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1. SCOPE

This SAE Standard covers the general physical, electrical, functional, and performance requirements to facilitate conductive
charging of EV/PHEYV vehicles in North America. This document defines a common EV/PHEV and supply equipment vehicle
conductive charging method, including operational requirements and the functional and dimensional requirements for the
vehicle inlet and mating connector.

2. REFERENCES
2.1 Applicable Documents

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

2.1.1  SAE Publicdtions

Available from SAE |nternational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel; 877-606-7323 (inside USA
and Canada) or +1 124-776-4970 (outside USA), www.sae.org.

SAE J1113-21 Eledtromagnetic Compatibility Measurement Procedure for Vehicleg''Components - Part 21: Immunity to
Elegtromagnetic Fields, 30 MHz to 18 GHz, Absorber-Lined Chamber

SAE J1211 Handbook for Robustness Validation of Automotive Electrical/Electronic Modules
SAE J1812 Fungtion Performance Status Classification for EMC Immunity Testing

SAE J2344 Guidelines for Electric Vehicle Safety

SAE J2847/1  Communication for Smart Charging of Plug-in-Electric Vehicles Using Smart Energy Rrofile 2.0
SAE J2847/2 Compmunications Between Plug-In Vehicles and Off-Board DC Chargers
SAE J2931/1  Digital Communications for Plug-inElectric Vehicles

SAE J2931/4 Broadband PLC Communication for Plug-in Electric Vehicles

SAE J2953/1  Plug-In Electric Vehicle\(PEV) Interoperability with Electric Vehicle Supply Equipment|(EVSE)

SAE J2953/2 Tes{ Procedurestfor the Plug-In Electric Vehicle (PEV) Interoperability with Eleg¢tric Vehicle Supply
Equjpment (EVSE)

SAE USCAR 2 Performatice Specification for Automotive Electrical Connector Systems

SAE USCAR 25 Ergonaemics Specification for Electrical Connections

2.1.2 Canadian Standards Association (CSA Group) Publications

Available from Canadian Standards Association, 170 Rexdale Boulevard, Rexdale, Ontario, Canada M9W 1R3, Tel:
1-800-463-6727. www.csa.ca.

CSA C221 Canadian Electrical Code Part 1, Section 86
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2.1.3 Code of Federal Regulations (CFR) Publications

Available from the United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401, Tel:
202-512-1800, www.gpo.gov.

CFR 40 Title 40, Chapter 1, Subchapter Q, Part 600

CFR 47  Title 47, Parts 15A, 15B, and 18C

2.1.4 |EC Publications

Available from IEC Central Office, 3, rue de Verambe, P.O. Box 131, 1211 Geneva 20, Switzerland, Tel: +41-22-919-02-11,

www.iec.ch.

IEC Publications are|also available from the American National Standards Institute (ANSI), 25 West43
NY 10036-8002, Tel} 212-642-4900, https://webstore.ansi.org/.

CISPR 16-1-2

IEC 60479-1

IEC 60479-2

IEC 60529

IEC 60664-1

IEC 61000-4-3

IEC 61000-4-6

IEC 61032

IEC 61140

IEC 61300-2-6

IEC 61300-2-7

IEC 61558-2-6

IEC 61851-21-1

IEC 61851-21-2

IEC 61851-23

IEC 62196-2

Ancillary equipment - Conducted disturbances

Effects of current on human beings and livestock - Part 1: General aspects

E

D¢

In
te

El
frq

El
Ccq

ects of current on human beings and livestock - Part 2: Special aspects
bgrees of protection provided by enclosures (IP Code)

Sulation coordination for equipment within low-voltage systems - Part 1: Principle
5ts

ectromagnetic compatibility (EMC) - Part4-3: Testing and measurement techniqu
quency, electromagnetic field immunity‘test

bctromagnetic compatibility (EMG)”- Part 4-6: Testing and measurement techr|
nducted disturbances, induced by radiofrequency fields

Protection of persons and equipment by enclosures - Probes for verification

Protection against eléecfric shock - Common aspects for installation and equipment

Fi
- F

Fi
- F

bre optic interconnecting devices and passive components - Basic test and meas
Part 2-6: Tests - Tensile strength of coupling mechanism

bre optic*interconnecting devices and passive components - Basic test and meas
Part'2=7: Tests - Bending moment

rd Street, New York,

s, requirements and

es - Radiated, radio-

iques - Immunity to

urement procedures

urement procedures

Safety of transformers, reactors, power supply units and combinations thereof - Part 2-6: Particular
requirements and tests for safety isolating transformers and power supply units incorporating safety
isolating transformers for general applications

Electric vehicle conductive charging system - Part 21-1 Electric vehicle on-board charger EMC
requirements for conductive connection to AC/DC supply

Electric vehicle conductive charging system - Part 21-2: Electric vehicle requirements for conductive
connection to an AC/DC supply - EMC requirements for off board electric vehicle charging systems

Electric vehicle conductive charging system Part 23: DC electric vehicle supply equipment

Plugs, socket-outlets, vehicles connectors and vehicle inlets - Part 2: Dimensional compatibility and
interchangeability requirements for a.c. pin and contact-tube accessories
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IEC 62196-3-1  Plugs, socket-outlets, vehicles connectors and vehicle inlets - Part 3: Dimensional compatibility and
interchangeability requirements for d.c. and a.c./d.c. pin and contact-tube vehicle couplers

IEC 62196-3-1  Plugs, socket-outlets, vehicle connectors and vehicle inlets - Conductive charging of electric vehicles -
Part 3-1: Vehicle connector, vehicle inlet and cable assembly for DC charging intended to be used with
a thermal management system

IEC 62477-1 Safety requirements for power electronic converter systems and equipment - Part 1: General

2.1.5 ISO Publications

Copies of these documents are available online at http://webstore.ansi.org/

ISO 6469-3 Eledtrically propelled road vehicles - Safety specifications - Part 3: Electrical safety
ISO 17409 Eleqtrically propelled road vehicles - Conductive power transfer - Safety requirements|

ISO 20653 Roald vehicles - Degrees of protection (IP code) - Protection of electrical equipment agpinst foreign objects,
watgr and access

ISO 15118-1 Road vehicles - Vehicle-to-Grid Communication Interface - Part.1: General infornmpation and use-case
defimition

ISO 15118-2 Road vehicles - Vehicle-to-Grid Communication Interface/- Part 2: Network and |application protocol
reqyirements

ISO 15118-3  Road vehicles - Vehicle-to-Grid Communication Interface - Part 3: Physical and data lirlk layer requirements
2.1.6 National Firg Protection Agency Publications
Available from the NFPA, 1 Batterymarch Park, Quincy, MA 02169-7471, Tel: 617-770-3000, www.nfga.org.
National Electric Codle (NEC), NFPA 70 Article 625 (2023 edition) Electric Vehicle Power Transfgr System
National Electric Codle (NEC), NFPA 70 Article 750 (2023 edition) Energy Management Systems
2.1.7 UL Publicatipns

Available from UL, 333 Pfingsten.Read, Northbrook, IL 60062-2096, Tel: 847-272-8800, www.ul.com.

UL 50 Standard forEnclosures for Electrical Equipment

UL 1439 DetTrminiatino of Sharpness of Edges on Equipment

UL 2202 Standard for Electric Vehicle (EV) Charging System Equipment

UL 2231-1 Personnel Protection Systems for Electric Vehicle Supply Circuits: General Requirements

UL 2231-2 Personnel Protection Systems for Electric Vehicle Supply Circuits: Particular Requirements for Protection

Devices for Use in Charging Systems
UL 2251 Plugs, Receptacles, and Couplers for Electric Vehicles

UL 2594 Electric Vehicle Supply Equipment
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2.1.8 United Nations Economic Commission for Europe (UNECE)

Available from the UN European Commission for Europe Information Service, Palais des Nations, CH-1211 Geneva 10,
Switzerland, www.unece.org.

UNECE R100 Uniform provisions concerning the approval of vehicles with regard to specific requirements for the electric
power train

2.1.9 DIN German Institute for Standardization (Deutsches Institut fUr Normung - DIN)

Available from Beuth Vertag GmbH, Am DIN-Platz, Bruggrafenstrafe 6, 10787 Berlin. Tel: +49 30 2601 1331,
https://www.din.de/en/.

DIN 70121 Eleg

of d
2.1.10 National Ele
Available from NEM
ANSI/NEMA WD 6-2
2.2 Related Publig

The following public
Report.
2.2.1 SAE Publics

Available from SAE
and Canada) or +1 71

tromobility - Digital communication between a d.c. EV charging station and an elec
c. charging in the Combined Charging System

ctrical Manufactures Association (NEMA)

\, 1300 17 St N #900, Arlington, VA 22209, Tel: 703-841-3200, https:/www.nemn

ric vehicle for control

a.org/.

021  Wiring Devices
ations

btions are provided for information purposes only~and are not a required part o

tions

nternational, 400 Commonwealth Drivé;/Warrendale, PA 15096-0001, Tel: 877-6
24-776-4970 (outside USA), www.sae.org.

ormance Levels and Methods-of Measurement of Magnetic and Electric Field S
cles, 150 kHz to 30 MHz

rid Electric Vehicle (HEV) and Electric Vehicle (EV) Terminology

nections for High-Voltage On-Board Vehicle Electrical Wiring Harness - Test M
prmance Requirements

Electric\Vehicle Inductively Coupled Charging

Ction/Performance Status Classification for EMC Immunity Testing

this SAE Technical

D6-7323 (inside USA

frength from Electric

ethods and General

Assignments

SAE J551-5  Perf
Veh

SAE J1715 Hyb

SAE J1742 Con
Perf

SAE J1773 SAH

SAE J1812 Fun

SAE J2178-1

SAE J2178-2

SAE J2178-3

SAE J2178-4

SAE J2836/1 Use

SAE J2836/2 Use

SAE J2836/3 Use

Cases for Communication Between Plug-in Vehicles and the Utility Grid
Cases for Communication Between Plug-In Vehicles and Off-Board DC Charger

Cases for Plug-in Vehicle Communication as a Distributed Energy Resource

Class B Data Communication Network Messages - Detailed Header Formats and Physical Address

Class B Data Communication Network Messages - Part 2: Data Parameter Definitions
Class B Data Communication Network Messages - Part 3 - Frame IDs for Single-Byte Forms of Headers

Class B Data Communication Network Messages - Message Definitions for Three Byte Headers
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Use Cases for Diagnostic Communication for Plug-in Electric Vehicles
Use Cases for Customer Communication for Plug-in Electric Vehicles
Use Cases for Wireless Charging Communication for Plug-in Electric Vehicles

Communication for Plug-in Vehicles as a Distributed Energy Resource

Charging Stations

SAE J2836/4

SAE J2836/5

SAE J2836/6

SAE J2847/3

SAE J2847/6

SAE J2894/1

SAE J2894/2 Pow
SAE J2931/6  Sigr
SAE J2931/7 Sec
SAE J3072 Inte
2.2.2 |EC Publicafions

Available from IEC (

11, www.iec.ch.

IEC Publications are|

NY 10036-8002, Tel
IEC 61851-1

IEC 61851-24

IEC 62196-1
2.2.3 UL Publicati

Available from UL, 3

UL 94 Tes
UL 231 Pow
UL 746A

UL 840

Power Quality Requirements for Plug-In Electric Vehicle Chargers

Communication for Wireless Power Transfer Between Light-Duty Plug-in Electric Vehicles and Wireless EV

er Quality Test Procedures for Plug-In Electric Vehicle Chargers
aling Communication for Wirelessly Charged Electric Vehicles
Lrity for Plug-in Electric Vehicle Communications

connection Requirements for Onboard, Grid Support Inverter Systems

Central Office, 3, rue de Verambe, P.O. Box 131, 12141.Geneva 20, Switzerland,

also available from the American National Standards Institute (ANSI), 25 West 43
212-642-4900, https://webstore.ansi.org/.

Electric vehicle conductive charging system Part 1: General requirements

Electric vehicle conductive charging system Part 24: Digital communication
charging station and an electric vehicle for control of d.c. charging

Plugs, socket-outlets, vehicles connectors and vehicle inlets - conductive chargir]
bNs

33 Pfingsten.Read, Northbrook, IL 60062-2096, Tel: 847-272-8800, www.ul.com.
s for Flamimability of Plastic Materials for Parts in Devices and Appliances

er-Odtlets

Tel: +41-22-919-02-

rd Street, New York,

between a d.c. EV

g of electric vehicles

Standard for Polymeric Materials - Short Term Property Evaluations

Insulation Coordination Including Clearance and Creepage Distances for Electrical Equipment
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3. DEFINITIONS
3.1 ACLEVEL 1 CHARGING

A method that allows an EV/PHEV to be connected to the most common grounded electrical receptacles (NEMA 5-15R and
NEMA 5-20R). The vehicle shall be fitted with an on-board charger capable of accepting energy from the existing single
phase alternating current (AC) supply network. The maximum power supplied for AC Level 1 charging shall conform to the
values in Table 10. A cord and plug EVSE with a NEMA 5-15P plug may be used with a NEMA 5-20R receptacle. A cord
and plug EVSE with a NEMA 5-20P plug is not compatible with a NEMA 5-15R receptacle. Refer to ANSI/NEMA WD for
descriptions of noted receptacles.

3.2 AC LEVEL 2 CHARGING

A method that uses[dedicated AC EV/PHEV supply equipment in either privaie or public Tocations. [The vehicle shall be
fitted with an on-bodrd charger capable of accepting energy from single phase AC electric vehiclessupply equipment. The
maximum power sugplied for AC Level 2 charging shall conform to the values in Table 10.

3.3 CHARGER
An electrical device|[that converts alternating current energy to regulated direct cufrent for replenishing the energy of a
rechargeable energy storage device (i.e., battery) and may also provide energy for operating other vehicle electrical
systems.

3.4 CHASSIS GRPUND

The conductor used|to connect the non-current-carrying metal parts.0f‘the vehicle high voltage syst¢m to the equipment
ground.

3.5 COMBINED QHARGING SYSTEM

Conductive charge method defined by SAE J1772 and_other international standards supporting both AC and DC power
transfer using a common communication interface and.a harmonized set of electrical/physical interfacgs.

3.6 CONDUCTIVE
Having the ability to fransmit electricity through a physical path (conductor).
3.7 CONNECTOR (CHARGE)

A conductive device|that by insertion into a vehicle inlet establishes an electrical connection to the electric vehicle for the
purpose of transferring energy~-and exchanging information. This is part of the coupler.

3.8 CONTACT (CHARGE)

A conductive element in a connector that mates with a corresponding element in the vehicle inlet to provide an electrical
path.

3.9 CONTROL PILOT

An electrical signal that is sourced by the electric vehicle supply equipment (EVSE). Control pilot is the primary control
conductor and is connected to the equipment ground through control circuitry on the vehicle and performs the following
functions:

a. Verifies that the vehicle is present and connected

b. Permits energization/de-energization of the supply
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C.

Transmits supply equipment current rating to the vehicle

d. Monitors the presence of the equipment ground

e.

Establishes vehicle ventilation requirements

3.10 COUPLER (CHARGE)

A mating vehicle inlet and connector set.

3.11 DC LEVEL 1 CHARGING

A method that uses dedicated direct current (DC) EV/PHEV supply equipment to provide energy from an appropriate

off-board charger to
interface.

3.12 DC LEVEL 2 (

A method that uses
the EV/PHEV in eith

3.13 ELECTRIC VH
An automotive type v
energy storage devig

Title 40, Part 600, S

a. Any four-wheele

from a rechargeable storage battery or other portable energy devices (rechargeable using energy

vehicle such as

Which is manufg

Which is rated

(6000 pounds), and which has a basic frontal area of not more than 4.18 m? (45 ft?).

NOTE: While this s
electrified vd

3.14 ELECTRIC VH

The conductors, ind
connectors, attachm

he EV/PHEV in either private or public locations using only the AC form factor port

LHARGING

Hedicated DC EV/PHEV supply equipment to provide energy froman/appropriate
pr private or public locations using the combined coupler systent (CCS).

HICLE (EV)
ehicle, intended for highway use, primarily powered by,an electric motor that draws

e. For the purpose of this document, the definition:in'the United States Code of F
ibchapter Q is used. Specifically, an automobile.means:

esidential electric service).

ctured primarily for use on publicstreets, roads, and highways.
not more than 3855.6 kg~ (8500 pounds), which has a curb weight of not n
andards was developed for use with EVs as defined above, this standard may
hicles, such as trucks, motorcycles, scooters, etc.
HICLE SUPPLY EQUIPMENT (EVSE)

luding-the ungrounded, grounded, and equipment grounding conductors, and
ent plugs, personnel protection system, and all other fittings, devices, power ou

on of the SAE J1772

off-board charger to

from a rechargeable
bderal Regulations —

d vehicle propelled by a combustion engine<using on-board fuel or by an electric motor drawing current

from a source off the

ore than 2721.6 kg

be applied to other

the electric vehicle
lets, or apparatuses

installed specifically

forthe purpose of transferring energy between the premises wiring to the elect

ic vehicle. Charging

cords with NEMA 5-15P and NEMA 5-20P attachment plugs are considered EVSEs.

3.15 EQUIPMENT

GROUND (GROUNDING CONDUCTOR)

A conductor used to connect the non-current carrying metal parts of the EV/PHEV supply equipment to the system
grounding conductor, the grounding electrode conductor, or both, at the service equipment.

3.16 EV/PHEV CHARGING SYSTEM

The equipment required to condition and transfer energy from the constant frequency, constant voltage supply network to
the direct current, variable voltage EV/PHEYV traction battery bus for the purpose of charging the battery and/or operating
vehicle electrical systems while connected.
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3.17 INSULATOR

The portion of a charging system that provides for the separation, support, sealing, and protection from live parts.

3.18 INVALID CON

TROL PILOT

A control pilot outside of the frequency definition of Table 4 or any control pilot duty cycle which is defined as an error state

in Table 6.

3.19 OFF-BOARD CHARGER

A charger located off of the vehicle.

3.20 ON-BOARDQ

A charger located or

HARGER

the vehicle.

3.21 PLUG IN HYBRID ELECTRIC VEHICLE (PHEV)

A hybrid vehicle with

3.22 PRE-CHARGE

Pre-charge circuits
voltage system. Hig
bus, such as fuses,
voltage contactor.

3.23 VEHICLE INL

The device on the el
information. This is g

4. GENERAL CON

In the most fundamg
allow charging of thg

the ability to store and use off-board electrical energy in a rechargeable energy S

re designed to limit the electrical inrush current into the\bulk capacitors prior to en
inrush current can stress and damage the capacitors and other components on
input filters, and power modules. Pre-charge circuits are typically comprised o

=T (CHARGE)

bctric vehicle into which the connectoris inserted for the purpose of transferring en
art of the coupler.

DUCTIVE CHARGING

torage device.

bbling the entire high
the high voltage DC
a resistor and high

ergy and exchanging

ntal sense, there are:three functions—two electrical and one mechanical—that
EV/PHEYV battery'from the electric supply network. The electric supply network

ust be performed to
ransmits alternating

current electrical engrgy at various nominal voltages (rms) and a frequency of 60 Hz. The EV/PHEYV battery is a DC device

that operates at a va
The first electrical fu

rying voltages.depending on the nominal battery voltage, state-of-charge, and ¢
ction converis the AC to DC and is commonly referred to as rectification. The sec

arge/discharge rate.
nd electrical function

is the control or regulation of'the’ supply voltage to a level that permits a managed charge rate based gn the battery charge
acceptance charactgristics Aire., voltage, capacity, electrochemistry, and other parameters). The combination of these two
functions are the empodiment of a charger. The mechanical function is the physical coupling or connegting of the EV/PHEV
to the EVSE and is perfioarmed by the user. The conductive charging system consists of a charger and|a coupler.

This document is organized into three major sections:

Section 4: General Conductive Charging: Requirements that apply to all charging methods

Section 5: AC Level 1 and Level 2 Charging: Requirements specific for AC Level 1 and Level 2 charging

Section 6: DC Level 1 and Level 2 Charging: Requirements specific for DC Level 1 and Level 2 charging
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4.1 Electrical Ratings

Electrical ratings for each conductive charging method (AC and DC) are located in the corresponding Electrical Ratings
section of each charging method.

It is recommended that residential EVSEs input current rating be limited to 32 A (40 A branch breaker) unless the EVSE is
part of an energy management system, per NEC Article 750. Residential EVSEs with input current ratings of greater than
32 A without home energy management may require substantial infrastructure investment by the resident owner, utility, or
both.

4.2 Charging Control and Information

4.2.1 Control Pilot

The control pilot circyit is the primary control means to ensure proper operation when connecting anE\{/PHEV to the EVSE.
This section describes the functions and sequencing of events for this circuit based on~the rgcommended typical
implementation or equivalent circuit parameters.

4.2.1.1 Control Pilot Circuit

EVSE Connector Vehicle Inlet

EV Supply Equipment Vehicle Interface
On-board .ol .
Battery Charge '
Controller _____-____1 '
/ E\ :
. V EVSE V Vehicl : / N H
Control Electronics | ... - ehice Optional / @ \ :
N S Voltage b H
+12Vg——m—— ' / \ H
: / Measurement H
Oscillator E é
1KHz H

| D
l N
¢ g

+-12V :
Frequency / PW |
Measurement ¢

Voltage

|
i
I
measurement |
I
&
I

1 Equipfnent
——  Grodnd j
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4.2.1.2 Control Pilot Circuit Parameters and Vehicle States

The control pilot circuit parameters and vehicle states are shown in Figure 2 and defined in Tables 1, 2, 3, 4, and 5.

EVSE Connector | Vehicle Inlet

EV Supply Equipment Vehicle
R1 |
A = ¥ M
N
T g 5
| (silicon)
Voch
Vocl Cc
Fo Cc1 (cable) | c2 R2B
Pwo — —
I | I T~ — R2C
Trg | R2D
) g
Tsg |
— o ? . J
. Note: C1 represents all EVSE N I ,,,,,,,,,,,,, Note: C2 represents all jehicle
EqGUrfLT]Zm — pilot line capacitance pilot line capacitajce.

—_— excluding cable capacitance.

Figure 2 - Control pilot equivalent circuit
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Table 1 - Definition of vehicle/EVSE states

5)

Description of Vehicle / EVSE State

Vehicle not connected.
Vehicle connected / not ready to accept energy.

EVSE not ready to supply energy.

Vehicle connected / not ready to accept energy.
EVSE capable to supply energy.

Vehicle connected / ready to accept energy / indoor charging area

ventilation not required.

EVSEtapabtetosuppty energy:
Vehicle connected / ready to accept energy / indoo
ventilation required.

EVSE capable to supply energy.

EVSE disconnected from vehicle / EVSE disconne

EVSE loss of utility power or control\pilot short to ¢
reference.

Other EVSE problem.

r charging area

Cted from utility,
pntrol pilot

State V EVSE V Vehicle
Designation (vdc Nominal)® (vdc Nominal)(
State A 12.0M om
State B1 9.0 9.0
State B2 9.0@®) 9.0@@3)
State C 6.0@ 6.0@
State D 3.02) 3.0
State E® 0 0
State F -1p.0U1)6) -12.0U1)6)
() Static voltage.
@) Positive portion
@) The transition frg
vehicle connecte

) EVSE is not reqliired to actively generate State E.

®)  Voltage measurgd by EVSE / Vehicle as shown in Figure 1.

e EVSE may enter State F upon detecting a self-diagnosed fault that prevents the EVSE
power. Once thg EVSE is in STATE F, self-restoring (automatieirestart) is not required. This option would r
intervention to rgset the EVSE to restore normal operation. lfthe EVSE decides to self-restore while conne|
EV/PHEV, a maximum of 20 retries shall be allowed with*a:15-minute minimum time interval between retrig
not recover withih a maximum of 20 retries, user intervention is required to reset the EVSE to restore norm
make every effort to recover from'state F when possible.

©®  Optional state.

equipment shou

Table 2 -«Control pilot state voltage range reference
from mated charge coupler interface

bf 1 kHz square wave, measured after transition has fully seftled.
m State B1 to State B2 begins as a static DC voltage which transitions to PWM upon the
d / not ready to accept energy and EVSE capable to provide energy.

F\VVSE detection of

from delivering
bquire user

Cted to an

s. If the EVSE does
bl operation. EVSE

State Min Voltage Nominal Voltage Max Voltage
State)B1 8.36 9.00 9.59
State B2 8.36 9.00 9.59
State C 5.47 6.00 6.53
State B 2-58 3-66 328
Notes:

Table Calculation Parameters
1. The maximum, nominal, and minimum positive regulator voltages from

Table 4 (State A).

2. The maximum, nominal, and minimum resistance values allowed for

each state from Table 5.

3. The maximum and minimum diode voltage extremes allowed in Table 5.
4. For nominal voltages, the midpoint of the diode voltage extremes in
Table 5 (0.70V) was used.
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NOTE:

The tolerances described in Table 2 represent calculated values assuming 3% resistors in the EVSE circuitry. These
values do not take into account variances such as ground shift, chassis resistance, active accessory devices (air
conditioning, rear defog, etc.), or other factors that could shift these values. These values do not include EVSE
cable or vehicle inlet to vehicle charge controller cable resistance. Vehicle manufacturers should minimize these
factors in their vehicle design. For example, in cases where different ground points are used for R2, R3, and vehicle
control pilot voltage measurement, values of 0.3 V offset have been observed/measured, with worst case calculated
offset of 0.7 V.

Table 3 - Control pilot state recommended boundary voltage range reference
from mated charge coupler interface for the EVSE

State Min Voltage  Nominal Voltage Max Voltage
— State Bt 800 900 10700
State B2 8.00 9.00 10.00
State C 5.00 6.00 7.00
State D 2.00 3.00 4.00

Table 4 - EVSE control pilot circuit parameters (see Figure 1)

Parameter" Symbol Units Nominal Value Max Value Min Value
Generator
Voltage high, open circuit Voch V 12.00 12.60 11.40
Voltage low, ogen circuit Vocl V -12.00 -12.60 -11.40
Frequency Fo Hertz 1000 1020 980
Pulse width®? Pwo us Per Figure 3 Nom, + 5 us Nom, - 5 ys
Rise time® Trg us n/a 2 n/a
Fall time® Tfg us n/a 2 n/a
Settling time® Tsg uS n/a 3 n/a

Output Components

Equivalent soufce resistance R1 0 1000 10306 9706
Total equivalent EVSE

capacitance, wjo cable C1 pF n/a n/a 300)
Total equivalent EVSE C1+Ce oF n/a 3100 n/a

capacitance, ingluding cable

(1)
()
(3)

(4)
)
(6)

Tolerances tp be maintained over the environmental conditions and useful life as specified by the manyfacturer.
Measured at|50%points of complete negative-to-positive or positive-to-negative transitions.
10 to 90% of|complete negative-to-positive transition or 90 to 10% of complete positive-to-negative tranisition measured
between the pulse generator output and R1. Note that the term Generator is referring to the EVSE circuitry prior to and
driving the 1 KQ source resistor with a +12 V square wave. This circuitry shall have rise/fall times faster than 2 ps.
Rise/fall times slower than this will begin to add noticeably to the output rise/fall times dictated by the 1 KQ resistor and
all capacitance on the Pilot line.

To 95% of steady-state value, measured from start of transition.

Maximum and minimum resistor values are +3% about nominal.

Guarantees rise time slow enough to remove transmission line effects from cable.



https://saenorm.com/api/?name=fed68b2c05fb24b3a0f8f28be093d8a2

SAE INTERNATIONAL J1772™ JAN2024 Page 18 of 182

Table 5 - EV/PHEV control pilot circuit parameters (see Figure 2)

Parameter(" Symbol Units Nominal value Max value Min value
Equivalent load R2B Q 2740 2822() 26582
resistance - State B1 and B2
Equivalent load R2C Q 882 908 856®
resistance - State C®
Equivalent load R2D Q 246 253 239@
resistance - State D
Total equivalent capacitance C2 pF n/a 2400 n/a
Equivalent diode voltage drop® Vd \% 0.70 0.85 0.55
M Tolerances to[be mamtained over the environmentar conditfons and usefurtifeas sSpecitnied Dy the manur cturer.
@) Maximum and minimum resistor values are +3% about nominal.
®)  Vehicles not requiring ventilation for indoor charging areas.
) Vehicles requring ventilation for indoor charging areas.
®)  Silicon small gignal diode, -40 to 85 °C, forward current 3.00 to 10.0 ma.
4.2.1.3 Control Pilot Functions
The control pilot performs the following functions. See Appendix F for specific requirements during DG charging.
4.2.1.3.1  Verificajon of Vehicle Connection
The EVSE is able to|determine that the connector is inserted into the vehicle inlet and properly conneg¢ted to the EV/PHEV
by sensing resistande R3 as shown in Figure 1. The diode, D, is present to help an EVSE determine|that an EV/PHEYV is

connected rather th
may indicate a fault

D as shown in Figur¢ 1

42132 EVSE

The EVSE is able t

an other potential low impedance loads. If theZEVSE does not detect diode D (n

by entering State F. The EV/PHEV may optionally monitor the control pilot on the

ot Ready to Supply Energy

p indicate to the EV/PHEV ¢that'it is not ready to supply energy by not turning

maintaining State B1. State B1 may be used by the EVSE to maintain the current charge session durin
fee transaction, or ofher events.

The EVSE may turn|off the oscillator at'any time while in State C or D during the current charge sess

issing or shorted), it
anode side of diode

bn the oscillator and
g load management,

on. When the EVSE

turns off the oscillatgr, the EVSE shallterminate energy transfer. The EV/PHEV then opens S2 resulling in State B1. See

examples in Append

X E.2, transition 14 notes.

42133 EVSE

or and providing the

square wave signal aeé
is on and valid per Figure 3. In each of the states specmed in Tables 1 and 2, the EVSE may supply the pilot as a DC signal
or as an oscillating signal. However, normally the oscillator is only turned on in State B2, State C, or State D.

4.2.1.3.4 EV/PHEV Ready to Accept Energy

The EV/PHEV indicates that it is ready to accept energy from the EVSE by closing switch S2, as shown in Figure 1, when
the current profile on the control pilot oscillator is sensed. The EV/PHEV may de-energize the EVSE at any time by opening
switch S2.
4.2.1.3.5 Determination of Indoor Ventilation

The EVSE is able to determine if the EV/PHEV requires indoor charging ventilation by sensing the voltage as specified in

Tables 1 and 2. If required, the EVSE shall provide a signal to turn on the indoor charging area ventilation system according
to NEC Article 625.
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4.21.3.6 EV/PHEV Current Control Tolerance

The EVSE communicates the available continuous current capacity to the EV/PHEV by modulating the pilot duty cycle as
described in Table 6 and shown in Figure 3.

The EVSE shall not transmit a duty cycle that exceeds its maximum continuous rating. The EV/PHEV shall not draw more
than the EVSE pilot indicates.
4.21.3.7 EVSE Current Capacity

The EVSE shall maintain £+0.5% tolerance on control pilot PWM duty cycle generation over the whole range, 5 to 96%. For
EVSE nominal available current, see Table 6.

Table 6 - Control pilot duty cycle definition

Notes | EVBE NominalDuty Cycle Vehicle Inlet Max Current to he Brawh by Vehicle

1,7 Duty Cycle = 0% Duty Cycle <3% State F or E; no,charging gllowed
2 Duty Cycle = 5% 4.5% < Duty Cycle <5.5% Indicates that digital communication is
needed
3,7 7% < Duty Cycle <8% Error state; no charging allpwed
4 9.5% < Duty Cycle <10% 6A
10% < Duty Cycle =20% 10% < Duty Cycle <20% Maximum current = (duty gycle %) x 0.6

209

b < Duty Cycle <85%

20% < Duty Cycle <85%

Maximum current = (duty g

ycle %) x 0.6

859

b < Duty Cycle <96%

85% < Duty Cycle <96%

Maximum current = (duty g
25

ycle % - 64) x

5

96% < Duty Cycle £965%

80A

6,7 Duf

Cycle = 100%

State B1, C1, or D1; no ch

Arging allowed

Notes:
1. Some EVSE{
noise spikes
2. Based on 0
communicati
3. Legacy carry
charging duty
Based on 0
Based on +0
Some EVSE;
switching noi

o0k

cycle values.

implement state F (-12V) as PWM duty 0%. Bepending on hardware implementation, shg
are possible. Those spikes could be interpreted by the vehicle as PWM >0%.

5% of the duty cycle tolerance. It will be up to OEM to decide whether to extend the digital
bns zone up to the error states above«and below.
pbver from previous editions. Need‘to-remain to create the separation between digital comn

5% EVSE duty cycle toleranée.)Vehicle shall interpret 9.5% duty cycle as 10%.
5% of the duty cycle tolerance. Vehicle shall interpret 96.5% as 96%.

implement states B1, €1,°"D1 as PWM duty 100%. Depending on the hardware implemen
e spikes are possible. Those spikes could be interpreted by the vehicle as PWM <100%.
7. No charging fllowed: no active ¢harging is allowed; an unintentional leakage current of less than 1A is §

rt switching

unications and

ation, short

cceptable.
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Available Current = (% duty cycle - 64)* 2.5

Current (Amps)

w
[=]
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bk ]
cor

A duty cycle of 5% i

The EVSE may acc
vehicle shall use the

42.1.3.8

The equipment grou
ground is safely con

automatic de-energi:

4.2.1.4 Control Pi

The overall (EVSE 4

1

Verificat

&0

15 20 25 30 35 40 45 50 55

Control Pilot Duty Cycle (Percent)

G5 70 75 80

indicates digital
wmunication

Figure 3 - Supply current rating.versus pilot circuit duty cycle
dicates that digital communication is-needed. See 4.3.

bpt an external signal to vary the duty cycle for supply or premises power limita
duty cycle to control the on-boeard charger AC current drawn from the line.

on of Equipment Grounding Continuity

hding conductor provides a return path for the control pilot current to ensure that
hected to the<EV/PHEV vehicle chassis ground during charging. Loss of this sig
ration at the EVSE.

ot Tolerance

85 80 95 100

ions. The EV/PHEV

e EVSE equipment

h
Jmal shall result in the

hd’EV/PHEV) control pilot tolerance is not to exceed +2%. This tolerance is distrib

uted up to £0.5% for

the EVSE and up to 1.5% for the EV/PHEV. In the case of overlapping ranges, the valid state takes precedence over the

error state.

Based on an overall

42141

tolerance of 2% duty cycle (see Table 6):

command. See 4.3.

42142

10% duty cycle.

42143
Amps =

(% duty cycle) * 0.6 formula.

If the EV/PHEV reads a duty cycle of 3 to 7%, the EV/PHEV shall interpret this as a valid digital communications

If the EV/PHEV reads a duty cycle between 8% and less than 10%, the EV/PHEV shall interpret this as a valid

If the EV/PHEV reads a duty cycle less than or equal to 85%, the EV/PHEV shall base the current on the
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4.21.4.4 If the EVPHEV reads a duty cycle greater than 85%, the EV/PHEV shall base the current on the Amps = (%
duty cycle — 64) * 2.5 formula.

