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3. DEFINITIONS
Except as noted below, all definitions are in accordance with SAE J1715.

BATTERY CELL RUPTURE: Loss of mechanical integrity of the cell housing, resulting in release of contents. The kinetic
energy of released material is not sufficient to cause physical damage external to the battery system

BATTERY CONTROL FUNCTION: The physical and/or functional portion of a battery system which monitors battery state
(voltage, temperature, current) and controls the connection/disconnection of the battery system to the rest of the high
voltage system.

BATTERY ENCLOSURE: The physical housing surrounding battery system components, particularly battery cells and

modules.

BATTERY ENCLOS
event and which arg
1ISO20653, IPXXA).

CHARGE/DISCHAR
the amount of energ

DISCONNECT: A cd
by an automatic dig
leads be disconnect

ELECTRICAL ISOLA
structure.

FIRE: The emission

EXPLOSION: Very
considerable structu

LITHIUM-BASED R
carrier.

RESPONSIBLE OR
the propriety of the
authorities.

VENTING: The relegse of excessive internal pressure from a RESS cell, module or pack in a manne

to preclude rupture ¢

URE RUPTURE: Openings through the battery enclosure which are rapidly creat
sufficiently large for a 50 mm diameter sphere to contact battery systeminterr

GE CONTROL FUNCTION: The physical and/or functional portioh|of a battery sy
y and power flow into and out of the battery system.
ndition in which the battery system is deliberately disconnected from external cirg
connect device. Such disconnect normally requires that both the positive and

pd in order to isolate the battery system from propulsion‘system and other externa

ATION: The electrical resistance between the vehicle high-voltage system and an

of flames from a battery (approximately-more than 1 s). Sparks are not flames.

fast release of energy sufficientyto cause pressure waves and/or projectil
ral and/or bodily damage.

FCHARGEABLE CELLS:\Rechargeable battery cell chemistry in which lithiur

GANIZATION: The erganization which is responsible for overseeing the require
tests and results. Examples are vehicle or battery system manufacturers

r explosion.

ed or enlarged by an
al components (see

stem which controls

uitry, as for example
negative HV source
| circuits.

y vehicle conductive

bs that may cause

n ion is the charge

] tests and assuring
Dr independent test

I intended by design

4. TECHNICAL RE

4.1  General Requirements and Considerations

411 Common Test Conditions

Except where specifically noted to the contrary, battery state of charge (SOC) shall be at the maximum which is possible
during normal vehicle operation and battery temperature shall be 25 °C £ 5 °C prior to initiation of the test. If the
responsible organization is aware that a different temperature within the normal operating temperature range of the
battery system may represent a more severe condition, the responsible organization shall alternatively specify this
temperature. If the responsible organization is aware that a different SOC within the normal operating range of the battery
system may represent a more severe condition, the responsible organization shall alternatively specify this SOC.
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Unless otherwise stated, re-use of the battery system and/or components in multiple evaluations is acceptable at the
discretion of the responsible organization.

Unless otherwise stated, all battery system electronic control modules are to be connected and in either the “operational”
or “off” state during testing, as determined by the responsible organization.

4.1.2 Data Collection
All data necessary for assessing conformance to the requirements included in this Standard shall be collected. Additional
data, as suggested by a referenced test procedure or as determined by the responsible organization, may be collected at

the discretion of the responsible organization.

4.1.3 Subsystem Testing

All tests specified within this Standard are intended to apply to a complete battery system and the responsible
organization is strongly encouraged to conduct these tests using a complete battery system..Howevdr, if, in the judgment
of the responsible ofganization, a complete battery system test is not appropriate, subsystem testing may be conducted
instead. Unless othgrwise indicated, the responsible organization shall define and document the spgcific subsystems to
be tested in order tq achieve the system requirement and meet the intent of the test{ A“subsystem should consist of the
set of components that in a complete battery assembly are thermally, mechanicallyand/or electrically|connected such that
the subsystem behayior accurately replicates the complete battery system behaviorfor the specific tegt.

