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RATIONALE

The SAE J2847-1 document supports AC or DC energy transfer |dent|fy|ng communlcatlons from the utility to the charger.

supports RPF and fthis series is based upon requrrements Jomtly developed by vehlcle manufacturers g
operators, technolpgy suppliers, and other stakeholders. These requirements are reflected in 'SAE

SAE J2836-1™, Use Cases for Communication between Plug-in Vehicles and the Ulility Grid~ These
the use cases despribed in SAE J2836-2™, Use Cases for Communication between Plug-in|Vehicles
Charger.

Whereas SAE J2P93 focused on communication between the vehicle and local off-board ele
equipment (EVSH) with optional grid interaction, SAE J2847-1, SAE J2847-2 and SAE J2
communication befween the vehicle and grid, with the EVSE playing the rol& of local intermediary.
SAE J2293 included support for SAE J1773-based inductive charging and SAE J1850-based commu
obsolete and hende not supported by SAE J2847. In order to maintain‘information for existing syste
has reaffirmed SAE J2293, preserving that specification at its last revision‘evel.

This specification pddresses major changes that have occurred*since 1997 (when SAE J2293 wag
technologies of elgctric vehicles, the grid, and information precessing, including: (1) support for bi
transfer between \ehicle and grid (FPF and RPF, as defined-above); (2) support for new local com
between vehicle ahd EVSE (to replace SAE J1850), such-as power line communication (PLC), Contr
(CAN), and wireless transports (Zigbee, WiFi, etc.);.(8) synchronizing with a major revision of S
includes new conngctors and signals between the vehicle and EVSE, and additional AC and DC powert
for new vehicle arfhitectures such as plug-in hybrid" (PHEV) and plug-in fuel cell (PFCV) vehicles; (
rechargeable enerngy storage system (RESS).fechnologies and packaging methods; (6) support fo
communication trapsports; and (7) support for new developments in both utility and customer premise
as advanced metefing infrastructure (AMI) and home-area network (HAN) technologies.

The above changgs and others require a new approach to vehicle-grid communications and provid
rationale for this specification.
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1. SCOPE

This SAE Recomnjended Practice SAE J2847-2 establishes requirements and specifications for comnjunication between

plug-in electric ve
specify, interaction

This applies to the
electric vehicle thrg
the AC power lineg

The specification s

This is the 1st ver
force. The intent o
however, to step 2
additional testing

document and lead

1.1 Purpose

The primary purpo

hicles and the DC Off-board charger. Where relevant, this document notes, rbut
5 between the vehicle and vehicle operator.

ugh a SAE J1772™ Hybrid coupler or SAE J1772™ AC Level 2 type coupler on DG
or the pilot line for PLC communication, or dedicated communication lines.

Lpports DC energy transfer via Forward Power Flow (FPF) from source-to-vehicle.

[ step 1 was to record as much information on “what.we think works” and publish. T
that allows public review for additional comments and viewpoints, while the task fg

and early implementation. Results of step 2, effort will then be incorporated in
to a republished version.

e of SAE J2847-2 is to provide the communication to achieve RESS pack charging

of RESS pack varigtions or energy storage technology!

SAE J2847-1 iden
& 2 AC energy trar

The specification

ifies the functional messaging for the Plug-In Electric Vehicle (PEV) to connect to th
sfer. This document identifies the additional messages for DC energy transfer to the

supports DC energy\transfer via Forward Power Flow (FPF) from grid-to-vehicle

Power Flow (RPF
vehicle’s recharge

2. REFERENCE

2.1 Applicable

from vehicle-toignid is included in SAE J2847-3." DC Forward Power Flow is U
ble energy storage system (RESS).

cuments

does not formally

off-board DC charger for conductive charging, which supplies DC current'to the v¢hicle RESS of the

power lines, using

sion of this document and completes step 1 effort that{captures the initial objectivgs of the SAE task

he effort continues
rce also continues
0 updates of this

control irrespective

e utility for Level 1
PEV.

and DC Reverse
sed to charge the

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

211

SAE PUBLICATIONS

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside

USA and Canada)

or 724-776-4970 (outside USA), www.sae.org.

! In this specification, we use the terms FPF and RPF as precisely defined, and avoid the term V2G because its meaning
has become ambiguous through divergent common usages.
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2.1.2 Related Publications (Optional)

The following publications are provided for information purposes only and are not a required part of this SAE Technical

Report.
J1715

J1772™

J2836-1™

J2836-2™

J2836-3™

J2847-1

J2847-3

J1939

J2894

2.2 |SO/IEC PUBLICATIONS

IEC61851-1

IEC61851-23

IEC61851-24

IEC62196-3

ISO 11898-1

ISO 11898-2

Hybrid Electric Vehicle (HEV) & Electric Vehicle (EV) Terminology

SAE Electric Vehicle and Plug in Hybrid Electric Vehicle Conductive Charge Coupler
(Surface Vehicle Recommended Practice).

Use Cases for Communication between Plug-in Vehicles and the Utility Grid (Surface Vehicle Information
Report).

Ude Cases for Communication between Plug-in Vehicles and the Supply Equipment (EVSE)
(Sprface Vehicle Information Report).

Ude Cases for Communication between Plug-in Vehicles and the Utility Grid for Reverge Power Flow
(Sprface Vehicle Information Report).

Cgmmunication between Plug-in Vehicles and the Utility Grid (Surface Vehicle Recommended Practice).

Cgmmunication between Plug-in Vehicles and the Utility Gtid for Reverse Power Flow
(Sprface Vehicle Recommended Practice).

Rdecommended Practice for a Serial Control and Gemmunications Vehicle Network

Pdwer Quality Requirements for Plug In Vehigcle*Chargers - Part 1 (Recommended Prattice)

Elgctric vehicle conductive charging'system - Part 1: General requirements
(Under revision)

Elgctric vehicle conductive charging system - Part 23: D.C. electric vehicle charging stgtion
(Under development)

Elgctric vehicle conductive charging system - Part 24: Control communication protocol|between off-board
d.¢. charger and:electric vehicle
(Under development)

Dimensional interchangeability requirements for d.c. pin and contact-tube vehicle couplers

Plligs, socket-outlets, and vehicle couplers — Conductive charging of electric Vehicles - Part 3:
(U‘r:der development)

Controller area network (CAN) -- Part 1: Data link layer and physical signaling

Controller area network (CAN) -- Part 2: High-speed medium access unit

IEC Publications are also available from the American National Standards Institute, 25 West 43rd Street, New York, NY
10036-8002, Tel: 212-642-4900, www.ansi.org.
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3. DEFINITIONS

3.1  ADVANCED METERING INFRASTRUCTURE (AMI)

AMI or Advanced Metering Infrastructure typically refers to the full measurement and collection system that includes
meters at the customer site, communication networks between the customer and a service provider, such as an electric,
gas, or water utility, and data reception and management systems that make the information available to the service

provider.

3.2 BATTERY

See Electric Vehic

3.3 BATTERYE

The BEV is a vehi
power from an inte

3.4 BRANCHCI

The circuit condug
circuit. It is typical
appliance is the El

3.5 CAN (CONT
Common Automoti

3.6 ELECTRIC

A group of electro
which is to provide
Energy Storage Sy
3.7 ELECTRIC

The equipment frg
purpose of which i

3.8 END-USE-MEASUREMENT-DEVICE (EUMD)

The End-Use-Mea
delivered to a PEV|

e Storage Battery.
| ECTRIC VEHICLE (BEV)

tle that receives its power solely from batteries, unlike a hybrid vehicle that’may rec
rnal combustion engine (ICE). See also PEV.

RCUIT

tors between the final overcurrent device protecting the ccircuit and the equipme
y an unswitched circuit from the service equipment (fuse/box) to an appliance. For {
bctric Vehicle Supply Equipment (EVSE).

ROLLER AREA NETWORK)

ve communications network as defined by SAE J1939.

EHICLE STORAGE BATTERY (BATTERY)

chemical cells electrically connected in a series and/or parallel arrangement, the p
DC electrical energy to propelthe EV. May be called Rechargeble Energy Storage
stem (ESS)

EHICLE SUPPLY EQUIPMENT (EVSE)

m the branch_cirtcuit to, and including, the connector that couples to the electri

surement-Device (EUMD) is a revenue-grade submeter responsible for directly meas
The PEV does not perform revenue-grade metering, and if a utility or electricity ven

to transfer electric energy to an EV. This equipment is located off-board the vehiclg.

bive a portion of its

nt supplied by the

his application, the

rincipal purpose of

System (RESS), or

c vehicle inlet, the

uring energy
dor wishes to offer

a rate-advantaged program that requires specific metering of energy to a PEV, an EUMD must be installed in the
appropriate circuit. The physical form and location of the EUMD may be unique for different applications.

3.9 ENERGY SERVICE COMMUNICATION INTERFACE (ESCI)

Energy Service Communication Interface (ESCI) communicates with and exchanges information between utility, PEV, and
PEV End-Use-Measurement-Device (EUMD). ESCI shall provide PEV charging session information to the utility — PEV

ID, interval kWhr consumption. It passes from utility to PEV the interval for metering kWhr consumption, rate tariff, and the
day ahead hourly price table.
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3.10 FORWARD POWER FLOW (FPF)

Forward Power Flow means the direction of energy for Charging a Vehicle from the source to the vehicle.

3.11 HEXADECIMAL NUMBER NOTATION

In some sections of the document the signal definitions use numerical values in Hexadecimal format for clarity. For
example, a number '0x01' represents the decimal integer value '1'; the number '0x0C' represents the decimal equivalent

of 12",

3.12 HOME AREA NETWORK (HAN)

A HAN is a networ
their peripheral de
machines and othg
3.13 PLUG-IN EL

Any class of vehid
where this power i

3.14 PRE-CHAR(
Precharging the D
prior to closing the
contactor closure.

3.15 RECHARGH

Means a system t
Storage. See also

3.16 REVERSE H
Reverse Power Fld
3.17 POWER FL(

See Forward Powe

k contained within a user's home that connects a person's digital devices, from mult
r digital devices that are wired into the network.
FCTRIC VEHICLE

le BEV, PHEV, Electric Tug, etc. which can be plugged in to receive power from
then used to apply traction to the vehicle wheels.