42145 Ifthe EV/IPHEV reads a duty cycle of 97%, it is recommended the EV/PHEV consider this as a valid 96% duty

cycle.

4.2.2 Proximity Detection

Upon insertion of the connector into the vehicle inlet, the coupler shall provide a means to detect the presence of the
connector in the vehicle inlet as described in Table 7 and shown in Figure 4. Detection of the connector shall occur at a
point where damage to coupler, EV/PHEV, or EVSE could occur if the EV/PHEV were to be intentionally moved.

Resistors R5-R7 allow for diagnostics of the circuit. S3 is mechanically linked to the connector latch release actuator. S3 is

normally closed exc¢pt when the connector Taich release actuator is actuated.

=> Detection

Proximity detection mhay be used to meet the requirements in 5.5.2 and 4.6.2.
4.2.2.1  Proximity Petection Circuit
Connector Inlet
EVSE Contra Bpx | Vdhicle
or L T T T N
PEV Supply Equiphent Vehicle C Connector I Inlet )
I
Proximity
Detection +5V (Regulated
Seie NOTE 1 (< 7
I
R4
R6
150 ;530
I
R5
2.7K
I
33 ¢ R7
] 330
Equipment Ground s
I
Equigment I
Grzqund \ 3 ¢ *
PoimtA }
, J—

Figure 4 - Proximity detection circuit

Logic

Chassis Ground
to other Vehicle
Systems

NOTE 1: RS5is required for both AC and DC charging. Monitoring of the Proximity Detection Circuit at the EVSE is optional

for AC charging and mandatory for DC charging.
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4222

Proximity Detection Circuit Parameters

Table 7 - Proximity detection circuit component parameters (see Figure 4)

Parameter(" Symbol Units Nominal Value Max Value Min Value
Vehicle +5Vdc (regulated) +5V \% 5.0 5.250) 4.75
Regulated
Equivalent load R4 Q 330 3632 297
resistance
Equivalent load R5 Q 2700 2970 2430
resistance
Equivalent load R6 Q 150 165®) 135@
resistance
Equivalent load R7 Q 330 3632 297
resistance
() Tolerances to|be maintained over the environmental conditions and useful life as specified by the manufacturer.
@ Maximum and minimum resistor values are +10% about nominal.
@) Based on 5% folerance.
Table 8 - Proximity detection circuit voltage parametersW((? (see Figure 4)
from mated charge coupler interface
Min Nominal Max
Voltage Voltage Voltage
Description (V) (V) (v
Potential measured between pin 5 (high) and pin3
(low)|at the vehicle inlet when EVSE connectorinot 413 4.46 4.78
conngcted
Potential measured between pin 5 (high)and pin 3
(low)|at the vehicle coupler when EVSE-connector is 1.23 1.53 1.82
pluggded in and latch (S3) is released
Potential measured between pin 5 (high) and pin 3
(low)|at the vehicle coupler when EVSE connector is 2.38 2.77 3.16
plugged in and latch (S3)-is:depressed
Potential measured between pin 5 (high) and pin 3
(low)|at the EVSE when the connector is not -0.1 0 0.
conngcted
() Tolerances.to be maintained over the environmental conditions and useful life as specified by the
mpnufactlrer.
@ Mpximum-and minimum resistor values are +10% about nominal.
©) Tolerance of voltage regulator on vehicle +5%.

NOTE: The tolerances described in Table 8 represent calculated values assuming 10% resistors in the PHEV/EV circuitry.
These values do not take into account variances such as ground shift, chassis resistance, active accessory devices
(air conditioning, rear defog, etc.), or other factors that could shift these values. These values do not include EVSE
cable or vehicle inlet to vehicle charge controller cable resistance. EVSE/Vehicle manufacturers must minimize
these factors in their design. It is up to the EVSE manufacturer to widen the acceptable voltage range of their
proximity detection interface. Since the proximity detection circuit is powered from the vehicle and for AC charging
only monitored by the vehicle, tolerances may apply per Table 8. DC Charging requires the EVSE to also monitor
this circuit and the additional impedance due to the EVSE circuit needs to be taken into account and allow an
acceptable voltage range accordingly.
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4.2.2.3 Charge Status Indicator

The PHEV shall provide charge status information visible to the operator while inserting the coupler into the vehicle inlet.
The specific requirements (such as color, lamp type, styling, intensity, field of view, etc.) for the Charge Status Indicator can
be defined by the vehicle manufacturer.

This indicator, as well as the AC Present Indicator on the EVSE (see 4.7.5), should be considered part of a diagnostic
strategy that helps determine possible causes of no-charge events. This diagnostic strategy is optional for battery electric
vehicles.

Vehicle diagnostic strategy may be regulated based on emission requirements. Emission requirements may be different for
PHEV and EV vehicles.

4.3 Digital Data Tfansfer

A control pilot duty clcle of 5% indicates that digital communication is required and shall be establishefl between the EVSE
and vehicle before charging.

Refer to the corresppnding Digital Data Transfer section of each charging method.
4.4 EVSE and EV[PHEV Charging Sequence, Timing, and Response

Refer to the corresppnding EVSE and EV/PHEV Charging, Timing and Response section of each chafging method.
4.5 EV/PHEV and EVSE Additional Requirements for Power Transfer.
451 Alternative Nleasures

The EV/PHEV and BVSE shall implement alternative measures.in addition to basic insulation. The follqwing measures shall
provide both basic pfotection and fault protection:

e double insulation,;
e reinforced insuldtion;

e protective barriefs in addition to the basic protection;

e protective enclogures in addition to-the basic protection;

e conductive protdctive barrier with equipotential bonding in addition to basic insulation;

e conductive protgctive enclosure with equipotential bonding in addition to basic insulation;

¢ rigid protective barrerswittrsufficient mechamnicat tobustressanddurabitity over the-vehicteservice life;

e rigid protective enclosures with sufficient mechanical robustness and durability, over the vehicle service life.
The selected measure or combination of measures shall address the single failure for which it is intended.
Different measures may be used for different sections of a circuit

The requirements for protective provisions in 4.5.2 shall apply.
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4,52 General Requirements for Protective Provisions

4521

Requirements for Insulation

The following requirements apply to basic insulation, double insulation, and reinforced insulation.

Insulation shall fulfil the specific requirements related to basic insulation, double insulation, or reinforced insulation in

accordance with 4.5.

224

Insulation can be a solid, a liquid, or a gas (e.g., air), or any combination.

Where insulation is not provided by solid insulation only, access to live parts shall be prevented by protective barriers or
protective enclosures. See 4.5.2.2.2 .

Live parts of cables
insulation that can b
4522 Requirem
45221 General

Protective barriers/p
specified provisions

It shall not be possi
have means to de-e

The protective barrig
45222 Degree

Protective barriers/p

Protective barriers/p

IPXXD at a minimun.

452.2.3 Require

Connectors for volta
in ISO 6469-3.

Vehicle inlet shall co

not within protective enclosures or behind protective barriers shall be totally,e
b removed only by destruction.

ents for Protective Barriers/Protective Enclosures

rotective enclosures shall have sufficient mechanical strength, stability, and dura
pf protection, taking into account all relevant environmental conditions.

ble to open or remove protective barriers/protective enclosures without the use g
hergize voltage class B live parts. Voltage classB. is defined in ISO 6469-3.

rs/protective enclosures may be electrically.conductive or provided by solid insulg

bf Protection for Protective Barriers/Protective Enclosures

Fotective enclosures in passenger and load compartments shall comply with the

ments for Connectors

je class B elggetric circuits shall comply with 4.5.2.2.2. in the mated condition. Volt3

mplydvith 4.5.3 in unmated condition.

Connectors for volts

ncapsulated by solid

bility to maintain the

f tools, or they shall

tion.

fotective enclosures shall comply‘with the degree of protection IPXXB at a minimym.

degree of protection

ge class B is defined

ge-class B (voltage class B is defined in 1ISO 6469-3) electric circuits,excludi

g vehicle inlet, shall

comply with at least one of the following requirements:

a. A connector sha

b.

[l comply with 4.5.2.2.2 in the unmated condition.

It shall not be possible to unmate a connector without the use of tools.

be met for the de-energized live parts:

1. The voltage

2.

shall be reduced to a value below the lower limits of voltage class B.

Voltage class B live parts of a connector shall be de-energized when it is unmated. One of the following conditions shall

The total stored energy of the circuit shall be <0.,2 J and the touch current flowing between simultaneously

accessible conductive parts shall not exceed 2 mA a.c. or 10 mA d.c. Compliance shall be tested according to 10.5
or demonstrated by calculation.
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4.52.2.4 Insulation Coordination

Clearance, creepage distance, and solid insulation of voltage class B components and wiring shall be designed according
to the applicable sections of IEC 60664. Voltage class B is defined in ISO 6469-3.

4.5.3 Requirements for Unmated Vehicle Connectors
45.3.1 General

This subclause specifies the safety requirements for the contacts of the EV/PHEV plug (case A), the vehicle inlet (case B
and case C), the ACD counterpart (case D), or the ACD (case E) when they are not mated.

The requirements given in this clause shall be achieved by implementing basic and fault protection according to ISO 6469-3.

The requirements in[4.5.3.3 shall be fulfilled:
e within 10 seconds after un-mating if the contacts cannot be touched by a test probe 18 according fo IEC 61032, or
o within 5 secondg after un-mating if the contacts are protected, according to IPXXB“according to ISO 20653, or
¢ within 1 second gfter un-mating if the contacts are not protected according to.IPXXB according to |SO 20653.

If there is a latching for locking device, the vehicle shall allow only unlatching'or unlocking after the relevant thresholds, as
specified in 4.5.3.2 gnd in 4.5.3.3, are maintained.

If there is no latching and no locking device, then 4.5.3.2 shall be fulfilled:
o within 10 seconds after un-mating if the contacts cannot be’touched by a test probe 18 according o IEC 61032, or
o within 5 secondg after un-mating if the contacts are protected according to IPXXB according to ISQ 20653, or

¢ within 1 second gfter un-mating if the contacts are hot protected according to IPXXB according to |SO 20653.

NOTE 1: If contacts are protected according toJIPXXD, IPXXB is also fulfilled.
NOTE 2: The latching or locking device-might be part of the electric vehicle or part of the external elg¢ctric equipment.
4,5.3.2 Normal Operation

At least one of the fgllowing réquirements applies for each contact of the EV/PHEV plug (case A), the|vehicle inlet (case B
and case C), the ACD counterpart (case D), or the ACD (case E) when it is not mated:

a. the contact shalllbe-protected by the degree of protection IPXXD according to ISO 20653;

b. the voltage between the contact and any other contact not protected by IPXXD according to ISO 20653, as well as the
voltage between the contact and the electric chassis, shall be below 60 V DC and 30 V AC;

c. the steady state touch current between the contact and any other contact not protected by IPXXD according to
ISO 20653, as well as the steady state touch current between the contact and the electric chassis, shall be below
0.5 mA AC and 2 mA DC and the stored energy between the contact and any other contact not protected by IPXXD
according to ISO 20653, as well as the stored energy between the contact and the electric chassis, shall not cause a
startle reaction. The limit shall be specified by the OEM under the consideration of the IEC 60479 series.

NOTE 1: The thresholds for steady state touch current are derived from IEC 61140 and IEC 60479-1.

NOTE 2: The energy stored in electrical power sources (e.g., rechargeble energy storage system [RESS]) that is only
available through a sufficiently high protective impedance which limits the touch current is not relevant.
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NOTE 3: A threshold of perception and a threshold of pain are defined in IEC 60479-2.

NOTE 4: According to IEC 60479-2, the threshold of pain is the specific charge or specific energy. The specific energy

givenin |

EC 60479-2 might not correlate with the fault case for the inlet.

The steady state touch current requirement is deemed to be fulfilled if it can be proven by design review that there is no
conductive path from electrical power sources (e.g., RESS) to accessible conductive parts.

4.5.3.3 Operation

Under a Single Fault Condition

In case of a single fault condition, at least one of the following requirements applies for each contact of the EV/PHEV plug
(case A), the vehicle inlet (case B and case C), the ACD counterpart (case D), or the ACD (case E) when it is not mated:

a. the contact shall

b. the voltage betw

voltage between

NOTE 1: De-energi
for single 1

the steady state
20653, as well a
and 10 mA DC 4
ISO 20653, as W
muscular reactid

NOTE 2: The thresh

NOTE 3: The energ
protective

The steady state tou

be protected by the degree of protection IPXXD according to ISO 20653;

een the contact and any other contact not protected by IPXXD according toUSO
the contact and the electric chassis shall be below 60 V DC and 30 V AC;

ration will result in the same voltage level as for normal operationA different thrg
ault conditions.

touch current between the contact and any other contactmnot protected by IPX
5 the steady state touch current between the contact andthe electric chassis shall
nd the stored energy between the contact and any other contact not protected by
ell as the stored energy between the contact and the electric chassis shall not cau
ns. The limit shall be specified by the OEM under the consideration of the IEC 60

olds for steady state touch current are derived from IEC 61140 and IEC 60479-1

y stored in electrical power sources.(€.g., RESS) that is only available throug
impedance which limits the touch current is not relevant.

ch current requirement is deemed to be fulfilled if it can be proven by design re

conductive path from electrical power sources (e.g:, RESS) to accessible conductive parts.

The vehicle should gletect and issue a warning if an applied threshold for normal operation, i.e., volf

and energy, is exces
46 EV/PHEV Reg
4.6.1 Environmen

The on-board EV/PH

ded.
uirements
al

EV'eharging system electronic components shall meet the requirements specifie

P0653 as well as the

shold is not relevant

D according to 1ISO
be below 3.5 mA AC
IPXXD according to
5e strong involuntary
179 series.

h a sufficiently high

view that there is no

age or touch current

i in SAE J1211.

4.6.2 Vehicle Mov

ement with Mated Coupler

The EV/PHEV shall prevent operator intended vehicle movement when the connector is mated to the vehicle inlet.

4.6.3 Control Pilot

Continuity

The EV/PHEV shall not intentionally open the control pilot circuit while the vehicle connector is mated to the vehicle inlet.
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4.7
471 EVSEEMC

4711 Electroma

EVSE Requirements

Requirements

gnetic Emissions

The following electromagnetic compatibility (EMC) paragraphs (see 4.7.1.1 through 4.7.1.9) apply to the off-vehicle EVSE.
SAE test methods for on-vehicle EV/PHEV charging equipment are under consideration.

The CFR Title 47, Part 15 includes requirements for unintentional radiators and power line communication systems. The
cordset and other EVSE external to the vehicle, if employing an internal frequency source exceeding 9 kHz, shall comply

with FCC CFR 47, T

NOTE 1: Charging
technical
applicabili
The FCC
up-to-date

NOTE 2: An on-bod

representa

carrier cur

NOTE 3: Additional

Specific m

47111 EVSEC

The EVSE shall meq
47112 EVSER
The EVSE shall meq

4712 EVSEEle

itle 47, Parts 15A, 15B as a separate device.

or support equipment used exclusively in vehicles may be formally exempted
standards per paragraph 15.103, but FCC strongly recommends compliance\to
y of the FCC paragraph 15.103 exemption to specific devices is outside the*sco
Office of Engineering and Technology Laboratory Division Knowledgé ‘Databa
published interpretations of FCC rules.

rd Power Line Communication system may require separate FCC Part 15 con
tive configuration, if the vehicle is so equipped. Refer to FCC rules for composite s
Fent communication systems.

arket requirements are outside the scope of this deciment.

onducted Emissions

t FCC Part 15 conducted limits for unintentional radiators.

adiated Emissions

t FCC Part 15 radiated limits for-unintentional radiators. See 4.7.1.1, Note 1.

ctromagnetic Immunity

The EVSE shall be

in UL 2231-2. In add|tion to the performance requirements specified in UL 2231-2, the functions define
as designed during @ind after testing at the specified levels. Additional requirements may optionally b
SAE J1812 for methpds of specification of test levels and function performance status.

NOTE 1:

The UL 2P31-2 standard specifies radiated immunity testing from 150 kHz to 1000 MH
referenced forithe 150 kHz to 80 MHz range. IEC 61000-4-3 is referenced with a 20 V/m car
for the 80 fo 1000 MHz range.

sted in accordance with and shall meet requirements for electromagnetic field ir

from FCC specific
the FCC limits. The
be of this document.
5e website provides

npliance testing in a
ystems incorporating

y, some markets may regulate EMC via the relevant,sections of IEC 61851-21-1 and IEC 61851-21-2.

nmunity as specified
J in 4.2 shall perform
e specified. Refer to

7. IEC 61000-4-6 is

||ier test severity level

NOTE 2: For developmental testing, use of the frequency step sizes specified in ISO 11452-1 will facilitate an efficient
evaluation of product immunity.
4.7.1.3 EVSE Electrostatic Discharge
The EVSE shall be tested in accordance with and shall meet the requirements for electrostatic discharge specified in
UL 2231-2.
4.7.1.4 EVSE Harmonic Distortion Immunity

The EVSE shall be tested in accordance with and shall meet the requirements for harmonic distortion immunity specified in

UL 2231-2.
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4715

EVSE Electrical Fast Transient Immunity

The EVSE shall be tested in accordance with and shall meet the requirements for electrical fast transient immunity specified

in UL 2231-2.

47.1.6

EVSE Voltage Sags, Short Interruptions, and Voltage Variations Immunity

The EVSE shall be tested in accordance with and shall meet the requirements for voltage sags, short interruptions, and
voltage variations immunity specified in UL 2231-2.

4.7.1.7

EVSE Magnetic Field Immunity

The EVSE shall be tested in accordance with and shall meet the requirements for magnetic field immunity specified in

UL 2231-2.

4.7.1.8 EVSE Cay

The EVSE shall be fested in accordance with and shall meet the capacitor switching transient test re

in UL 2231-2.
4719 EVSE Vol

The EVSE shall be t

The EVSE shall be fested in accordance with and shall meet the capacitor switching transient test re

in UL 2231-2.
4.7.2 Installation R
The EVSE shall mee
4.7.3 General Pro
The EVSE shall mee
4.7.4 Personnel P
The EVSE shall inco
4.7.5 AC Present

The EVSE shall incg
for this indicator (su

acitor Switching Transient Test

age Surge Test

ested in accordance with and shall meet the requirements for voltage surge speci

Requirements

t the requirements specified in the NEC Article 625 and CSA C22.1.

Huct Standards

t and be listed to the genefalhproduct requirements specified in UL 2594.
rotection System

rporate a listed system of personnel protection as specified in UL 2231-1 and UL
ndicator

rporate a feature that indicates that the EVSE is receiving AC input power. The S
ch-as color, lamp type, intensity, field of view, etc.) can be defined by the EVS

)

indicator shall be lab
from the premises w

juirements specified

fied in UL 2231-2.

uirements specified

2231-2.

pecific requirements
E manufacturer. The

iring. See 4.2.2.3 for additional information.

4.7.6 Conductor Cord Requirements

The conductor cord shall meet the requirements specified in the NEC Article 625 and UL 2594.

4.8

Charge Coupler Requirements

AC electrical energy

The conductive coupler consists of a connector/vehicle inlet set with electromechanical contacts imbedded in an insulator
and contained within a housing for each of the mating parts. The contacts provide a physical connection at the vehicle
interface for the power conductors, equipment grounding conductor, and control pilot conductor between the EV/PHEV and
EVSE. In addition, a proximity sense conductor is provided between the EV/PHEV and charge connector.

The EV/PHEV coupler shall meet the requirements specified in the NEC Article 625, UL 2251, and 4.8 and 4.10 of this
document.
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4.8.1 Ergonomic Requirements

The coupler shall comply with the following ergonomic requirements.

48.1.1 Ease of Use
During connection and disconnection, the human efforts required shall be <75 N at beginning of life. This amount of force
is typically within the physical capabilities of the general adult population and persons with limited or restricted capabilities.

EVSE and/or DC coupler manufacturers should provide a handle or other manipulation features on the top/rear side of the
vehicle coupler to support ease of mating to the vehicle when the coupler is either heavy in weight or near the maximum
allowable space-claim defined in this standard, since no hand clearance may be available between the maximum coupler
volume and the vehicle body.

4.8.1.2 Indexing

nd disconnection, the insertion/removal of the connector and inlet shall-bg) intuitiv
nS.

During connection a
of multiple orientatio

ely obvious and free

48.1.3

Tactile Fe

U

The coupler shall ingorporate a means to provide tactile and/or audible feedbackto the user when fully engaged.

4.8.1.4 Latching
The coupler shall have a latching mechanism to prevent inadvertent or accidental decoupling. The |latching mechanism
should provide a megns in the connector to open the proximity detection conductor (see 4.2.2) when disengaging from the
vehicle inlet.
4.8.1.5

Locking Flinction

The coupler locking
vehicle connector frg
switch S3 (see 4.2.2
4.8.2 Safety Requ
The coupler shall co

4821 SurfaceT

function is intended to reduce the’likelihood of tampering with, or an unauthor
m the vehicle inlet. If the vehicle inlet and vehicle connector support a locking fu
shall not open when the yehicle connector is locked to the vehicle inlet.
irements

Mmply with the following safety requirements.

bmperature

The maximum exterpal sufface temperature of the coupler shall be as specified in UL 2251. Surface T

be conducted as per

the\requirements of Surface Temperature test in UL 2251.

zed removal, of the
nction, the proximity

bmperature test shall

48.2.2

Hazardous Conditions

The coupler should be designed to avoid or mitigate potentially hazardous conditions; fire, electric shock, or personnel

injury.

4.8.2.3

Unauthorized Access

For unattended public access charging, the coupler may provide a means to engage an optional coupler locking mechanism
to reduce the likelihood of tampering or unauthorized removal.

Dimensional requirements to implement an optional coupler locking mechanism are be found in Appendix B, sheets 1 to 3.
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4.8.3

Performance Requirements

The coupler shall comply with the following performance requirements:

4.8.3.1

Design Life

The coupler shall be designed to a minimum of 10000 cycles of mechanical operation. The coupler performance shall not
be reduced by the environment conditions specified in 4.8.4 of this document.

4.8.4 Environmental Requirements

The coupler shall comply with the following environmental requirements:

4.8.4.1

The coupler shall be
when supplied with
+80 °C during shipp
EV/PHEV. Tempera

484.2
The temperature risg
4.8.4.3 Insulation
The insulation resist
4.8.4.4 Fluid Resi
The coupler shall be
4.8.5 General Col
The vehicle inlet de
physical configurati
compatibility of conn
different manufactur
4.8.6 Contact Seq

During connection, t
ground contact is firs

Temperatlire Range

designed to withstand continuous ambient temperatures in the range of -30,to +4(
the EVSE or installed in the EV/PHEV and continuous ambient temperatures in
ng or storage when the components parts are assembled, supplied wittv'the EVS
ure Rise Test shall be conducted as per the requirements of Temperature Rise tqg

Temperatdre Rise

of the coupler shall be as specified in UL 2251.
Resistance
bnce of the coupler shall be as specified in UL;2251.
stance
unaffected by automotive lubricants, Solvents, and fuels as specified in SAE USQ
pler Physical Description
5igns shall be of a common physical configuration that is capable of accepting
bns as defined for each charging method. Additionally, the physical requirg
ectors and vehicle inlets manufactured by the same manufacturer at different poir
brs of the mating ‘connectors and vehicle inlets.

uencing

he cohnector and vehicle inlet shall comply with the following contact sequencing
t make/last break, and the control pilot contact is last makef/first break.

°C during operation
the range of -40 to
E, orinstalled in the
st of UL 2251.

AR 2.

common connector
ments shall ensure
ts in time, as well as

; equipment/chassis

4.8.7

Charge Coupler Optional Markings

A connector and/or vehicle inlet manufactured to this Standard are permitted to optionally visibly display the following
identification on its outer surface in Arial font: “SAE J1772.” Any party providing such identification warrants that the
connector and/ or vehicle inlet complies with all mandatory requirements of this standard and agrees to indemnify and hold
SAE harmless from any and all liability arising out of any failure to comply and any resulting injury or damage arising from
such failure.

4.9 Vehicle Inlet
4.9.1 Physical Dimensions

The vehicle inlet shall comply with the key physical dimensions as defined for each charging method.
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4.9.2 Inlet Access

Zone

The vehicle inlet shall be installed in the vehicle to allow connector access when the cover door is opened as defined for
each charging method.

4.9.3 Alignment

The vehicle inlet shall provide a lead-in feature for automatic alignment during insertion and removal of the connector.

The vehicle inlet power contacts shall be electrically isolated from battery voltages when the connector is removed from the

494 Isolation
vehicle inlet.
4,95 Exposure of

The vehicle inlet sh3

Vehicle inlets used
connector. Direct co

4.9.6 Sharp Edge$

The vehicle inlet sh3
4.9.7 Environmen

The vehicle inlet sh4
specified by the indi

4.9.8 Mechanical

The vehicle inlet sh
procedures and pas

a.
test machine an

Contacts
Il be designed to prevent direct contact with live parts according to UL 2251-

for reverse power flow shall prevent direct contact with live paftsiwhen not n
ntact is evaluated by using the probe defined in section 13 of UL"2251 .

Il be free of sharp edges and potentially injurious protrusions per UL1439.
al Considerations

Il meet the performance requirements specified in 4.8.5 under weather and envi
idual automobile manufacturers.

Requirements

all be able to withstand the minimum automotive vibration conditions when tes
/fail criteria:

Vibration Test Pfocedure - A vehicle inlet'as mounted on a test fixture shall be securely bolted to the

| subjected to vibration according to the following test parameters:

Varied from _10o 55 Hz and return to 10 Hz at a linear sweep period of 2 mind

.0 + @A1/-0.0 mm peak to peak over the specified frequency range.

nated to the vehicle

onmental conditions

sted to the following

table of the vibration

tes/complete sweep

\/ibration: Vertical axis of the vehicle inlet as it is mounted on the vehicle

1. Frequency:
cycle.

2. Excursion: 1

3. Direction of

4. Test Duratio

5.

n: 60 + 1/-0 minutes.

Pass/Fail Criteria: After completion of the test, there shall be no observed rotation, displacement, cracking, or

rupture of parts of the device that could result in failure to operate as intended or cause it to fail any of the other test
requirements specified in this document. Cracking or rupture of the parts of the device that affect mounting shall
constitute a failure.
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4,99 Sealing Req

uirements

The vehicle inlet shall be sealed in a manner that the following requirements are met:

a.

When decoupled, the vehicle inlet shall have an effective sealing system for outdoor use to provide a degree of

protection against corrosion, windblown dust and rain, splashing water, hose-directed water, and external ice formation,
per UL 50, type 3S as specified in UL 2251.

When coupled, the vehicle inlet shall have an effective sealing system for outdoor use to provide a degree of protection

against corrosion, windblown dust and rain, splashing water, hose-directed water, and external ice formation, per UL 50,
type 3S as specified in UL 2251.

c. The vehicle inlet

shall provide for the egress of fluids.

4.10 Vehicle Conne
4.10.1 Physical Din
The vehicle connect
4.10.2 Exposure of
The connector shall

Vehicle connectors g
by using the probe d

4.10.3 Sharp Edge$

The vehicle connect
4.10.4 Impact Resi

The connector shall
UL 2251.

4.10.5 Vehicle Driv

The connector shall
in UL 2251.

5. AC CHARGING

ctor

hensions

br shall comply with the key physical dimensions as defined for each |charging me
Contacts

be designed to prevent direct contact with live parts according to UL 2251.

hall prevent direct contact with live parts when not.mated to the vehicle inlet. Direc
efined in Section 13 of UL 2251

br shall be free of sharp edges and potentially injurious protrusions per UL 1439.
stance

continue to function as intehded after being dropped from a height of 1 m onto a

b-Over

thod.

contact is evaluated

concrete surface per

continue to fungtion as intended or fail in a safe manner after being driven over by a vehicle as specified

Two levels of AC charging are defined AC | evel 1 and AC | evel 2 _AC charging architecture is shown in Figure 5.
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Electric
Vehicle
Conductive
Coupler
Charge
Controller Traction

Battery

On-Board
Charger

EV Supply

Equipment
AC Level 1 - oo
AC Leve| 2 o oo

Figure 5 - AC conductive EV/PHEV charging systeg{@chitecture

The interface consisfs of five contacts that perform the interface functions @hown in Figure 6 and specified in Table 9.

Conthct # / Function

1 — AL Power (L1)

2- A(Q Power (L2, N)

4 — Car%?;ilot

-

3 — Epuipment G@H
5 — Proximity Detection H

N
EV Connector t Contact # / Functio

¢

%

1 — Charger (L1)

2 — Charger (L2,N)

3 — Chassis Ground

4 — Control Pilot

5 — Proximity Detection

T

Figure 6 - AC level 1 and AC level 2 conductive coupler contact interface functions
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Table 9 - AC level 1 and AC level 2 conductive coupler contact functions

Contact# Connector Function

Vehicle Inlet Function

Description

1 L1 AC
2 N - AC Level 1,
AC Level 2

3 Equipment ground

4 Control pilot

5 Proximity Detection

Power
Power

L2 -
Chassis ground
Control pilot

Proximity Detection

Power for AC Level 1 and 2
Power for AC Level 1 and 2

Connect EVSE equipment grounding conductor to
EV/PHEV chassis ground during charging

Primary control conductor (operation described in
5.2.1)

Allows vehicle to detect presence of charge connector

A method of EV/PHEV charging that extends AC power from the most common grounded electrital receptacle to an
on-board charger uding an appropriate cord set, as shown in Figure 7 at the electrical ratings specified in Table 10. AC

level 1 allows connegtion to existing electrical receptacles in compliance with the NEC Article 625.

