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Abstract: Guidance for the designer/manufacturer/supplier in planning and implementing controls
for the design and manufacture of lithium-ion (Li-ion) and lithium-ion polymer (Li-ion polymer)
rechargeable battery packs used for portable computing is provided. This standard’s provisions
work together, and they define approaches to design, test, and evaluate a cell, battery pack, and
host device to mitigate battery system failure in user environments. Additionally, this standard
provides recommendations for end-user education and communication materials. This approach
suggests the interfaces between subsystems (e.g., cell, battery pack, host device) and end users
are as important to system reliability as is robust subsystem design and testing. This standard
therefore includes subsystem interface design responsibilities for each subsystem designer/
manufacturer/supplier, and it provides messaging and communication provisions for end-user
awareness.
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Introduction

(This introduction is not part of IEEE Std 1625-2004, |IEEE Standard for Rechargeable Batteries for Portable
Computing.)

The Rechargeable Batteries for Portable Computing Working Group was formed to provide a platform
based on the experience of industry leadersin cell, battery pack, and systems management, leading to design
approaches for portable computing devices. The focus of the standard is on design approaches for reliable
operation of portable computing devices and similar rechargeable battery-operated systems. This standard
may be relevant to other devices but these were not expressly considered in its devel opment.

Figure a presents the need for an approach involving al system components, including the user and
environment. It is necessary to examine al design margins in combination to understand the effect of
multiple fault response on the portable computing device. The standard addresses such questions as: What
are the critical operational parameters and how do they change with time and environment? What are the
effects of extremes in temperature, pressure, and impact? A total system view is required to protect the
design margins in the various components. The goal of reliability and positive user experience require that
design margins be maintained as user patterns, profiles, and duty cycles change.

THE SYSTEM o Communication
* Software Interface
+ Basic Design ¢ Charge Control ,° Power Conditioning

. and Protection

PTC, Vent

Environment

o Communication Notifications

e Electronic Protection for \ e Warnings
Charge-Discharge e AC/DC Conversion e Actions Required
Short Circuit * Power
Temperature Extremes Conditioning and

* Mechanical Characteristics Protection

Figure a—Conceptual diagram of a mobile computing device and its user

This standard applies to rechargeable lithium-ion (Li-ion) and lithium-ion polymer (Li-ion polymer)
batteries and battery packs for use in portable computing. Because of the nature of the interactions between
the battery and the host device, a system approach must be used in developing an appropriate operating
envelope for the system. The provisions of this standard are intended to provide considerations for design
analyses to minimize the occurrence of failures leading to hazards.

This standard is a system level standard, as depicted in the conceptual diagram. Overall compliance is
dependent on conformity to each and every subclause of the standard. Compliance with the standard cannot
be achieved by any particular portable computing device or subsystem alone, without considering the
conformity of all subsystems within the system aswell asthe user. It isincumbent upon the designers of the
host device, battery pack, and cell to review thoroughly their designs, alone and in conjunction with other
subsystems, to identify faults that could propagate hazards. Once it has been ascertained that the cell, battery
pack, and host device al conform to al their particular subclause requirements, the overall system
complianceis not finished until the designer completes a thorough design analysis [e.g., design failure mode
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effect analysis (DFMEA)] to ensure their particular design does not alow two faults of any type to
propagate a hazard.

Disclaimer

Compliance with the provisions of this standard does not imply compliance to the regulatory requirements
that are applicable to cell, battery packs, and systems. Care must be used to observe and refer to the
applicable regulatory requirements, as part of the intended design analyses, for this standard does not assure
protection or safety. This standard sets forth recommendations for design analyses and certain testing
procedures. The level of assurance for protection and safety resulting from applying this standard depends
on the implementation by the manufacturer/supplier and the actions of the end user. Compliance with the
standard does not guarantee safety in all circumstances.

Notice to users

Errata

Errata, if any, for this and all other standards can be accessed at the following URL: http://
standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL for
errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieeefinterp/
index.html.

Participants

At the time this standard was completed, the Rechargeable Batteries for Portable Computing Working
Group had the following entity membership:
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Samsung Electronics
Co., Ltd.

Sanyo Electric Co., Ltd.

Solectron Corporation

Sony Corporation

Texas Instruments, Inc.

Wistron Corporation

The following entity members of the balloting committee voted on this standard. Balloters may have voted
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Samsung Electronics
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IEEE Standard for Rechargeable
Batteries for Portable Computing

1. Overview

This standard is a guide for the manufacturer/supplier in planning and implementing the controls for the
design and manufacture of lithium-ion (Li-ion) and lithium-ion polymer (Li-ion polymer) rechargeable bat-
tery packs used for portable computing.

This standard's provisions work together and they define approaches to design, test, and evaluate a cell,
battery pack, and host device to mitigate battery system failure. Additionally, this standard provides
recommendations for end-user education and communication materials. This approach suggests the
interfaces between subsystems (e.g., cell, battery pack, host device) and end users are as important to system
reliability as is robust subsystem design and testing. This standard therefore includes subsystem interface
design responsibilities for each subsystem manufacturer/supplier, and it provides messaging and
communication provisionsfor end-user awareness. Therefore, the responsibility for total system reliability is
shared between the designers/manufacturer/suppliers of the subsystems and the end user. Compliance to this
standard requires adherence to al the provisions of the standard.

1.1 Scope

This standard establishes criteriafor design analysis for quaification, quality, and reliability of rechargeable
battery systems for portable computing. It also provides methods for quantifying the operational perfor-
mance of these batteries and their associated management and control systems, including considerations for
end-user notification.

This standard covers rechargeable battery systems for mobile computing. The battery technologies covered
are limited to Li-ion and Li-ion polymer, but future versions of this standard may include technologies that
are not in general use at present. Also included are: battery pack electrical and mechanical construction;
system, pack, and cell level charge and discharge controls; and battery status communications. The
following are addressed: qualification process, manufacturing process control, energy capacity and demand
management, levels of management and control in the battery systems, current and planned lithium-based
battery chemistries, packaging technol ogies, and considerations for end-user notification.
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1.2 Purpose

The purpose of this standard is to ensure reliable user experience and operation of batteries in portable com-
puting environments. The battery industries need standardized criteria for design and qualification of
rechargeabl e battery systems and for verifying the quality and reliability of those batteries.