SE

C bus ensures that the voltage supplied by the EVVSE is nearly matched to the Vel
vehicle contactors. This ensures that there is.no possibility of a high in-rush cu

IABLE ENERGY STORAGE SYSTEM (RESS)

nat stores energy for delivery of electric energy and which is rechargeable. See al
3.6 - ELECTRIC VEHICLE STORAGE BATTERY (BATTERY).

OWER FLOW (RPF)
w means the direction of energy for Discharging a Vehicle from the vehicle to the loa
DW

r Flow and-Reverse Power Flow.

3.18 POWER LINE COMMUNICATION (PLC)

Power line commu

hication (PLC). also called power line carrier, mains communication, power line teled

ple computers and

vices to telephones, VCRs, televisions, video games, home security systems, “"smart" appliances, fax

the Electrical Grid

icle RESS voltage
rent at the time of

so Electric Vehicle

d.

om (PLT), or

power line networking (PLN), are terms describing several different systems for using electric power lines to carry
information over the power line.

Electrical power is transmitted over high voltage transmission lines, distributed over medium voltage, and used inside
buildings at lower voltages. Power line communications can be applied at each stage. Most PLC technologies limit
themselves to one set of wires (for example, premises wiring), but some can cross between two levels (for example, both
the distribution network and premises wiring).

All power line communications systems operate by impressing a modulated carrier signal on the wiring system. Different
types of power line communications use different frequency bands, depending on the signal transmission characteristics
of the power wiring used. Since the power wiring system was originally intended for transmission of AC power, the power
wire circuits have only a limited ability to carry higher frequencies. The propagation problem is a limiting factor for each

type of power line communications.
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Data rates over a power line communication system vary widely. Low-frequency (about 100-200 kHz) carriers impressed
on high-voltage transmission lines may carry one or two analog voice circuits, or telemetry and control circuits with an
equivalent data rate of a few hundred bits per sec; however, these circuits may be many miles (kilometers) long. Higher
data rates generally imply shorter ranges; a local area network operating at millions of bits per sec may only cover one
floor of an office building, but eliminates installation of dedicated network cabling.

3.19 SIGNAL

A signal refers to the individual data elements that are communicated between the Plug In Vehicle and the Off Board
charger. The signals are listed in Section 4.2 and in the Table in Appendix B.

3.20 MESSAGE

A message may ivlclude several signals packaged together in a group such that the entire group.ca

over a physical lay
3.21 SIGNAL UP

This defines the e
system control. |ff

br interface. The physical layer will be defined in J2931 documents.
DATE RATE

pected frequency at which a periodic signal must be received ovef the’communicat
a particular signal is missing for more than ten full rate cycles;(based on sectio

system should ent¢r a faulted state, and proceed to shutdown energy transfer.

3.22 SIGNAL RA
The Range defineg

3.23 SIGNAL RE

NGE
the signal limits in engineering units.

SOLUTION

The resolution det¢rmines how much a signal can change with each bit step in the integer representatig

3.24 SIGNAL DE
The default value i
3.25 SIGNAL BIT
The bit size define
3.26 SIGNAL OF

Signal Offset defin
or negative.

3.27 NO DATAP

FAULT VALUE

5 what is assumed if a signal has not yet been received over the communications bus

SIZE
5 how many digital bits'are needed to represent the full range signal, including no daf
F-SET

s how_an-integer is adjusted to achieve the full range at the defined resolution. Off

ARAMETER

h be sent together

ons bus for proper
h 4.1.3.2) then the

n.

set can be positive

This defines a means for the Vehicle or DC Supply to indicate that a signal is not available (i.e.: hasn't been read yet).

3.28 DC SUPPLY

It converts AC energy from the grid to the DC energy for the rechargeable energy storage system (RESS). It is also
referred as the off-board charger.

3.29 COMPATIBILITY CHECK

The PEV and the off-board charger should check if they are compatible. For example, the PEV RESS voltage may be
higher than what the DC supply can support. Another example is where the PEV RESS maximum voltage is lower than
what the DC supply can regulate down to. The vehicle will evaluate the DC supply limit parameters and the vehicle
decides whether to proceed with charging.
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3.30 HANDSHAKING COMPLETE

This is not a signal but it is a state from a combination of several signals between the PEV and the off-board charger. The
DC off-board charger must receive: vehicle ready, vehicle maximum current limit, vehicle voltage upper limit and vehicle
status code. The PEV must receive: charger maximum current limit, charger maximum voltage limit, charger minimum
current limit, and charger minimum voltage limit and charger status code. After all of these signals have been exchanged
between the PEV and the off-board DC charger then handshaking complete state is reached.

4. TECHNICAL REQUIREMENTS

4.1  Charging Phases

this document apply to the use case off board DC charging. The expectation
s the on-board charger.

The signals within| is that the system

behaves similarly 3
4.1.1

Normal Charging Session

A charging sessior] is when a plug is inserted until when it is unplugged. Each charging session has three phases:

4111 Handshpking (Initialization)
the vehicle and DC Supply exchange their operating limits-and parameters for the
nals are required, such as the voltage and current limitations. Each side uses these

and to ensure that the limits are maintained during the charge session.

ipcoming charging
alues to perform a

During this phase,
session. Some sig
compatibility check

cord connector into
used by a display
| by the end of the
nector lock will be
ort are within safe

After negotiating the charging session parameters, according to J1772 the vehicle will lock the Charge
the vehicle inlet if {he two systems are compatible. If incompatible, the information broadcasted can bq
unit on either side|to inform the customer. Once locked, the:vehicle and DC Supply must be stoppeq
charging session, [or by a user initiated shutdown before ¢he connector can be removed. The con
released by the vghicle when the onboard sensors detetmine that voltage and currents at the inlet g
limits.

To ensure no dampage (welding) to the vehicle side-contactors, charger must be enabled and controllg

d to a voltage that

the vehicle can measure. Closing of vehicle-side contactors when there is a voltage differential pr¢sent can result in

damaged or weldgd contactors. Vehicle side-welding of the contactor is a reliability concern. When
welded, high voltage could be exposed at\thé touchproof inlet pin.

Using the Vehicle Maximum Voltage Limit signal, the vehicle will control the Pre-Charge process. The
by the EVSE to rgduce the voltage’ difference between the Vehicle RESS and the Charging Supply
vehicle determineq the voltagé/measured at the DC supply is within acceptable difference to the RES

the contactors are

power is delivered
output. When the
S (exact tolerance

threshold is at the |discretion.of the OEM), the vehicle can then close contactors in the vehicle to conpect the DC supply

output to the RESS.

When all the Initiajization and pre-charge steps have completed, the system (vehicle and charger) y

ill transition to the

Energy Transfer phase. The vehicle charging algorithm may establish maximum current, voltage and power limits at a
fixed value at the beginning of the charging session, and proceed through the whole charge session without changing the
limits. This method might be used if the algorithm uses a fixed voltage controlled charging algorithm.
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41.1.2  Energy Transfer

During Energy Transfer, the vehicle and the DC Supply will continuously monitor the voltage and current readings
independently to ensure that the system remains within the negotiated limits. The vehicle can reduce consumption to
protect the RESS. The DC Supply can reduce the output level to ensure that its voltage and current limits will not be
violated.

The DC supply will indicate the status of the energy transfer and will be able to signal to the vehicle when it is operating at
its maximum output capability. The Vehicle will communicate the expected charge completion time so the information can
be presented to the user on a display in the DC charging station.

There are two modes of energy transfer: Bulk Charging and Full Charging. During Bulk Charging, the
energy transfer at pr near the negotiated limitations of the charging session. This will continue for the
session time. When the Bulk threshold has been reached, the vehicle will end the charging session,
energy consumptign to allow charging the RESS to full. While charging to Full, the energy transfer requ
by the vehicle to epsure the maintenance of the RESS. Charging to Full may last for a duratioh that cd
hours.

J/ehicle will request
equested charging
br it will reduce the
ests will be limited
ntinues for several

vehicle determines
vehicle will reduce

The vehicle will cg
that the charging §
its requested energ

ntrol charge level based on vehicle RESS and other vehicle canditions. When the
ession is complete, it will send a unique signal to the DC Supply. At that point, the
y transfer to near zero, and may open the charging contacters in the vehicle.

When the vehicle ansition to Normal
Shutdown. It's up {

has determined that it has reached Full or Bulk charge level, the system will tr
b the vehicle manufacturer when to switch from bulk'to full charge.

4.1.1.3  Normal shutdown
Normal shutdown

of the vehicle has
Supply to return to
current request to

is at the discretion
to a safe level. O
unlocked by the ve

pccurs when the RESS reaches the desired State of Charge limit and any accessory
completed. After completion of the charge session, the Shutdown phase allows t
a safe condition so the user can handle the charging cord. The vehicle will have feduced its charge
vero, and will be indicating Charge.complete. When the current is near zero (exact {olerance threshold
of the OEM), the vehicle will gpen its onboard charge contactors, and wait for the inlet voltage to drop
hce at the safe level (below 60V DC as defined by SAE J2344), the charging porl connector can be
hicle. The user can then remove the charge coupler from the inlet.

load consumption
he vehicle and DC

The vehicle and D

Normal shutdown
been pressed whig
Bulk level. Then th
the user.

