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1.2

Revision Information:

This first revision addresses interoperability test procedures for AC Levell und AC Level 2 charging systems.

2. REFERENCES

2.1 Applicable D

ocuments

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.

211

SAE Publications

Available from SAH
and Canada) or 72

E International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-604
1-776-4970 (outside USA), www.sae.org.

E Electric Vehicle Conductive Charge Coupler (Surface Vehicle Recommgnded Pra

e Cases for Communication between Plug-in Vehicles and the Utility Grid’(Surface
port).

e Cases for Communication between Plug-in Vehicles and-the Supply Equipmen
hicle Information Report).

e Cases for Communication between Plug-in Vehicles and the Utility Grid for Re
irface Vehicle Information Report).

e Cases for Diagnostic Communication for Plug-in Vehicles (Surface Vehicle Informa

e Cases for Communication between)\ Plug-in Vehicles and their customers
prmation Report).

guirements for digital communication between the PHEV and a EVSE or a DC off bg
mmunication between Plug-it-Vehicles and the Utility Grid (Surface Vehicle Recomr

mmunication between\ Plug-in Vehicles and the Supply Equipment (EVSE)
commended Practice):

mmunication<petween Plug-in Vehicles and the Utility Grid for Reverse Power Flo
commended Practice).

wer Quality Requirements for Plug-In Electric Vehicle Chargers (Surface Vehig
hCtiGe).

-7323 (inside USA

ctice).

ehicle Information

t (EVSE) (Surface

verse Power Flow

ition Report).

(Surface Vehicle

ard charger
nended Practice).

(Surface Vehicle

v (Surface Vehicle
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J1772™ SA
J2836/1™ Us
Re
J2836/2™ Us
Ve
J2836/3™ Us
(S
J2836/4™ Us
J2836/5™ Us
Inf
J2931/1 Re
J2847/1 Cq
J2847/2 Cq
Re
J2847/3 Cq
Re
J2894/1 Pa
Pr
J2953/1
2.1.2

Related Publications (Optional)

Plug-In Electric Vehicle (PEV) Interoperability with Electric Vehicle Supply Equipment (EVSE)

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

Report.

ReleaseCandidate2 DIN SPEC 70121 Electromobility - Digital communication between a D.C EV charging station and an
electric vehicle for control of D.C. charging in the Combined Charging System
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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 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 ACLEVEL 2 CHARGING

A method that uses dedicated AC EV/PHEV supply equipment in either private or public locations. The vehicle shall be

fitted with an on-b
supply equipment.

3.3 CHARGER

An electrical devic
rechargeable ener
systems.

3.4 COMPATIBI
A statement of des
3.5 CONDUCTI
Having the ability t
3.6 CONFORMA

A statement of su
device may claim i
3.7 CONNECTQ

A conductive devig

pard charger capable of accepting energy from single phase alternating current,(
[The maximum power supplied for AC Level 2 charging shall conform to the values, in

b that converts alternating current energy to regulated direct current‘for feplenishi
gy storage device (i.e., battery) and may also provide energy for~operating othe
LITY

gn and implementation of a device to standards specifications.

E

D transmit electricity through a physical path(conductor).

NCE

ccessful measureable verification<that a device has implemented a standard as wr
conforms to a standard only after comprehensive conformance testing.

R (Charge)

e that by insertion into a vehicle inlet establishes an electrical connection to the ele

purpose of transfelring energy and éxchanging information. This is part of the coupler.

3.8 CONTACT (

A conductive elem
path.

Charge)

Ent infasconnector that mates with a corresponding element in the vehicle inlet to p

C) electric vehicle
Table 1.

hg the energy of a
r vehicle electrical

tten. A compatible

ctric vehicle for the

rovide an electrical
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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
Transmits supply equipment current rating to the vehicle

Monitors the presence of the equipment ground

e. Establishes ve

f. Servesasam
3.10 PROXIMITY
A circuit that defin
coupler contains g
proximity circuit is

3.11 COUPLER (
A mating vehicle in

3.12 DC CHARGI

A method that use
board charger to th

3.13 ELECTRIC

An automotive tyq

nicle ventilation requirements

bdium for Power-Line-Communication (PLC), as per SAE J2931

s the state of the charge connector in reference to the vehicleiinlet. For AC cha
proximity circuit that the PEV uses to detect connection te_the PEV inlet by th

modified for DC charging so that the EVSE can also sense that the cord is plugged ir

Charge)

let and connector set.

NG

5 dedicated direct current (DC) EV/PHEY supply equipment to provide energy from
e EV/PHEYV in either private or publiclocations.

VEHICLE (EV)

rechargeable energly storage device. Far'the purpose of this document the definition in the United Stat

Regulations - Title

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

led vehicle propelled by a combustion engine using on-board fuel or by an eleg
rechargeable-'storage battery or other portable energy devices (rechargeable us
ehicle such' as residential electric service).

factured primarily for use on public streets, roads, and highways.

ging the PEV and
e EVSE plug. The
to the PEV inlet.

an appropriate off-

e vehicle, intended for. highway use, primarily powered by an electric motor that draws from a

s Code of Federal

tric motor drawing
ng energy from a

a. Any four whee
current from 3
source off the

b. Which is manu

c.

which has a basic frontal area of not more than 4.18 m? (45 ft°).

3.14 ELECTRIC VEHICLE SUPPLY EQUIPMENT (EVSE)

Which is rated not more than 3855.6 kg (8500 Ib), which has a curb weight of not more than 2721.6 kg (6000 Ib), and

The conductors, including the ungrounded, grounded, and equipment grounding conductors, the electric vehicle
connectors, attachment plugs, and all other fittings, devices, power outlets, or apparatuses installed specifically for the
purpose of delivering energy from the premises wiring to the electric vehicle. Charging cords with NEMA 5-15P and

NEMA 5-20P attac

hment plugs are considered EVSEs.
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3.15 EQUIPMENT GROUND (Grounding Conductor)

A conductor used to connect the non-current carrying metal parts of the EV/IPHEV 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.

3.17 INTEROPERABILITY

Capability of a stgndards conforming device to function as intended with other standards conformifg devices without
special effort by th¢ user.

3.18 ON-BOARD|CHARGER

A charger located ¢n the vehicle.

3.19 PLUG IN HYBRID ELECTRIC VEHICLE (PHEV)
A hybrid vehicle with the ability to store and use off-board electrical energy in a-techargeable energy stqrage device.
3.20 VEHICLE INLET (Charge)

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

3.21 FREQUENCY VARIATION

The normal Range|of variation of the AC line frequency:

3.22 MOMENTARY OUTAGE

A complete loss of |AC line voltage for a 12 Cycles (200 ms) or more.
3.23 VOLTAGE RANGE

The normal range pf variability ef.thé AC line voltage. Voltage Range is generally expressed as a “pergent of nominal” of
the nominal value ¢f the line vbltage varies regionally.

3.24 VOLTAGE SAG

A reduction in the ACline voltage below the normal range of variability, typically of relatively short duratjon, typically 30 to
120 cycles (500 ms to 2000 ms).

3.25 VOLTAGE SURGE (Transient)

A temporary increase in the AC line voltage far beyond the normal range of variability that is evidenced by a sharp brief
discontinuity of the waveform, typically of very short duration (sub-cycle).