4.1.4 Design Changes
In the case of a rev|sed battery system design, conformance to this Standard must be re-tested for|all conditions where
the changes in the design potentially change safety performance. The responsible organizatipn shall make this

determination. Use gf subsystem testing, as described above, would also apply to this situation.

4.1.5 Additional Opservation Period

For all test conditiong in this Standard in which battery system temperatures increase above ambient @&s a result of the test
condition, temperature shall be monitored during.the’ test and any post-test observation period. If, at the end of the
prescribed observation period, the temperature js‘not decreasing and approaching ambient temperature, the observation
period shall be extgnded until such time as_temperature is decreasing toward ambient. In this [case, the extended
observation period shall be considered to be part of the test and all requirements shall be met during this time.

416 Safety

The responsible organization andall organizations involved in conducting tests outlined in this Stapdard are cautioned
that many of the tests and conditions may result in hazardous conditions both during the test and| with the test article
following the test. FProper care should be taken to protect personnel and property during the tgst and afterward. If
appropriate, battery [system external surface temperatures may be monitored and test personnel adyised to avoid direct
contact with the tept-article until the battery system has reached near ambient temperatures. |In some instances,
hazardous conditions a6-passed-

If, in the judgment of the responsible organization, a test cannot be conducted while maintaining the safety of test
personnel, rationale for not conducting the test shall be provided and documented. Documentation shall include analysis
demonstrating the expected results of the battery system, had the test been performed.

4.1.7 Vent System Considerations
For battery systems that are equipped with a vent or a vent system, adequate design considerations should be made to

mitigate any external displacement of flammable, corrosive, and/or toxic materials from the battery system. Vented
materials fitting this description are normally reported on a Material Safety Data Sheet (MSDS).
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4.2 Normal Operation

421 General

The following requirements, related to normal operating conditions, are intended to ensure a safe battery system under
typical vehicle environmental use conditions. A battery system is assumed to meet quality, reliability and durability (QRD)
requirements appropriate for the application, which are beyond the scope of this Standard.

4.2.2 Vibration

Rationale: This condition simulates a vibration environment which a battery system will likely experience during its life.

The battery system shall meet the applmahln rnqnlrnmnnfc when tested amﬂnrr‘hng toone of the follow.

ng two alternatives.

4.2.2.1 Alternativq
Condition: The com
profile defined in UN
organization which 1
in accordance with
4.2.2.2.

1: Complete Battery System Vibration Test

plete battery system is to be tested in accordance with one of the following o
Test Manual, Test T.3; or the vibration profile defined in SAE J2380; or-a profile
eflects the actual application. Note that, while battery modules ot sections may |
UN requirements, a complete battery system is to be tested fon this condition, e

The following excepfions/clarifications apply to SAE J2380:

Battery state of
entire test seque

Requirements: Prior
no evidence of vent
shall maintain high

with ISO 6469-1, Se
pack open circuit vo
a result of the test, g
path.

4.2.2.2 Alternativg

charge shall be at the maximum which is possible during normal vehicle oper
nce.

to the test, during the test and for a 1 h post-test observation period, the battery]
oltage to ground isolation no less than 100 Q/V. Isolation measurement is to be
tage. Post-test visual inspection.of battery system internal components shall ide

f cracked, damaged or looséned high voltage conductors which are part of the p

2: Battery Subsystem Vibration Test

The battery system and its subsystéms shall meet the requirements of both Part A and Part B below.

