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1. SCOPE

This SAE Recommended Practice covers the general physical, electrical, functional and performance requirements to
facilitate conductive charging of EV/PHEV 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

21

Applicable Publications

Unless-oth

The following public
latest issue of SAE 4
2.1.1  SAE Publics

Available from SAE
USA and Canada) o

SAE J1113-21 Eled
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SAE J2293-2 Ene
Arch

2.1.2 Canadian St
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WwWWw.csa.ca.

Canadian Electrical
2.1.3 Federal Con
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tions

International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 8
[ 724-776-4970 (outside USA), www.sae.org.

tromagnetic Compatibility Measurement Procedure for Vehicle Components—~H
tromagnetic Fields, 30 MHz to 18 GHz, Absorber-Lined €hamber
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s B Data Communications Network Interface
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itectures
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itecture
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rgy Transfer System for Electric_ Vehicles—Part 2: Communication Requirements and Network
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ton, DC 20401, Tel:

202-512-1800, www
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214

International Electrotechnical Commission Publication

Available from International Electrotechnical Commission, 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, 25 West 43rd Street, New York, NY
10036-8002, Tel: 212-642-4900, www.ansi.org.
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61000-4-6 Ele
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2.1.5 Internationa

Available from Interr
Switzerland, Tel: +4

Also available from
212-642-4900, www

ISO 11451-2 Roa
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National Electrical C
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UL 1439
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Jucted disturbances, induced by radiofrequency
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Standards Organization Publication
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-22-749-01-11, www.iso.org.

American National Standards Institute, 25 West 43rd Street, New York, N
ansi.org.

d vehicles—Vehicle test methods for electrical” disturbances from n3
tromagnetic energy—Part 2: Off-vehicle radiation sources

Protection Association Publication

lational Fire Protection Agency, 1 Batterymarch Park, Quincy, MA 02169-7471

pde, NFPA 70 Article 625 (2008 edition)
Laboratories Inc. Publications

brwriters Laboratories.Inc., 333 Pfingsten Road, Northbrook, IL 60062-2096,

dard for EncClosures for Electrical Equipment

Detgrmination of Sharpness of Edges on Equipment

Charging System Equipment

Vehicles, boats and internal combustion engines—Radio disturbance characteristics—Limits and
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Y 10036-8002, Tel:

rrowband radiated

Tel: 617-770-3000,

Tel: 847-272-8800,

UL 2231-1

UL 2231-2

Devices for Use in Charging Systems

UL 2251

Plugs, Receptacles, and Couplers for Electric Vehicles

2.2 Related Publications

Personnel Protection Systems for Electric Vehicle Supply Circuits: General Requirements

Personnel Protection Systems for Electric Vehicle Supply Circuits: Particular Requirements for Protection

The following publications are provide for information purposes only and are not a required part of this document.
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-22-919-02-11, www.iec.ch.

also available from the American_National Standards Institute, 25 West 43rd S
P-642-4900, www.ansi.org.

ectromagnetic compatibility’ (EMC)—Part 4-3: Testing and measurement te
Hio-frequency, electromagnetic field immunity test

ectric Vehicle Conductive Charging System—Part 1: General Requirements

bctric Vehiele-Conductive Charging System—~Part 21: Electric Vehicle Requiren
an AC / DC)Supply

ectric Vehicle Conductive Charging System—Part 22: AC Electric Vehicle Chargi

61000-4-3 El
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IEC 61851-1 El
IEC 61851-21 El
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IEC 61851-22 El
2.2.3

Performance Levels and Methods of Measurement of Magnetic and Electric Field Strength from Electric

Connections for High Voltage On-Board Vehicle Electrical Wiring Harness—Test Methods and General
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D

Forms of Headers

te Headers

1211 Geneva 20,
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thniques—Radiated,

ents for Connection

ng Station
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UL 94

UL 231
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https://saenorm.com/api/?name=71e22588423de90eb589bf9f92b400fb

SAE J1772 Revised JAN2010 Page 7 of 51

3. DEFINITIONS

3.1 AC Level 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 1. 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.

3.2 AC Level 2 Charging

A method that uses

fitted with an on-bo@rd charger capable of accepting energy from single phase alternating current

supply equipment. T|
3.3 Charger

An electrical device
energy storage devi

3.4 Chassis Groufd

The conductor used
ground.

3.5 Conductive
Having the ability to
3.6 Connector (CH

A conductive device
purpose of transferri
3.7 Contact (Char

A conductive eleme
path.

3.8 Control Pilot

dedicated AC EV/PHEV supply equipment in either private or public locations.

he maximum power supplied for AC Level 2 charging shall conform to the Values

that converts alternating current energy to regulated direct current for replenish
e (i.e., battery) and may also provide energy for operating other vehicle electrica

to connect the non-current carrying metal parts ofithe vehicle high voltage systs

fransmit electricity through a physical'path (conductor).
arge)

that by insertion into a vehicle inlet establishes an electrical connection to the e
hg energy and exchanging information. This is part of the coupler.

ge)

ht in a conngctor that mates with a corresponding element in the vehicle inlet to

The vehicle shall be
AC) electric vehicle
in Table 1.

ng the energy of an
systems.

em to the equipment

ectric vehicle for the

provide an electrical

An electrical signal

dal IS sourced DYy the EleClric VeniCle Supply Equipment (EVSE). Lontrol Flot |

s the primary control

conductor and is connected to the equipment ground through control circuitry on the vehicle and performs the following

functions:

a.

b.

c.

d. Monitors the pre
e. Establishes vehi

Verifies that the vehicle is present and connected
Permits energization/de-energization of the supply

Transmits supply equipment current rating to the vehicle

sence of the equipment ground

cle ventilation requirements
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3.9 Coupler (Charge)

A mating vehicle inlet and connector set.

3.10 DC Charging

A method that uses
board charger to the

3.11

An automotive type
rechargeable energ
Regulations — Title 4

a.
current from a
source off the vq

Which is manufs

Which is rated
which has a bas

3.12 Electric Vehicl

The conductors, in
connectors, attach
purpose of deliveri

NEMA 5-20P attach
3.13 Equipment Gr

A conductor used t
grounding conducto

3.14 EV/PHEV Chg
The equipment requ

the direct current, v4
vehicle electrical sys

Any four wheelg

dedicated direct current (DC) EV/PHEV supply equipment to provide energy from an appropriate off-
EV/PHEV in either private or public locations.

Electric Vehicle (EV)

A 22 that draws from a
storage dewce For the purpose of thls document the deflnltlon in the Unlted States Code of Federal

0, Part 600, Subchapter Q is used. Specifically, an automobile means:

d vehicle propelled by a combustion engine using on-board fuel of by an el
echargeable storage battery or other portable energy devices (rechargeable
hicle such as residential electric service).

ctric motor drawing
sing energy from a
ctured primarily for use on public streets, roads, and highways.

ot more that 3855.6 kg (8500 Ib), WhICh has a curb weight of not more than 272
¢ frontal area of not more than 4.18 m? (45 ft°).

.6 kg (6000 Ib), and

Supply Equipment (EVSE)

luding the ungrounded, grounded, and“equipment grounding conductors, [the electric vehicle
ent plugs, and all other fittings, devices; power outlets, or apparatuses installefl specifically for the
energy from the premises wiring-to-the electric vehicle. Charging cords with NEMA 5-15P and
ent plugs are considered EVSESs(

bund (Grounding Conductor)

b connect the non-current carrying metal parts of the EV/PHEV supply equip
, the grounding elegtrade conductor, or both, at the service equipment.

ment to the system

rging System

red to cohdition and transfer energy from the constant frequency, constant voltage supply network to
riable voltage EV/PHEV traction battery bus for the purpose of charging the batiery and/or operating
tems, While connected.

3.15 Insulator

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

3.16 Off-Board Charger

A charger located off of the vehicle.

3.17 On-Board Charger

A charger located on the vehicle.

3.18 Plug In Hybrid

A hybrid vehicle with

Electric Vehicle (PHEV)

the ability to store and use off-board electrical energy in a rechargeable energy storage device.
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3.19 Vehicle Inlet (Charge)

The device on the electric vehicle into which the connector is inserted for the purpose of transferring energy and
exchanging information. This is part of the coupler.

4. GENERAL CONDUCTIVE CHARGING SYSTEM DESCRIPTION

In the most fundamental sense, there are 3 functions, 2 electrical and 1 mechanical, that must be performed to allow
charging of the EV/PHEV battery from the electric supply network. The electric supply network transmits alternating
current electrical energy at various nominal voltages (rms) and a frequency of 60 Hz. The EV/PHEV battery is a DC
device that operates at a varymg voltage depending on the nominal battery voltage, state-of-charge, and
charge/discharge raje , , ed to as rectification.
The second electrical function is the control or regulatlon of the supply voltage to a level that permlt a managed charge
rate based on the |battery charge acceptance characteristics — i.e., voltage, capacity, electrochemistry, and other
parameters. The cqgmbination of these two functions are the embodiment of a charger. The“mechanical function is the
physical coupling or] connecting of the EV/PHEV to the EVSE and is performed by the user. The [conductive charging
system consists of 4 charger and a coupler. The conductive system architecture is suitable for use With electrical ratings
as specified in Tabld 1 and as shown in Figure 1.