This standard, and its accompanying annexes, provides no guarantee of protection or safety for battery users.
This standard sets forth recommendations for design analyses and certain testing procedures. The level of
assurance for protection and safety resulting from applying this standard depends on the implementation by
the manufacturer/supplier and the actions of the end user. In the recommendations for design analyses
contained herein, this standard contempl ates reasonable intended use by the end user, but it does not provide
a complete guarantee against hazards to the end user, such asfire, explosion, and |eakage.

2. References

This standard shall be used in conjunction with the following publications. When the following specifica
tions are superseded by an approved revision, the revision shall apply.

Guidance for Safe Usage of Portable Lithium-lon Rechargeable Battery Pack, First Edition, March 2003,
Battery Association of Japan.t

IEC 600?230—486:1991, International Electrotechnical Vocabulary—Chapter 486: Secondary Cells and
Batteries.

|EC 61000-2-4:2002, Electromagnetic Compatibility (EMC)—Part 2-4: Environment—Compatibility Lev-
elsin Industrial Plants for Low-Frequency Conducted Disturbances.

IEC 61960-1:2000, Secondary Lithium Cells and Batteries for Portable Applications—Part 1: Secondary
Lithium Cells.

IEC 61960-2:2001, Secondary Lithium Cells and Batteries for Portable Applications—Part 2: Secondary
Lithium Batteries.

IEC 62133:2002, Secondary Cells and Batteries Containing Alkaline or Other Non-Acid Electrolytes—
Safety Requirements for Portable Sealed Secondary Cells, and for Batteries Made from Them, for Use in
Portable Applications, Annexes A and B.

SO 3864-1:2002, Graphical Symbols—Safety colors and safety signs—Part 1. Design principles for safety
signsin workplaces and public areas.®

UN ST/SG/AC.10/11/Rev.4-2003, Recommendations on the Transport of Dangerous Goods—Manual of
Tests and Criteria, Fourth Revised Edition.*

1This publication is available from the Battery Association of Japan, Kikai Shinko-Kaikan, Suite 509, 5-8, Shibakoen 3-chome,
Minato-ku, Tokyo 105-0011, Japan (http://www.bgj.or.jp)(bajapan@hi-ho.ne.jp).

2IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 11 West 42nd Street, 13th Floor, New York, NY 10036, USA.
31S0 publications are available from the 1SO Central Secretariat, Case Postale 56, 1 rue de Varembé, CH-1211, Genéve 20, Switzer-
land/Suisse (http://www.iso.ch/). 1SO publications are also available in the United States from the Sales Department, American
National Standards I nstitute, 25 West 43rd Street, 4th Floor, New Y ork, NY 10036, USA (http://www.ansi.org/).

“This publication available from United Nations Publications, Room DC2-853, 2 UN Plaza, New York, NY 10017, USA, or Publica-
tions des Nations Unies, Section des Ventes et Commercialisation, Bureau E-4, CH-1211 Geneva 10, Switzerland (http://www.un.org).
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UL 1642-1995, Lithium Batteries, Third Edition.>

UL 2054-2003, Household and Commercial Batteries.

WARNING
Some of the tests specified herein can be dangerous to the persons carrying them out. All appropriate measures to
protect personnel against possible chemical or explosion hazards should be taken.

3. Definitions and other terms

For the purposes of this standard the following terms and definitions apply. If not defined in this clause,
English words are used in accordance with their definitions in the latest editions of Merriam-Webster’s
Collegiate Dictionary [B10] 5 Electrical and electronic terms not defined in this clause or in the Collegiate
Dictionary are used in accordance with their definitions in The Authoritative Dictionary of |IEEE Standards
Terms, Seventh Edition [B7].

3.1 Definitions

3.1.1 abuse: Use of product in away that is not intended by the supplier but which may result from unrea-
sonable or malicious human behavior or unreasonably extreme conditions or environments.

3.1.2 active charger: A charger that has a communication channel and interacts with the host device.

3.1.3 adapter: A devicethat transformsthe available power from an external source (e.g., ac wall outlet, air-
line or automabile outlets) to the power used by the portable computing device.

3.1.4 battery/battery pack: An assembly of any number of Li-ion or Li-ion polymer cells, associated elec-
tronics, battery packaging, and connector(s).

3.1.5 cell: Basic manufactured Li-ion or Li-ion polymer unit providing a source of electrical energy by
direct conversion of chemical energy that consists of electrodes, separators, electrolyte, container, and termi-
nals, and that is designed to be charged electricaly.

3.1.6 cell block: Unit of cells connected in parallel.

3.1.7 charger: A charger is a device that imposes a voltage and current in the proper polarity on a cell or
battery to return the battery to ahigher state of charge.

3.1.8 charging algorithm: The set of rules and decisions used to determine the voltages and currents
applied to the cell, cells, and/or battery pack as afunction of time, temperature, or other parameters.

3.1.9critical: (A) Of, relating to, or being aturning point or an especially important juncture; (B) relating to
or being a state in which or a measurement or point at which some quality, property, or phenomenon suffers
a definite change.

NOTE—Ciritical limits, critical steps, traceability plans, etc., may be considered to be critical design factors and these
parameters are determined by the manufacturer/supplier.

SUL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, CO 80112, USA (http://glo-
bal.ihs.com/).

5The numbersin brackets correspond to those of the bibliography in Annex F.
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3.1.10 design analysis. The evaluation of a design to determine correctness with respect to stated
requirements, conformance to design standards, system efficiency, and other criteria, including
consideration of system aging and usage over the life of the product.

3.1.11 design failure mode effects analysis (DFMEA): A detailed engineering examination of the design
beforeit is put into production to determine the effect(s) of failure(s) of a component and a subsystem on the
host device.

3.1.12 embedded controller: A programmable microprocessor that has a dedicated function to control spe-
cific components of the computer architecture independent of the main processor.

