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(R) Storage Batteries

RATIONALE

Traditional internal combustion engine (ICE) vehicles comprise the vast majority of the global car parc in operation today.
While new vehicle production is migrating to more advanced drivetrain configurations, including start-stop, the ratings and
test procedures developed for the 12 V batteries supporting the traditional ICE architecture are often still applicable to the
more advanced systems. Furthermore, maintenance of standards related to batteries for traditional ICE vehicles is critical
to support the full life of those vehicles through multiple rounds of maintenance and component replacement. Other
documents have been, and are being, developed to provide more specific guidance regarding batteries utilized within more
advanced drivetrain systems, such as SAE J3012. The procedures detailed within this document were primarily developed
to support traditional ICE vehicle operation but are often more widely applicable.

1. SCOPE

This SAE Standard serves as a guide for testing procedures of automotive 12 V storage batteries. The information contained
herein was originally developed based on traditional ICE operation but can be more broadly applicable to other vehicle
architectures. Although the test procedures contained herein are written from the standpoint of a 12 V nominal battery, they
can be scaled for batteries with different nominal voltages.

1.1 Ratings Compliance

The reserve capacity and cold cranking at -18 °C ratings submitted for battery performance capability are to be based on
procedures described in this document. The ratings submitted shall be of a level that when any subsequent significant
sample size is tested in accordance with this document, that at least 90% of the batteries are expected to meet the ratings.
The choice of 90% compliance recognizes that batteries consist of many plates requiring chemical-electrical formation
procedures, and small variations in test conditions and procedures can measurably affect the performance of individual
batteries.

1.2 Applications
This document applies to lead-acid types of storage batteries used in motor vehicles, motorboats, tractors, and starting,

lighting, and ignition (SLI) applications that use regulated charging systems. This standard was originally developed based
on traditional ICE usage, thus other applications or usage profiles could require alternate or additional testing.
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2. REFERENCES
2.1 Applicable Documents

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

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

SAE J240 Life Test for Automotive Storage Batteries

SAE J1495 Test Procedure for Battery Flame Retardant Venting Systems
SAE J1715/2  Battery Terminology

SAE J2185 Life Test for Heavy-Duty Storage Batteries (Lead Acid Type only)
SAE J2801 Comprehensive Life Test for 12 V Automotive Storage Batteries
SAE J2981 Starter Battery Identification and Classification

SAE J3012 Storage Batteries for Start-Stop Operations

SAE J3060 Automotive and Heavy Duty Storage Battery Vibration

2.1.2 Battery Council International (BCI) Publications

Available from Battery Council International, 330 North Wabash Avenue, Suite 2000, Chicago, IL 60611, Tel: 312-644-6610,
www.batterycouncil.org.

BCIS-04 BCI Battery Technical Manual - BCl Recommended Storage Battery Specifications Starting, Lighting and
Ignition Types

2.1.3 European Committee for Electrotechnical Standardization (CEN) Publications

Available from CEN-CENELEC Management Centre, Rue de la Science 23, B-1000, Brussels, Belgium,
www.cencenelec.eu.

EN 50342-1:A1:2018 Lead-acid starter batteries - Part 1: General requirements and methods of test
2.1.4 |IEC Publications

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

IEC 60095-1 Lead-acid starter batteries - Part 1: General requirements and methods of test
3. ELECTRICAL TESTING PROCEDURE

Individual battery performance values are to be determined by the procedures outlined under Sampling, Conditioning, and
Sequence of Tests.
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3.1 Danger of Exploding Batteries

Batteries contain sulfuric acid and they can produce explosive mixtures of hydrogen and oxygen. Because self-discharge
reactions generate hydrogen gas even when the battery is not in operation, make sure batteries are stored and worked on
in a well-ventilated area. ALWAYS wear safety goggles and a face shield when working on or near batteries. When working
with batteries:

a. Always wear proper eye, face, and hand protection.
b. Keep all sparks, flames, and cigarettes away from the battery.

c. Do not remove (unless specified as removeable by manufacturer and removal is authorized per test sequence) or
damage vent caps.

d. Make sure work area is well-ventilated.
e. Never lean over battery while boosting, testing, or charging.
3.1.1  Temperature Measurement

Thermometers and other instruments used for measuring temperature shall have an appropriate range, and the value of
each scale division shall not be greater than 1 °C (2 °F). The accuracy of the calibration of the instruments shall be 0.5 °C
(1 °F) or better.

