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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 thathaffect 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 InstitutesNational Hlectric Vehicle
Infrastructure Working Council (EPRI-IWC), Charging Controls and Communication Committee| and the SAE
Electric Vehicl¢ Charging Controls Task Force. The efforts of all who participated are greatly appregiated.
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1. Scope—SAE J2293 establishes requirements for Electric Vehicles (EV) and the off-board HElectric Vehicle

Supply Equipment (EVSE) used to transfer electrical energy to an EV from an Electric Utility |Power System

(Utility) in INorth 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
frical energy into DC electrical energy that can be used to charge the Storage Batte
igure 1.

of AC elec
shown in H

Electric Utility
Power System
(Utility)

the conversion
ry of an EV, as

.
L
.
/ ' ’ \ S
: ] . N
Service Drop : K Electric Vehicle .
» J Energy Transfer System .
/ (EV-ETS) D
" ------------------------ ‘f ----------------
h ‘| Etectric Vehicle “. Eledtric Vehicle '
, , * | Supply Equipment ;! ! (EV) .
L
,* Service Equipment \ (EVSE) Inlet ' Storage .
L} 0
1y Battery |
----------- &4
tal Energy

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 sup
one architecture.

This document does not contain all requirements related to EV energy transfer, as there are m

port more than

any 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 Utility, except to acknowledge the Utility as the

source of energy to be transferred to the EV.
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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
Always Always
Off-Board . . ] On-Board
Utility ' AC To AC ! AC To DC ! Energy
Connection ' Conversion ! Conversion ! Transfer
AC Services : : : Controls -
Electrical (FG#1) ' (FG#2) [ (FG#3) 1 (FG#4) Electrical
Energy ' ' 1 Energy
—P—/O——r—b— AC AC —P— AC bC T b—‘/O——>
1 [ ] 1
] | 1
L] L} [ ]
L T
> i Shared:Data & Control Information 1 >
| ] ] ]
To/From [ 1 [ F'o/From
Other Off-Bpard EVSE , EV EVSE , EV EVSE , EV Other Vehicle
Systemg =\ . - $ystems
AC Conductive Inductive DC Conductive
Architecture Split Architecture Split Architecture Split
(Type A) (Type B) (Type C)
FIGURE2—EV ETS FUNCTIONAL GROUP SERIES ENERGY CONVERSION
The requirements model in Section 6 is not intended to dictate a specific design or physical ifnplementation,
but rather to provide a functional description of the system’s expected operational results. Thlse 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.

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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SAE J2293 - Part 1

Utility AC To AC AC ToDC Energy :

Connection Conversion Conversion Transfer .

Services Controls !

AC DC :
FG#3 FG#4 .

Electrical (FG#1) (FG#2) ( ) ( ) Electrical
Energy Energy
[a\Y] Ia\"2 '

L2 D \

<> Shared Data & Control Information <>,

To/From To/from

Other Off-Board Qther Vehicle

Systems SAE J2293 = Part 2 Systems '
FIGURE 3—SAE J2293 PART 1 -RART 2 SPLIT

Part 2 of $AE J2293 (Titled: Communication Requirements And Network Architecture) desdribes the SAE

J1850-compliant communication network between the~EV and EVSE for this application (ET
treats the petwork as a system with the EV and EVSE from Part 1 as external elements usin

Each part has the following outline:

Section 1

Sectioh 2

Sectioh 3

Section 4

Sectiop 5

Scope—Defines the purposeg.and content of the document.

References—Identifies.the version and source of all other documents referen

document.

Definitions—Defines terms that are specific to the subject of this documer

defined in another reference.

Abbreviations and Acronyms—Defines abbreviations and acronyms that are

subject’of this document and are not defined in another reference.

System Definition and Context—Defines the purpose and content of the systern

thé relationship of the system to its environment (external elements). This secti
specific constraints that will shape the functional and physical requirements.

5 Network). It
g the network.

ced within this

t and are not

specific to the

h by describing
bn also defines

Section 6

Section 7

Functional System Requirements—Defines the specific requirements of the system using the
functional decomposition method.
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.

The major functions are decomposed into simple,

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.
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Section 8

Section 9

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

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.

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.

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

documentgshallhave the following order of precedence.

1. SAE J2293

2. SAE J2178

3. SAE J1850

4. SAE J1772

5. SAE J1773
SAE J23
Part 1
Functior
Operati

Defines Functional
Requirements And

Defines Communication
Requirements And

SAE J2293 SAE J2178 SAE J1850 E J1773
Part 2 . ) -
. Message o ductive
Messaging Communication .
Requirements Format Network oupling
SAEJ1772| T E J1772
Control Pilot nductive
Signal oupling

Defines EVSE-to-EV

, ) Coupling Requiirements
System|Architectures Physical Channels pling Req
FGURE4—SAE 32293 DOCUMENT INFERREEATHONSHIP

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.

-10-
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2.

2.1

211

2.1.2

References

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.

SAE PUBLICATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J1715—Electric Vehicle Terminology

SAE J1772—Electric Vehicle Conductive Charge Coupling

SAE J1773—Electric Vehicle Inductive Charge Coupling

SAE J1798—Performance Rating of Electric Vehicle Battery Modules
SAE J1850—Class B Data Communication Network Interface

SAE Jp178—Class B Data Communication Network Messages

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 Association, Batterymarch Park, Quincy,

MA 02p69

NFPA{70-1996—National Electric Code (NEC)® - Article 625

2.1.2.2  Other Publication—Auvailable from Dorset House Publishing;)353 West 12th Street, New York, NY 10014

3.1

3.2

3.3

3.4

3.5

3.6

Strategies For Real-Time System Specification - Derek.J- Hatley and Imtiaz A. Pirbhai, 1988
Definitiong
Battery—$ee Electric Vehicle Storage Battery.

Branch Cifcuit—The circuit conductors ‘between the final overcurrent device protecting the [circuit and the
equipment|supplied by the circuit. It isstypically an unswitched circuit from the service equipment (fuse box) to
an appliante. For this application, the.appliance is the Electric Vehicle Supply Equipment (EVSE).

Control Flpw—The representation of information, energy, or matter that is used to alter thel 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 jis used by the
system. This constructis'used as a part of the functional decomposition process.

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 aftivation 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.

Control Sjecification (C-spec)—The description of a combinational or sequential logic operation, the results

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 Decomposition process.

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.

-11-
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3.7

3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

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.

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).

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.

Electric V.
series and
the EV.

Electric V
connector
This equip

Elementa
activity is
Decompos

Energy Tr

Energy Tr
present std

is to be trapsferred to the EV and how the ETS.shall be operated to accomplish this.

Energy Tr
board Eled
Utility Powj
connected

Functiona
system, cg
down of ¢
matter bet

Interoperg

bhicle Storage Battery (Battery)—A group of electrochemical cells electrically)©
or parallel arrangement, the principal purpose of which is to provide DC electrical e

bhicle Supply Equipment (EVSE)—The equipment from the branch circuit to, and
ment is located off-board the vehicle.

y Process—A process in a data flow diagram (DFD) that is.not decomposed further,
Hescribed by a process specification (P-spec). This censtruct is used as a part of
ition process.

hnsfer—The process of flowing energy to the EV ffom the EVSE.

ansfer Strategy—A strategy that accountsfor all of the electrical energy needs of
itus of all on-board equipment, includingthe EV Storage Battery. It determines the r

hnsfer System (ETS)—A system that is distributed between an Electric Vehicle (E
tric Vehicle Supply Equipment(EVSE), the purpose of which is to transfer electrical €
er System (Utility) to the EV Storage Battery and other vehicle loads. The EV and
together for energy to be transferred.

| Decomposition—A method used to describe the functional and behavioral req
mponent, or device, captured as a model of the requirements. It involves the hier
bmplex requirements into simple, easy to describe pieces. The flow of informatio
veen the pieces is captured, along with the process and control requirements.

bility==The condition where components of a system, relative to each other, arg

together to

pnnected in a
nergy to propel

including, the

that couples to the electric vehicle inlet, the purpose of which is to transfer electric emergy to an EV.

Its function or
the Functional

an EV and the
hte that energy

V) and the off-
nergy from the
EVSE must be

hirements of a
archical break-
n, energy, and

e able to work

perform the intended operation of the total system. As an example, a 10-mm box-en

d 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.

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.

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.

-12-
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3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

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).

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.

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.

State Tran
the value
function, is
and some

Type A Ar
across the

Type B Ar
across the

Type C Ar
across the

Utility—S¢

Abbreviat
C-spe
CSMA|
DFD
DT
EPRI
ETS

EV
EV-ET

sition Diagram (STD)—A type of C-spec that defines the exact conditions requise
pf a sequential logic function. A sequential logic function, as opposed to a4com
one where its present value (output) is dependent on the present value of(its ‘argy
nhumber of the previous values of the arguments (previous inputs). See Decision Tab

chitecture—A form of the ETS where AC electrical energy is transferred from the E
off-board/on-board boundary, via a conductive coupling.

chitecture—A form of the ETS where AC electrical energy is transferred from the E
off-board/on-board boundary, via an inductive coupling.

chitecture—A form of the ETS where DC electrical€nefrgy is transferred from the E
off-board/on-board boundary, via a conductive coupling.

be Electric Utility Power System.

ons and Acronyms
Control Specification
Carrier Sense Multiple:Access
Data Flow Diagram
Decision Tahle
Electric\Rower Research Institute

Energy Transfer System

Electric Vehicle

d to determine
binational logic
ments (inputs)
e.

VSE to the EV,

VSE to the EV,

VSE to the EV,

S Electric Vehicle Energy Transfer System

EVSE
FG
FG#m
HVAC
IwC
LMS
NEC®

Electric Vehicle Supply Equipment
Functional Group

Functional Group m

Heating, Ventilation, Air Conditioning
Infrastructure Working Council

Load Management System

National Electric Code®
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P-spec Process Specification

PAT Process Activation Table

SAE Society of Automotive Engineers
STD State Transition Diagram

VS Ventilation System

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 in

Electric V
componen
depending
Conductivg
function.
depending

The ETS i

that will affect the functional interoperability of an EV and EVSE. This includes all aspects

connection

External Ifterfaces—The ETS interacts with other functional ‘systems that are not considerg

The difference is that particular sub-functions will be performed either by-the EV, of

bhicle Supply Equipment (EVSE). This system will not be partitioned into~sp
s. It will be described as groups of functions that are to be implemented as part\of th
on which of three different physical architectures is desired. The differeftysysten

on the architecture.

between an EV and EVSE such as communication signals and power forms.

TUdes functionality that will be implemented both on-board the EV, and ofi-board_aks a part of the

ecific physical

e EV or EVSE,

architectures:

AC (Type A), Inductive (Type B), and Conductive DC (Type C), each perform the same system total

by the EVSE,

5 defined to include all aspects of the conversion of AC electrical energy into DC electrical energy

of the physical

bd to be within

ETS. Thigis illustrated in Figure 5. These interactions define the environment where the ETY must operate,
and are tHe result of natural and mandated requirements. Some of these external systemps are optional.
Therefore,|any particular ETS may or may not includexan external interface to interact with then.
DGC_Electrical_Energy EV Storagq
Battery
Hlectric Utility AC_Electrical_Energy
Ppwer System
Coupling_Proximity_Detect: EV Mobilit
Mgmt. System
- Electric Vehicle
LMS_Limit
Manzoae?nent =L Energy Transfer
s gt N ETS_Status System
ystem (EV-ETS)
DC_Electrical_Energy Other On-Bogrd
Vehicle Systqns
Indoor Charge Vent_Request
Site Ventilation
System* ... vent_Confirmed” User_Input
ETS_Status EV User’
IE‘ Allocated to FG#m * Optional ~ ------ 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.
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511

5.1.2

513

514

515

ELECTRIC UTILITY POWER SYSTEM (UTILITY)—The Electric Utility Power System is responsible to provide
common AC electrical energy. Itis 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.

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

informati
if neces
connecti
connecti

Some m
For exan
periods

as outsia

When pi
preferred
ignored.
multiple

INDOOR
optional

an EV is
per the N

A VS wi
informati
if necess
is suppo
conform

When pi
transfer.

pn will be brought into and out of ETS by way of the EVSE. It will then be communig
sary. EVSE may be designed with no accommodation for a connection te'\a™L
bn is supported, the manufacturer of the EVSE shall define the physicalCcharac
bn to conform to the functional requirements defined in this document.

hnufacturers of EVSE may choose to physically include LMS functions within their ph
hple, a “time of day” function that would allow the EVSE to transfenpower only durin
ould be incorporated into a specific EVSE design. However, this function would still
e the ETS’s functional scope.

esent, the LMS may establish preferred and mandated-léad limits that the ETS will
load limit may be ignored if the EV User takes action t6 do so. A mandated load li
Also, the ETS will provide load status information:back to the LMS. A single LMS m
ETS installations.