3.1.13 electrostatic discharge (ESD): Electrical discharges of static el ectricity that build up on personnel or
equipment, generated by interaction of dissimilar materials. The discharge may damage sensitive compo-
nents and render them inoperative.

3.1.14 failure mode: The manner in which failure occurs, generally categorized as electrical, thermal, and
contamination. It can be associated with adefect or use outside of specification.

3.1.15 failure mode effects analysis (FMEA): The identification of significant failures, irrespective of
causes and consequences. This includes, but is not limited to, electrical and mechanical failures that could
conceivably occur under specified service and use conditions and their effect, if any, on adjoining circuitry
or mechanical interfaces displayed in achart, table fault tree, or other format.

3.1.16 fault: A physical condition that causes a device, a component or an element to fail to perform in the
required manner, for example, a short circuit, broken wire and an intermittent connection, or a software
error.

3.1.17 hazard: An undesirable result of one or more faults that include: a forceful rupture of the battery
pack and/or projectile emission; fire or flame outside of the battery enclosure; noticeable quantity of smoke;
release of toxic, corrosive, or dangerous materials in excess of recognized health and safety standards; elec-
tric shock that exceeds accepted standards, systems or components generating untouchable surfaces; and
leakage of liquid outside of system enclosure.

3.1.18 host (host device): A device powered by a battery and/or charges the battery. Portable computers and
external chargers are examples of host devices.

3.1.19 intended use: Use of a product in accordance with specifications, instructions, and information pro-
vided by the supplier.

3.1.20 manufacturer/supplier: An entity that designs and/or assembles and/or markets finished portable
computing devices or a cell, battery pack, and/or system, as appropriate.

3.1.21 open circuit voltage (OCV) (cell or battery pack): The voltage at its terminals when no appreciable
current is flowing.

3.1.22 overcharge: The forcing of a current through a battery pack after it has been fully recharged. Over-
charge may damage the normal operation of the cell or battery and/or induce a hazard.

3.1.23 overcurrent: A situation where the current to or from a cell or battery pack exceeds the manufac-
turer/supplier/suppliers rating or specifications. Overcurrent may damage the normal operation of the cell or
battery and/or induce a hazard.

3.1.24 over-discharge: The forcing of current through a battery pack after it had been fully discharged.
Over-discharge may damage the normal operation of the cell or battery and/or induce a hazard.
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3.1.25 overvoltage: A situation where the voltage of a cell or battery pack exceeds the manufacturer/sup-
plier rating or specifications. Overvoltage may damage the normal operation of the cell or battery and/or
induce a hazard.

3.1.26 passive charger: A charger that does not have a communication channel with the host device.

3.1.27 portable computer: A portable computing device consisting of a processor and various input and
output devices, capable of executing software programs on direction, and powered by a battery or by a con-
nection to an external power source.

3.1.28 portable computing device: A notebook, laptop, tablet computer with processor, memory storage
and 1/0 devices that can be powered either by a battery or by a connection to the utility grid.

3.1.29 positive temper atur e coefficient (PTC): A PTC resistor isacomponent that has the characteristic of
a sudden large increase in resistance when the device reaches a specified temperature and/or current.

3.1.30 product lifetime: The actual period from initial operation to retirement of a system, structure, or
component.

3.1.31 reasonable and foreseeable misuse: Use of a product in away that is not intended by the supplier
but may result from reasonable and foreseeable human behavior.

3.1.32 risk priority number (RPN): A number calculated by multiplying severity, occurrence likelihood,
and likelihood of not detecting the fault in an FMEA analysis. The scale is typically 1 through 5, with 5
being highest and 1 being lowest.

3.1.33 system: The combined cell, battery pack, host device, power supply or adapter, user, and
environment.

3.2 Other terms

3.2.1 may: The word may indicates a course of action permissible with in the limits of the standard. See
ISO/IEC Directive Part 2 [B8], Annex G.

3.2.2 shall: The word shall is used to indicate mandatory requirements strictly to be followed in order to
conform to the standard. (The equivalent definition of 1SO/IEC Directive Part 2 [B8]: Shall = is to; is
required to; it isrequired that; hasto; only...is permitted; it is necessary.)

3.2.3 should: The word should is used to indicate that among several possibilities one is recommended as
particularly suitable without mentioning or excluding others; or that a certain course of action is preferred
but not necessarily required; or that (in anegative form) a certain course of action is depreciated but not pro-
hibited. (The equivalent definition of 1SO/IEC Directive Part 2 [B8]: Should = is recommended that; ought
to.)

4. System integration considerations

This clause sets forth provisions for conducting design analyses for cell, pack, and host devices and tying
these together into an overall system level design analysis including the end user. The design analyses shall
be conducted to minimize hazards from occurring as a result of one and two independent faults while in
intended use. The design analysis shall also be conducted to minimize hazards from occurring due to rea-
sonable and foreseeable misuse. Conditions beyond reasonable and foreseeabl e misuse are outside the scope

Copyright © 2004 |IEEE.-All rights reserved. 5

Copyright The Institute of Electrical and Electronics Engineers, Inc.
Provided by IHS under license with IEEE Sold to:VALENCE TECHNOLOGY INC, 01439122
No reproduction or networking permitted without license from IHS Not for Resale,2004/6/29 16:16:11 GMT



IEEE
Std 1625-2004 IEEE STANDARD FOR

of this standard. While design analyses should be thorough, it is not practical to address every single con-
ceivable scenario. Such an approach would prove onerous, unrealistic, and overly burdensome.

Examples of design analyses methods include the following:
— FMEA
— Fault treeanalysis
— Empirical and/or destructive testing
— Reviewing company service records for failure modes and/or trends
— Fishbone analysis
— Detailed and extensive design reviews
— Reviews of prior design issues to ensure they are not repeated

— Reviews of industry standards and test methodologies

Thefollowing four design analyses shall be developed: Analysis1 (cell), Analysis 2 (battery pack), Analysis
3 (host device), and Analysis 4 (combined cell, battery pack, and host device working together as a system
and including the end user). Analysis 4 shall include interactions between Analyses 1, 2, and 3, as noted in
Annex B, Annex C, and Annex D.