42221 PartA

Condition: Componsg
in accordance with ¢

nts+er'subsystems of the battery system, as defined by the responsible organiza

profile defined in S/

ne-of the following options: the vibration profile defined in UN Test Manual, Test

ptions: the vibration
from the responsible
e individually tested
cept as allowed per

htion throughout the

system shall exhibit

ng outside of battery enclosure or venting system, battery enclosure rupture, fife, or explosion, and

done in accordance

ction 6.1.3; or equivalent. Post-test pack open circuit voltage shall be no less thap 90% of the pre-test

ntify no evidence, as
fimary power current

ion, are to be tested
T.3; or the vibration

ual application. The

responsible organization shall define the specific components or subsystems to be tested in order to achieve the system
requirement. A subsystem should consist of the set of components that, in a complete battery system, are mechanically

and electrically conn

ected such that a vibration would be faithfully transmitted to the device under test

Requirements: During the test and for a 1 h post-test observation period, the components or subsystems shall exhibit no
evidence of fire or explosion. The responsible organization shall determine what, if any, additional test requirements are
necessary, based on the component or subsystem tested.
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42222 PartB

Condition: The complete battery system shall be tested as part of a vehicle level vibration test where the battery system is
subject to conditions that are appropriate to the vehicle's operation. The responsible organization shall define the
appropriate vibration testing profile which reflects actual application.

NOTE: For vehicle testing, the battery SOC and temperature shall be that of normal vehicle operation for the ambient
conditions during the vehicle test and shall not be artificially restricted.

Requirements: Prior to the test, during the test and for a 1 h post-test observation period, the battery system shall exhibit
no evidence of venting outside of battery enclosure or venting system, battery enclosure rupture, fire, or explosion, and
shall maintain high voltage to ground isolation no less than 100 Q/V. Isolation measurement is to be done in accordance

with ISO 6469-1, Se

ction 6 1 3: or equivalent Past-test pack open circuit \/nl‘rngp shall be na less than 90% of the pre-test

pack open circuit vo
a result of the test, @
path.

4.2.3 Thermal Shock

Rationale: This cong
during its life.

Condition: The com
Test T.2; or the the
may be individually
condition, except as

Requirements: Prior
no evidence of vent
shall maintain high

with 1ISO 6469-1, Se
pack open circuit vo
a result of the test, g
path.

4.2.4  Humidity/Mg

Rationale: This con
during its life.

Condition: The com
6 cycles, utilizing Va

tage. Post-test visual inspection of battery system internal components shall ide
f cracked, damaged or loosened high voltage conductors which are part of the p

ition simulates a rapid temperature change environment whictra-battery system

lete battery system is to be tested in accordance with-ene of the following optio
mal shock profile defined in SAE J2464, Section 4447 Note that, while battery
tested in accordance with UN requirements, aseomplete battery system is {
allowed per 4.1.3.

to the test, during the test and for a 1 h post-test observation period, the battery]
oltage to ground isolation no less than100 Q/V. Isolation measurement is to be
tage. Post-test visual inspection of battery system internal components shall ide
f cracked, damaged or looseried high voltage conductors which are part of the p
isture Exposure

dition simulates_a-temperature/humidity environment which a battery system V

plete battery system is to be tested in accordance with IEC 60068-2-30 with a s
riant 9¢during the temperature lowering period.

ntify no evidence, as

fimary power current

will likely experience

ns: UN Test Manual,
modules or sections
b be tested for this

system shall exhibit

ng outside of battery enclosure or venting system, battery enclosure rupture, fife, or explosion, and

done in accordance

ction 6.1.3; or equivalent. Post-testpack open circuit voltage shall be no less thap 90% of the pre-test

ntify no evidence, as
fimary power current

vill likely experience

pverity of 55 °C with

Requirements: Prior

totha tast and durina-thae tast incliidinag tha defined recovenspneriod—the-battan
tO—tHEeteStaRa- et g et SHHEraem g He-Ge e 1o 60 Very—pPeHOatHEDattory

system shall exhibit

no evidence of venting outside of battery enclosure or venting system, battery enclosure rupture, fire, or explosion, and
shall maintain high voltage to ground isolation no less than 100 Q/V. Isolation measurement is to be done in accordance
with ISO 6469-1, Section 6.1.3; or equivalent. Post-test pack open circuit voltage shall be no less than 90% of the pre-test
pack open circuit voltage. Post-test visual inspection of battery system internal components shall identify no evidence, as
a result of the test, of cracked, damaged or loosened high voltage conductors which are part of the primary power current
path.
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4.3 Drop Test

Rationale: This condition simulates a service condition where the battery system is removed (or being removed) from the
vehicle and is dropped while separate from the vehicle.

