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FOREWORD

This SAE Recommended Practice is intended as a guide toward standard practice and is subject to change to keep pace
with experience and technical advances.

The ability of Electric Vehicles (EVSs) to correctly operate with the off-board electrical supply equipment used to charge
them is a major concern for the producers and consumers of such vehicles. This concern stems from the cost of
developing an electric “fueling” infrastructure. If EVs are to gain wide acceptance, this infrastructure must, at the least,
provide consumers with the same level of convenience that is available for today’s fossil-fueled vehicles. Ideally, there
would be a single set of physical and functional requirements for the interaction between an EV and the off-board
equipment. Designing to those requirements would allow any EV to charge with any off-board equipment, regardless of
the producer of the vehicle or off-board equipment. This would be similar to today’s internal combustion engine vehicles
and gasoline pumps for unleaded fuels.

Today, there are two electrical energy coupling methods under consideration for EVs. One conductively transfers
electrical energy (AC or DC) through metallic contacts. The other inductively transfers electrical energy through a
separable transformer. These couplings are detailed in SAE J1772 and SAE J1773, respectively. Each of these physical
coupling methods includes a means to communicate data that is necessary to control the transfer of energy to the vehicle.
Unfortunately, these coupling methods are not physically compatible. Therefore, inoperability between EVs and
equipment using different methods is not possible.
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While inoperability between conductively and inductively coupled systems is not physically possible, each coupling
method performs the same basic functions. When the combination of the EV and the off-board equipment is considered
as a complete energy transfer system, there is no reason for the system’s functional requirements to differ due to the
physical coupling method. The only variation as a result of coupling method is the location (on-board or off-board) where
specific functions are accomplished. Defining standards for certain functions of the total system and standards for the
communication of data that pass between the EV and the off-board equipment will insure interoperability of equipment
with common coupling methods. Different coupling methods will require a different system architecture, not different
functional requirements.

Control of the charging of an EV’s storage battery is specific to the type of battery and the configuration of the vehicle.
Also, energy may be brought on-board a vehicle for purposes other than charging of the battery. These other purposes
are specific to the needs of a particular vehicle. From these facts it follows that the EV should be in control of the transfer
of energy from the off-board equipment. This way, EVs can have significantly different needs without forcing functional
differences into the off-board equipment. It also establishes the EV (and its producer) as responsible to properly charge
batteries, and allows charging requirements to evolve with developing battery technologies and EV experience.

This document will define a set of functional requirements for an Energy Transfer System (ETS) for Electric Vehicles,
independent of energy coupling method. It will also serve as an “umbrella” document by reference of other SAE
documents written or modified to accommodate this application. It will define three different physical system architectures
that correspond to:

a. Conductive AC coupling

b. Inductive coupling

c. Conductive DC coupling

Requirements will be included and detailed only to the level that will insure functional interoperability for systems with
common physical architectures. When designing systems, there will be additional requirements to consider that do not
affect interoperability and are not included here. If requirements are found that affect functional interoperablity, they
should be considered for subsequent inclusion under the SAE J2293 umbrella.

This document has been jointly developed by the Electric Power Research Institute-National Electric Vehicle Infrastructure
Working Council (EPRI-IWC), Charging Controls and Communication Committee and the SAE Electric Vehicle Charging

Controls Task Force. The efforts of all who participated are greatly appreciated.
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1. SCOPE

SAE J2293 establishes requirements for Electric Vehicles (EV) and the off-board Electric Vehicle Supply Equipment
(EVSE) used to transfer electrical energy to an EV from an Electric Utility Power System (Utility) in North America. This
document defines, either directly or by reference, all characteristics of the total EV Energy Transfer System (EV-ETS)
necessary to insure the functional interoperability of an EV and EVSE of the same physical system architecture. The
ETS, regardless of architecture, is responsible for the conversion of AC electrical energy into DC electrical energy that
can be used to charge the Storage Battery of an EV, as shown in Figure 1.
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FIGURE 1 - ELECTRIC VEHICLE ENERGY TRANSFER SYSTEM PHYSICAL CONTEXT

The different physical ETS system architectures are identified by the form of the energy that is transferred between the EV
and the EVSE, as shown in Figure 2. It is possible for an EV and EVSE to support more than one architecture.

This document does not contain all requirements related to EV energy transfer, as there are many aspects of an EV and
EVSE that do not affect their interoperability. Specifically, this document does not deal with the characteristics of the
interface between the EVSE and the Ultility, except to acknowledge the Utility as the source of energy to be transferred to
the EV.

The functional requirements for the ETS are described using a functional decomposition method. This is where
requirements are successively broken down into simpler requirements and the relationships between requirements are
captured in a graphic form. The requirements are written as the transformation of inputs into outputs, resulting in a model
of the total system.

