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ABSTRACT:-  Electric  vehicle-to-vehicle
(V2V) charging is a recent approach for sharing
energy among electric vehicles (EVs). Existing
V2V approaches with an off-board power-
sharing interface add extra space and cost for EV
users. Furthermore, V2V power transfer using
on-board type-2 chargers reported in the
literature is not efficient due to redundant
conversion stages. This article proposes a new
method for V2V power transfer by directly
connecting the two EV batteries together for
sharing energy through the type-2 ac charger
input ports and switches. The active rectifiers of
onboard type-2 chargers are not used for
rectification during V2V charging, instead only
a few switches are used as interfaces to connect
the two EV batteries together, to avoid
redundant power conversion and associated
losses which effectively improve the overall
V2V efficiency. The possible V2V charging
scenarios of the proposed V2V approach are vali
dated using a MATLAB/Simulink simulation
study. Furthermore, a scaled experimental
prototype is developed to validate the proposed
V2V method practically.

KEYWORDS: Electric vehicle (EV), on-
board type-2 ac charger, vehicle-to-vehicle
(V2V) charging.

1.INTRODUCTION
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1.1 OVERVIEW OF EV CHARGING
METHODS

THE electric vehicle (EV) charging is
conventionally done through type-1 and -2
(single/threephase) ac on-board slow chargers
with the power range of 3.3-19.4 kW. A
comprehensive  review  of  bidirectional
topologies with single/two stage rectification
with power factor correction for on-board
chargers in the commercial EVs is discussed in
[1] and [2]. Detailed comparison of type-1, -2,
and the dc fast-charging stations with respect to
charging time, power density, power level, cost,
and review of recent typologies for conventional
and future charging methods is discussed in [3]
and [4]. Furthermore, high power (>50 kW)
external off-board dc fast charging stations are
established to charge EV batteries, with a
charging time of less than an hour [5]. In spite of
these conventional EV charging methods, the
EV users are experiencing range anxiety due to
limited charging infrastructure [6]. In recent
days, vehicle-to-vehicle (V2V) charging is
emerging as an alternate method to share energy
between two EVs, in the case of nonavailability
of both the ac grid and the dc fast-charging
stations.

1.2 V2V CHARGING CONCEPT
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The V2V charging allows EV users to
cooperatively share energy with each other with
minimum infrastructure and cost and reduce
range anxiety. Mainly there are two aspects to
V2V energy sharing: first, the communication
aspects of V2V, which provides a platform for
EV users to interact with each other to find the
energy sharing match, to decide provider and
receiver preferences, and tariff. In [7]-[10] game
theory-based algorithms to match the receiver
EV, provider EV, the nearest meeting point, and
the communication aspects of the V2V are
presented. The second important aspect of V2V
is the power interface for the actual power
transfer, that is, controlling the direction of
power flow based on the receiver and provider
preference, and a buck or boost conversion
based on the EV battery’s voltage level. Using
the ac power grid as a common energy
aggregator with offboard bidirectional power
converters for accomplishing an indirect V2V
energy transfer is one of the basic V2V
approaches presented in [11] and [12] where the
conversion efficiency is low due to multiple
redundant conversion stages. An off-board V2V
charger using an off-board bidirectional
interleaved dc—dc converter with a possibility of
integration to the grid is presented in [13].
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Fig. 1. V2V operations: (a) ac V2V operation
and (b) dc V2V operation.

2.LITERATURE SURVEY

The concept of Electric Vehicle to Electric
Vehicle (EV2EV) power transfer, specifically
through a smart onboard energy transfer
mechanism, has become an emerging field of
interest in modern electrical and automotive
engineering. This technology, which allows for
the transfer of energy from one electric vehicle
to another, can be a key enabler in enhancing the
overall efficiency, convenience, and
performance of electric mobility systems. The
focus on wireless and bidirectional power
transfer systems is critical in addressing the
increasing demand for energy storage and
distribution within the rapidly expanding electric
vehicle market. The principle behind EV2EV
power transfer is to create an efficient, dynamic,
and smart energy exchange network among
electric vehicles, reducing the dependency on
fixed charging infrastructure while maximizing
the available power storage in the vehicles.
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Several studies have explored the possibilities of
utilizing EV2EV power transfer to reduce the
reliance on external charging stations and
optimize the energy consumption of electric
vehicles. Xu et al. (2019) introduced a
bidirectional power transfer system for electric
vehicles, focusing on how vehicles could
exchange energy with each other through
vehicle-to-vehicle (V2V) communication. They
highlighted the need for intelligent control
algorithms that could ensure the safe and
efficient transfer of energy between vehicles
without impacting the driving range of the
vehicles. Their work paved the way for future
developments in smart energy management
systems for EVs.

In parallel, research has also focused on wireless
power transfer (WPT) as a method for EV2EV
energy exchange. Liu et al. (2017) proposed a
wireless energy transfer system for electric
vehicles that could allow vehicles to exchange
power through a resonant inductive coupling
technique. Their research demonstrated the
potential for EVs to transfer energy wirelessly
over short distances, enabling energy sharing
during travel. This concept, while still under
development, offers a promising solution to
address charging infrastructure challenges,
especially in remote or off-grid areas.

