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Figure 1 - Cumulative.vibration envelopes
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1. SCOPE

This SAE Recommended Practice describes the vibration durability testing of a single battery (test unit) consisting of either
an electric vehicle battery module or an electric vehicle battery pack that is typically greater than 200 kg in mass and
structurally integrated as part of the vehicle. For statistical purposes, multiple samples would normally be subjected to such
testing. Additionally, some test units may be subjected to life cycle testing (either after or during vibration testing) to
determine the effects of vibration on battery life. Such life testing is not described in this procedure; SAE J2288 may be
used for this purpose as applicable. Finally, impact testing, such as crash and pothole, are not included in this procedure.
SAE 2464 describes abusive/safety shock tests.

Preferably, a specific vibration durability profile should be developed based on actual vehicle measurements for the specific
electric vehicle application.

2. REFERENCES

2.1 Applicable Doguments

prwise indicated, the

The following public
latest issue of SAE
2.1.1  SAE Publics

Available from SAE
and Canada) or 724

SAE J1715 Hyb
SAE J1715/2 Batt
SAE J1766 Rec
SAE J1798 Rec
SAE J2288 Life
SAE J2464 Eleg
SAE J2929 Safd

Rec

2.2 Related Publid

The following public

htions form a part of this specification to the extent specified herein. Unless oth
ublications shall apply.

tions

nternational, 400 Commonwealth Drive, Warrendale, PAA15096-0001, Tel: 877-6
776-4970 (outside USA), www.sae.org.

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

ery Terminology

bmmended Practice for Electric, Fuel:Cell and Hybrid Electric Vehicle Crash Integ
bmmended Practice for Performance Rating of Electric Vehicle Battery Modules

Cycle Testing of Electric VVehicle Battery Modules

ty Standard for\Electric and Hybrid Vehicle Propulsion Battery Systems Uti
hargeable Cells

ation

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

Report.

D6-7323 (inside USA

rity Testing

tric and Hybrid Vehicle\Rechargeable Energy Storage System (RESS) Safety andl Abuse Testing

izing Lithium-based

this SAE Technical

2.2.1

Available from
Tel: +41 22 919 02 1

IEC Central

IEC Publications

Office, 3,
1, www.iec.ch.

rue de Varembe, P.O. Box 131,

IEC 60068-2-6 Environmental Testing- Part 2 Test-Test Fc Vibration (Sinusoidal)

2.2.2 USABC Publication

CH-1211 Geneva 20, Switzerland,

Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161, Tel: 703-605-6000,

www.ntis.gov.

USABC Electric Vehicle Battery Test Procedures Manual, Revision 2, January 1996. Obtainable by mail order as Report
No. DOE/ID-10479, Rev. 2. http://avt.inl.gov/energy storage lib.shtml.
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2.2.3 U.S. Department of Transportation Publications

U.S. DOT HS 812 717 Safety Performance of Rechargeable Energy Storage Systems May 2019. Section: Vibration and
Thermal Cycling Test

3. DEFINITIONS

Except as specifically noted in this section, the definitions of SAE J1715 shall apply to this document.

DEPTH OF DISCHARGE: The number of Ash withdrawn from a battery divided by its rated capacity at the test current and
temperature and expressed as a percentage.

DOD: Depth of Discharge where:

0% DOD is a fully ch
80% DOD is 80% of
4. TECHNICAL RE

4.1 Prerequisites
A battery test plan o
specifies the approp
to be used, along w
manufacturer and/or|

Performance of cert
conduct of vibration

Unless otherwise sp
of any life cycle testi

4.2 Test Equipme

421 Equipment
Performance of thig
accelerations up to
200 Hz. If the unit t
required. Additional

4.2.2 Fixtures

arged battery according to the battery manufacture suggested charging recomme
the rated capacity removed via a C/3 discharge rate from a 0% DOD start

QUIREMENTS

[ other test requirements document is normally requiredfor testing using this proqg
fiate test conditions for the Reference Performance Tests (see 4.4.1) and certain
ith testing precautions and any special handling/testing instructions specified fq
the test sponsor.

bin Reference Performance Tests specifieduin SAE J1798 is normally required
esting. For completeness, these are itemized within the procedure steps in 4.4.

bcified in a test plan document, the test unit shall be tested early in its life (i.e., prig
ng.)

nt

procedure requires a one- to three-axis (one axis excited at a time) table c
.9 G over thewibration spectra detailed in Table 3 and Figure 2, extending from
Db be testedCan only be vibrated while in a particular physical orientation, a m
bquipment-should include shielding, spill tank, and/or explosion proof chambers w

ndations.

edure. The test plan
ibration frequencies
r the battery by the

before and after the

r to the performance

Apable of producing
10 to approximately
Ilti-axis table will be
here applicable.

Test fixtures are required to properly secure the test unit to the shaker table. The exact nature of these fixtures depends on
the type of table used, the test unit itself, and any restrictions on physical orientation of the test unit. The device under test
(DUT) mounting and support structure (fixture) shall be as similar as possible to the manufacturer's recommended
installation requirements.