CHARGE SITE VENTILATION SYSTEM (VS)—The" Indoor Charge Site Ventilation Syste
system that is responsible to provide a specific level of ventilation for an enclosed (ind
being charged. This system is optional because a specific EV model may be listed 1
ational Electric Code (NEC®, NERPA-70-1996), Article 625.

| be located off-board the EV,“because it is specific to the charging site location.
on will be brought into andwout of ETS by way of the EVSE. It will then be communig
ary. EVSE may be designed with no accommodation for a connection to a VS. Whe
rted, the manufacturer of the EVSE shall define the physical characteristics of the
to the functional fequirements defined in this document.

esent, the YS-may be required to operate, and to confirm its operation, prior to and
Confirmation should be to detect that the electrical circuit which provides power

ated to the EV
MS. When a
teristics of the

ysical designs.
g off-peak rate
be considered

not exceed. A
Mit may not be
Ay interact with

m (VS) is an
oor) site where
ot to require it,

Therefore, VS
ated to the EV
n a connection
connection to

during energy
directly to the

ventilatign deyice (fan) is energized. If VS operation is required and no VS is connected o the ETS, or
confirmationtof-0peration is not received, then energy transfer will not take place. See NEC®| Article 625 for
further infofmation.

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.

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.
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5.1.6

517

5.2

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.

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 t

hermal 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 statled expectations are not intended to limit the electrical power used by other ve

Howeve
values (g

EV USER
informati
that mayj

The EV
driver’s s
the EVS

The phy
of EV U
operator
presente
consider

Functiong

1. Sy
VO
DHg
St

Cd
ac|

2.

3.

Each of th
portions of
architectur,

, these values were used during analysis to help define power stage overlap and*pow
ee 6.3.1.2) that will prevent the switching of loads from exceeding the limits of a pow

—The EV User represents the human operator of the ETS. It_serves as a so

be presented to the human operator.

Jser may be located either off-board an EV while making alconnection to EVSE, or
eat. Therefore, EV User information will be brought into<and out of the ETS by way
E. It can then be communicated to the other locatiorif necessary.

sical form of this interface will likely consist of operator input selectors and displays.
ber information is not intended to require an-EV or EVSE to make the information a
The information that is actually presented to the operator, and the method W

d to be optional.
| Content—The EV ETS is to provide the following three major functions as shown i

itch and convert AC electrfical energy into DC electrical energy, including acco
tage controlled transfer.

termine that the system is ready to properly transfer electrical energy from the U
prage Battery, including accommodation for an external VS.

commodation-for an external LMS.

e threesmajor functions will be decomposed into smaller portions. The data flows
ETS.will be described to the level necessary to insure interoperability of an EV and H

a)

hicle systems.
er stage range
br stage.

irce of certain

on that may alter the operation of the system. It is also the destination for system staftus information

bn-board in the
of the EV and

The availability
\vailable to the
ith which it is

d, will likely be different for different EV and EVSE physical designs. Therefore, this ifterface can be

Figure 6.
mmodation for

tility to the EV

ntrol the amount and rate of transfer of electrical energy to the EV Storage Battery, including

between these
FVSE of similar

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.

-16-



https://saenorm.com/api/?name=91c13da00852879b57778b7c58c3f9c7

SAE J2293-1 Issued MAR97

Vent_Confirmed*

Vent_Request

P i ek R Py S Transfer_Status

U Mod .
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- AC_Electrical_Energy DC_Electrical_Energy

: : Max_Power_Level_Mandate

_____ Voltage_Mode_Enable Switch And Gonvert Conversion_Status

: : : ElectricalEnergy :

[ : Voltage_Level :

Pulse_Period /\
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FIGURE 6—0.0: ELECTRIC VEHICLE ENERGY TRANSFER SYSTEM DFD
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5.3

54

5.5

551

55.2

5.5.3

554

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 prese

nted 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 continue to evolve as EV designs mature:

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 durabifity o
charged. Therefore, it is important for vehicle manufacturers to control how the Storage Batté
order to ingure customer satisfaction and control warranty costs.

Physical Content—An ETS, regardless of architecture (Type A, B, or C), will be implemented i
EV and an|off-board EVSE. There is no requirement for a specific physical design*within an E\
designs may distribute functions allocated to the EV to existing physical compongents within the
Physical Constraints

EVSE - [EV CONNECTION—The ETS is based on the physical coupling methods described in S

SAE J17173. These documents have been developed in parallel/with this one to insure that
are capdble of supporting the functional requirements of ETS.

EVSE - EV COMMUNICATION—SAE J1772 and SAE J1773 define an SAE J1850-compati
provide a communication network between the EV and EVSE. This network is optional for a
and shall be required for Type B and Type C systems. The usage of this network for the H
shall be| considered “normal vehicle operation messages” as defined by SAE J1850,
communjcation to an off-board device is required.

TYPE A AND TYPE C EVSE - EV CONNECTION DETECTION—The coupling method described in
conjunctfon with the electrical requirements of the Control Pilot circuit, provides for the detecti
- EV conphection by both the EV.and EVSE. This is accomplished by transfer of the data itemg
and Veh|cle_Ready on this cifcuit. In order for the EV to detect a connection, the EVSE muy
that EVE_Ready is “READY”. See SAE J1772.

TyPE B HVSE - EV CQNNECTION DETECTION—The coupling method described in SAE J17
dedicatef switch forythe direct detection of an EVSE - EV connection by the EV. However,
only detgct a cennection by monitoring the SAE J1850 channel for activity from the EV.
architecturethe’ EV shall conduct some valid communication to the EVSE within 2.0 s

tion of how it is
ry is treated in

n two parts: an
or EVSE. EV
EV.

AE J1772 and
these methods

ble channel to
Type A system
TS application

even though

SAE J1772, in
on of an EVSE

EVSE_Ready
st first indicate

73 provides a
the EVSE can
For a Type B
of the coupler

becomingdully seated in the inlet.

The connection detection problem is further complicated by a utility power outage and rec
while a Type B EVSE and EV are connected. If the outage is for anything but a short period, t

overy situation
hen 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.

-18-



https://saenorm.com/api/?name=91c13da00852879b57778b7c58c3f9c7

SAE J2293-1 Issued MAR97

555

5.5.6

6.1

6.1.1

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.

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 togetl
EVSE shall maintain normal operation, or return to normal operation upon detection of pnetwo
SAE J1850.

Functiongl System Requirements—The following are the functional requirements for the
describe what the system is supposed to do, within its defined environment. . They do not de
requirements are to be accomplished. These requirements are independent, of any particulal
system ardhitecture.

d form of functional decomposition will be used as a method to describe the requi
system. Requirements will be captured as related elements which-tiave inputs and outputs that
information}, energy, or matter. Each element transforms{its” inputs into outputs, thus
requiremeits as a model of the system. Large, complex elements (parents) are broken down ir]
smaller, simpler elements (children). These elements are<cennected by flows that represent t
energy or matter that passes between them. For detailed information on this method of syste
refer to Strategies for Real-Time System Specification,"by Derek J. Hatley and Imtiaz A. Pirbhai
Publishing

A simplifie

bses that describe ETS are shown (n Figure 6. Each process will be decomposed to
5ily described. Also, an elementary process must be able to be totally realizable v
EVSE for pny of the three system architéctures. This allocation will be shown in Section 7
intermediate architecture that consists.of four functional groups. These groups will then be cor
different ways that will represent the Type A, B, and C architectures.

The proce
can be ea

Switch And Convert Electfical Energy—The purpose of this process is to convert AC electri
DC electrigal 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 incl
elements tb insure.that conductive connections for conductive architectures will make and brg
without eldctriéal-potential across the power contacts of the connection. See SAE J1772.

er, the EV and
k activity. See

ETS. These
fine how these
technology or

rements of the
may represent
capturing the
to a number of
he information,
M specification
(Dorset House

h level where it
ithin an EV or
by way of an
nbined in three

cal energy into

udes switching
bak connection

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).

DETECT AC PRESENT—The purpose of this process is to determine if the chal

racteristics 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 appropriate

for proper operation will vary as a function of a specific EVSE design and ETS architecture.
only practical to define general characteristics of AC_Electrical_Energy that can apply to
architecture.

Therefore, it is
any design or
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FIGURE 7—1.0: SWITCH AND CONVERT ELECTRICAL ENERGY DFD

-20-



https://saenorm.com/api/?name=91c13da00852879b57778b7c58c3f9c7

SAE J2293-1 Issued MAR97

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 Initializatiomr—Ttrefottowingshatt-beperformed-onceuponactivationof-thisprocess:
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 off(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 SwiTtcH AC ON/OFF—The purpose of this process is to provideen/off switching of AC_Elgctrical_Energy.
The quality of the switch mechanism must be appropriate sotthat the equipment to which this process is
allocated will operate properly. The exact characteristics thatshould be considered will vary @s a function of
a specific EVSE design and ETS architecture. Therefore, it'is only practical to define general|{characteristics
that can japply to any design or architecture.

6.1.2.1 Input/Qutput 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.

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 AC To 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.
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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).

AR 4.2 4 on, [t WS P AR
ITADLLC o—1.0°51. CUNVLNOIUN NVIUUL FAI

1.3.1 1.3.2 1.3.6
Transfer_Ready Determine Conversion Load Convert AC To AC Convert ACTO BC
“FALSE” Disable Disable Disable
“TRUE” Activate Activate Activate

TABLE 4—1.3-s2: PULSE MODE PAT

1.3.3 134
Pulse_Mode_Enable Pass AC Power Modutate AC Power
“FALSE” Activate Disable
“TRUE” Disable Activate

TABLE 5—1.3-s3;>,VOLTAGE MODE PAT

1.35
Voltage_Mode_Enable Control
DC Voltage
“FALSE” Disable
“TRUE” Activate
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FIGURE 8—1.3: CONVERT AC TO DC DFD
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6.1.3.1

6.1.3.1.1

6.1.3.1.2

6.1.3.1.3

6.1.3.2

6.1.3.2.1

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.

Input/Output Flows—See Table 6.

TABLE 6—DETERMINE CONVERSION LOAD—
INPUT/OUTPUT FLOWS

Flow Name Type

Initig
Ope

a. Cd
S
ac|
S
Cdg
S

Conve

into Conv_AC_Electrical Energy at a controlled level. 1t is expected that most equipment

impos4
proper

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

The e
equipn
flows 4

The eX
to the

Inpu

Tonversion_road output

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

nversion_Load shall be assigned a value that represents the- filtered avera
' AC_Electrical_Energy with a first order lag time constant of 10,s:-.Conversion_Loa
curacy of +10% or +£2.0 A, whichever is greater, with. teSpect to the act
' AC_Electrical_Energy.

nversion_Load shall increase (decrease) or remain_,the same as the averd
' AC_Electrical_Energy increases (decreases).

It AC-To-AC—The purpose of this process is to provide the conversion of Sw_AC_El¢

bd at times to prevent damage to itself. These self-protection power limitations are cq
operation, and may be total or partial.

act characteristics that shoutd~be considered when determining the self-protectid
hent will vary based on a manufacturers’ specific converter design. Therefore, no co
re shown into this process.

act AC content of-Conv_AC_Electrical_Energy is of particular interest for a Type B a
nductive coupling=—See SAE J1773 for detalils.

[/Output Flows—See Table 7.

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

D

ge current of
l shall have an
hal current of
ge current of
pctrical_Energy
will have limits
nsidered to be
el of zero.

n limits of the

hverter-specific

rchitecture due

TABLE 7—CONVERT AC-TOQ-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
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6.1.3.2.2

6.1.3.2.3

6.1.3.2.3.1

6.1.3.2.3.2

Initialization—The following shall be performed once upon activation of this process:

Power_Level shall be assigned the value of 0 W.

Operation—The following shall be performed continually while this process is active.

Power Level—Power_L evel 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.

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 shgwn in Figure 9,

fon other values of Stage_Index, regardless of the value of Power_Level.