Each lowest level requirement is then allocated to one of four functional groups (FG) shown in Figure 2. These groups
illustrate the variations of the three different system architectures, as the functions they represent will be accomplished
either on an EV or within the EVSE, depending on the architecture. Physical requirements for the channels used to
transfer the power and communicate information between the EV and the EVSE are then defined as a function of
architecture. System architecture variations are referred to as follows:

a. Type A—Conductive AC System Architecture—Section 7.2.1

b. Type B—Inductive System Architecture—Section 7.2.2

c. Type C—Conductive DC System Architecture—Section 7.2.3
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FIGURE 2 - EV ETS FUNCTIONAL GROUP SERIES ENERGY CONVERSION

The requirements model in Section 6 is not intended to dictate a specific design or physical implementation, but rather to
provide a functional description of the system’s expected operational results. These results can be compared against the
operation of any specific design. Validation against this document is only appropriate at the physical boundary between
the EVSE and EV. See Section 8.

1.1 Document Overview
This document consists of two parts, as shown in Figure 3. Each part is published separately. Part 1 of SAE J2293
(Titled: Functional Requirements and System Architectures) describes the total EV-ETS and allocates requirements to the

EV or EVSE for the various system architectures. It requires an SAE J1850-compliant network for communicating data
and control information between an EV and EVSE.
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Part 2 of SAE J2293 (Titled: Communication Requirements And Network Architecture) describes the SAE J1850-
compliant communication network between the EV and EVSE for this application (ETS Network). It treats the network as
a system with the EV and EVSE from Part 1 as external elements using the network. Each part has the following outline:

Section 1  Scope—Defines the purpose and content of the document.

Section 2  References—Identifies the version and source of all other documents referenced within this document.

Section 3  Definitions—Defines terms that are specific to the subject of this document and are not defined in another
reference.

Section 4  Abbreviations and Acronyms—Defines abbreviations and acronyms that are specific to the subject of this
document and are not defined in another reference.

Section 5 System Definition and Context—Defines the purpose and content of the system by describing the relationship
of the system to its environment (external elements). This section also defines specific constraints that will
shape the functional and physical requirements.

Section 6 Functional System Requirements—Defines the specific requirements of the system using the functional
decomposition method. The major functions are decomposed into simple, interrelated elements, without
regard for whether a function will be implemented off-board or on-board the EV. These elements form a
model of the total requirements.

Section 7 System Architecture—Defines the architecture(s) of the system. Each of the elements of the model in Section
6 are assigned to an EV or the EVSE. In Part 1, elements are first grouped into four functional groups.
These groups form a series chain of energy conversations, as shown in Figure 2, that is representative of any
of the ETS architectures.

Section 8 Validation—Identifies which of the requirements in Section 6 shall be validated for each of the architectures
described in Section 7. Specific test procedures are defined as required.

Section 9 Data Dictionary—Defines each flow used as a part of the requirements model in Section 6. These are the

minimum requirements that shall be considered when the system is actually implemented.
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1.2 SAE Document Interrelationships

Figure 4 shows the interrelationships of SAE J1772, SAE J1773, SAE J1850, SAE J2178, and this document. SAE J2293
references these documents and provides additional information to form a complete set of requirements. There are other
documents that will have an influence on the design of EV energy transfer system equipment. Where any conflicts exist in
the following documents, the documents shall have the following order of precedence:

1. SAE J2293
2. SAE J2178
3. SAE J1850
4. SAE J1772
5. SAE J1773
SAE J2293 SAE J2178 SAE J1850 SAE J1773
Part 2 l ) - _
M . Message L Inductive
essaging F i Communication C lin
SAE J2293 Requirements orma Network oupling
Part 1
Functional
Operation SAE J1772 SAE J1772
Control Pilot Conductive
Signal Coupling
; li i
System Architectures Physical Channels Coupling Requirements

FIGURE 4 - SAE J2293 DOCUMENT INTERRELATIONSHIP
1.3 System Classification
System architecture variations shall be referred to as the following:
a. Type A—Conductive AC System Architecture
b. Type B—Inductive System Architecture
c. Type C—Conductive DC System Architecture

Optional content for each system type is identified separately. See Section 7.
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2. REFERENCES
2.1 Applicable Publications

The following publications form a part of this document to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or 724-776-4970 (outside USA), www.sae.org.

SAE J1715 Electric Vehicle Terminology

SAE J1772 SAE Electric Vehicle Conductive Charge Coupler

SAE J1773 SAE Electric Vehicle Inductively Coupled Charging

SAE J1798 Recommended Practice for Performance Rating of Electric Vehicle Battery Modules
SAE J1850 Class B Data Communications Network Interface

SAE J2178-1 Class B Data Communication Network Messages—Detailed Header Formats and Physical Address
Assignments

SAE J2178-2 Class B Data Communication Network Messages—Part 2: Data Parameter Definitions

SAE J2178-3 Class B Data Communication Network Messages—Part 3: Frame IDs for Single-Byte Forms of Headers
SAE J2178-4 Class B Data Communication Network Messages—Message Definitions for Three Byte Headers

2.1.2 Additional References

The following publications are mentioned herein and should be considered for reference.