The fixture shall not have any detrimental resonance in the testing frequency range. The fixture shall hold the DUT from
direct contact with any point on the platform of the vibration exciter other than fixtures.

423

4.2.31

Instrumentation

Special instrumentation hookups capable of withstanding the vibration are required so that important battery

conditions can be monitored during testing. The DUT shall be instrumented with appropriate sensors to monitor
voltage, State of Charge (SOC), temperature and resonances. It shall be instrumented to measure any loss of
electrical isolation for both battery positive and negative to the case or equipment ground, if appropriate.
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For all measured data, unless more specific requirements are provided in a device specific test plan, the measurement
tolerances in Table 1 shall be considered acceptable.

Table 1 - Measurement tolerances

Temperature 15 °C of reading
Voltage, Current +1% of reading
Vibration +4% of reading

Voltage, current, isolation detection and temperature sensor locations shall be recorded and photographed to facilitate test

repeatability.

4.2.3.2 During testing, the vibration shall be monitored through the use of accelerometers. Sizes and types of
acceleromleters can be determined by the test facility based on the size of the DUT. There, ghould be a minimum
of three agcelerometers utilized for control and measurement at locations defined below:
4.2.3.2.1 Control Point — A control point shall be an accelerometer placed at or as near as.possiblé to a fixed mounting
point of {he sample. If the DUT does not have any mounting points, such as with an internallmodule for example,
the contfol point should be at or near the base of the DUT to the base fixture! A minimumn of one control point
is required, but best practice is to have two or more and use the average control as dgscribed in 4.2.3.2.3.
Selectioh of control points shall be the responsibility of the test requestor:
4.2.3.2.2 Referenge Point — A reference point shall be an accelerometer placed at the discretion of the test requestor as
a mean$ to gather information about the responses of the DUT. Reference points shall pot be utilized in the
control gf the test.
4.2.3.2.3 Averagd Control — Best practice for the control of the vibration parameters is to have two actelerometers utilized
at oppoging mounting points and the responses from.these devices averaged. Selection df control shall be the
respons|bility of the test requestor. If no direction.is\given by the requestor, two acceleromgters with the farthest
distanceg across the DUT from one another should be selected.
4.2.3.3 Acceptable guidelines for the accelerometerand vibration controller parameters is shown inf Table 2.
Table 2- Accelerometer and vibration controller parameters
Parameter Value
Jystem Startup Rate 20%
Filtering Window Hanning
Slew Rate 200 V/ps
Signal Clipping None
Qata Recording Rate 1/minute
4.3 Determination|ofZTest Conditions and Test Termination Criteria

4.3.1

Electrical Test Conditions

Electrical test conditions are determined according to the procedures in SAE J1798 which are specified in 4.4.1.

4.3.2 Vibration Frequencies

Vibration test conditions are as specified in the procedure steps in 4.4.

4.3.3 Test Termination

Vibration testing shall be suspended or terminated if any observed component degradation produces conditions which are
abnormal or outside the operating ranges of the battery as specified by the manufacturer. Conditions to be monitored are

defined in 4.5.
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44 Test Procedure

4.4.1 Perform a sequence of Reference Performance Tests consisting of a C/3 Constant Current discharge, a Dynamic
Capacity Test discharge to 100% of rated capacity, and a Peak Power discharge, as defined in SAE J1798. A visual
inspection is to be conducted to note any existing defects or abnormalities. The default ambient temperature shall
be 23 °C +5 °C.

4.4.2 Charge the battery fully using the manufacturer's recommended charge method. The DUT shall be unpowered with
all safety disconnects in place during testing.

4.4.3 For each of the vertical, longitudinal, and lateral axes of the battery, select either the normal or alternative G-levels
from Table 3 and program the shaker table appropriately. This choice will determine the vibration time required for
each axis, also in accordance with Table 3. (The vibration spectra, shown in Figure 2, are expressed in G2/Hz, so
they can be [gcaled Tor erther set of G-levels.)

Table 3 - Vibration schedule for random vibration test

TEST CQNDITIONS NORMAL TEST ALTERNATIVE TEST
VIBRATION SPECTRUM DOD (%) Accel (g rms) Time (h) Cumul Time, h  Accel{grms) Time (h) Cumul Time (h)
Vertical Axis Vibration:
Vertical 1 spectryim 0 1.9 0.15 0.15 1.9 0.15 0.15
Vertical 1 spectryim 0 0.75 5.25 54 0.95 35 3.65
Vertical 2 spectryim 0 1.9 0.15 5.55 1.9 0.1§ 3.8
Vertical 2 spectryim 0 0.75 525 1058 0.95 35 7.3
Vertical 3 spectryim 80 1.9 0.15 1095 1.9 0.15 7.45
Vertical 3 spectryim 80 0.75 5.25 16.2 0.95 3.5 10.95
Longitudinal Axis Vibration:
Longitudinal  spectriim 40 1.5 0.09 16.29 15 0.09 11.04
Longitudinal  spectriim 40 04 19 35.29 0.75 6.7 17.74
Longitudinal ~ spectrfim 40 1.5 0.09 35.38 1.5 0.09 17.83
Longitudinal  spectriim 40 0.4 19 54.38 0.75 6.7 2453
LateralAxis Vibration:
Lateral spectrym 40 1.5 0.09 54.47 1.5 0.09 24.621
Lateral spectriim 40 04 19 73.47 0.75 6.7 31.321
Lateral spectriim 40 1.5 0.08 73.56 15 0.09 31.411
Lateral spectryim 40 0.4 19 92.56 0.75 6.7 38.111
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Vibration Spectra
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Figure 2 - Vibration spectra for random vibration test