TABLE 1 - CHARGE METHOD ELECTRICAL RATINGS (NORTH AMERICA)

Nominal Supply Voltage Maximum Current Branch Cifcuit Breaker
Charge Method (Volts) (Amps<gontinuous) ratingl (Amps)
AC Level 1 120 V AC, 1-phase 12 A 15 A (minimum)
120 V AC, 1-phase 16 A 20 A
AC Level 2 208 to 240 V AC, 1-phase <80 A Per NEC 625
DC Charging Under Development
Electric
EV Supply ’
Equipmpnt Vehicle
Conductive
Coupler

Charge
Controller

AC Leve

On-Board
Charger

AC Level 2 - e ® ® aDatoe ® @

@— P Oowe nmm—

FIGURE 1 - CONDUCTIVE EV/PHEV CHARGING SYSTEM ARCHITECTURE
4.1 AC Level 1 and AC Level 2 Interface Functions

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
interface consists of 5 contacts that perform the interface functions as shown in Figure 2 and specified in Table 2.
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Contact # / Function EV Connector EV Inlet

Contact # / Function

1 —AC Power (L1) 1 —Charger (L1)

2- AC Power (L2, N) 2 — Charger (L2,N)

3 — Epuipment Ground 3 — Chassis Ground

4 — Cpntrol Pilot

4 — Control Pilot

5 — Proximity Detection 5 — Proximity Detect|on

AL

LT

FIGURE 2 - AC LEVEL 1 AND AC LEVEL 2 CONBDUCTIVE COUPLER CONTACT INTERFACH FUNCTIONS

TABLH 2 - AC LEVEL 1 AND ACLEVEL 2 CONDUCTIVE COUPLER CONTACT FUNCTIONS

Contact# Connpctor Function  Vehicle Inlet Function Description
1 AC Power (L1) Charger 1 Power for AC Level 1 and 2
2 AC Power (L2,N) Charger 2 Power for AC Level 1 and 2
3 Equipment ground Chassis ground Connect EVSE equipment grounding cnductor to
EV/PHEYV chassis ground during charging
4 Control|pilot Control pilot Primary control conductor (operation dgscribed in
Section 5)

5 Proximi Vi Petection Prm(imify Detection Allows vehicle to detect presence aof ch rge connector
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4.2 AC Level 1 Charging

A method of EV/PHEV charging that extends AC power from the most common grounded electrical receptacle to an on-
board charger using an appropriate cord set, as shown in Figure 3 at the electrical ratings specified in Table 1. AC level 1
allows connection to existing electrical receptacles in compliance with the National Electrical Code - Article 625.

Cordset Connector ' Vehicle Inlet
/ Level 1 Cordset \ Vehicle \
::[) Charge
Stati
AT PTEsent aus

Indication T
NEMA 5-15 /

or 5-20 Plug H
L J

Charger

I Indicator
| e
%nlr ller -,

Isolgtion

— ELZ{\or \

J

Equipment ‘ P AR A
Ground 3
a

Control
Electronics

+5V (Regulated)

FIGURE 3 - AC LEVEL 1 SYSTEM CONFIGURATION
Figure lllustrates Vehicle Charging
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4.3 AC Level 2 Charging

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 4. The electrical ratings are similar to large household appliances and specified in
Table 1. AC Level 2 may be utilized at home, workplace, and public charging facilities.

EVSE Connector

Vehicle Inlet

/ EVSE Control Box \ Vehicle \
j) Charge
Status
AC Present P Indicator
Indication ! \
Electric «L 5 K | § ‘/\' Charger
Supply
=20 \ f
A
L J
= Equipment § | | | % o &7 | BRIV s b
Ground g
ool R
Electronics
/ +5V (Regulated)
R4
I
| \_ /
-
FIGURE 4 - AC LEVEL 2 SYSTEM CONFIGURATION
Figure lllustrates Vehicle Charging
4.4 DC Charging
Under development.
5. CONTROL AND DATA

The control pilot circuit is the primary control means to ensure proper operation when connecting an EV/PHEV to the
EVSE. This section describes the functions and sequencing of events for this circuit based on the recommended typical
implementation or equivalent circuit parameters.
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5.1

Typical Control Pilot Circuit

A typical control pilot circuit is shown in Figure 5.

5.2

Control Electronics

12v
Pwr Supply

Oscillator
1KHz

EVSE Connector | Vehicle Inlet
I
Vehicle Interface
EV Supply Equipment I
””””””””””””””” On-board
| Battery Charge
| Controller
........... |
o
@) N
N |7l requency / PW
Measurement

+-12V Voltage

measurement

R3 R2
274K 1.3K]

YWW\

—|— Utiitiy
4 Ground

Equivalent Coptrol Pilot Circuit

FIGURE 5 - TYPICAL CONTROL PILOT CIRCUIT

The equivalent control pilot circuit and vehicle states areyshown in Figure 6 and defined in Table 3, Table 4, and Table 5.

EVSE Connector | Vehicle Inlet

I
EV Supply Equipmént | Vehicle
R1 I
1K
& o \
7 5
(silicon)
Voch
vocr Cc
Fo c1 (cable) __C2 R2B
Pwo R2C
Trg R2D
Tfg
Tsg

Note: C1 represents all EVSE
pilot line capacitance

Utility ———
Ground __

excluding cable capacitance.

Note: C2 represents all vehicle
pilot line capacitance.

FIGURE 6 - CONTROL PILOT EQUIVALENT CIRCUIT


https://saenorm.com/api/?name=71e22588423de90eb589bf9f92b400fb

SAE J1772 Revised JAN2010 Page 14 of 51

TABLE 3 - DEFINITION OF VEHICLE STATES

Vehicle State Designation Voltage (vdc Nominal) Description of Vehicle State

State A 12.0" Vehicle not connected

State B 9.0 Vehicle connected / not ready to accept energy

State C 6.0% Vehicle connected / ready to accept energy / indoor
charging area ventilation not required

State D 3.09 Vehicle connected / ready to accept energy / indoor
charging area ventilation required

State E 0 EVSE disconnected, utility power not available, or
other EVSE problem

Statq F -12.0" EVSE not available, or other EVSE jprpblem

-

Static voltage
2. Positive portign of 1 KHz square wave, measured after transition has fully settled.
3. From a transitlon from State A to State B begins as a static DC voltage which transitions to PWM upon.the EVSE ddtection of vehicle
connected / n¢t ready to accept energy.

TABLE 4 - EVSE CONTROL PILOT CIRCUIT PARAMETERS (SEE FIGURE 6)

Pararheter'” Symbol Units Nominal Value ““Maximum Value Minimum Value
Generator
voltage high, open circuit Voch Volts 12.00 12.60 11.40
voltage low, opEn circuit Vocl Volts -12.00 -12.60 -11.40
Frequency Fo Hertz 1000 1020 980
pulse width® Pwo Microsec  Per Figure 7 Nom, + 25 us Npm, - 25 ps
rise time®® Trg Microsec ) n.a. 2 np
fall time®® Tfg Microses! ™ n.a. 2 np.
settling time® Tsg Microséc  n.a. 3 n.

Output Compgnents
equivalent soufce resistance  R1 Ohms 1000 1030 910®

total equivalen EVSE o Picofarads n.a. n.a. 300©
capacitance, wjo cable

total equivaleny EVSE C1+Cc Picofarads n.a. 3100 nQ.
capacitance, including'cable

1. Tolerances to e maintained over the environmental conditions and useful life as specified by the manufacturer.
2. Measured at 5(3%_points of complete negative-to-positive or positive-to-negative transitions.

3. 10% to 90% of lcomplete-negative-to-positive-transition-0r-90%-to-10%-of- complete-positive-to-negative-transition-medsured between
the pulse generator output and R1. Note that the term Generator is referring to the EVSE circuitry prior to and driving the 1KQ source
resistor with a 12V square wave. This circuitry should have rise/fall times faster than 2 pysec. Rise/fall times slower than this will begin
to add noticeably to the output rise/fall times dictated by the 1KQ 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.

o0k~
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TABLE 5 - EV/IPHEV CONTROL PILOT CIRCUIT PARAMETERS (SEE FIGURE 6)

Parameter!” Symbol Units Nominal value ~ Maximum value  Minimum value
Equivalent load R2B Ohms 2740 2822 2658
resistance — State B
Equivalent load R2C Ohms 882 908 856"
resistance — State C*

Equivalent load R2D Ohms 246 253 239
resistance — State D%

Total equivalent capacitance C2 picofarads n.a. 2400 n.a.

