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ABSTRACT

This thesis covers the challenges and opportunities of electric vehicle (EV) adoption,
with a particular focus on the J3068 standard and its implementation in EV-SE (Electric
Vehicle { Supply Equipment) communications. It emphasizes the importance of standardized
charging protocols, such as J3068, in facilitating Vehicle-to-Everything (V2X) capabilities
and enhancing EV integration into diverse charging systems.

A key component of this study is the prototype implementation on the Ford Mach-E,
which demonstrates the practical application of V2G technology using the J3068 standard.
This prototype not only addresses technical obstacles but also showcases the potential of
J3068 to enhance grid resilience. Additionally, the thesis assesses security risks associated
with J3068 and V2X communications, proposing secure implementation frameworks to mit-
igate these risks.

The thesis concludes with a synthesizing the key ndings, with a particular focus on
the real-time implementation of J3068 in the context of the Ford Mach-E, which supports
vehicle-to-Grid (V2G) and o ers additional support for Vehicle-to-Everything (V2X) capa-
bilities. It provides a cohesive view of the potential and challenges in implementing J3068
and V2X technologies, o ering insights for future research and technological developments
in sustainable transportation and smart grid integration.

By presenting a comprehensive exploration of these emerging technologies, this re-
search contributes valuable perspectives to academia, industry professionals, and policymak-

ers, driving forward the progress in EV charging infrastructure and smart grid capabilities.

Xi



Chapter 1
INTRODUCTION

The electric vehicle market has experienced a remarkable surge in growth, with sales
gures soaring past signi cant milestones. In 2022, global sales of electric cars exceeded 10
million units [1]. Forecasts predict that by the end of 2030, the number of electric vehicles
will surge to 240 million [1]. To accommodate the rising number of electric vehicles (EVSs),
a robust and e cient charging infrastructure is essential. Among the various standards that
have emerged, the J3068 standard [2] is notable for its adaptability and forward-thinking
approach, especially in the context of Vehicle-to-Everything (V2X) integration. This thesis
explores into the practical implementation and signi cance of the SAE J3068 standard [3]
within the dynamic landscape of electric vehicles (EVs), focusing on the necessity and use of
bi-directional chargers. These chargers are crucial for both charging and discharging electric
vehicles (EVs), enabling them to not only draw power but also contribute energy back to
the grid, other vehicles and power loads. The exploration also examines the interaction of
J3068 [3] with Vehicle-to-Everything (V2X) technologies with grid integrated vehicles (GIV)
[5] being the major focus, underscoring its vital role in the evolving ecosystem of electric
mobility.

The implementation of the SAE J3068 standard [3] and integration of Vehicle-to-
Everything (V2X) technologies within electric vehicle (EV) ecosystems are increasingly rec-
ognized as crucial strategies to address range anxiety and facilitate e cient demand response

management [6]. By enabling more versatile and e cient charging and energy distribution



methods, these technologies can potentially insist on the pressing need for a widespread net-
work of charging stations supporting J3068, given the increasing number of electric vehicles
(EVs). This approach o ers a signi cant incentive for EV adoption. This thesis focuses on
exploring how SAE J3068 [3] and V2X integration can contribute to a more resilient, respon-
sive, and adaptable EV ecosystem, thereby supporting a seamless transition to sustainable

electric mobility and enhancing demand response capabilities in the energy grid [8].

1.1 SAE J3068 Supported EVSE Con guration and Connections

SAE J3068 [2] supports two distinct EVSE setups. The primary setup endorsed by
J3068 involves an Electric Vehicle (EV) connected to a Charging Station (SE) via a cord-set
that is permanently attached to the SE, as illustrated in Figure 1.1. In addition to this
primary con guration, SAE J3068 also accommodates a scenario where the EV connects to
the SE through a cable that is detachable by the driver at both ends. This exibility in the

connection mechanism is shown in Figure 1.2.

Figure 1.1: Parmenant Charging cord attached at SE.

The standard's implementation, including its communications capabilities and sup-

port for bidirectional AC charging, is thoroughly depicted across several gures. Figure



Figure 1.2: Fully Removable charging cord setup.

Figure 1.3: SAE J3068 Communications domain.

1.3 provides a general overview of this typical setup, which features LIN-CP as the digital
communication protocol connecting the electric vehicle (EV) and supply equipment (SE).
Speci ¢ aspects of Vehicle-to-Everything (V2X) technology, such as Vehicle-to-Grid (V2G)
interactions, Vehicle-to-Vehicle (V2V) connections, and Vehicle-to-Load (V2L) capabilities,
are elaborated in Figures 1.4, 1.5, and 1.6 respectively. This con guration includes an EV

equipped with a bidirectional charging unit, enabling not only to charge the electric vehicle



(EV) battery from the electrical grid but also the reverse ow of electricity. This allows

energy to be reverted to the grid from the Electric vehicles (EV's) battery or as a source
to power external loads. Moreover, the setup integrates a digital communication proto-
col known as LIN-CP. Despite its advancements, LIN-CP retains the analog voltage level

signaling (Pulse Width Modulation or PWM) characteristic of the SAE J1772 standard [7].

Figure 1.4: v2g integration.