Based on user preg

C Supply may exchange some signals that can be used for energy reporting and con
can be entered'by an action from the user. For example, a "Stop" button on the DC

h will immediately cause the vehicle to reduce the request even if the RESS has
e vehicle ‘will enter the normal shutdown state, which will lead to the charge coupler

ferences, the vehicle will keep the charge coupler locked in the inlet until the user

sumption displays.
Supply could have

not reached Full or
being unlocked for

s ready to remove

the charge cord connector. The vehicle may remain in this state for a long time period. If necessary, the vehicle system
can restart the charging process by asserting the "Vehicle Ready Signal" and De-asserting the "Charge Complete"
signal(s). The DC Supply should recognize the state transition, and will enter the initialization sequence so that the
isolation check and pre-charge will be done.

Each signal is transmitted at fixed periodic rate. Some signals are transmitted during the start of the session
(handshaking). Critical signals are transmitted throughout the energy delivery phase. Some messages close out the
session at the end of charging process (normal shutdown).
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41.2

Examples of Emergency Shutdown

Certain fault conditions will cause the charging system to shutdown before the normal shutdown. Either the Vehicle will
initiate the shutdown, or the charging station might initiate shutdown. Some examples would be:

4.1.21

Loss of safety ground

It occurs when continuity of the safety ground is lost.

41.2.2

Loss of high voltage isolation

It occurs when thére is current leak between the chassis and the high voltage charging systemn

RESS.
41.2.3 Loss of

In the event that re

understood that th¢ PEV or the off board charger shall stop energy transfer.

4124
It happens when th
4.1.3 Examples
4.1.3.1 Welded

In case the vehicl

voltage. Through {he in-vehicle display system or a hidden switch (as directed by the user manual

connector could be

Loss of power

communication

iable data communication between the PEV and the off board DC charger cannot bg

e off-board charging system stops delivering power to the PEV.
bf System Faults

Contactors

e contactors are welded, the vehicle sheuld provide a fault indication and reques

manually unlocked in a safe manner. That manual switch could break the HV con

N
b

luding the vehicle

established, it is

t zero current and
), the charge cord
hection to the inlet,

or pull the HV conffacts out of harms way, or light antindicator within view of the inlet pins showing that there could be high

voltage present at
state such that the

In the normal shutdlown sequence, the vehicle will be able to test the contactor status for welded conta

In the event that
contactor check.

charging opportun
during startup is d¢

Welded Contactor

the inlet. In this case, the vehigle controls should not allow start, or be in some ve
owner is directed to get the vehicle in for service.

he charging session)is shut down in an emergency situation, there is no opportu
h this situation, the) vehicle should record that an abnormal shutdown has occurred
ty, the vehicle-should perform a welded check before entering charge. The metho
scribed below:

ChecKat Startup

'y limited operating

ctor fault reporting.
hity for the welded
and then the next
i for welded check

ns5.2.1 & 5.2.2, which show the startup and shutdown sequences, the vehicle will s

Referring to sectio

art a new charging

session as normal. The sequence will work just as shown until step T6, where the vehicle has given the DC Supply
opportunity to check for HV isolation in the charging station and into the connector. Then the vehicle will skip to the

normal shutdown sequence step T12, where the vehicle will perform the welded contactor check through step T16.

If

there are no issues found, the vehicle will keep the connector locked, and return to the startup sequence at step T2,
which will again perform all the isolation and safety checks prior to entering normal charging at step T9. Normal charging
would proceed, and a welded check would be performed at the end of the charging session when following the normal
shutdown sequence.
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4.1.3.2 Missing Signal Messages

The PEV will allow occasional missing signal messages. When the PEV has not detected a Required Signal message
after 10 intervals of the Expected Data Rate (according to table in Appendix B), then the PEV should consider this a loss
of communications fault condition and initiate a shutdown. Additionally, the PEV might log a diagnostics error code, which
can be retrieved from the normal dealership diagnostics procedures using a vehicle testing tool.

The DC Supply will allow occasional missing signal messages. When the DC Supply has not detected a Required Signal
message after 10 intervals of the Expected Data Rate (according to table in Appendix B), then the DC Supply should
consider this a fault condition and initiate a shutdown.

4.2  Signal Definitions

This section descri{bes the details of the signals used to control an off-board charger. Several Signalg may be combined
together to form § binary packed Message for more efficient use of the communications)medium. The Message
packaging structurg is outside the scope of this document in this current revision.

Refer to table in Appendix A for the signal phases. Refer to table in appendix B for sighal details.
4.2.1 Bulk Charging Complete
Source: PEV

Destination: DC Sypply
Phase: End of the tharging process

This is the signal that indicates that the RESS has reached the bulk charge level (generally up to 80 tq 100% SoC). This
is optional, and is|used for display purposes on the charging station. See “Normal Charging Sessign” above for more
details.

4.2.2 Charging Complete
Source: PEV

Destination: DC Sypply
Phase: End of the tharging process

This is the signal that indicates that the RESS has reached the full charge level (up to 100% SoC).
4.2.3 Vehicle Energy Capacity.
Source: PEV

Destination: DC Sypply
Phase: Hand shaking

This signal indicates the maximum designed energy capacity allowed by the vehicle manufacturer. The DC Supply could
use this signal for safety mitigation from the charger side. Charger may optionally stop after delivering this amount of
energy the vehicle would accept. That value includes RESS capacity and vehicle auxiliary energy.

4.2.4 Vehicle RESS SOC

Source: PEV
Destination: DC Supply
Phase: Periodic in any phase

This signal is defined by the vehicle manufacture to represent the relative charge level as a percentage of the full energy
storage of the Vehicle RESS. It's primary used for display on the charging Supply. If the vehicle uses a battery for energy
storage, then this would be Battery SOC.
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4.2.5 Vehicle Maximum Current Limit

Source: PEV
Destination: DC Supply
Phase: Hand shaking and as needed

It's a signal from the vehicle to the DC Supply indicating its maximum allowed current. In other words, it's the maximum
current limit allowed by the vehicle. It may depend on RESS temperature, SoC, etc. The charger shall not exceed the
minimum of this signal and the Charger Maximum Current Limit. The primary purpose of the Current Limit signal is for the
DC charger to regulate its fast internal (ms) regulation loops. The DC Supply hardware and software shall control the

output so that there will be no violations of this limit.

The vehicle may optionally change this signal dynamically

throughout the chg
4.2.6 Vehicle M4
Source: PEV

Destination: DC St
Phase: Hand shak

It's the maximum

rging session.
ximum Power Limit
pply

ng and as needed

power limit allowed by the vehicle. It may depend on RESS temperature, SoC, etc

not exceed the mipimum of this signal and the Charger Maximum Power Limit.. The primary purpose

signal is for the D
signal dynamically
4.2.7 Vehicle M3
Source: PEV

Destination: DC St
Phase: Hand shak

It's the maximum

not exceed the mir
signal is for the D
signal dynamically

4.2.8 Charger M
Source: DC Supply

Destination: PEV
Phase: Hand shak

C charger to regulate its fast internal (ms) regulation lgops. The vehicle may opt
throughout the charging session.

ximum Voltage Limit

pply

ng, Pre Charge and as needed

oltage limit allowed by the vehicleé It may depend on RESS temperature, SoC, etc
imum of this signal and the Charger Maximum Voltage Limit. The primary purpose
C charger to regulate its fastiinternal (ms) regulation loops. The vehicle may opt

throughout the charging session.

aximum Power Limit

ng and as$ needed

It's the maximum
exceed the minim
value throughout t

4,29 Charger M

ower that can be delivered to the PEV. The charger should regulate this value. Th
m-of this signal and the Vehicle Maximum Power Limit. This DC Supply can dyna

aximum Current Limit

Source: DC Supply

Destination: PEV

Phase: Hand shaking and as needed

The charger shall
of the Power Limit
onally change this

The charger shall
bf the Voltage Limit
onally change this

e charger shall not

ically change this
er).

It's the maximum current that can be delivered to the PEV. The charger should regulate this value. The charger shall not
exceed the minimum of this signal and the Vehicle Maximum Current Limit. This value can change dynamically through
the charging session.
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4210 Charger M

aximum Voltage Limit

Source: DC Supply

Destination: PEV

Phase: Hand shaking and as needed

It's the maximum voltage that can be maintained by the charger. The charger should regulate this value. The charger
shall not exceed the minimum of this signal and the Vehicle Maximum Voltage Limit. This value can change dynamically
through the charging session.

4.2.11 Charge Current Request

Source: PEV
Destination: DC St
Phase: Periodic at

This signal is the i
charger and vehicl

than the Charger Maximum Current Limit (4.2.9), but the DC Supply will reduce the.output to maintair

supply is allowed f{
and 4.4.9. In the ¢
current request ma
and reading on-ve
target.

4.2.12 Vehicle RH
Source: PEV

Destination: DC St
Phase: Periodic as
It's the vehicle RE{
4.2.13 Vehicle Rq
Source: PEV

Destination: DC St
Phase: Handshaki

It informs the char
control pilot signal.

pply
25mSec rate

nstantaneous charging current request from the vehicle. The request'shotlld be wit
e limits from handshaking. In accordance with section 4.4.7, the current request is a

0 overshoot or undershoot around this target as long as it doesn't violate sections
ase where any of the charging limits have been achieved (Sections 4.2.24, 4.2.25,

y be higher than the actual measured current reading./Since the vehicle is control
nicle current sensors, the vehicle will ensure that the fequest is adjusted to achieve

SS Voltage

pply

needed.

bS instantaneous (actual) voltage value as read by the vehicle. It can be used for dia
ady

pply
ng and periodiciat 25mSec rate.

hin the established
lowed to be higher
the limit. The DC
425,441,446,
1.2.26), the charge
ing charge current
the vehicle control

gnostic purposes.

per that the)PEV is ready to be charged. It is needed if there is no control pilot signal. It's redundant to

4.2.14 Vehicle St

Source: PEV

s Loae

Destination: DC Supply

Phase: Periodic or

when state changes.