Cordset Connector

AC

Plug-Type Per
National Standard

Present -
Indication

Level 1 Cordset

[
e
N
o
=
F
| 8

A

1

~~~~~~

e
#—]
T

Vehicle Inlet

Vehicle

Corjtroller

Charger

Equipment |
Ground

Control
Electronics

is2

R4 +5v (Regulated)
=

AN

>
>
>

Figure 7 - AC level 1 system configuration
(figure illustrates vehicle charging)

Figure for illustration only. Not intended to constrain EVSE or EV/PHEV design.
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The primary method of EV/PHEV charging that extends AC power from the electric supply to an on-board charger from a
dedicated EVSE, as shown in Figure 8. The electrical ratings are similar to large household appliances and specified in
Table 10. AC Level 2 may be utilized at home, workplace, and public charging facilities.

EVSE Connector | Vehicle Inlet

EVSE Control Box Vehicle

Charge Status
Indicator

AC
Present

Charge

Indication Controller
e | VA
Electric L
suPP'Y ‘ L2 or Ne= m
o
.
L]
L]
- Equipment sd
Ground
L] !u-.
- 5
o
_________ TVS -a—
-—
R3
Control D R2
Electronics gl

[ +5V (Regulated)

R4

Figure 8 - AC level 2 system configuration
(figure illustrates vehicle charging)

Figure for jltustration only. Not intended to constrain EVSE or EV/PHEV design.
5.1 Electrical Ratings

Table 10 - AC charging electrical ratings*

Nominal Supply Voltage Max Current
Charge Method (V) (Amps-continuous)
AC Level 1 120 VAC, 1-phase <50 A
AC Level 2 208 to 240 VAC, 1-phase <80A

Note:
*Branch circuit rating governed by local regulation.

5.2 Charging Control and Information
5.2.1  Control Pilot

As defined in 4.2.1.
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5.2.2 Proximity Detection
As defined in 4.2.2.

5.2.3 Digital Data Transfer
As defined in 4.3.

Digital communication is optional at any valid control pilot duty cycle for AC Level 1 and 2 charging. When optionally used
with AC Level 1 and 2 charging, more functions may be accommodated than by control pilot duty cycle functionality alone.

When optionally used with AC Level 1 and 2 charging, the EV/PHEV may receive charge current limits via the control pilot
and digital communications. If these charge current limits do not correlate, the EV/PHEV shall charge at the lower of the
two indicated current limits.

Digital data transfer |s specified in the following SAE documents:
e SAE J2847/1 - Gommunication for Smart Charging of Plug-in Electric Vehicles Using Smart Enerdy Profile 2.0
e SAE J2931/1 - Digital Communications for Plug-in Electric Vehicles

e SAE J2931/4 - Broadband PLC Communication for Plug-in Electric Vehicles
e  SAE J2953/1 - Rlug-In Electric Vehicle (PEV) Interoperability with Elgctric Vehicle Supply Equipmént (EVSE)

o SAE J2953/2 - Test Procedures for the Plug-In Electric Vehicle(PEV) Interoperability with Electric Vehicle Supply
Equipment (EVSE)

5.3 EVSE and EV[PHEV Charging Sequence, Timing, and-Response
As defined in Appenfix E.

5.4 EV/PHEV Reduirements

As defined in 4.6.
5.4.1 EV/PHEV Cable Ampacity Coordination
Vehicle cabling used for the AC,mains and equipment ground should be coordinated with the supply jnput from the EVSE
(known from the confrol pilot daty'cycle). The following are examples of possible methods of coordinatign that could possibly

be achieved:

1. Sizing the cable$ formaximum EVSE supply input.

2. Provide circuit protection, such as fuses, for the cables.

NOTE: A plug-in vehicle should be able to connect and charge from any EVSE. The maximum rating for 240 VAC energy
transfer is Level 2 which is 80 A using a 100 A premises circuit breaker. The design of the vehicle wiring from the
charge connector to the charger needs to comprehend the full range of EVSE output.

5.4.2 Coupler Disconnect Current Limit

Under consideration.

5.5 EVSE Requirements

As defined in 0 with addition below.
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5.5.1

Radiated Immunity

The test setup for radiated immunity is shown in Figure 9. Additional details are as follows:

a.

The test bench shall be covered with a ground plane, located 800 mm above the test site ground plane, or absorber
lined shield enclosure (ALSE) floor.

The back edge of the test bench ground plane shall be connected to the test site ground plane or ALSE floor or wall,
using a series of straps. Refer to SAE J1113-21 for bench grounding requirements.

The AC receptacle or Level 2 EVSE (if applicable) shall be mounted on a dielectric support, 200 mm above the front
edge of the bench ground plane.

Level 1 EVSE (i
plane, and conn

The AC recepts
stabilization nety
terminated with

applicable) shall be positioned at a minimum height of /00 mm above the test s
bcted to the AC receptacle with a cord having a maximum length of 305 mm.

cle (or Level 1 EVSE) mains conductors shall be connected to a pais“of 50
vorks (LISNs), using conductors having a maximum length of 200 mm. The 50 ¢
b0 Q loads. The ground conductors from the AC receptacle and the incoming ma

to the test bench at a point near the LISN terminals on the EVSE side of the LISNs. Refer to CI

specifications.

The cordset leng
the remainder of

A grounded pl
electrical/electro)
circuits shall be

The standard tol

th shall be in accordance with NEC Article 625. Excluding the vertical section exp
the cordset shall lay on the floor in a non-inductive pattern (i.e., "zig-zag," not coi

bte shall be provided on the floor for mounting of the vehicle charge d
hic equipment necessary for operation of the EYSE. Representative RF loading g
ncluded.

erance for radiated immunity test setupddimensions shall be 5%, unless otherwisg
Insulating
Support AC Receptacle
305 mm OR
A, M Leval 2 EVSE

-
LISN S
Leval Grounded Test Banch i
1

ite, or ALSE ground

uH line impedance
LISN ports shall be
ns line shall connect
bPR 16-1-2 for LISN

bsed to the test field,
ed).

oupler and vehicle
f conductive coupler

specified.

EVSE
E
E
Excess E §
COTUSET O Larounded g
/ ground plane f‘#,..f Plate &
Charger /
Support _'——-________
Equipment =~ —

N

[TestSie pOMLSE Bt i

Figure 9 - Radiated immunity test setup
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5.6 Charge Coupler Requirements

As defined in 4.8.

The general contact sizes at the coupler interface shall comply with the dimensions as specified in Table 11.

Table 11 - Contact size electrical ratings

Size Current Rating
Contact # Function (mm) (Amps) Voltage Rating
1 Power 3.6 diameter Upto 80 A 300 min, up to
600 VAC/VDC
2 PUVVb‘I 36 Ulidlllb'tcl U}J tU 80 A 300 Illill, up tO
600 VAC/N/DC
3 Equipment/chassis 2.8 diameter Per coupler rating as
ground defined in Ground
Path Current Test of
UL2251
4 Control pilot 1.5 diameter 2A 30 vDC
5 Proximity 1.5 diameter 2A 30 VDC

5.7 Vehicle Inlet

For the vehicle inlet,
size necessary for th
strategy is designed
fault, then it is requin

according to Section 16 of UL 2251, an isolated DC.supply system may use the fu
e AC portion of the system identified in UL 2251%Section 15, Table 15.1, providing
using the first fault protection. If the EV/PHEV, safety strategy allows for the oca
Ed to include the functional ground sized according to the full DC current rating.

A standard configurgtion shall be capable of AC Level 1 and\tevel 2 charging. The contact requirements

in Table 11.

Vehicle inlet dimens
Dimensional require
5.8 Vehicle Conng

The connector shall

ctor

onal requirements are definedin APPENDIX A, sheet A1.

ments to implement an optional coupler locking mechanism are found in APPEND

be fitted with,a:cord corresponding to its intended usage and shall meet the requ

the UL 2251, Section 15, Table~15.1 for ground conductors, or Section 16 for isolated systems.

Table 11 defines cor

Vehicle connector

tact fequirements.

nctional ground wire
the EV/PHEV safety
urrence of a second

shall be as specified

IX D, sheet D-1.

rements specified in

imensional reauirements for non-lockable vehicle connectors are defined in A
|

PPENDIX A, sheets

A2-A5.

Vehicle connector dimensional requirements for lockable vehicle connectors are defined in APPENDIX B, sheets B1 to B3.

6. DC CHARGING

Two levels of DC charging are defined. DC Level 1 and Level 2. DC charging architecture is shown in Figure 10.
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PEV Supply Elec_tric
Equipment Vehicle
Conductive
Coupler
Charge
Controller Traction
DC Level 1 oo Battery
Charge
Contactors
= @ o aDatoe @ @
el oo

Figure 10 - DC conductive EV/PHEV charging system arclnf/egture

The interface consists of seven contacts that perform the interface functions as showhi}i Figure 11 and $pecified in Table 12.

. o
Contact # / Function EV Connector : EV Inlet QQQ Contact # / Functio
0 \\
N
(]
14+ DC Level 1 H 0 QO 1-+DC Level 1
2 4-DC Level 1

4

<

3 4 Equipment Ground 3 — Chassis Ground

1

.

4 1 Control Pil

g

4 — Control Pilot

wr__
|__
|__

on

6 -+ DC Level 2 6 -+ DC Level 2

7 --DC Level 2 7 --DC Level 2

11

Figure 11 - DC level 1 and DC level 2 conductive coupler contact interface functions
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Table 12 - DC level 1 and DC level 2 conductive coupler contact functions

Contact# Connector Function

Vehicle Inlet Function

Description

1
2
3

4

5
6
7

+ DC Level 1 Power

- DC Level 1 Power
Equipment ground

Control pilot

Proximity Detection

+ DC Level 2 Power

-DC Lgve

val2 Dowvvar
=T OVt

Power
Power
Chassis ground

Control pilot

Proximity Detection

Power

Raowar
oWt

+ Power for DC Level 1
- Power for DC Level 1

Connect EVSE equipment grounding conductor to
EV/PHEV chassis ground during charging

Primary control conductor (operation described in
Section 5)

Allows vehicle to detect presence of charge connector

+ Power for DC Level 2
PowerforDGCLevel 2

A method of DC E
the configuration for
coupler defined in Af

and 23.

« |
Electric L
Suppl!

upply ¢L2 or Nmm

AC Present
Indication

3E1 S

EVSE Control Box

Charger
(Rectifier or
DC Supply)

_ EVSE Connector I Vehicle Inlet

V/PHEV charging is shown in Figure 12 at the electrical ratings specified ih Table 13. This is
DC Level 1 charging. This configuration allows DC charging with thevehigle inlet and charge
pendix A. For combinations of DC L1 and L2 between the PEV and EVSE, see APRPENDIX |, Figures 22

Vehicle

Onboard
Charger

Latch Lock j

[_ Charge
) Status
Indicator

Charge|
Controlley

Voltage Sefpse

Optional

i Isolation Mohitor

(Core pins for:
I AC&DC
Charging)

_(?——-

Pl

Temperature ' Temperature
Sense | Sense
(Required)J\ (Optional)
’ 3
I PLC communications. EEE—
R7 | """"""""""" A
@
g 2
I L @
Equipment mm— LVehlcle £
Ground ™= _ Chassis P
--------------- Ground P
| TVS R3 R2
AAAS 4 =0
Pilot Monitoring circuit T
Proximity Monitoring circut |
R6
PLC communication |
) v,,/ | +5V (Regulated)

e AC Level 1 0r 2 we—

@ DC Level 1 nmmmm———

Figure 12 - DC

| * Contactors optional between inlet and on-board charger

level 1 system configuration

figure illustrates vehicle not charging

Figure for illustration only. Not intended to constrain EVSE or EV/PHEV design.
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A method of DC EV/PHEV charging is shown in Figure 13 at the electrical ratings specified in Table 13. This is the
configuration for DC Level 2 charging. This configuration allows DC charging with the vehicle inlet and charge coupler
defined in APPENDIX C. For combinations of DC L1 and L2 between the EV/PHEV and EVSE, see APPENDIX |, Figures
22 and 23.

NOTE: Power contacts for AC Level 1, AC Level 2, and DC Level 1 may not be populated in DC Level 2 charge connector.

_ EVSE Connector | Vehidle Inlet ' Vehicle

EVSE Control Box } Latch Lock™ Charge
Status
| Indicator
Present ( )
Indication : Vehicle Charge |14 """
r—— 6 Controller
for " ) n
DCCc1s DC Charging) I '\ e
i ontacts , | g&$ense
*U— Offboard 3 i —— 7 ——— 0 M— N wnal fsolation
Charger i § | A charge tor
‘LZ(or N)m= » . !| Contactors
Electric Il?)eccgﬁe;I or |
Supply upply —
*L J —~
(Core pins for
*p— AC Charging)
SinglePhase | L # | | I
or
Three Phase /
Current Sensor | J
Temperature | Temperaturd
Sense Sense
(Required) (Required)
)
p PLC icati ]

s2| k]
D1 J— 5
— Equipmen tem— a
Ground
@smm=Vehicle
............ @ Chassis
TVS Ground R3 R2
Control J
Electronics
PLC
+5V (Regulated)
R4

Figure 13 - DC level 2 system configuration
figure illustrates vehicle not charging

Figure for illustration only. Not intended to constrain EVSE or EV/PHEYV design.
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6.1

Electrical Ratings

Table 13 - DC charging electrical ratings

EVSE DC Output Voltage Max Current

Charge Method

(VDC) (Amps-continuous)
DC Level 1 50-1000* 80
DC Level 2 50-1000* 500**
Notes:

*Operational range; not a requirement.
**This is a nominal current limit, and value is subject to change depending on specified
design requirements of SAE J1772 and IEC 62196-3-1.

6.2 Charging Con
6.2.1 Control Pilot
As defined in 4.2.1
6.2.1.1 EVSE Shd

When an unintende
trigger an emergenc
6.2.1.2 EV/PHEV

When an unintended
an emergency shutd

6.2.2 Proximity Dg
As defined in 4.2.2 v
6.2.2.1 EVSE Shd

The EVSE shall mor

rol and Information

ith addition below.
tdown - Control Pilot

j transition from CP state C/D to state B/A, any other,©r an unknown state ocq
y shutdown in 10 ms or less.

Shutdown - Control Pilot

transition from CP state C/D to state B/A,.any other, or an unknown state occursg
own in 50 ms or less.

tection

ith addition below.

tdown - Proximity Detection

itor the proximity cifcuit as shown in Figure 13.

mity circuit veltages are defined in Table 8. EVSE input impedance shall have h
to preventioading of vehicle proximity voltage monitoring circuit.

ng shall'only be allowed when the EVSE detects a proximity circuit voltage that in

is reIeaseT according to Table 8.

urs, the EVSE shall

, the EV shall trigger

igh input impedance

Hicates that the latch

6.2.2.2 Valid prox

(>=10 MQY
6.2.2.3 DC chargi
6.2.2.4

detected.

6.2.2.5

The EVSE shall not initiate a charge cycle unless a proximity circuit voltage (S3 closed), according to Table 8, is

If the voltage measured at the proximity detection contact is <0.8 V DC or >3.6 V DC, the EVSE shall trigger an

emergency shutdown in 10 ms or less. Invalid proximity circuit voltage means any other voltage level than a
proximity circuit voltage with S3 closed according to Table 8. See APPENDIX F.

6.2.3 Digital Data

Transfer

A control pilot duty cycle of 5% indicates that digital communication is required and must be established between the
EVSE and vehicle before charging. This is required for DC charging.
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Digital data transfer is specified in the following documents:

SAE J2847/2 - Communications Between Plug-in Vehicles and Off-Board DC Chargers
SAE J2931/1 - Digital Communications for Plug-in Electric Vehicles

SAE J2931/4 - Broadband PLC Communication for Plug-in Electric Vehicles

Equipment (EVSE)

SAE J2953/1 - Plug-In Electric Vehicle (PEV) Interoperability with Electric Vehicle Supply Equipment (EVSE)

SAE J2953/2 - Test Procedures for the Plug-In Electric Vehicle (PEV) Interoperability with Electric Vehicle Supply

ISO 15118-1 Ro
definition

ISO 15118-2 R
requirements

ISO 15118-3 Ro|
requirements

6.3 EVSE and EV,
As defined in APPE]
6.3.1 EVSE andH
As defined in APPE]
6.4 EV/PHEV Red
As defined in 4.6 wit
6.4.1  Lock Functig
The EV/PHEV shall
the EV/PHEV manuf
for more information
6.4.2 Manual Loch

The EV/PHEV may g

pad vehicles - Vehicle-to-Grid Communication Interface - Part 2: Network and

ad vehicles - Vehicle-to-Grid Communication Interface -.Part 3: Physical

PHEV Charging Sequence, Timing, and Response

NDIX F.

\VV/PHEV Message Table

\DIX G.

uirements

n the addition below.

n Diagnostics

provide lock function’diagnostics to monitor lock function operation. Diagnostics
acturer. The lo¢k function diagnostic shall be complete prior to the EV/PHEV closi
on how to edmmunicate locking problems to the EVSE.

Release

rovide means to manually release the locking mechanism. The manual release sh

Ad vehicles - Vehicle-to-Grid Communication Interface - Part 1: General inforrimation and use-case

application protocol

bnd data link layer

are to be defined by
hg S2. See Table F1

all prevent exposure

to HV or arcing.

6.4.3 EV/PHEV Isolation Monitoring

If the EV/PHEV is equipped with its own isolation monitoring system, the vehicle isolation monitoring system should not
interfere with the EVSE isolation monitoring system. The vehicle should consider various EVSE isolation monitoring
technologies (AC signal injection, bus shifting, etc.) to satisfy this requirement. The sequences defined in APPENDIX F
specify when the EV/PHEV shall disable its isolation monitoring system.
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6.4.4 EV/PHEV Maximum Y Capacitance

The EV/PHEYV total permissible parallel system Y capacitance is a function of the maximum voltage (Vmax) applied to the
Y capacitors. For purposes of this standard, that voltage shall be defined as the maximum battery voltage. The total
permissible parallel system Y capacitance (Ct,max) (in microFarads) can then be calculated by the rules and the equation:

For a vehicle of maximum battery working voltage 500 V or below, shall have a maximum Y-capacitance of 4 uF.

For a vehicle of maximum battery working voltage above 500 V, shall follow the formula for maximum Y-capacitance.

(Eq. 1)

This implies equal Y maximum EV/PHEV

vehicle Y cap value

6.4.5

munications

Loss of Com

When DC charging
APPENDIX F. This V

control communications with the EVSE is lost, the EV/PHEV shall trigger an ¢rror shutdown. See
vill allow the EVSE to discharge the HV bus.

6.4.6 Inlet Contac| Area Temperature Monitor

The EV/PHEV shall
exceed 90 °C accorg

monitor the contact temperature at each DC inlet. The contact temperature of either contact shall not
ing to the requirements specified as follows:

o |If the temperature exceeds 90 °C for 8 consecutive seconds, thesEV/PHEV shall transfer to error|shutdown sequence

within 1 second.

. e exceeds 95 °C for 1 second, the EV/PHEYV shall transfer to error shutdown sequgnce within 1 second.

If the temperatun

Manufacturer should
tolerance, the therm
note: For an ambien

6.4.7 Charge Con
The EV/PHEV shall

If the charge contact
either:

a. performing a no

and then contind

consider the location of the temperature measurement relative to the point of cont3
bl time constant of the systemjand overall system response in making their calg
temperature above 40 °C,.the-vehicle manufacturer should determine system re

factors During Charging
not close the charge contactors during charging.

prs of the EV/RKEV open during charging, the EV/PHEYV shall not close the charg

mal shutdown and reinitiating a new charging session by the restart sequence,
e tot4"in the normal start up sequence F.1.8; or

ct (POC), the sensor
ulations. Information
Eponse.

e contactors without

hs specified in 6.4.8,

b. performing a renegotiation as defined in F.1.13.

6.4.8 Sleep Mode

and Charging Session Restart Method for the EV/PHEV

Sleep mode is an operating mode of the EVSE or EV/PHEV designed for reduced energy consumption when a charging
session is not occurring. In this case, the EV/PHEV or EVSE are permitted to not communicate via digital communication.

The EV/PHEV can request a pause of the charging session, after which both EV/PHEV and EVSE can enter sleep mode.
To restart digital communication, the EV/PHEV can perform a restart method as specified in 6.4.8.1.

The restart methods can also be used to restart digital communication after an error condition, for example, loss of digital
communication.
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6.4.8.1 Restart by the EV/PHEV

The EV/PHEV shall follow the restart sequence as shown in Figure 14.

Plug in, pause or
EV restart

Restart by the DC E
supply equipment

\ 4

Restart methods by
the DC EV supply
equipment *

Counter M=0

CPstate BX

»

No

Continue performing
the matching process
orSDP ¢

y
<@ state B2? ~><4-No<Is the CP state B17=>Ye

Yes

l—’v

No Is the EV ready
for HLC?

es
<
<
&
<

Y

A

Does the EV want to
wake up the DC EV
supply equipment?

Yes

\
|
|
|

_B-C-Btoggle

(
|
|
|

Yes
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Notes:

@  The EVSE may perform different restart methods to wake up the EV/PHEV, according to Figure 15.

b The EV/PHEV manufacturer can specify a different number of restart cycles.

¢ The EV/PHEV manufacturer can perform additional restarts, enter sleep mode or the EVSE can decide to perform a

restart.

4 Supply Equipment Charge Controller (SECC) Discovery Protocol.

Figure 14 - Restart methods sequence for the EV/PHEV

The EV/PHEV may [restart the digital communication with the EVSE by using a B1 — C1 — B1 or,
according to Table A.6 Sequence 11 in IEC 61851-1:2017. See the example in Figure 15.

cP[v] 4

State B1

State C1

State B1

|
v t0

|
t1

|<— 3 s——>1€400 ms»

|
t2

)

Figure(15- Example of a B— C — B toggle

After a successful restart, the EVSE shalllenable the CP oscillator with a duty cycle of 5%.

If the EVSE generafed a pause of thetharging session (see 6.5.32), the EV/PHEV shall wait until t
restart method to coptinue the charging session. The EV/PHEYV is allowed to terminate the digital co

while the EVSE is in[sleep mode.

NOTE: If the EV/PHEV detects a CP state change from state E to state Bx, where CP state E had a du
4 seconds defined for restart method 2, the EVSE might be restarting, for example, due to pow

1 - D1 - B1 toggle

e EVSE performs a
munication session

ration more than the
br loss on the energy

supply netweske

Refer to 7.6 of ISO 15118-3:2015 for additional requirements related to sleep mode.

6.4.9 EV/PHEV Pre-Charge

During pre-charge, the EV/PHEYV shall limit its current draw between DC+ and DC- to 10 mA.

According to ISO 17409, the voltage difference between both sides of the charge contactors must be <20 V DC before the
EV/PHEV closes the charge contactors.

The EV/PHEV shall not close the charge contactors if the polarity of the DC output is reversed.
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The EV/PHEV shall measure the DC output voltage at the vehicle inlet and may use the measured voltage for adjusting the
subsequent target voltage of the EV/PHEV during pre-charge. It is recommended for the EV/PHEV not to modify the target
voltage of the EV/PHEYV in 3 seconds or less after the first pre-charge request message.

The EV/PHEV shall not solely use the measured voltage at the DC output communicated by the EVSE to check if the
absolute difference between the DC output voltage and the voltage of the vehicle/traction battery is <20 V.

6.4.10 Loss of Electrical Continuity of the Protective Conductor

The EV/PHEYV shall monitor the electrical continuity of the protective conductor from point A (see Figure 4) to the EV/PHEV

by doing the followin

a.

g:

the EV/PHEV shall check the PP circuit before each initiating a charging session for correct values specified by the

EV/PHEV manu

the EV/PHEV sh
conductor, the H

6.5 EVSE Requirs
6.5.1
As defined in 4.7.1.
6.5.2 Installation R
As defined in 4.7.2.

6.5.3 General Pro
The following replac
The EVSE shall mee
6.5.4 Personnel P

The EVSE shall incg
exception that “nomi

Rail isolation is the
parallel combination

NOTE 1: Vehicle is

EVSE Electiomagnetic Emissions

acturer. This includes the continuity of the protective conductor from point A up, td

\V/PHEV shall trigger an emergency shutdown in 150 ms or less.

ments

Requirements

duct Standards

bs the requirements in 4.7.3.

t and be listed to the general preduct requirements for isolated circuits specified i
rotection System

rporate a listed system of personnel protection for isolated circuits, as specified
hal system voltage” is replaced with “rated system voltage.”

resistance-bétween each DC rail and ground, including any measuring device.
of both rail-isolation values.

olation requirements of 100 Q/V (DC) or 500 Q/V (AC or AC/DC) are

document

the EV/PHEV; and

all check the PP circuit during energy transfer and, in case of loss of electrical eontinuity of the protective

h UL 2202.

in UL 2231, with the

Total isolation is the

stated in multiple

h
B

including UNFCE R100_1SO 6469-3 _and SAF 12344 FVSFE DC output isolat

n requirements are

stated in IEC 61851-23 and UL2231. These documents state that the EVSE shall terminate charge when the
isolation of the output falls below 100 Q/V. The EVSE shall implement one of the following time management
strategies of isolation self-test: directly prior to supply cycle with vehicle connector plugged into the vehicle inlet
or at regular intervals with a maximum period of 1 hour. Independently, the vehicle and EVSE each meet their
individual requirements for isolation. When connected as a system, the resulting isolation cannot be greater than
the lowest isolation of either the vehicle or EVSE. Because of EVSE tolerance and component aging, some
vehicles with isolation as low as the allowable 100 Q/V may not be able to charge.
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6.5.4.1 General

Protection against electric shock including potential hazards at the output of the EVSE under conditions of intended use
and reasonably foreseeable misuse shall be provided by at least one of the following measures:

e Basic protection

and fault protection (see 6.5.4.2 and 6.5.4.3).

Enhanced protective provisions (see 6.5.4.4).

Protection for normal operating conditions is provided by basic protection. Protection for single fault conditions is provided

by fault protection.

Specific protective measures for the secondary circuit supplying the DC output are provided in 6.5.4.5.

6.5.4.1.1  Intendeq
Considering intende
a. hazardous-live-g
b. hazardous volta

6.5.4.1.2 Limitatig

Use and Reasonably Foreseeable Misuse
] use and reasonably foreseeable misuse:
arts shall not be accessible and accessible-conductive-parts shallnot be hazardd
pe shall not be disconnected with the vehicle connector.

n of Touch Current or Touch Voltage

Under normal operdting conditions and single fault conditions, an ordinary person shall be protects

electric shock by eith
a.
b.

A body impedance ¢

er:

limiting the touch current and the touch energy, or

limiting the touch voltage.

orresponding to water wet conditions in IEC 60479-1 shall be considered under

conditions and singl¢ fault conditions.

6.5.4.1.3 Thresho
Protective measureg
before, during, and g
normal operating co

NOTE 1: Curve a (f
the thresh

Id of Perception and Startle Reaction

shall be provided-te_prevent startle reactions during intended use and reasonably
fter an energy transfer session, under normal conditions and during single fault ¢
nditions, perecéption may be possible.

oundary:between AC-1/AC-2, DC-1/DC-2) of Table 11 and Table 13 of IEC 604
pld of.startle reaction in this document.

NOTE 2: The inten

us live, and

d against a harmful

he normal operation

foreseeable misuse,
bnditions. During the

79-1 corresponds to

eduse includes but is not limited to _handlina of enerav transfer accessories —su
y y ) T y

ch as charging cable

assembly, vehicle connector and vehicle inlets, initiating a charging session, ending a charging session, an
ordinary person or animal entering or exiting the vehicle, opening and retrieving an item from a vehicle storage
area, touching the vehicle chassis, and touching exposed metal parts of the DC EVSE.

For the current path, finger at the vehicle connector to feet and hand at the vehicle chassis to feet, shall be used.

Protection by means of limitation of touch current shall be provided, such that a steady-state touch current flowing between
simultaneously accessible conductive parts shall be less than:

0.5 mA AC/2 mA DC under normal operation.

3.5 mA AC/10 mA DC under single fault condition.
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Additional protection shall be provided, such that in case of a failure of the provision for basic protection and a simultaneous
failure of the provision for fault protection of the DC EVSE output, the steady-state touch current is less than or equal to
Curve b, the upper boundary of the DC-2 zone, as specified in Figure 22 and Table 13 of IEC 60479-1.

The DC EVSE shall limit the discharge energy, such that discharge energy shall be less than:

e 5 pJ under normal operation.

e 0.5 mJ under single fault condition.

Note that these values are based on IEC 61140, paragraph 5.2.7 b).

Additional protection shall be provided, such that in case of a failure of the provision for basic protection and a simultaneous

failure of the provisipn for fault protection of the EVSE output, the touch current is less than or equal to the c1 curve as
specified in Figure 2B of IEC 60479-2 and in Figure 22 of IEC 60479-1, respectively.

The following paramgters shall be used:
¢ A human body impedance of 575 Q.
e The maximum Y}-capacitances of the EV/PHEV according to ISO 17409.
o A worst-case asymmetric leakage resistance of the EV/PHEV where charging energy transfer is s}ill possible.
6.5.4.2 Basic Protection
6.5.4.21 General

Basic protection in the EVSE is employed to prevent personsfrom touching hazardous live parts. Basjc protection shall be
provided by one or more of the measures given in 6.5.4.2:2,6.5.4.2.3,6.5.4.2.4, and 6.5.4.2.5.

6.5.4.2.2 Protectipn by Basic Insulation
Protection by meang of basic insulation of live parts in DC the EVSE shall be according to 4.4.3.2 of IEC 62477-1.
Basic insulation shall be provided by solidiinsulation or clearance and/or creepage distance.

Any accessible conductive part is considered to be a hazardous live part if not separated from the live parts by required
insulation.

Basic insulation shall be designed and tested to withstand the impulse voltages and temporary over Joltage conditions for
the circuits to which they ate connected.

6.54.2.3 Protectién by Frctostures-orBarriers
Protection by means of enclosures or barriers in DC EVSE shall be according to 6.5.4.5.4 and 4.5.2.2.2.

Enclosures shall meet the packaging requirements of UL 2202.
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6.5.4.2.4  Protection by Limitation of Voltage

Basic protection by the provision of limitation of voltage is fulfilled where the following conditions are met:

a. steady-state touch voltage under normal operation is less than the values in Table 14;

b. steady-state touch voltage under single fault condition is less than the values in Table 15;

c. anonrecurring DC touch voltage under normal operation is less than the limit of in Table 14;

d. anonrecurring DC touch voltage for fingertip to feet under single fault condition is less than the limit of in Figure 16;

100000

10000
m
E
c

O 1000
=]
o

3 \
100 \
N\
\
\
\
10
10 100 1000
Touch Voltage (V) - Fingertip to Feet
Figure 16 - Touch time for DC voltage - single fault condition, water wet, fingertip
e. the voltage is supplied by 'one of the following sources:
1. a safety isolgting:transformer for the auxiliary circuit including control pilot;

fo feet

NOTE: Safety isolating transformers are those that comply with IEC 61558-2-6.

2. asource of voltage providing a degree of safety equivalent to that of a safety isolating transformer;

3. electrochemical (for example, a battery system).

Table 14 - Touch voltage, normal operation

Body Contact Location

AC | DC

Any part of body

Hand

Basic Protection

Fingertip

12Vrms | 30V

Note:

Values based on current path from body contact area to feet for a

standing position.
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6.5.4.2.5

Limitation of steady
are provided in 6.5.

The protective impe
6.5.4.3 Fault Prot
6.5.4.3.1 General

Fault protection pro
failure of the basic p

Fault protection shal

a. protective equip
b.

c. supplementary i
d. electrically prote

Fault protection shal
6.5.4.3.2 Protecti
Protective-equipoten

Protective-equipotern

Table 15 - Touch voltage, single fault

Body Contact Location AC | DC
Any part of body Fault Protection
Hand
Fingertip 30 Vrms | 60 V

Note 1: Values based on current path from body contact area to feet for a
standing position.

Note 2: If these values cannot be met under single fault conditions,
protective separation is needed.

Protection by Limitation of Steady-State Touch Current

.1.3.
ance limiting the touch current shall comply with 4.4.5.4 of IEC 62477-1¢

pction

rotection.
be provided by one or more of the following measures:

ptential bonding in 6.5.4.3.2 in combination,with the protective conductor,

automatic discomnection of supply in 6.5.4.3.4,

nsulation in 6.5.4.3.5,

ctive screening in 6.5.4.3.6:

be independent and.additional to those for basic protection.

e Equipotential Bonding

tial-bondingds-a provision whereby items are bonded together to avoid hazardou

tial-bonding in DC EVSE shall be according to 4.4.4.2 of IEC 62477-1.

6.5.4.3.3 Continu

ty'Between Enclosure and External Protective Circuit

ides protection against bodily harm due to contact with/hazardous electrical eng

s values. The limits

rgy during and after

5 touch voltages.

Exposed conductive parts of the DC EVSE shall be effectively connected to the terminal for the external protective
conductor, and the resistance from the conductive part to the terminal of the external protective conductor shall be

<0.1Q.

6.5.4.34

Automatic Supply Disconnection

Automatic disconnection of supply in DC EVSE shall be according to 4.4.4.4 of IEC 62477-1, except as follows:

The protective device may be provided in any suitable upstream part of the installation or DC EVSE. The EVSE
manufacturer shall give appropriate information for the installation of external protection. The information may be provided

in a circuit diagram.
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6.5.4.3.5 Supplementary Insulation
Supplementary insulation in DC EVSE shall be according to 4.4.4.5 of IEC 62477-1.
6.5.4.3.6 Electrically Protective Screening

Electrically protective screening in DC EVSE shall be according to 4.4.4.7 of IEC 62477-1. Electrically protective screening
shall consist of a conductive screen interposed between hazardous-live-parts of the DC EVSE and the part being protected,

whereby the screen

is separated from live parts by at least basic insulation.

The protective screen shall:

a.

be connected to the protective-equipotential-bonding system of the DC EVSE and that interconnection shall comply

with the requiren

comply with the
and 5.3.3.5 of IE

6.5.4.4 Enhanced

6.5.4.4.1 General

An enhanced protec
provisions specified

6.5.4.4.2 Reinforg

hents of 4.4.4.2 of [EC 624/7-1, and,

fequirements for elements of the protective-equipotential-bonding system accordir
C 61140.

Protection Provisions

ive provision provides both basic protection and fault prétection in according to o
n6.54.4.2and 6.5.4.4.3.

ed Insulation

Reinforced insulatiof in DC EVSE shall be according to 4.4.5.2:0f {EC 62477-1.

UL 2202 requiremen
6.5.4.4.3 Protecti
Protective separatio

For the DC EVSE ol
DC-2 zone, as speci

ts for use of double and or reinforced:insulation shall be followed.
e Separation of Circuits
 between circuits in DC the EVSE shall be according to 4.4.5.3 of IEC 62477-1.

tput, the steady-state.touch current shall be less than or equal to curve b, the upq
fied in Figure 22 and Table 13 of IEC 60479-1. Additionally, the touch current sha

equal to the c1 curve as specified in Figure 23 of IEC 60479-2 and in Figure 22 of IEC 60479-1, respe

6.5.4.1.3.
6.5.4.5 Requirem
6.54.5.1 General

ents of the-lsolated DC EVSE