The design analyses shall identify the following:

a) End-user responsibilities for reliable total system operation. See Clause 8 for information on the
reliable total system operation.

b) Manufacturer/supplier responsibilities for independent and/or distributed control schemes for
reliable total system operation.

5. Cell considerations

This clause describes the precautions and considerations to include in the analysis of designing,
manufacturing, and testing of rechargeable Li-ion and Li-ion polymer cells over their useful life. The
objective is to identify the precautions for the cell design to reduce latent problems to a minimum and to
increase reliable user experience.

5.1 Design process

Critical design factors that require careful attention include aspects of the manufacturing process from mix-
ing of the active materialsto the final evaluation for product release.

511

Materias specifications shall be developed and identify and limit impurities to below critical limits. Use
manufacturer/supplier’s specifications or documentation to ensure control of this criteria or process. Estab-
lish a verification process (e.g., | SO 9001) to ensure control

51.2

The thickness and choice of material quality of the separator shall prevent electrically conductive material
from the penetrating separator and causing an internal short.
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5.1.3

Separator material should ensure internal resistance increases within separator pores (electrical conductivity
shutdown) when cell temperature rises above its shutdown point. The shutdown point of the separator
should be lower than the temperature where thermal runaway initiates.

5.1.4

The width of the separator shall be designed to be wider than either positive or negative electrodes.

515

The electrode and lead wire whose polarity is opposite to that of the cell case should be insulated from the
cell case to prevent shorting in the event the cell is subjected to shock and/or vibration.

5.1.6

Vent design or mechanism and specifications should be designed to operate within a very close tolerance.
5.1.6.1

Vent activation should perform within design specification.

5.1.6.2

The vent should operate immediately when pressure increases to design level.

5.1.6.3

The vent should be designed to activate when the cell is exposed to excessive overcharge and other internal
pressure stress conditions.

5.1.7

The manufacturer/supplier should incorporate an overcurrent protector such as a PTC resistor or other pro-
tective device with each cell in the event of external short and overcharge.

5.1.8

There shall be no damage to the cell container, and critical cell design elements, during welding and other
operations. Use manufacturer/supplier’s specifications or documentation to ensure control of this criteria or
process. Establish a verification process (e.g., 1SO 9001) to ensure control.

5.2 General manufacturing considerations
52.1

Critica materia for cell production shall have detailed specifications and shall have an incoming material
quality control plan to ensure conformance to specification. Use manufacturer/supplier’s specifications or
documentation to ensure control of this criteria or process. Establish a verification process (e.g., 1SO 9001)
to ensure control.
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5.2.2

All known and possible undesirable impurities in materials should be identified, specified, minimized, and
controlled.

5.2.3

The appropriate electrode substrate material for the positive electrode and negative electrode shall be speci-
fied and verified by analysis. Use manufacturer/supplier’s specifications or documentation to ensure control
of this criteria or process. Establish a verification process (e.g., SO 9001) to ensure control.

524

Coating and thickness of electrodes for the positive electrode and negative electrode shall be controlled to
provide uniform thickness within tolerance set by cell specification. Use manufacturer/supplier’s specifica-
tions or documentation to ensure control of this criteriaor process. Establish a verification process (e.g., ISO
9001) to ensure control.

525

Burrs on any cut (dlit) side of the electrodes or tab materials shall not exceed limits specified by manufac-
turer/supplier. Use manufacturer/supplier’ s specifications or documentation to ensure control of this criteria
or process. Establish a verification process (e.g., ISO 9001) to ensure control.

5.2.6

Wrinkling, tearing, and/or deformation of the electrodes should be prevented and eliminated.

5.2.7

The manufacturing equipment should be designed to prevent any damage or modifications to the vent sys-
tem during manufacturing operations.

5.3 Spiral winding process
531

The position of negative and positive tabs shall be staggered so they do not overlap each other. Use manu-
facturer/supplier’s specifications or documentation to ensure control of this criteria or process. Establish a
verification process (e.g., SO 9001) to ensure control.

5.3.2

The external dimensions of the electrode core, which was spirally wound with the separator, shall be
adjusted to maintain appropriate value. Use manufacturer/supplier’s specifications or documentation to
ensure control of this criteriaor process. Establish a verification process (e.g., 1SO 9001) to ensure control.

5.3.3

The winding tension of the electrode and separator during the winding process shall be properly adjusted to
keep in design range and optimized to fit into the cell container. Use manufacturer/supplier’ s specifications
or documentation to ensure control of this criteria or process. Establish a verification process (e.g., 1SO
9001) to ensure control.
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5.3.4
To prevent damage to or telescoping of the wound electrodes, the winding spindle remova mechanism

should be controlled, or a means to verify winding deviation has not occurred during removal of winding
stick shall be incorporated.

5.4 Assembly precautions

541

The introduction of metal contamination from equipment or process should be prevented.
5.4.2

The method of assembly for insulating material, whether for electrode, current collectors, or internal insula-
tion, should provide reliable protection against latent shorts for the functional life of the product.

5.4.3
The positions of |ead tabs in the cell should be verified and not be overlapping.
5.4.4

The integrity of wound electrodes should be verified through resistance or a continuity check or equivalent
means.

545

If the cell has insulating plates, the insulating plates shall be securely positioned. Use manufacturer/sup-
plier's specifications or documentation to ensure control of this criteria or process.

5.4.6

A permeable X-ray may be used to inspect the cell structure for correct assembly, especialy during the pre-
liminary production setup.

54.7

OCV and/or impedance or other appropriate testing should be taken after critical steps in the manufacturing
process where contamination could be introduced.

5.4.8

The cell manufacturing process shall have a traceability plan. This plan should include methods by which
traceability can be implemented at any date during product functional life and after production to determine
lot designation and performance data related to the cell. Use manufacturer/supplier’ s specifications or docu-
mentation to ensure control of this criteria or process. Establish a verification process (e.g., ISO 9001) to
ensure control.