2.1.2.1 NFPA Publication

Available from the National Fire Protection Agency, 1 Batterymarch Park, Quincy, MA 02169-7471, Tel: 617-770-3000,
www.nfpa.org.

NFPA-70-1996 National Electric Code (NEC)® - Article 625
2.1.2.2  Other Publication

Available from Dorset House Publishing, 353 West 12th Street, New York, NY 10014, Tel: 1-800-DH-BOOKS,
www.dorsethouse.com.

Strategies for Real-Time System Specification; Derek J. Hatley and Imtiaz A. Pirbhai, 1988
3. DEFINITIONS
3.1 Battery

See Electric Vehicle Storage Battery.
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3.2 Branch Circuit

The circuit conductors between the final overcurrent device protecting the circuit and the equipment supplied by the
circuit. It is typically an unswitched circuit from the service equipment (fuse box) to an appliance. For this application, the
appliance is the Electric Vehicle Supply Equipment (EVSE).

3.3 Control Flow

The representation of information, energy, or matter that is used to alter the behavior of a system. These are shown as
dotted arrows on a data flow diagram (DFD) to indicate the source and destination of the flow. A flow may be both a data
and a control flow, depending on how it is used by the system. This construct is used as a part of the functional
decomposition process.

3.4 Control Specification (C-spec)

The description of a combinational or sequential logic operation, the results of which can be used as the input to a
process specification (P-spec), or to describe when a process is to be operational. Types include decision tables (DT),
state transition diagrams (STD), and process activation tables (PAT). C-specs are shown as a single vertical bar on a
data flow diagram (DFD) and are referenced by the DFD level they appear on, followed by an s-index (e.g., 2.3.3-s1,
4-s7). This construct is used as a part of the Functional Decomposition process.

3.5 Data Flow

The representation of information, energy, or physical matter that is transformed by a system. These are shown as solid
arrows on a Data Flow Diagram (DFD) to indicate the source and destination of the flow. A flow may be both a data and a
control flow, depending on how it is used by the system. This construct is used as a part of the Functional Decompaosition
process.

3.6 Data Flow Diagram (DFD)

A diagram that shows the relationship between portions of a larger, more complex process as the process is
decomposed. It captures the flow of data, energy, or physical matter between the portions. This construct is used as a
part of the Functional Decomposition process.

3.7 Decision Table (DT)

A type of C-spec that defines the conditions required to determine the value of a combinational logic function. A
combinational logic function, as opposed to a sequential logic function, is one where its present value (output) is
dependent only on the present value of its arguments (inputs). See State Transition Diagram.

3.8  Electric Utility Power System (Utility)

The system that generates and delivers commercial electrical power to a residential or commercial building or facility. It
extends to and includes a billing apparatus (electric meter).

3.9 Electric Utility/Local Load Management System (LMS)

A system that is responsible to monitor and control the load on some portion of the Utility or local premises’ feeder and
branch circuits. The goal of control may be to prevent overload or to reduce the cost of energy based on a specific billing
agreement.

3.10 Electric Vehicle Storage Battery (Battery)

A group of electrochemical cells electrically connected in a series and/or parallel arrangement, the principal purpose of
which is to provide DC electrical energy to propel the EV.
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3.11 Electric Vehicle Supply Equipment (EVSE)

The equipment from the branch circuit to, and including, the connector that couples to the electric vehicle inlet, the
purpose of which is to transfer electric energy to an EV. This equipment is located off-board the vehicle.

3.12 Elementary Process

A process in a data flow diagram (DFD) that is not decomposed further. Its function or activity is described by a process
specification (P-spec). This construct is used as a part of the Functional Decomposition process.

3.13 Energy Transfer

The process of flowing energy to the EV from the EVSE.

3.14 Energy Transfer Strategy

A strategy that accounts for all of the electrical energy needs of an EV and the present status of all on-board equipment,
including the EV Storage Battery. It determines the rate that energy is to be transferred to the EV and how the ETS shall
be operated to accomplish this.

3.15 Energy Transfer System (ETS)

A system that is distributed between an Electric Vehicle (EV) and the off-board Electric Vehicle Supply Equipment
(EVSE), the purpose of which is to transfer electrical energy from the Utility Power System (Utility) to the EV Storage
Battery and other vehicle loads. The EV and EVSE must be connected together for energy to be transferred.

3.16 Functional Decomposition

A method used to describe the functional and behavioral requirements of a system, component, or device, captured as a
model of the requirements. It involves the hierarchical break-down of complex requirements into simple, easy to describe
pieces. The flow of information, energy, and matter between the pieces is captured, along with the process and control
requirements.

3.17 Interoperability

The condition where components of a system, relative to each other, are able to work together to perform the intended
operation of the total system. As an example, a 10-mm box-end hand wrench and a 10-mm socket wrench are
interoperable, relative to a 10-mm hex-head bolt. The wrench and the bolt are both parts of a fastening system. The fact
that the system will perform as required with either wrench establishes the interoperability of the wrenches and the bolt.
3.18 Off-Board/On-Board Boundary

The point where the ETS is divided into two physical parts. One part becomes realized within the off-board Electric
Vehicle Supply Equipment (EVSE). The other part becomes realized within an Electric Vehicle. This boundary will be in
different places, depending on the system architecture.