g1t05.3.3.3,5.3.3.4,

he or more of the

er boundary of the

| be less than or
ctively. See

The DC EVSE output shall be designed according to the provisions against electric shock, for basic protection, fault

protection and additi

onal protection as specified in Table 16.
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Table 16 - Provision for protection against electric shock at EVSE output

Basic Protection in Absence of a
Fault

Provision for Protection in Case of a
Fault

Provisions for Additional Protection

¢ Basic insulation (solid dielectric)
(see Note 1)

¢ Basic insulation (air dielectric)

o Barriers or enclosures.

For Class | (see Note 2) portions of
system:

e Protective separation between AC
input and DC output (see Notes 3
and 4) (see 6.5.4.5.5).

¢ Protective equipotential bonding to
accessible conductive parts (refer
to IEC 61140; see 5.3.3.2), for
example, for metal housing (see

o Protective separation between AC
input and DC output (see Notes 3
and 4) (see 6.5.4.5.5).

e Continuous continuity checking of
the protective conductor and de
energization upon loss of
continuity (see Notes 3 and 5)
(see F.1.4.1).

e Perform an error shutdown when
an asymmetric or symmetric

Note3){see 65451 n
combination with:

Mechanical robustness of the
equipotential bonding by both:
Minimum cross section of the
protective conductor, and

using a vehicle coupler according
to SAE J1772.

o Electrically protective screening
(shielding) between hazardous-
live-parts and accessible surfaces
of parts of insulating material (s€e
6.5.4.5.5).

For Class Il (see Note 2) portions
of system:

e Double or reinforced insulation
(see 6.5.4.5.5).

Accessible SELV/PELYV circuits:

¢ Protective sepatation between DC
output and the'SELV/PELYV circuit,
or basic,ifisulation and all of the
conditions given in (see Note 6)
(see'6.5.4.5.5).

nsutation faultto protective
conductor occurs, me¢asured by
the isolation monitoring (see
Note 3) (see 6,5.4.5.]1).

e Multiple DC-outputs shall be
separated from each|other by
basic insulation (see|Notes 3 and
7) (see 6.5.4.5.1).

¢ “Limitation of steady-gtate touch
current (B) and impu|se current
(C1) (see Note 3) (sqe 6.5.4.1.3).

e Limitation of Y-capagitance to
<500 nF per rail (seg Notes 3 and
8) (see 6.5.4.5.1).

Note 1: For eafh portion of the EVSE, one of these provisions for basic protection shall be implemented. Refel also to 5.2 of

IEC 61]40.

Note 2: Considering 7.3 and 7.4 of IEC 61140.

Note 3: The EVSE shall provide this provision in order to support the protective provisions of an EVIPHEV that is designed entirely as
Class llequipment or that contains portions that are designed as Class | equipment. This applies even if the EVSE itself is
designgd entirely as Class, /I'equipment.

Note 4: This sirjgle provision serves'simultaneously as:

— Fault protectign for class | equipment, or class | portions of the system, in case of a failure of the basic protection bdtween live parts

and accessible ponductive parts,

— Additional profection for-class Il equipment, or class Il portions of the system, in case of a failure of the provision for ppasic protection
and a simultandous failure" of the provision for fault protection.
Note 5: This provisiofnserves simultaneously:

— To prevent hazards'caused by “blinding” of the isolation monitoring/leakage current monitoring device for faults occyrring “behind” a

broken PE.

— To prevent hazards caused by a loss of equipotential bonding for class I portions of the system.

Note 6: Conditions:

— Tthe PELYV circuit is connected to the protective conductor;
— No hazardous voltage or touch current occurs (see 6.5.4.1.2) in the PELYV circuit due to an insulation fault between the PELV circuit

and the DC circuit;

— The isolation monitoring or earth leakage current monitoring device detects this insulation fault between the PELYV circuit and the DC
circuit and triggers an error or emergency shutdown.
Note 7: In order to consider only one EVIPHEV for calculation of the Y-capacitance (Cy) and in order to prevent interference caused

by multiple isolation monitors.

Note 8: The EVSE shall provide this provision in order to support the protective provisions of an EVIPHEV that uses limitation of
touch energy as provision for fault protection in accordance with ISO 6469-3 and ISO 17409.

In case the DC EVSE can supply more than one vehicle simultaneously, independent protection means (protection against
electrical shock, overload, and short-circuit protection) for each vehicle connector shall be implemented.

If the DC ESVE has multiple vehicle connectors, all the requirements in this document on the DC EVSE output shall apply
at each vehicle connector individually.
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If the DC EVSE has multiple vehicle connectors, each output shall be isolated from each other by at least basic insulation.
NOTE 1: This means each DC output cannot share a DC+ and/or DC- with any other DC output.

NOTE 2: The protective conductor of each vehicle connector is shared by bonding to the protective conductor of the EVSE
supply. See 6.5.4.5.2.
6.5.4.5.2 Equipotential Bonding of DC EVSE Output

The DC EVSE shall provide a protective conductor for the DC output. This protective conductor shall provide protective
equipotential bonding of exposed conductive parts of the DC EVSE and the EV. This protective conductor shall also be

used for earth leakage monitoring, insulation resistance check, or isolation monitoring (see 6.5.4), respectively.

The DC EVSE shall
connector according

The DC EVSE AC in
supply network prov
conductor of the DC

If the supply circuit n
by the supply circuit

6.5.4.5.3 DC Outy
When the DC outpu
(DC+/DC-) to the prd
of Figure 22 of IEC ¢

NOTE 1: The actu
the DC H
NOTE 2: The mea
device or

An insulation monitg
The earth leakage ¢
electric shock as an

The reaction time o
Y-capacitances shal
In any case, Y-capa

provide this protective conductor to the EV/PHEV through the appropriate pin C
to SAE J1772.

put protective conductor terminal, if any, shall be bonded to the DC output protegd
des a protective conductor to the DC EVSE, this protective conductor shall be bon
output.

etwork does not provide a protective conductor to the DC EVSE or the protective

ut Isolation

is live, the actual total physical insulation resistance of the DC EVSE between
tective conductor, which will not result in asshutdown, shall limit the touch current
0479-1.

bl total physical insulation resistance™is a combination of the impedance of all th
VSE and the electric vehicle in parallel.

sured insulation resistance ‘does not include the internal resistance of the insy
earth leakage current monitoring device.

ring device (IMD) shall detect the first fault and disconnect the supply or perfor
urrent monitoring._device and the IMD do not provide fault protection, but can
additional protection.

f IMD or'earth leakage current monitoring device shall be according to 6.5.4
ensufe‘that the reaction time of IMD or earth leakage current monitoring device
Litance’per output (DC+/DC-) of the EVSE shall <500 nF.

?

bntact of the vehicle

tive conductor. If the
ded to the protective

conductor provided

s not earthed, the user manual shall state that the DC EVSEis only allowed to bg operated by skilled
personnel or instructed personnel.

DC output live parts
within the DC-2 area

b components within

lation measurement

an error shutdown.
revent a hazardous

6. The value of the
s less than the limit.

The limitation of stored energy in the Y-capacitors shall not be used as fault protection under single fault condition for the

DC EVSE.

Additional protection may be provided by limited impedance between the DC output live parts (DC+/DC-) and the
protective conductor, including the connected EV. See 6.5.4.1.3 for the requirements for additional protection.

6.5.4.54

Hazardous Live Parts

The degree of protection for enclosures of DC EVSE shall be IPXXC at a minimum.
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6.5.4.5.5 Insulation Barriers

Between the DC output (DC+/DC-) and the ordinary person, double insulation, reinforced insulation, or basic insulation and
electrically protective screening (shielding) shall be used as basic and fault protection.

The DC EVSE shall have insulation barriers as shown in Figure 17. The DC EVSE shall provide the minimum protective
measures as defined in Table 17.

Output Voltage < 550Vdc

| M |
Supply Wiring PRIMARY j“E SECONDARY Output Wiring

SELV/PELV
4

Output Voltage > 550Vdc

O
’_imnd_mmm%gggh_l
Supply Wiring PRIMARY EIE\Y?JSECONDARY Output Wiring

AN

\'OS?LV/PELV
|

Leg@d:‘
Double insulation or basic insulation and

( E protective screen

Double insulation or basic insulation and
electrically protective screen or
reinforced insulation

Figure 17 - Insulation barriers

Table 17 gives the required property (with respect to protection) of barriers between the type of circuits given in the first
column of this table and the type of circuits, or persons, given in the first row of the table.
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Table 17 - Minimum protective measures

EVSE DC OQutput | SEVL/PELV Protective Conductor Ordinary Person
EVSE AC Input Protective Protective Basic Insulation - Double/reinforced insulation, or
separation separation - Basic insulation and electrically
protective screening (shielding), or
- A combination of both
EVSE DC Output NA Protective For a working voltage <550 V - Double/reinforced insulation, or
separation®® DC: - Basic insulation and electrically
Basic insulation protective screening (shielding), or
For a working voltage >550 V - A combination of both
DC:
Basic insulation, or
Double/reinforced insulation®
SELV NA NA Functionar nsutationt® None
Protective NA NA NA None
Conductor

(M Local regulation
@ In accordance W
— The PELV circuit
— No hazardous vd
circuit and the DC
— The IMD or earth
triggers an error or
then basic insulatig
®) For EVSE outpl
cause an offset
double/reinforcd
NOTE: Threshold|
@ If SELV is not ¢

Outside of a fire enc
each other and othe
6.5.4.5.6  Stored H
The voltage betweer
the DC EVSE, shall
after disconnecting t
6.5.4.5.7 Disconn
If the present voltage
the DC EVSE shall g

a. the energy betw|

may require double insulation.

is connected to the protective conductor;

Itage or touch current occurs (see 6.5.4.1.2) in the PELV circuit due to”anvinsulation fay
ircuit;

leakage current monitoring device detects this insulation fault between*the PELV circuit a
emergency shutdown;

n between EVSE output and PELV is allowed.
t, if there is a part of the circuit with a working voltage of >550,V DC and a fault to the prg
between DC output live parts (DC+/DC-) to protective cenductor of >110 % of the pres
d insulation to the protective conductor is required. See\EC 61851-23 6.3.1.112.2.

of 550 V DC is due to backward compatibility with IEC 61851-23:2014.

bnnected to the protective conductor, a 500 V AC RMS test voltage may be applied to test

osure, DC output live parts (DC+ and DCs) shall be separated by double or reinfo
circuits.

nergy - AC Input of DC EVSE

EVSE AC input live parts’and the protective conductor, when measured at the A
be <60 VDC and <12 VAC (RMS) or the stored energy shall be <0.5 mJ within in
he power supply voltage*to the DC EVSE.

ection from Vehicle

betweenrany contacts at the vehicle connector is >60 VDC or >12 VAC (RMS) du
omply with“at least one of the following requirements:

ben ‘any contacts shall be <0.5 mJ in 1 second or less after un-mating the vehicl

ith Table 6 and Clause 4.4.5.4 of IEC 62477:2012, if all of the following conditions’are mef{:

It between the PELV

nd EVSE output, and

tective conductor will
bnt voltage at output,

the insulation.

rced insulation from

C input terminals of
b seconds or less

ring energy transfer,

b connector from the

vehicle inlet (cas

e 1)
A

vehicle connector from the vehicle inlet (case 2).

The voltage or energy shall be measured at the unmated vehicle connector.

6.5.4.5.8

Supply Network Grounding

The size and rating of the protective earthing conductor is determined by the NEC.

the voltage between any contacts shall be <60 VDC and <12 VAC (RMS) within in 1 second or less after un-mating the
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The DC EVSE shall provide either:

a.

b.

requirements in 6.5.4.5.9.

Protective (earthing)

conductors shall not be switched.

a protective (earthing) conductor from the AC input earthing terminal of the AC supply network to the EV/PHEV; or

a protective conductor from the DC EVSE to the EV/PHEV, if fault protection is based on protective separation. See

Protection Class || DC EVSE shall have a lead-through protective conductor with double insulation or reinforced insulation
for the protective conductor bonded to the vehicle chassis.

6.5.4.5.9

DC EVSE to EV/PHEYV Signaling Circuits

Any circuit for signaling, which extends beyond the DC EVSE enclosure for connection with the EVJPHEV (for example,

control pilot circuit) ghall be extra low voltage (SELV or PELV), according to IEC 62477-1.

6.5.4.6

During charging, th
follows:

a.

EV/PHEV if nec
NOTE 1: The DC E

NOTE 2: Section 9.

to avoid in
6.5.4.7 DC Outpu
The EVSE shall repg
6.5.4.7.1 Invalid S

An isolation self-tes
Charging is not allow

Insulation [Monitoring During Charging

Valid: The meagured insulation resistance between the DC+/DC- and pfetective earth is above g
100 kQ (without jnegative tolerance);

Fault: The meadured insulation resistance between DC+/DC- and protective earth is below a valu
negative tolerance). The DC EVSE shall trigger an error shutdown within 10 seconds and seng

insulation resistance of the system shall be continuously monitored. The insulaf

ssary, according to SAE J2847/2.
VSE can issue a visual or audible signalto the user.

4 of ISO 17409:2020 contains the‘requirement for the EV/PHEYV isolation resistand
terference with the IMD of the.DC EVSE, from time t4 in F.1.8 Normal Startup tim|

Isolation Monitoring States
rt the following isolation states per APPENDIX F. The isolation is defined as the |
tate

has not.been completed per 6.5.4, or the EVSE has detected a Fault State
ed.

6.5.4.7.2

Valid State

on states can be as

r equal to a value of

e of 100 kQ (without
a fault message to

e monitoring system
ing diagram.

FVSE total isolation.

hs described below.

After an isolation monitor self-test has successfully been performed per 6.5.4, the station enters the Valid State and charging
is allowed. The EVSE remains in this state unless a Fault State is detected as defined below. Upon detection of a Fault
State, the EVSE shall enter the Invalid State.

6.5.4.7.3

Warning State

It is recommended that the EVSE send a Warning message to the vehicle and also log the warning internally when the
isolation of either rail to ground <500 kQ (500 Q /V @ 1000 V) with a recommended accuracy of +50 kQ, - 0 Q.
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If Warning state occurs during energy transfer the EVSE should perform a self-test after disconnection of the vehicle
connector from the vehicle. If the self-test results in Warning or Fault state, the EVSE should enter the Invalid state and
remain in the Invalid state until serviced. The EVSE should communicate that service is required and charging cannot occur.

NOTE: For EVSEs that measure total isolation resistance, the EVSE shall accommodate the unbalanced case where one
rail to ground isolation is at the 250 k€2 minimum value but the other rail to ground isolation is extremely high isolation
resistance.

6.5.4.7.4 Fault State
The EVSE shall terminate charge per 6.5.4, send a Fault message to the vehicle, and log the fault internally when the

isolation of either rail to ground <100 kQ, per Table 18. The EVSE shall detect the Fault state and indicate the Invalid State
(6.5.4.7.1) <= 10 seconds of the isolation resistance <= 100 kQ.

Table 18 - Insulation resistance fault states and response

DC+ to PE or DCt to PE DC+ to PE and DC- to PE
(asymetric fallt) (symetric fault) State EV\[SE Reaction
>150 kohm >300 kohm Normal Allow CHarging
<100 kohm <100 kohm Fault Implemept error shutdown

If Fault state occurs ¢luring energy transfer, the EVSE should perform a-self-test after disconnection of the vehicle connector
from the vehicle. If the self-test results in Warning or Fault state, the’EVSE should enter the Invalid state and remain in the
Invalid state until sefviced. The EVSE should communicate that sefyice is required and charging cannot occur.

NOTE: For EVSEs that measure total isolation resistance, the*EVSE shall accommodate the unbalarjced case where one
rail to ground isolation is at the 100 kQQ minimum value but the other rail to ground isolation is ex{remely high isolation
resistance.

6.5.4.8 EVSE Measured Isolation Value
The EVSE may optignally communicate the last valid measured isolation value to the EV/PHEV. See SAE J2847/2.
6.5.5 Maximum EYSE Output Y Capacitance

The maximum total parallel Y capacitance shall not exceed 1 uF. This implies <= 500 nF Y capacitaphce across each DC
rail and ground for ah EVSE with\Y capacitance equally distributed between each DC rail and ground.

6.5.6 AC Present |ndicator

As defined in 4.7.5.
6.5.7 Conductor Cord Requirements

As defined in 4.7.6.

6.5.8 Diagnostics Using High Voltage or High Energy

Whenever a diagnostic applies >= 60 VDC or >= 0.2 J to the vehicle connector, the vehicle connector shall be locked in
either its EVSE storage location or the vehicle inlet.
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6.5.9 Vehicle Connector Interlock and Latch Diagnostics

Prior to initially charging a vehicle, presence of the latch device and operation of switch (S3) in the vehicle connector shall
be verified. During mating of the coupler, the EVSE shall detect the state change of the switch (S3) which is actuated by
the movement of the latch device over the corresponding feature on the vehicle inlet housing. The EVSE shall detect the
resistance value of the proximity circuit at the moment of terminal mating and the corresponding resistance value change
when the switch (S3) is cycled during the coupler mating process. Charging shall only be allowed after the EVSE verifies
the proximity circuit and the operation of switch (S3).

6.5.10 DC Output Current Measurement Accuracy

The measured current reported shall be within £1.5% of reading with a minimum resolution of £0.5 A.

6.5.11 DC Output Joltage Measurement Accuracy
The measured voltage reported shall be within £1% (of full scale) or less.
6.5.12 DC Output Gurrent Regulation

When in current regulation mode, the EVSE shall provide direct current to the vehicle. The maximum allowable error
between the actual gverage DC output current value and the target current of the EV/PHEV is:

a. 150 mA when the target current of the EV/PHEV is less than 5 A.
b. +1.5 A when the|target current of the EV/PHEYV is greater than or equal to 5 A but less than or eqyal to 50 A.
c. *3% of the maximum current output of the EVSE when the target current of the EV/PHEV is greater than 50 A.
6.5.13 DC Output Descending Current Output Slew Rate

e Normal Shutdown or Zero Current Request: -100 A/s or greater.

e Malfunction or Emergency Shutdown: -200 A/s or greater.

See the requirements for error shutdown in F.1.10 and emergency shutdown in F.1.11.

6.5.14 DC Output Qurrent Ripple

During regulation thg EVSE shallimaintain a peak-to-peak current ripple as shown in Table 19.

Table 19 - Peak-to-peak current ripple

Present Current at DC Output (1)
Frequeneyd) <200-ADGC— 1 200-A-DC<1=400-A 1>400-A-BC
DC
3.0@
(3) o/.(3)
10 Hz 1.5 I x0.75% I x 0.75%0
0 )
5 kHz xonrs) 6.0 | x 1.5%
18.0@
(3) 0/.(3)
150 kHz 9.0 | x 4.5% % 4590

(1) Cut-off frequency of the first order low pass filter.
®  Recommended limit in Apgak.to-peak-
@ Absolute maximum limit in Apgak_to-peak-
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6.5.15 DC Output Voltage Ripple - No Load Voltage Regulation

Under no load conditions, for example during pre-charge, the actual output of the charger shall be +5 V of the EV/PHEV
request within 2 seconds. In steady state the tolerance between requested and provided voltages shall be <2% for the
maximum rated voltage of the DC EVSE.

For a target voltage of the EV/PHEV < 500 V DC, the maximum voltage ripple at the DC output in normal operation and
pre-charge phase, if applicable, shall be between +5 V.

For a target voltage of the EV/PHEV > 500 V DC, the maximum voltage ripple at the DC output in normal operation and
pre-charge phase, if applicable, shall be between £1 % of the target voltage of the EV/PHEV.

6.5.16 DC Output Voltage Transient

DC output voltage tr:lmsient shall be measured at rated power and rated voltage. Voltage transientShall be limited as shown
in Table 20.

Table 20 - Voltage transient limits

Medgsuring Point Between Positive (+) | Between Positive (+).| Between Negatjve (-)
and Negative (-) and Ground and Groungd

Limit +/-50V +/- 50V +-50V

6.5.17 DC Output Qurrent Overshoot Time
If Vehicle Maximum |Current Limit (message defined in SAE J2847/2) is exceeded by more than thel amount specified in
6.5.12 for more than 400 ms, the EVSE shall perform an errar shutdown. This is the case where the| current output is no
longer under the control of the vehicle, and the EVSE will use its conversion circuitry to reduce current flow.

See also 6.5.29.8.
6.5.18 DC Output Short Circuit Test
Prior to enabling its |high voltage DC output, the EVSE shall check for a short circuit between the high voltage DC+ and
DC-in the charge caple, connector, vehicle inlet, and vehicle cabling up to the vehicle DC charge corjtactors. Short circuit
is defined as minimum current of 1 A up to 4% of max output current rating with a maximum of 20 A. Jee Appendix F.1.10.

6.5.19 Loss of Communications

When DC charging [contfel ,communications with the EV/PHEV is lost, the EVSE shall trigger an ¢rror shutdown. See
Appendix F.

6.5.20 Connector Contact Area Temperature Monitor

The EVSE shall monitor the contact temperature at each DC connector. The contact temperature of either contact shall not
exceed 90 °C according to the requirements specified as follows:

e Ifthe temperature exceeds 90 °C for 8 consecutive seconds, the EVSE shall transfer to error shutdown sequence within
1 second.

e |f the temperature exceeds 95 °C for 1 second, the EVSE shall transfer to error shutdown sequence within 1 second.
The EVSE manufacturer should consider the location of the temperature measurement relative to the point of contact (POC),

the sensor tolerance, the thermal time constant of the system, and overall system response in making their calculations.
Information note: For an ambient temperature above 40 °C the EVSE manufacturer should determine system response.
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6.5.21 Protection Against Unintended Reverse Power Flow

The EVSE shall protect itself from unintended reverse power flow from the EV/PHEV.

6.5.22 User Initiated Charge Termination

The EVSE shall provide a means to allow the user to terminate a charge cycle.

6.5.23 Available Current Slew Rate Changes

The rate of change of the Available Current shall be limited to £20 A/s under non-fault conditions.

6.5.24 DC Output Overvoltage Between DC+ and DC-

6.5.24.1 General

The EVSE shall detg
or error shutdown if

When the vehicle cd
due to a present vol
between DC- and PH

NOTE 1: According
AC betwe
common N
>60 V. Th
common 1

Overvoltage protecti
6.5.24.2 Protection
The EVSE shall trig

at the DC output bsg
consecutive ms.

ct an overvoltage between DC+ and DC- at the vehicle connector and perform an e
hn overvoltage is detected, according to 6.5.24.2 and 6.5.24.3.

nnector is being mated to the vehicle inlet, the EVSE and the EV/PHEV shall ng
age at the DC output (positive or negative voltage), between DC+ and DC-, bety
F, unless otherwise specified in 6.5.33.

to 6.5.2 of ISO 17409:2020, when unmated, the EV/PHEV may have a voltage 3
bn DC+ and PE, and between DC- and PE. It is.recommended that the EV/PH
node voltage >60 V, as unbalanced insulation faults'can generate differential volta
e EV/PHEV may try to use RS6 and RS7 incFigure 18 of the disabled DC outp
node voltage.
bn during the initialization stage, cableicheck phase, and pre-charge phase is ung

Against Overvoltage at the DC Output Between DC+ And DC- by Emergency Sh

jer an emergency shutdownyin 1 ms or less if, during the energy transfer stage
tween DC+ and DC- is more than the voltage thresholds specified in Table

Table 21 ~ Voltage threshold for emergency shutdown reaction

mergency shutdown

t trigger a shutdown
een DC+ and PE or

60 V DC and >30 V
FV/ does not have a
ges at the DC output
Lt circuit to limit this

er consideration.

ltdown

the present voltage
21 for more than 9

Negotialed Maximum Voltage at the
DC Output’During
ChargeParameterDiscovery Voltage Threshold
(V) \Y

U500V 550

500V <U <750V 825

750V <U <850V 935

850V <U =1000V 1100

6.5.24.3 Protection Against Overvoltage at the DC Output Between DC+ And DC- by Error Shutdown

The EVSE shall also react depending on condition of the present voltage at the DC output between DC+ and DC- according

to Table 22.
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Table 22 - EVSE reaction depending on the present voltage at the DC output condition

Present Voltage at the DC Output Condition!")

EVSE Reaction

The present voltage at the DC output between DC+ and
DC- is more than the negotiated maximum voltage at the
DC output for 400 consecutive ms.

Trigger an error shutdown in 50 ms or
less .

The present voltage at the DC output between DC+ and
DC- is more than the negotiated maximum voltage at the
DC output for more than 200 consecutive ms and less than
400 consecutive ms.

Allow energy transfer or trigger an error
shutdown.

The present voltage at the DC output between DC+ and

DC- is more_than the nngntia’rpd maximum \/nlfngn at the

Allow enerqgy transfer

DC output fJ)r 200 or less consecutive ms.

() The negoti
messages).

NOTE: The emergs

assumed as
6.5.25 Voltage Dev

The maximum voltag
1+5% of the requeste

6.5.26 Maximum V
The maximum voltag
6.5.27 Disabled DQ

The DC output of the
component limits de

During normal shutd
to<60VDCin2so

During error shutdoy

F.1.10 and F.1.11, r¢spectively.

The equivalent Cs4

bted values are defined at the end of the compatibility check (ChargeParameterDiscoyeryR

ncy and error shutdown are necessary to prevent overcharging.the battery sy
a withstand capability of the EVSE.

ation During Pre-Charge

1 voltage.

bltage Slew Rate in Normal Operation

e slew rate in normal operation shall not.&xceed +20 V/ms.
Output Circuit

EVSE, when disabled, shall have the equivalent electrical behavior as the circuit
ined in Table 23.

pwn, the common made. and differential mode voltages of the disabled DC outpu
 less after the EV/PHEV opens the charge contactors. See Appendix F.1.9.

n and emergency shutdown, the DC output voltage discharge requirements are

capacitance shall be limited to 1 uF.

eq/Res

stem and cannot be

e deviation during pre-charge state and during charging of the vehicle/traction battery shall not exceed

n Figure 18, with the

shall be discharged

defined in Appendix

NOTE: The limita

jon)of Cs4 in the disabled DC output reduces the energy stored if the EV/PHE

V closes the charge

contactors during welding detection.
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vehicle \
connect
b
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Nl

M

J1772™ JAN2024
———————————— EV supply equipment - — — — — — — — — — —
Rs8 Ls1
4 @
Rs6 ——Cs4
ng L82
|:|R85 ——Cs3 & — — o — o M
|
Rs7 ——Cs5!
|
| Rs10 Ls3
o ®

S —————— — — — — — — — — — — — —

Figure 18 - Equivalent disabled DC output circuit'of the EVSE

Table 23 - Component limits for the disabled DC output circuit of the EVSE

Component(" Minimum Value™ *}’Maximum Value™
Cs4 - 500 nF
Css. - 500 nF

Rs6 @® 70KQ 300 kQ
Ry7 @® 70 kQ 300 kQ
CS3 - 1uF
RS 7 kQ -
L1 - (Under
Ls2¢) - consideration)
L8 - 220 uH
Rs8 0mQ -
RO 0mQ -
R.10 0mQ )

™ Unspecified components or values are to be defined by the
EVSE manufacturer.
@  This value is excluding a possible insulation fault.

maximum voltage of the EVSE at the DC output for an extended

time.

6.5.28 DC Output Pre-Charge and Inrush Current

During the pre-charge phase, the EVSE shall operate in CV to follow the target voltage of the EV/PHEV according to 6.5.15
and 6.5.25. The EVSE shall:

a. be able to pre-charge the circuit defined in Figure 19 with the values according to Table 24 for its entire operating range

in 3 seconds or |

ess; and

b. subsequently follow a change in the target voltage of the EV/PHEV of a maximum of 50 V DC in 1 second or less.
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»~———-EVsupply equipment———-~ —-————————————- EV simulator- - - —-————————~ \
| vehicle| vehicle |
| connector| inlet |
I VN AN |
| — [ I S X1
| ~ T~ ! T I
I / SECC | cP | EVCC |
| W == T !
| ' ! | ! |
....... — .
| r | | ! !
| | I I | '
e .. _ |
' I ' I!_ [
' | I ! |
[ ! | 'i |
I DC+]|.
| L1o : ~o 7 G ' Arl B DC+ -ch+
| N ). I | Do : | VTO i@ FTT T |
| I _,b_ﬁg/ ~ |
| T - I C I I DC- -JIDC-
I ] | |i
|
| ! I 1 611 (6012 (6113 (114 [JRTS Tegt | ||
| | I || loagl |
. |
: : I I Ri5==Cr1 | |Ri6 5= C+2 R{17 |
. | i |
' i | I | | . 123 |
' i pe NI I I |
:pET_ _.J'_ ........... . ———— e~ — — b 0 —  —b— @ .. _ PE =, PE
\ A, [
—_— ) e N e e e e e e e e e e e A e e e —_
Key
11 EV/PHEV current load
C;1,C2 Maximum Y-capacitance on the vehicle inlet
C;9 Maximum X-capacitance on the vehiclgtinlet
R:5, R;6 Minimum insulation resistance (dueto an error) on the vehicle inlet
R;16, R;17 Minimum resistance of the EM/PHEV simulator measurement circuit on vehicle inlet
A1 Ammeter in the EV/PHEV,'simulator
V.8 Voltmeter in the EV/PHEV simulator
SECC Supply Equipment Charge Controller
EVCC Electric Vehicle Charge Controller
Figure 19 - Worst case equivalent circuit during pre-charge
Table 24 - Component values for the worst case scenario during pre-charge
Symbol Value
11 12 mA £ 2 mA
C/1,C.2 2 uF
C,9 10 nF
R;5, R.6 100 kQ
R,16, R,17 500 kQ
SA7 Closed
S5.18 Open

The EVSE may trigger an error shutdown if the PowerDeliveryReq <6a> message is not received by the EVSE in 20 seconds
or less after receiving the first PreChargeReq <5a> message.
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NOTE 1: This is to limit the heating of the pre-charge circuit in the EVSE.

During the entire pre-charge stage (from t7 to t10), the EVSE shall operate in CVC to follow the target voltage of the EV,
and shall limit the DC output current to a maximum of £2 A DC. The target current of the EV/PHEV shall be ignored.

From the beginning of the pre-charge stage (t7) until the EVSE receives message PowerDeliveryReq <6a>, the EVSE shall
limit the DC output current to <£20 A peak, including the inrush current and a continuous current, if any.

From the reception of message PowerDeliveryReq <6a> until the end of the pre-charge stage (t10), the EVSE shall:
a. limit the DC output current to <125 A peak, including the transient current and a continuous current, if any; and

b. limit the integral of the DC output current > 2 A over time (I>2 Axt) to <3 As.

NOTE 2: The inrush current is the transient current due to the energization of cables and capaciters| when the EV/PHEV
closes the|charge contactors. It is not a continuous current.

NOTE 3: The EV/PHEV might close several charge contactors in individual steps betweén t7 and sending message
PowerDeliveryReq <6a>.

6.5.29 Handling of Pperating Ranges

6.5.29.1 General

The target current, target voltage, and target power of the EVSE are thé€/intended current, voltage, 4and power at the DC
output. Depending gdn the mode (CCC or CVC) and the operating point.between the operating rangq , the current and/or
voltage at the DC oytput of the EVSE will be at one or more of these{argets.

The relationship between the target voltage of the EV/PHEV, and the DC putput voltage is shown in Equation 1, under
normal conditions.

VEVSEOuE < VEVSEnget + |VDeviati0n| + |VRipple| (Eq 1)

where:

—

VEVSE Target = the target voltage of the EVSE at the DC output, expressed in volts
VEevse out = the|present voltage at-the DC output, expressed in volts

Vgeviation = the deviation on'the present voltage at the DC output as defined in 6.5.15, expressed in volts

Vripple

=the voItTge ripple on the present voltage at the DC output as defined in 6.5.15, expressed in volts

The relationship between the target DC output current and the DC output current is shown in Equation 2, under normal
conditions.

Igvsegue < Tevserarger T Ubeviation| + |1Ripple| if levserargee > 0 A (Eq. 2)
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where:

lEvsSE Target = the target current of the EVSE at the DC output, expressed in amperes.
levse_out = the present current at the DC output, expressed in amperes
lgeviation = the deviation on the present current at the DC output as defined in 6.5.12, expressed in amperes

I = the current ripple on the present current at the DC output as defined in 6.5.14, expressed in amperes

ripple

The relationship between the target power of the EVSE and the present power at the DC output is under consideration.

6.5.29.2 Zero Amg (0 A) Mode During Charging
If the EVSE cannot deliver any current at the DC output, the EVSE shall send 0 A as its applicablé maximum current of the
EVSE at the DC output to the EV/PHEV within the next communicated message. The 0 A mode'initiat¢d by the EVSE shall
not trigger an immedjate shutdown by the EV/PHEV. The EV/PHEV should continue the charging session for 5 min or more.
If the target current d¢f the EV/PHEV is 0 A DC or the applicable maximum current of the EVSE at the OC output is 0 A, then
the EVSE shall redyce and maintain the present current at the DC output <0,15 A DC with a minimgm of -0,15 A DC, to
prevent reverse powler transfer from the EV/PHEV to the EVSE. See Formula IEC3. See 6.5.29.7 regprding the 0 A target
current of the EV/PHEV.

NOTE: The 0 A modle is used to temporarily continue with the energy-transfer phase without a presgnt current at the DC
output. For gxample, when there are power fluctuations in the ‘supply network, or there is no power available.

The relationship between the target current of the EVSE at the D€ output and the present current at the DC output is shown
in Equation 3, during the 0 A mode.

—0,15A < Igysg 0ue-="0,15A if Igysg rarger = 0 A (Eq. 3)
where:
lEVSE Target = th target current of the EVSE at the DC output, expressed in amperes

levse_out = the gresent current atthe/DC output, expressed in amperes

6.5.29.3 Changing [the Applicable:Maximum Voltage of the EVSE at the DC Output

The EVSE shall limif the applicable maximum voltage of the EVSE at the DC output to the negotiated|maximum voltage at
the DC output, as cdmmunicated in the last ChargeParameterDiscoveryReg/Res messages. See Equption 4.

(Eq. 4)

VEVSE_MAX S VEVSE_MAX_CPD
where:

Vevse_max = the applicable maximum voltage of the EVSE at the DC output, expressed in volts.

VEVSE_MAX_CPD = the negotiated maximum voltage at the DC output, communicated in the Ilast
ChargeParameterDiscoveryRes, expressed in volts

6.5.29.4 Changing the Applicable Maximum Current of the EVSE at the DC Output

The present current at the DC output can be less than the target current of the EV/PHEV if the applicable maximum current
of the EVSE at the DC output is less than the target current of the EV/PHEV.