3.26 VOLTAGE SWELL

A temporary increase in the AC line voltage of more than 10% of the normal range of variability at the power frequency,
typically of relatively short duration of half a cycle to a few seconds (8 ms — 5000 ms).
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4. AC INTEROPERABILITY TEST PROCEDURES
4.1 Introduction

The procedures section of this document focuses on testing a specific EVSE-PEV pair to the interoperability requirements
in SAE J2953/1. Three tiers of procedures are meant to not only test for interoperability but the degree of interoperability
the specific EVSE — PEV pair has. The desired outcomes of the procedures are to show that a set of test articles are
interoperable to a measureable degree and/or to show insight on the cause of lack of interoperability.

Table 4.1 Test List breaks down the 3 tiers of interoperability and the tests associated with each tier. It is important to note
that Tier 1 tests focus on the basic functionality of the charge system. Tier 2 testing is used to gauge the robustness of the
charge system under un-ideal conditions. Finally, Tier 3 tests are used to check non-standard feature functionality.

TABLE 4.1 - SAE J2953/2 TEST LIST

Tier Test

1 Mechanical Interoperability

Charge Functionality

Safety Feature Functionality

2 Indefinite Grid Events

Dynamic Grid'Events

Ampacity Control

3 Scheduled Charge

Staggered Scheduled Charge

Charge Interrupt/Resume

4.2 Guidelines

This section defings the test setup_for portions of interoperability testing that will require the use of a|breakout fixture to
interface EVSE — |PEV signaling-to data acquisition and logging equipment. Figure 4.1 shows reqyired test setup for
interoperability tesf portions requiring a breakout fixture, specifically for Tier 1and Tier 3 testing. It is recommended but not
required that Tier|1 and<Fer 3 testing be conducted with a regulated supply. See Figure 4.2 for|Tier 1 and Tier 3
configuration with & regulated supply in the place of the programmable supply.
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Breakout Fixture
EVSE PEV
Supply/Grid r \
0
D3ta Logger (PC)
mpmm— Proximity LA 4 A4
—— Line 1 DAQ DAQ
——— | ine 2
Ground

The Tier 2 test sefup must be modified slightly to accommodate a programmable AC power supply. ]

supply will be use
system. It is recom

Supply/Grid

Measurement De)

FIGURE 4.1 - TIER 1 AND TIER 3 TEQTNNG CONFIGURATIONS

( for plausible real-world static and dynamic power modifications to test robustne
mended but not required that Tier 1 and’Tier 3 testing be conducted in

Breakout Fixture

vices

'he programmable
ss of the charging

Data Logger (PC)

EVSE ( \ PEV
\
/ Pilot \ AT e
e Proximity A
— Line 1 [ DAQ ] DAQ
—— |line 2
Ground

- /

Measurement Devices

FIGURE 4.2 - TIER 2 TESTING CONFIGURATION
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4.3 TestTools

To properly conduct interoperability testing outlined in this document it is required that proper testing tools are used to
insure that test results are accurate and consistent. This section describes the operating requirements of three custom
test tools required for testing.

4.3.1 Mechanical Interoperability Test Tool

The purpose of the mechanical interoperability test tool is to test the coupling and decoupling force required during Tier 1

testing. SAE J2953/1 requirement 4.1.7.2 requires that the coupling and de-coupling force of the system coupler be less
than 75 newtons.

The basic design of the mechanical interoperability test tool includes an elongated “U”-shaped bracket, an off-the-shelf
push-pull force gduge, and a set of adjustable band clamps. As shown In Figure 4.3 the push-gdull force gauge is
connected to the Y-shaped bracket such that the force of the coupler on the bracket can be measurgd by the push-pull
force gauge. The ¢onnection is made with a #10 opening on the bracket and a thumbscrew onithe gauge sensor. The
bracket is then attached around the EVSE connector securely with band clamps such that thé force gauge sensor points
in the same directipn of the lateral coupling movement. With this design it is easy to attach the test togl to many different
types of EVSE conhectors and obtain true coupling and de-coupling readings.

he measurement requirements of the custom U-shaped bracket./.The push-pull foice gauge must be
himum of 75 newtons of “push” and 75 newtons of “pull” with maximum of 0.5% full Scale accuracy. It is
[ce gauge have a USB or serial output for streaming force measurements that can b¢ plotted over time.

Figure 4.3 shows
able to record a mi
optional that the fo

Without viewing t
maximum before f
practice by the o

E

e USB plot is may be difficult to know whether a maximum measurement is T
lly coupled connector or the effect of additional force after the connector is coupled.
perator may be required such that the operator inserts the connector without ¢

epresentative of a
Some training and
ausing binding or

continuing to force(the connector once coupled.

Custom Bracket

# 10 Opening

2” (into the page) @

Push-Pull Force

Gauge Thumbscrew

2.75"

Rubber

6” — 8”

FIGURE 4.3 - MECHANICAL INTEROPERABILITY TOOL

4.3.2 Breakout Fixture

The breakout fixture is a tool used for all tiers of testing. It must be made custom to accommodate measurement devices
that will be used by the operator during testing. The tool is designed to pass through all line and signaling conductors
between the EVSE and PEV while being able to breakout the conductor nodes for measuring by the data acquisition and
data logging system. It is required that the fixture does not break any of the line or signaling circuits to the measurement
equipment; i.e. the measurements must be in parallel, not series.
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Required features include UL listed SAE J1772 inlet and connector. Inlet, connector and all conductors must be rated for
voltage and current limits exceeding the capabilities of all EVSE and PEV articles to be tested. The SAE J1772 connector
requires modification such that it does not terminate the proximity circuit, rather it is to pass the proximity conductor
through the breakout fixture and ultimately to the EVSE connector for termination.

NOTE: Do not disconnect the breakout fixture connector from the pev inlet when the system is charging. This action may
result in arcing which may cause equipment damage.

Measurement Connections

—a .o 0. 0

11772 Inlet .

“Dummy” J1772 Connector

N

Line Conductor Loop

FIGURE 4.4 - SAMPLE BREAKOUT FIXTYRE DIAGRAM

The breakout fixtu

rise, fall, and settling times of the pilot PWM signal. Therefore it is recommended that the breakout fixt

minimize added c
capacitance of 55
capacitance, or 27

Table 4.2 shows r
Matlab scripts in A
total) in the Matlab
last column of Tab

e will introduce parallel capacitance to the chargingisystem. This will have a signi

hpacitance. The PEV - EVSE charge system without a breakout fixture has a n
00 picoFarad (pF). A target for the breakeut fixture capacitance would be 59
b pF.

se, fall, and settling times for all PWM states with and without the addition of a 5
ppendices 2.1.1 and 2.1.2 calculate rise, fall, and settling times. Changing variable
script from 5500 pF to 5775 pEF(5500 pF + 275 pF) yields new rise, fall, and settling
e 4.2

icant effect on the
Lre be designed to
aximum allowable

the max system

o breakout fixture.
“CT” (capacitance
times shown in the

TABLE 4.2 - RISE/FALL/SEXTLING TIME REQUIREMENTS WITH 5% BREAKOUT FIXTURE
Specjfication Description Requirement Requirement with 5%
(J2P53/1) (J2953/1) Breakout Fixtlire
41.3.3 State B Rise Time <9.624 us <10.082 pus|
40.3.4 State B Fall Time <12.479 us < 13.080 us|
4[0.3.5 State C Rise Time <6.937 us <7.257 us
41.3.6 State C Fall Time <12.508 us < 13.107 ys|
4037 State D Rise Time < 4.689 us <4.892 us
4158 State DFatt-TFime <312:655¢s <33257¢s
4.1.3.9 State B Settling Time <17.660 us <18.477 us
4.1.3.10 State C Settling Time <13.191 us <13.784 us
4.1.3.11 State D Settling Time < 8.625 us < 8.989 us

These new values are to be used for acceptance criteria within interoperability testing when using a 5% or less breakout
fixture. In the case that the breakout fixture adds more than 275 pF capacitance to the pilot circuit of the breakout fixture
the rise, fall, and settling times must be adjusted. Insert the breakout fixture capacitance value plus 5500 pF into the
Matlab scripts found in SAE J2953/1 Appendices 2.1.1 and 2.1.2. The new values may be programmed into the data
acquisition system accordingly.
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4.3.3 Data Acquisition System

The data acquisition system is used to monitor a test interaction between an EVSE and PEV. The system must sample
various signals as outlined below. Table 4.3 shows the minimum sampling requirements for each of the monitored signals.
Ultimately these measurements will be reported based upon requirements in Section 4.3.4 Data Logging and Reporting.