3.19 Power Stage

A physical and/or logical section of power conversion equipment that can provide conversion over a portion of the total
conversion power range of the equipment. The range of a specific power stage will overlap with its adjacent stages.

3.20 Process

A function or activity that can be described as an input/output relationship or as the combination of simpler processes. A
process is a basic building block of a data flow diagram (DFD).
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3.21 Process Activation Table (PAT)

A type of C-spec that defines the exact conditions required for the indicated P-specs to be active. This construct is used
as a part of the Functional Decomposition process.

3.22 Process Specification (P-spec)

The description of an elementary process. The description may include text, figures, and tables. The description
captures the input/output relationship for all flows shown on its related data flow diagram (DFD). A P-spec is shown as a
circle on a DFD, and has no further “child” processes below it. This construct is used as a part of the Functional
Decomposition process.

3.23 State Transition Diagram (STD)

A type of C-spec that defines the exact conditions required to determine the value of a sequential logic function. A
sequential logic function, as opposed to a combinational logic function, is one where its present value (output) is
dependent on the present value of its arguments (inputs) and some number of the previous values of the arguments
(previous inputs). See Decision Table.

3.24 Type A Architecture

A form of the ETS where AC electrical energy is transferred from the EVSE to the EV, across the off-board/on-board
boundary, via a conductive coupling.

3.25 Type B Architecture

A form of the ETS where AC electrical energy is transferred from the EVSE to the EV, across the off-board/on-board
boundary, via an inductive coupling.

3.26 Type C Architecture

A form of the ETS where DC electrical energy is transferred from the EVSE to the EV, across the off-board/on-board
boundary, via a conductive coupling.

3.27 Utility
See Electric Utility Power System.

4. ABBREVIATIONS AND ACRONYMS

C-spec Control Specification

CSMA Carrier Sense Multiple Access

DFD Data Flow Diagram

DT Decision Table

EPRI Electric Power Research Institute

ETS Energy Transfer System

EV Electric Vehicle

EV-ETS Electric Vehicle Energy Transfer System
EVSE Electric Vehicle Supply Equipment

FG Functional Group

FG#m Functional Group m

HVAC Heating, Ventilation, Air Conditioning
IwC Infrastructure Working Council

LMS Load Management System

NEC® National Electric Code®

P-spec Process Specification

PAT Process Activation Table Documents
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| SAE SAE International
STD State Transition Diagram
VS Ventilation System

5. SYSTEM DEFINITION AND CONTEXT

The EV Energy Transfer System (ETS), shown in Figures 1 and 2, converts AC electrical energy from the Ultility into DC
electrical energy for storage into an EV Storage Battery. The system includes functionality that will be implemented both
on-board the EV, and off-board as a part of the Electric Vehicle Supply Equipment (EVSE). This system will not be
partitioned into specific physical components. It will be described as groups of functions that are to be implemented as
part of the EV or EVSE, depending on which of three different physical architectures is desired. The different system
architectures: Conductive AC (Type A), Inductive (Type B), and Conductive DC (Type C), each perform the same system
total function. The difference is that particular sub-functions will be performed either by the EV, or by the EVSE,
depending on the architecture.

The ETS is defined to include all aspects of the conversion of AC electrical energy into DC electrical energy that will affect
the functional interoperability of an EV and EVSE. This includes all aspects of the physical connection between an EV
and EVSE such as communication signals and power forms.

5.1 External Interfaces

The ETS interacts with other functional systems that are not considered to be within ETS. This is illustrated in Figure 5.
These interactions define the environment where the ETS must operate, and are the result of natural and mandated
requirements. Some of these external systems are optional. Therefore, any particular ETS may or may not include an
external interface to interact with them.

DG_Electrical_Energy EV Storage
Battery
Electric Utility AC_Elactrical_Energy
Power System
Coupling_Proximity_Detect EV Mobility
Mgmt. System
- Electric Vehicle
LMS_Limits
Man:oaedment = Energy Transfer
s s%em, ETS_Stalus System
i (EV-ETS)
DC_Electrical_Energy Other On-Board
Vehicle Systems
Indoor Charge Vent_Request i .
Site Ventilation S '
System* ... Yent Confirmed “‘ ... Userlnput
ETS_Status BV User
Allocated to FG#m * Optional e---- Control Flow Data Flow

FIGURE 5 - ELECTRIC VEHICLE ENERGY TRANSFER SYSTEM FUNCTIONAL CONTEXT DIAGRAM

The physical form of the external interfaces of ETS are not defined in this document. Their form will differ based on
specific EV or EVSE physical designs.