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The EVSE shall communicate the change of applicable maximum current of the EVSE at the DC output in the next
communicated message.

The EVSE shall limit the applicable maximum current of the EVSE at the DC output to the negotiated maximum current at
the DC output which is communicated within the ChargeParameterDiscoveryReq/Res messages. See Equation 5.

where:

IEVSE_MAX < IEVSE_MAX_CPD (Eq 5)
levse max = the applicable maximum current of the EVSE at the DC output, expressed in amperes.
the npgntiatpd maximum current at the DC output communicated in the last

IEVSE_MAX_CPD. =

ChargeParamet
6.5.29.5 Changing

The EVSE shall limit
DC output, as comm

where:

Pevse max = the

PEVSE_MAX_C
ChargeParamet

The EVSE is allowe

applicable maximun
See 6.5.29.6.

The EVSE shall co
communicated mesg

6.5.29.6 The Presqg

The EV/PHEV shall
EV/PHEV.

NOTE: This decrea
in applicab

prDiscoveryRes message, expressed in amperes.
the Applicable Maximum Power of the EVSE at the DC Output

the applicable maximum power of the EVSE at the DC output to the-negotiated m
unicated in the last ChargeParameterDiscoveryReq/Res messagés. 'See Equatio

PEVSE_MAX = PEVSE_MAX_CPD

applicable maximum power of the EVSE at the DC output, expressed in watts

PD = the negotiated maximum power~“at communi

brDiscoveryRes message, expressed in watts

the DC output,

 to reduce the present current at the\DC output to less than the target current o
power of the EVSE at the DC output drops to a value less than the present pow

mmunicate the change of.applicable maximum power of the EVSE at the D(
age.

nt Current at the OC-Output Is Less Than the Target Current of the EV/PHEV
not trigger@.shutdown if the present current at the DC output is less than the

se in.present current at the DC output can be caused by supply network dips, CV
elmaximum current of the EVSE at the DC output. See 6.5.29.4.

bximum power at the
N 6.

(Eq. 6)

cated in the last

f the EV/PHEV if the
er at the DC output.

[ output in the next

target current of the

C mode or a change

6.5.29.7 The Target Current of the EV/PHEV Is Less Than the Applicable Minimum Current of the EVSE at the DC Output

The EVSE shall enable 0 A mode (see 6.5.29.2) as if the target current of the EV/PHEV were 0 A, when the target current
of the EV/PHEV is less than the applicable minimum current of the EVSE at the DC output. See Equation 7.

Igvse rarget = 0 A if Igy req < lpvse min

(Eq.7)
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where:
lEVSE Target = the target current of the EVSE at the DC output, expressed in amperes
levse_min = the applicable minimum current of the EVSE at the DC output, expressed in amperes
lev_Req = the target current of the EV/PHEV, expressed in amperes

6.5.29.8 The Target Current of the EV/PHEV |s More Than the Applicable Maximum Current of the EVSE at the DC Output

The EVSE shall continue the charging session with the applicable maximum current of the EVSE at the DC output or the
rated maximum current of the EV/PHEV, whichever is less, if the target current of the EV/PHEV is more than the applicable

H Ll el WiaY £ 40 ImVal 4 4 1l g | H 4 £ Ll (el WH =T H Tl WAN ) | - H
maximum current of threEVSEatthe BE otipttrorteTraretMmaxtmumcutrentorthe v v oSee ..quatlon 8.

[EVSE_Target = MIN(IEV_MAX’IEVSE_MAX) lf IEV_Req > M[N(IEV_MAX' [EVSE_MAX) (Eq 8)
where:

lEVSE Target = th target current of the EVSE at the DC output, expressed in amperes

[

levse max = thelapplicable maximum current of the EVSE at the DC output{expressed in ampere
lev max = the rated maximum current of the EV/PHEV, expressed ini@amperes
lev Req = the target current of the E/PHEV V, expressed in amperés

6.5.29.9 The Target voltage of the EV/PHEV Is Less Than the Present Voltage at the DC Output

The EVSE shall enaple 0 A mode (see 6.5.29.2), as if thetarget current of the EV/PHEV were 0 A, when the target voltage
of the EV/PHEV is lgss present voltage at the DC output, to prevent reverse power transfer. See Equgtion 9.

IEVSE_Target = MIN (IEV_MAX: IEVSE_MAX) if IEV_Req > MIN (IEV_MAX' IEVSE_MAX) (ECI- 9)
where:

levsE Target = the target current of-the EVSE at the DC output, expressed in ampere
Vevse_out = the[present voltage at the DC output, expressed in volts

VEvV Req = the targetvoltage of the EV/PHEV, expressed in volts

6.5.29.10 The Target Voltage of the EV/PHEV Is More Than the Maximum Voltage Limits

The EVSE shall continue the charge session with the applicable maximum voltage of the EVSE at the DC output or the
target voltage of the EV/PHEV, whichever is less, if the target voltage of the EV/PHEV is more than the applicable maximum
voltage of the EVSE at the DC output or the rated maximum voltage of the EV/PHEV. See Equation 10.

Vevse rarger = MIN (Vev_req Vevse max) U Vev_req > MIN (Vey_max, Vevse max) (Eq. 10)
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where:

VEVSE Target = the target voltage of the EVSE at the DC output, expressed in volts

VEVSE MAX = the applicable maximum voltage of the EVSE at the DC output, expressed in volts

VEv Req = the target voltage of the EV/PHEV, expressed in volts

Vev max = the rated maximum voltage of the EV/PHEV, expressed in volts

NOTE: The EVSE can remainin CCC mode until the rated maximum voltage of the EV/PHEV is reached. See overvoltage
protection in 6.5.24, which prevents overcharging the battery system.

6.5.29.11 The Presq
Output

nt Voltage at the DC Output Is Less Than the Applicable Minimum Voltage of

The EVSE shall trigger an error shutdown in 50 ms or less if the present voltage at the DC eutput or

the EV/IPHEV is les
Equation 11.

where:
VEVSE_Measured

Vevse_min = the]
VEV Req = the t3

NOTE: This case cq
at the DC ol

6.5.29.12 The Presq
Output

The EVSE shall trigg

5 than the applicable minimum voltage of the EVSE at the DC output-for more t

rror shutdown if MIN (Vgysg measuredr Vev_req) < Vevse my f@rymore than 3 second

- the present voltage at the DC output, expressed.in volts
applicable minimum voltage of the EVSE at.the DC output, expressed in volts
rget voltage of the EV/PHEV, expressed in volts

uld be detected during the pre-charge stage, as the EVSE cannot supply the co
tput for pre-charge.

nt Voltage at the DC_Output Is More Than the Applicable Maximum Voltage of

er an error shutdown in 50 ms or less if the present voltage at the DC output is n

the applicable maximum voltagetof-the EVSE at the DC output for more than 400 ms, according to 6.5.

Error shutdown if Viyse measurea = Vevse max for more than 400 ms

he EVSE at the DC

the target voltage of
han 3 seconds. See

(Eq. 11)

rect present voltage

the EVSE at the DC

nore than or equal to
P4, See Equation 12.

(Eq. 12)

where:

VEVSE_Measured =

the present voltage at the DC output, expressed in volts

Vevse_max = the applicable maximum voltage of the EVSE at the DC output, expressed in volts
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6.5.29.13 Limitations Due to the Applicable Minimum Power of the EVSE at the DC Output

The EVSE shall enable 0 A mode (see 6.5.29.2), as if the target current of the EV/PHEV were 0 A, if:

a.

b.

than the applicable minimum power of the EVSE at the DC output.

See Equation 13.

Igyse Target = 0A if P Ev_Req < Pevse_min, O

where:

levse_Target = th

lev_Req = the tan

VEVSE_Measured

PEV_Req = the ta

Pevse min = the

NOTE: Pgyse m

communica
and the prd

6.5.29.14 Limitations

If the target power o

target current of the
power of the EV/PH

charging session an

e Applicable maxi

[cvse Target = 0 A If Vevse measurea X Igv_req < Pevse_min fOT more than 3 seconds

b target current of the EVSE at the DC output, expressed in amperes

get current of the EV/PHEV, expressed in amperes

= the present voltage at the DC output, expressed in<volts

rget power requested of the EV/PHEV, expressed.in watts

applicable minimum power of the EVSE at theZDC output, expressed in volts

|\ is the internal minimum power that.the*EVSE can deliver, as this value is not K
tion but is restricting the present power at the DC output. The EVSE cannot know
sent voltage of the battery system,-as these are not communicated through digital
$ Due to the Applicable Maximum Power of the EVSE at the DC Output
the EV/PHEV, or target.current of the EV/PHEV multiplied by the present voltagg
EV/PHEV multiplied by the target voltage of the EV/PHEV that is more than the

EV/ or the applicable maximum power of the EVSE at the DC output, then the EV
1 limit the target' power of the EVSE at the DC output to the minimum of the follow

mum power.of the EV/PHEV.

e Applicable maxi

See Equation 14.

the target power of the EV/PHEV is less than the applicable minimum power of the EVSE at the DC output; or

for more than 3 seconds, the present voltage at the DC output multiplied by the target current of the EV/PHEV is less

(Eq. 13)

andled by the digital

fhe minimum voltage
communication.

at the DC output, or
ppplicable maximum
bE shall continue the
ing values:

rlnum power of the EVSE at the DC output.

PEVSE_Target = MIN(PEV_MAXl PEVSE_MAX)

(Eq. 14)

if MIN (VEVSE_Measured X Igy req) Vev_req X Igv_reqr P EV_Req) > MIN (P Ev_max, P EVSE_MAX)

with PEV_MAX = MAX(PEV_MAX_CPD’ VEV_MAX_CPD X IEV_MAX_CPD)
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where:

VEVSE_Measured =

the present voltage at the DC output, expressed in volts

rget voltage of the EV/PHEV, expressed in volts

lev_Req = the target current of the EV/PHEV, expressed in amperes

Pevse_Target = the target power of the EVSE at the DC output, expressed in watts

Pevse max = the applicable maximum power of the EVSE at the DC output, expressed in watts

PEV_Req = the t9
PEV_MAX = the 4
VEV_MAX_cPD =
lev max_cpp =t
Pev max cpp =
NOTE 1: PEV_MA)'

NOTE 2: According
messages

NOTE 3: Lowering
DC output
the CPCM

6.5.30 DC Output L

In case of a load dun
or equal to:

for a rated maxi
initialization pha

a.

b. for a rated maxi

rget power of the EV/PHEV, expressed in watts

pplicable maximum power of the EV/PHEV, expressed in watts

the rated maximum voltage of the EV/PHEYV in ChargeParameterDiscoveryReq, §
ne rated maximum current of the EV/PHEV in ChargeParameterDiscoveryReq, e
the rated maximum power of the EV/PHEV in ChargeParameterDiscoveryReq, ex
' cPp = 0if PEy pMAX_cpPD is not communicated:by the EV/PHEV.

to ISO 15118-2, the Ppy Req is the ‘EVMaximumPowerlLimit” within the
and the Pgy pax is the “EVMaximumPRewerLimit” communicated.

he present power at the DC output can be achieved by limiting the target curren
based on the present voltage at the DC output and the target power of the EVSE]
is not defined for system C..See also 6.5.29.4 and 6.5.29.6.
oad Dump

np, after the first 3.ms) the voltage overshoot at the DC output between DC+ and O
mum voltage of the EV/PHEV, as communicated (in the last request message

5e, > 500.V2 110 % of the rated maximum voltage of the EV/PHEV.

mum’voltage of the EV/PHEV, as communicated (in the last request message

xpressed in volts
pressed in amperes

pressed in watts

CurrentDemandReq

t of the EVSE at the

at the DC output, as

C- shall be less than

pefore t3) during the

pefore t3) during the

initialization pha

e < 500 V: rated maximum voltage of the EV/PHEV plus 50 V

See Equation 15.

where:

Vevse_out = the

VEVSE_Out = MAX(llO % x VEV_MAX_CPD' VEV_MAX_CPD + 50 V)

present voltage at the DC output, expressed in volts

(Eq. 15)

Vev max_cpp = the maximum voltage of the EV/PHEV, communicated in the last ChargeParameterDiscoveryReq
message, expressed in volts
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6.5.31 Sleep Mode and Charging Session Restart Methods

Sleep mode is an operating mode of the EVSE designed for reduced energy consumption when a charging session is not
occurring. In this case, the SECC is permitted to not communicate via digital communication.

The EV/PHEV can request a pause of the charging session, after which both EV/PHEV and EVSE can enter sleep mode.
Additionally, the EVSE can indicate the EV/PHEV to request a digital communication session pause due to the behavior of
the supply network. See Appendix F.

NOTE: The behavior of the supply network can be influenced by, for example, smart charging profiles, supply availability,
and/or distribution system operator.

To restart digital communication, the EVSE can perform a restart method as specified in sections 6.5.31.2.

The restart methods| can also be used to restart digital communication after an error condition, farexpmple, loss of digital
communication.

6.5.31.1 Sleep Mode on the EVSE
The EVSE may support a sleep mode according to ISO 15118-3:2015 to minimize power consumption.

The EVSE may enter a sleep mode, if:

=

a. there is no digitdl communication (application layer messages) for more.than 2 consecutive min, 9

b. the EV/PHEV rgquests a digital communication session pause<aceording to section 8.4.2 of 1ISQ 15118-2:2014. See
Appendix F.

During sleep mode the CP oscillator of the EVSE shall be off,swhile the CP voltage source is enabled [CP state x1).
See 6.4.8 on how the EV/PHEV can restart a new digital communication session.
6.5.31.2 Restart M¢thods for the EVSE

The EVSE shall perfprm the restart methods,-as described in Figures 20 and 21.
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Restart
method

Y

verification .
Restart Restart
: : f
Continue with SDP method method
verification ° verification °

A 4

Continue with SDP\ Continue with SDP f ( Wait ¢ )

@ The EV/PHEV cap initiate a restart by performing a B — C — Btoggle.

b The EV/PHEV cap react by sending a SLAC request (entering the matching process) or an SDP mdssage, which means
that the data link |s established.

¢ The EVSE manufacturer can specify a different number of restart cycles.

9 The EVSE manujacturer can decide to perform additional restarts, sleep mode, or the EV/PHEV can decide to perform
a restart.

¢ The restart verifigation method described in Figure 21 can either continue with SDP or to the next restart method.
f SECC Discovery |Protocol.

Figure 20 - Restart methods sequence for the EVSE
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Figure 21 - Restart method verification on.the EV/PHEV supply equipment

If the EVSE has turrled off its CP oscillator, the EVSE shall stay in CP state x1 for 3 s or more according to sequence 9.2
of Table A.6 of IEC §1851-1:2017.

The EVSE shall waif 10 s or more between restart methods.

NOTE 1: The timeout for the EVSE to receive-aumatching process request is 20 seconds for DIN SPEC 70121 and ISO
15118-2:2014. Refer to Table 8 in DIN'SPEC 70121:2014 and Table 111 in ISO 15118-2:2014.

The CP states E or k shall be generated for 4 s or more. See restart methods 0 and 0.
If a CP state A is defected, the EV.SE should:
a. reset the Netwotk Membership Key (NMK) if it was already used; and

b. terminate an estpblisShed digital communication link,

unless specified in IEC 61851-24.

If a D-LINK_TERMINATE.request is received, the EVSE should terminate the established digital communication link, unless
specified in IEC 61851-24.

If a D-LINK_TERMINATE.request or a D-LINK_ERROR.request is received, the EVSE should:
a. not change the NMK in the next matching process, unless a CP state A is detected; and
b. terminate the established digital communication link,

unless specified in IEC 61851-24.
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NOTE 2: In ISO 15118, a D-LINK_TERMINATE.request is sent if message SessionStopReq <10a> contains parameter
ChargingSession="Terminate."

NOTE 3:

NOTE 4:

In DIN SPEC 70121, the use of D-LINK_TERMINATE.request is not defined for message SessionStopReq <10a>,
meaning the EV/PHEV or EVSE can choose to terminate the data link or not. It is recommended keep the data

link active.

In ISO 15118-2, a D-LINK_TERMINATE.request required to reset the NMK, but for restart purposes and other
cases, this can lead to unstable matching processes. The logical network should not change if the CP state does
not change to CP state A, as it is the same EV/PHEV connected to the same EVSE.

If the EVSE wants to restart a charging session, the EVSE shall perform restart method 0, as follows:

B1 — B2 transition ad

NOTE 5:

NOTE 6:

NOTE 7:

When usir

When usir
a charging

ISO 1511
D-LINK_E

cording to sequence 3.1 of Iable A.b of [EC 61591-1:2017. See the example In H
g DIN SPEC 70121, a charging session restart will generate a new Sessionld.

g ISO 15118-2:2014, a charging session restart after a pause will maintain the p
session is terminated, a new Sessionld will be generated.

cPv] 4
State B1 State B2

t [s]'

Figure 22 - Example of a B1 — B2 transition

8-2 \and 1SO 15118-3 require to skip restart method 1 after an error, for ¢

ROR rnquncf This is nat recommended__as authentication can be lost whe

igure 22.

revious Sessionld. If

kample, receiving a

n performing restart

method 2 or restart method 3 because the EVSE cannot detect an EV/PHEV disconnection based on CP
monitoring. Additionally, monitoring the PP circuit is not a reliable method to determine if the EV/PHEV is
connected, as the EV/PHEV can turn off the PP voltage source, for example, during sleep mode.

If the EV/PHEYV does not continue with the matching process or SDP when matched after the restart sequence 1 timed out,
the EVSE shall perform restart sequence 2, as follows:

B1 — E — B1 - B2 sequence as described in A.5.3 of IEC 61851-1:2017. See the example in Figure 23.

NOTE 8: CP state E requires the EVSE to set the CP voltage source to 0 V DC and without a PWM signal.
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Figure 23 - Example of a B1 — E — B1 - B2 transition

If the EV/PHEV doeg not continue with the matching process or SDP when matched after the restart s¢quence 2 timed out,
the EVSE shall continue with restart sequence 3, as follows:

B1 - F — B1 — B2 sefjuence as described in A.5.3 of IEC 61851-1:2017. Seedtheexample in Figure 24

NOTE 9: A CP stat¢ F requires the EVSE to set PWM duty cycle of the{CP voltage source to 0%, generating -12 V DC
between GP and PE.

cpiv: 4
State B1 State B1 State B2

tis)

|

|

|

|

|

|

|

0 T >

|

|

|

|

|

| State F
J

[M—3s—P¢—— 45— Pj¢—3s—>
v | | |

to t1 t2 t3

- — F — - nsition

If the data link is established after one of the restart methods, the EV/PHEV and EVSE shall:
a. continue with SDP; or
b. restart the matching process with a new SLAC request.

If the data link is not active after performing all the restart methods, the EVSE may perform multiple sequences of the restart
methods.
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NOTE 10: If using DIN SPEC 70121, refer to section 9.6 of DIN SPEC 70121:2014 for additional requirements related to
session and error handling.

NOTE 11: If using ISO 15118, refer to 7.5 of ISO 15118-3:2015 and A.5.3 of IEC 61851-1:2017 for additional information
regarding the restart sequences. Also refer to 7.6 of ISO 15118-3:2015 for additional requirements related to
sleep mode.

6.5.32 Loss of Electrical Continuity of the Protective Conductor

The EVSE shall trigger an emergency shutdown in 150 ms or less if a loss of electrical continuity of the protective conductor
occurs anywhere from the inside of the EVSE up to the point A (see Figure 4).

6.5.33 Voltage Limitation Between DC+ and DC- and Protective Conductor

6.5.33.1 Maximum |Voltage Between DC+ and DC- and Protective Conductor Under Normal Operatign

Under normal operatfion, at the DC output, no voltage more than the present voltage between'DC+ anjd DC- plus 50 V DC
shall occur between|live parts (DC+ and DC-) and protective conductor. This voltage limitatioh does npt apply for transient
overvoltage. See Figures 25 and 26.

Components of the EVSE, for example, an IMD, may superimpose a common mode voltage to protective conductor onto
the present voltage pt DC output. This may shift the voltage between DC outpuflive parts (DC+/DC}) and the protective
conductor up to pregent voltage at DC output plus 50 V DC.

Components of the EVSE, for example, resistors, may shift each DC output live part (DC+/DC-) up to |protective conductor
through a resistor, which results in a large common mode DC output voltage swing.

The measurement cifcuits might introduce a larger common modg.voltage offset if connected to an intermediate bus voltage.
These circuits shall mot cause a voltage shift that is more thanthe requirements in this clause.

The EVSE may employ passive and/or active techniques*to minimize the touch impulse current, pogsibly in coordination
with the IMD or earth fault monitor of the EVSE.

NOTE 1: To minimize the touch impulse current;the voltages between DC output live parts (DC+/DJ-) and the protective
conductor{must stay close to symmetrical.

Figure 25 shows an pxample of a corre¢t implementation and Figure 26 shows an example of an incoffrect implementation.

vehicle| vehicle
connector| inlet

— N/ N

/ —baCP

(e i

1 _Com1 i eVce
~ _Com2,
—

SECC

I

I
1 i
PEC (equivalent circuit) I |
1.100 - 1 300 Vdc | [
. | I

I

I

# J_—| &uy___@ oc | svi”s

i
|
|
|
: T + 150 -1000 Vde | | : system
DC- 500 V
N o é | . . T /__:_G'__'_/_

Battery

—

~ - =

a) Typical IMD implementation
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A
DC+/DC-

to PE [V]

+550
+500

Vmax

DC+

PE

-500
-550

Vmin
>

t[s]

Key
V1: Voltage at DC outy
V2: Maximum commor]

Vmax: Upper voltage |

b) Waveform of an IMD implementation with a Switched Resistor

pc+/pc-
to PE [V]

+550

A

fmax

\ /. \ /. \

NN

+450

-450

-550

V2

/JV_\ /v

\ V< OAA PE
N—1 Nt N— oc

Vmin

t[s]:

c) Waveform of an IMD implementation with a Pulsed Signal

ut between DC+ and DC-

mode voltage (with.reference to PE) including IMD

it for DC+ and-DC-

Vmin: Lower voltage li

NOTE 1: Ifthe voltage between DC+/DC- and protective conductor is >704 V DC, the required C1 imp

it for DC+.and DC-

specified asSpecial protection in 6.5.4.5.5 cannot be met.

Tlse current limitation

NOTE 2: Relatively low earthing resistance for earth leakage current monitoring and large offset shown does not occur in
normal operational condition.

Figure 25 - Typical voltages between DC output DC+ and DC-

and protective coupler under normal operation
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vehicle| vehicle
connector| inlet
— | —-=

/ cp

SECC

—s
Com1 I

. i EVCC
1 _Com2

~ I

1100 - 1 300 Vdc

I
|
|
PEC (equivalent circuit) |
|
|
|
|

~N—_— - —_— =

_| Ss1 | Sv1
% _L liﬁwi g BV RCEE- g
- Battery
/iy ==|150-1000Vvdc | | | system
- } pe—i L 500 V
N ¢ L | T —I%b——I—J —t—]
| |
IMD I |
[ ' -
PE |
pET_ e — ] _I%P__)_
\ — N =
\_ _ _1____________ o ______.h AU R
a) Incorrect IMD implementation
A
DC+/DC-
to PE [V]
+550 Vmax
+500
0 PE

-550

B S N A N
e NN

b) Waveform of an Incorrect IMD implementation

Key

Vmax Upper voltade limitfor DC+ and DC- and PE conductor

Vmin Lower voltage-limit-for DC+ and-DC-and-PE Conductor

Figure 26 - IMD connection which results in a voltage more than the maximum voltage limits

6.5.33.2 Maximum Voltage Between DC Output (DC+ and DC-) and the Protective Conductor in Case of an Insulation
Fault at DC Output to the Protective Conductor

The insulation requirements between DC output of the EVSE and the protective conductor, excluding the DC output cable
assembly, depend on the working voltage. See 6.5.4.5.5.

Case 1: For a DC output with a working voltage of <550 V DC, basic protection shall be provided between this part of the
circuit and the protective conductor.
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Case 2: For a DC output with a working voltage of >550 V DC, if a fault to the protective conductor causes a voltage between
DC output live parts (DC+/DC-) and protective conductor of less than or equal to 110% of the present voltage at the DC
output, basic protection shall be provided between this part of the circuit and the protective conductor. See fault A in
Figure 27.

Case 3: For a DC output with a working voltage of >550 V DC, if a fault to the protective conductor causes a voltage between
DC output live parts (DC+/DC-) and the protective conductor of more than 110% of the present voltage at the DC output
between DC+ and DC-, double or reinforced protection shall be provided between this part of the circuit and the protective
conductor. See fault B in Figure T105.

NOTE 1: Threshold of 550 V DC is due to backward compatibility with IEC 61851-23:2014.

————————————— EV supply equipment - - ——-——-—-—-—-—-——-——-~ ————- EV —————
vehicle| vehicle
connector| inlet
— | —-=
( Lcp
1 _Comi !
— EVCC

1 _Com2 J
—_—

SECC

FauIE B {J_

==
1100 - 1 300 Vdc - Faultfy |

pc+ | Syl
| Battery

| 400 V

AR

Ss1

|

150 - 1 000 Vdc

o)
%

N o

_J_ _

—_— =

~N—_— - — =

0
m
—
I
|
|
|
|
i
i
|
|
|
|
|
i
|
|
|
|
|
i
|
|
| I
Pl
g\
L\
1
m

pc+/oc-1
fo PE [V]

B DC +
0 _\ PE
-200 | [~ —————— bC-

-400 \

\4

t[s]

b) Waveform fo Fault A
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pc+Dc-1
to PE [V]

+200 |
0
-200 |

-550

-900

-1300

Key

PE Protecti
TD+S Detectid
(single-line)  Basicin
(double line) Double

Figure
The following require

For EVSE based on
DC: if a voltage >55
conductor, the EVSH

For EVSE based on
and <1000 V DC: if
more than 1 second
complete an error sh

In 5 seconds or less
DC output live parts

-1 800

c) Waveform of Fault B

e conductor (protective earth)

n time of the IMD/earth-leakage current monitoring device plus¢he error shutdown time

sulation (see Fault A)

nsulation or basic insulation and electrically protective'screening (shielding) or reinforced i

P7 - Examples of faults between the secondary circuit and the protective co
ments apply under a fault to the protective conductor:

Case 3, with a rated maximurn'voltage of the EV/PHEV supply equipment at the

D V DC is present for more-than 1 second between DC output live parts (DC+/DQ
shall trigger and complete-an error shutdown in 4 seconds or less. See Figure 2

Case 3, with a rated maximum voltage of the EV/PHEV supply equipment at DC

A voltage more than 110% of the present voltage at DC output between DC+ ar
between DC.qutput live parts (DC+/DC-) and the protective conductor, the EV

utdown in 4.seconds or less. See Figure 27.

after.a fault to the protective conductor, the EVSE shall limit the temporary overyj
DC#/DC-) and the protective conductor to 1800 V DC.

nsulation (see Fault B)

hductor

PDC output of <500 V

-) and the protective
(.

putput of >500 V DC
d DC- is present for
SE shall trigger and

pltage Vtov between

NOTE 2: DC output

voltages between DC+ and DC- >1000Vdc are under consideration.

6.6 Charge Coupler Requirements

As defined in 4.8.

The general contact sizes at the coupler interface shall comply with the dimensions as specified in Table 25.

Couplers for all DC charging methods shall implement the connector locking requirements in APPENDIX B, sheets B-1

through B-3 and the

vehicle inlet lock zone defined in APPENDIX D, sheet D-1.
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Table 25 - Contact size and electrical ratings
Current Rating
Contact # Function Size (mm) (Amps) Voltage Rating

1 + DC Level 1 Power 3.6 diameter upto 80 A 600 VDC
2 - DC Level 1 Power 3.6 diameter upto 80 A 600 VDC
3 Equipment/chassis ground 2.8 diameter Fault rated

4 Control pilot 1.5 diameter 2A 30 vDC
5 Proximity 1.5 diameter 2A 30 vDC
6 + DC Level 2 Power 8.0 diameter up to 400 A 1000 VDC
7 - DC Level 2 Power 8.0 diameter up to 400 A 1000 VDC

6.6.1

The coupler and in
performing the follow

6.6.1.1 Axial Forc
Per |IEC 61300-2-6, 1
6.6.1.2 Torque

Per IEC 61300-2-7,
of torque application
6.6.1.3 Cable Ret

Per IEC 61300-2-4,
cable retention mecl

Magnitude of force 7
6.6.2 Breaking Cq
The coupler DC con
6.7 Vehicle Inlet

Standard configurati

Vehicle inlet lock fun

Retention F(I)rce

ing tests.

[

hagnitude of force 753 N £ 1 N. Rate of force application 2 N/siDuration of force ap

hagnitude of torque at the reference plane 20 Nm £1*Nm. Rate of torque applicatio|
vertical and horizontal. Duration of torque application 60 seconds.

Bntion

the vehicle connector shall be retained in such a manner so that the following fa
anism and not applied to the coupling mechanism.

53 N + 1 N. Rate of force application 5 N/s. Duration of force application 120 secq
pacity

acts are not rated for current interruption.

bns shall be capable of DC Level 1 or AC Level 2 charging.

ction zone is defined in APPENDIX D, sheet D1.

ficated components shall not have any mechanical damage that will-affect the functionality after

blication 60 seconds.

n 0.2 Nm/s. Direction

rce is applied to the

nds.

6.7.1 DC Level 1

The contact requirements for DC Level 1 shall be as specified in Table 25, contacts 1 through 5.

Vehicle inlet dimensi

6.7.2 DC Level 2

onal requirements are defined in APPENDIX A, sheet A1.

The contact requirements for DC Level 2 shall be as specified in Table 25, contacts 3 through 7.

Vehicle inlet dimensi

onal requirements are defined in APPENDIX C, sheets C1 and C2.
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6.7.3 Inlet Contact Area Temperature Monitor

The inlet shall provide a means to measure (directly or indirectly) the inlet internal DC terminal contact area temperature.
See 6.4.6.

6.8 Vehicle Connector

The connector shall be fitted with a cord corresponding to its intended usage and shall meet the requirements specified in
NEC Article 625 for the power conductors, and UL 2251, Table 15.1 for ground conductors.

6.8.1 DC Level 1

The contact requirements for DC Level 1 shall be as specified in Table 14, contacts 1 through 5.

Vehicle connector dimensional requirements are defined in APPENDIX A, sheet A2 and APPENDIX B, sheets B-1 through
B-3.

6.8.2 DC Level 2
The contact requirements for DC Level 2 shall be as specified in Table 14, contacts 3'\through 7.
Vehicle connector dimensional requirements are defined in APPENDIX C, sheet C3 and C4.
6.8.3 Connector Gontact Area Temperature Monitor

The connector shall|provide a means to measure (directly or indirectly) the connector internal DC tgrminal contact area
temperature. See 6.9.21.

7. NOTES
7.1 Reuvision Indicptor
A change bar (I) locdted in the left margin is for the'convenience of the user in locating areas where teghnical revisions, not
editorial changes, have been made to the preyious issue of this document. An (R) symbol to the left pf the document title

indicates a completq revision of the document, including technical revisions. Change bars and (R) ar¢ not used in original
publications, nor in Jocuments that contain editorial changes only.

PREPARED BY SAE HYBRID - EV COMMITTEE
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APPENDIX A - CHARGE COUPLER DIMENSIONAL REQUIREMENTS (NON-LOCKABLE)

AA SCOPE

This appendix provides dimensional requirements for a non-lockable coupler vehicle inlet (Sheet A-1), connector
(Sheet A-2), and vehicle inlet access zones (Sheet A-3). Dimensional requirements to implement an optional coupler locking
mechanism is found in APPENDIX B, Sheets 1 to 3.
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Sheet A-1 - Vehicle inlet
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Sheet A-1 - Pin details
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Sheet A-2 - Vehicle connector
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Sheet A-2 (continued) - Vehicle connector optional contact point
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Sheet A-3 - Latch shown in latched position

NOTE: Not recommended for new coupler designs.
See Sheets B-1 to B-3.

Third angle projection
Dimensions in millimeters

vehicle - (restriction of latch length)
Q
see SHEET D-4 N\ latch
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V7 e N
- = ,
' ™ Vehicle [tor
= body all be
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W v
2275 max, Q
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§hmud of latch

\
within these solid lines. ) -,
Latch shall not extend beyond this 3D view
profile when latch is in fully

"open” position.

I e ———

VIEW-R indicates shroud shape, if any

The sketches are not intended to govern design of
vehicle connector body and latch shape except for dimensions shown.


https://saenorm.com/api/?name=fed68b2c05fb24b3a0f8f28be093d8a2

SAE INTERNATIONAL J1772™ JAN2024 Page 90 of 182

Sheet A-4 - Maximum outline of latch

Latch shown in touching surface P.
NOTE: Not recommended for new coupler designs.
See Sheets B-1 to B-3.

Third angle projection
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VIEW-U (indicates maximum outline of latch) 3D view

The sketches are not intended to govern design of latch
shape except for the dimensions shown.


https://saenorm.com/api/?name=fed68b2c05fb24b3a0f8f28be093d8a2

SAE INTERNATIONAL

J1772™ JAN2024 Page 91 of 182

Sheet A-5 - Maximum dimensions of vehicle connector body and latch outline

NOTE: Not recommended for new coupler designs
See Sheets B-1 to B-3.
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 (restriction of latch length)
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The sketches are not intended to govern design
of vehicle connector body and latch shape
excepl for the dimensions shown.
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APPENDIX B - CHARGE COUPLER DIMENSIONAL REQUIREMENTS (LOCKABLE)
B.1 SCOPE
This appendix provides vehicle inlet access zone dimensional requirements for an optional lockable vehicle coupler. See
Sheets B-1 to B-3. Note the no-fly zone (area between the “Vehicle connector body shape” solid lines) should accommodate
(95" percentile gloved hand - SAE/USCAR 25 recommends a 32-mm dimension) user’s hand during mating and un-mating
of the connector and inlet.

Sheet B-1 - Latch shown in latched position

Third angle projection

& Dimensions in millimetefs
G 2 a2 triction of latch length
9.50 52 (restriction o gth)
vehicle [ 19 max.
Q latch
see SHEET E-2 surface G
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g F— |
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g ! vehicle inlet
R B
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66 min \
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Note: Shroud is not mandatary. s > ',’;)
N
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e “
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) 2
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e
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7><
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|
I

|
I
I
I
Shroud of latch

(if any) shape shall be . -
within these solid lines. 3D view
Wi Latch shall not extend beyond this

N} profile when latch is in fully
"open" position.

VIEW-R indicates shroud shape, if any

The sketches are not intended to govern design of vehicle connector
body shape and latch shape except for the dimensions shown.
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Sheet B-2 - Maximum outline of latch

Latch shown in touching surface P.

R
*}
%
29.50 $4(restriction of latch length)
21.70 max. Third angle projection
19 max. N Dimensions in millimeters
fi’;o)
e
K
VIEW U &=
1] -
latch |~ E |
: ™| ElE
o|w
= |=r
f
E "= b 2~ _ standard datpm plane of
so| @92 . 1 " “~._vehicle inlet
ZEo '."' |
S| 552
& =38 204~V 7
2382
surfacg P/ \
DETAILQ(2/1) \., center line of
\ vehicle inlet
n¥ _ E
™
w
- 2 N
10 max.

VIEW-U (indicates outline of latch.)
3D view

The sketches are not intended to govern design of latch shape except for the dimensions shown.
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Sheet B-3 - Maximum dimensions of vehicle connector body and latch outline