TABLE 4.3 - DATA ACQUISITION SAMPLING REQUIREMENTS

Circuit Parameter Resolution Range Sampling Frequency
Control Pilot PWM Duty Cycle 0.5% 0% - 100 % 1000 Hz*
Control Pilot PWM Frequency 0.5 Hz 900 Hz — 1100Hz 1000 Hz*
Control Pilot PWM State Voltage 10 millivolt -20V-15.0V 20 kHz'
Control Pilot Steady State Voltage 10 millivolt -20V-15.0V 1000 HZ’
Control Pilot PWM RIise/ Fallf TOU nanoseconds OpS—40 S 10 Hz

Settling Time
Control Pilot Low-side Voltage 10 millivolt -150V-0V 20 kHz'
Proximity Detectipn Voltage 10 millivolt Ov-6.0V 1000 HZ’
Mains Charge RMS Line Voltage 0.5 volt 0 VAC - 275 VAC 1000 Hz"
Mains Charge RMS Line Current 0.1 amp 0A—-80A 1000 HZ’
Mains Charge Line Frequency 0.1 Hz 0 Hz < 80Hz 1000 Hz"

1. Increased sampling frequency is required during Control Pilot PWM.

2. Sampling frequency minimum is required to obtain 1 millisecond transition timing resolution.

Transition Timing:

Excluding PWM R|se/Fall/Settling measurements, all measured signals’in’ Table 4.3 must be measur¢d at 1 millisecond
intervals for the pyrpose of transition detection. Table 4.4 includes aJist of transitions that are triggered either in parallel
with data capture gr post-process.
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TABLE 4.4 - TRANSISTION TIMING

J2953/1 Specification Acceptance Description Start Criteria End Criteria
Requirement Criteria
41.1.1 State B1 to State None Timing from plug-in to PWM Enter State B1 Enter State B2
B2 oscillator on
41.1.2 State B2 to C/D None Timing from PWM oscillator Enter State B2 Enter State C
on to S2 closed
41.1.3 State C/D to mains <3.0 Timing from S2 closed to Enter State C Vrms > 10 VAC
voltage seconds EVSE AC contactors close
414.1 State C/D to State <3.0 Timing from AC contactors Enter State B2 | Vrms <10 VAC
B2 seconds open in response to S2 open
416.1 State X to State A <100 Timing from plug disconnect Enter State A Vrms < 10 VAC
rittsecords to EVSEopemngAC
contactors
4.1.6.2 Sthate X to State A <20 Timing from plug disconnect Enter State A PWM duty
seconds to EVSE oscillator off cycle < 2%
4.1.6.3 State E/F to zero <3.0 Timing from EVSE error state | Enter State E/F| | Vrms <10 VAC
line voltage seconds to AC contactor open
4.1.6.4 Invalid pilot to State <3.0 Timing from EVSE invalid Invalid Pilot Enter State B2
B2 seconds pilot frequency to PEV Frequency
opening S2
4.1.6.5 State E/F to zero <5.0 Timing from EVSE fault state | Enter State E/F| | Charge current
line current seconds to PEV terminating,.charge < 500 milliamps
(zero charge edrrent)
4.1.6.6 Duty Cycle change <5.0 Timing from EVSE PWM PWM duty cyclel | Charge current
response seconds modification te)PEV current * 5% change * 2% of PWM
draw adjustment within 1 secondg ampacity
4.1.6.7 State C/D to State <100 Timingfrom S3 open to PEV EVSE Charge current
B milliseconds termihating charge (zero connected S3 < 500 milliamps
charge current) open
4.3.4 Data Logg|ng and Reporting
Data Logging:
All data signals afe to be logged at attate of once per 100 milliseconds or at 10 Hz. For PWM Rise/Fall/Settling

parameters this mgans that all measurements are logged. For sighal parameters that are measured at
then 10 Hz all thd measurements Since the last logged value are averaged to a single value. For
detection voltage i$ measured oncée per millisecond. In order to log at 10 Hz the last 100 measurementg
single value that b¢comes thedogged value.

Reporting

a higher frequency
bxample, proximity
are averaged to a

Logged values must-be processed to generate reports that will be used to determine if SAE J295

3/1 interoperability

requirements are met.

Transition Timing Reporting

All completed transitions are logged. The measured times are binned based upon the transition timing requirement they
belong to. Each transition measurement bin is processed into maximum, minimum, and average times. These times are

applied to SAE J2953/1 requirements 4.1.1.3, 4.1.4.1, and 4.1.6.1 - 4.1.6.9.

Control Pilot State Voltage Reporting

State voltages are processed the same regardless if logged values were recorded during control pilot oscillation or not. In
the case that a state voltage based transition occurs, one voltage value on each side of the transition is excluded from the
dataset. State voltages are binned into the following state categories based upon their value. Each control pilot state bin

is then processed for maximum value, minimum value, and mean value. These values apply
requirements 4.1.2.1 —4.1.2.7.

to SAE J2953/1
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TABLE 4.5 - CONTROL PILOT STATE VOLTAGE REPORTING BINS

Control Pilot State Bin Voltage Range
State A 15V=x<10.5V
State B 10.5V=sx<75V
State C 75Vsx<45V
State D 45V=sx<15V
State E 1.5Vsx<-15V
State F -1.5V<x<-15V

Proximity Voltage Reporting

All logged proximity voltages are binned into the following state categories based upon their voltages. In the case that a

proximity state tral
processed for max

Control Pilot Wave

All logged PWM ffr
draw measuremern
processed for max

4.4  Testing Prer
It is assumed that
defined as an EVS
Appendix H of SAH
4.5 Tier 1 Intero
This section addrdg

PEV and SAE J1
Procedure Test Fo

NSITIoN OCCUrS, One data point on each side of the transiion IS excluded. These
mum, minimum, and mean values. The values apply to SAE J2953/1 requirements 4

TABLE 4.6 - PROXIMITY DETECTION STATE VOLTAGE REPORTINGBINS

Proximity Detection
State

Bin Voltage Range

EVSE Unplugged 6.0V<x<35V
EVSE Plugged S3 Open 3.5Vsx<20\V
EVSE Plugged S3 Closed 20V=sx<&0V

form Reporting

pquency, PWM duty cycle, state rise times, stateMfall times, state settling times, ar
ts are binned into respective categories based*upon J2953/1 requirements. These
mum, minimum, and mean values. The valueS-apply to J2953/1 requirements 4.1.3.]

bguisites

a SAE J1772 conformant PEV.and EVSE are used for testing. A SAE J1772 cg
bE that meets all requirements (of SAE J1772 and adequately performs as per the
J1772. A SAE J1772 conformant PEV is defined as a PEV that meets all requireme
perability Test Procedures-for AC Level 1 and AC Level 2 Charging

sses the interoperability test procedures of a charge system consisting of a SAE

/72 conforming, EVSE. Please conduct Tier 1 Interoperability procedure in conjy
Fm. Fill out Section 1 of the test form before proceeding to any of the test sections.

binned values are
.15.1-4.15.3.

d PEV AC current
binned values are
| -4.1.3.12.

nformant EVSE is
tests described in
nts of SAE J1772.