54.9

Manufacturer/supplier should develop and apply appropriate cell aging, grading, and/or sorting criteria for
post-assembly screening of cells.
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5.5 Critical testing practices

Preproduction testing and production sampling should be extensive to confirm the design and production
process. These testing procedures are not al inclusive. Tests are designed to confirm that the cells have the
desired performance characteristics and are robust enough to resist abuse conditions should they arise.

551

New cell designs shall pass specified tests which the manufacturer/supplier decided according to the con-
tents of design change before qualification as production cells. Use manufacturer/supplier’ s specifications or
documentation to ensure control of this criteria or process. Establish a verification process (e.g., 1SO 9001)
to ensure control.

5.5.2

Production cells shall pass tests which the manufacturer/supplier specifies. This process is performed at
specified intervals to maintain compliance with the manufacturer/supplier’ sinternal specification. Use man-
ufacturer/supplier’s specifications or documentation to ensure control of this criteria or process. Establish a
verification process (e.g., | SO 9001) to ensure control.

5.5.3

The specifications shall not exceed the manufacturer/supplier specified values after testing (except cells
used for safety tests). Use manufacturer/supplier’ s specifications or documentation to ensure control of this
criteriaor process. Establish a verification process (e.g., | SO 9001) to ensure control.

554

OCV and/or impedance or other appropriate testing should be performed after critical stepsin the manufac-
turing process where contamination could be introduced (winding, ditting, etc.).

55.5

Verification of final product performance and design specification conformance should be conducted
through accelerated testing techniques and product inspection analysis.

5.5.6

There are several relevant cell testing standards. Manufacturer/suppliers should be familiar with these
standards and should utilize one or more of these standards as part of their testing process. In certain cases,
compliance with one or more of these standards may be necessary to meet regulatory requirements.
Specifications that are relevant include UL 1642-1995,7 IEC 61960-1-2000, UL 60950-2000 [B15] plus
derivative standards, IEC 60950-1-2001 [B6] plus derivative standards.

6. Battery pack considerations

This clause describes the precautions and considerations to include in the analysis of designing, manufactur-
ing, and testing of rechargeable Li-ion and Li-ion polymer battery packs over their useful life. The objective
is to identify the precautions for the battery pack design to reduce latent problems to a minimum and to
increase reliable user experience.

“Information on references can be found in Clause 2.
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6.1 Marking the battery pack
6.1.1

Each manufacturer/supplier shall have atraceability plan and each battery pack should carry markings of the
production lot and/or date code on the label or contain the information in the battery pack or memory.

6.1.2

Each battery pack shall carry externa markings providing the following information at a minimum.
6.1.2.1

Name or part number of the battery pack.

6.1.2.2

Voltage as rated by the manufacturer/supplier.

6.1.2.3

The chemistry type of the battery.

6.1.2.4

Name or identification code of the battery pack manufacturer/supplier.
6.1.2.5

User precautions as required by 8.1 of this standard.

6.2 Battery packs design guidelines
6.2.1

The battery pack shall be designed to mitigate hazards from contamination of electronic circuits by electro-
lyte from lesking cells.

6.2.2

The battery pack and connector shall be designed to minimize hazards from foreign objects and external
sources of liquids.

6.2.3

In order to minimize the occurrence of an accidental short circuit, the following shall be implemented in the
design of the circuit board and the assembling process of battery packs:

a) Provide adequate runner spacing, soldering area size, and distance from each other, especially for
power traces

b) Provide adequate process control from solder balls, solder flashes, solder bridges, and foreign debris
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6.2.4

All components used in the construction of the battery pack, such as connectors, cables, tabs, insulators, and
circuit boards, shall have adequate electrical, thermal, and mechanical ratings for the application.

6.2.5

Individual unit cellsin abattery pack shall be arranged in accordance with correct polarity.

6.3 External short-circuit precautions
6.3.1

The battery pack shall limit output current in the event of an external short circuit whether the battery pack is
installed in or removed from the host device.

6.3.2

The battery pack shall have at least two independent methods to limit current. One may be at the cell level.
One method may include connector structure to minimize the possibility of an externa short circuit of the
battery terminals.

6.3.3
Methods to limit output current may include protective circuits.
6.3.4

Battery pack connector designs shall be implemented to minimize the possibility of accidental external short
circuit.

6.4 Overheating precautions
6.4.1

Temperature ranges for operation shall be set based on the operating temperature ranges recommended by
the cell manufacturer/supplier, battery pack manufacturer/supplier, and host device manufacturer/supplier.

6.4.2

Temperature ranges shall consider ambient temperature as well as the effects of heat interactions between
cell, battery pack, and host device.

6.4.3

Over-temperature protection shall be incorporated to prevent operation above maximum temperature and
time limitations where hazards may occur.

6.4.3.1

The battery pack shall contain at least one thermal protection circuit or device independent of internal cell
devices or mechanisms. The combination of cell, pack, and host device/charger shall have at least two inde-
pendent thermal protection devices or mechanisms.
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6.4.3.2

When temperature and time limitations are exceeded, the battery pack shall take action, which may include
shutdown, or other protective action.

6.4.3.3

When temperature and time limitations are exceeded, the host device may take action, which may include
shutdown, or other protective action.

6.5 Overcharge precautions (consult overcharge and over-discharge definitions)
6.5.1

The maximum charging voltage and current shall be set on the basis of an agreement made among the cell,
battery pack, and host device manufacturer/suppliers and shall be based on the upper voltage and current
limits of the cell, as specified by the cell manufacturer/supplier.

6.5.2

The charging system shall be designed to limit the charging voltage and current to their maximum specified
values as specified in 6.5.1. The battery pack should include charging control circuitry or a device to prevent
overcharging

6.5.3

Charge control may be located in the battery pack.

6.5.4

The combination, consisting of cell, battery pack, and host device/charger shall have at least three indepen-
dent overcharge protection functions.

6.54.1

At least one overcharge protection function method shall be overvoltage detection.

6.5.4.2

At least one of these protection functions should be in the battery pack (see 3.1.22 and 3.1.25).
6.5.5

The combination of cell, battery pack, and host device/charger shall detect the voltage of each cell block in
the battery pack and shall control the charge if overvoltage occurs.