It indicates the PEV internal charging sequence state. That could be vehicle gear shift not in P, IGN key ON, etc.
Optionally PEV could report more info to be display on the charger.
In situations where a vehicle might have more than one state from the list below, the vehicle (or OEM) will determine the
highest priority item to send to the charger for display. Only one item from the list can be sent in this signal.
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This is an enumerated type signal defined by:

Enumeration Definition Comments / Description

0x0 Vehicle Not Ready Key is On, etc.

0x1 Vehicle Charging or Energy Transfer Energy Transfer is active

0x2 RESS Temperature Inhibit RESS too hot/cold to accept charge

0x3 Vehicle Shift Position Vehicle is not in Park

0x4 Charger Connector Lock Fault Vehicle has not detected the Charge cord connector
locked into the inlet or failure where connector
cannot be unlocked from the charging inlet.

0x5 Vehicle Cabin Conditioning The PEV is using energy from the DC supply to heat
or cool the passenger compartment. This state is
Optional, as an alternative, thevehicle can use 0x1
(charging)

0x6 Vehicle RESS Conditioning The vehicle using energy from the|DC charger to
condition the RESS to a target tenperature. This
state is Optional, as an alternative] the vehicle can
use 0x1 (charging)

0x7 Vehicle RESS Malfunction Any non-recoyerable fault or error condition of the
Vehicle RESS«

0x8 Charging current differential Indicationthat vehicle has stopped the charging
sessjon after detecting that the charging station is
notable to maintain the current request.

0x9 Charging voltage out of range Indication that vehicle has stopped the charging
session after detecting that the RESS is either under
or above normal operating voltage|range.

0xA — 0xC Reserved

0xD Charging System Incompatibility If the vehicle determines that the charging station is
incompatible. This state is Optional, as an
alternative, the vehicle can use 0x{ (not ready)

OxE Other Vehicle Faults Faults not covered above. Vehicle|Emergency
Shutdown

OxF No Data Only used when vehicle has not yat determined its
operating state.

4.2.15 Charger S
Source: DC Supply
Destination: PEV
Phase: Periodic or

It indicates the cha

EVSE on mainteng

atus Code

when state’changes.

rgeninternal charging sequence state. That could be charger mal function, AC phasg
nce, EVSE standby, etc. Optionally charger could report more info to be displayed

b lost, EVSE ready,

on the PEV or cell

phone.

In situations where a charger might have more than one state from the list below, the charger will determine the highest

priority item to send to the vehicle for display.
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This is an enumerated type signal defined by:

Enumeration Definition Comments / Description

0x0 Charger Standby / Not Ready Not authorized, On maintenance, etc.

0x1 Charger Ready / Charging

0x2 Charger Prepaid Limits Exceeded Maximum negotiated time limit exceeded
Maximum negotiated energy limit exceeded.

0x3 Charger Shutdown Customer Initiated Shutdown

0x4 Utility Interrupt Event Utility or Equipment operator has requested a
temporary reduction in load.

0x5 Isolation Monitoring Internal Charging station is actively testing|its internal
isolation monitoring circuit. (optional)

0x6 Isolation Monitoring Active After the Charging Station_has confirmed HV
isolation internally, it willremain in[this state until the
cable isolation integrity is’checked

0x7 Charger Emergency Shutdown Emergency Shutdown/or 'E-Stop' utton pressed at
charging stationy

0x6 — 0xC Reserved

0xD Charging System Incompatibility e.g. If requested voltage range is rjot supported. If
not capable of DC charging. Transfer type mismatch,
etc.

OxE Charger Malfunction Any type of non-recoverable charder fault.
Ex:*Coupler overtemperature, Isolation Failure, etc.

OxF No Data Only used when charger has not yet determined its
operating state.

4.2.16 Remaining

Source: PEV
Destination: DC St
Phase: Periodic in

This signal from th
time to charge PE
bulk SoC. The D(
user. The DC Su
session stop time.

4.2.17 Bulk SoC

Source: PEV
Destination: DC S

Charging Time to Bulk SoC

pply
all phases.

DRIV

e vehicle allows the charging station to display a time remaining count. This valug is the Remaining

up to the bulk SoCs«The time represents how much time it will take to get from thé
L Supply may optionally use this periodic signal from the vehicle in order to display
pply will not stop-the charging session based on this time; the vehicle always co

b actual SoC to the
information to the
htrols the charging

Phase: Hand shaking only

It's the end point (SoC) where optimum fast charge ends. Each vehicle OEM will decide the bulk level value (80% for
example). The display SoC could indicate this from actual SoC to bulk percent if desired.
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4.2.18 Remaining Time to Full SoC

Source: PEV
Destination: DC Supply
Phase: Periodic in all phases.

Remaining time to charge PEV to full SoC; that is, the interval in time when no more energy is needed to charge the
RESS. Display time to charge from actual SoC to full SoC. The DC Supply may optionally use this periodic signal from
the vehicle in order to display information to the user. The DC Supply will not stop the charging session based on this
time; the vehicle always controls the charging session stop time.

4.2.19 Full SoC

Source: PEV
Destination: DC Sypply
Phase: Hand shaking only.

This signal defineg the SOC where the vehicle considers the RESS is full. It's from bulk SoC to Full. It|is defined by each
vehicle OEM.

4.2.20 Vehicle Energy Request

Source: PEV
Destination: DC Sypply
Phase: Hand shaklng and as needed.

It's the RESS resiqual capacity before or during charging. Thiscallows the PEV to limit the charging segsion by limiting the
energy transfer (i.g. for partial charge)

4.2.21 Charger Bnergy to be delivered
Source: DC Supply
Destination: PEV

Phase: Hand shaklng and as needed.

It's the allowed or fequested units of energy to be delivered during charging. This allows public charg|ng stations to limit
charging session by limiting the energy-transfer (i.e., for a prepaid amount).

4.2.22 Voltage Ouitput
Source: DC Supply

Destination: PEV
Phase: Hand shaklng-and as needed.

It's the measured High Voltage DC voltage at the output of the DC Supply. It's used by the PEV during charging for
diagnosis of on board sensors.

4.2.23 Current Output
Source: DC Supply
Destination: PEV

Phase: Hand shaking and as needed.

It's the measured High Voltage DC current at the output of the DC Supply. It's used by the PEV during charging for
diagnosis of on board sensors.
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4.2.24 Charger Current Limit Achieved

Source: DC Supply

Destination: PEV

Phase: Hand shaking and as needed.

The charger is at the limit of its source capability (saturation). The charger becomes saturated when either the charger

limits (4.2.9) are achieved or the vehicle limits (4.2.5) from handshaking have been achieved.

It's

control to compensate for reaching the limit.

4.2.25 Charger Voltage Limit Achieved

used by the PEV

Source: DC Supply
Destination: PEV
Phase: Hand shak

The charger is at
limits (4.2.10) are
control to compeng

4.2.26 Charger P

Source: DC Supply
Destination: PEV
Phase: Hand shak

The charger is at
limits (4.2.8) are &
control to compeng

4.2.27 Vehicle Pr
Source: PEV

Destination: DC St
Phase: Hand shak
This is sent at thg
necessary if a new
support a limited s

4.2.28 Charger P

Source: DC Supply

ng and as needed.

he limit of its source capability (saturation). The charger becomes saturated when
achieved or the vehicle limits (4.2.7) from handshaking have beén achieved. It’s
ate for reaching the limit.

pwer Limit Achieved

ng and as needed.
he limit of its source capability (saturation)cThe charger becomes saturated when
chieved or the vehicle limits (4.2.6) from handshaking have been achieved. It's
ate for reaching the limit.
btocol Version
pply
ng only.
beginning of the charging session in order to coordinate which signals can be
protocol with énhanced features is developed. Devices will fall back to a lower prg

bt of messaging.

otocol Version

either the charger
used by the PEV

either the charger
used by the PEV

used. This is only
tocol as needed to

Destination: PEV

Phase: Hand shaking only.

This is sent at the beginning of the charging session in order to coordinate which signals can be used. This is only
necessary if a new protocol with enhanced features is developed. Devices will fall back to a lower protocol as needed to
support a limited set of messaging.
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4.2.29 Connector

Source: PEV

Locked

Destination: DC Supply
Phase: All States and periodic at 100mSec rate.

It informs the charger that the PEV has locked the charge cord connector into the inlet. When locked, the vehicle and
charger can both commence to transfer energy. This would be used for charging systems which do not have the
Proximity detect button (such as IEC Type 2 connector).

4.2.30 Charger M

inimum Voltage Limit

Source: DC Supply
Destination: PEV
Phase: Hand shak

It informs the PEV|
must operate belo
start charging or w

ng and as needed.

that the DC supply can only regulate its voltage output down to this level. If a veh
v this level, then the vehicle will determine that the charging station’is incompatible.
Il stop a charging session if the target RESS voltage falls belowhis value.

4.2.31 Charger Minimum Current Limit

Source: DC Supply
Destination: PEV
Phase: Hand shak

It informs the PEV]
must operate belo
not start charging ¢

4.2.32 Charger P

Source: DC Supply
Destination: PEV

ng and as needed.

that the DC supply can only regulate its current output down to this level. If a veh
v this level, then the vehicle will determine*that the charging station is incompatibl
r will stop a charging session if the target RESS current falls below this value.

bak Current Ripple

Phase: Only in Ha

d shaking.

This signal informd the PEV what peak=to-peak magnitude of the DC Supply current ripple can be expg
level. This is dependent on the charger filter and control design. It is expected that quick chargers will
and may not be suitable for low current topoff charging (Bulk level to Full level). The vehicle may odify its charging
strategy using this|information)* The vehicle may chose not to initiate the charging session if the valu
with the RESS charging strategy.

4.2.33 Charger Cprrent Regulation Tolerance

cle has RESS that
The vehicle will not

cle has RESS that
. The vehicle will

e .

cted at any charge
have higher ripple,

b is not compatible

Source: DC Supply

Destination: PEV

Phase: Only in Hand shaking.