5.1.1 Electric Utility Power System (Utility)

The Electric Utility Power System is responsible to provide common AC electrical energy. It is supplied via a branch
circuit that is protected as required by national and local building codes for use with Electric Vehicles. The exact form of
the AC electrical energy (i.e., voltage, frequency, etc.) is not of specific interest to the operation of the ETS. However, the
ETS requires knowledge of the current rating of its branch circuit. Documents
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5.1.2  Electric Utility/Local Load Management System (LMS)

The Electric Utility/Local Load Management System (LMS) is an optional system that is responsible to manage the
maximum load of the ETS on the Utility or the branch circuit.

An LMS will be located off-board the EV, because it is specific to the Utility or branch circuit. Therefore, LMS information
will be brought into and out of ETS by way of the EVSE. It will then be communicated to the EV if necessary. EVSE may
be designed with no accommodation for a connection to a LMS. When a connection is supported, the manufacturer of the
EVSE shall define the physical characteristics of the connection to conform to the functional requirements defined in this
document.

Some manufacturers of EVSE may choose to physically include LMS functions within their physical designs. For
example, a “time of day” function that would allow the EVSE to transfer power only during off-peak rate periods could be
incorporated into a specific EVSE design. However, this function would still be considered as outside the ETS’s functional
scope.

When present, the LMS may establish preferred and mandated load limits that the ETS will not exceed. A preferred load
limit may be ignored if the EV User takes action to do so. A mandated load limit may not be ignored. Also, the ETS will
provide load status information back to the LMS. A single LMS may interact with multiple ETS installations.

5.1.3 Indoor Charge Site Ventilation System (VS)

The Indoor Charge Site Ventilation System (VS) is an optional system that is responsible to provide a specific level of
ventilation for an enclosed (indoor) site where an EV is being charged. This system is optional because a specific EV
model may be listed not to require it, per the National Electric Code (NEC®, NFPA-70-1996), Article 625.

A VS will be located off-board the EV, because it is specific to the charging site location. Therefore, VS information will be
brought into and out of ETS by way of the EVSE. It will then be communicated to the EV if necessary. EVSE may be
designed with no accommodation for a connection to a VS. When a connection is supported, the manufacturer of the
EVSE shall define the physical characteristics of the connection to conform to the functional requirements defined in this
document.

When present, the VS may be required to operate, and to confirm its operation, prior to and during energy transfer.
Confirmation should be to detect that the electrical circuit which provides power directly to the ventilation device (fan) is
energized. If VS operation is required and no VS is connected to the ETS, or confirmation of operation is not received,
then energy transfer will not take place. See NEC®, Article 625 for further information.

5.1.4 EV Storage Battery

The EV Storage Battery is an electrochemical energy storage device that is responsible to provide DC electrical energy to
operate an EV traction system and other vehicular systems. It shall be expected that the charging voltages of EV Storage
Batteries will vary from 100 to 500 V with charging currents up to 400 A DC. The EV Storage Battery is replenished, or
charged, when a voltage greater than the device’s open circuit voltage is applied to it.

5.1.5 EV Mobility Management System (MMS)

The EV Mobility Management System (MMS) is the system or systems that is responsible to control the motion of the
vehicle. This includes the propulsion, braking, and parking lock functions. In order to prevent damage to the coupling
between the EVSE and EV, it is important that the vehicle be immobilized when a partial or full connection exists.

It shall be expected that the MMS will prevent the EV from moving relative to the EVSE when a connection between the
two has been indicated by the ETS. This may be accomplished by whatever means the vehicle manufacturer determines
is appropriate. When making the decision to immobilize the vehicle due to a connection, other factors should be
considered. For example, if the vehicle is moving at 50 km/h and a connection becomes indicated, then it may be
inappropriate to take an immobilizing action.
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5.1.6  Other On-Board Vehicle Systems

Other On-Board Vehicle Systems includes other electrical loads on the vehicle that operate from the same DC electrical
energy that is used to charge the EV Storage Battery. These loads may operate during energy transfer and are typically,
but not limited to, HVAC and EV Storage Battery thermal management systems. It shall be expected that these loads
may require a total of up to 5.0 kW of electrical power, and that any single load up to 3.0 kW may be switched on or off at
any time.

The stated expectations are not intended to limit the electrical power used by other vehicle systems. However, these
values were used during analysis to help define power stage overlap and power stage range values (see 6.3.1.2) that will
prevent the switching of loads from exceeding the limits of a power stage.

5.1.7 EV User

The EV User represents the human operator of the ETS. It serves as a source of certain information that may alter the
operation of the system. It is also the destination for system status information that may be presented to the human
operator.

The EV User may be located either off-board an EV while making a connection to EVSE, or on-board in the driver’s seat.
Therefore, EV User information will be brought into and out of the ETS by way of the EV and the EVSE. It can then be
communicated to the other location if necessary.

The physical form of this interface will likely consist of operator input selectors and displays. The availability of EV User
information is not intended to require an EV or EVSE to make the information available to the operator. The information
that is actually presented to the operator, and the method with which it is presented, will likely be different for different EV
and EVSE physical designs. Therefore, this interface can be considered to be optional.

