle. One unique aspect of the suggested converter is this specific mode, which
is called the super boost mode. The DISB converter's operating waveform in super boost mode is shown,
displaying the waveforms of VL and IL as well as the gating signals of S1 and S2. The proposed DISB converter
configuration is presented in Figure 2. Figure 2 depicts the proposed DISB converter, which operates in
siX unique modes.
- When the vehicle's state of charge (SOC) rises above 80%, the solar-powered mode is engaged.
- Vehicle mode powered by batteries.
- During the parking mode day.
- During night parking mode day.
- Mode of braking regeneration.
- High-speed operating mode.
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When the battery level reaches 80%, the state of charge (SOC) for the DISB converter switches to solar-
powered vehicle mode. In this configuration, the motor receives electricity from the solar PV and S2 regulates
the vehicle's speed. When solar radiation isn't available, the battery source V2, which stands for the battery-
powered vehicle mode, provides power to the motor. When there is no activity or during the day, parking, the
Based on the battery's state of charge (SOC), the DISB converter functions in two modes: when SOC is less
than 80%, solar power charges the battery; otherwise, solar power provides power to an external source.
Parking mode at night is the mode in which the battery is charged by the external source (Vext) when the
vehicle is parked. When the vehicle is in the regenerative braking mode, its inertial power is either transferred
to the battery (if the state of charge is less than 80%) or dissipated as heat via a braking resistor (Rbrake).

In super boost mode, the DISB converter operates with specific time intervals and switching patterns.
The maximum output voltage and an expression for the output voltage in super boost mode are obtained by
applying the inductor's voltage-time balancing principle to compute the average output voltage. A unified
output voltage (Vp.u) is provided to enable additional investigation, which reveals a wide adjustable range in
the DISB converter. The corresponding circuits for the various operating modes shown in Simulink model
Figure 3 such as the vehicle mode powered by solar energy, the vehicle mode powered by batteries, and the
parking mode during the day are shown. Explanations of the energy storage and release procedures are included
with each circuit. The inductor gathers energy from an external source and releases it to charge the battery
when operating in buck mode (mode 1V). When in regenerative mode (V), the energy produced by inertia is
sent towards the brake resistor until the speed reaches zero. is achieved. Super boost mode (mode VI) is
employed for high-speed operation, storing energy from both V1 and V2 sources and releasing it to the load.
The proposed DISB converter facilitates flexible and efficient power control across various operating modes,
enhancing its adaptability and performance in diverse scenarios. Simulink model of solar and battery input
super boost DC-DC converter for solar powered electric vehicle is shown in Figure 3.
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Figure 3. Simulink model of solar and battery input super boost DC-DC converter for solar-powered
electric vehicle
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3. RESULTS AND DISCUSSION

Figure 4 represents the solar mode. In this mode, the vehicle’s state of charge (SOC) is greater than
80%. The solar panel will absorb sunlight and generates solar power. The DISB converter utilizes generated
solar power (from solar PV) to provide electricity to the motor. In this mode battery is not utilized.

Figure 5 represents the battery mode. In this mode, the vehicle’s state of charge (SOC) is 80% or
below. The DISB converter is battery-powered. The motor is powered by the battery, ensuring continuous
vehicle operation even when solar energy is not sufficient. Figure 6 shows the parking mode at day time. In
this mode, the solar panel will harness sunlight and generate electric power to charge the vehicle’s battery when
state of charge is less than 80%.
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Figure 5. Vehicle mode powered by batteries
Figure 7 shows the parking mode at night-time. In this mode, solar energy is absent and the DISB

converter charges the battery using an external source (Vext) while state of charge is less than 80%. This
ensures that the vehicle's battery is replenished for the next day's operation. The Simulink output is shown in
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Table 1 which shows the values of input voltages V1 and V2, output voltages, speed, and battery SOC condition
during the solar mode, battery mode, during day-time parking mode, and during night-time parking mode.
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Figure 7. Parking mode during the night

Table 1. Simulink output

Modes V1 V2  Outputvoltage Speed Battery SOC condition
Solar mode 108 76 611.1 6530 Constant
Battery mode 0 755 389.7 4181 Discharge
During day-time 100 82 543 - Charging
parking mode
During night- 0 82 498 - Charging
time parking
mode
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4. CONCLUSION

The solar and battery input super boost DC-DC converter solution is innovative for electric vehicles
that run on solar energy. The proposed DISB converter stands as a promising technology to optimize the
utilization of solar energy in electric vehicles. By operating in different modes underutilization of solar energy
is maintained. It solves the problems of limited range and lengthy charging times, giving consumers more
options when it comes to purchasing electric vehicles. The implementation is comparatively simple and
economical, and it provides substantial benefits. MATLAB simulation has been used to validate the design.
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