Thard angle projechon,
D|n'ra.~rmr!gm in millimeters

vehicle surface

wehicle _,.f"

Y 29548
standand datin plane of I pome
The latch shall be within m: ) =]
this shaded zone. :: | / s §
oenber ling of .r'/ =
M_h ] .#ﬂ NIE
NJ 7 N

surface G (if any) -~

Shroud of katch (f any)
and wehicle connecior
body shape shall be

within thess solid lines.

V 1\, standard datum plane of
" vehicle inlst

The sketches are not intended to govern design
of vehicle connector body and latch shape
except for the dimensions shown.
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APPENDIX C - DC LEVEL 2 COUPLER

Sheet C-1 - Vehicle inlet
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Sheet C-2 - Vehicle inlet (continuation of Sheet C-1)

AA(1:1) BB(1:1)
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. I/ '35”73)( ,
| &;. ‘EF* 8135
8la L 5 o % Pl s—{elpu@Aals]c]
) T = IS Q] DX
-~ % -~ Detail C AT % Zans)
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5 EE (e et \@
= #N 2| Zﬁgu 5| 3
& IS 5|4t e s {18
i AN\ B
5| gl 2x ﬁ
NI IR B N ] 14 [810@[A[B]f]
GRS YIS /] .
Q Detail B
q; Gos® A8} VY )
l | | ‘ ‘ //,! Ho’LfDetallD
4$|¢0@\A\s\c| ) s
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Sheet C-3 - Vehicle Inlet (continuation of Sheet C-2)
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Sheet C-4 - Vehicle inlet - Sheet 4 (continuation of Sheet C-3)

Detail B(5: 1)

(PE)

@17

@(2,8)

/

Detail C(10:1)
(CS,CP)

Detail A(5:1)
(L1, L2, N)
”"“\/ (RO,Z)
/ \\ T O
oS
L1
1
a 3 Y,
DetailD[5:1)
(DE)
s

/-

g

F.6£01

@(8)

i

. __ .

@(1,5)
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Sheet C-5 - Vehicle inlet (continuation of Sheet C-4)

10max

SDP - Standard|Datum Plane

POC - Point of [ontact

P - Packing qne of sealing'method (if any)

EF - Egress of fluids [ifinecessary)

CA - Cenfer akis (Z=axis of AC portion)

CT - Contact

IC - Insolatiop Cap

G - Surface G

FIT - Latch Lock geometry shall not come outside this area

LLZ - Latch Lock Area, where some geomefry of the locking
device has fo be for save funktion

(old: out of 2x @8,5)
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Sheet C-6 - Vehicle connector
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Sheet C-7 - Vehicle connector (continuation of Sheet C-6)
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Sheet C-8 - Vehicle connector (continuation of Sheet C-7)

C-C(1:1)
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Sheet C-9 - Vehicle connector (continuation of Sheet C-8)

(22)

(58,5)
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Detail Z

Refer to IEC 62196-2
standard sheet 2-la

Sheet C-10 Vehicle connector (continuation of Sheet C-9)

FIT

Petaity

-Detail X

L6 max.

(43)

20 min.

")

()

w

@ (C

_/

N
“--Detail Z

— 39 max.
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Sheet C-11 - Vehicle connector (continuation of Sheet C-10)

Detail Y
28 ~ 29,5
21,7 max.
12 ~19
T Detail Z
(sop)
_ 17 max. 6,3 min.
>
n
c L 11,8 max.
3 \
| i
D N \ /
\,_\ K
(A 10 _max.
i 21,05£0,65
DG G @
AR /ARG e %
1 all dimensions_in millimeters
2 (ndt used)
3 gemeraltolerances DIN 1SO 2768-mH SDP Standard Datum Plane
4 Sta'L.daLCLdZ.LI.LI:D_FLIZ.DE Dnr{:} Point of Cantact Paower
5 dimensions in parenthesis for reference POC(b) Point of Contact Signal
6 (not used) POC(c) Point of Contact PE
7 center line (z-axis) of AC part POC(d) Point of Contact DC
8 space for optional face sealing P packing sealing (if any)
9 L1 and L2/N not used EF egress of fluids (if necessary)
10 Vehicle connector shall fit into this area CA center axis of AC part
1 Egress of fluids (if needed) FIT area connector shall fit inside
12 Dimensions for CP contact sequence
13 Locking devices shall be inside this area
14 (not used)
15 (not used)
16 (not used)
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Key

Sheet C-12 - Latching lock details (mated situation)

<«— 29.5 max (ifany) —»

%—29.5 max—-28 min -

T ~e——25.0 max. —=

22.2 min, —

()
™~
=—20.4-21.7 —
T

[+ 20 min. —~ i
i
1
-
‘ ‘ N =AN AR
20 TR |
AN g N
A == |
- '___‘___—___'_K;f“_ . I
1] |

17 all dimeansions in millimeters

18 (not-used)

19 genetral tolerances DIN I1SO 2768-mH
20 standard datum plane

21 center line (z-axis) of AC part

SDP Standard Datum Plane|

CA center axis of AC part

FIT area connector shall fit inside

HIT locking latch must be within this area

surface
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APPENDIX D - VEHICLE INLET LOCK FUNCTION ZONE DEFINITION

Sheet D-1
LOCKING
DEVICE 29,5 max. .. 28 min *
SHALL BE
AREA , |
LATCH LOCK 22,2 min. '
ZONE - T : STANDARD DATUM PLANE
LOCKINGDEVICF = 20 min = Catch accordimy to
SHALLEINUT COME r'/ standard sheet'd-la
OUTSIOE THIS AREA 520 | STANDARD~SHEET] 2-I
|
L - A N NN
; ; ;- |
r
. *
(5+1 = - *
E g \ Gap max.1,5 * e 3
o4 L] =)
oA A = -
N
Z AXIS OF
AC PART
INLE|———

All dimensions in mm.

* Reference dimensions according to IEC 62196-2 standard
sheet 2-la.

Vehicle connector switch — S3: Switch should not abort while
pressing button during charging process.
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APPENDIX E - EVSE AND EV/PHEV SEQUENCE AND RESPONSE TIME SPECIFICATIONS

E.1 START UP SEQUENCE

The charge process shall commence sequentially according to the following steps as the connector is inserted into the

vehicle inlet:

a. The control pilot activates the EV/PHEV charge controller; the proximity detection activates the drive interlock.

b. Verification of EV/IPHEV connection is detected by EVSE, by detecting a change from State A to State B1. During this
state change, the oscillator is off. See switch S1.

c. EVSE indicates that it is ready to supply energy by turning on the oscillator and supplying PWM pilot signal to the

EV/PHEV, State]

d. The EV/IPHEV v
three conditions
Table 6):

1. If the pilot du
next step.

2. If the pilot d;t

the next ste

3. Ifthe digital
condition dig

e. The EVSE deter

the high side of {he Pilot is in State B1, B2, C, or D, while the low side is at -12 V.

f. The EVSE detefmines that the EV/PHEYV pilot control circuitry is correctly configured by verifying

diode. The low s

g. EV/PHEV indicajes that it is ready to accept'energy from the EVSE by closing switch S2 and providi

information to th

h. The EVSE dete
then proceed to
corresponding E

1. Condition 1:
proceed to t

B2. See switch S1.

Ehicle determines the nature of and available current from the EVSE accarding tg
by measuring the duty cycle of the signal and proceeding as follows (s€e”4.2.1

ty cycle is between 10 and 96%, calculate available line current from the duty cyc

. See 5.2.3.

ata link cannot be established as described in 5.2)3, the process shall be termina
played by the EVSE

Mmines that the equipment grounding conductor to the EV/PHEV chassis ground is

ide of the pilot pulse shall be within the range specified in Table 4.

e EVSE, State C or State D.

the next step.\If indoor charging area ventilation is required, then three cond

\VSE responses. They are:

If the/EVSE is listed for indoor charging of all vehicles, turn on the indoor area vg
ne.next step.

one of the following
4.1 t0 4.2.1.4.5 and

e and proceed to the

ty cycle is between 3 and 7%, calculate available line ctrrent from the digital data link and proceed to

ed, and a fault

in place by detecting

the presence of the

ng vehicle ventilation

mines if indoor area ventilation is required or not. If indoor charging area ventilation is not required,

tions can exist with

ntilation system and

2. Condition 2: If the EVSE is listed for outdoor charging of all vehicles, proceed to the next step.

3. Condition 3: If the EVSE is listed for vehicles not requiring indoor charging area ventilation, terminate the process
and do not allow energization.

i. The EVSE may now energize the system by closing the main power contactor and charging may commence at power
levels up to the rated maximum continuous current of the EVSE for continuous rated conditions, or up to the rating of
the protective circuit breaker for noncontinuous conditions, or up to the maximum rated current of the EVSE for DC
charging as provided by the digital data link. A continuous load is defined as operating at a given level for more than

3 hours.
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j. The pilot signal shall be monitored, and charge current adjusted accordingly, continuously during the charge process.
If pilot signal is lost or the pulse width goes outside of the allowable range, the EVSE shall terminate the charge process
by opening the main contactor and turning off the pilot oscillator. The EVSE should also display a fault condition.

k. To terminate the charge process, turn the EVSE on/off switch to the off position and/or remove the connector from the
vehicle inlet (see 4.2.2).

E.2 RESPONSE TIME SPECIFICATIONS
Table E1 - EVSE and EV/PHEYV response time specifications for AC charging
EVSE EV/PHEV
Initial New Response Response
Transition | Conditiont 1t Condition Time Time Specification or fondition
1 State F x State = x No max Delay until pilot oscillator wjll be turned on by
OSC 7 off OSC =on EVSE.
2 State F x State = A 100 ms max Delay from disgonnect untilf the contactor
OSC F x OSC =x opens and terminates AC gnergy transfer.
3 State F x State = E or 5 seconds max | Delay unti\EV/PHEV openg battery isolation
OSC F x State = F contacton
0OSC =x
4 State F x State = A 2 seconds max Delay until oscillator is turngd off after
OSC 3 on OSC = off EV/PHEV is disconnected.
5 State ¥ B2 State = Cor |3 seconds max Delay until contactor closeq and initiates AC
State =D energy transfer in responsg to S2 closed.
OSC F on OSC =on
6 State # C or State = B2 3 seconds max Delay until contactor opend and terminates
State ¥ D AC energy transfer in respgnse to S2 opened.
OSC 3 on OSC =on
7 State F x State = A or 4 seconds EV/PHEYV shall have reducgd charge to 1 A or
State =E or max; timed less (1<1.0 A @ t <4.0 seconds).
State = F from the
OSC F x 0OSC=x invalid pilot
condition
8 State F x State = E or 3_seconds max Delay from EVSE setting invalid pilot until
State = F termination of AC energy transfer.
OSC §x OSC =x
9 State § B2 or Vehicle senses 4 seconds EV/PHEV shall have reducgd charge to 1A or
State # C or pilot.frequency max; timed less within 4 seconds (I 1P A @ t<4.0
State ¥ D notwithin +/- from the seconds).
OSC F on 10% of 1000 invalid pilot
Hz frequency
condition
10 State F x External signal | 10 seconds max Delay from external load mpnagement signal
OSC g x to EVSE until EVSE modifies pilot signal state, duty
cycle, or other required response.
11 State = C or Change in pilot 5 seconds max |EV/PHEV modifies max current draw for
State =D duty cycle on-board battery charger in response to pilot
OSC =on signal duty cycle modification.
12 State = C State =D 3 seconds max EVSE response to change of ventilation
OSC=on 0OSC=x request.
13 State = C or State = C or 100 ms max |EV/PHEV should terminate charge due to
State =D State =D Proximity circuit opening (pressing of S3). (I
S3 closed S3 open <1.0 A @ t £100 milliseconds).
14 State = B1 State = B2 No max EVSE transitions from not ready to supply
OSC = off OSC =on energy to ready to supply energy.

() Current State from Tables 15 and 16 defining pilot voltage and vehicle state.
@ OSC = off for pilot oscillator turned off, OSC = on for pilot oscillator turned on.
® x for state or oscillator indicates any condition or unknown condition.
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NOTES: (Note that numbers correspond to Transition column in Table E1):

1.

The pilot signal oscillation indicates that the EVSE is ready to supply energy. Regardless of the state transition, there
is no guarantee that the EVSE will be ready to supply AC energy within a minimum time period.

The transition from any State to State A indicates the vehicle connector has been removed. For safety reasons, it is
important to de-energize the connector.

The transition from any State to State E or State F is an indication that the connector has been removed or that the
EVSE is not available.

While in State F, the EVSE may optionally attempt to automatically restart the charge sequence while connected to an
EV/PHEV. The EVSE shall limit the optional restarts to a maximum of 20 with a 15-minute minimum time interval between
restart attempts. If the charge cycle does not restart within the maximum of 20 optional restarts, user,injervention is required

to reset the EVSE to restore normal operation.

4.

10.

11.

12.

13.

14.

After a transition|from any State to State A, the EVSE should turn off the oscillator (S1)..For the pyrpose of filtering and
reasonable confrol response time, the EVSE shall not turn off the oscillator immediately. The¢ connector may be
immediately reinserted into the vehicle, and the EV/PHEV could see State C or State D with the osgillator turned on and
no AC energy transfer for the listed maximum time before the oscillator is turned/off:

After the vehicle|
a specified time

closes S2 in order to request AC energy transfer, the vehigle-can expect the contactor to close within
period.

After the vehiclelopens S2, in order to stop requesting AC energy transfer, it can expect the contdctor to open within a
specified time pegriod.

The vehicle shotild respond to the pilot signal voltages. In this‘Case, the EVSE could be experien¢ing a power outage,
ground fault, or [other condition that requires termination.of the AC energy transfer mode. The |vehicle shall reduce
charge to 1 A orlless within 4 seconds timed from the invalid pilot condition. (1 <1.0 A @ t <4.0 seqonds).

If the EVSE trangitions to State E or F, the EVSE‘shall open the contactor in less than 3 seconds.

The vehicle sho
oscillator is use
incorrect, the ve
shall be £10%,

Id respond to a pilot signal-frequency that is significantly out of tolerance. The frgquency of the EVSE
to verify connection to. a~compatible EVSE and proper operation of the EVSH. If the frequency is
icle shall reduce charge to 1 A or less within 4 seconds. (I 1.0 A @ t <4.0 secpnds). The tolerance
100 to 900 Hz.

It is common fof EVSE equipment to support an input signal for the purpose of external load dontrol (utility service

interrupt signal, etc.). This input is used for various purposes including off-peak charging support,
and building logd management controllers. A maximum response time should be specified to
compatibility with the gxternal controlling equipment.

utility load shedding,
guarantee universal

The EVSE may madify the pilot signal duty cycle at any time, commanding the EV/PHEV to incrg

ase or decrease the

maximum AC current draw. The vehicle shall adhere to the maximum response time in order guarantee universal
compatibility with the external controlling equipment. (See Table 15, Transition 11.)

The EVSE shall respond to ventilation state changes of the control pilot.

Switch S3 opens when the connector latch lever is actuated. This opens the proximity circuit. The EV/PHEV should
terminate charge prior to connector disconnect to prevent connector contact arc damage. Charge resumption after S3
closing is OEM specific. The vehicle should reduce charge to 1 A or less within 100 milliseconds timed from the S3
opening. (1 1.0 A @ t <100 milliseconds).

State B1 is used by the EVSE to indicate that the EVSE is not ready to supply energy. State B1 may be used by the
EVSE to maintain the current charge session during load management, fee transaction, or other events. This state may
last for an extended period of time. The EV/PHEV may enter a sleep mode during this state and wake upon detection
of the EVSE turning on the oscillator and entering State B2.
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Examples of charge scenarios making use of the B1 to B2 transition:

1.

EVSE Scheduled Charge

Customer desires the EVSE to delay the vehicle charging process and the vehicle does not include this function. The
customer knows when they need the vehicle next and may want to use controls in the EVSE to delay the start of
charging until a lower price becomes available for the charge session that is still within the overall time it is connected.
They may also desire to delay the start of a charge if they know they have other high loads and don’t want to stress the

electrical system by charging at the same time.

o ltis expected the customer would have a means to program this so it is automatic, but still could be overridden if
desired. In this case, the EVSE would stay in State B1 until the time to allow charge, and then move to B2. The
vehicle would initially wake up, see State B1, time out, and go to sleep until B2 is obtained, where it would wake up

and then md

Utility sends a D

includes an actIaI DRLC device in the circuit to home air-conditioners, hot water hegaters, po

DRLC-related d
transmit a commn

ve to State C to allow charge.

vices as agreed to by the customer. This device could also be on the EVSE circ
and according to the requirements to keep the grid stable.

o For the load

passes, the
charging. If
10% minimu
in the case ¢
but could ha

would switc]: to State B1 and stop the charge. The vehicle would timecqut and go to sleep U
h

Some EVSEs in
is inserted in thd
without pressing
The vehicle wou
EVSE while still
State C, and cha

PEV Scheduled
If only the vehic
PEV scheduled
in State B2 whe
time is obtained

o To override

delay case, if the vehicle was charging in State C when the'DRLC command is
the EVSE would go back to B2 and the vehicle would wake up and move td

m value allowed for AC charging and the system woutld stay in State C and charg
f other DRLC devices, the customer has a means\to “opt out” and not participate
ve consequences on energy cost depending on the agreed-to program.

Clude a “Stop” and “Start” button. These da not need to be used unless desired. If

vehicle inlet as normal, the system would move from State B2 to State C and
either button. If the Stop button is then pressed, the EVSE changes to State B1
d time out and waits for State B2.:The customer would need to press the “Start”
connected to the vehicle, to ehange back to State B2, then the vehicle would
rging would resume.

Charge
e has a scheduled/charge and connects to an EVSE that does not have schedu
Charge is at 2<am but is connected to a workplace EVSE at 8 am, the next morning
h connectedy and the vehicle initially wakes up, then goes to sleep until the vehid
then the. vehicle will wake up and move to State C.

the Vehicle scheduled charge, one approach used by OEMs is to “double-plug” g

| pumps, and other
it so the utility could

emand Response Load Control (DRLC) signal to the home to delay or curtail charfing loads. The utility

received, the EVSE
ntil the delay period
State C to resume

e DRLC is only a curtailment (reduction), the EVSE-would reduce the control pilot PWM down to the

e at a lower rate. As
in a particular event,

the EVSE connector
charging could start,
and charging stops.
button to change the
wake up, change to

led charge (e.g., the
), the EVSE will stay
le scheduled charge

r connect the EVSE

connector, |

emove it quickly, then reconnect. This could be included in the vehicle program

ming to override the

PEV scheduled charge and “charge now.”

Another approach is to include a switch in the vehicle interior (or on the center stack display), or on a phone app, that
commands the vehicle to “charge now.”

EVSE and PEV

Scheduled Charge

If both the EVSE and PEV have scheduled charges applied when connected, (e.g., the PEV scheduled charge is at
2 am, but is connected to a workplace EVSE at 8 am, the next morning) assuming the EVSE scheduled charge time is
at 2 pm, the vehicle would not charge at the workplace EVSE until 2 am, the next day. The EVSE would stay in State
B1 from 8 am to 2 pm, and then move to State B2 at 2 pm, but the PEV would still not move to State C until 2 am. If
charge-now is desired when connected, the EVSE needs the “start” button to override its scheduled charge and the
vehicle needs customer intervention as noted it item 2 above.
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o Exceptions to B1 to B2 Toggle

(o]

Some EVSEs toggle the pilot during shutdown, if the vehicle has completed a charge session (in State C) and
transitions to State B2. If the EVSE stops the pilot PWM to perform some diagnostics or other functions (State B2
to B1), then returns to state B2 within a second, the vehicle should ignore this B1 to B2 transition and not proceed
back to State C. EVSEs designed to this standard should maintain B2 state with no B2-B1-B2 toggle at end of
charge.
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E.3 CHARGE START SEQUENCE

Figures 28 through 31 illustrate a charge start sequence.

AC Charging Startup Process — With Latch
(EVSE Can Provide Ventilation if Requested)

s A @ Transition # from Table 20 - EVSE & EV/
tate PHEV Response Time Specifications
(Unplugged, Latch Pressed)
EVSE Status PEV Status
Pin 1 (AC 1) No Signal No Signal
Pin 2 (AC 2,N) No Signal No Signal Umhue State
Pin 3 (Ground) Earth Ground Chassis Ground
Pin 4 (Pilot) DC: 11.4<V4<126 No Signal
Pin 5 (Proximity) -0.1<Vv5<0.1 4.13<V5<4.78
Ground Pin Connects ‘ {} ‘ Timelines When Defined
State A-B Transition, Step 1
(Partly Plugged-In — Ground connected) ‘ Transitions
EVSE Status PEV Status
Pin 1 (AC 1) No Signal No Signal
Pin 2 (AC 2,N) No Signal No Signal
Pin 3 (Ground) ‘ Conments
Pin 4 (Pilot) DC: 11.4<V4<12.6 No Signal
Expected pin connection orde Pin 5 (Proximity) -0.1<V5<0.11 4.13<V5<4.78
per dwgs in Appendix A
| AC Pins Connect ‘
State A-B Transition, Step.2
(Partly Plugged-In — Gnd, AC, Connected)
EVSE Status PEV Status
Pin 1 (AC 1) No Sighal
Pin 2 (AC 2,N) No\Signal
Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) DC: 11.4<\4<12.6 No Signal
Pin 5 (Proximity) -0.1<V5<0.1 4.13<V5<4.78
Pilot and Proximity Pins Connegt ‘ {}
State A-B Transition, Step 3
(Plugged-Iin=/All Pins Connected; Latch held in)
EVSE PEV
Pin 1 (ACN) S Smtu;o Signal Status Proximity voltage assumes EVSH Latch
Pin 2(AC2,N) No Signal (S3) s still held open
Pin-3%(Ground) Earth Ground
Pin_4/(Pilot) DC: 8.36<V4<9.59
Pin 5 (Proximity)
Latch released, closing 'S3’ & changing Proximity ‘
Voltage
State B1
(Plugged-In — Latch Released)
EVSE Stat PEV Statu
Pin 1 (AC 1) No signal as EVSE can remain in B1 indefinitely without
Rin-2-(AC-2.N), No-Sigaak emor
|n & (Ground) Earth Ground
Pin 4 (Pilot) DC: 8.36<V4<959
P|n 5 (Proxnm|ty) 1.23<V5<1.82

EVSE Starts Oscillator/PWM
Transition ‘1" & ‘14’ from J1772 Table 20

@®

See Figure 17 for Remainder of Sequence

Figure E1 - Part A - Charge start sequence - EVSE capable of supporting ventilation
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AC Charging Startup Process — With Latch
(EVSE Can Provide Ventilation if Requested)

‘ See Figure 16 for Remainder of Sequence ‘

State B2
(Plugged-In — EVSE Ready, Osc. On)
EVSE Status PEV Status
P T(AC 1) No Signal
Pin 2 (AC 2,N) No Signal
Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) 9.5%<PWM<96.5%: 8.36<V4+<9.59; -12,6<V4-<-11.4
Pin 5 (Proximity) 1.23<V5<1.82
T
Vehicle closes S2,
State C indicating readiness & State D
(EVSE|& Vehicle Ready; No Vent Reqrd) pentEtionlignts (EVSE & Vehicle Ready; Vent. |S Reqrd)
EVSE Status PEV Status EVSE Status PEV Status
Pin 1 (AC 1) No Signal Pin 1 (AC 1) No Signdl
Pin 2 (AC 2,N) No Signal Pin 2 (AC 2,Ny No Signdl
Pin 3 (Ground) Earth Ground T Pin 3 (Ground), Earth Groynd =
Pin 4 (Pilot)  |9.5%<PWM<96.5%;_5.47<V4+<6,53; -12.6<V4-<-11. PEV Changes ventilation reques Pin 4 (Rilot),  *9.5%<PWM<96.5%:_2.58<V4+k3,28; -12.6<V4-<-11.4 g
% Pin 5 (Proximity] 1.23<V5<1.82 Pin 5 (Proximity) 1.23<V5<1|82 e
@
- ® J L [ eveomeconmen | Ceisetweomen | J L (9 :
g NOTE: States C2/D2, C3/D3 and g
o) C4/D4 represent transitory foms of
2 State C2 State C/D as defined in the diagram, State D2 &
EVSE Contactors Closed) (EVSE Contactors Clos¢d) ©
EVSE Status PEV Status EVSE Status PEV Status
Pin 1 (AC 1) AC Voltage Present; PEV Changes ventilation requést Pin 1 (AC 1) AC Voltage Present;
Pin 2 (AC 2,N) AC Voltage Present; Pin 2 (AC 2,N) AC Voltage Present;
Pin 3 (Ground) Earth Ground @ Pin 3 (Ground) Earth Grothd
Pin 4 (Pilot) 9.5%<PWM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4 Pin 4 (Pilot) 9.5%<PWM<96.5%: 2.58<V4+§3.28; -12.6<V4-<-11.4
Pin 5 (Proximity] 1.23<V5<1.82 Pin 5 (Proximity) 1.23<V5<1|82
JL JT
State C3 =vch @1 - " State D3
(EVSE Supplying Current) griges ventiation reques (EVSE Supplying Currefit)
EVSE Status PEV Status EVSE Status PEV Status
Pin 1 (AC 1) AC Voltage Present; 0<i<i, Pin 1 (AC 1) AC Voltage Presert;
Pin 2 (AC 2,N) AC Voltage Present; 0<i<ip, 2 PEV Pin 2 (AC 2,N) AC Voltage Preserft;
Pin 3 (Ground) Earth Ground £ changes Pin 3 (Ground) Earth Groy
Pin 4 (Pilot) 9.5%<PWM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-114 9 current Pin 4 (Pilot) 9.5%<PWM<96.5%: 2.58<V4+§3.28; -12.6<V4-<-11.4
Pin 5 (Proximit 1.23<Vv5<1.82 u'g Pin 5 (Proximity) 1.23<V56<1|82
State C4 State D4
(EVSE Requesting Different Current) (EVSE Requesting Different Current)
EVSE(Status PEV Status EVSE Status PEV Status
Pin 1 (AC 1) AC Veftage Present; ipwmii Pin 1 (AC 1) AC Voltage Present; ipwm#i
Pin 2 (AC 2,N) AC/Voltage Present; ipym#i Pin 2 (AC 2,N) AC Voltage Present; ipym#i
Pin 3 (Ground) Earth Ground Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) 9.5%<PWM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4 Pin 4 (Pilot)  9.5%<PWM<96.5%: 2.58<V4+<3.28; -12.6<V4-<-11.4
Pin 5 (Proximity) 1.23<V5<1.82 Pin 5 (Proximity) 1.23<Vv5<1.82
Figuyre E2 =Part B - Charge start sequence - EVSE capable of supporting ventilation
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AC Charging Startup Process — With Latch
(EVSE Cannot Provide Ventilation)

State A @ Transition # from Table 20 — EVSE & EV/
ate PHEV Response Time Specifications
(Unplugged, Latch Pressed)
EVSE Status PEV Status
Pin 1 (AC 1) No Signal No Signal .
Pin 2 (AC 2,N) No Signal No Signal Unique State
Pin 3 (Ground) Earth Ground Chassis Ground
Pin 4 (Pilot) DC: 11.4<V4<126 No Signal
Pin 5 (Proximity) -0.1<Vv5<0.1 4.13<V5<4.78

Ground Pin Connects

| <

‘ Timelines When Defined

State A-B Transition, Step 1
(Partly Plugged-In — Ground connected) ‘ Transitions
EVSE Status PEV Status
Pin 1 (AC 1) No Signal No Signal
Pin 2 (AC 2,N) No Signal No Signal
Pin 3 (Ground) ‘ Conjments
Pin 4 (Pilot) DC: 11.4<V4<12.6 No Signal
Expected pin connection orde ‘ Pin 5 (Proximity) -0.1<V5<0.1 4.13<\/5<4.78
per dwgs in Appendix A | AC Pins Connect ‘
State A-B Transition, Step 2
(Partly Plugged-In — Gnd, AC, Connected)
EVSE Status PEV Status
Pin 1 (AC 1) No Signal
Pin 2 (AC 2,N) No Signal
Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) DC: 11.4<V4<126 Né_Signal
Pin 5 (Proximity) -0.1<Vv5<0.1 4:43<V5<4.78
Pilot and Proximity Pins Connect ‘ {}
State A-B Transition, Step 3
(Plugged-in — All Pins Gonnected; Latch held in)
Pin 1 (AC 1) A Swtu:lo Signa.laEv Status Proximity voltage assumes EVSH Latch
Pin 2 (AC 2,N) No Signal (S3) s still held open
Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) DC: 8.36<V4<9.59
Pin 5 (Proximity) 2.38<V5<3.16
Latch released, closing ‘S3’ & changing Proximity ‘
Voltage
State B1
(Plugged-In — Latch Released)
EVSE Stat PEV Statu
bin 1 (AC 1) Nosignal ¢ EVSE can remain in B1 indefinitel{ without
Pin 2 (AC 2,N) No Signal Shielr
Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) DC: 8.36<V4<9.59
Pin 5 (Proximity) 1.23<v5<1.82
EVSE Starts Oscillator/PWM ‘ @
Transition ‘1’ & ‘14’ from J1772 Table 20

N

See Figure 19 for Remainder of Sequence

Figure E3 - Part A - Charge start sequence - EVSE does not support ventilation
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AC Charging Startup Process — With Latch
(EVSE Cannot Provide Ventilation)

‘ See Figure 18 for Start of Sequence ‘

State B2
(Plugged-In — EVSE Ready, Osc. On)
EVSE Status PEV Status
Pin 1 (AC 1) No Signal
Pin 2 (AC 2,N) No Signal
Din 3 (Ground). Earth Ground.
Pin 4 (Pilot) 9.5%<PWM<96.5%: 8.36<V4+<9.59; -12,6<V4-<-11.4
Pin 5 (Proximity) 1.23<V5<1.82
T T
Vehicle closes S2,
State C indicating readiness & State D
(EVSE & Vehikle Ready; No Vent Reqrd) ventilation rqmts (EVSE & Vehicle Ready; Vent. IS Reqrd)
EVSE Status PEV Status EVSE Status PEV Status
Pin 1 (AC 1) No Signal Pin 1 (AC 1) No Signal
Pin 2 (AC 2,N) No Signal Pin 2 (AC 2,N) No Signal
Pin 3 (Ground) Earth Ground Pin 3 (Ground) Earth Ground =
>< Pin4 (Pilot)  9.5%<PJM<96.5%:_5.47<V4+<6.53; -12.6<V4-<-11.4 Pin 4 (Pilot)  9.5%<PWM<96.5%:_2.58<V/4+<3.28; |12.6<V4-<-11.4 &
g Pin 5 (Proximity) 1.23<V/5<1.82 Pin 5 (Proximity) 1.23<V5<1.82 a
° 3
§ b ‘ EVSE Closes Contactors EVSE Closes Contactors ‘ @ E
Q j=
[}
© State C2 State D1 g
(EVSE [Contactors Closed) (EVSE Not Ready) ©
EVSE Status PEV Status EVSE Status PEV Status
Pin 1 (AC 1) AC Voltage Present; Rin 1 (AC 1) No Signal
Pin 2 (AC 2,N) AC Voltage Present; Pin 2 (AC 2,N) No Signal
Pin 3 (Ground) Earth Ground Pin 3 (Ground) Earth Ground
Pin4 (Pilot)  9.5%<PJVM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4 Pin 4 (Pilot) DC 2.58<V4+<3.28
Pin 5 (Proximity) 1.23<V5<1.82 Pin 5 (Proximity) 1.23<V5<1.82
% ; ‘ PEV Charger Draws Current
State C3
(EVSE|Supplying Current)
EVSE Status PEV Status
Pin 1 (AC 1) AC Voltage Present; 0<i<ipym NOTE: For PEVs that support both states ¢ and D, the
Pin 2 (AC 2,N) AC Voltage Present; 0<i<ipwr A A=Y transitions from C-D and D-C are not modgled in this
Pin 3 (Ground) Earth Ground g| ]\ changes diagram.
Pin4 (Pilot)  9.5%<PJVM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4 2 current
Pin 5 (Proximity) 1.23<V5<1.82 e
State C4
(EVSE Requesting Different Gurrent)
EVSE Status PEV Status
Pin 1 {AC 1) AC Voltage Present; ipwm#i
Pin 2 {AC 2,N) AC Voltage'Present; ipwm#i
Pin 3 {Ground) EarthGround
Pin 4 {Pilot)  9.5%<PWM<96.5%: 547<V4+<6.53; -12.6<V4-<-11.4
Pin 5 {Proximity) 1.23<V5<1.82
Fjgure E4 - Part B - Charge start sequence - EVSE does not support ventilatign
E4  CHARGE TERMINATION SEQUENCE
Figures 32 and 33 illustrate a charge termination sequence. The sequence assumes the vehicle is charging and charging

is terminated by activation of the connector latch release.
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Latch Initiated Disconnect from State C3

State C3 @ Transition # from Table 20 — EVSE & EV/
PHEV Response Time Specifications
(EVSE Supplying Current)
EVSE Status PEV Status
Pin 1 (AC 1) AC Voltage Present; 0<i<ipym Unique State
Pin 2 (AC 2,N) AC Voltage Present; 0<i<ipym
Pin 3 (Ground) Earth Ground
Pin 4 (Pilot) 9.5%<PWM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4
Pin 5 (Proximity) 1.23<V5<1.82

Latch is pressed, changing ‘ ‘ Timelines When Defined
proximity voltage

State C-B Transition Step1 | T
(Latch Pressed — Proximity Changes) fansitons
EVSE Status PEV Status
[] in 1 (AC 1) AC Voltage Present; 0<i<ipwm c t
in 2 (AC 2,N) AC Voltage Present: 0<i<ipym ommynis
in 3 (Ground) Earth Ground
in 4 (Pilot) 9.5%<PWM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4
o in 5 (Proximity) 2.38<V5<3.16 Rroximity Voltage Range Assumptions:
= 475V <Vee< | 525V
8 PEV/Charger recognizes proximity voltage 207Q <R4< 363Q
g change and stops drawing power 2430 <R5< | 29700
S 135 <R6 < 165Q
= State C-B Transition Step2 2HQ SIS || )
(Latch Held Open — Charger Current to 0) Pilot Voltage Range Assumptions:
114V <V< 12.6V
EVSE Status PEV Status 970Q <R1< 1030Q
in1(AC 1) AC Voltage Present;_is1A 856Q <R2C< 9080
in 2 (AC 2,N) AC Voltage Present; iS1A 2390 <R2D< 2530
in 3 (Ground) Earth Ground 26580 <R3< | 28220
in4 (Pilot)  9.5%<PWM<96.5%: 5.47<V4+<6.53; -12.6<V4-<-11.4 0.55V <Vioge<| 0.85V
in 5 (Proximity) 2.38<V5<3.16 * Alsoassumes R3 is same sistor as R2B
PEV opens switch S2 in response to proximity voltage change - ] .
ilot voltage changes to indicaté Not Ready to Charge F.’WM I\l &, WESEIER G (Gl
diagram are meagured at Connector /
e Inlet cohnection
State C-B Transition Step3

(Latch Held Open - Pilot Changes)

Note: This sequence assumes that PEV is designed to oper} the S2 switch

EVSE Status PEV Status " P
(| in 1 (AC 1) AC Voltage Present; i=0 some time after the Latch was pressed and held open. This is not a
in 2 (AC 2,N) AC Voltage Presentj i=0 requirement in SAE J1772 and some vehicles may not have this feature. The
in 3 (Grou'nd) Encrt g : transitions below Step 3 will not be applicable for thosg vehicles.
in 4 (Pilot) 9.5%<PWM<96.5%: 8.36<V4+<9.59; ;12.6<V4-<-11.4
in 5 (Proximity) 2.38<V/5<3.16
x
©
= @ ‘ Contactors open removing AC power from Pin 1 & Pin 2;
§ Both EVSE & charger (if bi-direction) must comply
@
State C-B Transition Step4 \ State B2
(Latch Held Open(— €ontactors Opened) (Plugged-In — Latch Released)
i ; EVSE Statyis PEV Status
4 G EVSE Status ) PEV Status Pin 1 (AC 1) No Signal
in 2 (AC 2,N) M’g‘m‘“ Signal Pin 2 (AC 2,N) No Signal
in3 (Grou'r‘d) Earth Ground P!n g (Qround) & el Cieui
in 4 (Pilot) «~9,5%<PWM<96.5%: 8.36<V4+<0,59; -12.6<V4-<-11.4 Pind (Plot) 9.5%<PWM<96.5%: § 36<V4+<959; -12.6<Vd-<-114
in 5 (Profimity) 2.38<V5<3.16 / IFn & (Fieil) L2a<Ve<1.82

See Figure 21 for Remainder of Sequence ‘
AA

See Figure 21 for Remainder of Sequence
BB

Figure E5 Part A - Charge termination sequence
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Latch Initiated Disconnect from State C3

‘ See Figure 20 for Start of Sequence ‘
AA

If connector is removed from vehicle,
Pilot & Proximity separate first

State B-A Transition, Step 1
(Partly Plugged-In — Gnd & AC connected)

EVSE Status PEV Status

See Figure 20 for Start of Sequence
BB

Latch is released &
connector remains
installed in vehicle

Pif 1 (AC 1) No Signal
Pif 2 (AC 2,N) No Signal
3 (Ground) Earth Ground
i} 4 (Pilot) Osc: -12<V4<+12 No Signal
ir} 5 (Proximity) -0.1<V5<0.1 4.13<V5<4.78

Next, AC Pins
sepqrate

State B-A Transition, Step 2
(Partly Plugged-In — Ground connected)

EVSE Status PEV Status
i 1 (AC 1) No Signal No Signal
i} 2 (AC 2,N) 7 7
3 i 3 (Ground) Earth Ground
= i} 4 (Pilot) Osc: -12<V4<+12 No Signal
o3 i} 5 (Proximity) -0.1<V5<0.1 4.13<V5<4.78
N

Finally} the Ground
pin dfsconnects

State B-A Transition, Step 3
(Unplugged)

EVSE Status PEV Status
Pif 1 (AC 1) No Signal No Signal
Pir} 2 (AC 2,N) No Signal No Signal
Pir} 3 (Ground) Earth Ground  Chassis-Ground
Pir} 4 (Pilot) Osc: -12<V4<+12 No.Signal
Pin} 5 (Proximity) -0.1<V5<0.1 4,13<V5<4.78
State A
(Unplugged)
Pilot Stops ; EVSE Status PEV S.tatus
Pi 1 (AC 1) No Signal No Signal
Pil 2 (AC 2,N) No Signal No Signal
Pin} 3 (Ground) Earth Ground Chassis Ground
Pin 4 (Pilat) DC: 11.4<V4<12.6 No Signal
Pin} 5 (Proximity ) -0.1<Vv5<0.1 4.13<V5<4.78

|
|
|

Note: Transition fron™B2 back to C is not modeled on this
diggram.

Note: “Fast” Disconnelt, where the
connector is removeq prior to the
EVSE completion of C#B transition is
not modeled on thi$ diagram.

Figure E6 - Part B - Charge termination sequence
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APPENDIX F - DC EVSE AND EV/PHEV SEQUENCE AND RESPONSE TIME SPECIFICATIONS
F.A NORMAL CHARGING SESSION

A charging session is defined as the period when a connector is inserted in a vehicle inlet until the connector is removed
from the vehicle inlet. Each charging session has three phases:
F.1.1 Handshaking (Initialization)

During this phase, the EV/PHEV and EVSE exchange their operating limits and parameters for the upcoming charging
session. Some signals are required, such as the voltage and current limitations. Each side uses these values to perform a

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

After negotiating the
systems are compat
EV/PHEV to inform
determine that volta

To ensure no damaI