5.2 Functional Content
The EV ETS is to provide the following three major functions as shown in Figure 6.

1. Switch and convert AC electrical energy into DC electrical energy, including accommodation for voltage controlled
transfer.

2. Determine that the system is ready to properly transfer electrical energy from the Utility to the EV Storage Battery,
including accommodation for an external VS.

3. Control the amount and rate of transfer of electrical energy to the EV Storage Battery, including accommodation for an
external LMS.

Each of the three major functions will be decomposed into smaller portions. The data flows between these portions of
ETS will be described to the level necessary to insure interoperability of an EV and EVSE of similar architecture.

The functions that could be included as a part of ETS are unlimited. The three previous functions are considered to be
the minimum necessary to support the early development of an EV energy transfer infrastructure. As the EV marketplace
continues to develop, additional functions will need to be added. Future additions have been considered as architecture
decisions were made so that the additions can be made without making existing equipment obsolete.
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FIGURE 6 - 0.0: ELECTRIC VEHICLE ENERGY TRANSFER SYSTEM DFD
5.3  Functional Constraints
The ETS is based on the constraint that the EV must be in control of the energy transfer process. This is to say that the
EV must control the voltage and current that is presented to the EV Storage Battery and to the Other On-board Vehicle
Systems. Consider that the following items will be different for different EVs and that they will contiDbtea/méeﬁfg

designs mature:
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a. Storage Battery’s voltage and current requirements
b. Storage Battery-voltage distribution bus architecture

Since a Storage Battery is specific to an EV, it follows that the EV should control the process based on whatever
parameters it sees fit.

The durability of the EV Storage battery must also be considered. The durability is a strong function of how it is charged.
Therefore, it is important for vehicle manufacturers to control how the Storage Battery is treated in order to insure
customer satisfaction and control warranty costs.

5.4 Physical Content

An ETS, regardless of architecture (Type A, B, or C), will be implemented in two parts: an EV and an off-board EVSE.
There is no requirement for a specific physical design within an EV or EVSE. EV designs may distribute functions
allocated to the EV to existing physical components within the EV.

5.5 Physical Constraints
5.5.1 EVSE - EV Connection

The ETS is based on the physical coupling methods described in SAE J1772 and SAE J1773. These documents have
been developed in parallel with this one to insure that these methods are capable of supporting the functional
requirements of ETS.

5.5.2 EVSE - EV Communication

SAE J1772 and SAE J1773 define an SAE J1850-compatible channel to provide a communication network between the
EV and EVSE. This network is optional for a Type A system and shall be required for Type B and Type C systems. The
usage of this network for the ETS application shall be considered “normal vehicle operation messages” as defined by SAE
J1850, even though communication to an off-board device is required.

5.5.3 Type A and Type C EVSE - EV Connection Detection

The coupling method described in SAE J1772, in conjunction with the electrical requirements of the Control Pilot circuit,
provides for the detection of an EVSE - EV connection by both the EV and EVSE. This is accomplished by transfer of the
data items EVSE_Ready and Vehicle_Ready on this circuit. In order for the EV to detect a connection, the EVSE must
first indicate that EVSE_Ready is “READY”. See SAE J1772.

5.5.4 Type B EVSE - EV Connection Detection

The coupling method described in SAE J1773 provides a dedicated switch for the direct detection of an EVSE - EV
connection by the EV. However, the EVSE can only detect a connection by monitoring the SAE J1850 channel for activity
from the EV. For a Type B architecture, the EV shall conduct some valid communication to the EVSE within 2.0 s of the
coupler becoming fully seated in the inlet.

The connection detection problem is further complicated by a utility power outage and recovery situation while a Type B
EVSE and EV are connected. If the outage is for anything but a short period, then the EV will likely go into a low-power
stand-by (sleep) mode. When power recovers, the EV will remain inactive until some activity is present on the SAE J1850
channel. For a Type B architecture, the EVSE shall conduct some valid communication to the EV within 2.0 s of recovery
from a utility power outage while the coupler is in the inlet.

It may not be cost effective for the EVSE to detect when the coupler is in the inlet while the vehicle is in stand-by, or to tell

the difference between utility recovery and a typical “off” or “stand-by” to “on” transition. Therefore, the best solution may
be to conduct some valid communication to wake the EV whenever the EVSE enters an “on” or operational state where

energy transfer could occur. DOC uments
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5.5.5 Network Communication Delay

SAE J1850 defines a Carrier Sense Multiple Access (CSMA) network with nondestructive contention resolution. This
implies that access to the network (sending data) must be controlled in order to insure that all communication will be
accomplished. The minimum interval between consecutive transmissions of any individual data/message for this
application shall be 100 ms. All messaging shall be defined with this as a requirement. The maximum allowable latency
for any communication required for normal operation shall be 2.5 times the expected time.