Equivalent diode-voltage drop!® \/d \/olts Q.70 0.85 0.55

Tolerances to bg
Maximum and nf
Vehicles not req
Vehicles not req|
Silicon small sig

arOD~

5.3 Control Pilot F
The control pilot per
5.3.1 Verification

The EVSE is able

maintained over the environmental conditions and useful life as specified by the manufacturer.
inimum resistor values are +3% about nominal.
uiring ventilation for indoor charging areas.
uiring ventilation for indoor charging areas.
hal diode, —40 °C to 85 °C, forward current 2.75 to 10.0 ma.

unctions
orms the following functions.
bf Vehicle Connection

to determine that the connector is inserted intothe vehicle inlet and proper

y connected to the

EV/PHEV by sensing resistance R3 as shown in Figures 3, 4and 5. The diode, D1, is present to help an EVSE

determine that an E

5.3.2 EVSE Read
The EVSE is able tq
the square wave sig
per Figure 7. In eac
signal. However, n
should only be trans

5.3.3 EV/PHEVR

/PHEV is connected rather than other potential low impedance loads.
y to Supply Energy

indicate to the EV/PHEV that it¥is-ready to supply energy by turning on the os
nal specified in Figure 7. The'EVSE shall not close contactors unless the osci
h of the states specified in-Table 3, the EVSE may supply the pilot as a DC signa
brmally the oscillator is only turned on in State B, State C, or State D. Oscill
tory as specified in Table 8.

bady to Accept Energy

The EV/PHEYV indic

and 5, when the current profile_on the control pilot oscillator is sensed. The EV/PHEV may de-energ
time by opening swifch S2:

5.3.4 Determinatignof Indoor Ventilation

tes that it.is‘ready to accept energy from the EVSE by closing switch S2, as sh

illator and providing
lator is on and valid
| or as an oscillating
btion in other states

own in Figures 3, 4,
ze the EVSE at any

The EVSE is able to determine if the EV/PHEV requires indoor charging ventilation by sensing the voltage as specified in
Table 3. If required, the EVSE will provide a signal to turn on the indoor charging area ventilation system according to
National Electrical Code — Article 625.

5.3.5 EVSE Curre

nt Capacity

The EVSE communicates the maximum available continuous current capacity to the EV/PHEV by modulating the pilot
duty cycle as described in Table 6A, Table 6B and shown in Figure 7.

The overall (EVSE and EV/PHEV) control pilot tolerance is not to exceed +2%. This tolerance is distributed 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.
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Based on an overall tolerance of 2% duty cycle (see Table 6B):

5.3.5.1

5.3.5.2

5.3.5.3

5.3.54

5.3.5.5

If the EV/PHEV reads a duty cycle of 3-7%, the EV/PHEV shall interpret this as a valid digital communications
command. See 5.5.

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

valid 10%

duty cycle.

If the EV reads a duty cycle less than or equal to 85.0% the EV/PHEV should base the current on the Amps =
(% duty cycle) * 0.6 formula.

If the EV reads-a-d

the Amps = (% duty

cycle - 64) * 2.5 formula.
If the EV rpads a duty cycle of 97%, it is recommended the EV/PHEV consider this-as.a valid 96% duty cycle.
TABLE 6A - EVSE NOMINAL CONTROL PILOT DUTY CYCLE
EVVSE Nominal Duty Cycle EVSE Commanded Maximum Current
Duty Cycle < 5% Error state, no charging allowed
Duty Cycle = 5% Indicates that digitalkcommunication is needed.
5% < Duty Cycle < 10% Error state, mo charging allowed
10% < Duty Cycle < 85% Available cufrent = (duty cycle %) x 0.6
85% < Duty Cycle < 96% Availabletcurrent = (duty cycle % - 64) x 2.%
Duty Cycle > 96% Efror state, no charging allowed
TABLE 6B - VEHICLE CONTROL RPILOT DUTY CYCLE INTERPRETATION
BASED ON %2% OVERALL TOLERANCE
Vehicle Duty Cycle Interpretation Maximum Current to be drawn by Vehicle
Duty Cycle < 3% Error state, no charging allowed
3% < Duty Cycle < 7% Indicates that digital communication is needed
7% < Duty Cycle ©8% Error state, no charging allowed
8% < Duty Cycle £ 10% 6A
10% < Duty-Cycle < 85% Available current = (duty cycle %) x 0.6
85% < Daty Cycle < 96% Available current = (duty cycle % - 64) x 2.b
96%_<Duty Cycle < 97% 80A
Duty Cycle > 97% Error state, no charging allowed
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80
-0 Amps = (% duty cycle - 64) * 2.5 /
duty cycle accuracy 2% ]

< 60
2
E 50 =
= Amps = (% duty cycle) * 0.6
g 40 duty cycle accuracy 2% .
3 30 / >
> &
= / .
e // S

10 / — &0

. .
0 20 40 60 80 100

| 5% duty cycleindicates Pilot Duty<€ycle, Percent
digital communication ’

FIGURE 7 - SUPPLY CURRENT RATING VS. PILOT CIRCUIT DUTY CYCLE

As an example, a 2% duty cycle would be 20 x Q6 = 12 A. In this case, the vehicle must adjust jts current draw to a
maximum of 12 A.

A duty cycle of 5% ifdicates that digital communication is needed, see 5.5.

The EVSE may accept an external signal to vary the duty cycle for supply or premises power limitations. The EV/PHEV
vehicle shall use thelduty cycle to centrol the on-board charger AC current drawn from the line.

5.3.6  Verification ¢f Equipment Grounding Continuity
The equipment groundingconductor provides a return path for the control pilot current to insure that the EVSE equipment

ground is safely connéeted to the EV/PHEV vehicle chassis ground during charging. Loss of this sighal shall result in the
automatic de-energizatiomatthe EVSE:

5.4  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 8. Detection of the connector will occur at a
point where damage to coupler, EV/PHEV, or EVSE could occur if the EV/PHEV were to be intentionally moved. Proximity
detection may also provide a signal to activate the EV/PHEV charge controller and engage the EV/PHEV drive interlock
system. EV/PHEV Proximity detection may also be used to provide a signal in the vehicle charge control strategy to help
reduce electrical arcing of the coupler during disconnect. Resistors R5-R7 allow for diagnostics of the circuit. S3 is
mechanically linked to the connector latch release actuator. S3 is normally closed at all times except when the connector
latch release actuator is actuated to decouple the connector from the vehicle inlet. Opening of S3 should trigger the
vehicle charge control to provide a controlled shutoff of charge power prior to disconnection. Refer to Table 8.
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Cord Set Vehicle
| Vehicle
SE C
ContFo\I/BEx ér;t(;(l)’l)nics / Vehicle Coupler | \
I
Proximity
Detection +5V (Regulated)
5
}
R4
150 30
| ]
R5 .
I éz.m T D‘T_f;i"cc’"
S3 R7
330
I
I
—Utility Gnd 3 Chassis Ground
| o other Vehicle
Systems
—1 N I Q 1
; —
FIGURE 8 - TYPICAL PROXIMITY DETECTION CIRCUIT
TABLE 7 - PROXIMITY DETECTION CIRCUIT PARAMETERS (SEE FIGURE 8)
Parareter" Symbol Units Nominal value  Maximum value  [Minimum value

Equivalent load R4 Ohms 330 363% 297%@
resistance
Equivalent load R5 Ohms 2700 2970% 2430%
resistance
Equivalent load R6 Ohms 150 165 135
resistance
Equivalent load R7 Ohms 330 363% 297%@
resistance
1. Tolerances to be

2. Maximum and minimum reS|stor values are +10% about nommal
5.5 Digital Data Transfer

A 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. Digital communication is optional at any valid control pilot duty
cycle for AC Level 1 & 2 charging. When optionally used with AC Level 1 & 2 charging, more functions may be
accommodated than by Control Pilot duty cycle functionality alone. Digital data transfer is currently under development.
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TABLE 8 - EVSE AND EV/PHEV RESPONSE TIME SPECIFICATIONS
EVSE EV/PHEV
Initial New Response Response
Transition | Condition™®® | - Condition Time Time Specification or Condition
1 State = x State = x no maximum delay until pilot oscillator will be turned on
OSC = off OSC=on by EVSE
2 State = x State = A 100 ms delay from disconnect until the contactor
0OSC=x 0OSC=x maximum opens and terminates AC energy transfer
3 State = x State =E or 5 seconds delay until EV/PHEV opens battery
0OSC =x State = F maximum isolation contactor
0OSC =X
4 State [F x State = A 2 seconds delay until oscillatorturnged off after
OSC E on OSC = off maximum EV/PHEV is disconnectgd
5 State[= B State = C or |3 seconds delay until contaetor cloges and initiates
State =D maximum AC energy-transfer in regponse to S2
OSC Eon OSC=on closed
6 State|= C or State =B 3 seconds delay until contactor opens and
State |- maximum terminates AC energy transfer in
OSC Eon OSC =on response to S2 opened
7 State |- x State = Aor 3 seconds in response to an invalid| pilot the
State =E or maximum EV/PHEV enters a safe mode and if
State = F necessary opens S2 and terminates the
OSC Ex 0OSC=x AC energy transfer
8 State [F x State = E or |3 seconds delay from EVSE setting invalid pilot until
State = F maximum termination of AC energy transfer
OSC F x OSC =x
9 State|= B or invalid 3 seconds in response to an invalid| pilot frequency
State|= C or pilot maximum the EV/PHEYV enters a safe mode and if
State[= D frequency necessary opens S2 and terminates the
OSC E on AC energy transfer
10 State [F x external 10 seconds delay from external load|management
OSC E x signal to maximum signal until EVSE modifi¢s pilot signal
EVSE state, duty cycle or othef required
response
11 State|= C or change in 5 seconds EV/PHEV modifies maximum current
State[= D pilot duty Maximum draw for on-board battery charger in
OSC Fon cycle response to pilot signal duty cycle
modification
12 State [F.€ State =D 3 seconds EVSE response to change of ventilation
OSC =on OSC =X Viaximum request
13 State = C or State = C or 100 ms EV/PHEYV terminates charge due to
State =D State =D maximum Proximity circuit opening
S3 closed S3 open
1. Current State from Table 3 defining pilot voltage and vehicle state.
2. OSC = off for pilot oscillator turned off, OSC - on for pilot oscillator turned on.
3. x for state or oscillator indicates any condition or unknown condition.