Max_Stage_Power,
+10% of
Max_Stage_Power

Average Steady
State Power of

Conv_AC_
Electrical_Energy
(Watts)

Min_Stage_Power,
+10% of
Min_Stage_Power

0 (gero) Watts

Note: Not to scale.

-25 Watts

‘7/'/ fé//}%%
Min_Stage_Power i

Max_Stage_Power

Value of Power_Level (Watts)

FIGURE 9—AC-TO-AC CONVERSION STEADY-STATE RESPONSE
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a. Average Steady-State Power—The average steady-state power of Conv_AC_Electrical_Energy, as
shown in Figure 9, shall be such that:

1. The power shall be within the “Steady-State Operating Zone” for any constant value of Power_Level
greater than or equal to Min_Stage_Power and less than or equal to Max_Stage_Power.

2. The power shall be within the “Limited Operating Zone” for any constant value of Power_Level
greater than or equal to Min_Stage Power and less than or equal to Max_Stage Power, if power
within the “Steady-State Operating Zone” can not be achieved because the stage has a self-
protection power limitation in effect.

3. The power shall be within the “Minimum Power Operating Zone” or the “Zero Power Operating Zone”
for any constant value of Power_Level less than Min_Stage_Power and greater than 0 (zero). The

4. The power shall increase at a rate of less than 1500 W/s while within the “Limited Operating Zone
for a constant value of Power_Level as a self-protection power limit is relaxed,

OWEer shall not alternate between zZones once it has entered the "Zero Power Operating Zone”.

5. The power shall be within the “Zero Power Operating Zone” for a constant value of Pqwer_Level of 0

zero).

The average power at any time shall be the average of the power for the succeeding 5.0 s.

b. Steady-State Power Stability—The power of Conv_AC_Electrical{ Energy, as shown in Figure 10, shall

be

stable for any constant value of Power_Level such that:

Note: Not to.scale.

2.5% of Avérage Steady State Power

Greaterof 35 Wattsor | | [l-————0u
+0.25% of
Average| Steady State Power Present Value Of
D Power| Level
%‘V’/ 5 -
Average| Steady State Power s i
N i
N E Value of
Power of , : Powelr_Level
Conv_AC_ i (Watts)
Electrical_Energy ol I R -
(Watts) M
| ) oo ' : Previous|Value Of
| ... N S S - Power| Level
To |
— !
L s
/.\ Ts A
Time

Time at which a new value of

Power_Level is received.

FIGURE 10—AC-TO-AC CONVERSION TRANSIENT RESPONSE
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1. The instantaneous power shall remain within the greater of 35 W or +0.25% of average steady-state
power, centered on the average steady-state power.
2. The average steady-state power shall vary less than 100 W/s.

c. Time To Steady-State—The power level of Conv_AC_Electrical _Energy, as shown in Figure 10, shall
be stable in time Ts for the indicated change in Power_Level, as described in Table 8. Ts shall begin
when a new value of Power_Level is received.

TABLE 8—TIME TO STEADY-STATE

Present Value of

Present Value of Power_Level is Present Value of Power| Level is
Previous Vajue Power_Level Less Than the Previous Greater Than The\Previous
Of Power_Lgvel is 0 (zero) Value of Power_Level Value of Power_Lgvel
0 (zero) n/a n/a T £ [DPowerpLevel |(Walts) | 4 5(s)
2,000(W ss) '
>0 (zero Ts£0.10(s) TsE [DPower_Levell (Waltts) fis |DPower_Level|(Watts)
10, 000(W/s) 2,000(W =q)

d. Time To First Zero Error—The power level of Conv_AC_Electriéal \Energy, as shown in Figure 10, may
exfeed the eventual average steady-state power in time Fo.““There shall be no requjrement for the
pefiod of time To.

e. Time To Maximum Overshoot/Undershoot—The powerilevel of Conv_AC_Electrical_Engrgy, as shown
in Figure 10, will reach peak power in time Tp. There shall be no requirement for the pefiod of time Tp.

f.  Maximum Overshoot/Undershoot—The power level of Conv_AC_ Electrical Energy| as shown in
Figure 10, shall respond to a positive-going (negative-going) step in Power_Level such that:

1. The power shall not deviate from the eventual average steady-state power by more (Iess) than 2.5%
f the average.
2. The power shall increase (decrease) monotonically until it reaches its maximum (migimum) level at
ime Tp.
3. The power shall deviate fram-the eventual average steady-state power by succgssfully smaller
mounts through time Ts.

g. Maximum Relative Power.Step—The value of DP shall be as defined in Table 9, based ppn the value of
Max_Conversion_Ppwer and Min_Stage_Power for the present Stage_Index.

The average pewer of Conv_AC_Electrical_Energy shall increase (decrease) by an anmount less than
twice any increase (decrease) in Power_Level greater than or equal to DP.

TABLE 9—MINIMUM CONVERSION POWER AND MAXIMUM STAGE POWER STHEP

Maximum Stage Power Step (DP) Maximum Stage Power Step (DP)

When Min_Stage_Power When Min_Stage_Power
Max_Conversion_Power Min_Conversion_Power £3.0 kW >3.0 kW
> 10.0 kw £3.0 kW 35W 400 W
> 1.5 kW, £ 10.0 kW £180 W 35W 400 W
£1.5 kW £Max_Conversion_Power 1.5 kW n/a

h. Maximum Absolute Power Step—The value of DP shall be as defined in Table 9, based on the value of
Max_Conversion_Power and Min_Stage_Power for the present Stage_Index.
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The average power of Conv_AC_Electrical_Energy shall remain constant or increase (decrease) by an
amount less than or equal to DP for any increase (decrease) in Power_Level less than DP.

i. AC Content—The AC content of Conv_AC_Electrical_Energy shall be as required by SAE J1773.
6.1.3.2.3.3  Stage Power Limited—Stage_Power_Limited shall be assigned a value of “TRUE” if the average
steady-state power of Conv_AC_Electrical_Energy is within the “Limited Operating Zone”, as shown in

Figure 9, otherwise, it shall be assigned the value of “FALSE”.

6.1.3.3 Pass AC Power—The purpose of this process is to provide no modulation of the converted AC power.

6.1.3.3.1  Inpup/Output Flows—See Table 10.

TABLE 10—PASS AC POWER—
INPUT/OUTPUT FLOWS

Flow Name Type

Conv_AC_Electrical_Energy Input
Mod_AC_Electrical_Energy Output

[0

6.1.3.3.2 Initiglization—The following shall be performed once upon.activation of this process: None.
6.1.3.3.3  Opefation—The following shall be performed continually: while this process is active:

The |voltage, current, and AC content of Mod_AC: Electrical_Energy shall be the same |as the voltage
and turrent of Conv_AC_Electrical_Energy.

6.1.3.4 Modulate AC Power (Optional)—The purpose of this process is to provide on/off modulatign of converted
AC poyer, where the on and off periods‘can be controlled.

6.1.3.4.1  Inpul/Output Flows—See Table11:

TABLE 11—MODULATE AC POWER—
INPUT/OUTPUT FLOWS

Flow Name Type
Conv_AC_Electrical_Energy Input
Pulse_Hi_Period Input
Pulse Lo Period Input
Mod_AC_Electrical_Energy Output

6.1.3.4.2 Initialization—The following shall be performed once upon activation of this process: None.
6.1.3.4.3  Operation—The following shall be performed continually while this process is active:

6.1.3.4.3.1  On/Off Modulation—The power level of Mod_AC_Electrical_Energy shall alternate between two levels,
PO and P1, as shown in Figure 11, such that:
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P1 Phase PO Phase :
Pulse_Hi_Period : Pulse_Lo_Period :
-~ > >
' T | '
Powe P
Conv_
Electrical |

.................................................................................................................

90 % of P1 10 % of P1
Power Level Power Level

(Watgs

Time

FIGURE 11—AC-TO-AC CONVERSION PULSE MODE TIMING

The PO power level shall be greater than or equal to 0 W and less than 25 W.
The duration of the PO power level shall.be ;Pulse_Lo Period. It shall range from 5 to 19 000 ms.
The P1 power level shall be the same as the power of Conv_AC_Electrical_Power.
The duration of the P1 power level shall be Pulse_Hi_Period. It shall range from 200 to]10 000 ms.

If the value of Pulse_Hi_Period orPulse_Lo_Period is not within the ranges specified, then the PO and
P power levels shall both be-the-same as Conv_AC_Electrical_Energy.

PoooTw

6.1.3.4.3.2  Pdgwer Level Transition Time—The power level of Mod_AC_Electrical Energy shall risg from 10% of
P1 to 90% to P1 in thé period Tr. Tr shall be less than 100 ms.

The power levekof'Mod_AC_Electrical_Energy shall fall from 90% of P1 to 10% of P1 in the period Tf.
Tflshall be less¢than 5 ms.

6.1.3.4.3.3  PUIse Enable Time—The power level of Mod_AC_Electrical_Energy shall transition int¢ the PO power
leyel-farthe first time within 500 ms after this process becomes active.

6.1.3.5 Control DC Voltage (Optional)—The purpose of this process is to provide closed-loop control of the AC-to-
AC conversion in order to achieve a target DC voltage level. The power level of the conversion will be
controlled into the EV Storage Battery and Other On-Board Vehicle System as the load (see 5.1). The
exact control method will not be specified, except to describe the desired voltage control response. The
target voltage, indicated by the value of Voltage Level, can not change value while this process is active.

It is expected that some battery management strategies will require that the DC circuit to the battery be
opened and energy transfer to the EV be continued to support the other loads. High power conversion
stages may not be able to deliver lower power levels, requiring that a lower power stage be selected. In
order to support this optional function, additional restrictions are placed on Min_Conversion_Power (see
6.1.3.5.3.2).
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This process is not limited by recommended LMS limits (Max_Power_Level). However, required LMS limits
(Max_Power_Level _Mandate) will be applied by other down-stream processes.

6.1.3.5.1 Inpu

6.1.3.5.2 Initiglization—The following shall be performed once upon activation’of this process: Non

6.1.3.5.3 Ope
6.1.35.3.1 PU

6.1.3.5.3.2 Pd
dri
sh
fol

t/Output Flows—See Table 12.

TABLE 12—CONVERT AC-TO-DC VOLTAGE
INPUT/OUTPUT FLOWS

Flow Name Type
MIN_Stage_Power Thput
Max_Stage_Power Input
Stage_Power_Limited Input
Voltage_Level Input
Conv_DC_Electrical_Energy Input
Power_Level Output
Power_Out-Of-Range Output
Pulse_Mode_Enable Output

o

ation—The following shall be performed continually while this process is active:
Ise_Mode_Enable—Pulse_Mode_Enable shall besassigned a value of “FALSE”.

wer_Level—The voltage of Conv_DC_Electrical Energy is a function of its power and the load it
ves. A change in the load will result in aschange in the voltage given constant powel. Power_Level
all be assigned a value such that théovoltage of Conv_DC_Electrical_Energy shpll provide the
owing voltage response as shown in Figure 12.
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a.

Note: Example of increasing load >3.0 kW. Not to scale.

Average Steady State
Voltage: Within £2.5% of
Voltage_Level

Max Overshoot/Undershoot:
Within £2.5% of
Average Steady State Voltage

Stable, Steady State Voltage

) DB/ _Af

- 550.0 Volts DC

Average Steady State Voltage

Voltage of
Conv_DC_
Electrical_Energy
(Volts)

Avgrage Steady State Voltage

—

Present Value
Voltage_.Level

Value of
- Voltage_Level
(Volts)

—

Time

has changed.

Time at which the load of
Conv_DC_Electrical_Energy

FIGURE 12%AC-TO-DC VOLTAGE CONVERSION RESPONSE

Mipimum Conversion Power—The power of Conv_DC_Electrical_Energy shall be able {o be as low as

180% W + 10%V\ See 6.3.1.7.2.3.

Average Steady-State Voltage—The average steady-state voltage of Conv_DC_Electrigal_Energy into

a ¢onstantload shall be such that:

1. Thes@verage voltage shall be within £2.5% of the present value of Voltage_Level
Thejaverage voltage shall vary by less than 0.20 V/s

n

3. ne average voltage shall not exceed 51Z2.5 V

The average voltage at any time shall be the average of the instantaneous voltage for the succeeding

5.0s.

Steady-State Voltage Stability—The voltage of Conv_DC_Electrical _Energy into a constant load shall
be within £0.25% of the average steady-state voltage while stable. This defines a stable voltage

condition.