https://saenorm.com/api/?name=c6c831022441c9e3a389170cea3122e0

	Figure 1 - Cumulative vibration envelopes
	1. SCOPE
	2.  REFERENCES
	2.1 Applicable Documents
	2.1.1 SAE Publications

	2.2  Related Publication
	2.2.1 IEC Publications
	2.2.2  USABC Publication
	2.2.3 U.S. Department of Transportation Publications


	3. DEFINITIONS
	4.  TECHNICAL REQUIREMENTS
	4.1  Prerequisites
	4.2  Test Equipment
	4.2.1 Equipment
	4.2.2  Fixtures
	4.2.3 Instrumentation
	4.2.3.1 Special instrumentation hookups capable of withstanding the vibration are required so that important battery conditions can be monitored during testing. The DUT shall be instrumented with appropriate sensors to monitor voltage, State of Charge...
	Table 1 - Measurement tolerances

	4.2.3.2 During testing, the vibration shall be monitored through the use of accelerometers. Sizes and types of accelerometers can be determined by the test facility based on the size of the DUT. There should be a minimum of three accelerometers utiliz...
	4.2.3.2.1 Control Point – A control point shall be an accelerometer placed at or as near as possible to a fixed mounting point of the sample. If the DUT does not have any mounting points, such as with an internal module for example, the control point ...
	4.2.3.2.2 Reference Point – A reference point shall be an accelerometer placed at the discretion of the test requestor as a means to gather information about the responses of the DUT. Reference points shall not be utilized in the control of the test.
	4.2.3.2.3 Average Control – Best practice for the control of the vibration parameters is to have two accelerometers utilized at opposing mounting points and the responses from these devices averaged. Selection of control shall be the responsibility of...

	4.2.3.3 Acceptable guidelines for the accelerometer and vibration controller parameters is shown in Table 2.
	Table 2- Accelerometer and vibration controller parameters



	4.3 Determination of Test Conditions and Test Termination Criteria
	4.3.1  Electrical Test Conditions
	4.3.2 Vibration Frequencies
	4.3.3  Test Termination

	4.4 Test Procedure
	4.4.1  Perform a sequence of Reference Performance Tests consisting of a C/3 Constant Current discharge, a Dynamic Capacity Test discharge to 100% of rated capacity, and a Peak Power discharge, as defined in SAE J1798. A visual inspection is to be con...
	4.4.2  Charge the battery fully using the manufacturer's recommended charge method. The DUT shall be unpowered with all safety disconnects in place during testing.
	4.4.3  For each of the vertical, longitudinal, and lateral axes of the battery, select either the normal or alternative G-levels from Table 3 and program the shaker table appropriately. This choice will determine the vibration time required for each a...
	Table 3 - Vibration schedule for random vibration test
	Figure 2 - Vibration spectra for random vibration test
	Table 4 - Vibration breakpoint for random vibration test


	4.4.4 Mount the test unit so that it will be subjected to vibration along the appropriate axes, based on the manufacturer's recommended physical orientation. This procedure permits the required vibration to be performed in one, two, or all three axial...
	4.4.5  Perform the programmed vibration for the required times, while battery depth-of-discharge is varied from 0% DOD (full charge) to 80% DOD (minimal charge) over the course of the vibration testing of a given battery. Two approaches are permitted ...
	4.4.6  Between each pair of the three intervals of vibration specified in 4.4.5, the battery should be discharged at a C/3 constant current rate for 40% of the rated capacity of the battery. Following the third vibration interval, the battery should b...
	4.4.7  Repeat the Reference Performance Tests using SAE J1798. This sequence includes a C/3 Constant Current discharge, a Dynamic Capacity Test discharge to 100% of rated capacity, and a Peak Power discharge.

	4.5 Testing Precautions
	4.6  Data Acquisition and Reporting
	4.6.1  Data to be acquired during the Reference Performance Tests of 4.4.1 or 4.4.7 shall be as required for the normal conduct of those tests. Data from these measurements (other than summary results) need not be retained if no anomalous behavior is ...
	4.6.2  A report shall be prepared detailing the actual vibration regimes applied, a compilation and interpretation of all data acquired, and any results of detailed component failure analyses. Also, the pre- and post-vibration electrical performance d...


	5. NOTES
	5.1  Revision Indicator