Condition: The complete battery system is to be tested in accordance with SAE J2464, Section 4.3.2, with the following
exceptions/clarifications:

Drop surface shall be:

massive enough to be immovable;

o integral and
o horizontally
o rigid enough
O

system size, sh
rationale for the
the test shall ins

State of charge
the level defined

the battery while

The drop heigh
system experien

Requirements: Duri
evidence of fire, or €

4.4 Immersion Te
Rationale: This cond

Condition: The com
exceptions/clarificati

sufficiently Iarge to ensure that the battery system falls entirely upon the surface.

The battery system shall be oriented in such a way to represent the most likely-impact orientati

If battery removal requires the attachment of a tool/fixture, prior to removal from the vehicle, whig

fatwithmasurface free fromfocatdefects Capdbie Of innuencing e iest resulits,

to be non-deformable under test conditions and not liable to become damaged b

bpe, installation location and usage. The responsible organization shall develo
selected orientation. If the judged most likely orientation is a flat drop impacting
ead be conducted at the second most likely orientation.

shall be the maximum level specified by the userftmanufacturer for service situat
in4.1.1.

separated from the vehicle, the tool/fixture may be included as part of the drop td

shall be the maximum distance @ ground or maximum possible drop distand
ces when serviced according toldocumented procedures, but not less than 1 m.

ng the drop test and for‘a)1 h post-drop observation period, the battery sys
Xplosion.

5t
ition simulatés a situation in which a vehicle is flooded.

blete battery system is to be tested in accordance with SAE J2464, Section 4.3
bNS:;

y the test; and

pn based on battery
b and document the
the bottom surface,

ons, if different from

h remains affixed to

st.

e which the battery

em shall exhibit no

5, with the following

Contactors are to be closed at start of test and all vehicle interface connections, including high voltage, low voltage,

electronic signals, and thermal management system, are in place to simulate vehicle in use condition.

modules are to be connected and in the “operational” power state.

The battery system shall be fully submerged within 5 min following initial contact with the water.

Contactor control and battery monitoring system are connected and operational. All battery system electronic control

Requirements: During the test, the battery system shall exhibit no evidence of battery enclosure rupture, fire, or explosion.
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4.5 Mechanical Shock

Rationale: This condition simulates inertial loads which may occur during a vehicle crash situation.

The battery system shall meet the requirements in 4.5.3 when tested according to one of the following two alternatives.

451 Alternative 1: Battery System-Level Evaluation

Condition: The complete battery system is to be tested, with the following exceptions/clarifications, in
of the following options: UN Test Manual, Test T.4; or SAE J2464, Section 4.3.1.

Exceptions/Clarifications:

accordance with one

Evaluations, ong repetition each, are to be conducted in the positive and negative directions of
longitudinal and| lateral axes, as installed, for a total of 4 separate evaluation conditionsNt-is
evaluation condifions be conducted on a single test sample.

Battery system ghall be firmly secured to the test fixture.

Note that, while batf
battery system is to

ery modules or sections may be individually tested in accordanee with UN requi
pe tested for this condition, except as allowed per 4.1.3.

NOTE: For battery
device.

4.5.2 Alternative 4: Vehicle-Level Evaluation

Condition: The complete battery system is to be assessed following vehicle tests simulating front, re
as defined in FMVS$ 305, S6.1, 6.2, 6.3 with the following.exceptions/clarifications:.

e Battery state of gharge (SOC) shall be at the maxitmum which is possible during normal vehicle g

temperature shall be 25 °C £ 5 °C.
4,53 Requiremenfs
The following requirgments are to be met following the test for either alternative selected.