that the EV/PHEV ¢
result in damaged or
are welded, high vol

charging session parameters, the EV/PHEV shall lock the connector to the,ve
ble. If incompatible, the information broadcasted can be used by a display unit 0
the customer. The connector lock shall be released by the EV/PHEV wheén th
e and currents at the vehicle inlet are within safe limits.

e (welding) to the EV/PHEV side contactors, the EVSE must be,enabled and cq
an measure. Closing of EV/PHEV side contactors when there 1s a voltage diffe
welded contactors. EV/PHEYV side welding of the contactor is a.reliability concern.
age could be exposed at the finger proof DC vehicle inlet pins.

hicle inlet if the two
h either the EVSE or
e on-board sensors

ntrolled to a voltage
rential present could
When the contactors

Using the Vehicle Maximum Voltage Limit signal, the EV/PHEV shall contrekthe pre-charge process. The power is delivered

by the EVSE to red
determines the volta
the discretion of the
RESS.

When all the Initializ
Energy Transfer phg
fixed value at the be
limits. This method
F.1.2 Energy Tr.
During Energy Trar

independently to en
protect the RESS. T

The EVSE shall indi
its maximum output
can be presented to

ice the voltage difference between the EV/PHEV.RESS and the EVSE output.
ge measured at the EVSE is within acceptable difference to the RESS (exact tole
OEM), the EV/PHEV can then close contacters'in the EV/PHEV to connect the|
ation and pre-charge steps have completed, the system (EV/PHEV and EVSE)

ginning of the charging session, and proceed through the whole charge session
night be used if the algorithm uses a fixed voltage controlled charging algorithm.

bnsfer

sfer, the EV/PHEV Yand the EVSE shall continuously monitor the voltage a
ne EVSE may.reduce the output level to ensure that its voltage and current limits
Cate the status of the energy transfer and will be able to signal to the EV/PHEV w

capability. The EV/PHEV shall communicate the expected charge completion tin
theuser on a display in the EVSE.

When the EV/PHEV
rance threshold is at
EVSE output to the

hall transition to the

se. The EV/PHEV charging algorithm*may establish maximum current, voltage, and power limits at a

ithout changing the

hd current readings

sure that the system remains within the negotiated limits. The EV/PHEV may reduce consumption to

Will not be violated.

hen it is operating at
e so the information

There are two modes of energy transfer: Bulk Charging and Full Charging. During Bulk Charging, the EV/PHEV shall request
energy transfer at or near the negotiated limitations of the charging session. This will continue for the requested charging
session time. When the Bulk threshold has been reached, the EV/PHEV shall end the charging session, or it shall reduce
the energy consumption to allow charging the RESS to full. While charging to Full, the energy transfer requests shall be
limited by the EV/PHEYV to ensure the maintenance of the RESS. Charging to Full may last for a duration that continues for
several hours.

The EV/PHEV shall control charge level based on EV/PHEV RESS and other EV/PHEV conditions. When the EV/PHEV
determines that the charging session is complete, it shall send a unique signal to the EVSE. At that point, the EV/PHEV
shall reduce its requested energy transfer to near zero, and may open the charging contactors in the EV/PHEV.

When the EV/PHEV has determined that it has reached Full or Bulk charge level, the system shall transition to Normal
Shutdown. It is up to the EV/PHEV manufacturer when to switch from bulk to full charge.
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F.1.3 Normal Shutdown

Normal shutdown occurs when the RESS reaches the desired State of Charge limit and any accessory load consumption
of the EV/PHEV has completed. After completion of the charge session, the Shutdown phase allows the EV/PHEV and
EVSE to return to a safe condition so the user can remove the connector from the vehicle inlet. The EV/PHEV shall have
reduced its charge current request to zero, and shall indicate Charge complete. When the current is near zero (exact
tolerance threshold is at the discretion of the OEM), the EV/PHEV shall open its on-board charge contactors, and wait for
the inlet voltage to drop to a safe level. Once at the safe level (below 60 VDC as defined by SAE J2344), the connector may

be unlocked by the EV/PHEV. The user can then remove the connector from the vehicle inlet.

The EV/PHEV and EVSE may exchange some signals that may be used for energy reporting and consumption displays.

Normal shutdown may be entered by an action from the user. For example, a "Stop" button on the EVSE could have been

pressed which will i
level. The EV/PHEV|
user.

Based on user prefe

Some signals are tra
energy delivery phas

F.1.4 Examples

Certain fault conditig

initiate the shutdown
for each fault. Some

F.1.4.1 Energer
It occurs when conti
F.1.4.2 Error Sh
It occurs when there
F.1.4.3 Error Sh

In the event that reli
that the EV/PHEYV o

F.1.4.4 Error Sh

Amediately cause the EV/PHEV 1o reduce the request even it the RESS has not
shall enter the normal shutdown state, which shall lead to the charge coupler,bg

nsmitted during the start of the session (handshaking). Critical signals are transn
e. Some messages close out the session at the end of charging process (normal

of Error and Emergency Shutdown
ns will cause the charging system to shut down before the normal shutdown. Eith
, or the EVSE may initiate shutdown. The shutdown should be triggered according
examples are listed below:

cy Shutdown Due to Loss of Safety Ground

puity of the safety ground is lost.

utdown Due to Loss of High'\/oltage Isolation

is current leakage between the chassis and the high voltage system, including th

utdown Due to Less of Communication

hble data communication between the EV/PEV and the EVSE cannot be establis
the off-board EVSE shall stop energy transfer.

utdown Due to Loss of Power

reached Full or Bulk
ing unlocked for the

rences, the EV/PHEV shall keep the charge coupler locked in the inlet until the usér is ready to remove
the charge cord conpector. The EV/PHEV may remain in this state for a long time period.

nitted throughout the
shutdown).

er the EV/PHEV will
to the specifications

e EV/PHEV RESS.

hed, it is understood

It happens when the

EVSE stops delivering power to the EV/PEV.

F.1.5 Examples of System Faults

Certain fault conditions will cause the charging system to shut down before the normal shutdown. Either the EV/PHEV wiill
initiate the shutdown, or the EVSE will initiate shutdown. Some examples are listed below:

F.1.5.1 Welded Contactors

In case the EV/PHEV contactors are welded, the EV/PHEV should provide a fault indication and request zero current and
voltage. The EV/PHEV may provide a means to manually unlock the connector in a safe manner. The manual unlock could
open a EV/PHEV interlock that will remove HV from the vehicle inlet. The EV/PHEV should not be operated with HV present
at an exposed vehicle inlet.
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F.1.6

F.1.6.1

Connector Unlocking Requirements

An EV/PHEYV using an inlet according to “Sheet A-1” of this standard (“Configuration Type 1“ of IEC 62196-2)

or “Sheet C-1” of this standard (“Configuration EE” of IEC 62196-3*), shall unlock the connector within 3 seconds
after either of the following two events occur:

of this standard,

or

has been executed,

unless the voltage measured at the inlet is greater than or equal 60 VDC.

If the voltage at the
soon as the voltage

F.1.6.2 After ex

(NOTE: The PHEV

F.1.6.3 After ex

20 or fey

(*) CP State transitig
interaction by the EV

(NOTE: The EV/PH

F.1.7 DC Timing

reception of the SessionStopRes message, if the charging session has terminated as a “Normal Shutdown” as per F.1.3

leaving Control pilot State C2 (or D2, if ventilation is required), if an “Emergency Shutdown” as per F.1.11 of this standard

nlet is greater than 60 VDC, the EV/PHEV shall continue to measure the valtag
Hecreases to 60 VDC or less, unlock the connector.

pcuting a shutdown, the EV/PHEV can request a new charging session according
BEV usually does not need to resume charging after a “Normal Shutdown.”)

bcuting a shutdown, the EVSE shall limit the number of attempts to initiate anothe
ver.

ns B2 -> C2 caused by the EV/PHEV during a charging session shall not const
/PHEV indicating the EV/PHEV’s intention to startyanother charging session.

EV should be able to resume charging after'a*shutdown.)

Requirements

General timing requirements regarding digital communication setup, messaging, and additional

specified in:

SAE J2847/2

DIN SPEC 7012

ISO 15118-2:20

1:2014

4

b at the inlet and, as

t0 6.4.8.

" charging session to

tute such an explicit

error conditions are
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F.1.8

Normal Normal Startup Sequence

Unmated

Preparation phase

Cable-check phase

Pre-charge phase

Energy
transfer stage
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Figure F1 - Normal startup sequence
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Table F1 - Normal startup sequence description

Timestamp

Description

» 0

» The present voltage at the DC output between DC+ and DC- shall be <60 V DC

t0

« The vehicle connector is mated to the vehicle inlet, which changes the CP state from A to B.

« After the CP state changed to B and the PP is detected (S3 closed in case of configuration EE), the EV/PHEV

should lock the vehicle connector in the vehicle inlet.

« After the CP state changed to B, the EVSE shall disable the EVSE IMD, disable DC output and open the EVSE

disconnection device, if any.
« After the CP state changed to B, the EV/PHEV may try to set up a data link as defined in IEC

61851-24.

t0 » t3

» The EVSE shall not trigger an error shutdown due to the present voltage at the DC output (including negative

voltages).
NOTE: When the vehicle connector is mated to the vehicle inlet, these voltages can be caused

by the EV/PHEV

requirements for unmated conditions in 6.5.2 of ISO 17409:2020. EVSE based on IEC 61851-23:2014 must trigger

a shjuidown 1T the present voltage at the DT outpulis >60 V DC In the first ChargeParameterDi
mesgsage.

EcoveryReq <3a>

to > t4

DC-|is >60 V DC. See F.1.10.1.

« If the EV/PHEYV tried and failed to lock the connector, the EV/PHEV shall notify the) EVSE wit
“EVErrorCode” = 'FAILED_ChargerConnectorLockFault’ in the next communicated message th
pargdmeter, according to IEC 61851-24.

» The disabled DC output of the EVSE shall have equivalent electrical properties/behavior (e.g
discharge rate, etc.) as the circuit described in 6.5.27.

» The EVSE shall trigger an EVSE initiated error shutdown if the present voltage at the DG out:[ut between DC+ and

parameter
at contains this

, impedance,

t0 » t10

» The EVSE shall not perform the overvoltage protection according to 6:5.24.

t1

» The EVSE shall turn on its CP oscillator if the EVSE is ready for.énergy transfer and if the CH
alreqdy on.

» Thp EVSE shall maintain a CP duty cycle of 5% from the start\of the data link setup until end
sesgion, unless a certain condition requires a different CP duty cycle.

oscillator is not

of communication

t1 > t2

* The EV/PHEV shall establish the data link as defined jn the IEC 61851-24 after it has verified
turngd on its CP oscillator, if the data link is not already.established.

NOTE 1: The data link could have been previously,established due to a pause or renegotiation|
communication session.
« Digital communication starts by the negotiation-of an appropriate application layer protocol bg
<Xap and EVSE <Xb>. See Appendix G.

» The EV/PHEV and EVSE exchange message pairs concerning session setup, services, auth
optigns, and value-added services (if supported by the negotiated application layer protocol). A
618%51-24, some message pairs are\not necessary after a pause or renegotiation, for example,
payment options.

« If the EVSE wants to terminate the communication session during the initialization stage (e.g
stop| button), the EVSE shall:
- 9end parameter "ResponseCode" = 'FAILED' in the next communicated message;
- Keep its CP oscillater on (unless a certain condition requires a different CP duty cycle); and
- groceed to t2@6-in the error shutdown sequence.
NOTE 2: If next communicated message is a ChargeParameterDiscoveryRes <3b> message,

« If, pfter the EV/PHEV has received a response message, the EV/PHEV wants to terminate th
sesgion,\the EV/PHEYV shall proceed to t107 in the normal shutdown sequence.

that the EVSE has
of the

tween the EV/PHEV
bntication, payment

ccording to IEC
authentication or

, user pressed the

See t2 » 4.

B communication

« If, gfterthe EV/PHEV has received a response message, the EV/PHEV receives a response

message with

parameter "ResponseCode" = 'FAILED,' the EV/PHEV shall proceed to t206 in the error shutdown sequence.

t2

» The EV/PHEV shall send parameters "EVMaximumVoltageLimit" and "EVMaximumCurrentLimit" (amongst other

parameters) with the first ChargeParameterDiscoveryReq <3a> message.

t2 » 13

» The EVSE shall perform a compatibility check.

» The EVSE shall check if the absolute value of the present voltage at the DC output between DC+ and DC- is <60
V DC and shall send message ChargeParameterDiscovery <3b> with parameter "EVSEProcessing" = 'Ongoing' if

the absolute value of the present voltage at the DC output is 260 V DC.

* The EVSE shall send parameters "EVSEMaximumVoltageLimit," "EVSEMinimumVoltageLimit,"
"EVSEMaximumCurrentLimit," and "EVSEMinimumCurrentLimit" (amongst other parameters) in
ChargeParameterDiscoveryRes <3b> considering the compatibility check.

message

» The EVSE shall send parameter "EVSEStatusCode" = 'EVSE_ IsolationMonitoringActive' in the
“ChargeParameterDiscoveryRes <3b>" messages, unless the EVSE wants to pause the communication session or
perform a shutdown. The EV/PHEYV is recommended to continue the communication session if the EVSE sends
ChargeParameterDiscoveryRes <3b> messages with parameter “EVSE_StatusCode” = ‘EVSE_Ready’ or

‘EVSE_NotReady.’
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Timestamp

Description

NOTE 1: EVSEs based on IEC 61851-23:2014 can send parameter “EVSE_StatusCode” = “EVSE_Ready,”
“EVSE_NotReady,” or “EVSE_IsolationMonitoringActive” in ChargeParameterDiscoveryRes <3b> messages.

« If the EVSE replies with parameters "ResponseCode" = 'OK' and "EVSEProcessing" = '‘Ongoing' in message
ChargeParameterDiscoveryRes <3b>, the EV/PHEV and EVSE may update the parameters sent in the next
ChargeParameterDiscoveryReq/Res messages.

NOTE 2: The EVSE may use "EVSEProcessing" = 'Ongoing' for other reasons. Example: load management, etc.

t2 » t3

« If using DIN SPEC 70121:2014: If the EVSE wants to pause the communication session during the initialization
stage, the EVSE shall send parameters "EVSEStatusCode" = 'EVSE_ UtilitylnterruptEvent' and “EVSEProcessing” =
’Ongoing’ in the next ChargeParameterDiscoveryRes <3b> message and then continue to t3 with parameter
"EVSEStatusCode" = 'EVSE_Shutdown.'

NOTE 3: The EVSE sends "EVSEStatusCode" = 'EVSE_UtilityInterruptEvent' and “EVSEProcessing” = 'Ongoing’ to
indicate the EV/PHEYV the reason for performing a normal shutdown before energy transfer.
« If the EV/IPHEV sends parameter "EVErrorCode" = 'FAILED_ChargerConnectorLockFault' in a
ChafgeRarameterDiscoveryReg<3a>messagethe-EVS hetle-respenrd-with-eyelic
ChafgeParameterDiscoveryRes <3b> messages with parameters “EVSEProcessing” = 'Ongdoing’ and
“RegponseCode” = 'OK’ to give the EV/PHEYV additional time to solve the fault in the locking/mgchanism.

NOTE 4: The EVSE should inform the user how to improve the locking process. For example, by indicating how to
progerly mate the vehicle connector in the vehicle inlet.
* Acpording to DIN SPEC 70121:2014, the EV/PHEV must resend the identical parameters in gach
ChafgeParameterDiscoveryReq message, however, it is recommended for the 'EVSE not to pgrform a shutdown if
the EV/PHEV changes the parameters.

* ISP 15118-2:2014 does not specify the possibility to update the parameters’in subsequent
ChafgeParameterDiscoveryReq/Res messages, however, it is recommended for the EVSE nof to perform a
shutdown if the EV/PHEV changes the parameters.
* Tolimprove interoperability, the EVSE shall tolerate the EV/PHEV,‘changing CP state to C/D during cyclic
ChafrgeParameterDiscoveryReq/Res messages. If the EV/PHEVY ehanges back to CP state B, the EVSE shall
trigger an EVSE initiated emergency shutdown. See F.1.11.
NOTE 5: Requirement [V2G2-912] in ISO 15118-2:2014 and-a similar requirement in outdated|versions of SAE
J17712 don't specify that the EV/PHEV must receive a ChargeParameterDiscoveryRe <3b> witVF parameter

“EVBEProcessing” = “Finished” before changing the\CP state from state B to state C/D, leadinp to this unwanted
behavior.

t2 » t4

stop| button), the EVSE shall send parameter."EVSEStatusCode" = 'EVSE_Shutdown' in the ngxt communicated
mesage and proceed to t107 in the normahshutdown sequence. If using ISO 15118-2:2014, tihe EVSE shall also
send parameter “EVSENotification” = ‘StopCharging.’
« If, gfter the EV/PHEV has received.a response message, the EV/PHEV wants to terminate the communication
sesgion, or if the EV/PHEV receives a response message with parameter “EVSEStatusCode” ¥ ‘EVSE_Shutdown’
(anq, if using ISO 15118-2:2014, parameter “EVSENotification” = ‘StopCharging’), the EV/PHEV shall proceed to
t107 in the normal shutdown _sequence.

« If the EVSE wants to terminate the communication session during the initialization stage (e.g{ user pressed the

T3

« If the absolute value of the)present voltage at the DC output is <60 V DC, the EVSE shall send the EV/PHEV the
resylt of the compatibility check in message ChargeParameterDiscoveryRes <3b> using paraneters
“EVHEStatusCode’” =*EVSE_IsolationMonitoringActive,” “EVSEProcessing” = ‘Finished,” and:
- “ResponseCode™= ‘OK’ if the compatibility check was successfully completed, or
- “ResponseCode” = ‘FAILED_WrongChargeParameter’ if the compatibility check was completed and failed,
triggering an-EVSE initiated error shutdown.
NOTE 1: AcChargeParameterDiscoveryRes <3b> message with "ResponseCode" =
'FAILED\\WrongChargeParameter' and parameter "EVSEProcessing" = 'Ongoing," will trigger gn EVSE initiated
erro[ shutdown. See error handling specifications for the digital communication standards in IE[C 61851-24.
NOTE 2: EVSEs based on IEC 61851-23:2014 can send parameter “EVSE_StatusCode” = “EVSE_Ready,”
“EVSE_NotReady,” or “EVSE_IsolationMonitoringActive” in ChargeParameterDiscoveryRes <3b> messages. The
EV/PHEV is recommended to continue the communication session if the EVSE sends
ChargeParameterDiscoveryRes <3b> messages with parameter “EVSE_StatusCode” = ‘EVSE_Ready’ or
‘EVSE_NotReady.’
NOTE 3: If the absolute value of the present voltage at the DC output is not <60 V DC at the end of the compatibility
check (based on the timing requirements of IEC 61851-24), the EVSE cannot send a
ChargeParameterDiscoveryRes <3b> message with parameter "EVSEProcessing" = 'Finished.' In this case, the
EV/PHEV must trigger an error shutdown.

* The negotiated maximum values sent by the EVSE in the last ChargeParameterDiscoveryRes <3b> shall be more
than or equal to the applicable values in the CurrentDemandRes <7b> messages during the energy transfer stage.

t3 » t4

« If the EV/PHEV and EVSE are not compatible, the EV/PHEYV shall perform an EV/PHEV initiated error shutdown.
See F.1.10.1.

» The EV/PHEV shall lock the vehicle connector in the vehicle inlet before changing the CP to state C or D, if not
already locked.
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Timestamp

Description

« If the EV/PHEYV failed to lock the vehicle connector, the EV/PHEV shall trigger an EV/PHEYV initiated error
shutdown with parameter "EVErrorCode" = 'FAILED_ChargerConnectorLockFault' in the next communicated

mes

sage.

» The EV/PHEV shall disable the EV/PHEV IMD, if any.

t3 »

» The EVSE shall trigger an error shutdown if the present voltage at the DC output between DC+ and DC- is <-60 V
DC for 400 consecutive ms or more.

t4

« After the EV/PHEV has disabled the EV/PHEV IMD and after checking that the vehicle connector is locked, the
EV/PHEV shall change the CP state from B to C/D by closing S2.
NOTE: The common mode and differential mode influences from the EV/PHEV (for example, welding detection,

IMD, etc.) on the DC output should be removed before the EV/PHEV changes the CP state from B to C/D by closing
S2 because this can interfere with the EVSE IMD.
« After the CP state changed to C/D, the EVSE shall enable the DC output. The limitations of the disabled DC output
of the EVSE are not required.

t4 » t5

* A - =
chaEe phase with CableCheckReq <4a>. See 6.5.4.7.

*Th
mes

b EVSE shall check if the CP state changed to state C or D before sending the first Cable(
sage and before the present voltage at the DC output between DC+ and DC- is >60,V DC.

hase before pre-

heckRes <4b>

t4 » t6

*Th
*Th
parg
'EVS
*Th
"EV

b EVSE shall check the functionality of the IMD. See 6.5.4.

b EVSE shall check the insulation of the DC output and shall continuously report the insula
meter "EVSElsolationStatus" according to 6.5.4.7, "EVSEProcessing" =,'Ongoing’, and "E
bE _IsolationMonitoringActive' in message CableCheckRes<4b>.

e EVSE may perform other functions (for example, welding detection)while sending paran
BEIsolationStatus" according to 6.5.4.7 and "EVSEProcessing" = 'Ongoing' in message Ca

tion state with
SEStatusCode" =

eters
bleCheckRes<4b>.

t4 » t10

o If
pha
mes|
parsg
“‘EV
shut
for t
NOT1
tern
NOT
'EVY

be or pre-charge phase, the EVSE shall disable the DC output (see 6.5.27) and , if the nex
sage is:

CableCheckRes <4b> or PreChargeRes <5b> message, the EVSE shall first send a resp
meter “EVSEStatusCode” = ‘EVSE_UtilitylnterruptEvent’ and a response message with pg
BEStatusCode” = ‘EVSE_Shutdown’ in the next’'eommunicated message to proceed to t10
down sequence after sending the response message. See 6.5.27.

PowerDeliveryRes <6b> message, the EV/SE shall send parameter “EVSEStatusCode” =
ne EV/PHEV to initiate a normal shutdown: See F.1.9.

E 1: If the next communicated message is a CurrentDemandRes <7b> message, a comm
ination will result in a normal shutdown. See F.1.9.

E 2: Some EV/PHEV s might interpret messages with parameter "EVSEStatusCode" =
E_UtilitylnterruptEvent' as "EVSEStatusCode" = 'EVSE_Shutdown.'

sing DIN SPEC 70121:2014: If the EVSE wants to pause the communication session during the cable-check

communicated
bnse message with
rameter

y in the normal

‘EVSE_Shutdown,’

Linication session

o If t
EVS
"EV
‘Sto
If th

- g
shut

- g
NOT1
tern

he EVSE wants to terminate the communication session during the cable-check phase or
E shall disable the DC.8utput (see 6.5.27) and send parameter

BEStatusCode" = 'EVSE_Shutdown' (and, if using ISO 15118-2:2014, parameter “EVSENG
bCharging’) in the next communicated message.

e next communicated message is:

CableCheckRes <4b> or PreChargeRes <5b> message, the EVSE shall proceed to t107
down sequence after sending the response message. See F.1.9.

PowerDeliveryRes <6b> message, the EV/PHEV shall initiate a normal shutdown. See F.
E 3ilfthe next communicated message is a CurrentDemandRes <7b> message, a comm
ination will result in a normal shutdown. See F.1.9.

re-charge phase, the

tification” =

n the normal

1.9.
Linication session

« If t

E\DLIEN L ot £ H

tao it H e H <l H o kLl | L |
ICTEVTT T v wwarttS totermatC e SO omCatorT-SC S0 aaT T igthe CaorC=C e trprast

after receiving a response message, the EV/PHEV shall:
- if it has not yet closed the EV/PHEV charge contactors, proceed to t107 in the normal shutdown sequence. See
F.1.9.
- if it has already closed the EV/PHEV charge contactors, initiate a normal shutdown. See F.1.9.

or pre-charge phase,

« If the EV/IPHEV receives a response message with parameter "EVSEStatusCode"='"EVSE_Shutdown' (and, if
using ISO 15118-2:2014, parameter “EVSENotification” = ‘StopCharging’) during the cable-check phase or pre-
charge phase, the EV/PHEYV shall:
-if it has not yet closed the EV/PHEV charge contactors, proceed to t107 in the normal shutdown sequence. See
F.1.9.
-if it has already closed the EV/PHEV charge contactors, initiate a normal shutdown. See F.1.9.

t5

» The EVSE determines that the insulation resistance of the DC output is 2100 kQ. See 6.5.4.7.

t6

« After completing the cable-check phase, the EVSE shall send message CableCheckRes <4b> with parameters
"EVSEIlsolationStatus" according to 6.5.4.7, "EVSEProcessing" = 'Finished,' and:

"EVSEStatusCode" = “Ready,” if the insulation status is 'Valid' and there are no errors, or

- "ResponseCode" = 'FAILED,' if the EVSE detects an error, to trigger an EVSE initiated error shutdown.
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Timestamp Description
« If the EVSE detects an error, the EVSE shall trigger an EVSE initiated error shutdown by sending parameters
"EVSElsolationStatus" according to 6.5.4.7 and "ResponseCode" = 'FAILED' in message CableCheckRes <4b>.
t6 » t7 » The EVSE may keep the present voltage at the DC output.
t7 » The EV/PHEV shall send message PreChargeReq <5a>, with parameter "EVTargetVoltage" depending on the
present voltage of the battery system, to start the pre-charge phase. See 6.5.28.
» The EV/PHEV and EVSE shall perform the pre-charge phase according to 6.5.28.
t7 » t9 » The EVSE shall control the present voltage at the DC output according to the target voltage of the EV/PHEV in the
PreChargeReq <5a> messages and send the corresponding PreChargeRes <5b> messages.
t8 » The present voltage at the DC output reaches the target voltage of the EV/PHEV.
t8 p 19 » The EV/PHEV may adapt the target voltage of the EV/PHEV with cyclic PreChargeReq/Res messages to
compensate for voltage deviation.
» The EV/PHEV shall close the EV/PHEV charge contactors only after verifying that the absolute difference between
tg the rasent \lnlfagn attha NC ot |+r\| it and thao r\rnennf \I!'\“‘Qﬂn at thg haﬂ'nr’y svustam ic <20 \/ NDC See 6 5 28
NOTE: The EV/PHEV should be protected agalnst reversed polarity of the DC output.
» The EV/PHEV shall request the EVSE to disable its pre-charge current limitation by sending fnessage
t9 > 110 PowerDeliveryReq <6a> according to IEC 61851-24, only after closing the EV/PHEV charge contactors.
NOTE: When using DIN SPEC 70121:2014, use parameter "ReadyToChargeState*\=TRUE.' When using ISO
15118-2:2014, use parameter "ChargeProgress" = 'Start.'
« After disabling the pre-charge current limitation (for example, pre-charge cireuit,/if-any), and gnabling the DC
output, the EVSE shall send message PowerDeliveryRes <6b> with paraméter'EVSEStatusCpde" = 'EVSE_Ready'
t10 to indicate that it is ready for energy transfer.
» The EVSE shall start the overvoltage protection according to 6.5.24.
» Thp EV/PHEYV shall set parameter "EVTargetCurrent" in the first.CurrentDemandReq <7a> message to start the
enelgy transfer stage.
t11 » The EV/PHEV shall send CurrentDemandReq <7a> messages with parameters "EVMaximunpVoltageLimit" and
"EVMaximumCurrentLimit" less than or equal to the respective negotiated limits sent in the las
ChafgeParameterDiscoveryReq <3a> message.
» The EVSE shall adapt the DC output to the target values by the EV/PHEV in message CurrentDemandReq <7a>.
» The EVSE shall respond to the EV/PHEV with the*following information in message CurrentDemandRes<7b>:
- the present current and voltage at the DC output,
t11 > 112 - the applicable minimum and maximum yaltes for current, voltage, and power of the EVSE at the DC output, and
- lfs present status.
NOTE: The EV/PHEV may change the'target current and voltage of the EV/PHEV even if the gresent current and
voltgge at the DC output has not reached the previous target values.
» The EVSE shall continuously monitor the insulation of the DC output and update parameter "EVSElsolationStatus”
t11 » . . o
in the next communicated messages that contain this parameter. See 6.5.4.6.
12 » The present current at thexDC output reaches the target current of the EV/PHEV in the time delay (Td) or less
defiped in 6.5.12.
» The EV/PHEV adapts the target current and voltage of the EV/PHEV according to its energy fransfer strategy by
t12 » settihg parameters)"EVTargetCurrent" and "EVTargetVoltage" in cyclic CurrentDemandReq <7ja> messages.
NOTE: See section 6.5.29 for the handling of operating ranges.
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F.1.9 Normal Shutdown or Pause After Energy Transfer sequence
Energy transfer stage EV weldir;g‘:it(ie;iztli)on phase Unlocking Unmated
| t100 t1 p1
The target current changes as
EVTargetCurrent 7 Y necessary by the EV/EVSE
I t102 |t103 t104
DC output : b 7
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Shutdown by EVE <,5K |
1 I\ 1 IA ----------------------------------
EVSE EVSE_Ready S i Shutdownby EV i
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State : True : / | /
| | |
| | / I
Disabled ' Lo i
isable ' o [ . .
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| | | |
[ [ [
) [ [ [ I \t105 t1.06 State A
Con(t(r:oFI) )pl|01 ! . A\l State B |
' o | [
State CorD | | 82 925 | t109
T T T T ANy | !
I I I I ] I I
| [ |
| | T "N
DC output /:\: | P24
voltage | L Dy
: : : ey e dov
| Y | |
Charge | ! ‘ NS
Open
contactors :Closed: G P
Connector ! — ii i
| [ | | [ - Unlocked
lock | Locked! ! | | ! ,:
T T I T T T T
EVSE pilot ' L i i : / Ogcillator OFF
signal OSCI”ﬁtOI’ ON (5%)) I I | 100%
| [ | | | =
' I I I |l /
EVSE insulation I | | | Ll Active as
monitoring | ACtlve | } I I I I ! necessary.by EVSE
[ |t : : . :
| I | L ==
. . [ [ LS AN S 7
EV insulation Not active ! R Actlve as neceSsary by tﬁe EV
monitoring : : : I LS e a7
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t100  t101t102 t103 t104 t105 t106t107 t108 t110
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Figure F2 - Normal shutdown sequence
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Table F2 - Normal shutdown sequence description

Timestamp

Description

» t100

* Cyclic CurrentDemandReg/Res messages between the EV/PHEV (CurrentDemandReq <7a>) and EVSE
(CurrentDemandRes <7b>).

t100

« If the EV/PHEV wants to stop or pause a communication session for a non-critical reason, the EV/PHEV shall
request a reduction of the present current at the DC output to 0 A DC in the next CurrentDemandReq <7a>
messages.

t100 » t101

« If the EVSE wants to stop or pause a communication session for a non-critical reason (for example, user pressed
the stop button), the EVSE shall:

- ramp down the present current at the DC output to <5 A DC, and

- adjust parameter "EVSEMaximumCurrentLimit" in the next CurrentDemandRes <7b> messages according to the
present current at the DC output. See 6.5.29.4 and 6.5.29.6.

NOTE 1: EV/PHEV s based on IEC 61851-23:2014 might directly go to t102 without reducing the target current of
the|EV/PHEV. This will be interpreted as an EV/PHEV initiated error shutdown by the EVSE (fefer to section
9.7{4.1.2 in DIN SPEC 70121:2014). See Table F3.
NO[TE 2: The EVSE can limit the present current at the DC output ramp down to -20 A/s to avpid sudden load
varfations at side A (for example, supply network connection)

t101

« The present current at the DC output is <5 A DC.

t101 » t102

« If the EVSE wants to stop or pause the communication session and the presént current at the DC output is <5 A
DC} the EVSE shall:
- Fifst, set parameter "EVSEStatusCode" = 'EVSE_UtilityInterruptEvent'.in\the next CurrentDemandRes <7b>
megsage to pause the communication session;
- Sg¢cond, if the EVSE did not receive a “PowerDeliveryRes” <8a> méessage (1102), set "EVSHStatusCode" =

'EVMSE_Shutdown' (and, if using ISO 15118-2:2014, parameter “EVSENotification” = ‘StopChgrging’) in the next
CufrentDemandRes <7b> message to stop the communication,session.

1102

stop or pause the communication session (that is, the EV/PHEV received a CurrentDemandRes <7b> message
with parameter "EVSEStatusCode" = 'EVSE_Shutdown! or 'EVSE_ UtilityInterruptEvent'), the EV/PHEV shall
reqpest the EVSE to disable the DC output by sending‘parameter "ReadyToChargeState" = 'HALSE' in the
PowerDeliveryReq <8a> message according to IEC'61851-24, after the present current at the| DC output is <5 A
DC
* If using ISO 15118-2:2014: If the EV/PHEV Wwants to stop the communication session or if the EVSE wants to stop
or pause the communication session (that-is, the EV/PHEV received a CurrentDemandRes <1b> message with
parameter "EVSEStatusCode" = 'EVSE “Shutdown' and “EVSENotification” = ‘StopCharging’
'EVISE_UtilitylnterruptEvent'), the EV/PHEYV shall request the EVSE to disable the DC output iy sending parameter
"CHargeProgress" = 'Stop' in the PowerDeliveryReq <8a> message according to IEC 61851-24, after the present
curfent at the DC output is <5 A DC.
NO[TE 1: From t102 onwards; the sequences for EV/PHEYV initiated normal shutdown and EV$E initiated normal
shytdown are identical.

. If’Fsing DIN SPEC 70121:2014: If the EV/PHEV wants to.stop the communication session of if the EVSE wants to

=

t102 » t103

* After receiving the PowerDeliveryReq <8a> message, the EVSE shall reduce the present cufrent at the DC output
to 45 A DC in 1 second-or less, if not already done.

NOJTE: This is needed for EV/PHEVs based on IEC 61851-23:2014.
« After receiving.the PowerDeliveryReq <8a> message, the EVSE shall stop the overvoltage grotection according
t0 §.5.24.

t102 » t105

aftgr th&_meéssage PowerDeliveryReq <8a> has been sent. In this case, the EV/PHEV shall nqt re-close the
EVIPHEV charge contactors.

. E]ve EVdnay open the EV/PHEV charge contactors after the present current at the DC outpuf is <5 A DC and

t103

» The EVSE shall disable the DC output and open the EVSE disconnection device, if any.

NOTE: If the EVSE disables the DC output while the present current at the DC output is >0 A DC, the present
voltage at the DC output drops to the battery system voltage because the EV/PHEV charge contactors are still
closed.

» The EVSE shall disable the EVSE IMD.

t103 » t110

* The disabled DC output of the EVSE shall have equivalent electrical properties/behavior (e.g., impedance,
discharge rate, etc.) as the circuit described in 6.5.27.

t104

» The EVSE shall communicate that the present current at the DC output is <5 A DC and has disabled the DC
output by sending parameter "EVSEStatusCode" = 'EVSE_Shutdown' or 'EVSE_UstilitylnterruptEvent' in message
PowerDeliveryRes <8b>.

» The EV/PHEV may enable the EV/PHEV IMD, if any.

t104 » t107

« If the EVSE has not received a SessionStopReq <10a> message 20 seconds after sending the PowerDeliveryRes
<8b> message, the EVSE shall trigger an error shutdown.

t105

* The EV/PHEV shall change the CP state to B after receiving message PowerDeliveryRes <8b>.
NOTE: If the EV/PHEV decides not to perform welding detection, it proceeds to t106.
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Timestamp Description
* The EV/PHEV may actuate the EV/PHEV charge contactors multiple times during welding detection.
» The EV/PHEV may send multiple WeldingDetectionReq <9a> messages in order to read the present voltage at
t105 » t106 the DC output measured by the EVSE in the WeldingDetectionRes <9b> messages.
» The EVSE shall check if the CP state changed to state B before sending the first WeldingDetectionRes <9b>
message.
» The EV/PHEV completes welding detection, if performed.
106 » The EV/PHEV shall open the EV/PHEV charge contactors.