J1772 conforming
nction with Tier 1
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45.1 Mechanica

| Interoperability Test

This test determines if the test article SAE J1772 EVSE connector is interoperable with the test article SAE J1772 PEV

inlet. Conduct test i

n conjunction with Section 2 of Tier 1 test form.

Acceptance Criteria

An EVSE and PEV pair passes this test only when SAE J2953/1 requirements 4.1.7.1 — 4.1.7.5 are met.

Initial Conditions

PEV must not be running; PEV must be in park. EVSE must be disconnected from voltage source. Use of a breakout

fixture is not neede

d for Mechanical Interoperability tests.

Test Steps:

Install the med
and maximum

Open the vehi

Connection ¢
gauge.

Holding the te

binding and b¢ sure not to place pressure on the connector once\latched.

Once latched,
the force gaug

Once disconn

Repeat the pr
binding. This
without forcing
measurement
than or equal

Insert the EVS

Remove the miechanical testtool from the EVSE connector.

hanical interoperability test tool on the EVSE connector. Set the force gauge to displ
pull forces.

cle inlet cover.

rocess: Hold the test tool by the push-pull force gauge in the.orientation of insertion

5t tool by the force gauge, slowly insert the connector/into the vehicle inlet. Be sure n

gently press the connector latch button and“pull the connector out of the vehicle inlet
e.

bcted, record the maximum push.force and maximum pull force for the connection ite

pcedure from the “Connection.process” step until 4 couple and de-couple iterations o
may take numerous iterations depending on the ability of the operator to insert witho
beyond the latch process. Fill Section 2.1 of Tier 1 test form with coupling and de-c
5 from the 4 successiuliterations. Note: All 4 coupling and decoupling measurements
0 75 newtons in grder to pass requirement 4.1.7.2.

E conneetor into the vehicle inlet with SAE J2953/1 requirements 4.1.7.1 and 4.1.7.3

ay maximum push

zero the force

ot to cause any

, still holding by

ration.

ccur without
It binding and
bupling

must be less

in mind.

Once connect

ed-attempt to de-couple the connector from the inlet without depressing the latch but

on.

Unplug the EVSE connector from the vehicle inlet with SAE J2953/1 requirements 4.1.7.5 in mind. This is

accomplished by ensuring that the latch button is required to be pressed during decoupling. Using a multimeter,
verify that depressing and releasing the latch button on the EVSE connector causes a resistance change between
the proximity pin and ground.

the previous 2

steps multiple times in order to be sure that requirements are met.

If any requirements are not met you may comment and initial in the comments section.

Place a checkmark next to the corresponding requirements that are met during the previous 2 steps. You may repeat
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4.5.2 Charge Functionality Test

This test determines if the EVSE and PEV test articles are capable of starting, maintaining and ending a charge session
while holding to requirements of SAE J2953/1. Conduct test in conjunction with Section 4 of Tier 1 Test Form.

Acceptance Criteria

An EVSE and PEV pair passes this test only when a charge session in completed successfully without intervention by the
operator. During the charging process the EVSE — PEV pair must meet the following applicable SAE J2953/1

requirements; 4.1.1.3,4.1.2.1-4.1.2.7,41.3.1-4.1.3.12,414.1,4151-4.15.3,4.1.6.3-4.1.6.5,4.1.6.9,

Initial Conditions

PEV must not be r
board charger cur
powered by a reg
America for proper|
(no faults or busy
disconnected from

NOTE: Do not dis
result in ar|

Test Steps:

Power on the

Open the vehi

Start data logg

Insert the EVS

Plug the breal

Wait until the

Wait 1 minute
system does 1
open switch §

Setup the breakout fixture to begin data acquisition and:logging.

inning; PEV must be In park. PEV must have a minimum of 10 minutes of charge re
ent draw. EVSE must be properly connected to branch circuit. It is recommended

branch circuit ratings. EVSE must not be connected to the PEV and the EMSE must
indicators). Use of a breakout fixture is required for Charge Functionality tests. H

connect the breakout fixture connector from the pev inlet when the.system is chargin
cing which may cause equipment damage.

FVSE.

Cle inlet cover.

ng.

E connector to the breakoutfixture inlet.

out fixture connecterin‘to the PEV inlet. Make sure that the system begins a charge

PEV charges eompletely to ensure a vehicle initiated shutdown.

to allow-for'adequate State B2 PWM and pilot sampling after vehicle initiated shutdo
ot entér State B for any reason the operator may press and hold the EVSE connectd

naining at max on-
that the EVSE is

Llated supply to ensure optimal test result. Follow SAE J1772 Table 5.2 Electrical Rating for North

be in a ready state
EFVSE connector is

the PEV and breakout fixture. The breakout fixture connector is disconnected from the PEV.

g. This action may

session.

wn. If the charge
r latch button to
latch button for 1

BCFhis may induce the vehicle to enter the system into State B. Continue to hold the

minute for pro
hour wait.

per data sampling time. 'he operator may also walit until the FEV enters State b al a

is connected but unlatched.

while the proximity circuit is disconnected.

Stop data logging.

Power down the EVSE and return the charge system to the initial conditions.

later time; up to 1

Press the EVSE connector latch button for 20 seconds to allow for adequate data sampling while the proximity circuit

Remove the EVSE connector from the breakout fixture inlet, wait 20 seconds to allow for adequate data sampling
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- Fill Section 3 of Tier 1 Procedure Test Form by conducting post-processing of the data samples.

45.3 Safety Feature Functionality Test

This test determines if the EVSE and PEV test articles are capable of safely ending a user initiated charge session while
holding to requirements of SAE J2953/1. Conduct test in conjunction with Section 5 of Tier 1 Test Form.

Acceptance Criteria

An EVSE and PEV pair passes this test successfully only if it meets SAE J2953/1 requirements 4.1.6.1, 4.1.6.2, and
4.1.6.7 when a user initiates the end of a charge session.

Initial Conditions

PEV must not be riinning; PEV must be in park. PEV must have a minimum of 10 minutes of charge rerlnaining at max on-
board charger curfent draw. EVSE must be properly connected to branch circuit. Follow SAE 31772 Table 5.2 Electrical
Rating for North America for proper branch circuit ratings. It is recommended that the EVSE\is powefed by a regulated
supply to ensure optimal test result. EVSE must not be connected to the PEV and the EVSE must be ip a ready state (no
faults or busy indicators). Use of a breakout fixture is required for Charge Functionality tests. HVSE connector is
disconnected from|the PEV and breakout fixture. The breakout fixture connector is disconnected from the PEV.

NOTE: Do not disgonnect the breakout fixture connector from the pev inlet when the system is charging. This action may
result in arging which may cause equipment damage.

Test Steps:

- Power on the EVSE.

- Open the vehicle inlet cover.

- Setup the bregkout fixture to begin data acquisition.and logging.
- Start data logging.

- Insert the EVSE connector to the breakout fixture inlet.

- Plug the breakout fixture conneetoer/in to the PEV inlet. Make sure that the system begins a charge|session.

- Wait 1 minute[to allow forsSteady charge.