5.5.6 EV Readiness to Communicate

SAE J1850 defines that nodes on a network may support a low-power standby (sleep) mode of operation where the node
is capable of detecting network signal transitions for the purpose of returning to normal operation (wake-up). This is of
particular interest when the power to operate a node is supplied by a battery, such as on an electric or motor vehicle. The
EVSE and EV must always be able to communicate in order to support certain functions. Therefore, while connected
together, the EV and EVSE shall maintain normal operation, or return to normal operation upon detection of network
activity. See SAE J1850.

6. FUNCTIONAL SYSTEM REQUIREMENTS

The following are the functional requirements for the ETS. These describe what the system is supposed to do, within its
defined environment. They do not define how these requirements are to be accomplished. These requirements are
independent of any particular technology or system architecture.

A simplified form of functional decomposition will be used as a method to describe the requirements of the system.
Requirements will be captured as related elements which have inputs and outputs that may represent information, energy,
or matter. Each element transforms its inputs into outputs, thus capturing the requirements as a model of the system.
Large, complex elements (parents) are broken down into a number of smaller, simpler elements (children). These
elements are connected by flows that represent the information, energy or matter that passes between them. For detailed
information on this method of system specification refer to Strategies for Real-Time System Specification, by Derek J.
Hatley and Imtiaz A. Pirbhai (Dorset House Publishing)

The processes that describe ETS are shown in Figure 6. Each process will be decomposed to a level where it can be
easily described. Also, an elementary process must be able to be totally realizable within an EV or EVSE for any of the
three system architectures. This allocation will be shown in Section 7, by way of an intermediate architecture that consists
of four functional groups. These groups will then be combined in three different ways that will represent the Type A, B,
and C architectures.

6.1 Switch and Convert Electrical Energy

The purpose of this process is to convert AC electrical energy into DC electrical energy. It is decomposed as shown in
Figure 7.

The process will describe each step of conversion as AC is transformed into DC. It also includes switching elements to
insure that conductive connections for conductive architectures will make and break connection without electrical potential
across the power contacts of the connection. See SAE J1772.

All portions of this process are active (producing output flows) whenever the total process is active. There is no explicit
process activation control. However, for a process to provide an output flow, all inputs necessary to determine that flow
must be available (data triggering).

6.1.1 Detect AC Present

The purpose of this process is to determine if the characteristics of AC_Electrical_Energy from the Electric Utility Power
System are such that the ETS will operate properly.

The exact characteristics that should be considered when determining if AC_Electrical_Energy is arBropriate for proper

operation will vary as a function of a specific EVSE design and ETS architecture. Therefore, it-is orily Q¥&ELLEN&IA
general characteristics of AC_Electrical_Energy that can apply to any design or architecture. Document Sharing Hub
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FIGURE 7 - 1.0: SWITCH AND CONVERT ELECTRICAL ENERGY DFD
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6.1.1.1  Input/Output Flows
See Table 1.

TABLE 1 - DETECT AC PRESENT -
INPUT/OUTPUT FLOWS

Flow Name Type

AC_Electrical_Energy Input
AC_Present Output

6.1.1.2 Initialization

The following shall be performed once upon activation of this process:
AC_Present shall be assigned a value of “FALSE”.

6.1.1.3 Operation

The following shall be performed continually while this process is active:

AC_Present shall be assigned a value of “TRUE” if the characteristics of AC_Electrical Energy are such that the
equipment to which this process is allocated shall operate properly, otherwise, it shall be assigned a value of “FALSE”.

6.1.2 Switch AC On/Off

The purpose of this process is to provide on/off switching of AC_Electrical Energy. The quality of the switch mechanism
must be appropriate so that the equipment to which this process is allocated will operate properly. The exact
characteristics that should be considered will vary as a function of a specific EVSE design and ETS architecture.
Therefore, it is only practical to define general characteristics that can apply to any design or architecture.

6.1.2.1  Input/Output Flows

See Table 2.

TABLE 2 - SWITCH AC ON/OFF -
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Electrical_Energy Input
AC_Sw_Request Input

Sw_AC_Electrical_Energy Output

6.1.2.2 Initialization

The following shall be performed once upon activation of this process: None.
6.1.2.3  Operation

The following shall be performed continually while this process is active:

a. If the value of AC_Sw_Request is “CLOSED”, then an electrical circuit between Sw_AC_Electrical Energy and
AC_Electrical_Energy shall be closed and stable within 750 ms. Documents
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b. If the value of AC_Sw_Request is not “CLOSED”, then an electrical circuit between Sw_AC_Electrical _Energy and
AC_Electrical_Energy shall be opened and stable within 250 ms.

6.1.3 Convert ACto DC

The purpose of this process is to convert AC electrical energy in to DC electrical energy at a controlled level. Energy
conversion will be limited to meet LMS and branch circuit load restrictions. The process is decomposed as shown in
Figure 8.

This process accommodates the idea of distinct conversion power stages. It is expected that most equipment which
offers a broad range of power conversion will do so in multiple stages with overlapping power ranges. However, it is
acceptable to have a single stage. See 6.3.1.