During the test and fpr a 1 h post-test observation period, the battery system shall exhibit no evidence

the primary vehicle
not required that all

rements, a complete

systems with mass >100 kg, shock test may need{e_occur using crash simulation sled, or similar

ar and side impacts,

peration and battery

of battery enclosure

rupture, fire, or explg@sion and shall maintain high voltage to ground isolation no less than 100 Q/V. Is¢lation measurement

is to be done in accprdance with ISO 6469-1, 6.1.3; or equivalent. For Alternative 2, the battery syst
at its mounting location (per SAE J1766, Section 4.4.2).

em shall be retained

4.6  Battery EnclodureIntegrity

Rationale: This condition simulates contact loads which may occur during a vehicle crash situation.

The battery system shall meet the requirements in 4.6.4 when tested according to one of the following

three alternatives.
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4.6.1 Alternative 1: Battery System-Level Evaluation - Application-Specific

Condition: The complete battery system is to be tested in accordance with SAE J2464, Section 4.3.6, with the following
exceptions/clarifications:

¢ Crush condition shall simulate the expected battery enclosure intrusion for each of the conditions defined in FMVSS
305, S6.1, 6.2, and 6.3. (Note: If, due to battery packaging location, no battery enclosure deformation is expected
during these conditions, this requirement is presumed to be met. The responsible organization shall be responsible to
make and document this conclusion.)

o Battery state of charge (SOC) shall be at the maximum which is possible during normal vehicle operation and battery
temperature shall be 25 °C £ 5 °C.

e Magnitude, direttion, location, and loading surface size and shape of crush shall simulatejan in-vehicle crash
condition, as defermined by the responsible organization.

e If vehicle structyre is used as part or all of the battery enclosure, then that vehicle structure shall be included in the
test.

4.6.2 Alternative 4: Battery System-Level Evaluation - Generic

Condition: The complete battery system is to be tested in accordance with‘SAE J2464, Section 4.3]6, with the following
exceptions/clarificatipns:

e The extent of cruish specified in SAE J2464, Section 4.3.6.1 is nat.applicable.

e The crush shall ¢gontinue until a force of 100 kN is achieved:

4.6.3 Alternative 3: Vehicle-Level Evaluation

Condition: The complete battery system is to be assessed following vehicle tests simulating front, repr and side impacts,
as defined in FMVS$ 305, S6.1, 6.2, 6.3 with the following exceptions/clarifications:

e Battery state of charge (SOC) shall betat the maximum which is possible during normal vehicle dperation and battery
temperature shal be 25 °C £ 5 °C.

4.6.4 Requirements

The following requirgments are to be met following the test for any alternative selected.
During the test and fpr a-1*h’post-test observation period, the battery system shall exhibit no evidence| of battery enclosure
rupture, fire, or explgsion and shall ma|nta|n hlgh voltage to ground isolation no Iess than 100 QN Isplation measurement

is to be done in accOraz em shall be retained
at its mounting locations (per SAE J1766, Sectlon 4 4 2)

4.7 Exposure to Simulated Vehicle Fire

Rationale: This condition simulates exposure to a vehicle fire condition to verify that the battery system does not pose
additional risk due to explosion.

Condition: The complete battery system is to be subjected to a high temperature heat and flame environment until the
battery system is fully involved in the fire. The external heat and flame source is removed once this condition is achieved
and the battery system is allowed to continue burning. The test is completed and the post-test observation period begins
when there is no longer visible flame.
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The responsible organization shall define the specific details of the test protocol, considering the intended purpose of this
evaluation, battery system design and location, facility availability, and the safety of test personnel and equipment. The
test apparatus described in SAE J2464 (Section 4.4.1), ECE R34 (Annex 5, Sections 5.3-5.8), SAE J2579 (Appendix C.8),
or FMVSS 304 (S8.3) may be useful references while defining the test protocol.