- Press latch bytton (switch S3 open) on EVSE connector and hold open for 1 minute; be sure to majntain connection
with the plug gnd inlet. This step is used to measure the charge current limiting response timing of the PEV in
response to th i i imi i i do not perform
the remaining procedure steps for 4.5.3. Instead stop data logging, power off the EVSE and return the system back
to initial conditions. This step may also be used to meet J2953/1 requirement 4.1.7.5 that may have not been tested
during the Mechanical Interoperability Test.

- Release the latch switch.
- Wait for the charge system to recover and re-establish a charge session.
- Once the charge system returns to bulk charge press the EVSE connector latch switch and immediately remove the

breakout fixture connector from the PEV inlet. This step may require the coordination of two test operators. This step
tests the EVSE's ability to discontinue voltage to the charge pins in the case of connector disconnect during charge.
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Power down t

4.6 Tier 2 Intero

Wait 30 seconds to allow for data sampling of the EVSE contactors open and oscillator shutdown.

Stop data logging.

he EVSE and return the charge system to the initial conditions.

Fill Section 4 of Tier 1 Procedure Test Form by conducting post-processing of the data samples.

perability Test Procedures for AC Level 1 and AC Level 2 Charging

This section addresses the interoperability test procedures of a charge system consisting of a SAE J1772 conforming
PEV and SAE J1772 conforming EVSE. Please conduct Tier 2 Interoperability procedures in conjunction with Tier 2

Procedure Test. Fi
of Tier 2 tests requ

46.1

The following tests|
able to tolerate the
and 102% and 9§
throughout the test

Acceptance Criteri

An EVSE and PEV

operator. During
requirements; 4.1.
PEV must not disp
Initial Conditions
PEV must not be r
Rating for North A
be in a ready state
connector is disco
PEV.

NOTE: Do not dis
result in ar|

Test Steps:

Test Form #1
Power on the

Open the vehi

Indefinite (

Setup the prog

res a separate test form.

brid Event Test

conditions specified in SAE J2894/1. Testing cases include 110% @nd90% of nom
% of nominal service frequency. These will be four separate-tests that present
session.

pair passes this test only when a charge session .isscompleted successfully without
he charging process the EVSE — PEV pair smust meet the following applica
.3,4.1.2.1-41.27,4131-4.13.12,4141:4.151-4.153,4.1.6.3-4.1.6.5,
ay any fault conditions or interrupt the charge.session in any way.

merica for proper branch circuit ratings. EVSE must not be connected to the PEV a
(no faults or busy indicators). Use of a breakout fixture is required for Indefinite Grid
hnected from the PEVhand breakout fixture. The breakout fixture connector is diso

connect the breakout fixture connector from the pev inlet when the system is chargin
cing which may cause equipment damage.

I'out Section 1 of the test Torms betore proceeding to any of the test sections. NOtICE

check the system’s response to various existing conditions on the electrie’grid. Thg

that each iteration

system should be
nal service voltage
to static condition

intervention by the
ble SAE J2953/1
4.1.6.9. EVSE and

inning; PEV must be in park. PEV must have a minimum of 10 minutes of charge refaining at max on-
board charger curfent draw. EVSE must be properly connected to branch circuit. Follow SAE J1772

[able 5.2 Electrical
nd the EVSE must
Event tests. EVSE
onnected from the

g. This action may

rammable AC supply for; 90% of nominal voltage, 100% nominal frequency. Fill top

portion of Tier 2

Section Z with percent of nominal voltage and percent of nominal frequency.
EVSE.

cle inlet cover.

Setup the breakout fixture to begin data acquisition and logging.
Start data logging.

Insert the EVSE connector to the breakout fixture inlet.

Plug the breakout fixture connector in to the PEV inlet. Make sure that the system begins a charge session.
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Wait until the PEV charges completely to ensure a vehicle initiated shutdown.

Wait 1 minute to allow for adequate State B2 PWM and pilot sampling after vehicle initiated shutdown. . If the charge

system does not enter State B for any reason the operator may press and hold the EVSE connector latch button to
open switch S3. This may induce the vehicle to enter the system into State B. Continue to hold the latch button for 1
minute for proper data sampling time. The operator may also wait until the PEV enters State B at a later time; up to 1

hour wait.

Stop data logging.

Fill Section 2

o 1)11(
2) 10(

3) 10(

O
O

Power down t

4.6.2 Dynamic G

The following test

charging system s

voltage range varigtion, voltage swell, voltage sag, momentary.outage, long term outage, and frequen

Most of these test
adversely affected
initiate a new chal
intervention. Thesd

Figures 4.4 - 4.9 3
refer to SAE J2894

Repeat proce(lure steps 3 times reprogramming AC supply to the following:

of Tier 2 Test Form #1 by conducting post-processing of the data samples.

% nominal voltage, 100% nominal frequency
% nominal voltage, 98% nominal frequency
% nominal voltage, 102% nominal frequency

ne EVSE and return the charge system to the initial conditions.
rid Event Test

hecks the system’s response to various eventsi@and conditions that may occur on th
hould be able to tolerate the events and canditions specified in SAE J2894/1. T

cases are outlined in more detail in SAEJ2894/1 and SAE J2894/2. A charging sy

if, after being subjected to any event ari¢ondition, the charging is interrupted and thg
rge sequence. Successful recoveryis defined as completing the charging proce

/1 and J2894/2 for a more eéxpanded definition of these test cases.

Voltage Range Variation

60 Seconds

b electric grid. The
est cases include;
cy range variation.
5tem is considered
system fails to re-
ss without manual

test case events shall be initiated-only after a charging pair has entered a stable charge session.

re graphical representations,of the programmed test cases to be used in this sectionp of testing. Please

100%

Not to scale

60 Seconds

FIGURE 4.5 - VOLTAGE RANGE VARIATION
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100%

100%

Voltage Swell
0.5 cycle
175%
0.5 cycle
150%
0.5 cycle
125%
100%
20 seconds 20 seconds
2 seconds 2 seconds
Notdo, scale
FIGURE 4.6 - VOLTAGE SWELL
Voltage Sag
20 Seconds 20 Seconds
80%

— 2 Seconds — Not to scale

FIGURE 4.7 - VOLTAGEW SAG

100%



https://saenorm.com/api/?name=cb218a1e62251ba05256e5e1e7f18d70

SAE INTERNATIONAL

J2953/2 Issued JAN2014

Page 20 of 39

Momentary Outage

20 Seconds 20 Seconds
100% 100%
0%
12 Cycles Not to scale
FIGURE 4.8 - MOMENTARY OUTAGE
Indefinite Outage
20 Seconds 20 Seconds
100% 100%
0%
— 20 Secoe* — Not to scale

FIGURE\9 - INDEFINTE OUTAGE

Frequency Range Variation

102%
3 Seconds
101%
10006 20 SE00NdS | Gt 100% | 20 Seconds ; 0,
1%
99% ...............
3 Seconds
98%
3 Seconds Not to scale

FIGURE 4.10 - FREQUENCY RANGE VARIATION
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Acceptance Criteria

An EVSE and PEV pair passes this test when a charge session can continue through each of the 6 described dynamic
grid events. In the case that the charge session cannot continue through the grid event it must re-establish successfully
without intervention by the operator in order to pass the test. During the charging process the EVSE — PEV pair must
meet the following applicable SAE J2953/1 requirements; 4.1.1.3, 4.1.2.1 — 4.1.2.7, 4.1.3.1 — 4.1.3.12, 4.1.5.1 — 4.1.5.3,
4.1.6.3-4.1.6.5, 4.1.6.9. EVSE and PEV may display fault conditions or interrupt the charge session but are expected to
recover and begin a new charge session once the event is complete.