NOTES (Note number corresponds to states listed above):

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.
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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. For safety reasons, it is important that the vehicle goes into a safe state.

After a transition from any State to State A, the EVSE should turn off the oscillator (S1). For the purpose of filtering
and reasonable control response time, the EVSE will 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 oscillator turned on

and no AC energy transfer for the listed maximum time before the oscillator is turned off.

t respond to the pilot signal voltages. In this case, the EVSE may be experiend
bther condition that requires termination of the AC energy transfer mode. The ve
2 and entering a safe mode.

If the EVSE is ¢xperiencing a condition that requires termination of thesAC energy transfer mg

tor in less than 3 seconds from setting the pilot signal to a state that prevents

t respond to a pilot signal frequency that is, significantly out of tolerance. The fre
| to verify connection to a compatible EVSE and proper operation of the EVSE
hicle should respond by opening the $S2-and entering a safe mode. The recom
980 Hz.

EVSE equipment to support-an input signal for the purpose of external load
etc.). This input is used.for various purposes including off peak charging
uilding load management_controllers. A maximum response time must be sp

universal compatibility with the external,controlling equipment.

2.

3.

4,

5. After the vehicle
a specified time

6. After the vehicle
specified time pegri

7. The vehicle mus
ground fault, or
by opening the §

8.
open the contad
from closing.

9. The vehicle mus
oscillator is use
incorrect, the ve
2%, 1020 Hz tg

10. It is common fo
interrupt signal,
shedding, and |

11. The EVSE may
maximum AC ¢
compatibility wit

12. The EVSE shou

13. Switch S3 open

{

modify the pilot signal duty cycle at any time, commanding the EV/PHEV to incre
rrent draw. The vehicle must adhere to the maximum response time in order
the external controlling equipment. (See Table 8, Transition 10)

d respend to ventilation state changes of the control pilot.

5 when the connector latch lever is actuated. This opens the Proximity Circuit. T

tactor to close within

ctor to open within a

ing a power outage,
nicle should respond

de, the EVSE must
the EVSE contactor

quency of the EVSE
If the frequency is
mended tolerance is

ontrol (utility service
support, utility load
ecified to guarantee

ase or decrease the
guarantee universal

he EV/PHEV should

terminate charg

H 4 €S N H s 4 4 + s ol Cl
o MTUT U CUTTTITULIUT UToLUTITITUL U PTTVETIL CUTTTITULUT LUTTiavt arv udiriayc. wild

S3 closing is OEM specific.

5.6 Typical Start Up Sequence

ge resumption after

The charge process shall commence sequentially according to the following steps as the connector is inserted into the

vehicle inlet:

a.

b.

state change the oscillator is off. See switch S1.

the EV/IPHEV, S

tate B. See switch S1.

The control pilot activates the EV/PHEV charge controller, the proximity detection activates the drive interlock.

Verification of EV/PHEV connection is detected by EVSE, by detecting a change from State A to State B. During this

EVSE indicates that it is ready to supply energy by turning on the oscillator and supplying square wave pilot signal to
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ventilation information to the EVSE, State C or State D.

detecting the high side of Pilot being in state B, C, or D, while the low side being at —12V.

diode. The low side of the pilot pulse must be within the range specified in Table 4.

EV/PHEV indicates that it is ready to accept energy from the EVSE by closing switch S2 and providing vehicle

The EVSE determines that the equipment grounding conductor to the EV/PHEV chassis ground is in place by

The EVSE determines that the EV/PHEV pilot control circuitry is correctly configured by verifying the presence of the

The EVSE determines if indoor area ventilation is required or not. If indoor charging area ventilation is not required

then proceed to the next step. If indoor charging area ventilation is required then 3 conditions can exist with

corresponding

Condition 1
and proceed

a.

Condition 2

Condition 3
process and

The EV/PHEV v,

conditions by mgasuring the duty cycle of the signal and proceeding<as follows (see 5.3.5.1 — 5.3,

a. |If the pilotd

to the next g

If the digital
condition dis

i. The EVSE may
levels up to rate
protective circui
charging as pro
3 hours.

The pilot signal
If pilot signal is
process by ope

ty cycle is between 10% and 96%, calculate avaitable line current from the duty
the next ste;l:.

If the pilot diity cycle is between 3% and 7%, calculate available line current from the digital d

\/SE responses. Thny are:

- If the EVSE is listed for indoor charging of all vehicles, turn on the indoorare
to the next step.

- If the EVSE s listed for outdoor charging of all vehicles, proceed to the next ste

- If the EVSE is listed for vehicles not requiring indoor charging area ventil
do not allow energization

chicle determines the nature of and available current ffom the EVSE according t

tep. See 5.5.

data link cannot be established(as described in 5.6.h.b, the process must be tern
played by the EVSE

how energize the system by closing the main power contactor and charging may
d maximum continuous*current of the EVSE for continuous rated conditions, or u

breaker for non=continuous conditions, or up to the maximum rated current
ided by the digital"data link. A continuous load is defined as operating at a give

shall besmonitored, and charge current adjusted accordingly, continuously during
lost.ofthe pulse width goes outside of the allowable range, the EVSE must t
ning,'the main contactor and turning off the pilot oscillator. The EVSE should 3

a ventilation system

D
ation, terminate the
b 1 of the following 3
5.5 and Table 6B):

Cycle and proceed to

ata link and proceed

hinated and the fault

commence at power
p to the rating of the
pf the EVSE for DC
h level for more than

the charge process.
erminate the charge
Iso display the fault

condition.

vehicle inlet. See 5.4.

6.

6.1

GENERAL EV/PHEV REQUIREMENTS

EV/PHEV Cable Ampacity Coordination

To terminate the charge process, turn the EVSE on/off switch to the off position and/or remove the connector from the

Vehicle cabling used for the AC Mains and Safety Ground should be coordinated with the supply input from the EVSE

(known from the Control Pilot duty cycle).

achieved:

The following are examples of possible methods coordination may be
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1.

Sizing the cables for maximum EVSE supply input.

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

3. Prohibit charge from an EVSE with supply input that exceeds the vehicle cable rating.

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

6.2 Environmental

The on-board EV/P
Handbook for Robus

7. GENERAL EVS

The following electr|
methods for on-vehi

7.1

EVSE Electrofnagnetic Emissions

HEV charging system electronic components shall meet the requirements spe
tness Validation of Automotive Electrical/Electronic Modules.

- REQUIREMENTS

bmagnetic compatibility (EMC) paragraphs (7.1 thru 7.9) applyte the off-vehig
tle EV/PHEV charging equipment are under consideration.

The FCC Code of F

communication systgms. The cordset and other EVSE external to the.vehicle, if employing an intern
exceeding 9 kHz, shiall comply with FCC CFR47, Title 47, Parts 15A\15B as a separate device.

NOTES:
1.
the FCC paragr

Engineering an
interpretations o

2. An on-board P
representative ¢
current commun

3. Additionally, son
Systems”. Speg

7.1.1 EVSE Cond

Charging or sugport equipment used exclusively in vehicles may be formally exempted from F(
standards per ppragraph 15.103, but FCC strongly) recommends compliance to the FCC limits.

deral Regulations — Title 47, Part 15 includes requirements for unintentional rad

ph 15.103 exemption to specific devices is outside the scope of this document
I Technology Laboratory Division Knowledge Database website provides U
f FCC rules.

bwer Line Communication system may require separate FCC Part 15 com
bnfiguration, if the"vehicle is so equipped. See FCC rules for composite systems
cation systems:

ific market requirements are outside the scope of this document

Icted Emissions

cified in SAE J1211

le EVSE. SAE test

ators and power line
al frequency source

LC specific technical
The applicability of
The FCC Office of

p-to-date published

bliance testing in a
incorporating carrier

ne markets'may regulate EMC via the relevant sections of IEC 61851-21, “Electric Vehicle Charging

The EVSE shall meet FCC Part 15 conducted limits for unintentional radiators.