Maximum Load Step—The instantaneous voltage of Conv_DC_Electrical Energy shall respond as
follows to a step change of 3.0 kW or less in the load of Conv_DC_Electrical_Energy:

1. The instantaneous voltage shall be stable in 5.0 ms or less (Ts).
2. The instantaneous voltage shall overshoot/undershoot the average steady-state voltage by +2.5% or

less.
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e. Maximum Transient Voltage—The voltage of Conv_DC_Electrical_Energy shall not exceed 550.0 V in
response to any change in load of Conv_DC_Electrical_Energy.

f. Maximum Load Rate Of Change—The voltage of Conv_DC_Electrical_Energy shall remain within
+2.5% of the average steady-state voltage in response to a rate of change of 100 W/ms or less in the
load of Conv_DC_Electrical_Energy:

g. Minimum Voltage Step—The average voltage level of Conv_DC_Electrical Energy shall remain
constant or increase (decrease) by an amount of from 1.0 to 2.0 V, for an increase (decrease) in
Voltage_Level of 2.0 V.

6.1.3.5.3.3  Power Out Of Range—Power_Out_Of_Range shall be assigned a value of “HI” (“LO”) if the value of
Power_Level required by the closed-loop voltage control is greater (less) than the active power stage
cah supply, as defined by Max_Stage Power and Min_Stage_Power. Otherwise,
Pdwer_Out_Of Range shall not be assigned a value by this process.
Stage Power_Limited may be considered in the determination of Power, Out_Of Range by this
process.
6.1.3.6  Convelt AC to DC Power—The purpose of this process is to provide openrleop conversion pf AC electrical
energy into DC electrical energy. The residual AC content of the DE electrical energy is|constrained in
order that a current measurement system that measures average’current may be d¢signed. This
charagteristic is also needed to be able to limit the amount of excess heating of the EV Stordge Battery due
to the AC content.

The |exact AC content of Mod AC ElectricalnEnergy and the nominal| voltage of

Conv_PC_Electrical_Energy is of particular interest for<a-Type B architecture due to the inddctive coupling.

See SAE J1773 for details.

6.1.3.6.1  Inpul/Output Flows—See Table 13.
TABLE.13=—CONVERT AC-TO-DC POWER
INPUT/OUTPUT FLOWS
Flow Name Type
Mod_AC_Electrical_Energy Input
Conv_DC_Electrical_Energy  Output
6.1.3.6.2 Initiglization—The following shall be performed once upon activation of this process: None.
6.1.3.6.3  Opefation~<The following shall be performed continually while this process is active:
6.1.3.6.3.1 OutipttPewertevel—Hhe—powertevel-o-Cenv—bBEc—Flectrical—Enrergy—shaltbe—withid £1.0% of the
power level of Mod_AC_Electrical_Energy minus a constant offset.
The power level of Conv_DC_Electrical_Energy shall stay the same or increase (decrease) as the
power level of Mod_AC_Electrical_Energy stays the same or increases (decreases).
6.1.3.6.3.2 AC Content—The AC content of Conv_DC_Electrical_Energy shall be such that the ratio of the root-

mean-squared (rms) power to the average power shall not exceed the value in Table 14, as a function
of the average power of Mod_AC_Electrical _Energy. This shall only apply for the P1 power phase
when pulse mode of operation is enabled. See 6.1.3.4.
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The total power content of Conv_DC_Electrical_Energy for all frequencies from 1.0 to 40 Hz shall be
less than 0.5% of its total power.

TABLE 14—MAXIMUM RATIO OF RMS TO AVERAGE POWER

Average Power Level of Maximum Ratio of RMS to Average Power
Mod_AC_Electrical_Energy (P) of Conv_DC_Electrical_Energy
P £1.5kw 1.60
1.5kW <P £ 10.0 kW 1.25

o 20O lAAL 4 (Lo LAAL o D LAAN
T TUTUKVY T T (2. JU RVV =T RVV)

6.1.4 SwitcH DC ON/OFF—The purpose of this process is to provide on/off switching of DC “Electrical_Energy.
This is needed to present de-energized circuits across the coupling for a Type C system. |There may be
additiongl switching of high voltage DC circuits between the EV Storage Battery and other of-board vehicle
systems]| However, this additional switching does not play a direct role in ETS.

The quality of the switch mechanism must be appropriate so that the equipment to which fhis process is
allocated will operate properly. The exact characteristics that should be tonsidered will vary s a function of
a specific EV design and ETS architecture. Therefore, it is only practical to define general|characteristics
that can japply to any design or architecture.

6.1.4.1 Input/Qutput Flows—See Table 15.

TABLE 15—SWITCH DC ON/OFF
INPUT/OUFPUT FLOWS

Flow Name Type
Conv_DC_Electrical_Energy Input
DC_Sw_Request Input
DC_Electrical_Energy Input/Output
Sw (DC:Electrical_Energy Output

6.1.4.2 Initialigation—The following’shall be performed once upon activation of this process: None.
6.1.4.3 Operation—The fallowing shall be performed continually while this process is active:

Conv_pPC_Eléctrical_Energy and Sw_DC_Electrical_Energy shall be considered to be the same internal to
this propcess.

If the value of DC_Sw_Request is "CLOSED?”, then an electrical circuit between DC_FElecirical_Energy and
Conv_DC_Electrical_Energy shall be closed and stable within 750 ms.

If the value of DC_Sw_Request is not “CLOSED?”, then an electrical circuit between DC_Electrical_Energy
and Conv_DC_Electrical_Energy shall be opened and stable within 250 ms.

6.1.5 DEeTECT DC PRESENT—The purpose of this process is to determine if the characteristics of
DC_Electrical_Energy are appropriate for proper charging of the EV storage battery.
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The exact characteristics that should be considered when determining if DC_Electrical_Energy is acceptable
for the charging of the EV storage battery will vary as a function of a specific EV Storage battery’s design and
construction. It is, therefore, only practical to define general characteristics of DC_Electrical_Energy that can

apply to any design or construction.

6.1.5.1

6.1.5.2

6.1.5.3

6.1.6

6.1.6.1

6.1.6.2

6.1.6.3

6.1.7

Input/Output Flows—See Table 16.

TABLE 16—DETECT DC PRESENT
INPUT/OUTPUT FLOWS

Flow Name Type
DC_Electrical_Energy Input
DC_Present Output

Initialigation—The following shall be performed once upon activation of this process: None
Operation—The following shall be performed continually while this progess is active:

DC_Piesent shall be assigned a value of “TRUE” if the characteristics of DC_Electrical_Epergy are such
that it Is acceptable to charge the EV Storage Battery, otherwis€; it shall be assigned a valug of “FALSE".

DeTECT $WITCHED AC PRESENT—The purpose of this process is to determine if the characteristics of
Sw_AC [Electrical_Energy are such that the ETS will operate properly.

The exact characteristics that should be considered” when determining if Sw_AC_Electiical_Energy is
appropriite for proper system operation will vary as a function of a specific system’s design and architecture.
It is, thernefore, only practical to define general characteristics of Sw_AC_Electrical_Energy thiat can apply to

any desigjn or architecture.

Input/Qutput Flows—See Table 17.

TABLE 17—DETECT SWITCHED AC PRESENT
INPUT/OUTPUT FLOWS

Flow Name Type
Sw_AC_Electrical_Energy Input
Sw_AC_Present Output

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

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

Sw_AC_Present shall be assigned a value of “TRUE” if the characteristics of Sw_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".

DEeTECT SWITCHED DC PRESENT—The purpose of this process is to determine if the characteristics of
Sw_DC_Electrical_Energy are such that the ETS will operate properly. For a Type C (DC conductive)
system this may include the verification that the EVSE has pre-charged its high-voltage capacitive elements
that will be powered by Sw_DC_Electrical_Energy.
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The exact characteristics that should be considered when determining if Sw_DC_Electrical_Energy is
appropriate for proper system operation will vary as a function of a specific system’s design and architecture.
It is, therefore, only practical to define general characteristics of Sw_DC_Electrical_Energy that can apply to
any design or architecture.

6.1.7.1  Input/Output Flows—See Table 18.

TABLE 18—DETECT SWITCHED DC PRESENT
INPUT/OUTPUT FLOWS

6.1.7.2 Initializ

6.1.7.3 Opera

Sw_DC Present shall be assigned a value of “TRUE” if the charagteristics of Sw_DC_Eld
are such that the equipment to which this process is allocated shall operate properly, other
assigned a value of “FALSE".

6.2 Determinsg

ready to transfer electrical energy. It is decomposed as shown in Figure 13, and contains logi
are detailef in the following tables:

Table 19—2-s1: Transfer Ready DT
Table 20—2-s2: AC Switch Request DT
Table 21—2-s3: Vent Request DT
Table 22—2-s4: DC Switch Request DT

All portions
explicit prd
determine

Flow Name Type
Sw_DC_Electrical_Energy Input
Sw_DC_Present Output

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

ion—The following shall be performed continually while this progess is active:

Ready To Transfer Electrical Energy—The purpose of this process is to determin

of this process are active (producing output flows) whenever the total process is acti
cess activation control\, However, for a process to provide an output flow, all input
that flow must be ayailable (data triggering).

ctrical_Energy
vise, it shall be

e if the ETS is
functions that

e. Thereis no
5 necessary to
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Transfer_Ready Power_Out_Of_Range

Sw_AC_Present

............................ >
eevene... 8w DC Present > Detect
Coupling
...... DC_Sw_Request > Proximity

ity- Detecte

DC_Sw_Request Usage_Mode

..... EVSEReady -l Vehce Resdy ... .

S4Z|

Determine Determine

< EVSEL Ready EVSE Ready |.....EVSE_Ready > Vehicle Ready Vehicle {Ready
To Transfer To Transfer
A
Vehicle] Ready
AC_Sw_Request AC_Present
Utility
....... AC_Presenty > Recovery
Delay Recovery_[limeout
... Tragsfer Type Valid >
..... Vent Confirmed”
I s2
EVSH_Location Vent_Request
EVSE_Location  ==-==r-==7re0n >
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FIGURE 13—2.0: DETERMINE READY TO TRANSFER ELECTRICAL ENERGY DFD
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TABLE 19—2-s1: TRANSFER READY DT

DC_Sw_Request

Power_Out_Of_Range

Sw_AC_Present ="“CLOSED” Sw_DC_Present ="“0K” Transfer_Ready
“FALSE” Do Not Care Do Not Care Do Not Care “FALSE”
Do Not Care “FALSE” Do Not Care Do Not Care “FALSE”
Do Not Care Do Not Care “FALSE” Do Not Care “FALSE”
Do Not Care Do Not Care Do Not Care “FALSE” “FALSE”
“TRUE” “TRUE” “TRUE” “TRUE” “TRUE”
TABLE 20—2-s2: AC SWITCH REQUEST DT
EVSE_ Vehicle_

Vent_ Vent_ AC_ Recovery_ Ready= Ready= Transfer_ AC_Sw_
Request Confirmed Present Timeout “READY” “READY” Type_Valid Request
“FALSE” Do Not Care “TRUE” “TRUE” “TRUE” “TRUE” “TRUE” “CLOSE”
“TRUE” “TRUE” “TRUE” “TRUE” “TRUE” “TRUE" “TRUE” “CLOSE”
“TRUE” “FALSE” “TRUE” “TRUE” “TRUE” “TRUE® “TRUE” “OPEN"

Do Not Care Do Not Care “FALSE” Do Not Care Do Not Care DoiNot Care Do Not Care “OPEN"
Do Not Care Do Not Care Do Not Care “FALSE” Do Not Care Do,/Not Care Do Not Care “OPEN"
Do Not Care Do Not Care Do Not Care Do Not Care “FALSE” Do Not Care Do Not Care “OPEN"
Do Not Care Do Not Care Do Not Care Do Not Care Do Not Care “FALSE” Do Not Care “OPEN"
Do Not Care Do Not Care Do Not Care Do Not Care Do Not €are Do Not Care “FALSE” “OPEN"
TABLE 21—2=s3: VENT REQUEST DT
Vent_Exempt EVSE_Location Vent_Required Vent_Request
“TRUE” Do, Not.€Care Do Not Care “FALSE”
“FALSE” “OUTFDOOR” Do Not Care “FALSE”
“FALSE” “INDOOR” “FALSE” “FALSE”
“FALSE” “INDOOR” “TRUE” “TRUE”
TABLE 22—2-s4: DC SWITCH REQUEST DT
Coupling_ Usage_Mode
Proximity_ EVSE_Ready Vehicle_Ready NOT=
DC_Predent Detected ="“READY” ="“READY” “NO_TRANSER” DC Sw|Request
“FALSE” Do Not Care Do Not Care Do Not Care Do Not Care “OPEN"
Do Not Care “FALSE” Do Not Care Do Not Care Do Not Care “OPEN"
Do Not Care Do Not Care “FALSE” Do Not Care Do Not Care “OPEN"
Do Not Care Do Not Care Do Not Care “FALSE” Do Not Care “OPEN"
Do Not Care Do Not Care Do Not Care Do Not Care “FALSE” “OPEN"
“TRUE” “TRUE” “TRUE” “TRUE” “TRUE” “CLOSE”
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6.2.1

6.2.1.1

6.2.1.2

6.2.1.3

6.2.2

DETERMINE EVSE READY TO TRANSFER—The purpose of this process is to determine if all off-vehicle
equipment within the context of the ETS is in a state where it is ready to support power transfer from the
Utility to the EV. This off-vehicle equipment is generally referred to as electric vehicle supply equipment
(EVSE). Only conditions that directly relate to the readiness of EVSE should be considered here. Issues
related to site ventilation should not be considered here, as these are considered as a part of the control
structure.