Initial Conditions

PEV must not be running; PEV must be in park. PEV must have a minimum of 10 minutes of charge remaining at max on-
board charger current draw. EVSE must be properly connected to branch circuit. Follow J1772 Table 5.2 Electrical Rating
for North America[for proper branch circuit ratings. EVSE must be connecied t0 a preprogrammed|AC power supply.
EVSE must not be| connected to the PEV and the EVSE must be in a ready state (no faults or busy, indicators). Use of a
breakout fixture is |required for Indefinite Grid Event tests. EVSE connector is disconnected frgm»the [PEV and breakout
fixture. The breakout fixture connector is disconnected from the PEV.

NOTE: Do not disgonnect the breakout fixture connector from the pev inlet when the systenvis charging. This action may
result in arcing which may cause equipment damage.

Test Steps:

- Setup the programmable AC supply for remote application of the listed,6 grid event scenarios.
o Voltage Range Variation

Voltage Swell

Voltage Sag

Momgntary Outage

Indefipite Outage

Frequency Range Variation

o O O O O

- Power on the EVSE through the programmable AC supply using nominal voltage and frequency.
- Open the vehicle inlet cover.

- Setup the breakout fixture to begin data acquisition and logging.

- Insert the EVSE connectorito.the breakout fixture inlet.

- Plug the brealout fixture connector in to the PEV inlet. Make sure that the system begins a charge|session.

- Event IteratignFill top portion of Tier 2 Test Form #2 with the first or next grid event of the list in gtep 1. Start data
logging software. Administer the grid event using the preprogrammed AC power supply. Observe and record EVSE
and PEV for any fault indication or interruptions in charge.

- If the charge session is unhindered by the grid event 20 seconds after the event is completed then stop data logging
software, fill Section 2 of Tier 2 Test Form #2 by conducting post-processing of the data samples, and return to the
step labeled “Event lteration” and administer the next test case of the list. Otherwise, wait up to 20 minutes for the
EVSE-PEV pair to re-establish a charge session.

- If charge session is re-established record the amount of time required for the session to begin again, stop data
logging system, and fill Section 2 of Tier 2 Test Form #2 by conducting post-processing of the data samples. Return
to the step labeled “Event Iteration”, and administer the next grid event on the list using a new test form. If the charge
system is unable to re-establish a charge session stop data logging and safely power off the EVSE.
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new test form

4.7

and implementing the untested grid events in the “Event Iteration” step.

Power down the EVSE and return the charge system to the initial conditions.
Fill Section 2 of Tier 2 Test Form #2 by conducting post-processing of the data samples.

Tier 3 Interoperability Test Procedures for AC Level 1 and AC Level 2 Charging

If there is an untested grid event test return the test setup back to initial conditions and restart the procedure using a

Tier 3 Interoperability testing is intended to test charge systems that contain non-standard or non-required charge
features. Some of these features may be general, while others may be specific to certain EVSE manufactures or PEV

OEMs.

This section addrdg
PEV and SAE J1
Procedure Test Fo

4.7.1 Ampacity ¢

This test is intendgd to verify the charge system’s capability of responding to an EVSE change in P
able of modifying PWM duty cycle during an ongoing charge session to communmicate a change in

EVSE may be caj
ampacity. This is a
requirement in the
Acceptance Criteri
An EVSE and PEV
by the EVSE. Duri
4.1.6.6. EVSE and
Initial Conditions

PEV must not be r

board charger curfent draw. EVSE must be propeérly connected to branch circuit. Follow SAE J1772

Rating for North Al
supply to ensure o
faults or busy ind
disconnected from

NOTE: Do not dis
result in ar|

Test Steps:

sses the interoperability test procedures of a charge system consisting of a SAE
/72 conforming EVSE. Please conduct Tier 3 Interoperability procedure in \eonju
Fm. Fill out Section 1 of the test form before proceeding to any of the test sections.

Control Test

feature that is not required by SAE J1772 in order to charge & PEV however SAE
case that this feature is used.

pair passes this test only when a charge session can continue properly through a @
g the charging process the EVSE - PEV paitdmust meet the following applicable J2
PEV may not display fault conditions or stop'the charge session in order to pass the

merica for proper branch ‘circuit ratings. It is recommended that the EVSE is powe|
btimal test result. EVSE must not be connected to the PEV and the EVSE must be i
cators). Use of a breakout fixture is required for Indefinite Grid Event tests. H

connect thedreakout fixture connector from the pev inlet when the system is chargir]
cing which may cause equipment damage.

J1772 conforming
nction with Tier 3

VM duty cycle. An

11772 does have a

hange of ampacity
D53/1 requirement;
test.

nning; PEV must be in park. REV must have a minimum of 10 minutes of charge remaining at max on-

"able 5.2 Electrical
red by a regulated
N a ready state (no
VSE connector is

the PEV and breakodut fixture. The breakout fixture connector is disconnected from the PEV.

g. This action may

Power on the

Open the vehi

VSE 1 possibie setthe EVSE 10 the highestampacity 1t1S capabie of.

cle inlet cover.

Setup the breakout fixture to begin data acquisition and logging.
Start data logging.

Insert the EVSE connector to the breakout fixture inlet.

Plug the breakout fixture connector in to the PEV inlet. Make sure that the system begins a charge session.
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Issue a decrease in ampacity by the EVSE, to the next possible ampacity setting. Wait 10 seconds before decreasing

the ampacity to the next lowest step. Continue to decrease the ampacity in the smallest possible increments, be sure
to allow a minimum of 30 seconds between each decrease in ampacity.

Once the EVSE has reached its lowest possible ampacity setting wait 30 seconds before increasing the ampacity to

the next level. Repeat the previous steps process but instead increasing the ampacity step by step until a maximum
is reached by the EVSE. Be sure to wait a minimum of 30 seconds between each ampacity change.

Wait 30 seconds, stop data logging.

Power down the EVSE and return the charge system to the initial conditions.

4.7.2 Scheduled

Fill Section 2 (I)f Tier 3 Test Form by conducting post-processing of the data samples.

Charge Test

This test is intendgd to verify the charge system’s capability of perform a scheduled charge’ session.

may be capable of
SAE J1772 in orde

Acceptance Criteri

An EVSE and PE\
The scheduled ch
scheduling a charg
the PEV scheduled
J2953/1 requireme
before or during th

Initial Conditions

PEV must not be r

I to charge and SAE J1772 does not have a specification for this-feature.
il

pair passes this test only when a charge session can continue properly through a
hrge may be implemented through the EVSE or PEV! In the case that both devig
e the test must be completed twice; once test for.the EVSE scheduled charge featu

charge feature. During the charging process the*EVSE — PEV pair must meet the f
nts; 4.1.1.3, 4.1.2.1, 4.1.2.2, 4.1.2.3, 4.1.2.4,14.1.2.7. EVSE and PEV may not disp
b charge session.

board charger curfent draw. EVSE must be properly connected to branch circuit. Follow SAE J1772 7

Rating for North Al
supply to ensure o
faults or busy ind
disconnected from

NOTE: Do not dis
result in ar|

Test Steps:

merica for proper branch 'circuit ratings. It is recommended that the EVSE is powe|
btimal test result. EVSE must not be connected to the PEV and the EVSE must be i
cators). Use of a breakout fixture is required for Indefinite Grid Event tests. B

connect the breakout fixture connector from the pev inlet when the system is chargin
cing which may cause equipment damage.