7.1.2

EVSE Radiated Emissions

The EVSE shall meet FCC Part 15 radiated limits for unintentional radiators. See 7.1, Note 1.

7.2 EVSE Electromagnetic Immunity

The EVSE shall be tested in accordance with and shall meet requirements for electromagnetic field immunity as specified
in UL 2231-2. In addition to the performance requirements specified in UL 2231-2, the functions defined in Section 5 shall
perform as designed during and after testing at the specified levels. Additional requirements may optionally be specified.
See SAE J1812 for methods of specification of test levels and function performance status.
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NOTES:

1.

The test setup for ra

a.

The UL 2231-2 standard specifies radiated immunity testing from 150 kHz to 1000 MHz, using IEC 1000-4-3. To
avoid technical issues with the application of the IEC standard below its specified lower frequency limit of 80 MHz, it is
recommended that immunity testing below 80 MHz be performed in accordance with IEC 61000-4-6, using a 20 volt
rms emf test severity level. From 80 to 1000 MHz, IEC 61000-4-3 is recommended with a 20 V/m carrier test severity

level.

For developmental testing, use of the frequency step sizes specified in ISO 11452-1 will facilitate an efficient
evaluation of product immunity.

The test bench
lined shield encl

The back edge
using a series of

The AC Receptd
edge of the beng

Level 1 EVSE (if applicable) shall be positioned at a minimum height' of 700 mm above the test

plane and conng

The AC receptd

stabilization networks (LISNs), using conductors having a,maximum length of 200 mm. The 50 Q

be terminated w
connect to the t
LISN specificatiq

The cordset length shall be in accordance with/NEC 625. Excluding the vertical section exposeq
cordset shall lay on the fleor in a non-inductive pattern (i.e., "zig-zag", not coiled).

remainder of the

A grounded plafe shall be provided-otr the floor, for mounting of the vehicle charge coupler an

electronic equip

shall be included.

diated immnnify is shownin l:ignrn O __Additional details are as follows:

chall be covered with a ground plane, located 800 mm above the test sitecgrour
psure (ALSE) floor.

f the test bench ground plane shall be connected to the test site ground plane o

pst bench at a point near the LISN terminals on the EVSE side of the LISNs. S

straps. See SAE J1113-21 for bench grounding requirements.
cle or Level 2 EVSE (if applicable) shall be mounted on a dielectric support, 200
h ground plane.

cted to the AC Receptacle with a cord having a miaximum length of 305 mm.
cle (or Level 1 EVSE) mains conductors shall be connected to a pair of 50
th 50 Ohm loads. The ground conductors from the AC receptacle and the incor

ns.

ment necessary for eperation of the EVSE. Representative RF loading of condu

d plane or absorber

r ALSE floor or wall,

mm above the front

site or ALSE ground

uH line impedance
hm LISN ports shall
ning mains line shall
ce CISPR 16.1.2 for

to the test field, the

d vehicle electrical /
ctive coupler circuits

The standard tolerance for radiated immunity test setup dimensions shall be 5%, unless otherwisg specified.
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Insulating
/ Support AL Receptacle
305 mm OR
max. 1 — |level2zEVsE
r 1 LISN \_ﬁ
“\ Leveal Grounded Test Banch k
Antenna 1
EVSE
| £
Excess E E
cordset on Groundead El <
/ ground plane fﬂ_ﬂ__f Plate §
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FIGURE 9 - RADIATED IMMUNITY TEST SETUP
7.3 EVSE Electrogtatic Discharge

The EVSE shall be
UL 2231-2.

7.4 EVSE Harmor

The EVSE shall be {ested in accordance with and:shall meet the requirements for harmonic distortio

in UL 2231-2.
7.5 EVSE Electric

The EVSE shall be
specified in UL 2231

7.6 EVSE Voltage

The EVSE shall be

-2.

ic Distortion Immunity

bl Fast Transient Immunity

Dips, Short Interruptions and Voltage Variations Immunity

tested in accordance with and shall meet*the requirements for electrostatic di

tested in accordance with and shall meet the requirements for electrical fas

tésted in accordance with and shall meet the requirements for voltage dips, sh

scharge specified in

N immunity specified

t transient immunity

prt interruptions and

voltage variations immunity Specified in UL 2Z37T-Z.

7.7

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.

7.8 EVSE Capacitor Switching Transient Test

The EVSE shall be tested in accordance with and shall meet the capacitor switching transient test requirements specified

in UL 2231-2.

7.9 EVSE Voltage Surge Test

The EVSE shall be tested in accordance with and shall meet the requirements for voltage surge specified in UL 2231-2.
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7.10 Installation Requirements

The EVSE shall meet the requirements specified in the National Electrical Code — Article 625 and Canadian Electrical
Code — Part 1, Section 86.

7.11 General Product Standards

The EVSE shall meet and be listed to the general product requirements specified in UL 2202 EV Charging System

Equipment.

7.12 Personnel Protection System

The EVSE shall in
Systems for EV Cha

7.13 AC Present In

The EVSE shall inco
for this indicator (su
indicator should be
energy from the prer

7.14 Conductor Co

The conductor cord
Table 400-4, and UL

7.15 Coupler Requ

The EV/PHEV coup
Plugs, Receptacles,

8. COUPLER REQ
8.1  Vehicle Inlet/
The vehicle inlet de|
physical configuratid
of connectors and
manufacturers of the

8.2 Ergonomic Re

corporate a listed system of personnel protection as specified in UL 2231%\H
rging Circuits.

dicator

rporate a feature that indicates that the EVSE is receiving AC input,power. The s
Cch as color, lamp type, intensity, field of view, etc) can be defined by the EVSH
abeled as to its function and when illuminated the indicator, would signal pressg
hise wiring. See Section 9 for additional information.

d Requirements

Shall meet the requirements specified in the National Electrical Code — Articles 6
2202 EV Charging System Equipment.

rements

ler shall meet the requirements, specified in the National Electrical Code — A
and Couplers for Electric Vehigles, and Section 8 of this document.

UIREMENTS

Connector Compatibility

5igns shall be ‘of-@a common physical configuration that is capable of accepting
ns for AC level 1 and AC Level 2. Additionally, the physical requirements shall
ehicle inlets manufactured by the same manufacturer at different points in time

matingsconnectors and vehicle inlets.

quirements

ersonnel Protection

pecific requirements
manufacturer. The
nce of AC electrical

25 and Article 400 —

ticles 625, UL 2251

common connector
ensure compatibility
as well as different

The coupler shall comply with the following ergonomic requirements.

8.2.1 Ease of Use

During connection and disconnection, the human efforts required shall be <60 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.

8.2.2 Indexing

During connection and disconnection, the insertion/removal of the connector and inlet shall be intuitively obvious and free
of multiple orientations for AC Level 1 and AC Level 2 charging configurations.
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8.2.3 Alignment

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

8.2.4 Tactile Feel

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

8.2.5 Latching

The coupler shall have a latching mechanism to prevent madvertent or accidental decouplmg The latching mechanism

should provide a me
vehicle inlet.

8.3 Safety Requir¢ments

The coupler shall co
8.3.1 Isolation

The vehicle inlet po
the vehicle inlet.
8.3.2 Exposure of]

The vehicle inlet an
Receptacles, and Cq

8.3.3

The vehicle inlet

Sharp Edges

mply with the following safety requirements.

ver contacts shall be electrically isolated from battery voltages when the conne

Contacts

H connector shall be designed to prevent direct contact with live parts accordin
uplers for Electric Vehicles.

»]

gnd connector shall be free “of sharp edges and potentially injurious protry

Determination of Sharpness of Edges on Equipment.

8.3.4 Touch Temq
The maximum exter
40 °C. The design p
Couplers for Electric
8.3.5 Hazardous (

The coupler should

erature

hal touch temperature of the coupler shall not be greater than 60 °C when the an
rocess shall take-into consideration material types as specified in UL 2251 Plug
Vehicles.

Conditions

be-designed to avoid or mitigate potentially hazardous conditions — fire, electric

isengaging from the

tor is removed from

j to UL 2251 Plugs,

sions per UL 1439

bient temperature is
s, Receptacles, and

shock, or personnel

injury.

8.3.6

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 may be found in Appendix E, sheets 1-3.

8.4 Performance Requirements

The coupler shall comply with the following performance requirements
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8.4.1 Design Life

The coupler shall be designed to a minimum of 10 000 cycles of mechanical operation. The coupler performance shall not
be reduced by the environment conditions specified in 8.5 of this document.

8.4.2

Impact Resistance

The connector shall continue to function as intended after being dropped from a height of 1 m onto a concrete surface per
UL 2251 Plugs, Receptacles, and Couplers for Electric Vehicles.