6.6 Over-discharge precautions
6.6.1

The minimum discharge voltage and current shall be set on the basis of an agreement made among the cell,
battery pack, and host device manufacturer/suppliers and shall be based on the lower voltage and current
limits of the cell, as specified by the cell manufacturer/supplier.
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6.6.2

The battery pack should have at least one undervoltage protection circuit that disables battery discharge to
the external system.

6.7 Overcurrent precautions

6.7.1

Upper limit discharge current and time limitations shall be set on the basis of an agreement made among cell
manufacturer/supplier, battery pack manufacturer/supplier, and portable computing device manufacturer/
supplier.

6.7.2

The battery pack shall have at least one overcurrent protect circuitry or devices designed to meet the specifi-
cationin 6.7.1. The device may bein integra part of the cell.

6.7.3
Overcurrent protect functions may include protect circuitry and devices, such as afuse or PTC resistor.
6.7.4

The system (consisting of battery cell, battery pack, and host device/charger) shall contain at least two inde-
pendent overcurrent protection functions to meet the maximum current specified in 6.5.1.

6.8 Mechanical stress precautions

The following practices to mitigate the effect of external mechanical force, including press, bent, twist, drop,
vibration, and shock on battery packs, should be followed.

6.8.1

Individual unit cells should be placed in the battery pack with considerations to include orientation, insula-
tion, spacing, and other elements from the design analyses. Soft battery packaged cells require special
mechanical considerations.

6.8.2

The movement of cellsinside the battery pack should be minimized.

6.8.3

Allowances shall be made for cell and battery pack dimensional tolerance and changes throughout the prod-
uct lifetime.

6.8.4

Cells should be electrically insulated from each other to prevent unintended connections. Additional insula-
tion may be required to supplement cell sleeving.
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6.8.5

Tabs, plates, and lead cables should be connected by welding and/or soldering to provide secure mechanical
and electrical connections. Do not solder directly to the cells.

6.8.6

Appropriate spacing should be provided to prevent abrasion, wear, or damage to cable leads and/or connec-
torsin the battery pack.

6.8.7

Electrical parts should have appropriate clearance to allow for situations where the battery pack is deformed
by external mechanical force.

6.8.8

Appropriate strain relief should be provided for cable leads and/or connectors in the battery pack.
6.8.9

Vent mechanisms on cells shall not be blocked to impede their operation.

6.8.10

A circuit board in the battery pack should be mechanically isolated to prevent unintended electrical
connections.

6.9 Connector/terminal precautions
6.9.1

The connector/terminal shall be designed to minimize the possibility of an accidental short circuit. The elec-
trical connector/terminal should be set back in its housing to prevent shorting by contact with a conductive
object.

6.9.2

The connector/terminal shall adhere to host device mechanical considerations (see 7.3.1).

6.10 Other precautions
6.10.1

The circuit board should be adequately protected from ultrasonic weld energy and/or other battery assembly
process.

6.10.2
Battery packs should be designed to allow vented gasses to escape.
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6.10.3

Specific electrostatic discharge (ESD) tolerance shall be included in the battery pack design, testing, and
qualification. Test procedures described in IEC 61000-2-4:2002 may be used.

6.10.4

Welding shall only be applied in areas designated by cell manufacturer/supplier in accordance with agreed
upon specifications.

6.10.5

Rewelding can damage the cell and should not be used.

6.11 Assembly precautions

6.11.1

Short-circuit of the cells and battery packs shall be avoided.

6.11.2

Contact of any foreign object to cell or protect circuit shall be avoided.
6.11.3

Precautions shall be taken to avoid damage to conductors and insulators, for example, from sharp edges,
burrs, pinching, or kinking.

6.11.4
Precautions shall be taken to avoid damage to protection devices and circuits.
6.11.5

Precautions shall be taken to avoid damage to cells, protective circuit module, and battery pack during ultra-
sonic welding.

6.11.6

Precautions shall be taken to avoid damage to protection circuits and other devices from ESD during
handling.

6.11.7

The protect functionsin the battery pack shall be checked as appropriate during outgoing inspection process.

6.11.8

Critica processes such as welding shall have a quality control and maintenance plan to control the consis-
tency of the assembly process and adherence to specifications.
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6.11.9

The vent mechanism of the cell shall not be covered or obstructed with plastic or other material in the battery
pack in such away asto prevent its operation.

6.11.10

There shall be no damage to cell container and critical cell design elements during welding and other opera-
tions. Note: Use standardized specifications or documentation to ensure control of this criteria or process.
Establish a verification process (e.g., | SO 9001) to ensure control.

6.12 Precautions for cells connected in series and/or parallel to form a battery pack
6.12.1

Cells shall be matched per specification for voltage, capacity, size, and impedance.

6.12.2

Cells should be from the same manufacturing lot.

6.12.3

Cells shall not be placed in a battery pack in the following combinations:
a) A fresh cell with an old or spent cell
b) Cells made by different manufacturers
c) Cédlsthat are different in chemical materials or design

6.12.4

Circuitry designs that incorporate intermediate voltage taps shall not be employed, except for use in cell
monitoring or balancing (see Figure 1).

6.13 Other relevant battery testing standards

There are several relevant battery testing standards. Manufacturer/suppliers should be familiar with these
standards and should utilize one or more of these standards as part of their testing process. In certain cases
compliance with one or more of these standards may be necessary to meet regulatory requirements. Relevant
standards include: UL 2054-2003, IEC 61960-2:2001, UN ST/SG/AC10/11/Rev.4-2003, UL 60950-2000
[B15], and IEC 60950-1:2001 [B#6].

7. Host device considerations

This clause describes the precautions and considerations to include in the analysis of designing, manufactur-
ing and testing of host devices for use with rechargeable Li-ion and Li-ion polymer battery packs over their
useful life. The objective is to identify the precautions for the host system design to reduce latent problems
to aminimum and to increase reliable user experience. An independent charging cradle shall be treated as a
host device and covered by the same specifications. Certain requirements of Clause 6 may be met by incor-
porating the appropriate function in the host device rather than the battery pack. Host device designers
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should be familiar with Clause 6 and verify that the appropriate system level functions are expected to reside
in the host, pack, or cells.