This thesis provides a comprehensive discussion on existing electric vehicle (EV)
charging standards, with a speci ¢ focus on the implementation of the J3068 standard and
the integration of Vehicle-to-Everything (V2X) capabilities. It dives into the real-time inte-
gration and necessities of these technologies in the current EV landscape. The thesis also
presents an in-depth analysis of the design process for systems that utilize J3068 and V2X,
detailing the various technical and functional requirements considered during the develop-

ment phase. Moreover, it includes a practical application of these designs and critically



Figure 1.5: v2v integration. Figure 1.6: v2l integration.

assesses their limitations to pave the way for future enhancements.

Thesis Structure Overview

The structure of this thesis is outlined as follows:

" Chapter 2: Covers the foundational concepts of charging systems, connectors, com-
munications, and charging standards. It delves into the scope, AC Connector and
Inlet of SAE J3068, and details how the standard facilitates the realization of V2X
capabilities.

" Chapter 3: This section delves into both the hardware and software prerequisites
for implementing the J3068 standard in the Ford Mustang Mach-E, equipped with
bi-directional charging capabilities for Vehicle-to-Grid (V2G) applications. It also ex-
amines the prototype implementation and the outcomes achieved through this setup.

" Chapter 4. It examines the integration and testing of J3068/1 and J3068/2 stan-
dards communications between electric vehicle (EV) and supply equipment (SE) using
a software simulation developed at University of Delaware, showcasing their role in
enhancing EV charging systems and V2X communications. It highlights how new sig-
nals and protocols in J3068/1 and J3068/2 foster improved charging management and
enable complex V2X interactions, reinforcing the pivotal role of EVs in the energy
ecosystem.



" Chapter 5: Summarizes the key ndings from each chapter, o ers a cohesive view on
the implementation of J3068 and V2X, and outlines the next steps for research and
areas for technological advancements.



Chapter 2

UNDERSTANDING EV CHARGING SYSTEMS, AC CONNECTORS,
COMMUNICATIONS, AND STANDARDS

This chapter covers a foundational exploration of electric vehicle (EV) charging sys-
tems, connectors, communication protocols, and standards that support the EV charging
ecosystem. It examines various Electric Vehicle Supply Equipment (EVSE), their essential
components, and outlines the di erent charging levels. The narrative extends to a critical
analysis of various charging connectors and interfaces, comparison of charging standards,
including the pivotal SAE J3068 [9]. Through this chapter, the aim is to highlight the

background and advancements driving the future of electric mobility.

2.1 Electric Vehicle Supply Equipment (EVSES)

It's important to understand electric vehicle supply equipment (EVSE) ecosystem.
The composition of an Electric Vehicle Supply Equipment (EVSE) incorporates all the charg-
ing infrastructure responsible for safe energy transfer between an grid and electric vehicle
(Ev).

2.1.1 Components

Electric Vehicle Supply Equipment (EVSE) is primarily composed of an charging
station where vehicles are connected for charging, and a secure cable linking the two. Addi-
tionally, With the introduction of new standards like J3068 [9] EVSE is increasingly incor-
porating communication for data exchange, energy management systems for grid e ciency,

and safety devices to ensure secure operation.



2.1.2 Types of EVSE

There are various EVSE options available on the market, ranging from compact Level
1 chargers that easily connect to standard 120V outlets, to more robust Level 2 chargers
which require a 240V installation. For those needing quick charging, DC Fast Chargers ||
the gap by typically being hard-wired to a 480V supply, enabling faster charging rates. All

charging levels are depicted in Figure 2.1.

Figure 2.1: Common Types of EVSE's

2.2 Charging Connectors and Interfaces
This section explores the most commonly used AC charging connectors, with a special

focus on AC charging as part of the SAE J3068 [9] implementation highlighted in this thesis.

2.2.1 SAE J1772 Connector
The SAE J1772 connector [10], used mainly in North America, is known globally as
the Type 1 connector, following the IEC 62196 [21] standard. As de ned by SAE J1772 [10],



it is capable of handling maximum currents till 80A. This single phase AC connector includes
ve pins, shown in Figures 2.2 and 2.3, with their functions in Table 2.1. The control pilot
(CP) pin is very important for letting the electric vehicle (EV) and supply equipment (SE)
talk to each other and the Proximity Pilot enables electric Vehicle to detect the connector.
In the SAE J1772 [10], this pin helps them decide if they're ready to provide or take energy.
It also encompasses pulse width modulation (PWM) [11] to limit how much current can
ow through the connector, based on the control pilot (CP) pin's signal, The relationship
between max allowed current over CP and Duty Cycle for the Connector is illustrated in
Figure 2.4 and further detailed in Table 2.2.The rate of charge of an SAE J1772 connector

[10] has a maximum capacity that generally doesn't exceed 19.2 kW, as calculated below:

P = Voltage Current (2.1)

P =240V 80A = 19200W = 19:2kW (2.2)

Pin Action

L1 AC line 1

L2/N | AC line 2 / Neutral

GND | Acts as Ground pin

CP Acts as Control Pilot Pin

enabling communication between SE and EV

PP Acts as Proximity Pilot Pin enabling EV to detect connector

Table 2.1: Pin de nitions for SAE J1772 Connectors

2.2.2 Type 2 Connector
The Type 2 connector, following the IEC 62196-2 standard [12], Compatible with

single phase and three phase AC charging, accommodating 63A in three phase and as much
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