8.4.3 Vehicle Drive-Over

The connector shall
specified in UL 2251

8.5 Environmenta
The coupler shall co
8.5.1 General Eny

The vehicle inlet shg
specified by the indi

continue to function as intended or fail in a safe manner after being driven\g
Plugs, Receptacles, and Couplers for Electric Vehicles.

Requirements
mply with the following environmental requirements:
ironmental Considerations

uld meet the performance requirements specified in 84yunder weather and envi
idual automobile manufacturers.

8.5.2 Temperatur¢ Range

The coupler shall b

b designed to withstand continuous ambient temperatures in the range of —30

operation when supplied with the EVSE or installed in the, EV/PHEV and continuous ambient temperg

—40 °C and +80 °C
installed in the EV/P

during shipping or storage when the\components parts are assembled, supplig
HEV.

8.5.3 Temperature¢ Rise

The electrical conta
wiring insulation sha
connectors rated 2(

Cts shall be designedtfor-a maximum temperature rise of 50 °C above ambien
Il be rated for 105 G, For couplers rated less than 200 A, the load is to be appli
0 A or greater, the~load is to be applied for 20 min followed by a no-load p

repeated until peak femperatures stabilize.

8.5.4 Insulation R

The insulation resist
Electric Vehicles.

psistance

ance,0f'the coupler EV/PHEV shall be as specified in UL 2251 Plugs, Receptacl

ver by a vehicle as

onmental conditions

°C to +50 °C during
tures in the range of
d with the EVSE, or

t at rated load. The
ed continuously. For
briod of 10 min and

es, and Couplers for

8.5.5

Fluid Resistance

The coupler shall be unaffected by automotive lubricants, solvents, and fuels as specified in 4.4 Immersion and Splash of

SAE J1211.

8.5.6 Mechanical Requirements

The vehicle inlet shall be able to withstand the minimum automotive vibration conditions when tested to the following
procedures and pass/fail criteria:

a.

vibration test machine and subjected to vibration according to the following test parameters:

Vibration Test Procedure—A vehicle inlet as mounted on a test fixture shall be securely bolted to the table of the
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1. Frequency—Varied from 10 to 55 Hz and return to 10 Hz at a linear sweep period of 2 min/complete sweep cycle.

2. Excursion—1.0 + 0.1/-0.0 mm peak to peak over the specified frequency range.

3. Direction of Vibration—Vertical axis of the vehicle inlet as it is mounted on the vehicle.

4. Test Duration—60 + 1/—0 min.

5. 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 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-

8.5.7 Sealing Requirements

The vehicle inlet sha
a. When de-couple
protection again
formation per U
Receptacles, an

b. When coupled,
protection again
formation per U
Receptacles, an

c. The vehicle inlet

8.6 General Coup

The vehicle inlet de
physical configuratid
of connectors and Vv
manufacturers of thq

8.6.1 Vehicle Inlef

A standard configuration shall be capable of AC Level 1 and AC Level 2 charging. The contact requ

specified in Table 9.

Il be sealed in a manner that the following requirements are met:

d, the vehicle inlet shall have an effective sealing system forjoutdoor use to
st corrosion, windblown dust and rain, splashing water, .hese-directed wate
L 50, type 3S: Standard for Enclosures for Electrical Equipment as specified
 Couplers for Electric Vehicles.

st corrosion, windblown dust and rain, splashing water, hose-directed wate
L 50, type 3S: Standard for Enclosures for Electrical Equipment as specified
 Couplers for Electric Vehicles.
shall provide for the egress of fluids.
er Physical Description

5igns shall be of a commonphysical configuration that is capable of accepting
ns for AC Level 1 and AC.Level 2. Additionally, the physical requirements shall
ehicle inlets manufactured by the same manufacturer at different points in time
mating connectors-and vehicle inlets.

General requirements

TABLE 9 - VEHICLE INLET CONTACT REQUIREMENTS

provide a degree of
r, and external ice
in UL 2251 Plugs,

the vehicle inlet shall have an effective sealing System for outdoor use to provide a degree of

r, and external ice
in UL 2251 Plugs,

common connector
ensure compatibility
as well as different

rements shall be as

Standard" —
Contact # Function AC Level 1 and 2
1 Charger 1 X
2 Charger 2 X
3 Chassis X
ground
4 Control pilot X
5 Proximity X

1. Note: X = required, O = optional.
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8.6.2 Connector General Requirements

The connector shall be fitted with a cord corresponding to its intended usage and shall meet the requirements specified in
the National Electrical Code — Articles 625 and Article 400 — Table 400-4 for the power conductors, and UL 2251 - Plugs,
Receptacles, and Couplers for Electric Vehicles, Table 15.1 for ground conductors and Table 10 for contacts.

TABLE 10 - CONNECTOR CONTACT REQUIREMENTS

Standard - DC Charging
Contact # Function AC Level 1 and 2 Under Development
1 AC Power X
2 AC PUVVCI X
3 Equipment ground X
4 Control pilot X
5 Proximity X

1. Note: X = required, O = optional.
8.7 Dimensional Requirements
The coupler shall beldesigned to comply with the key dimensional requirements-as specified in this sdction.
8.7.1 Interface Contacts Sizing
The general contact|sizes at the coupler interface shall comply with the dimensions as specified in Taple 11.

TABLE 11 - CONTACT SIZE AND CURRENT RATING

Current rating

Contact # Function Size (mm) (Amps) Voltage rating
1 AC Power 3.6 diameter up to 80 A 300 vac
2 AC Power 3.6 diameter upto 80 A 300 vac
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

8.7.2  Vehicle Inlet Physical Dimensions
The vehicle inlet shgll comply:with the key physical dimensions as shown in Appendix D, sheet D-1.

8.7.3  Connector Hhysical Dimensions

The connector shall comply with the key physical dimensions as shown in Appendix D, sheet D-2.
8.7.4 Vehicle Inlet Access Zone

The vehicle inlet shall be installed in the vehicle to allow connector access when the cover door is opened as shown in
Appendix D, sheets D-3 through D-5.

Dimensional requirements to implement an optional coupler locking mechanism may be found in Appendix E, sheets E-1
through E-3.

8.7.5 Contact Sequencing

During connection, the connector and vehicle inlet shall comply with the following contact sequencing; equipment/chassis
ground contact is first make/last break and the control pilot contact is last make/first break.
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9. 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 (7.4) should be considered part of a diagnostic strategy

that helps determine possible causes of no-charge events.

vehicles.

10. CONNECTOR / VEHICLE INLET OPTIONAL MARKING

This diagnostic strategy is optional for battery electric

A connector and/or
identification on its
connector and/ or
indemnify and hold
damage arising from

11. NOTES

11.1 Marginal Indic
A change bar (I) loc
not editorial change

title indicates a com|
original publications

PREPARE

vehicle inlet manufactured to this Recommend Practice may optionally visibly
puter surface in Arial font: “SAE J1772™”. Any party providing such identificati
ehicle inlet complies with all mandatory requirements of this Recommend Prg
SAE harmless from any and all liability arising out of any failure to comply and 4
such failure.

a

bted in the left margin is for the convenience of thetuser in locating areas wherg
5, have been made to the previous issue of this document. An (R) symbol to the
plete revision of the document, including technical revisions. Change bars and
nor in documents that contain editorial changes only.

D BY THE SAE ELECTRIC VEHICLE AND PLUG-IN ELECTRIC VEHICLE CON
CHARGE COUPLER TASK FORCE AND THE SAE HYBRID COMMITTEE

lisplay the following
bn warrants that the
ctice and agrees to
ny resulting injury or

technical revisions,
left of the document
(R) are not used in

DUCTIVE
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AA

APPENDIX A - HISTORY EVSE/VEHICLE INTERFACE

The specifications for the Control Pilot system shown in Section 5 of SAE J1772™ are purposely written to
convey the most basic information needed to precisely define the system. However, the initial version of this
system has been in use since 1997, and the experience gained by the industry may be of help to new
manufacturers attempting to design equipment conforming to the SAE J1772™ Recommended Practice. This
Appendix is a compilation of that experience, focused on the interface circuitry between the EVSE and the
Vehicle.

Typical circuitry presently in use by Charging Station and Vehicle Manufacturers, is shown in basic form in Figure A1.
Actual schematics cannot be shown due to proprietary considerations.

A.1.1 Pilot Circdit Components

BUFFER ER

BUF
TO HVSE I/ TO VEHICLE
PILOT MEABUREMENT PLLOT MEASUREMENT

CABLE

1K S2
I~ N
I/ 1
PILOT
DRIYER
Kbia = = = § 274K § 13K
CABLE CABLE
(:JF-{I—C')L[!]TNYD TRANSIENT TRANSIENT
PROTECTION PROTECTION
EVSE VEHICLE

FIGURE A1 MYPICAL PILOT LINE CIRCUITRY

The op-amp shgwn as a driver is-only indicative of the function, and is not intended to imply that this is a standard
method of drivihg the Pilot line.~"The low output impedance of a typical op-amp makes thg source resistance
essentially the fesistor itself;Although this may simplify the design, it does not mean that this is the only valid
architecture. Otper factors;»such as susceptibility to cable transients, should also be considered ip the design effort.