An EVSE or PEV

delaying a charge session upon plugin to a user defined time. This.is a feature tha} is not required by

scheduled charge.
es are capable of
re and one test for
pDllowing applicable
ay fault conditions

nning; PEV must be in park. REV 'must have a minimum of 10 minutes of charge remaining at max on-

"able 5.2 Electrical
red by a regulated
N a ready state (no
VVSE connector is

the PEV and breakout fixture. The breakout fixture connector is disconnected from the PEV.

g. This action may

Power on the

AW ad =y
=4 =

If testing the EVSE charge scheduler set the EVSE to charge in 2 hours. If the EVSE is not capable of scheduling 2

hours ahead then schedule a charge in the maximum time capable. If testing the PEV charge scheduler set the PEV
to charge in 2 hours. If the PEV is not capable of scheduling 2 hours ahead then schedule a charge in the maximum

time capable.

Open the vehicle inlet cover.
Setup the breakout fixture to begin data acquisition and logging.

Start data logging.
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Insert the EVSE connector to the breakout fixture inlet.
Plug the breakout fixture connector in to the PEV inlet.

Wait until the scheduled charge is supposed to be issued.

allow 2 minutes for the session to begin.

Wait 30 secon

Power down t

ds, stop data logging.

e E\/SE and return the Phnrgn Q\Jl:fnm tothe initial conditions

4.7.3 Staggered
This test is intendd
only applies to an
charge session oc
This is a feature th
this feature.

Acceptance Criteri
An EVSE and PH
scheduled charge.
is scheduled to ch
charging process t
4.1.2.3,4.1.2.4,4.]
Initial Conditions

PEV must not be r

board charger curent draw. EVSE mustte ‘properly connected to branch circuit. Follow SAE J1772

Rating for North Al
supply to ensure o
faults or busy ind
disconnected from

NOTE: Do not dis
result in ar|

Fill Section 3 ¢f Tier 2 Test Form #1 by conducting post-processing of the data samples.

Schedule Charge Test

d to verify the charge system’s capability of perform a staggered, seheduled chargs
EVSE and PEV pair that are both capable of scheduling a charge session. A s
curs when both the PEV and EVSE are programmed to begin acharge session bu
at is not required by SAE J1772 in order to charge and SAE 31772 does not have

i

V pair passes this test only when a charge “session can continue properly thr
EVSE and PEV pair must pass the test twiceyonce with the PEV scheduled to charg
arge, and once with the PEV scheduled to charge after the EVSE is scheduled to
ne EVSE — PEV pair must meet the follewing applicable J2953/1 requirements; 4.1.1
|.2.7. EVSE and PEV may not display\fault conditions before or during the charge se

mmerica for proper branch circuit ratings. It is recommended that the EVSE is powe
btimal test resultEVSE must not be connected to the PEV and the EVSE must be i
cators). Use_of a breakout fixture is required for Indefinite Grid Event tests. E

connectithe breakout fixture connector from the pev inlet when the system is chargir
Cing-which may cause equipment damage.

If the scheduled charge session begins move onto the next step. If the scheduled charge session does not begin

session. This test
aggered schedule
at different times.
a specification for

ough a staggered
e before the EVSE
charge. During the
3,4.1.2.1,4.1.2.2,
5sion.

nning; PEV must be in park! PEV must have a minimum of 10 minutes of charge remaining at max on-

"able 5.2 Electrical
red by a regulated
N a ready state (no
VSE connector is

the PEV and)breakout fixture. The breakout fixture connector is disconnected from the PEV.

g. This action may

Test Steps:

Power on the

Open the vehi

EVSE.

Program the EVSE to charge in 2 hours. Program the PEV to charge in 1 hour.

cle inlet cover.

Setup the breakout fixture to begin data acquisition and logging.
Start data logging.

Insert the EVSE connector to the breakout fixture inlet.
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Plug the breakout fixture connector in to the PEV inlet.

Wait until the scheduled charge is supposed to be issued.

allow 2 minutes for the session to begin.

Wait 10 secon

ds, stop data logging.

Power down the EVSE and return the charge system to the initial conditions.

Fill Section 4

If not tested vy

EVSE to charge in 1 hour.

4.7.4 Charge Int

This test is intendd
without the need td
cycle through an B
J1772 does not ha

Acceptance Criteri

An EVSE and PE\
connector. The stg
capable of stoppin
feature and one te
must meet the foll

and PEV may not dlisplay fault conditions before, during or after the interruption and restart.

Initial Conditions

PEV must not be r

board charger current draw. EVSE imust be properly connected to branch circuit. Follow SAE J1772 T

Rating for North Al
supply to ensure o
faults or busy ind
disconnected from

pf Tier 2 Test Form #1 by conducting post-processing of the data samples.

bt; repeat the procedure instead programming the PEV to charge in 2 hours@nd prog

errupt and Resume Test

d to verify the charge system’s capability of perform a user jnitiated charge interrupf

remove the EVSE connector from the vehicle. A user may-be able to initiate the in
VSE or PEV interface. This is a feature that is not requited by SAE J1772 in order
Ve a specification for this feature.

i

pair passes this test only when a charge.session can stop and resume without un
p and resume cycle may implemented_through the EVSE or PEV. In the case tha
j and resuming a charge the test must®e completed twice; once test for the EVSE s
st for the PEV stop/resume charge“feature. During the stop and resume cycle the
bwing applicable SAE J2953/1 requirements; 4.1.1.3, 4.1.2.1, 4.1.2.2, 4.1.2.3, 4.1.

merica for preper branch circuit ratings. It is recommended that the EVSE is powe
btimal test result. EVSE must not be connected to the PEV and the EVSE must be i
cators).«Use of a breakout fixture is required for Indefinite Grid Event tests. B

If the scheduled charge session begins move onto the next step. If the scheduled charge session does not begin

ramming the

and resume cycle
errupt and resume
o charge and SAE

blugging the EVSE
t both devices are
top/resume charge
EVSE - PEV pair
.4, 4.1.2.7. EVSE

Iinning; PEV must ie'jh park. PEV must have a minimum of 10 minutes of charge refnaining at max on-

[able 5.2 Electrical
red by a regulated
N a ready state (no
VVSE connector is

the PEV.and breakout fixture. The breakout fixture connector is disconnected from the PEV.

NOTE: Do not dis

connect the breakout fixture connector from the pev inlet when the system is chargirn

g. This action may

result in ar
Test Steps:

Power on the

Open the vehi

cing which may cause equipment damage.

EVSE.

cle inlet cover.

Setup the breakout fixture to begin data acquisition and logging.
Start data logging.

Insert the EVSE connector to the breakout fixture inlet.
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Interrupt the ¢

Plug the breakout fixture connector in to the PEV inlet.

Wait until the system begins a charge session.

harge session either through the PEV or EVSE interface.

Verify that the charge session has stopped, the system should be in state B and mains voltage must not be present.

This may take a few seconds. If the charge system continues to charge after 30 seconds the system has failed the
test; power down the EVSE and return the charge system to the initial setup conditions.

Wait 30 minut

og Without unpluaaina anvy connectors from the vehicle or the breakout fixture  Resu
T ~J ~ 7

ne the charge

session throug

Wait for the cH
pulling mains
did not resum

Stop data logg

Power down t

4.7.5 Other Tier
This section allows
test procedures. H
preference are ava
sessions between
operator to custom
recommendation.
may be the case t
EVSEs and PEVs

h the same interface that the charge was interrupted.

current through the EVSE. Resuming charge session may take a few seconds. If the
b within 30 seconds the pair did not pass the test.

ng.

ne EVSE and return the charge system to the initial conditions.