The exact characteristics considered when determining that the EVSE is ready to support power transfer will
vary based on manufacturers’ specific EVSE designs. Further, the EVSE'’s functional content will vary
depending on the ETS architecture (see Section 7). Therefore, it is only practical to define general
requirements that could apply to any design or architecture. This results in no explicit flows into this process.
Items for consideration should include, but not be limited to:

a. Agcess doors/panels closed
b. Internal power supply outputs within operational specification
c. Internal component temperatures within operational specification

Input/Qutput Flows—See Table 23.

TABLE 23—DETERMINE EVSE READY IO TRANSFER—
INPUT/OUTPUT FLOWS

Flow Name Type
EVSE_Ready Output

Initialigation—The following shall be performed ence upon activation of this process:
EVSE | Ready shall be assigned the value.of “NOT_READY".
Operation—The following shall be perfermed continually while this process is active:

EVSE [Ready shall be assigned the value of “READY” if the present state of the EVSE is $uch that it can
suppoit energy transfer properly, otherwise, a value of “NOT_READY” shall be assigned.

Determination of EVSE—~Ready shall not take into account data or conditions that arg used in the
determination of Transfer Ready, AC_Sw_Request, DC_Sw_Request, and Vent_Reques}, as shown in
Figure|13.

DETERMINE VEHICLE READY TO TRANSFER—The purpose of this process is to determine if all on-board vehicle
equipment Wlthln the context of the ETS is in a state where |t is ready to support power transfer from the
Utility to : nsidered here.

Issues related to site ventrlatron shouId not be consrdered here as these are considered as a part of the
control structure.

The exact characteristics considered when determining that the vehicle is ready to support power transfer
will vary based on manufacturers’ specific EV designs. Further, the vehicle’s functional content will vary
depending on the ETS architecture (see Section 7). Therefore, it is only practical to define general
requirements that could apply to any design or architecture. This results in no explicit flows into this process.
Items for consideration should include, but not be limited to:
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6.2.2.1

6.2.2.2

6.2.2.3

6.2.3

6.2.3.1

6.2.3.2

Vehicle in PARK, or parking brake set

Access doors/panels closed

Internal power supply outputs within specification
Internal component temperatures within specification
High voltage equipment properly isolated/grounded

©Too0 T

Input/Output Flows—See Table 24.

TABLE 24—DETERMINE VEHICLE READY TO TRANSFER—
INPUT/OUTPUT FLOWS

Flow Name Type

Vehicle_Ready Output

Initialigation—The following shall be performed once upon activation of this process:
Vehicl¢ Ready shall be assigned a value of “NOT_READY”.
Operation—The following shall be performed continually while this-process is active:

Vehicl¢ _Ready shall be assigned a value of “READY” if the_present state of the EV is such that it can
suppoit energy transfer properly, otherwise, a value of “NOT. READY” shall be assigned.

Determination of Vehicle Ready shall not take inte, account data or conditions that afe used in the
determination of Transfer_Ready, AC_Sw_Request; DC_Sw_Request, and Vent_Reques}, as shown in
Figure|13.

UTILITY RECOVERY DELAY—The purpose of this process is to provide a random time delay to [the start of the
energy tfansfer process after a Utility recovers from a power outage. This delay is only reqlired when the
Utility regovers while an EV is connected to the EVSE. The delay will allow an opportunity|for the Utility’s
automatic fault recovery equipment to'operate without the load of EVs on the Utility. Further, the random
element has the effect of slowly increasing the total EV load for the recovering portion of the Utility.

This delay may be considered inconvenient by the EV User. Therefore, this process alloys the User to
override the delay by briefly/disconnecting the EVSE from the EV. Allowing an individual User{to override the
delay dogs not significantly reduce the effectiveness of the random delay because of the low [probability that
a large percentage-of\Users will override at the same time.

Input/QutputElows—See Table 25.

TABLE 25—UTILITY RECOVERY DELAY—
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Present Input
Vehicle_Ready Input
Recovery_Timeout Output

Initialization—The following shall be performed once upon activation of this process: None.
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6.2.3.3

6.2.4

6.2.4.1

6.2.4.2

6.2.4.3

6.2.5

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

Recovery_Timeout shall be assigned a value of “TRUE” if either of the following 2 items are true,
otherwise, it shall be assigned a value of “FALSE”:

a. AC_Present is “TRUE” continually for a random period of time or longer. The random period of time
shall be between 120 to 720 s with a resolution and accuracy of 1.0 s or less. A new random period
shall be selected and the timing restarted each time AC_Present becomes “TRUE".

b. Vehicle_Ready is “UNDEFINED” continually for 5.0 s or longer during the timing of the 120 to 720 s
random period. The timing of the 5.0 s continual period shall be restarted each time AC_Present
becomes “TRUE”.

DETERMINE VENTILATION FAULT (OPTIONAL)—The purpose of this process is to determinejif.the
Site Ventilation System is non-functional or not available. This is accomplished by allowing a

time for

Input/C

InitialiZ
Opera

Vent_H
be ass

a. Vg
b. Vs

The re

IDENTIFY
or outda

functioning VS to confirm normal operation.

Dutput Flows—See Table 26.

TABLE 26—DETERMINE VENTILATION FAULT—
INPUT/OUTPUT FLOWS

Flow Name Type
Vent_Confirmed Input
Vent_Request Input
Vent_Fault Output

ation—The following shall be performedonce upon activation of this process: None.
ion—The following shall be performed continually while this process is active:

Fault shall be assigned a value of “TRUE” if both of the following 2 items are true, ot
gned a value of “FALSE”:

nt_Request has a-value of “TRUE” continually for 10.0 s or longer.
nt_Confirmed has-a value of “FALSE".

5olution and@accuracy of all timing parameters shall be 1.0 s or less.

EVSE LocATION (OPTIONAL)—The purpose of this optional process is to identify the |
or, Where the EVSE is installed, and to identify if the EVSE is exempt from t

Indoor Charge
fixed period of

erwise, it shall

pcation, indoor
ne charge site

mechani

cal-ventilation requirements identified in the National Electric Code. Article 625.

EVSE may be designed for indoor or for outdoor service, or the equipment may be suitable for either. In that
case, EVSE will accommodate some method for the location to be identified (switches, jumpers, etc.) when
the equipment is installed. Further, some EVSE may be exempt from the need for charge site ventilation,
regardless of the design of an EV that may be charged by it.

The exact characteristics that should be considered to determine the EVSE location and ventilation status
will vary based on manufacturers’ specific equipment designs. Therefore, no specific flows are shown into

this proc

€sS.
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6.2.5.1

6.2.5.2

6.2.5.3

6.2.6

6.2.6.1

6.2.6.2

6.2.6.3

from the need
FPA-70-1996),

Electric Code
the value of
E_Locations, if

eristics of the

event possible

ction exists will
ctical to define

Input/Output Flows—See Table 27.
TABLE 27—IDENTIFY EVSE LOCATION—
INPUT/OUTPUT FLOWS
Flow Name Type
EVSE_Location Output
Vent_Exempt Output

Initializattor—The-fottowing-stattbeperformedonceuponactivationof-thisprocess:

Vent_Exempt shall be assigned the value of “TRUE” if the EVSE is considered to be g€xemp

for specific charge site mechanical ventilation, per the National Electric Code (NEC®, N

Article|625. Otherwise, Vent_Exempt shall be assigned the value of “FALSE”.

EVSE [ Location shall be assigned the value of “INDOOR?” if the EVSE is _considered to be lpcated indoors

and that specific charge site mechanical ventilation may be required,“per the National

(NEC®, NFPA-70-1996), Article 625. Otherwise, EVSE_Location  Shall be assigned

“OUTDOOR?". Inthe case where Vent_Exempt is “TRUE,” the value'that is assigned to EVS

any, is|of no consequence.

Operation—The following shall be performed continually while this process is active: None|
DETECT COUPLING PROXIMITY—The purpose of this process is to determine if the charac
connectipn between the EVSE and EV are such that the EV should be immobilized to p
damage [to the power coupling.

The exagt characteristics that should be considered when determining if a full or partial conne
vary as @ function of the specific EV design and ETS architecture. Therefore, it is only pra|
general ¢haracteristics of the coupling that could apply to any design or architecture.

Input/Qutput Flows—See Tahle 28.

TABLE 28—DETECT COUPLING PROXIMITY—
INPUT/OUTPUT FLOWS
Flow Name Type
Coupling_Proximity Detected Output
Initialization—The following shall be performed once upon activation of this process: None.
Operation—The following shall be performed continually while this process is active:

Coupling_Proximity Detected shall be assigned a value of “TRUE” if the presence or probability of a
connection between the EVSE and EV is such that the vehicle should be immobilized to prevent possible
damage to the power coupling. Otherwise, Coupling_Proximity Detected shall be assigned a value of
“FALSE”.

6.3 Control Transfer of Electrical Energy—The purpose of this process is to control the transfer of electrical
energy through the ETS, from the Electric Utility Power System to the EV Storage Battery. It is decomposed as
shown in Figure 14.
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FIGURE 14—3.0: CONTROL TRANSFER OF ELECTRICAL ENERG

Data Flow

Y DFD
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Explicit activation of portions of this process shall be as described by Table 29. However, for any process to
produce an output flow, all inputs necessary to determine that output must be available (data triggered).

TABLE 29—3.0-s1: VOLTAGE MODE PAT

3.4 35
Control Power Conversion of Control Voltage Conversion
Voltage_Mode_Enable Electrical Energy of Electrical Energy
“FALSE” Activate Disable
“TRUE” Disahle Activate

6.3.1 SELECT CONVERSION CONFIGURATION—The purpose of this process is to identify the “power conversion
configurgtion and capabilities of the ETS, and then to select from the available options/lt is decomposed as
shown ir] Figure 15. It is expected that most equipment which offers a broad range of power cpnversion level
will do s¢ in distinct stages with overlapping power ranges as shown in Figure 16. However, |t is acceptable
to have I single stage.

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

a. Taple 30—3.1-s1: Conversion Identification PAT
b. Taple 31—3.1-s2: Conversion Selection PAT

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

TABLE 30—3.1-s1: CONVERSION IDENTIFICATION PAT

3.1.2 3.1.7
Max_Transfer\ Identify Stage Design Identify Conversion Power
Transfer_Ready Power_Valid Range Range
“FALSE” “FALSE” Disable Disable
“FALSE” “FRUE” Activate Activate
“TRUE" Do*Not Care Disable Activate

TABLE 31—3.1-s2: CONVERSION SELECTION PAT

3.1.1 3.1.3 3.1.5
Trangfer_Ready  Select Power Stage Select Conversion Control Select Transfer Type
“EALSE” Activate Activate Activate
“TRUE" Disable Disable Disable
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FIGURE 15—3.1: SELECT CONVERSION CONFIGURATION DFD
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f ———

Note: For Stage_Index = 0, then Stage_Index =
Max_Stage_Power and Max_Stage_Index

Min_Stage_Power are 0 (zero).