The two op-amps shewh as buffers are meant to show a method of tapping off the Pilot line, for measurement
purposes, in a manner that will not significantly affect the line waveform.

Switch S2 need not be a mechanical switch or relay. At least one vehicle manufacturer is successfully using an FET
for this purpose.

The diode shown on the vehicle side is intended to be a common small signal silicon diode. Reverse voltage ratings
of at least 100V are readily available and are recommended since this diode is exposed directly to cable transients.

The cable capacitance from the Pilot wire to the Ground wire will probably be around 25 pF per foot, and many cables
are 15 to 20 feet long. If the EVSE’s contactor closes when the line voltage is near a positive or negative peak, then
the voltage on the contactor output can rise from 0 to 170 V in just a few nanoseconds. This fast, high-voltage
transition can easily be coupled through the capacitance of the cable. In addition, with the contactor closed during
charging, any transients such as might be generated by nearby industrial equipment or lightning strikes can be
coupled through. It is highly recommended that transient protection be installed on both the EVSE output and the
vehicle input.
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A1.2 Basic Communication Sequence

The most basic communication sequence between the EVSE and the Vehicle is presented below in terms of the nominal
voltage levels involved.

a. The EVSE generates a static +12 V, waiting for connection to the Vehicle.

b. Upon connection, assuming that switch S2 is open, the 2.74K Q resistor on the vehicle will pull the +12V down to
+9V, as measured at the EVSE output. The EVSE will sense this and begin generating a +9V, —12V, 1KHz square
wave. Because of the diode on the Vehicle, the negative portion will be at —12V. Note that, for standard AC Level |
and AC Level 2 charglng the negatlve portlon will always remaln at —-12V. This purpose of thls feature is safety, to
allow the EVSE to-dis sh betwee .

c. If the Vehicle rgquires AC energy transfer, it will close switch S2. Most often, this will switch ja 1.3K Q resistor in

parallel with the|2.74K Q resistor, for an effective total resistance of 882 Q. This value willpull the positive portion of
the square wavg down to +6V. The EVSE will interpret this as a request for AC power @nd close the contactor.
If a 270 Q resis{or is switched in, the positive portion of the square wave will bé \ptlled down tp +3V, informing the
EVSE that the vehicle’s battery is a type that emits hazardous gasses during charging, and requites an exhaust fan in
enclosed areas.| Unless the EVSE is equipped to verify that such a fan is running, it must not clgse the contactor. In
practice, very felw auto manufacturers have put such batteries in their vehieles due to liability isques, and virtually all
are using the 1.3K Q resistor value.

d. When the Vehicle no longer requires AC energy transfer, it will open S2 and the positive portion| of the signal will go
back up to +9V.[ The EVSE will open the contactor, removing power. The +9V, —12V square wave will remain until
the cable is discpnnected from the Vehicle, when it will again-go back to the static +12V state.

A.1.3 Pilot Line Moltage Ranges

Table A1 is not intepded to imply that the Control Pilot" voltages must remain within the minimum an

shown. Rather, give
it shows the range

n the voltages and component.yalUes, and their tolerances as specified in Sectio
pf voltages that will be obtained on the Pilot line output, over a —40 °C to 85 °Q

This includes a tolefance of 3% for resistors on both the EVSE and the vehicle, and includes tempe

small signal silicon
and connections.

EVSE manufacturer
keeping in mind that

5 must decidetfor‘themselves what voltage tolerances will be acceptable for ¢
vehicle tolerances are also involved.

I maximum voltages
h 5 of SAE J1772™,
temperature range.
rature affects on the

jiode. The table alsosassumes low-resistance Pilot line and Ground connections through the cable

ach Pilot line state,

TABLE A1 - PILOT LINE VOLTAGE RANGES

Minimum Nominal Maximum
Positive-Voltage;State A 140 1+2-660 +2:
Positive Voltage, State B 8.36 9.00 9.56
Positive Voltage, State C 5.48 6.00 6.49
Positive Voltage, State D 2.62 3.00 3.25
Negative Voltage - States B, C, D, and F -11.40 -12.00 -12.60

In the States B, C, and D, where a 1 KHz square wave is present with capacitance on the line, the voltages shown
represent the fully-settled values (> 8RC) after a transition.

The +12V and —12V voltages will most likely be generated using generic 3-terminal regulators. The minimum and
maximum voltages shown in Table A1 both indicate a 5% tolerance. However, in recent years the +12V regulators have
become commonly and inexpensively available with tolerances of +2% over line, load, and temperature variations. The
-12V regulators are commonly available with £4% tolerance. Use of these, or others that may have even tighter tolerance
specifications, will give greater tolerance to other components, increasing the probability that system voltages will stay
within the specifications over the life of the equipment.
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Previously, SAE J1772™ specified the voltage range for each state, as shown in Table A2. Each state had a £1V range,
with 1V gaps between each range that were considered invalid voltages. This was intended to give each state a large
tolerance leeway, and provide gaps between states for noise immunity.

TABLE A2 - ORIGINAL PILOT VOLTAGE SPECIFICATION

(REFERENCE)

Vehicle State

Measured Voltage

State A

13.0V

12.0 V - nominal
11.0\

These voltage rang
ranges, at their disc
A1, in a properly fu
voltages obtained w

However, staying wi
to decide the gener
state. At the other e
within the specificati

State B

State C

State D

Invalid

100V

9.0 V - nominal
8.0V

Invalid

70V

6.0 V - nominal
50V

Invalid

40V

3.0V - nominal
20V

Invalid

DNS.

bs are no longer part of the (SAE 1772™ Specification.
retion, but they are no longerconstrained to do so by the Recommend Practice
nctioning system where the voltages and component tolerances are within tf
[l be well within thosesin~Table A2.

thin the Specifications for the EVSE in Section 5 of SAE J1772™, it will be left tg
bl architecturé:they will use and what voltage tolerances they will allow in their|
nd of the cabl€, the Vehicle Manufacturers must be sure the equivalent resistanc

EVSE manufacturers

may still use these
As shown in Table
e Specification, the

the EVSE designer
equipment for each
es for each state fall

The specifications fgr,the"EVSE in Table 4 of SAE J1772™ can be used by the Vehicle Manufactuters to fully test their
end of the system WM@&LQ&MM&EMWMMQL&L&LMEL%GWH& who can
simulate the vehicle part of the interface. Values of all parameters can be adjusted over their specified range, and the
robustness of the system can be determined before committing to the manufacture of a particular design.
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NOTE: AC LEVEL
INFORMATI

B.1 SCOPE

APPENDIX B - AC LEVEL 3 CHARGING

3 CHARGING HAS NEVER BEEN
ON FOR REFERENCE ONLY.

IMPLEMENTED. THE FOLLOWING

IS HISTORICAL

This appendix is intended to provide guidance to accommodate vehicles using an on-board charging system capable of
accepting current in excess of 48 A AC.

B.1.1

System Description

The SAE J1772™ rg
2 are designated for|
to 400 A. DC Charg
current contacts exd

ng uses the high-current contacts exclusively while AC Level 2 and AC Level 1
lusively. Improvements in onboard charging technology enable morefpowerful

more current than c@n be supplied by contacts 1 and 2. The high-power coupler contacts 3.and 4 m

AC Level 3 to comps

Definition: AC Leve
public locations. Th
network at a nomina

Table B1 compares
characteristics with 4

tible vehicles following the guidelines in this appendix.

3 — A charging method that uses dedicated electric vehi¢le supply equipmen
b vehicle shall be fitted with an on-board charger capable-of accepting energy
voltage of 208 and 240 V AC and a maximum currentof400 A.

\C Level 2 charging because the charger is located in the vehicle.

TABLE B1 - CHARGING MODE CHARACTERISTICS

commended conductive coupler provides for two sets of current-carrying condugtors. Contacts 1 and
AC charging at 6 to 48 A line current; contacts 3 and 4 are designated for high-cyrrent charging at up

arging use the low-
harging, but require
y be used to supply

in either private or
from an AC supply

the characteristics of electric vehicle charging modes. Note that AC Level 3 charging shares most

EVSE EVSE EVSE Charger Chafger Power
EVSE Type Input Output Vehicle Control Method Location Location Max.
AC Level 2 208-240 V AC 208-240 V AC~LSAE J1772™ Pilot Vehicle Vehigle 11.5kW
AC Level 3 208-240 V AC 208-240 V.AC~ SAE J1772™ Pilot Vehicle Vehigle 96 kW
DC Charging  208-600 V 0-600 V DC SAE J1772™ and SAE J2293 EVSE EVSE 240 kW
B.2 PILOT CIRQUIT

AC Level 3 charging
AC Level 2 charging
pilot signal. When pl
combination, bringin
request, it adjusts th

interface is_controlled by a pilot signal output from the Electric Vehicle Supply E
. Characteristics of the EVSE are conveyed by the output (open circuit) voltage
ugged inte-an EVSE, a vehicle connects the pilot output to the supply ground thrg
g thepilot test point voltages into the range of a valid response. If the EVSE deé
e pilot-duty cycle to convey the available a.c. line current, and then closes the apy

Equipment, similar to
b combination of the
ugh a resistor/diode
tects a valid charge
ropriate contactor.