( Battery Pack ) ( Battery Pack
+
S R +
- CellN _
Cell N
Cell ! I
—— Voltage |— Cell
Sense — Voltage [
Load Sense
Load
+
Cell 2
| |
Cell
Voltage [ |
Sense
+ +
- cell 1 — T ann
| 1
\ ) - v
May Be Employed Shall Not Be Employed

Figure 1—Intermediate tap

7.1 DC input voltage and current to the host device
7.1.1

Each host device shall be marked with the specified dc input voltage range and dc input current for the sys-
tem. The host device shall not allow damaging power surges and transients from the input to propagate to
the battery pack. Specific surge and transient limits shall be included in the system design specifications.

7.1.2 Overvoltage

The host device should have the capability to measure dc input voltage in order to determine if it is within
the limits allowed by the system specifications.

7121

The host device should isolate the input connection from the rest of the system if the dc input voltage
exceeds the specified value plus certain tolerance. The tolerance should be decided by the system designer.
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7.1.2.2

The host device may display awarning message to the end user if an overvoltage condition occurs. Different
warning messages may be necessary whether the system in use or not in use. Examples include a visual on-
screen user notification and audible signal if the systemisin use. If the system isnot in use, user notification
may include an off-screen visual indication and/or audible signal.

7.1.3 Overcurrent

The host device may have the capability to measure dc input current in order to determine if it is within the
limits allowed by the system specifications.

7131

The host device may isolate the input connection from the rest of the system if the dc input current exceeds
the specified value plus certain tolerance.

7.1.3.2

The host device may display awarning message to the end user, if an overcurrent condition occurs. Different
warning messages may be necessary for the system in use or in turned off condition. Examples include a
visual on-screen user notification and audible signal if the system isin use. If the system is not in use, user
notification may include an off-screen visual indication and/or audible signal.

7.2 Charging subsystem considerations

The charging subsystem consists of all components which initiate, regulate, and support battery charging.
These functions may reside in the host device, the adapter, charger, embedded controller, selector, and/or
battery pack(s), as shown in Figure 2 and Figure 3 for example. The requirements of this subclause may be
implemented in any charging subsystem component, except in cases where a specific component is
specified.

721

The charging system or any part of the host device shall not disable the safety features inside the battery
pack(s).

7.2.2

In charging subsystems which employ a communications interface with the battery pack (such as SM bus),
the system shall terminate charging if communications fails.

7221

A precharge algorithm may be applied if necessary to activate a controller from alow-voltage state.
7222

The watchdog timer should reset the embedded controller in case of malfunction.

7.2.2.3

A warning message may be sent to the end user to notify of such an event.
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7.2.2.4

If the embedded controller isin an undetermined state for atime period exceeding the system specification,
the active charger shall stop charging.

7.2.2.5

The embedded controller may receive periodic update information from the battery pack. If the battery pack
failsto provide the periodic update, the embedded controller shall notify the charger to stop charging after a
predetermined period. The period between updates and the number of updates dropped before a fail condi-
tion is reached is determined by the system manufacturer/supplier.

7.2.3

An identification scheme shall be employed so that the host device can know what kind of battery pack is
currently present in the system. Battery chemistry and configuration shall be included in the identification
scheme. If the battery pack cannot be properly identified, charge/discharge should be terminated.

7.2.4

The charging system shall incorporate the correct charging agorithm for the battery pack regardless of the
type of charging system or itslocation.

Adapter | Detection Passive
VIN OCP charger
i >—{ } OVP DC-to-dc (optional)
converter _ Watchdog Battery pack 1
Detection | timer -
Protectio
4\ circuit
- e all
Communigation Embedded ea
controller
VCC channel vee D1 T
Charger Battery(ID J:‘
cv output
e OVP
C.C. _\ Battery pack 2
Selector Protectign

Passive 1~ Battery ID (optional) circuit | ] |
charger i el
e all

Battery ID D2 «\»

1L

(Optional) =

Figure 2—Example of a passive charger subsystem
20 Copyright © 2004 IEEE. All rights reserved.

Copyright The Institute of Electrical and Electronics Engineers, Inc.

Provided by IHS under license with IEEE Sold to:VALENCE TECHNOLOGY INC, 01439122
No reproduction or networking permitted without license from IHS Not for Resale,2004/6/29 16:16:11 GMT



IEEE

RECHARGEABLE BATTERIES FOR PORTABLE COMPUTERS Std 1625-2004
Adapter | Detection
VIN | ocp Detection )
j ) oVP (Optional)
DC-to-dc
converter Battery pack 1
| Watchdog -
f timer — P.VOtG.Ct'h”
circuit
e ol
VIN Embedded :

controller EC
vce VCC J

Communigation
%h?rgﬁr channeﬂ =
CV. = oVP
C.C. ’—‘ Battery pack 2
Selector -
. h Protectlh
optional oL
Active Communication channel (op ) circuit
charger

Comkr']nunic?tion

o all
channe EC I

= (Optional)

Figure 3—Example of an active charger subsystem

7.2.5 Charging system algorithm considerations
An example of acharging algorithm isgiven in Figure B.1.
7.25.1

The charging subsystem shall detect the type of battery pack and execute the correct charging algorithm
based upon the identification information provided by the battery pack.

7.25.2

The charging subsystem shall check the battery temperature prior to and during charging. If the temperature
is out of specified range, the subsystem shall suspend charging.

7.253

The charging subsystem shall stop charging if communication between the battery pack and the charging
system fails in systems employing communication protocol.

7.25.4

The system shall detect initial battery voltage and shall take appropriate action, as follows:

a) The system shall not initiate charge if battery voltage is above a threshold defined by the battery
manufacturer/supplier.

b) The system shall not initiate normal chargeif the battery voltage is below athreshold defined by the
battery manufacturer/supplier. In this case, the system may support a precharge function to bring the
battery voltage above the required threshold. For example, a lower charge current than normally
specified may be applied.
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7.2.55

The system should support a maximum charging time-out function for each stage in the charge process, e.g.,
normal charge and precharge.