This signal informs the PEV what absolute magnitude of the DC Supply regulation tolerance can be expected at any
charge level. This is dependent on the charger filter and control design. It is expected that quick chargers will have larger
tolerance, and may not be suitable for low current topoff charging (Bulk level to Full level). The vehicle may modify its
charging strategy using this information. The vehicle may chose not to initiate the charging session if the value is not
compatible with the RESS charging strategy
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4.2.34 Vehicle Requested Energy Transfer Type

Source: PEV

Destination: DC Supply
Phase: In Hand shaking

This signal informs the DC supply that the Vehicle wishes to request AC Energy transfer from an EVSE that supports
digital communications. This allows a vehicle to connect to an EVSE that can do either DC or AC energy transfer.

Note: For an EVSE capable of supplying DC, the system must also have a Proximity or Pilot circuit change and potentially
keyways on the connector that allows the vehicle to identify a EVSE that is only capable of DC supply.

This signal aIIows’Lthe Vehicle to select its desired energy transfer type in the case that both the
ergy transfer types and J1772™ connector variations (AC, DC type 1, DC Combo)

support multiple e

FVSE and Vehicle
If the DC Supply

cannot support the requested transfer type, it shall respond with a Charger Status Code enumeratign 0xOD "Charging
System Incompatihility".
This is an enumergted type signal defined by:
Enumeration Definition Comments / Description
0x00 (reserved for) AC Type 1/Type 2 — single phase on Vehicle.is requesting single phasel AC energy transfer
core pins as¢specified through the SAE 1772 type 1 or type 2
connector.
0x01 (reserved for) AC Type 2 — three phase on Type 2 Vehicle is requesting three phase AC energy transfer
core pins as specified through the SAE 1772 type 1 or type 2
connector.
0x02 DC Type 1/Type 2 on core pins Vehicle is requesting DC energy tifansfer as specified
through the SAE 1772 type 1 or type 2 connector using
the standard core connector pins. (couple type C1)
0x03 DC combo 1/combo 2 on extended pins Vehicle is requesting DC energy tiansfer as specified
through the SAE 1772 type 1 or type 2 combo
connector over the additional pins|outside the core
(coupler type C2)
0x04 DC combo 1/combo 2 on core'pins Vehicle is requesting DC energy tiansfer as specified
through the SAE 1772 type 1 or type 2 combo
connector over the core pins
(coupler type C2)
0x05 (reserved for) Dedicated DC on unique connector In the case of a dedicated coupler|for Level 3 DC
charging (coupler type C3)
0x06 (reserved for).Réverse Energy Flow DC
0x07 (reserved\for) Reverse Energy Flow AC
0x08 — Ox0E Resenved/for future use
O0xOF Undetermined Vehicle may transmit this enumeration at startup
before selecting a compatible enefgy transfer type.
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4.2.35 Charger Supported Energy Transfer Type

Source: DC Supply
Destination: PEV
Phase: In Hand shaking

This signal informs the Vehicle of all Energy transfer types supported by the EVSE. Since an EVSE may support multiple
types of energy transfer (AC, DC type 1, DC combo) this signal allows a vehicle know all options of charging that are
supported by the EVSE to determine if it is compatible and select the desired energy transfer type. If the vehicle cannot
use any of the supported charging types from the DC supply, it shall respond with Vehicle Status Code enumeration 0x0D

"Charging System Incompatibility".

This is an enumergted type signal defined by:
Enumeration Definition Comments / Description
0x00 (reserved for) AC Type 1/Type 2 — single phase on The EVSE supports|sirigle phase AC energy transfer
core pins as specified through’'the SAE 1772 type 1 or IEC type
2 connector:
0x01 (reserved for) AC Type 2 — three phase on Type 2 core | The EVSE jsupports three phase AC energy transfer as
pins specifiéd through the IEC type 2 cpnnector.
0x02 DC Type 1/Type 2 on core pins The EVSE supports DC energy transfer as specified
through the SAE 1772 type 1 or type 2 connector on
the core pins.
0x03 DC combo 1/combo 2 on extended pins The EVSE supports DC energy transfer as specified
through the SAE 1772 type 1 or type 2 combo
connector on the extended pins.
0x04 DC combo 1/combo 2 on core pins The EVSE supports DC energy trgnsfer on a combo
connector core pins (but not on th¢ extended pins)
0x05 DC combo 1/combo 2 dual The EVSE supports DC energy trgnsfer on a combo
connector core pins and on the extended pins (but not
at the same time)
0x06 (reserved for) AC on core pins / DC on extended pins The EVSE supports AC energy trgnsfer on a combo
connector core pins and DC enerdy transfer on the
extended pins (but not at the same time)
0x07 (reserved for) AC and DC.capable on core pins The EVSE supports single phase AC or DC energy
transfer on Type 1/Type 2 connecfor core pins (but not
at the same time)
0x08 (reserved for) AQ single phase on core combo The EVSE supports single phase AND three phase AC
1/combo 2 pins energy transfer on a combo conngctor using
AND combination of core pins and extended pins (but not
AC three’phase on combo 1/combo 2 core + extended | both at the same time)
pins
0x09-0x0E Reserved for future use
O0xOF Undetermined Supply may send this enumeration) while executing its
startup sequence.
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4.3 Measurement Accuracy

The off-board DC charger is equipped with current and voltage sensors, and is responsible for reporting measured
current and voltage to the vehicle using the messages described in the Section 4.2. The following defines the accuracy

requirements for the values measured and reported to the vehicle.

4.3.1 Measured

Current Accuracy

The measured current reported by the DC Supply shall be within +/-1.5% of reading (but not better than +/- 0.5A).

4.3.2 Measured

Voltage Accuracy

The measured voInge reported by the DC Supply shall be within +/-1% (of full scale) or less.

4.4 Charger Cor

The vehicle issueq
4.2. The following

441 Charger C
The actual RMS oy
Requested Curren
Requested Curren
Requested Curren
442

Descendin

Normal Shutdown

Malfunction or Emérgency Shutdown (Vehicle Ready flag = FALSE): -200A/sec or greater.

4.4.3 Control De

At the beginning o
delivery, the charg

444 ChargerC

trol Accuracy

current and voltage commands to the off-board DC charger using the’ messages
equirements define the performance of the off-board charger.

Lirrent Regulation
tput of the charger shall meet the following conditions:
0-5A: Actual output is equal to requested current.+/~150mA or less.
5-50A: Actual output is equal to requested current +/-1.5A or less.
>50A: Actual output is equal to requested current less than +/- 3% of the rated full 3
g Current Output Slew Rate

br Zero Current Request: -100A/Sec or greater.

lay to Vehicle Reguest

energy transfer; the charger shall begin to respond to a vehicle request within 2.5
br should fellow the change rate as in 4.4.2 and 4.4.9.

Lirrent Ripple

defined in Section

cale.

sec. During energy

During Regulation

the’charging system shall maintain a peak-to-peak ripple no greater than +/-3% of

the rated full scale

output. The requirement only applies to ripple at a frequency below 1000 hertz.

Examples:

a.) 120A charger at full current with 3% ripple would result in no better than +/-3.6A ripple.

b.) 200A charger with a 40A target output request would result in +/-4.0A ripple.

c.) 10A charger with 1A request would result in a +/-300mA ripple.
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445 Voltage Ripple — No Load Voltage Regulation

Under no load conditions, for example during Pre-charge, the actual output of the charger will be +/- 5V of the vehicle’s
request within 2 sec.

446 Charger Current Overshoot time

If Vehicle Maximum Current Limit is exceeded by more than the amount specified in section 4.4.1 for more than 400mSec
the charging station will shut down due to a fault condition. This is the case where the current output is no longer under

the control of the vehicle, and the charging station will use its conversion circuitry to cleanly reduce current flow.

4.4.7 Vehicle Rg

The Vehicle should

the vehicle to confinue requesting higher current for a short time so that the vehicle can adjust its i

battery maintenan
period towards the
The charge limit ag
respond to the chg
shutdown to force

448 Chargerls

The isolation betw
requirements here
According to SAE
than 100 ohm/volt
1.0Meg-ohm to en

449 Vehicle Rs

The maximum chg
sec). The charger

sponse to Charge Station Limits
respond to a change in the Charging Station Limits within 10 sec. For example, th

te such as cell balancing. The charging station will reduce the delivered 'Current th
new charge limits. The vehicle should reduce the request in order to meet the cha
hieved signals (4.2.24, 4.2.25, & 4.2.26) would indicate the charger'status. When th
rging station limits after 10 sec, the charger may optionally consider this a fault and
he vehicle to stop.

plation Impedance

een the HV DC bus wiring and the vehicle chassis and earth ground must b
are assuming a system with worst case of 500V bus, and 10 devices connect
2344, the total of the combined Vehicle, DC-Supply, and other HV loads will have
after the vehicle has gone to Ready state,{Therefore, the DC supply isolation sho
sure system compliance. These requirements apply until end of service for the produ

quest Change Rate

nge rate for the current request-from the PEV shall be 20 A/sec (or 10% of the Fu
current output should be within'80% of the PEV current request within 1 sec.

In Normal and Em

Where the DC Supply is limited by _grid restriction in power delivery, the actual rate of change may
related to the powgr quality restrictions in J2894.

Charging station

modes. In the casg where'the DC supply is not able to produce the request, it will use the charger ma
current limits to indicate-thie limitations.

rgency Shutdown, the\request can make a step change directly to zero as describeq

ay not be_able to honor this request all the time due to thermal foldback or other

b charger will allow
hternal controls for
roughout this time
rging station limits.
e vehicle does not
initiate emergency

b controlled. The
bd to the HV bus.
impedance higher
Id be greater than
ct.