Explicit activation of portions of this process shall be controlled as described in:

Table 3—1.3-s1: Conversion Mode PAT

Table 4—1.3-s2: Pulse Mode PAT

Table 5—1.3-s3: Voltage Mode PAT

However, for a process to produce an output flow, all input flows necessary to determine that flow must be available (data
triggered).

TABLE 3 -1.3-S1: CONVERSION MODE PAT

1.3.1 1.3.2 1.3.6
Transfer_Ready Determine Conversion Load Convert ACto AC Convert ACto DC
“FALSE” Disable Disable Disable
“TRUE” Activate Activate Activate

TABLE 4 - 1.3-S2: PULSE MODE PAT

1.3.3 1.34
Pulse_Mode_Enable Pass AC Power Modulate AC Power
“FALSE” Activate Disable
“TRUE” Disable Activate

TABLE 5-1.3-S3: VOLTAGE MODE PAT

135
Control
Voltage_Mode_Enable DC Voltage
“FALSE” Disable
“TRUE” Activate
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FIGURE 8 - 1.3: CONVERT AC TO DC DFD
6.1.3.1 Determine Conversion Load (Optional)

The purpose of this process is to determine the average current that is being drawn from the Utility to supply the ETS.
This information is used by the optional LMS.

Documents

Document Sharing Hub

Full document details: SAE J2293_1_201402


http://www.avadocuments.com/doc/sae-j2293-1-201402
http://www.avadocuments.com/doc/sae-j2293-1-201402

SAE INTERNATIONAL J2293-1 Stabilized FEB2014 Page 24 of 84

6.1.3.1.1 Input/Output Flows
See Table 6.

TABLE 6 - DETERMINE CONVERSION LOAD -
INPUT/OUTPUT FLOWS

Flow Name Type

Conversion_Load  Output

6.1.3.1.2 Initialization

The following shall be performed once upon activation of this process: None.

6.1.3.1.3 Operation

The following shall be performed continually while this process is active:

a. Conversion_Load shall be assigned a value that represents the filtered average current of Sw_AC_Electrical_Energy
with a first order lag time constant of 10 s. Conversion_Load shall have an accuracy of £10% or +2.0 A, whichever is

greater, with respect to the actual current of Sw_AC_Electrical_Energy.

b. Conversion_Load shall increase (decrease) or remain the same as the average current of Sw_AC_Electrical_Energy
increases (decreases).

6.1.3.2 Convert AC-to-AC

The purpose of this process is to provide the conversion of Sw_AC_Electrical Energy into Conv_AC_Electrical_Energy at
a controlled level. It is expected that most equipment will have limits imposed at times to prevent damage to itself. These
self-protection power limitations are considered to be proper operation, and may be total or partial.

If this process is not active then no energy transfer is allowed, the same as for a Power_Level of zero.

The exact characteristics that should be considered when determining the self-protection limits of the equipment will vary
based on a manufacturers’ specific converter design. Therefore, no converter-specific flows are shown into this process.

The exact AC content of Conv_AC_Electrical_Energy is of particular interest for a Type B architecture due to the inductive
coupling. See SAE J1773 for detalils.

6.1.3.2.1  Input/Output Flows
See Table 7.

TABLE 7 - CONVERT AC-TO-AC -
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Power_Level_Mandate Input
Stage_Index Input
Sw_AC_Electrical_Energy Input
Power_Level Input/Output

Conv_AC_Electrical_Energy Output
Stage Power_Limited Output

Documents

Document Sharing Hub

Full document details: SAE J2293_1_201402


http://www.avadocuments.com/doc/sae-j2293-1-201402
http://www.avadocuments.com/doc/sae-j2293-1-201402

SAE INTERNATIONAL J2293-1 Stabilized FEB2014 Page 25 of 84

6.1.3.2.2 Initialization

The following shall be performed once upon activation of this process:
Power_Level shall be assigned the value of 0 W.

6.1.3.2.3  Operation

The following shall be performed continually while this process is active.
6.1.3.2.3.1  Power Level

Power_Level shall be assigned the value of Max_Power_Level Mandate, if the value of Power_Level is greater than
Max_Power_Level _Mandate, otherwise, no value shall be assigned.

6.1.3.2.3.2  Converted AC Electrical Energy

The power of Conv_AC_Electrical_Energy is a function of the value of Power_Level and Stage_Index. The capabilities
and limitations of the present power stage, indicated by Stage_Index, are identified in 6.3.1.2.

The following shall apply for values of Stage Index from 1 to Max_Stage Index, inclusive. The power of
Conv_AC_Electrical_Energy shall be within the “Zero Power Operating Zone”, as shown in Figure 9, for other values of
Stage_Index, regardless of the value of Power_Level.

Note: Not to scale.
Max_Stage_Power,

*10% of
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Average Steady
State Power of
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i

0 (zero) Watts , QK\\%\
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FIGURE 9 - AC-TO-AC CONVERSION STEADY-STATE RESPONSE
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