Requirements: During the test and for a 1 h post-test observation period, the battery system shall not cause a battery
system component or any portion of a component to penetrate a wire mesh screen (annealed aluminum wire with a
diameter of 0.25 mm and grid density of 6 to 7 wires per cm) which surrounds the battery system, is placed no farther than
200 cm away from the battery system and extends 350 cm above the top surface of the battery system. See Figure 1. The
wire mesh screen shall be mounted such that the mesh does not move upon impact in a way which would influence the
results.

NOTE: The wire mesh screen description is similar to the description used in other standards for assessing the behavior
of batteries |(Reference UL 1642 or UN Recommendations on the Transport of Dangerous Goods, Manual of
Tests and Cyiteria, for example).

350 cm

<« 200cm —>

DUT €<— 200cm —>

\ e mESh screen /

FIGURE A+\WIRE MESH SCREEN POSITION (SIDE VIEW)

4.8 Electrical Shorft Circuit
Rationale: This condition simulates a short circuit condition across the battery terminals.
Condition: The complete-pattery system is to be tested, with the listed exceptions/clarifications, in ac¢ordance with one of

the following optiong:(UN Test Manual, Test T.5; or the pack hard short circuit condition defined in [SAE J2464, Section
45.1.

Exceptions/Clarifications:

e The evaluation called out in SAE J2464, Section 4.5.1, which disables or bypasses protection devices is not to be
included.

e All battery system electronic control modules are to be connected and in the “operational” state during testing.

e To assess the presence of flammable gas in sufficient quantity to ignite, a spark source or gas concentration
measuring device is required at a minimum of one location. Location is to be selected to represent the location of
highest potential for gas leaks, as determined by the responsible organization.
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Note that, while battery modules or sections may be individually tested in accordance with UN requirements, a complete
battery system is to be tested for this condition.

Requirements: The battery system shall exhibit no evidence of fire, battery enclosure rupture, or explosion. In the event
that a gas concentration measuring device is used, flammable gas concentration shall not exceed the lower flammability

limit in air.

4.9 Single Point Overcharge Protection System Failure

Rationale: This condition simulates the condition where the battery system charge device is no longer being controlled
and the failure may allow the battery system to be overcharged.
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e hnffnry cycfpm at the maximum pneeihln r\hargn rate for the Qpplirnfinn (If

passive over-current

circuit protection is
Maximum voltage s
reached or the conn

The battery system
would be operating f
system to the charg
devices are operatiq
from the charge dev

To assess the prese
device is required at
gas leaks, as detern

Requirements: Durin
fire, battery enclosu
gas concentration sh

below this current, conduct test at maximum current compatible with passive
nall be limited to charging device output limit. Continue charging until the.char
pction interface disconnects battery from charge device.

s to be operated under normal operating conditions with the cooling system op
pr all charging conditions. The connection interface (e.g., main contactors) which
e device is to be controlled by the Battery Control Function:)Integrated, pass
nal. Active charge control (i.e., Charge/Discharge Control Eunction) shall be di
ce. See Figure 2 for illustrative example.

nce of flammable gas in sufficient quantity to ignite,/a“spark source or gas cong
a minimum of one location. Location is to be selected to represent the location of
ined by the responsible organization.

g the test and for a 1 h post-test observation period, the battery system shall e
[e rupture, or explosion. In the event that'a gas concentration measuring deviceg
all not exceed the lower flammability {imit in air.

protection device.)
pje device voltage is

brating, if it normally
connects the battery
ve circuit protection
sabled/disconnected

entration measuring
highest potential for

hibit no evidence of
is used, flammable



https://saenorm.com/api/?name=fb197a2af669f28419d0d2471d1652b1