Increasing | Stage_lndexl; 3

Stage_Index

6.3.1.1

6.3.1.1.1

6.3.1.1.2

6.3.1.1.3

|
0 Stage_lndex!:Z | :
—

i Stage_Index a 1
[ I

_Conve ;sion_,Power Min_Stage_.Power Max_Siage_Power Max_Conye

Min
-and - For Stage_Index=3 For Stage_Index =3 {and -
Min_Stage_Power Max_Sjage_Power
Fpr Stage_Index = 1 For Stage_Index =
Increasing Stage Power = Max_gtage_Index

FIGURE 16—RELATIVE CONVERSION STAGE POWER RANGE

Select|Power Stage—The purpose of this process is to¥select which power stage of|the AC-to-AC
convetsion equipment is to be active. The power,cenversion capabilities of the pregent stage are
rent stage is
selected. It may be necessary to examine all the ¢apabilities of all stages before a decision can be made.

examimed and a decision is made if that stage is acceptable for energy transfer. If not, a diffe

The exact characteristics that should be considered to select the active power stage will vary based on

manufacturers’ specific vehicle designs andthe present energy transfer strategy.

Inpup/Output Flows—See Table 32

TABLE 32—SELECT POWER STAGE
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Conversion_Power Input
Max_Stage_Index Input
Max_Stage_Power Input
Min_Conversion Power Input
Min_Stage_Power Input
Stage_Index Input
Power_Out_Of_Range Input/Output
Requested_Stage_Index Output

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

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

rsion_Power
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6.3.1.1.3.1 Requested Stage Index—Requested_Stage Index shall be assigned a value that represents which
power stage of the AC-to-AC conversion equipment is to be active such that:
a. The value shall range between 0 (zero) and Max_Stage_Index, inclusive.
b. The value shall be selected such that the values of Min_Stage Power, Max_Stage Power are
acceptable for the present energy transfer strategy.
c. The value shall be 0 (zero) to select a null stage, if no stage is acceptable for the present energy
transfer strategy.
The value of Power_Out_Of Range and Stage Index should be considered when determining
Requested_Stage Index. If the value of Power_Out_Of Range is “LO” (“HI"), this indicates that a
vaJue that IS 1ess (greater e_m —Index.
6.3.1.1.3.2  Pdwer Out Of Range—Power_Out_Of Range shall be assigned the value of “OK" iff the values of
Mi resent energy
transfer strategy and the value of Stage_Index is not 0 (zero). Otherwise, no value shall be assigned.
6.3.1.2 Identi dy-state power

convelsion capabilities of the selected AC-to-AC conversion power stage. The capabiliies have been

constrained so that adjacent power stages must have a minimum amaqunt of overlap.

The ag¢tual maximum power that a stage can provide may beJimited to a value less than the identified

maximum capability. See 6.1.3.2.3.3.

The exact characteristics that should be considered ta-identify the power conversion capabilities will vary
based [on manufacturers’ specific converter designs. cTherefore, no converter-specific flowsfare shown into

this process.

6.3.1.2.1

6.3.1.2.2

6.3.1.2.3

6.3.1.2.3.1

Inpup/Output Flows—See Table 33.

TABLE 33—IDENTIFY STAGE DESIGN RANGE—
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Stage_Index Input
Requested_Stage_Index Input
Stage_Index Output
Max_Stage_Power Output
Min_Stage_Power Output

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

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

Minimum Stage Power—Min_Stage Power shall be assigned a value that represents the minimum
steady-state power of Conv_AC Electrical Energy for the power stage indicated by
Requested_Stage_Index, given the design of the stage such that:

a. The steady-state power of Conv_AC_Electrical Energy shall be less than Min_Stage Power
+10%, and shall be greater than Min_Stage Power —10% for the case where the value of
Power_Level is equal to Min_Stage Power, as shown in Figure 9.

b. The value shall be Min_Conversion Power for the case where the value of
Requested_Stage Index is 1 (one).
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c. The value shall be 0 W for the case where the value of Requested_Stage_Index is less than or
equal to O (zero), or greater than Max_Stage_Index.
d. The value shall be as indicated in Table 34, based on the value of Max_Stage Power for the

adjacent lower power stage, if any.

TABLE 34—MINIMUM STAGE POWER VALUES

Max_Stage_Power Min_Stage_Power
for Power Stage n for Power Stage n+1
-0 l:(:\Vl:Gl _Sto\gc_Puvvcl, for Sta\_,jc ||) 20
>2.0 kW, £6.0 kW <+(Max_Stage_Power, for Stage n) —0.5 kW
£2.0 kW 3 (Max_Stage Power, for Stage n)

6.3.1.2.3.2 Maximum Stage Power—Max_Stage Power shall be assigned a value that represents|{the maximum,
unjimited steady-state power of Conv_AC_Electrical Power for the hpower stagg indicated by
Rgquested_Stage_Index, given the design of the stage such that:

a. The steady-state power of Conv_AC_Electrical_Power shall be lgss 'than Max_Stage Hower +10% for

the case where Power_Level is greater than or equal to Max_Stage_Power, as shown ip Figure 9.

b.[ The value shall be Max_ Conversion_Power for*~the case where the value of
Requested_Stage_Index is equal to Max_Stage_Indéx)
c.| The value shall be 0 W for the case where the value of Requested_Stage_Index|is less than or
equal to O (zero), or greater than Max_Stage_Index.
d.| The value shall be as indicated in Table 35, based on the value of Min_Stage Powgr.

=

TABLE 35—MAXIMUM STAGE POWER VALUES

Min_Stage_Rower Max_Stage_Power
>10.0.kW 3Min_Stage Power + 12.0 kW

>1.5 kW, £10.0 kW 3 Min_Stage_Power + 4.0 kW
£2.5 kW 3 Min_Stage_Power

6.3.1.2.3.3  Stage Index—Stage” Index shall be assigned the value of Requested_Stage_Index, [if the value of
Rgquested_Stage, Index is an integer between 1 and Max_Stage_Index, inclusive. Otherwise, a value

of D (zero) shallkbe assigned.

6.3.1.3  Select|Conversion Control—The purpose of this process is to select the method of conyersion control.
There pre two'methods available: power control and voltage control.

The exact characteristics that should be considered to determine the desired conversion control will vary
based on manufacturers’ specific transfer strategy. Therefore, no strategy specific flows are shown into this
process.
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6.3.1.3.1

6.3.1.3.2

6.3.1.3.3

6.3.1.3.3.1

6.3.1.3.3.2

Input/Output Flows—See Table 36.

TABLE 36—SELECT CONVERSION CONTROL—
INPUT/OUTPUT FLOWS

Flow Name Type
Voltage_Mode Input
Voltage_Level Output
Voltage_Mode_Enable Output

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

D

Opefation—The following shall be performed continually while this process is activie:

Vdltage Mode Enable—Voltage_ Mode Enable shall be assigned a value. of “TRUE”|if the present
energy transfer strategy calls for off-board closed-loop voltage control'ef Conv_DC_Elgctrical_Energy
as| described in 6.1.3.5 and Voltage Mode has the value0"SUPPORTED". Otherwise,
Vdltage_Mode_Enable shall be assigned a value of “FALSE”.

If the value of Voltage Mode is “NOT_SUPPORTED?", then the EVSE is not designgd to support a
clgsed-loop voltage control mode of operation. See 6.3.1.4.

Vdltage Level—If Voltage _Mode Enable is assigned a value of “TRUE” above, then| Voltage_ Level
shpll be assigned a value that indicates the desired voltage of Conv_DC_Electrical_Engrgy, otherwise,
no|value shall be assigned.

6.3.1.4 Identify EVSE Configuration—The purpose ;0f’this process is to identify the configuration| of the electric
vehiclg supply equipment (EVSE). The ETS offers various architectures and some optional features.
EVSE [may support multiple architecturés’and some features are not a part of the EVSE for a particular

architgcture. This process is alwayscllocated to the off-board equipment (EVSE).

The exact characteristics that should be considered to identify the EVSE configuration will viary based on a
manufacturer’s specific equipment design. Therefore, no explicit flows are shown into this grocess.

6.3.1.4.1

6.3.1.4.2

6.3.1.4.2.1

Inpup/Output Flows—See Table 37.

TABLE 37—IDENTIFY EVSE CONFIGURATION—
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Energy_Transfer Output
Inductive_Energy_Transfer Output
DC_Energy_Transfer Output
Pulse_Mode Output
Voltage_Mode Output

Initialization—The following shall be performed once upon activation of this process:

AC Energy Transfer—AC_Energy_Transfer shall be assigned a value of “SUPPORTED” if the EVSE is
compatible with the ETS Type A architecture, otherwise, a value of “NOT_SUPPORTED” shall be
assigned.
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6.3.1.4.2.2  Inductive Energy Transfer—Inductive_Energy_Transfer shall be assigned a value of “SUPPORTED” if
the EVSE is compatible with the ETS Type B architecture, otherwise, a value of “NOT_SUPPORTED”
shall be assigned.

6.3.1.4.2.3 DC Energy Transfer—DC_Energy_Transfer shall be assigned a value of “SUPPORTED” if the EVSE is
compatible with the ETS Type C architecture, otherwise, a value of “NOT_SUPPORTED” shall be
assigned.

6.3.1.4.2.4  Pulse Mode—Pulse_Mode shall be assigned a value of “SUPPORTED” if the EVSE supports the
optional mode of operation described in 6.1.3.4 and the EVSE is compatible with the ETS Type B or C
architecture. Otherwise, a value of “NOT SUPPORTED” shall be assigned.

Wi
B

Th
6.3.1.4.25 Vd
op

ar

Wi
C

Th
6.3.1.4.3 Ope
6.3.1.5 Select

the ve
one fo
The e
manuf

specifi

6.3.1.5.1 Inpu

hile an ETS of any architecture may support this option, the EVSE only plays a/direc
br C architecture.

is is referred to as Option 1 (O1) in Section 7.
ltage Mode—Voltage_Mode shall be assigned a value of “SUPP@RTED” if the EVS
tional mode of operation described in 6.1.3.5 and the EVSE s |eompatible with th

hitecture. Otherwise, a value of “NOT_SUPPORTED” shallbé-assigned.

hile an ETS of any architecture may support this optiop;sthe EVSE only plays a direc
brchitecture.

is is referred to as Option 2 (02) in Section 7.

ation—The following shall be performed continually while this process is active: Nor
Transfer Type—The purpose of this process is to select the form of energy that will b
nicle from the EVSE. It is anticipatéd that some vehicles may support energy transfe
m. This process is always allogated to the on-board equipment (EV).

act characteristics that should be considered to select the form of energy will
hcturers’ specific vehicle designs and the present energy transfer strategy. Therefg

C flows are shown intgthis process.

[/Output Flows—~See Table 38.

TABLE 38—SELECT TRANSFER TYPE—
INPUT/OUTPUT FLOWS

[ role in a Type

E supports the

e ETS Type C

L role in a Type

e
b transferred to

br of more than

ary based on
re, no vehicle-

Flow Name Type
AC_Energy_Transfer Input
DC_Energy_Transfer Input
Inductive_Energy_Transfer Input
Transfer_Type_Preference Input
Transfer_Type Output
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6.3.1.5.2 Initialization—The following shall be performed once upon activation of this process:
Transfer_Type shall be assigned one of the values in Table 39, as a function of the values of

AC_Energy_Transfer, Inductive_Energy_Transfer, and DC_Energy Transfer, indicating the form of
energy to be transferred to the vehicle, as defined in Table 40.

TABLE 39—TRANSFER TYPE OPTIONS

AC_Energy_Transfer Inductive_Energy_Transfer DC_Energy_Transfer Transfer_Type
“NOT SUPPORTED “NOT_SUPPORTED” “NOT_SUPPORTED” “NO_TRANSFER”
“SUPPORTED NOT_SUPPORTED NOT_SUPPORTED AC OR "NO_TRANSFER”
“NOT_SUHRPORTED” “SUPPORTED” “NOT_SUPPORTED” “INDUCTIVEOR

“NO_TRANSFER”
“SUPPORTED” “SUPPORTED” “NOT_SUPPORTED” “AC” OR)'INDUCTJVE"” OR
“NO_TRANSFER”
“NOT_SUHPORTED” “NOT_SUPPORTED” “SUPPORTED” “DC” OR “NO_TRANSFER”
“SUPPORTED” “NOT_SUPPORTED” “SUPPORTED” “AC” OR “DC” OR
“NO_TRANSFER”
“NOT_SUHRPORTED” “SUPPORTED” “SUPPORTED” “INDUCTIVE” OR [DC"” OR
“NO_TRANSFER”
“SUPPORTED” “SUPPORTED” “SUPPORTED” “AC” OR “INDUCTJVE"” OR

“DC” OR “NO_TRANSFER”

TABLE 40—TRANSFER TYPE DEFINITION

Transfer_Type Definition
“NO_TRANSFER” Energy is not to,be transferred to the vehicle
“AC” Energy transferred to the vehicle is to be in the form of AC
electricalenergy
“INDUCTIVE" Energy transferred to the vehicle is to be in the form of
inductive (magnetic) energy
“‘DC” Energy transferred to the vehicle is to be in the form of DC

electrical energy

If al particular form ofisenergy is preferred by the EV User, indicated by |the value of
Trangfer_Type_Preferenee, then this preference shall be considered if it is supported. It|is not required
that the preferred form-of energy be transferred.