Il rated current per

in Section 4.4.2.

be lower. This is

reduced operating
Ximum voltage and

4.4.10 Loss of communications DC Supply

When communications loss is detected by the EVSE, the EVSE shall use the EVSE initiated shutdown sequence. After
the current output achieves zero, the EVSE must allow 500mSec for the PEV to open its charge contactors before
discharging the HV bus. See Section 5.2.4.

4.4.11 Loss of communications Vehicle
When communications loss is detected by the Vehicle, the vehicle shall use the Vehicle initiated shutdown sequence.

After the current output achieves zero, the vehicle must open contactors no later than 500mSec to allow for the DC
Supply to discharge the HV bus. See Sections 5.2.3 & 5.2.4.
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5. SEQUENCE DIAGRAM

5.1 DC Charging System State Diagram

Connector = Locked AND
Charger Status = Isolation Monitoring Active

Initialization
Pilot= Li
State B » EVSE/PEV exchange Isolation Monitorin
Disconnected operating limits
e  PEV locks connector e  EVSE may continue to Check
. EVSE performs Internal Isolation on its side of the PEV
Isolation Monitoring contactor
v PEV-momitorstsotatiomormity
Pilotd \_ side of the contactor
State A Fault Fault FauItJ
(disconnegted) Pilot= State C or D
‘ AND
Not Re Vehicle Ready = TRUE
e  EVSE prompts user to - Precharge
disconnect . _ |
. EVSE disablgs current Vehicle RAe'rj%y = TRUE EVSE Enables HV DC outgut

PEV requests voltage and $mall
current
EVSE controls to PEV reqyest

PEV waits for voltage to mgtch ESS

flow
. PEV ensureq that
connector is pnlocked

Connector = Locked
(to restart charging)

Contactor = Fault NS
Opened Fault
Shutdown/2 Voltages matched
(PEV closes contactof)
. PEV Performs Welded checks r

. PEV opens confactor
Q PEV unlocks copnector

Energy Transfer

Connect¢r =
Unlocked y . PEV continuosly monitors [HV
t Isolation
«—Fault e PEV controls current level[request
Shutdowa/1, _ e  EVSE transfers energy pef PEV
Fault - Pilot=State B Request
. PEV requests zero current Charge Complete = 1
e PEV waits\for safe voltage level |«

FIGURE 5.1 — DC CHARGING SYSTEM STATE DIAGRAM
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5.2 Charging System Sequence Diagram

Notes:

- ltems in [talics are optional as per tab
- The signals in the table below are trar

T M Appendix A:

smitted at a regular interval; change of state occurs when a signal value has been u

TABLE 5.2 - CHARGING SYSTEM SEQUENCE DIAGRAM

pdated.

. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
PEV is plugged in Nonée None Disconnected n/a
0 Pilot Change from State A t¢ State B causes
transition to T1
PEV Begins Isolation Monitpring on Vehicle | Charger Status Codg™= Vehicle Ready = Not Ready Initialization 250mSec or less
RESS side of PEV contactor Charger Not Ready: Vehicle Status Code = Not Ready
Charger Maximum Current Limit Vehicle Connector Lock = Not Locked
Handshaking is complete pfter appropriate | Charger Maximum Voltage Limit Vehicle Requested Energy Transfer Type
messages have been exchanged between PEV | Charger Supported Energy Transfer Type Vehicle Connector Lock = NOT Locked
and DC Supply Charger Peak Current Ripple
T Charger Minimum Voltage Limit Vehicle Protocol Version
After Handshaking complete, transition to T2 Charger Minimum Current Limit Bulk SOC
Full SOC
Charger Energy to be Delivered Vehicle Energy Request
Charger Protocol Version Vehicle Energy Capacity
Charger Maximum Power Limit
Charger Current Regulation Tolerance
PEV Locks Connector into Inlet Charger Status Code = Vehicle Ready.= Not Ready Initialization 100mSec or less
Isolation Monitoring Vehicle StatusCode = Not Ready
DC Supply Can Start Isolation Mlonitoring Charger Maximum Current Limit Vehicle Connector-tock = Locked
T2 Charger Maximum Voltage Limit
After connector has locked, afd the DC Supply
has finished initial Isolation Menitoring transition | Charger Energy to be Delivered
to T3 Charger Protocol Version
Charger Maximum Power Limit
DC Supply continues Isolation Nlonitoring Charger Status Code = Passed Vehicle Ready = Not Ready Initialization to First pass of isolation
(on Supply side of PEV contactqr) Charger Maximum Current Limit Vehicle Status Code = Not Ready Pre-charge monitoring must
Charger Maximum Voltage Limit Vehicle Connector Lock = Locked complete in 2 sec or
T3 After Charger isolation Monitoring is Active then less

transition to T4

Charger Energy to be Delivered
Charger Protocol Version
Charger Maximum Power Limit
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. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
PEV pulls S2 switch (to go to State C or D) and | Charger Status Code = Passed Vehicle Ready = Vehicle Ready Pre-charge indefinitely
sends Vehicle Ready signal Charger Maximum Current Limit Vehicle Status Code = (various)
Charger Maximum Voltage Limit Vehicle Maximum Current Limit
Vehcle provides a target voltage level to allow DC Vehicle Maximum Voltage limit = (non zero)
T4 supply to enable charger output Charger Energy to be Delivered Vehicle Connector Lock = Locked
Charger Protocol Version
After vehicle Ready transition to T5 Charger Maximum Power Limit Vehicle RESS Voltage
Vehicle Maximum Power Limit
Vehicle Protocol Version
Vehicle Energy Capacity
DC Supply Closes charging Contactors or | ChargerStatus Code = Passed Vehicle Ready = Vehicle Ready Pre-charge At most 3 sec
Enables its Supply output Charger Maximum Current Limit Vehicle Status Code = (various)
Charger Maximum Voltage Limit Vehicle Maximum Current Limit
After DC Supply output enabled (or contactors Vehicle Maximum Voltage limit
5 closed), transition to T6 Charger Energy fo.be Delivered Vehicle Connector Lock = Locked
Charger Protocol Version
Charger Maximum Power Limit Vehicle RESS Voltage
Vehicle Maximum Power Limit
Vehicle Protocol Version
Vehicle Energy Capacity
DC Supply must finish Isdlation Monitoring | Charger Status Code = Pre-charge PEV must allow at
(including isolation check of the|cable) Charger Ready Vehicle Connector Lock = Locked least 500mSec but not
T6 more than 2 sec
After DC Supply has finished isolation checks
(including the cable), then trans|stion to T7
PEV sets up Voltage Limit Charger Status Code = Charger Ready Vehicle-Ready = Vehicle Ready Pre-charge PEV must request
Charger Maximum Current Limit Vehicle-Status Code, = Ready voltage limit within 2
After Voltage limit sent, transition to T7" Charger Maximum Voltage Limit Charge CurfenbRequest =0 sec or less
17 Vehicle Maximum*Voltage limit = (RESS voltage)

Charger Energy to be Delivered
Charger Protocol Version
Charger Maximum Power Limit

Vehicle Connectorllock = Locked

Vehicle RESS Voltage



https://saenorm.com/api/?name=0542b7b82dc3fd809c70c350dff45f82

SAE J2847-2 Issued OCT2011 Page 26 of 42
. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
Charge Current Request increases to above 0 but | Charger Status Code = Charger Ready Vehicle Ready = Vehicle Ready Pre-charge No minimum
less than 1A to get the charger {o bring up the bus | Charger Maximum Current Limit Vehicle Status Code = Ready (but cannot happen
voltage. Charger Maximum Voltage Limit Charge Current Request = (small amount) before T7)
Vehicle Connector Lock = Locked
PEV adjusts the bus voltage to| slightly*above the | Charger Energy to be Delivered Vehicle Maximum Voltage limit = (RESS voltagg)
pack voltage. Charger Protocol Version
T7 Charger Maximum Power Limit
PEV is responsible to ensure {hat the measured Vehicle RESS Voltage
charger supplied bus voltage|is at appropriate Vehicle Maximum Power Limit
level before it closes its coptactors to avoid Vehicle RESS SOC
welding vehicle side contactors, Bulk SOC
Full SOC
When the bus voltage matches,|transition to T8 Vehicle Energy Request
When the bus voltage matches the RESS voltage, | Charger Status/Code = Ready Vehicle Ready = Vehicle Ready Pre-charge to Voltage must match
the PEV closes contactors Charger Maximufn, Carrent Limit = Vehicle Status Code Energy Transfer | requestin 2 sec or
(update as needed) Charge Current Request = (small amount) less
Vehicle adjusts the Bus voltage to match RESS | Charger Maximum Voltage Limit = Vehicle Connector Lock = Locked
voltage (update as needed) Vehicle Maximum Voltage limit = (RESS voltage)
8 The DC Supply must limit in-rugh current to below | Charger Energy to be Delivered
the target Charge Current Requst from the PEV. Charger Protocol Version Vehicle Maximum Power Limit
Charger Maximum Power Limit Vehicle RESS Voltage
After the PEV contactors close, ftransition to T9 Remaining Charge Time to bulk SOC
Remaining Charge Time to Full SOC
Vehicle RESS SOC
EV regulates Charge Current [Request based on | Charger Status Code VehiCle Ready = Vehicle Ready Energy Transfer | No minimum
internal control algorithms. Charger Current Limit Achieved Vehicle Status Code
Charger Voltage Limit Achieved Charge-€ufrent Request = (regulating)
Voltage limit will be adjusted {o match charging | Charger Power Limit Achieved Vehicle Maximum Voltage limit = (regulating)
algorithm maximum parameter. Charging Complete = False
Charger Maximum Current Limit Vehicle Connectorlock = Locked
T9 This step continues into charging. Charger Maximum Voltage Limit

Voltage output
Current output
Charger Maximum Power Limit

Bulk Charge Complete

Vehicle RESS SOC

Vehicle RESS Voltage

Remaining Charge Time to bulk SOG
Remaining Charge Time to Full SOC
Vehicle Maximum Power Limit
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Time

Action

Off-Board
Charger Signals

Vehicle
Signals

Stage

Duration

T10

Vehicle will reduce current request as it nears

Charger Status Code = Ready

Vehicle Ready = Vehicle Ready

charge completion.