3.METHODOLOGY

The methodology for implementing an EV2EV
powerlink system with smart onboard energy
transfer capabilities involves several key phases,
from system design and modeling to testing and
validation. The system needs to enable efficient
energy transfer between vehicles, with a focus
on maximizing energy efficiency, ensuring
safety, and providing real-time communication
for optimal energy management. The following
methodology outlines the steps involved in the
design, development, and implementation of the
EV2EV powerlink system.
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System Requirements Analysis and Design
Specifications: The first step in the
methodology involves gathering the
requirements for the EV2EV power transfer
system. This includes understanding the power
requirements, communication protocols, safety
standards, and battery specifications of the
vehicles involved. A comprehensive analysis of
the system’s energy needs is conducted,
focusing on  battery capacity, energy
consumption, and driving range. Based on these
requirements, the system specifications are

defined, including the power transfer rate,
efficiency  targets, and  communication
mechanisms.

Communication  Protocol  Development:

Effective communication between vehicles is
essential to ensure safe and efficient energy
transfer. The development of a robust
communication protocol is critical for the
synchronization of energy exchange processes.
In this phase, the use of existing V2V
communication standards, such as Dedicated
Short Range Communications (DSRC), and loT-
based communication protocols is explored.
These protocols enable real-time data sharing
between vehicles, ensuring that the vehicles can
exchange not only power but also information
about battery health, energy levels, and charging
requirements. The communication protocol is
designed to be flexible, scalable, and secure,
enabling efficient energy transfer even under
different environmental conditions.

Energy Transfer Control Strategy
Development: To optimize the energy transfer
between vehicles, a smart onboard energy
control strategy is designed. The energy
management system (EMS) is responsible for
controlling when and how energy is transferred
between vehicles. This EMS uses data from the
communication protocol, vehicle sensors, and
battery management systems to make intelligent
decisions about energy sharing. The system
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ensures that energy is only transferred when it is
beneficial for both vehicles involved, optimizing
the use of available energy and avoiding
unnecessary battery depletion. Additionally, the
EMS helps prioritize energy transfer based on
driving conditions, battery state-of-charge, and
vehicle usage patterns.

4.PROPOSED SYSTEM

The proposed system for EV2EV powerlink with
smart onboard energy transfer is a dynamic and
intelligent solution designed to enhance the
flexibility and efficiency of electric vehicle
energy exchange. This system enables electric
vehicles to transfer energy to one another
wirelessly or through onboard power transfer
mechanisms, allowing for energy sharing
between vehicles in real time. The system
incorporates advanced communication protocols,
energy management algorithms, and power
conversion systems to ensure that the energy
transfer is efficient, safe, and reliable.

The primary goal of the system is to reduce the
reliance on centralized charging stations by
enabling peer-to-peer energy transfer among
electric vehicles. This not only enhances the
overall utility of electric vehicles but also
optimizes the usage of stored energy in a fleet of
vehicles. The system is designed with scalability
in mind, ensuring that it can accommodate a
wide range of vehicles with different battery
capacities and energy requirements.

The system includes several key features:

Smart Energy Management System (EMS):
The EMS is the heart of the proposed system,
responsible for monitoring the energy levels in
both vehicles, controlling the energy transfer
process, and ensuring that both vehicles
maintain an optimal state of charge. The EMS
uses real-time data from vehicle sensors and
communication systems to make intelligent
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decisions about when and how to transfer
energy.

Bidirectional Charging: The system enables
bidirectional charging, allowing energy to flow
both from one vehicle to another and from the
vehicle to the grid or charging station. This
flexibility ensures that the vehicles can not only
share energy but also contribute to grid stability
or charge their batteries when necessary.

5. SIMULATION RESULTS
5.1 PROPOSED APPROACH
5.1.1 Simulation Circuits

The proposed V2V approach is validated
through MATLAB/Simulink simulation study
for the forward boost and reverse buck mode
with Vbatl < Vbat2 and Vbatl = Vbat2. The
motivation behind the development of the
simulation model is to implement and verify the
performance of the proposed V2V approach by
considering the commercial EV’s on-board
charger configuration, battery ratings, and on-
board charger power levels. The tool used for
simulation is the Simscape Electrical toolbox
available in MATLAB/Simulink with a ready
circuit simulation model of IGBTS to analyze the
bidirectional dc—dc converter and the ready
lithium-ion battery model. The powerful block
allows to setup transient simulation setup with
the required step time and allows to select the
best solver like ODE 45.
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6.1.2 Simulation Results

5.2.2 Simulation Results

Batteryl:

Scope 1.

Scope 2:
Battery:
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6.CONCLUSION

This article proposes a direct V2V charging
approach for power transfer between two EVs
without the need for external hardware or
additional charging ports. It is an emergency
rescue charging solution in the case of non-
availability of ac grid and dc fast-charging
stations. Connecting two EV batteries directly
through the on-board charger ports leads to
significant hardware infrastructure savings. The
redundant power conversion stages were
avoided, which improved the overall efficiency
of the proposed V2V approach which is evident
in the performance analysis. The proposed V2V
approach  mitigates range anxiety and
cooperatively shares energy between EV users
with minimum infrastructure and cost. The
proposed V2V method is validated through
simulation in MATLAB/Simulink which prove
the practical effectiveness without modifying the
EV power architecture.
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