Fill Section 5 ¢f Tier 3 Test Form by conducting post-processing ofthe data samples.

3 Testing

ilable currently and will be more common in the future. Because of the varying beh

'he acceptance criteria mustibe based on the systems functioning as intended by
ne some PEVs or EVSE, de“not interoperate with some of the more unique chargin

ND DC LEVEL2 CHARGING COMPATIBILITY TESTS

5RID COMMUNICATION COMPATIBILITY TESTS

arge session to resume, the system should be in State C; mains power is apparent g

for testing of other non-standard EVSE or PEV features that may have not been ing
VSE and PEV features such as dynamic charging sessions that vary based on pr

bach manufacture it is difficult to prescribe test procedures to test proper functionality

ize a test procedure for each unigque feature. Ultimately, these features must be sety

bn the market. For this‘redson it is important to test these features during interoperab

5RID.COMMUNICATION AND DC CHARGING COMPATIBILITY COMBINED TEST]

ind the PEV is
charge session

luded in the Tier 3
cing or other user
avior of the charge
. Itis up to the test
p per manufacture
he manufacture. It
y features found in
ility testing.

5. DCLEVEL1A

6. VEHICLE TO (

7. VEHICLE TO (

8. NOTES

8.1 Marginal Indicia

A change bar (l) located in the left margin is for the convenience of the user in locating areas where technical revisions,
not editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document
title indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in
original publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE HYBRID - EV COMMITTEE
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APPENDIX A
A.1 BREAKOUT FIXTURE CAPACITANCE MEASUREMENT

The breakout fixture described in Section 4.3.2 is designed for minimal disturbance to the EVSE — PEV charge system
under test. The most consequential factor of the tool design is the Pilot circuit capacitance that it will add to the test
system. This capacitance should only affect the rise/fall and settling times of the Pilot PWM. In order to properly
compensate for the test fixture’s added Pilot capacitance Table 4.2 shows the revised rise, fall, and settling times with a
test fixture of 275pF.

Capacitance measurement of the breakout fixture should be done using an LCR meter capable of measuring capacitance
at 1000 Hz. Before making the measurement, connect all pilot measurement equipment on the pilot circuit; be sure that all
of the equipmentl|J iIs turned off. The Dbreakout fixture should be disconnected from any EVSE$ and PEVs. The
measurement shollld be made across the Pilot and Ground conductors at any points within the breakout fixture. To be
sure of accurate measurement an operator should measure similar results at different junction peints within the fixture.

A.2 TEST FORMY

D

Tier 1 Procedure Test Form

Testing Informatipn

Use in conjunction
Tier 1 Testing
Section 1: Operat

PEV Year and Mak

EVSE Manufacturg:

Operator Name:
Fill the above se(

Section 2: Mecha

with SAE J2953/2 Interoperability Procedures Document

J2953/2 Section#: 4.4 Pag

pr and test article information Fill this sectigr.completely prior to beginning any testing.

e: PEV Model:

EVSE Model:
Start Date/Time:
tion completely priorito beginning any testing.

nical Interoperabitity

J2953/2 Section: 4.5.1

n of connegctor into vehicle inlet is intuitively obvious and free of multiple orientations.

effortfor coupling and decoupling is less than 75 newtons.

P #: XXX

0 4.1.7.1 Insertid
0 4.1.7.2 Human
O

O

O

Comment:

4.1.7.3 Connector and inlet provide an audible and/or tactile feedback once fully engaged.
4.1.7.4 Latch is present and prevents inadvertent or accidental decoupling.

4.1.7.5 Latch provides a means in the connector to open the proximity circuit during decoupling.

Initials:
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Section 3: Charge Functionality Test J2953/2 Section: 4.5.2

Start-up Sequence

Specification Measured Requirement Pass/Fail
411.1 None N/A
411.2 None N/A
41.1.3 < 3.0 seconds
Comment:
Initials:

Control Pilot State Voltage

Specification Max Min Reguirement Pass/Fail

4121 11.40-\/_ S-V <12.60V
4123 7 s4svsvs649v
4.12.4 > 2.62V <V <3.25V
4127 o -11.40V <V < -12.60V
Comment: \
Initials:

Proximity Voltage

Specification Max Min Requirement Pass/Fail
4151 b 4.35V<V < 4.55\
4152 8) 2.51V<V < 3.01\
4153 ~ 1.30Vs V = 1.72\
Comment: ]

Initials:
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Control Pilot Waveform

Specification Max Min Requirement Pass/Fail
41.3.1 8% < Duty Cycle < 97%
4.1.3.2 980 Hz < Freq. < 1020 Hz
4.1.3.3 -- <9.624us
4.1.3.4 - <12.479 ps
4.1.3.5 - < 6.937 ps
4.1.3.6 - <12.508 ps :
4.1.3.7 -- <4.689 us V
4.1.3.8 -- < 12,655 ;;s
4.1.3.9 -- sA1u7-.660 us
4.1.3.10 - - _s 13.191 ps
4.1.3.11 - \ \3 < 8.625 us
4.1.3.12 -- A < maximum current capacity

communicated by EVSE

Comment:
Initials:
éhutdown Sequence
Specificqtion Measured Requirement Pass/Fail
4.1.451 . O~ < 3 seconds
Section 5: Safety [Feature Fur:c;ionality Test J2953/2 Section: 4.5.4
Specificatign > Measured Requirement Pass/Fail
4.1.6.1 - =-t00mittiseconds
4.1.6.2 < 2 seconds
4.1.6.7 < 100 milliseconds
Comment:

Initials:
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Tier 2 Procedure Test Form #1

Testing Information

Use in conjunction with SAE J2953/2 Interoperability Procedures Document

Tier 2 Testing

J2953/2 Section #: 4.6

Page #: XXX

Section 1: Operator and test article information Fill this section completely prior to beginning any testing.

PEV Year and Make:

PEV Model:

EVSE Manufacturg:

Operator Name:

Se

Percent Nominal V|

Sped

Comment:

tion 2:

pltage:

ification

.11

1.2

JL.1.3

EVSE Model:

Start Date/Time:

Fill the above section completely prior to beginning any testing.

Indefinite Grid Events Test

Start-up Sequence

Measured

J2953/2 Section: 4

Percent Nominal’Frequency:

Requirement

None

None

< 3.0 seconds

6.1

Pass/Fail

N/A

N/A

Initials:
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State Voltage

Specification Max Min Requirement Pass/Fail
4121 11.40V =V £12.60V
4.12.2 8.36V <V <9.56V
4.1.2.3 548V <V <£6.49V
4.1.2.4 2.62V <V <3.25V
4.1.2.7 -11.40V <V <-12.60V
Comment:
Initials:
Control Pilot Waveform
Specification Max Min Require—mént Pass/Fail
4.1.3.1 8%< Duty Cycle < 97%
4.1.3.2 982)_Hz < Freq. < 1020 Hz
4.1.3.3 -- _ <9.624us
4.1.3.4 - < 12.479 ps
4.1.35 w <6.937 us
4.1.3.6 ) <12.508 ps
4137 - < 4.689 ys
4.1.3.8 -- < 12.655 ps
4139 N - <17.660 ps
4.1.3.10 3 - <13.191 us
4.1.3.11 ; <8.625us
el 2 - < maximum current capacity
communicated by EVSE
Comment:

Initials:
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