Flooded batteries with electrolyte access, or that have holes added to access electrolyte, should preferentially have
temperature measured by placing a temperature measuring device directly into the electrolyte. Electrolyte temperature shall
be measured above the plates in an intermediate cell (not an end cell).

VRLA batteries or flooded batteries without electrolyte access (and without added access holes) should have temperature
approximated in ambient air by an appropriate measuring device centrally mounted on the long side of the battery and well
insulated from the ambient surroundings. This method may be used to verify battery has returned to room temperature (27
°C), to correct capacity, voltage, or specific gravity measurements to 27 °C, or to control charging to temperature limits. See
3.9.1 for temperature control in cold cranking testing.

Temperature measurement of batteries is not required for charging or capacity testing batteries in a circulating water bath
maintained at 25 °C + 3 °C (72 °F £ 82 °F). Testing has determined that departure from the internal temperature target of
27 °C (80 °F) is minimal and measurement of battery internal temperature is not required. Batteries should be immersed to
a level corresponding to the tops of the plates, or 2.5 to 4.0 cm below the base of the terminal posts (or just below the
terminals for side-terminal types) to assure adequate heat transfer to maintain desired temperatures. Temperature
monitoring is recommended when charging used batteries or batteries suspected of being defective.

3.2 Sampling

Compliance determination samples shall be selected from normal production. Batteries tested should be new, unused, and
not less than 14 and not more than 60 days from date of manufacture. Obtaining batteries within 60 days of manufacture
may not be possible when sampling at the retail level; battery date codes, and ship codes should be recorded and included
with test results for all batteries.

3.3 Battery Conditioning and Charging

3.3.1 Preconditioning, Recharging, and Manufacturer Recommendations

3.3.1.1  Preconditioning

For new, untested batteries, it is customary to conduct a preconditioning charge prior to the start of a testing sequence,
utilizing the guidelines provided within 3.3. The primary purpose of this preconditioning charge is to ensure all batteries
begin testing under similar conditions. This preconditioning charge can also serve to accelerate the stabilization, or break

in, of new batteries. It is possible to omit preconditioning from a test sequence, but such a proced@e@Mt@

reported as lacking preconditioning (testing as received) in the test report. ]
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3.3.1.2 Recharge

Unless otherwise specified in the test procedure, any test event that ends with battery in a discharged state, whether partial
or full discharge, should be followed with a recharge utilizing the guidelines provided within 3.3.

3.3.1.3 Manufacturer Recommendations

Continued lead acid battery development necessitates the adoption of flexible charging guidelines. Manufacturer
recommendations for charging procedures should be followed when available. The manufacturer recommended charge
time shall be no greater than 24 hours to ensure smooth test lab operation. The additional recommendations regarding
charging provided within 3.3 serve as a guide for testers that do not have manufacturer recommendations available to them
(or for manufacturers considering establishing their own guidelines).

3.3.2 Flooded (Wet) Batteries
3.3.2.1  Charging Temperatures

Unless directed by the specific test procedure, charging shall not be started if electrolyte temperature is below 16 °C (60 °F),
and during charge the temperature shall be maintained between 16 °C and 43 °C (60 °F and 110 °F). When charging is
conducted in ambient air, electrolyte temperature shall be measured above the plates in an intermediate cell, or optionally
according to 3.1.1. Battery temperature measurement is not required for charging procedures conducted in a circulating
water bath.

3.3.2.2 Electrolyte Strength

Batteries shall be tested with the electrolyte as supplied by the manufacturer. Water replenishment may be permitted during
testing in accordance with test procedures and manufacturer recommendations.