EV determines charging goal re|
or full)

Vehicle requests energy flow re

Bched (either bulk

Huced to zero

Charger Current Limit Achieved
Charger Voltage Limit Achieved
Charger Power Limit Achieved

Vehicle Status Code

Charge Current Request = (reducing)
Charging Complete = False

Vehicle Connector Lock = Locked

Vehicle RESS SOC

Bulk Charge Complete

Remaining Charge Time to bulk SOC
Remaining Charge Time to Full SOC

Energy Transfer

n/a

T11

Vehicle Indicates Charging Conj

plete

Charger.Status Code = Ready

Vehicle Ready = Vehicle Ready
Vehicle Status Code

Charge Current Request = 0.0
Charging Complete = True
Vehicle Connector Lock = Locked

Vehicle RESS SOC

Bulk Charge Complete

Remaining Charge Time to bulk SOC
Remaining Charge Time to Full SOC

Normal
Shutdown

Defined by vehicle
charging strategy.

T12

Vehicle Changes the Pilot Signgl state to Not

Ready (State B)

Voltage Request from PEV is rg

[duced to zero

Charger Status Code = Ready

Vehicle Ready = False

Vehicle Status Code = Not Ready
Charge Current Request = 0.0
Charging Complete = True

Vehicle RESS SOC

Bulk Charge Complete
Remaining‘Charge Time to bulk SOC
Remaining,Charge Time to Full SOC

Normal
Shutdown

No minimum time
from contactor open
to reduction in
request.

T13

DC Supply Changes to not read
vehicle changing Pilot State

DC Supply stops power flow to

ly in response to

utput bus.

Charger Status Code = Not Ready

Vehicle Ready = False

Vehicle Status Codeé = Not Ready
Charge Current Request=-0.0
Charging Complete = True
Vehicle Connector Lock = Locked

Vehicle RESS SOC
Bulk Charge Complete

n .
e

Remaining Charge Time to Full SOC

Not Ready

DC Supply must stop
delivering power
(open EVSE
contactor) in 3 sec or
less
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. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
Vehicle Performs Welded contactor tests. Charger Status Code = Not Ready Vehicle Ready = Not Ready Welded Check Vehicle should
Vehicle Status Code complete welded
When current is below acceptaljle)level, the Charge Current Request = 0.0 contactor testing
vehicle opens charging contactgrs on-vehicle Charging Complete =True within 3 sec after
Vehicle Connector Lock = Locked going to not ready
T14 .
DC Supply should allow Bus voltage to drop-if not (t15-112).
held up by vehicle RESS (when|vehicle Vehicle RESS SOC
contactors open) Bulk Charge Complete
Remaining Charge Time to bulk SOC
Remaining Charge Time to Full SOC
Vehicle finishes Welded contacfor check and Charger.Status Code = Not Ready Vehicle Ready = Not Ready Not Ready Vehicle could remain
opens all vehicle charging contgctors. Vehicle Status Code in this state
Charging Complete = True indefinitely as
DC Supply will allow Bus voltagg toward zero. Vehicle Connector Lock = Locked determined by
T15 connector locking
Vehicle RESS SOC strategy
Bulk Charge Complete
Remaining Charge Time to bulk SOC
Remaining Charge Time to Full SOC
Voltage Drops below safe voltage (60V DC as Charger Status Code = Not Ready Vehicle Ready = Not Ready Normal Vehicle will release
defined by J2344) level as detefmined by PEV Vehicle Status Code Shutdown lock on connector
Charging Complete complete within 100mSec after
When vehicle determines the cqnnector is safe to Vehicle Connector Lock = Not Locked finishing Welded
handle (voltage below a threshdld), then vehicle Check
T16 release connector lock Vehicle RESS SOC
BlikCharge Complete
Some vehicle manufacturers may hold the Remaining Charge Time to bulk SOC
connector locked in the inlet unfjl the customer Remaihing*Charge Time to Full SOC
has returned to the vehicle and pnlocked the
connector for removal (see T15).
Connector can be removed from inlet (None) (none) Disconnected Connector can remain
plugged in while
T17 If the vehicle strategy wishes to[restart charging, unlocked indefinitely.

then the lock would be applied,
sequence would commence.

bnd the startup
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. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
Vehicle Initiates shutdown by changing the Pilot Charger Status Code = Ready Vehicle Ready = Ready Emergency n/a
signal State C/D "Ready" to B "INof Ready” Vehicle Status Code = Faulted Shutdown
Charge Current Request = 0.0
The Charge Current Request (ahdCharge Charging Complete
T18 Current Limit) will be set to zero|immédiately by Vehicle Connector Lock = Locked
the vehicle.
The Vehicle State will change tq Faulted.
Current from charger starts to r¢duce to zero.
DC Supply should open its Chafging contactors (if | Charger.Status Code = Ready Vehicle Status Code = Faulted Emergency 500mSec after
T19 equipped). The DC supply shoyld attempt to Shutdown Not Ready
regulate current to zero as quickly as possible.
When the vehicle has determingd that current is Charger Status Code’= Ready Vehicle Ready = Ready Emergency 1000mSec maximum
low enough to safely open its vghicle RESS Vehicle Status Code = Faulted Shutdown
charging contactors, the vehiclel contactors will Charge Current Request = 0.0
open. Charging Complete
T20 Vehicle Connector Lock = Locked
The vehicle might open the vehijcle contactors
while current is still flowing afterja vehicle
manufacturer determined timeo{it period any time
after T18.
The vehicle will reduce the voltdge request to Charger Status Code = Ready Vehicle Ready = Ready Emergency No minimum time
zero. This must occur after the yehicle contactors Véhicle Status Code = Faulted Shutdown
T21 are open to reduce the possibilify of reverse Charge Current Request = 0.0
power flow (on chargers that ar¢ not equipped Vehicle Maximum Voltage Limit = 0.0
with a blocking diode). Charging @omplete
Vehicle Copnector Lock = Locked
If the DC charger is still regulatipg the voltage Charger Status Code = Ready Charging Complete’=True Emergency 500mSec
T22 output (where DC supply contadtors are not Vehicle Connector ock = Locked Shutdown
present), then the voltage will fgllow the command
from the line above.
When the vehicle detects the vdltage below a safe | Charger Status Code = Ready Vehicle Ready = Not Ready Not Ready Indefinitely as needed
threshold, then it will change th¢ Vehicle Ready Vehicle Connector Lock = Locked by vehicle strategy.
Signal state to "Not Ready" The|vehicle may keep
123 the connector locked until the user“unlocksthe

vehicle (via the Key FOB or other means).

The DC Supply can start the Isolation monitoring

after the vehicle is not ready.
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. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
The Vehicle will unlock the connector as specified | Charger Status Code = Not Ready Vehicle Connector Lock = Not Locked Not Ready 500 mSec
by the user preferences defined[in the vehicle.
T24
The Vehicle may continue to pefform/itsHV
system isolation monitoring aftef coniplete.
When connector is removed, th¢ Pilot signal (None) (None) Not Connected Connector can remain
T25 returns to the state A "Disconnected” state plugged in while
unlocked indefinitely.
Q.
DC Supply initiates shutdown by turning off the Charger'Status Code = Ready Vehicle Ready = Ready Emergency n/a
Control Pilot PWM oscillator. Vehicle Status Code = Ready Shutdown
T26 Charge Current Request = (as before)
Vehicle Maximum Voltage Limit = (as before)
Charging Complete = (as before)
Vehicle Connector Lock = Locked
The vehicle detects the loss of gontrol pilot, and Charger Status Code = Ready Vehicle Ready = Ready Emergency Up to 3 sec maximum
goes to not ready status (State B). Vehicle Status Code = Not Ready Shutdown after Pilot changed
Charge Current Request = 0.0
Vehicle Ready Signal (not the Fjilot) will remain Vehicle Maximum Voltage Limit = (as before)
T27 True until end of shutdown seqyence. Charging Complete
Vehicle Connector Lock = Locked
The current request will immedigtely go to zero.
The DC supply will attempt to rgduce the current
output towards zero.
The DC Supply will indicate "Not Ready" and Charger Status Code = Shutdown Vehicle Ready-5 Ready Emergency 1 sec maximum
report that current (and power) [jmits are at zero. Charger Maximum Current Limit = 0.0 Vehicle Stattis Code = Not Ready Shutdown
To8 Charger Maximum Voltage Limit = 0.0 Charge CurrentReguest = 0.0
Vehicle Maximum Veltage Limit = (as before)
Charging Complete
Vehicle Connector Lock =Locked
When the vehicle has determingd that current is Charger Status Code = Shutdown Vehicle Ready = Ready Emergency n/a
low enough to safely open its vghicle RESS Charger Maximum Current Limit = 0.0 Vehicle Status Code = Not Ready Shutdown
charging contactors, the vehicle| contactors will Charger Maximum Voltage Limit = 0.0 Charge Current Request = 0.0
129 open. Vehicle Maximum Voltage Limit = 0.0

The vehicle might open the vehi
while current is still flowing after
determined timeout period.