6.3.1.5.3  Opefation—The\following shall be performed continually while this process is active: Norle

6.3.1.6 Validatle Transfer Type—The purpose of this process is to determine if the form of energy|selected to be
transfdrred'to the vehicle is valid.

6.3.1.6.1  Input/Output Flows—See Table 41.

TABLE 41—VALIDATE TRANSFER TYPE—
INPUT/OUTPUT FLOWS

Flow Name Type
AC_Energy_Transfer Input
DC_Energy_Transfer Input
Inductive_Energy_Transfer Input
Transfer_Type Input
Transfer_Type_Valid Output
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6.3.1.6.2

6.3.1.6.3

6.3.1.7 Identify
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6.3.1.7.2 Initig
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6.3.1.7.2.2 Mg
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a.
b.
C.
6.3.1.7.3

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

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

Transfer_Type_Valid shall be assigned a value of “TRUE” if any single one of the 3 following items is true.
If none, or more than one item is true, a value of “FALSE” shall be assigned:

a. AC_Energy Transfer has the value “SUPPORTED” and Transfer_Type has the value of “AC".
Inductive_Energy_Transfer has the value “SUPPORTED” and Transfer_Type has the value of

b.

C.

“INDUCTIVE".
DC Energy Transfer has the value “SUPPORTED” and Transfer Type has the valu

e of “DC".

Conversion Power Range—The purpose of this process is to identify the minimum
capabilities, and the number of power stages that are supported by the CAC-to-
nent. The capabilities have been constrained so that power stages must be-able to f
rage Battery under most residential situations (> 1.5 kW, £ 10.0 kW).

act characteristics that should be considered to identify the conversien‘power range

[/Output Flows—See Table 42.

TABLE 42—IDENTIFY CONVERSION POWER RANGE—
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Stage_Index Output
Max_Conversion_Powet Output
Min_Conversion_PRower Output

lization—The following shall be petformed once upon activation of this process:

ximum Stage Index—Max~Stage_Index shall be assigned an integer value betws
lusive, that indicates the total number of power stages that are provided by the AC-to-
Lipment.

ximum Conversion’ Power—Max_Conversion_Power shall be assigned a value that

ue of Max_Stage Power for the case where the value of Stage Index is Max_Stag
.2,

owing:

and maximum
AC conversion
ully charge the

will vary based

anufacturer’s specific converter design. Therefore, no explicit flows are shown into this process.

ben 1 and 63,
AC conversion

is equal to the
e _Index. See

nimum Conversion Power—Min_Conversion_Power shall be assigned a value that meets the

The value shall be equal to the value of Min_Stage_Power for the case where the value of Stage_Index
is 1 (one). See 6.3.1.2.
The value shall be as indicated in Table 9, based on the value of Max_Conversion_Power. See
6.1.3.2.
The value shall be less than or equal to 180 W regardless of the value of Max_Conversion_Power if the
system supports Voltage_Mode. See 6.3.1.4.

Operation—The following shall be performed continually while this process is active: None.

-51-



https://saenorm.com/api/?name=91c13da00852879b57778b7c58c3f9c7

SAE J2293-1 Issued MAR97

6.3.1.8

6.3.1.8.1

6.3.1.8.2

6.3.1.8.3

6.3.1.9

6.3.1.9.1

6.3.1.9.2

6.3.1.9.3

Identify Maximum Transfer Power—The purpose of this process is to identify the maximum electrical power
that can be transferred to the vehicle. It is expected that a vehicle will be designed to accommodate a
maximum power transfer level, regardless of the EV Storage Battery’s maximum charging level. This
process is always allocated to the on-board equipment (EV).

The exact characteristics that should be considered to determine the maximum power transfer level will
vary based on manufacturers’ specific vehicle designs and ETS architecture. Therefor
specific flows are shown into this process.

Input/Output Flows—See Table 43.

Initig

Max| Transfer_Power shall be assigned a value that indicates theimaximum energy transf
that fan be accommodated by the equipment to which this process is allocated (vehicle).

Ope

TABLE 43—IDENTIFY MAXIMUM TRANSFER POWER—
INPUT/OUTPUT FLOWS

Flow Name Type

Max_Transfer_Power Output

lization—The following shall be performed once upon activation ofthis process:

ation—The following shall be performed continually While this process is active: Nor

e, no vehicle-

er rate (power)

e.

Validale Maximum Transfer Power—The purpose of this process is to determine if the idenfified maximum

[0

electri¢al power that can be transferred to the vehicleis valid.
Inpup/Output Flows—See Table 44.
TABLE 44—VALIDATE MAXIMUM TRANSFER POWER—
INPUT/OUTPUT FLOWS
Flow Name Type
Max_Transfer_Power Input
Max_Transfer_Power_Valid Output
Initiglization—The-following shall be performed once upon activation of this process: None.
Opefation=The following shall be performed continually while this process is active:
Max| Transfer Power Valid shall be assigned a value of “FALSE” if the value of Max_Tra
less than or equal to 0 W, otherwise, a value of “TRUE” shall be assigned.

nsfer_Power is

6.3.2 DETERMINE CONVERSION LOAD LIMIT—The purpose of this process is to determine limits for the AC-to-AC
conversion process that are based on information from the external Load Management System (LMS), the
size of the branch circuit that the EVSE is connected to, and the vehicle’s power transfer capability. It is
decomposed as shown in Figure 17.
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Max_Transfer_Power Max_Power_Level_Mandate

Determine >
Maximum
Power Level
Min_Conversion_Power Mandate Current_Limit_Mandate
Identify
Branch Circuit
Rating
Branch_Circuit_Rating
LMS_Current_Limit_Preference*
LMS_Current_Limit_Mandate* Deteqithe
Input'Current
Limit
LMS_Preference_Toggle* LMS_Preference_Override* 1
LMS_Prdference_Override*
<
o1
Min_Conversion_Power Dete.rmme Current_Limit
Maximum
P Level
owerLeve /\ Max_Power_Level -
~

Data Flow

E] Allocated to FG#m *Optional  eeeees Control Flow

FIGURE 17—3.2: DETERMINE CONVERSION LOAD LIMITS DFD
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This process will not limit energy transfer to zero even when there is a specific LMS request to do so, except
if the minimum conversion capability would exceed the branch circuit rating. It would be detrimental to some
vehicles if they were required to limit their load to zero for extended periods of time. See Figure 18.

“TRUE”
/
LMS_Preference_Override = “FALSE”

AL

| Pre-set |
LMS_Preference_Toggle = “TRUE” LMS_Preference_Toggle = “FALSE”
/ /
LMS_Preference_Override = “TRUE” LMS_Preference_Override’= “FALSE”
| Set | | Clear |
LMS_Preference_Toggle = “FALSE” LMS_Preference_Toggle = “TRUE”
/ /
LMS_Preference_Override = {TRUE” LMS_Preference_Override = “FALSE”
| Pre-clear |
FIGURE 18—3.2-S1: LMS PREFERENCE OVERRIDE STD
6.3.2.1 Determine Input Current Limit—The purpose of this process is to determine the maximum input current of
the AQ-to-AC€” conversion process. This is the maximum current to be drawn from the Utility. This will be
based [or’the rating of the branch circuit that feeds the EVSE and input from the LMS. However, the LMS

can not limit the ETS to less than 1500 W of load.

The EVSE is considered to be a continuous load by the NEC®. Therefore, the branch circuit current is
limited to 80% of the circuit’s rating.

6.3.2.1.1  Input/Output Flows—See Table 45.
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6.3.2.1.2

6.3.2.1.3

6.3.2.1.3.1 C{

6.3.2.1.3.2 C{

6.3.2.2

6.3.2.3

6.3.2.3.1

TABLE 45—DETERMINE INPUT CURRENT LIMIT—
INPUT/OUTPUT FLOWS

Initig

Ope

of

thg

a.
b.
c.

If I

(Sectidg

Flow Name Type
Branch_Circuit_Rating Input
LMS_Current_Limit_Mandate Input
LMS_Current_Limit_Preference Input
LMS_Preference_Override Input
Current_Limit Output
Current_Limit_viandate output

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

the following 2 items:

80% of Branch_Circuit_Rating
The maximum value of the following 2 items:

1. LMS_Current_Limit_Mandate
2. The value of the current of AC _Electrical Energy 5% when t
AC_Electrical_Energy is 1500 W at its nominal voltage.

rrent Limit—If LMS_Preference_Override\s*'FALSE”, then Current_Limit shall be as
it is the minimum value of the following 3 items:

80% of Branch_Circuit_Rating

LMS_Current_Limit_Preference
LMS_Current_Limit_Mandate

as Current_Limit_Mandate.

n Deleted)

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

D

rrent Limit Mandate—Current_Limit_Mandate shall be assigned a value that is the minimum value

e power of

signed a value

MS_Preference_Overtide is “TRUE”, then Current_Limit shall be assigned a value that is the same

Determine Maximum Power Level—The purpose of this process is to determine the maximym level of AC-

to-AC
limitati

power ‘conversion that will be accommodated at this time. It takes into accoun
bnssand the AC-to-AC conversion minimum controlled output capability.

t input current

Inpu

/Output Flows—See Table 46.

TABLE 46—DETERMINE MAXIMUM POWER LEVEL—
INPUT/OUTPUT FLOWS

Flow Name Type
Current_Limit Input
Mn_Conversion_Power Input
Max_Power_Level Output
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6.3.2.3.2

6.3.2.3.3

6.3.2.3.3.1

6.3.2.3.3.2

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

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

Maximum Power Level—If the value of Power Level that causes the current of
Sw_AC_Electrical_Energy to be Current_Limit, +0%, —10%, is less than Min_Conversion_Power, then
Max_Power_Level shall be assigned a value of 0 W, otherwise, Max_Power_Level shall be assigned
the value of Power_Level that causes the current of Sw_AC_Electrical_Energy to be Current_Limit,
+0%, —10%.

Maximum Power Level Rate Of Change—Max_Power_Level shall have a limited rate of change such
that it shall increase at a rate less than 1500 W/s and shall decrease at a rate less than|9500 Wis.

6.3.2.4 Deternmjine Maximum Power Level Mandate—The purpose of this process is to determine| the maximum
level gf AC-to-AC power conversion that can be accommodated if the LMS prefetences are overridden.

This leyvel should not be exceeded for any reason.

6.3.2.4.1

6.3.2.4.2

6.3.2.4.3

6.3.2.4.3.1

6.3.2.4.3.2

Inpup/Output Flows—See Table 47.

Initiglization—The following shall be petformed once upon activation of this process: None.

Opefation—The following shall’be-performed continually while this process is active:

TABLE 47—DETERMINE MAXIMUM POWER-LEVEL MANDATE—
INPUT/OUTPUT FLOWS

Flow Name Type
Max_Transfer_Power Input
Current_Limit_Mandate Input
Min_Conversion_Power, Input
Max_Power_Level.Mandate Output

[0

Maximum Power Level Mandate—If the value of Power Level that causes the current of
Sw_AC Electrical Energy to be Current_Limit_ Mandate, +0%, -10%, i less than
Min_Conversion_Power, then Max_Power_Level Mandate shall be assigned a value of 0 W,
otherwise, Max, Power_Level Mandate shall be assigned a value that is the minimum pf the following
2 ifems:

a.| Max{Jransfer_Power
b.| #he value of Power Level that causes the current of Sw_AC_ Electrical Energy to be

Chvrant 1 ot Ao~ ot L0 100
UTTTTIL LIt vidruale, 7u7u, LU 7U.

Maximum Power Level Mandate Rate Of Change—Max_Power_Level Mandate shall have a limited
rate of change such that it shall increase at a rate less than 1500 W/s and shall decrease at a rate less
than 9500 W/s.