B.2.1

Electric Vehicle Supply Equipment Output Parameters

Table B2 defines pilot signal characteristics for AC Level 2, AC Level 3, and DC Charging EVSE. Note that an AC Level 3
EVSE can operate as an AC Level 2 EVSE if AC Level 3 charging is not requested. The AC Level 3 pilot signal duty cycle
range corresponds to the duty cycle range for AC Level 2 charging but not DC Charging. Permissible supply resistance
(on pilot oscillator output) is the same for all EVSE.
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TABLE B2 - EVSE CONTROL PILOT PARAMETERS

Output Output Duty Cycle Duty Cycle Oscillator  Supply
EVSE Type OCV (-) OCV (+) Min. Max. Hz Resistance
AC Level 2 -12VvV DC +12V DC 10% 80% 1000 1000 Q
DC Charging -12V DC +12V DC 90% 90% 1000 1000 Q
AC Level 3 9vDc"  +12VvDC 10% 80% 1000 1000 Q
1. EVSE supporting Level 2 and High-power AC may transition to —12 V for Level 2 mode.

B.2.2

Electric vehicles reg
necessary equivaler

Vehicle Response Parameters

pond to the pilot signal by applying a resistor/diode combination to complete
t resistance (diode plus resistor) values for valid responses are indicated in Tablg

TABLE B3 - VEHICLE CHARGE REQUEST PARAMETERS

he pilot circuit. The
B3.

Pilot Voltage Pilot Voltage Vehicle Equiv. Vehicle Equiv.
Chdrge Request Test Point (=) Test Point (+) Resistance (<), * Resistance (+)
AC Level 2 —-12V DC +6 v DC"" oo 1000 Q
D€ Charging -12VDC +9VDC N/A 3000 Q
AC Level 2 -3V DC +9V DC 500 Q 3000 Q
1. Confirmation is +3 V if ventilation is required, Req. = 333 Q.

B.2.3 EVSE Res

The EVSE continuolisly monitors the filtered test point voltages. Test point voltages specified in Tabl
b power contactor is being opened or!Closed, the EVSE may be configured to |

responses. While th
(current limit) to redd

ponse Parameters

ce wear on the power contacts.

TABLE B4 - EVVSE RESPONSE PARAMETERS

e B4 constitute valid
bwer pilot duty cycle

Vehicle Present Vehicle Present Charge Request Charge Request
EVISE Type Test Point (-) Test Point (+) Test Point () Test Point|(+)
AC Lgvel 2 -12 V' DC +9V DC -12V DC +6 v DC{’
DC Charging =12V DC +9VDC -12V DC +9V D(Q
AC Lgvel 3 -9V DC +9V DC -3V DC +9V DQ
1. Tesl point is +3'V if ventilation is required.

B.2.4

EVSE Curlrent kimit Function

AC Level 2 and AC Level 3 EVSE use the pilot signal duty cycle to communicate available line current to the vehicle
charger. The equations for these scales are indicated Table B5. The AC Level 3 charging scale enables the EVSE to limit

current between 0 and 400 A, while the AC Level 2 scale enables control between 6 and 48 A. Examples of duty-cycle to
line-limit correspondence are shown in Table B6.

TABLE B5 - CURRENT LIMIT EQUATION

Charging Mode Duty Cycle Range Current Limit, AC amperes
AC Level 2 5% < duty cycle <80% | =60 X (DUTY CYCLE)
AC Level 3 13% < duty cycle <80% I =600 X (DUTY CYCLE) - 80
AC Level 3 If duty cycle < 13% =0
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TABLE B6 - CURRENT LIMIT SCALE

Control Pilot Current Limit AC Level 2 Current Limit ACLevel3
Duty Cycle (AC amps, cont.) (AC amps, cont.)

10% 6 0

20% 12 40

30% 18 100

40% 24 160

50% 30 220

60% 36 280

0% 42 346

80% 48 400

90% 0—DC Charging Only 0—DC Charging.Only

B.2.5 AC Charg

Vehicles and EVSE
shows an EVSE/ve
support AC Level 2
on-board charger to
parallel current path
addition of a serial
pack.

ng Implementation

configured for AC Level 3 charging may also support AC Level 2 for greater cor

npatibility. Figure B1

nicle implementation of AC Level 3 charging. Note that the\EVSE and EV are¢ both configured to

charging. The vehicle’s low and high current charge portccontacts are wired to
operate from either low or high power sources. The EVSE uses 2 separate co
s while charging AC Level 3 vehicles. Vehicles could also be configured for D
ata interface and contactors between the high power contacts and the on-board
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APPENDIX C - PREVIOUS CHARGE COUPLER DESIGNSSCOPE

This appendix provides information on the previous SAE J1772™ charge coupler.

C2

GENERAL COUPLER PHYSICAL DESCRIPTION

The coupler interface shall be a single common configuration using pressure type contacts and shall be designed for
interchangeability with devices of identical ratings and function.

C.21

Vehicle Inlet General requirements

There shall be a sin
Level 1 and AC Ls
Charging. The contg
connector suitable fq

vel 2 charging. The optional configuration shall be capable of AC Level 1\
ct requirements shall be as specified in Table C1. The standard configuration-sha
r DC Charging. The optional configuration shall function with all connecter eonfig

TABLE C1 - VEHICLE INLET CONTACT REQUIREMENTS

gle—vehicle-inlet-desigh-with-two-cenfigurations—Hhe—standard-eonfiguration-shall be capable of AC

A\C level 2, and DC
Il not function with a
Lirations.

Standard — Optional —
Contact # Function AC Level 1and 2" AC Level ' and 2, DC Charging'”

Charger 1 X X
2 Charger 2 X X

Battery positive X
4 Battery negative X
B Chassis ground X X
¢ Control pilot X X
T Data negative O X
8 Data positive (0] X
9 Data ground O X

1. Note:|X = required, O = optional.

c.22 Connecto
There shall be a si
Level 1 and AC Le
requirements shall I
usage and shall mg
400 — Table 400-4.

General Requirements

hgle connector desigh with two configurations. The standard configuration sha
el 2 charging.. The optional configuration shall be capable of DC Charging. T
e as specified~in Table C2. The connector shall be fitted with a cord correspo
et the reguifements specified in the National Electrical Code, NFPA 70 — Arti

| be capable of AC
ne minimum contact
nding to its intended
cles 625 and Article
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TABLE C2 - CONNECTOR CONTACT REQUIREMENTS

Standard — Optional —
Contact # Function AC Level 1 and 2" DC Charging
1 AC Power X 0]
2 AC Power X 0]
3 DC Power X
4 DC Power X
5 Equipment ground X X
6 Control pilot X X
7 DPata-regative o X
8 Data positive 0] X
9 Data ground 0 X

N

.| Note: X = required, O = optional.

C.3 DIMENSIONAL REQUIREMENTS

The coupler shall be

C.3.1 Interface Contact Spacing

The general contact

designed to comply with the key dimensional requirements as\specified in this sg

sizes and spacing at the coupler interface shall comply with the dimensions as §

ction.

pecified in Table C3

and shown in Figure|C1.
TABLE C3 - CONTACT SIZE'AND CURRENT RATING
Curtent Rating Dimension| Dimension
Contact # Function Size (mm) (Amps) Voltage Rating A (mm) B (mm)

1 AC Power 4.6 diameter 40 A 300 vac 1.0 6.0

2 AC Power 4.6 diameter 40 A 300 vac 1.0 6.0

3 DC Power 15.0 x.8.0 400 A 600 vdc 2.0 6.0

4 DC Power 15:0 x 8.0 400 A 600 vdc 20 6.0

5 Equipment/chassis _( 8.0 diameter Fault rated 1.0 6.0
ground

6 Caontrol pilot 3.1 diameter 15A 60 vdc 1.0 5.0

7 Dgta negative 3.1 diameter 15A 60 vdc 1.0 6.0

8 Data positive 3.1 diameter 15A 60 vdc 1.0 6.0

9 Data ground 3.1 diameter 15A 60 vdc 1.0 6.0
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FIGURE C1 - CONTACT INTERFACE SPACING AND CONTROL DIMENSIONS


https://saenorm.com/api/?name=71e22588423de90eb589bf9f92b400fb

SAE

J1772 Revised JAN2010

Page 40 of 51

C.3.2

Connector Physical Dimensions

The connector shall comply with the key physical dimensions as shown in Figure C2.

Connector
Mechanical Interface
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FIGURE C2 - CONNECTOR PHYSICAL CONTROL DIMENSIONS
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