cle contactors
a vehicle

Charging Complete
Vehicle Connector Lock = Locked
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. Action Off-Board Vehicle Stage Duration
Time - )
Charger Signals Signals
The DC Supply will disable its output to the HV Charger Status Code = Shutdown Vehicle Ready = Ready Emergency Up to 5 sec after pilot
bus (if it has contactors, they wi[l open). Charger Maximum Current Limit = 0.0 Vehicle Status Code = Not Ready Shutdown changed state in T26
Charger Maximum Voltage Limit = 0.0 Charge Current Request = 0.0
T30 The DC Supply might open the gontactors while Vehicle Maximum Voltage Limit = 0.0
current is still flowing after a DC| Supply Charging Complete
manufacturer determined timeoyit period any-time Vehicle Connector Lock = Locked
after step T26.
When the vehicle detects the vdltage below a safe”7| Charger Status Code = Shutdown Vehicle Ready = Ready Emergency 500mSec
threshold, then it will change thg Vehicle Ready Charger Maximum Current Limit = 0.0 Vehicle Status Code = Not Ready Shutdown
T31 Signal state to "Not Ready" The]vehicle may keep | Charger Maximum Voltage Limit = 0.0 Charge Current Request = 0.0
the connector locked until the uger "unlocks" the Vehicle Maximum Voltage Limit = 0.0
vehicle (via the Key FOB or oth¢r means). Charging Complete
Vehicle Connector Lock = Locked
Vehicle Ready Signal will go "Npt Ready" after the | Charger Status Code’= Shutdown Vehicle Ready = Not Ready Not Ready Indefinitely as needed
voltage threshold has been reaghed. Vehicle Status Code = Not Ready by vehicle strategy.
T32 Charge Current Request = 0.0
Vehicle Maximum Voltage Limit = 0.0
Charging Complete
Vehicle Connector Lock = Locked
The Vehicle will unlock the conrjector as specified | Charger Status Code = Shutdown Vehicle Ready = Not Ready Not Ready 500mSec
by the user preferences defined|in the vehicle. Charger Maximum Current Limit = 0.0 Vehicle Status Code = Not Ready
T33 Charger Maximum Voltage Limit = 0.0 Charge Current Request = 0.0
The Vehicle may continue to pefform its HV Vehicle Maximum Voltage Limit = 0.0
system isolation monitoring aftef complete. Charging Complete
Vehicle Connector Lock = Not Locked
When connector is removed, th¢ Pilot signal (None) (None) Disconnected Connector can remain
T34 returns to the state A "Disconnected"” state plugged in while

unlocked indefinitely.
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(S2 switch closed by EV}

OmSec (t1 - t0) Seconds after plug in
the Vehicle is ready to Precharge.

(t2) After handshaking is complete and conglitions are okay to proceed with charge, the

the Inlet within 100mSec. (12 - t1)
hny time after it wakes up

| isolation as long as no voltage is applied to the
hg Isolation on the Cable after the cord is locked

g step must complete within 2 seconds (t3 - t2).
bolation status including the cable in the

remain in this state t3 to t4 indefinitely}
confirmed as Locked and all other charging
request for a minimum voltage.

C Supply output is enabled within 3 Seconds
fJ1772.

Ehicle enters the Precharge step.

lation of the cable for a minimum of 500

mSeconds (t6 - t5). This allows the Charging Station time to complete its last Isolation

btion check to ensure it has stopped prior to

b cable voltage will settle to the lowest
te on its output.

tion checks, the DC Supply then transitions to

nd “Charger Ready” signal is received, The
the pack voltage.

ased on its voltage sensor readings.

shall not charge up the HV bus capacitance

equest. Bus voltage remains at the lowest

ontrol.

es how the DC Supply fast control loop must
Current Request Signal”

nt to get charger to bring up the bus

current (such as 1Amp).

step may not be necessary.

er the voltage request), the charger should

e the Vehicle Voltage Upper Limit within 2

(t8) The EV will close its contactors when the bus voltage is appropriate. Note that the
EV may have to regulate the Vehicle Upper Voltage Limit signal to properly match the

The DC Supply hardware current control must limit inrush current below the requested

EV can ramp up current according the

5.2.1 Figure 5.2a —Normal Startup Sequence
Stage:| Disconnected Initialization Precharge Energy Transfer Comments
State A J1772™ Pilot Signal states:
Pilot State B o State A (12V) is Disconnected

o State B (9V) on connect
\ = State C or D o State C (6V) or D (3V) when Vehicle Ready]
Hand - 3 (t1) Handshaking should complete within 25
shaking | \ Handshaing compl ,te\ The Pilot signal changes to state C/D when

\

Connector Urlieabed] H Locked - Vehicle will lock the Charge Connector into

Lock focke \ \ Vehicle may be performing HV Isolation at
Vehicle I 1 (starting just after connector has been plugged into the inlet)
Isolation ehicle Isglation Monitoring ;\Active Prior to 12, the DC supply can check interng

Check L - connector. The DC Supply can start check
l Charger Isolation in the ml.et.' . . -
[\
Séi:ju: Chﬁ;?er ng;ﬂ?c‘; Charger@gady “Isolation Monitoring Active” state. (it could
Ready Monitorihg \ After handshaking is complete Connector ig
Interngl conditions are OK, PEV sends ready and a
Vehicle = : (t4) After EV signals Ready with Pilot, the O
Ready Not Ready .\ Ready \ - (15 - t4) according to transition 5 in Table 8
DCSgSS;IJI ¥ \t (t5) DC Supply output is enabled after the v
Output Y Disabled H Enabled ‘ The DC Supply is allowed to test the HV Isg
Enable )
- - l PEE—— check. After that, it must stop the cable Isol
Vehicle [\)/ghslc‘ﬁpr;'ggrsg?t I the Vehicle voltage target request (t7).
Upper Voltag Level When the DC Supply Output is Enabled, th
Voltage Limit \ voltage that the supply can effectively regul
Signal I (t6).After the DC supply has finished its isol
AL t9 “Charger Ready”

e (t7) After the.DC Supply output is enabled
Current Vehicle sets the Voltage Limit slightly abov
Reguest Note the vehicle may have to regulate this

Signal While the PEV requests 0Amps, the charg
- since it would be violating the PEV current
voltage where the DC Supply can maintain
The “Vehicle Charge Current Limit” establi
Bus Voltage M protect from current overshoot; the “Charg
(measured DC Supply Intefnals DC upply Interngls Cable (t7) The PE_V must make a ¥équest for curr:
A Isolation Check as|needed Isdlation/Check| Isolation / voltage. This request would be-a very small
at the inlet) (safe voltage on cgble) (higher vdtage orl cable ajowed) Check For DC Supplies with a blocking Giode, this
As soon as the EV requests current (17 -a
Vehicle charge bus capacitors and limit voltage 16 t
Battery Closea seconds (18 - 7).
Contactors O
pack voltage.
Charge
Current 0 Amps Target current from the PEV (such as 1A).
(19) After EV contactors are closed then the
charging algorithm defined by the vehicle manufacturer.
t0 t1 t2 3 t4 t5 t6 t7 t7' 8 19
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5.2.2 Figure 5.2b — Normal Shutdown Sequence
. Not 3 ; Discon-
Stage:| Energy Transfer Ready Welded Check & Unlocking nected Comments
Charge
Current | The|fegdest changes as (t10) The PEV will reduce the current regyest as it completes the charging
Request t10 nepessary, by vehicle process.
Signal tifi ¢narging stiategy The PEV charging strategy determines how to reduce current after the
battery is full at t10.
Charge Charge station always follows charge current request
c 9 i The PEV will stop request for current outppt; No minimum time required
uren 0 Amps t17 between signals (113 - t12).
(t11) PEV determines that Energy Transfgr is complete (based on battery SOC
Charge - Charde complete level, customer preferences or pre-negotigted conditions)
Complete \ b (t12) The PEV will change to Not Ready after charge complete when the vehicle
SETY has read the current to be below an OEM Hetermined level.
\ t12 S (Note: there is no defined amount of time that the yehicle will remain in this state)
Pilot State B J1772™ Pilot States:
State C or D \ t15  t16 o State A Disconnected
Vehicle L o State B on connect (S2 open, Not Ready)
Maximum o State C or D when Vehicle Ready (S2 swifch closed by PEV)
Voltage Limit The Voltage Limit is no longer needed aft¢r Not Ready; the charger should
Signal disable its output control (it may also oper] contactors if it has them).
Charger (t13) The DC Supply will disable its outpuf (open its contactors) within 3 Sec
Status Code Ready Not Ready (t13 - t12) after the vehicle changes the state of the Pilot.
= (Per J1772, Table 8, Line 6)
/\ y | During this period, the vehicle The DC Supply status code is ‘Not Ready] to indicate it has opened its contactors.
Bus Voltage  — can perform the welded The Supply Bus Voltage should fall toward the battery voltage.
(at the Inlet) contactor check. (t14) Théwvehicle can perform its on-board contactor tests (welded contactor
check) prior.to unlocking the connector
* (t15) The PEV must complete the welded fontactor check within 4 seconds (115 -
Vehicle t14) of chargergoing Not Ready
Closed - J ’
c Battery ) Open (t16) The PEV will.release the lock within 00 milliseconds (116 - t15) of
ontactors L completing the Welded-contactor check.
Connector Locked
Lock Unlocked The PEV can unlock the<connector after the bus voltage has dropped below a safe
Venicle value (60V DC as defined.by J2344).
Ready I The discharge time (116 - t15) shall be no |ess than TBD (500mSec)
Signal Ready Not Ready Note: The vehicle may remain in Locked.state (116 - t15), even after the voltage has dropped to safe
DC Supply levels so the PEV can keep the connectordeckef in the inlet until the customer unlocks the vehicle.
Output Enabled Disabled If the vehicle wishes to restart charging/it will lock the connector, then assert
Enable “Vehicle Ready”, after which it shall start from the initialization phase (t2)
|Solalii?)$1y Nt A 'ACtive as necessary by requiring the DC $upply IS?IGtIOﬂ chec.k and Precharge. .
Monitoring DC Supply Strategy The DC Supply might continue to monitor the HV isolation on the charging
Vehicle _ station side (excluding cable isolation check) as long as its strategy dictates
Isolation Active e Ee Necj;sary by even after the coupler has been released from lock.
Monitoring VYreihiielle SiirHEe The PEV will continue to monitor the HV isolation on vehicle systems as long as
: its strategy dictates.
t10 t11 112 113 t14 t15 t16 t17
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