NOTE: Opening of the EV/PHEV charge contactors starts the reduction of the present voltage at the DC output by
passive discharge because the EVSE has not yet received message SessionStopReq <10a>.
» The EV/PHEV shall send the SessionStopReq <10a> message after it has opened the EV/PHEV charge
contactors.
* If using DIN SPEC 70121:2014, the EV/PHEV sending the SessionStopReq <10a> message will terminate the
communication session.
« |f pSINg 1SO 8-2-20714,the EV/PHEV mMay, In message SessioNSiopReq lameter:
t107 " - e e A 8
-"ChargingSession" = 'Pause' to initiate a communication session pause, or
-"ChargingSession" = 'Pause' if the EVSE sent parameter "EVSEStatusCode" ='"EVSE_ UtilitylpterruptEvent' in one
of the CurrentDemandRes <7b> messages or in the PowerDeliveryRes <8b> message;,or
-"ChargingSession" = 'Terminate' to terminate digital communication.
Refer to IEC 61851-24.
» The EVSE shall, in 1 second or less, reduce and maintain the present voltage ‘at the DC output between DC+ and
t107 » t10g | DC[ =60V DG, —
NOJTE: The EVSE can actively discharge the DC output because the EV/IPHEV has opened tHe EV/PHEV charge
corjtactors.
108 . TVLe EVSE shall send the SessionStopRes <10b> message.
» If using ISO 15118-2:2014, the EVSE shall turn off its CP osgillator.
« The EV/PHEV should unlock the vehicle connector after the ‘SessionStopRes <10b> messade is received. The
reglirements for unlocking are defined in ISO 17409.
« If pupported by the EVSE, the EV/PHEV may wake up the EVSE and reinitiate a communication session (see
6.4]8). The communication session shall restart aftersthe restart process at t1 in the normal start up sequence (see
t108 » t110 F.1}8).
« If Higital communication according to ISO 15148.is used, the EV/PHEV may request a pausq (see F.1.12). The
communication session shall restart after the\pause process at t1 in the normal start up sequgnce (see F.1.8).
» Ay subsequent reinitiation of a new communication session shall use the restart sequence as specified in 6.5.31
and continue to t1 in the normal start up sequence F.1.8.
« If psing DIN SPEC 70121:2014, the"'EVSE shall turn off its CP oscillator 1.5 seconds after sgnding the
t109 ;
SegsionStopRes <10b> message:
110 » Up-mating the vehicle connector'changes the CP state from B to A.
* The limitations of the disabled DC output are not required.

F.1.10  Error and pmergency handling

The EVSE and EV/HHEV shall.have means to initiate error or emergency shutdowns.

NOTE: An error shutdown ijs to prevent damage to the equipment. An emergency shutdown is to prptect the user from a

hazardous pituation.
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Table F3 - Overview of error and emergency shutdown cases

Type of Shutdown Case

Cable check errors (see 6.5.4)

Insulation monitoring during energy transfer (see 6.5.4.6)
Protection against overvoltage at the DC output between DC+ and DC-
(see 6.5.16)

Overtemperature handling (see 6.5.20)

Error Shutdown Check of the plausibility of the values provided by the thermal sensing
(see 6.5.20)

Short-circuit before energy transfer (see 6.5.18)

Maximum voltage between DC output live parts (DC+/DC-) and the
protective conductor in conditions with a single fault to protective
conductor (see 6.5.33.1)

Loss of electrical continuity of the control pilot conductor (see 6.2.1.1)
Loss of electrical continuity of the proximity detection conductor((se¢|
6.2.2.5)

Overcurrent protection (see 6.5.17)
Protection against overvoltage at the DC output between DC+ and DC-
Emergency Shutdown (see 6.5.33.1)

Control circuit supply integrity

Loss of electrical continuity the protective conductor (see 6.4.10 and
6.5.32)

Short-circuit protection (see 6.5.18)

If error shutdown does not work properly.(see F.1.10.1)

Other reasons for erfor or emergency shutdowns are specified in the respective digital communicatiof protocol as defined
in IEC 61851-24.

F.1.10.1 EVSE of EV/PHEYV Initiated Error Shutdown

Sequence diagrams|and descriptions for EVSE and EV/RHEYV initiated error shutdown, based on ISQ 15118-2:2014 and
DIN SPEC 70121:2Q14, are shown in Figure F3 and Table F4.

If the digital communication is based on DIN SPEC,70121:2014 and an error occurs during energy transfer, the EV/PHEV
can initiate an error shutdown as defined in the sequence diagram and description in Figure F4 and Table F5. In this case,
the EV/PHEV can enter the welding detection phase.
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Energy transfer stage
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Figure F3 - Error shutdown sequence
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Table F4 - Error shutdown sequence description

Timestamp

Description

» t200

» General precondition: Any digital communication messages between the EV/PHEV and EVSE.
* Preconditions for EV/PHEYV initiated error shutdown: CP state B, C, or D.
» Preconditions for EVSE initiated error shutdown: CP Oscillator ON.

t200

* Occurrence of error shutdown condition detected by the EV/PHEV or EVSE (for example, the EV/PHEYV triggers
an error shutdown via digital communication, digital communication loss, or closing of the data link/TCP
connection). See Table F3.

NOTE 1: When using DIN SPEC 70121:2014, if an error condition occurs before energy transfer, the EV/IPHEV
proceeds to t305 in Table F5, by sending a SessionStopReq <10a> message.

NOTE 2: When using DIN SPEC 70121:2014, if an error condition occurs during energy transfer, the EV/PHEV
proceeds to t300 in Table F5, by sending a PowerDeliveryReq <8a> message.
« The trigger time starts from this moment.

NOJTE 3: Some trigger times for EV/PHEYV initiated error shutdown depends on digital.commupication
reqgpirements. See IEC 61851-24.

Forlan EV/PHEV initiated error shutdown:
» The EV/PHEV may open the EV/PHEV charge contactors. In this case, the EV/PHEV shall ot re-close the
EVIPHEV charge contactors.

t200 » 1201

+ Dyration of the trigger time of the EVSE. See F.1.10 for the specific requirements for each efror shutdown.

t201

* The timing requirements of F.1.9.1 (performance time) starts from this moment.

» The EVSE performs the error shutdown.
» The EVSE shall disable the EVSE IMD, if not already done.

t201 » t202

» The EVSE shall reduce the present current at the DC outputfo'<5 A DC and disable DC output in 1 second or
les$, if not already done.

t201 » t206

» The EVSE shall, in 2.5 seconds or less, reduce the present voltage at the DC output to <60 Y DC between:
-DC+ and DC-,

- DL+ and PE, and
- DC- and PE.

t202

* The present current at the DC output shall bels5 A DC and remain <5 A DC.
« If hot already done, the EVSE shall stop the‘overvoltage protection according to 6.5.24, and then, the EVSE shall
disable the DC output, and open the EVSE)contactors, if any.
Dufing an EVSE initiated error shutdown:

« If Higital communication is still operational, the EVSE shall send parameter "ResponseCode'l = 'FAILED' in the
neXt response messages. RefertoIEC 61851-24:2014.
Duting an EV/PHEV initiated.error shutdown:

« If Higital communication.i§still operational, the EVSE shall send message SessionStopRes 410b> if message
SegsionStopReq <10a> was received before t202.

NOJTE: Refer to 1ISO,15418-2:2014 and DIN SPEC 70121:2014 for exception cases, if any.

t202 » 203

» The EVSE shall turnoff its CP oscillator between 300 and 500 ms after the present current gt the DC output is <5
A QC.

t202 » t207

. Tie disabled.DC output of the EVSE shall have equivalent electrical properties/behavior (e.d., impedance,
dis¢harge’rate, etc.) as the circuit described in 6.5.27.

t203

» The EVSE shall turn off its CP oscillator.
NOJTE=If the EVSE turns off the CP oscillator before sending a response message with paranjeter

"R = ; 1 (see F.1.10.2). The
300 ms delay should be sufficient for the EV/PHEV to send and receive the digital communication message.

« If the EVSE has not turned off its CP oscillator 2.5 seconds after the error is detected (t200), the EV/PHEV and
EVSE shall trigger an emergency shutdown. See F.1.11.2 for the timing requirements for the EVSE regarding the
present current at the DC output, disconnection device, and CP oscillator.

t203 » t204

* The EV/PHEYV shall open the EV/PHEV charge contactors in 100 ms or less after the EVSE has turned off its CP
oscillator.

t204

» The EV/PHEYV shall open the EV/PHEV charge contactors, if not already open.

t205

« The EV/PHEV shall change the CP state to B when it has opened the EV/PHEV charge contactors.
* The EV/PHEV may enable the EV/IPHEV IMD.

t206

* The present voltage at the DC output between DC+ and DC- shall be <60 V DC.
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During an EV/PHEYV initiated error shutdown:

« If digital communication is still operational, the EVSE shall send message SessionStopRes <10b> if message
SessionStopReq <10a> was received after t202.

NOTE: Refer to ISO 15118-2:2014 and DIN SPEC 70121:2014 for exception cases, if any.

« If digital communication is still operational, the EV/PHEV should unlock the vehicle connector after the
SessionStopRes <10b> message is received. The requirements for unlocking are defined in ISO 17409.

1206 » 207 » Any subsequent reinitiation of a new communication session shall use the restart sequence as specified in 6.5.31
and continue to t1 in the normal start up sequence F.1.8.
207 » Un-mating the vehicle connector changes the CP state from B to A.

* The limitations of the disabled DC output of the EVSE are not required.
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F.1.10.1.1 EV/PHEV Initiated Error Shutdown During Energy Transfer Using DIN 70121:2014
Energs)t/at;:nsfer EV Welding Detection phase (Optional) Unlocking Unmated
t300
EVTargetCurrent ﬁ @
T
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DC output h :
current :
“NX<BA |
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statuscdge | EVS ETReady EVSE_Shutdown
ReadyToChprge False
State 1T //T /t307
-
| ' |
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Not required Required Nof required
DC output ] : \ i t30¢ d
| |
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Figure F4- EV/PHEY initiated error shutdown during energy transfer using DIN 70121
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Table F5 - EV initiated error shutdown during energy transfer using DIN 70121 sequence description

Timestamp Description

» 300 » Cyclic CurrentDemandReqg/Res messages between the EV/PHEV <7a> and EVSE <7b>.

« An EV/PHEV, using DIN SPEC 70121:2014 as its digital communication protocol, triggers an EV/PHEYV initiated
t300 error shutdown by requesting the EVSE to disable DC output by sending message PowerDeliveryReq <8a> with
parameter "ReadyToChargeState" = 'FALSE.'

1300 > 1301 « If the present current at the DC output is >5 A DC, the present current at the DC output shall be <5 A DC in 1
second or less and remain <5 A DC.

» The EV/PHEV may open the EV/PHEV charge contactors after the present current is <5 A DC and after the
t300 » t303 message PowerDeliveryReq <8a> has been sent. In this case, the EV/PHEV shall not re-close the EV/PHEV

charge contactors.

« If not already done, the EVSE shall stop the overvoltage protection according to 6.5.24, and then the EVSE shall

disable the DC output, and open the EVSE disconnection device, if any.

1301 NQITE: If the EVSE disables the DC output while the present current at the DC output is >0,A PC, the present
volfage at the DC output drops to the battery system voltage because the EV/PHEV charge, cgntactors are still
cloged.

» The EVSE shall disable the EVSE IMD.

{301 » 1307 . Tie disabled DC output of the EVSE shall have equivalent electrical properties/behavior (e.d., impedance,
dis¢gharge rate, etc.) as the circuit described in 6.5.27.

1302 « The EVSE shall communicate that the present current at the DC output is’<5.A DC and has flisabled the DC
output by sending parameter "EVSEStatusCode" = 'EVSE_Shutdown' in message PowerDelijeryRes <8b>.

1302 » 1305 « If the EVSE has not received a SessionStopReq <10a> message 20 ‘seconds after sending the
PowerDeliveryRes <8b> message, the EVSE shall trigger an EVSE initiated error shutdown.

» The EV/PHEV shall change the CP state to B after receiving message PowerDeliveryRes <§b>.
t303 . 'Iie EV/PHEV may enable the EV/PHEV IMD, if any.

NO[TE: If the EV decides not to perform welding detection, it\proceeds to t304.

» The EV/PHEV may actuate the EV/PHEV charge contactors multiple times during welding d¢tection.

» The EV/PHEV may send multiple WeldingDetectionReq <9a> messages in order to read the|present voltage at
t303 » t304 the|DC output measured by the EVSE in the WeldingDetectionRes <9b> messages.

» The EVSE shall check if the CP state changed to, state B before sending the first WeldingDefectionRes <9b>

megsage.

» The EV/PHEV completes welding detection;if performed.

1304 » The EV/PHEV shall open the EV/PHEV eharge contactors.

NOJTE: The opening of the EV/PHEV charge contactors starts the reduction of the present volfage at the DC output
by passive discharge because the\EV/SE has not yet received message SessionStopReq <10p>.
» The EV/PHEV shall send the SessionStopReq <10a> message after it has opened the EV/PHEV charge
t305 conftactors.
» The EV/PHEV initiates digital communication termination by sending message SessionStoplReq <10a>.
» The EVSE shall, in 1,seeend or less, reduce the present voltage at the DC output between OC+ and DC- to <60 V

t305 » t306 DC . .

NOITE: The EVSE‘can actively discharge DC output because the EV/PHEV has opened the ENV/PHEV charge
corftactors.

1306 . T:te EVSE shall send the message SessionStopRes <10b>.

» The EVSE 'shall turn off its CP oscillator according to IEC 61851-24.
» The EV/PHEV should unlock the vehicle connector after the SessionStopRes <10b> message is received. The

{306 » 1307 regliréments for unlocking are defined in ISO 17409.

» Any subsequent reinitiation of a new communication session shall use the restart sequence as specified in 6.5.31
and continue to t1 in the normal start up sequence F.1.8.
{307 » Un-mating the vehicle connector changes the CP state from B to A.

* The limitations of the disabled DC output of the EVSE are not required.
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F.1.11 Emergency Shutdown Executed by the EVSE or EV/PHEV

Both the EVSE and the EV/PHEV must communicate, by means of basic signalling, that an emergency shutdown condition
was detected. In this case, the EVSE and the EV/PHEV execute the emergency shutdown independently, synchronized

with basic signalling.

The diagrams show multiple scenarios for emergency shutdown conditions, as detected by the EVSE or EV/PHEV.
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F.1.11.1

Emergency Shutdown Executed by the EV/PHEV
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Figure F5 - Emergency shutdown executed by the EV
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Table F6 - Emergency shutdown executed by the EV/PHEV sequence description

Timestamp

Description

» t400

» General precondition: Any digital communication messages between the EV/PHEV and EVSE.
* Preconditions for emergency shutdowns executed by the EV/PHEV: CP state C/D and CP oscillator on (5%
PWM)

t400

* Occurrence of the first emergency shutdown condition:
- Scenario 1: Occurrence of a fault that can be detected by the EV/PHEV (for example, internal fault of the EV,
loss of electrical continuity of the protective conductor without leaving CP state C or D, etc.). The fault has not been
detected by the EVSE.

- Scenario 2: The EVSE initiates an emergency shutdown by turning off the CP oscillator (100% PWM). The fault
has not been detected by the EV/PHEV.

- Scenario 3: Occurrence of a fault detected by both the EV/PHEV and EVSE. For example, when S2 is closed
and the CP state changes to states A/B/E/F or Invalid from the EV/PHEV perspective (for example, loss of

eleffrica conhnw[y of the contro o] of conductor or oss of electrica conflnwfy of the prOX|m|Ey

con
NO
fron
and
NO
cor

ductor).
TE 1: When the EV/PHEV detects an emergency shutdown condition, it must not relyson d
h the EVSE, as a fault condition may disturb digital communication or basic signailing betw
EVSE.
TE 2: The timing requirements in this sequence are based on the occurrenge of the first e
dition detected by the EV/PHEV. There might be subsequent emergency’shutdown condit

detection

gital communication
een the EV/IPHEV

nergency shutdown
ons.

t400 » t401

Sce
*In
ma
*In
tot
Scq
*In

less.
Scenario 3:

*In
Seg

nario 1:

nufacturer.

case of losing of electrical continuity of the protective conductér without leaving CP state (
he EV/PHEV; see Figure 4), the EV/PHEV shall trigger an efaergency shutdown in 150 ms
nario 2:

case the EVSE turned off the CP oscillator, the EV/PHEV: shall trigger an emergency shut

case of an unexpected CP state change, the EV/PHEYV shall trigger an emergency shutdo
6.2.1.2.

case the EV/PHEV detects an internal fault, the EV/PHEV shall open\S2 as specified by the EV/PHEV

L or D (from point A
or less. See 6.4.10.

Hown in 50 ms or

Wwn in 50 ms or less.

t401

» The EV/PHEV triggers the emergency shutdewn.

t401 » 1402

« Thhe EV/PHEV shall open S2 in 10 ms or-less.

t402

» The EV/PHEV opens S2.
» The EV/PHEV may open the EV/PHEV charge contactors. In this case, the EV/PHEYV shall
EV/|PHEV charge contactors.

ot re-close the

t401 » t403

. Tilne EV/PHEV shall either:
- open the EV/PHEV chargé.contactors in 100 ms or less after the present current at the DC g
- open the EV/PHEV charge contactors 1.1 seconds after triggering an emergency shutdown,

Wh

NO|
30

pre
NO|
att

chever results inithe’shortest time to open the EV/PHEV charge contactors.

TE 1: In an-emergency shutdown, the EVSE has reduced the present current at the DC ou
ms or less.after t401. The EV/PHEV has sufficient time to open the EV/PHEV charge conta
sent cdrrent at the DC output.
TE 2:;Legacy EVSEs, according to IEC 61851-23:2014, may take up to 1 second to reducs

utput is <5 A DC, or

tput to <5 ADC in
ctors without a

e the present current

ne-DC output to <5 A DC in case the CP state changes from state C/D to state B

t401 » t405

* Both the EV/PHEV and EVSE may try to maintain digital communication.
« If the EV/PHEV or EVSE send a digital communication message, the request message sent by the EV/PHEV
shall contain parameter "EVReady" = 'False.’

t403

» The EV/PHEV opens the EV/PHEV charge contactors.

t403 »

» The EV/PHEV may enable the EV/PHEV IMD, if any.

t404

» See t505 in Table F7 (Emergency shutdown executed by the EVSE)

t404 » t405

» The EV/PHEV may unlock the vehicle connector. The requirements for unlocking are defined in ISO 17409.
» Any subsequent reinitiation of a new communication session shall use the restart sequence as specified in 6.5.31
and continue to t1 in the normal start up sequence F.1.8.

t405

» Un-mating the vehicle connector changes the CP state from B to A.
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F.1.11.2

Emergency Shutdown Executed by the EVSE
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Figure F6 - Emergency shutdown executed by the EVSE
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Table F7 - Emergency shutdown executed by the EVSE sequence description

Timestamp Description
> 1500 » General precondition: Any digital communication messages between the EV/PHEV and EVSE.

+ Precondition for an emergency shutdown executed by the EVSE: CP oscillator on.
* Occurrence of the first emergency shutdown condition:

- Scenario 1: The EV/PHEYV initiates an emergency shutdown by opening S2 (for example, internal fault of the
EV, loss of electrical continuity of the protective conductor without leaving CP state C or D, etc.). The fault has not
been detected by the EVSE.

- Scenario 2: Occurrence of a fault that can be detected by the EVSE (for example, internal fault detected by
EVSE). The fault has not been detected by the EV/PHEV.

- Scenario 3: Occurrence of a fault detected by both the EV/PHEV and EVSE. For example, the CP state
changes to states A/B/E/F or Invalid from the EVSE perspective (for example, loss of electrical continuity of the

t500 protective conductor, loss of electrical continuity of the control pilot conductor, or loss of electrical continuity of the

prokimity detection conductor).
NO[TE 1: When the EVSE detects an emergency shutdown condition, it must not rely on digitdl communication
fromh the EV, as a fault condition may disturb digital communication or basic signalling betweep the EV/PHEV and
EVBE.
NOJTE 2: The timing requirements in this sequence are based on the occurrence ofjthe first erhergency shutdown
corldition detected by the EVSE. There might be subsequent emergency shutdgwn conditions
NOJTE 3: In an emergency shutdown executed by the EV/PHEV (scenario 1)/the’EV/PHEV mpy open the
EV|PHEV charge contactors as soon as it detected the fault condition.
» The EVSE shall trigger an emergency shutdown in the trigger times or less specified for each fault. See Table F3.
* In|case the EVSE detects an internal fault not specified in Table F3,the EVSE shall trigger an emergency

t500 » t501 shytdown as specified by the EVSE manufacturer.

NOJTE: The trigger time is the time between the occurrence of a\fault and the moment that an pmergency has to be
triggered by the EVSE. These times are specified for each fault in Table F3.

t501 » The EVSE has triggered an emergency shutdown.

NOJ[TE: Point in time that cannot be physically measured atthe vehicle connector.
t501 » t502 « Thhe EVSE shall turn off its CP oscillator in 10 ms or-[€ss.
. T?Ine EVSE shall reduce the present current at the DC output to <5 A DC and disable DC output in 20 ms or less, if
t501 » t503
not|already done.
- Thhe EVSE shall, in 1 second or less, reduce the present voltage at the DC output to <60 VV OC between:
- DC+ and DC-, and
501 » 1506 - DC+ and PE, and
- DC- and PE.
» The EVSE turns off its CP oscillator to indicate an EVSE initiated emergency shutdown.
t502 NO]'TE: The timing requirements of F.1.9.1 (performance time) start from this moment.
» The EVSE shall disable the?EVSE IMD, if not already done.
Scénario 2:

t502 » t504 *The EV/PHEV must change the CP state from C/D to B by opening S2 in 50 ms or less after the CP oscillator is
turned off.

* Both the EV/PHEM and EVSE may try to maintain digital communication.

t502 » t507 « If the EV/PHEV, or EVSE send a digital communication message, the response message sent by the EVSE shall
contain parameter "ResponseCode" = 'FAILED.'

» Thhe EVSE-has reduced the present current at the DC output to <5 A DC.

t503 :j.lf ot already done, the EVSE shall stop thq overvoltayge prot.ectiqn according to 6.5.24, and then, the EVSE shall

|SLWWHMWMLM—
* The disabled DC output of the EVSE shall have equivalent electrical properties/behavior (e.g., impedance,

t503 » t507 . L 8 :
discharge rate, etc.) as the circuit described in 6.5.27.

t504 Scenario 2: '

* The EV/PHEV opens S2. See 1402 in Table F6 (Emergency shutdown executed by the EV).
* See t403 in Table F6 (Emergency shutdown executed by the EV/PHEV).

1505 NOTE: The EVSE can assume the EV/PHEV opened the EV/PHEV charge contactors 160 ms after turning off the
CP oscillator or after the CP state changed from state C/D to states A/BCE/F or Invalid. After this time, the EVSE
can proceed to actively discharge DC output.

t506 * The present voltage at the DC output between DC+ and DC- is <60 V DC.

* See t404 » t405 in Table F6 (Emergency shutdown executed by the EV)
t506 » t507 » Any subsequent re-initiation of a new communication session shall use the restart sequence as specified in 6.5.31
and continue to t1 in the normal start up sequence F.1.8.
t507 * Un-mating the vehicle connector changes the CP state from B to A.
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Timestamp Description
* The limitations of the disabled DC output of the EVSE are not required.

F.1.12  Pause Triggered by the EVSE Using ISO 15118-2:2014

The sequences specified in this clause are only applicable for EVSE using ISO 15118-2:2014.

F.1.121 Pause Before Cable Check Triggered by the EVSE Using ISO 15118-2:2014

If the EVSE does not have power available at the beginning of the charging session to do cable-check, pre-charge, and

energy transfer, the EVSE can perform a pause before cable-check. The EVSE will trigger a restart of the charging session
as soon as it has power available.
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Figure F7 - Pause before cable-check triggered by the EVSE
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Table F8 - Pause before cable-check triggered by the EVSE sequence description

Timestamp

Description

» 600

» The present voltage at the DC output shall be <60 V DC.

t600

» The vehicle connector is mated to the vehicle inlet, which changes the CP state from A to B.

« After the CP state changed to B and the PP is detected (S3 closed in case of configuration EE), the EV/PHEV
should lock the vehicle connector in the vehicle inlet.

« After the CP state changed to B, the EVSE shall disable the EVSE IMD, disable DC output and open the EVSE
disconnection device, if any.

« After the CP state changed to B, the EV/PHEV may try to set up a data link as defined in IEC 61851-24.

t600 » t603

» The EVSE shall not trigger an error shutdown due to the present voltage at the DC output (including negative
voltages).

NOTE: When the vehicle connector is mated to the vehicle inlet, these voltages can be caused by the EV/PHEV
requirements for unmated conditions in 6.5.2 of ISO 17409:2020. EVSE based on IEC 61851-23:2014 must trigger
a shutdown if the present voltage at DC output is >60 V DC in the first ChargeParameterDiscdveryReq <3a>
megsage.

t600 » t604

"EVMErrorCode" = 'FAILED_ChargerConnectorLockFault' in the next communicated. fessage that contains this

. If\Lhe EV/PHEV tried and failed to lock the vehicle connector, the EV/PHEV shall notify\the ESE with parameter
pargmeter, according to IEC 61851-24.

t600 » t608

* The disabled DC output of the EVSE shall have equivalent electrical properties/behavior (forfexample,
impledance, discharge rate, etc.) as the circuit described in 6.5.27.

601

» The EVSE shall turn on its CP oscillator if the EVSE is ready for energy transfer and if its CH oscillator is not
alrgady on.
» The EVSE shall maintain a CP duty cycle of 5% from the start of the-data link setup until end of communication
seskion unless a certain condition requires a different CP duty cycle.

t601 » 602

* The EV/PHEV shall establish the data link, as defined in thelEC 61851-24, after it has verifig¢d that the EVSE has
turrjed on its CP oscillator, if the data link is not already established.
NOJTE: The data link could have been previously established due to a pause or renegotiation ¢f the communication
seskion.
« Digital communication starts by the negotiation of,an“appropriate application layer protocol bgtween the EV/PHEV
<Xg> and EVSE <Xb>. See Appendix G.
» The EV/PHEV and EVSE exchange message pairs concerning session setup, services, authentication, payment
options, and value-added services (if supported by the negotiated application layer protocol). According to IEC
61851-24, some message pairs are not necessary after a pause or renegotiation, for example| authentication or
payiment options.

602

. TrLe EV/PHEV shall send parameters "EVMaximumVoltageLimit" and "EVMaximumCurrentL{mit" (amongst other
parameters) with the first ChargeParameterDiscoveryReq <3a> message.

t602 » t603

* The EVSE shall perform a compatibility check.
» The EVSE shall check if the 'absolute value of the present voltage at the DC output between [DC+ and DC- is <60
V OC and shall send message ChargeParameterDiscovery <3b> with parameter "EVSEProcepgsing" = 'Ongoing' if
the[absolute value of thejpresent voltage at the DC output is 260 V DC.
* The EVSE shall send-parameters "EVSEMaximumVoltageLimit," "EVSEMinimumVoltageLinit,"
"EMSEMaximumQCutrentLimit," and "EVSEMinimumCurrentLimit" (amongst other parameters) [in message
ChargeParameterDiscoveryRes <3b> considering the compatibility check.
» The EVSE:shall send parameter "EVSEStatusCode" = 'EVSE_ IsolationMonitoringActive' in the
rgeParameterDiscoveryRes <3b>" messages, unless the EVSE wants to perform a shutdown. The EV/PHEV
is recommended to continue the communication session if the EVSE sends ChargeParameterDiscoveryRes <3b>
me : )= ‘or’ ’
NOTE 1: EVSEs based on IEC 61851-23:2014 can send parameter “EVSE_StatusCode” = “EVSE_Ready,”
“EVSE_NotReady,” or “EVSE_IsolationMonitoringActive” in ChargeParameterDiscoveryRes <3b> messages.

« If the EVSE replies with parameters "ResponseCode" = 'OK' and "EVSEProcessing" = 'Ongoing' in message
ChargeParameterDiscoveryRes <3b>, the EV/PHEV and EVSE may update the parameters sent in the next
ChargeParameterDiscoveryReg/Res messages.

NOTE 2: The EVSE may use "EVSEProcessing" = 'Ongoing' for other reasons. Example: load management, etc.
« If the EV/IPHEV sends parameter "EVErrorCode" = 'FAILED_ChargerConnectorLockFault' in a
ChargeParameterDiscoveryReq <3a> message, the EVSE should respond with cyclic
ChargeParameterDiscoveryRes <3b> messages with parameters “EVSEProcessing” = 'Ongoing’ and
“ResponseCode” = 'OK’ to give the EV/PHEV additional time to solve the fault in the locking mechanism.

NOTE 3: The EVSE should inform the user how to improve the locking process. For example, by indicating how to
properly mate the vehicle connector in the vehicle inlet.

‘

t602 » t603

+ ISO 15118-2:2014 does not specify the possibility to update the parameters in subsequent
ChargeParameterDiscoveryReq/Res messages, however, it is recommended for the EVSE not to perform a
shutdown if the EV/PHEV changes the parameters.
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» To improve interoperability, the EVSE shall tolerate the EV/PHEV changing CP state to C/D during cyclic

ChargeParameterDiscoveryReq/Res messages. If the EV/PHEV changes back to CP state B,
trigger an EVSE initiated emergency shutdown. See F.1.11.

the EVSE shall

NOTE 4: Requirement (V2G2-912) in ISO 15118-2:2014 and a similar requirement in outdated versions of
SAE J1772 don'’t specify that the EV/PHEV must receive a ChargeParameterDiscoveryRe <3b> with parameter
“EVSEProcessing” = “Finished” before changing the CP state from state B to state C/D, leading to this unwanted

behavior.

« If the absolute value of the present voltage at the DC output is <60 V DC, the EVSE shall send the EV/PHEV the
result of the compatibility check and trigger for a communication session pause before cable-check phase in

message ChargeParameterDiscoveryRes <3b> using parameters "EVSEStatusCode" =
'EVSE_ IsolationMonitoringActive', "EVSEProcessing" = 'Finished', and:

-"ResponseCode" = 'OK’, "EVSENGatification" = 'StopCharging,' and "NotificationMaxDelay" = '0' if the

compatibility check was completed successfully and the EVSE has no power available, or

-"ResponseCode" = 'Failed_WrongChargeParameter' if the compatibility check was completed and failed,

trigm:ring an EV/SE initiated error shutdown

NOJTE 1: A ChargeParameterDiscoveryRes <3b> message with "ResponseCode" =

'Failed_WrongChargeParameter' and parameter "EVSEProcessing" = 'Ongoing,’ will triggenan EVSE initiated error
shutdown. Refer to error handling specifications for the digital communication standards'in IEC 61851-24.

» The EVSE shall continue to t1 in the normal start up sequence F.1.8.

t603 NOJTE 2: If the absolute value of the present voltage at the DC output is not <60 V,.DC)at the gnd of the
compatibility check (based on the timing requirements of IEC 61851-24), the EVSE|eannot sefpd a
ChargeParameterDiscoveryRes <3b> message with parameter "EVSEProcegsing’= 'Finisheq.' In this case, the
EV/PHEV must trigger an error shutdown
NOJTE 3: EVSEs based on IEC 61851-23:2014 can send parameter “EV.SE_StatusCode” = “BVSE_Ready,”
“EMSE_NotReady,” or “EVSE_IsolationMonitoringActive” in ChargePafameterDiscoveryRes <Bb> messages. The
EVIPHEYV is recommended to continue the communication session if the EVSE sends
ChargeParameterDiscoveryRes <3b> messages with parameter~EVSE_StatusCode” = ‘EVSE_Ready’ or
‘EVISE_NotReady.’
* It |s recommended that the EVSE sends parameter "EVSEStatusCode" = 'EVSE_IsolationM@nitoringActive' in the
las§ ChargeParameterDiscoveryRes <3b> message.
» The EV/PHEV may lock the vehicle connector in the gehicle inlet.
603 > 1604 » The EV/PHEV shall not send messages CableChéckReq <4a> and PreChargeReq <5a>.
NOJTE: The EV/PHEV does not send messages.CableCheckReq <4a> and PreChargeReq <5a> because the
EV$E has indicated that it has no power available.
t603 » t607 « The EV/PHEV shall not change to CP state C/D during the communication session pause.
. T1e EVSE shall trigger an error shutdownr'if the present voltage at the DC output between DL+ and DC- is <-60 V
t603 » !
DCffor 400 consecutive ms or more.
» The EV/PHEV shall not send messages CableCheckReq <4a> and PreChargeReq <5a>, but instead the
EVJPHEYV shall send message PoewerDeliveryReq <8a> with "ChargeProgress" = 'Stop."
NOJTE: The EV/PHEYV does not send messages CableCheckReq <4a> and PreChargeReq <5a>, as the EVSE has
t604 indicated that it has no pewer-available.
« If fhe EV/PHEV tried and-failed to lock the vehicle connector, the EV/PHEV shall trigger an BV/PHEV initiated
errgr shutdown with parameter "EVErrorCode" = 'FAILED_ChargerConnectorLockFault' in megsage
PowerDeliveryRedi<6a>.
1605 . 'I\'/P'Se EVSE shallisend message PowerDeliveryRes <8b> with parameters "EVSEStatusCode|' =
'EVBE_Shutdown,' "EVSENGotification" = 'StopCharging,' and "NotificationMaxDelay" = '0.'
t606 « The EV/PHEV shall send message SessionStopReq <10a> with parameter "ChargingSessidn" = 'Pause.’
1607 . T:le EVSE shall send message SessionStopRes <10b> according to IEC 61851-24.
» The EVSE shall turn off its CP oscillator according to IEC 61851-24.
* Duration of the communication session pause.
« If the EV/PHEV or EVSE want to stop the communication session, the EV/PHEV or EVSE, respectively, shall end
the pause by performing a restart (see 6.4.8), followed by a normal start up (see t1 » t2 in Table F1), and then a
t607 » 608 normal shutdown (see F.1.9).
« If the EV/PHEV or EVSE want to resume the communication session, the EV/PHEV or EVSE, respectively, shall
end the pause by performing a restart (see 6.35.31) followed by a normal start up (see F.1.8).
« If the vehicle connector is un-mated, the EVSE shall terminate the data link according to IEC 61851-24.
» The EVSE shall turn on its CP oscillator according to IEC 61851-24, to indicate to the EV/PHEV that power is now
t608 available.
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F.1.12.2

In case the EVSE has power available at the beginning of the charging session to do cable-check and pre-charge but not
energy transfer, the EVSE can perform a pause after pre-charge and before energy transfer. This case allows the EVSE to
verify that the insulation value is valid before the pause. If cable-check fails, the user is notified before the pause that the

Pause After Pre-Charge and Before Energy Transfer Triggered by the EVSE Using ISO 15118-2:2014

EVSE is not safe and can proceed to another EVSE. This sequence is only applicable for ISO 15118-2:2014.
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Figure F8 - Pause after pre-charge and before energy transfer triggered by the EVSE
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