3.3.2.2.1  Corrections to Specific Gravity
Electrolyte specific gravity readings are to be corrected to a standard temperature of 27 °C (80 °F). Specific gravity

decreases as liquid temperature increases, and vice versa. Test measurements made at other temperatures (T) shall be
corrected to the standard temperature using the following equations:

Specific gravity at 27 °C = measured value + 0.0007 (T-27) (Eq. 1)
where:
Tisin°C
Specific gravity at 80 °F = measured value + 0.0004 (T-80) (Eq. 2)
where:
Tisin °F

3.3.2.2.2 Corrections to Voltage

When constant current charging, the on charge terminal voltage is to be corrected to a standard temperature of 27 °C
(80 °F). It shall be reduced with increased temperature and vice versa, using the following equations:

Terminal voltage at 27 °C = reading + (0.0378[T-27]) (Eq. 3)
where:
Tisin°C
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Terminal voltage at 80 °F = reading + (0.021[T-80]) (Eq. 4)
where:
Tisin°F
Corrections do not need to be made to open circuit voltage readings or to voltages measured during discharge.
3.3.2.3 Constant Current Charging

Unless otherwise specified by the manufacturer, the constant current rate for charging is to be set within the nearest
0.5 ampere of 0.5% (1/2%) of the -18 °C cranking performance rating [amperes] (unless the ratio of cold cranking rating
[amperes] divided by reserve capacity rating [minutes] is less than 5.0, in which case the constant current is to be set within
the nearest 0.5 ampere of 0.75% (3/4%) of the -18 °C cranking performance rating).

3.3.2.3.1 Batteries which are similar in design and which have been discharged to approximately the same extent may
be series connected for recharge up to the voltage capacity of the charger unit.

3.3.2.3.2 Charging at appropriate constant current shall be continued until the criteria establishing full charge are
achieved.

3.3.2.3.3 Two basic criteria may be used to recognize when a battery is fully charged using constant current charging:

1. When the temperature-corrected specific gravity of the electrolyte is constant (within +0.002 between two hourly
measurements or £0.003/hour over three successive hourly intervals), or alternatively, for recharge events following a
discharge, by charging to the specific gravity achieved in the full charging event prior to that discharge.

or

2. When the temperature-corrected on-charge terminal voltage at the constant current does not change by more than
0.048 V per hour over three successive hourly intervals.

An alternate recharge regime using constant current is to recharge to a set amp-hour amount based on the prior discharge.
Recharge after an RC test can be recharged up to 140% of the amp-hours removed using the recharge current noted above.
Correspondingly, recharge after a CCA test can be recharged up to 200% of the amp-hours removed using the recharge
current noted above. Contact the manufacturer to confirm the preferred amp-hour return levels.

NOTE: Battery vents that are removed for any specific gravity measurements or level checking/adjustments shall be
reinstalled on the battery before any additional testing is conducted. Vents shall be firmly reinstalled and seated to
their original position to avoid excessive water loss on subsequent testing/charging.

NOTE: In batteries which operate with excess liquid electrolyte, but without access to electrolyte, provisions to measure
specific gravities and temperatures can be made by carefully cutting holes through the cover in locations
recommended by the manufacturer. These holes shall be capable of being closed when not actively used for those
measurements to retain integrity of the venting system. Adjustments to electrolyte strength or volume in such
batteries are not permitted during preparation or testing.

NOTE: If requested by the originator, water may be added to batteries following, or during, electrical testing if subsequent
testing (life, etc.) is planned. Any water additions shall be conducted using either distilled or de-ionized water. No
use of tap water is allowed as it may introduce impurities which will adversely affect battery performance. Water
addition amounts shall be limited to the level prior to the start of battery testing and should not be overfilled. Contact
the battery manufacturer to confirm initial/factory electrolyte levels if necessary. A short mixing charge should be
conducted following any water additions (3.3.2.4.4).
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