6.3.2.5 Identify Branch Circuit Rating—The purpose of this process is to identify the current rating of the branch
circuit that provides Utility power to the EVSE. It is expected that the EVSE will be designed to be
connected to a branch circuit of a specific rating, or that the equipment will accommodate a method for the
circuit rating to be identified (switches, jumpers, etc.) when the equipment is installed. This process is
always allocated to the off-board equipment (EVSE)
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6.3.2.5.1

6.3.2.5.2

6.3.2.5.3

6.3.3

Storage
vehicles
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battery)
Article 6

a.
b.
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system’s
strategy

DETERMI
energy tr

The exact characteristics that should be considered to determine the branch circuit rating will vary based
on manufacturers’ specific equipment designs. Therefore, no specific flows are shown into this process.

Input/Output Flows—See Table 48.

TABLE 48—IDENTIFY BRANCH CIRCUIT RATING—
INPUT/OUTPUT FLOWS

Flow Name Type

Initig
Bran

that

Ope

Thog
sped
All 0
oper

Branch_CIrcuil_Ratng output

lization—The following shall be performed once upon activation of this process:

ch_Circuit_Rating shall be assigned a value that indicates the rated amperage of thg
brovides Utility power to the EVSE.

ation—The following shall be performed continually while this process is active: Nor

NE ENERGY TRANSFER STATUS—The purpose of this process-is.to determine the status
ansfer strategy.

batteries and vehicle systems will differ from individdal vehicle manufacturers, as W
from the same manufacturer. Different batteries>and different high voltage powg
ifferent energy transfer strategies. Therefore; it is not practical to require or defin
rategies or exact transfer strategies in this\document.

ic vehicle charging systems (specifickbattery charging equipment applied to a s
are identified as one of two types with respect to National Electric Code (NEC®, N
P5—Electric Vehicle Charging System Equipment. The types are:

e that have been certified as “...suitable to be charged indoors...” and, therefore,
ific mechanical ventilation for an indoor charging site.

thers, considered suitable for indoor charging if, and only if, appropriate mechanic
ating at the indoor-charging site.

dual vehiclestypically with a fixed battery design, may be capable of multiple
5 using thé«same charging equipment. The use of different strategies may alte
need formechanical ventilation for indoor charging. There are no restrictions that pr
o accommodate various indoor charging sites that may not have mechanical ventilat

e branch circuit

e.
of the present
ell as between

r systems will
b exact charge

pecific vehicle/
FPA-70-1996),

do not require

al ventilation is

charge control
r the charging
pvent changing
on.
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6.3.3.1  Input/Output Flows—See Table 49.

TABLE 49—DETERMINE ENERGY TRANSFER STATUS—
INPUT/OUTPUT FLOWS

Flow Name Type
EVSE_Location Input
Max_Conversion_Power Input
Max_Power_Level Input
Max_Power_Level_manaate TApUT
Max_Stage_Index Input
Min_Conversion_Power Input
Vent_Fault Input
Base_Charging_Complete Output
Battery_Design_Capacity Output
Battery_SOC Output
ETS_Sleep Output
Usage_Mode Output
Usage_Mode_Time Output
Vent_Required Output

6.3.3.2 Initialiation—The following shall be performed once upon activation of this process: None.
6.3.3.3  Operation—The following shall be performed continually while this process is active:
6.3.3.3.1 Usag@e Mode—Usage_Mode shall be assigned\a value that indicates the purpose that endrgy transferred

to the vehicle will be, or is presently being used for, given the present energy transfer strategy, as defined
in Table 50.

TABLE 50—USAGE_MODE DEFINITION

Usage_Mode Definition
“NO_TRANSER” No energy transfer to the vehicle or battery is occurring or
desired.
“BASE”" Energy is/will be used to charge the battery to base charge

completion and to support other high voltage vehicle
systems. When this mode is complete, the battery is to be
considered fully charged by EV User.

“OVER” Energy is/will be used to perform equalization maintenance
(overcharge) of the battery and to support other high voltage
vehicle systems. Interrupting this mode will not significantly
affect the range of the vehicle. For this mode to be in effect,
the BASE mode must have successfully completed
(Base_Charging_Complete = “TRUE").

“SUPPORT” Energy will not be used to charge the battery. It will be used
to support other high voltage vehicle systems.

6.3.3.3.2 Usage Mode Time—Usage_Mode_Time shall be assigned a value that indicates an estimate of the
period of time that energy transferred to the vehicle will be, or will continue to be used for, for the present
Usage Mode. Usage Mode_Time shall indicate O (zero) when no estimate is available or possible.
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6.3.4.1

Ventilation Required—Vent_Required shall be assigned the value “TRUE” if mechanical ventilation for

indoor charging is required for the present energy transfer strategy and the present EV Storage Battery,
per the National Electric Code (NEC®, NFPA-70-1996), Article 625. Otherwise, Vent_Required shall be
assigned the value “FALSE".

The value of EVSE_Location may be considered when selecting the present energy transfer strategy.

If Vent_Required has the value “TRUE” and Vent_Fault has the value “TRUE”, then energy transfer will
not be allowed. In this situation, a different energy transfer strategy that will cause Vent_Required to be
assigned, the value “FALSE” should be considered.

assigned a value of “FALSE”".

Basg Charging Complete—Base_Charging_Complete shall be assigned the value of
“BASE” Usage_Mode has been successfully completed. Otherwise, Base_Charging\.Co
assigned the value of “FALSE”".

pry State of Charge—Battery _ SOC shall be assigned a value that is,an estimate
bnt fraction content of the EV Storage Battery’s usable energy content when fully cha

not required that Battery_ SOC have a value of 100% when Base Charging_Complet

bry Design Capacity—Battery Design_Capacity shall indicate the EV Storage Batte
city (C) as confirmed by SAE J1798 using the “constant.current method”. SAE J1]
5 with individual battery modules. The number C &hall be appropriately scaled tg
per and configuration of the modules that make up.the total EV Storage Battery.

Sleep—ETS_Sleep shall be assigned a value‘of “TRUE” to indicate that the ETS hag
 the conditions are appropriate, if sueghi'a mode is supported. Otherwise, ETS
will be used as a part of theLSAE J1850 communication network to stop the t
sages from the EVSE. This:.cémmunication channel must be idle in order for the E

br mode. See SAE J2293,\Part 2.

POWER CONVERSION\OF ELECTRICAL ENERGY—The purpose of this process is to
vel of the conversion process so that the present energy transfer strategy is met, and

losed-loop<centrol of the electrical characteristics of the EV or the EV Storage B

pr current._JThe exact control method will not be specified, except to describe wh

“TRUE” if the
mplete shall be

of the present
rged (100%).

P is “TRUE”".
y's rated static

198 specifically
represent the

concluded the

bnt energy transfer session and that the vehicle may enter a low-power (sleep) modle of operation

Sleep shall be

ransmission of
V to enter low

determine the
to determine if

PNt power stage’s power range is insufficient. It is expected that this process will injplement some

pttery, such as
at outputs are

ct-Characteristics that should be considered to control the power conversion will

vary based on

manufacturers’ specific vehicle designs and EV Storage Battery Technology. Therefore, no vehicle- or
battery-specific flows are shown into this process.

Input/Output Flows—See Table 51.
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6.3.4.2

6.3.4.3

6.3.4.3.1

6.3.4.3.2

6.3.4.3.3

TABLE 51—CONTROL POWER CONVERSION
OF ELECTRICAL ENERGY—
INPUT/OUTPUT FLOWS

InitialiZ
Opera

Pow
indig
6.1.3

Pow
indig
com
finan

Stag
incre

Pow
strat
the

Pow

Stag
If po

Flow Name Type
Min_Stage_Power Input
Max_Stage_Power Input
Max_Power_Level Input
Pulse_Mode Input
Stage_madex TApUt
Stage_Power_Limited Input
Power_Level Output
Power_Out_Of _Range Output
Pulse_Mode_Enable Output
Pulse_Hi_Period Output
Pulse_Lo_Period Output

ation—The following shall be performed once upon activation-of this process: None.
ion—The following shall be performed continually while this process is active:

br Level—Power_Level shall be assigned a value fess than or equal to Max_Po
ates the present energy transfer strategy’s desitedi\power level of Conv_AC_Electrica
2.

ated by Max_Power_Level is immediately insufficient to prevent the vehicle an
bonents from eventual damage or_shortened service life. Exceeding Max_Power_L
cial consequences for the User due’to the cost of energy and agreements with their

e Power_Limited should be;considered when determining if the value of Power_L
ased. If power is limited; further increases in Power_Level will have no affect.

br Out Of Range—Rower_Out_Of Range shall be assigned a value of “HI” (“LO"),
by desires a power level of Conv_AC_Electrical_Energy greater (less) than what is

active powerstage as defined by Min_Stage Power and Max_Stage Powel.

br_Out_Of~Range shall not be assigned a value.

e Power Limited should not be considered when determining the value of Power_(
wer. is limited for the present power stage, it may be a temporary condition, and poy

wer_Level that
|_Energy. See

br_Level shall be assigned a value greater than Max_Power_Level if, and only if, the power level

d its on-board
evel may have
Utility.

bvel should be
if the present

available from
Otherwise,

Dut_Of _Range.
er stages with

high

- Baovwear-ecanabiib o avealeca-ba-livaitad
1 PUWTET LQpauliity 111y aloU Ut Tinicu.

Pulse Mode Enable—Pulse_Mode Enable shall be assigned the value “TRUE”, if the present strategy
calls for a positive-pulsed mode of operation as described in 6.1.3.4 and the value of Pulse_Mode is
“SUPPORTED". Otherwise, Pulse_Mode_Enable shall be assigned the value “FALSE".

If the value of Pulse_Mode is “NOT_SUPPORTED?”, then the EVSE is not designed to support a positive-
pulsed mode of operation. See 6.3.1.4.
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6.3.4.34

6.3.5

7.1

Pulse Period—Pulse_Lo_Period and Pulse_Hi_Period shall be assigned values that indicate the period

of the PO and P1 power phases of the positive-pulsed mode of operation described in 6.1.3.4 if the value

of Pulse_Mode Enable is “TRUE".

Otherwise, Pulse_Lo_Period and Pulse Hi_Perio

assigned values.

(SECTION DELETED)

d shall not be

System Architecture—There are 3 different system architectures for the ETS that determine how the
elements of the functional requirements (see Section 6) are to be grouped into equipment (EVSE and EV) and
how that equipment is to be connected. The detailed physical descriptions will be limited to the boundaries
between the EVSE and the EV. The specifics of the design within the equipment is left to the manufacturer of

the equipnl\ent. It is required that the equipment, viewed at the boundaries, functionally act-as

functional
System ar
a.

b.
c.

Ty
Ty
Ty

The physiq
manufactu
When opti
sourced frg

Requirem
defined as
energy intd
will functio

These fun
grouping i
group will
of system.

The contrg
one of the
“R”, respe
EVSE or B

O]
(OF

equirements that are grouped within.
hitecture variations shall be referred to as the following:

be A—Conductive AC System Architecture
be B—Inductive System Architecture
be C—Conductive DC System Architecture

al interfaces to the external systems will not be described.~Fhe specifics are left to
rers. These interfaces are required to provide the dataland electrical energy as de
pbnal external systems are not present or not supported by the equipment, then flows
m that system shall be considered to be their defined default value.

bnts Allocation—The ETS can be viewed as four (4) groups of functions. These gro
a series of switches, converters, and the logic to operate them, which act to transfor

DC electrical energy as shown in Figure2. In order to accomplish this transformat
h together by sharing information.

Ctional groups (FG) are not likely to be implemented as separate components.
5 convenient because it can, fepresent the variation due to different system archit
pe implemented as a part 0f ja piece of equipment, EVSE or EV, depending on the ty

four groups. Elements are optional or required for specific architectures, as indical
tively. Some Optional elements are grouped as follows, and shall be implemented
Vs that support the option:

—Rositive-pulsed power mode
-£\Voltage control mode

the combined

the equipment
scribed in 5.1.
that would be

Lips are loosely
n AC electrical
on, the groups

However, this
pctures. Each
pe (A, B, or C)

| and process specification elements of the requirements model in Section 6 are each allocated to

ted by “O” and
as a group by

coow

O3=—tMmMS-Support
04—VS Support

A note will indicate when an option requires the optional serial data channel be implemented for Type A

systems.
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