7.2.5.6

When afault is detected in the battery or charging system, charging shall be suspended. Examples of faults
may include the following:

a) Battery voltage does not recover during precharge.

b) The charging system is not capable of delivering the required voltage and/or current to the battery
pack.

¢) Thecharge current being drawn exceeds the specification, implying a potential short circuit.
d) The battery communicates that an alarm or fault condition exists.

7.25.7
The charger shall not charge the battery above its specified full charge condition.

7.2.5.8

The charger shall suspend charging if an overvoltage condition is detected in the charger output.

7.2.5.9

The system may permanently disable charging and discharging of the battery if a repeated fault conditionis
detected in the battery.

7.2.6

The following considerations shall be applied to a host device with multiple battery packs.

@) In multi-battery pack systems, the requirements in 7.2.5 shall apply to each battery pack
independently.

b) The system shall not allow a battery pack to directly charge another battery pack in a multi-battery
pack system without the use of an appropriate charging subsystem.

7.2.7

Specific ESD tolerance shall be included in the system design, testing, and qualification.

7.2.8

The system shall incorporate temperature limitations as agreed to by cell, battery pack, and host
manufacturer/suppliers. The system shall initiate action to maintain temperature within specifications. Some
examples of actions which may be taken include shutting down the system, reducing power consumption,
suspending battery charging, or reducing charging current.

7.2.9

An overvoltage sensing circuit should be used on the charger output side to measure the output voltage to the
battery pack.
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7.2.10

The system may send a notification to the end user regarding the battery and or charging system status (see
Clause 8).

7.2.11
The system may include a method for determining whether or not the battery pack has been qualified with
the system per this standard. The system may take action if an unqualified battery is detected. Actions may

include terminating charge and/or discharge, changing the charging profile, modifying system performance,
and/or notifying end user.

7.3 Mechanical considerations
7.3.1 Connections between the host device and the battery
7.3.1.1

The host device and battery connections shall mate properly and be capable of good electrical contact
throughout their respective useful lives.

7.3.1.2

Power and ground pins shall be sufficiently separated to minimize the possibility of an accidental short cir-
cuit between those two pins.

7.3.1.3

The system shall allow the battery to be inserted only with the correct polarity.

7.3.1.4

The conductors and connectors shall have the proper current rating for the current load with adequate margin
as determined by the system manufacturer/supplier. Multiple power pins should be used to support the cur-
rent load if required.

7.3.15

The battery connector to the system main board shall be mechanically robust and should not rely on electri-
cal solder joints alone for mechanical stability for host devices with end-user replaceable battery.

7.3.1.6

The host device battery connector pins shall have the proper mating sequence to prevent latch up in devices
or damage to components. Either the ground pin or power/ground pins should be the first to make contact
before al other pins.

7.3.1.7

The host device connector shall be able to withstand insertions and removals without damage over the
expected lifetime of the system.
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7.3.1.8

The host device battery connector pin metallurgy shall be compatible with the battery connector pin metal-
lurgy to minimize corrosion and resistance changes over the life of the system. (See IEC 60950-1:2001 [B6],
Annex J.)

7.3.2

The host device shall withstand shock and vibration caused by normal usage and shall not propagate faultsto
the battery pack and cells, when they are installed in the system.

7.4 Foreign objects

Precaution shall be taken to minimize the potential for foreign objects and/or liquidsin the host device, caus-
ing a short circuit either during manufacturing process or end-user operation.

7.5 Design verification

Host device designs shall undergo thorough testing and design verification. Preproduction testing and pro-
duction sampling should be extensive to confirm design and production processes. Testing and verification
shall include all system design criteriain 7.1, 7.2, 7.3, and 7.4. See Annex B for suggested methods to
address specific system functions and attributes.

8. Total system reliability considerations

Figure 4 shows how the battery cell, battery pack, host device, and end user work synergistically together for
total system reliability. The user shares in several areas of responsibility for total system reliability as
identified during system design analysis. This clause sets forth recommendations for design analysis for
communicating information to the user to explain the user responsibility (for example, owner’s manual,
printed labels for the host device and battery pack, host device messages, and help files).

8.1 Required communication to user

The following information or equivalent statements shall be made available to the user through one or more
of the following means, as appropriate: printed on the label for the battery, printed on the label for host
device, and/or printed in the owner’s manual, and/or posted in a help file or Web site.

8.1.1

The following precautions represent an example of a minimum list of safety precautions to be made avail-
ableto the end user. Additional precautions may be noted.

8.1.11

Do not disassemble or open, drop (mechanical abuse), crush, bend or deform, puncture, or shred.

8.1.1.2

Do not modify or remanufacture, attempt to insert foreign objects into the battery, immerse or expose to
water or other liquids, or expose to fire, excessive heat including soldering irons, or put in microwave oven.
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8.1.1.3

Only use the battery for the portable computing system for which it was specified.
8.1.1.4

Only use the battery with acharging system specified by the manufacturer/supplier.
8.1.15

Do not short-circuit a battery or alow metalic or conductive objects to contact both battery terminals
simultaneoudly.

8.1.1.6

Replace the battery only with another battery that has been qualified with the system per this standard, IEEE
Std 1625-2004™. Use of an unquaified battery may present a risk of fire, explosion, leakage, or other
hazard.

8.1.1.7

Dispose of used batteries promptly according to the manufacturer/supplier’ s instructions.
8.1.1.8

Improper battery use may result in afire, explosion, or other hazard.

8.1.2

Battery usage by children should be supervised.

Communication to the User

End User

Host Student
Devi Professional
evica Parent
Child,

Etc.

Charge Control :
End User Behavior and Actions

Figure 4—Depiction of the interaction between the mobile computing device
and the user
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8.2 User alerts

Thefollowing indications, notifications, and dial og/messages, at the system level, or an equivalent statement
may be displayed along with recommended actions as appropriate.

8.2.1

Abnormal battery temperature alert.

8.2.2

Abnormal host device and/or battery dc input voltage alert.
8.2.3

Irregular overcurrent draw alert.

8.2.4

Battery communication fail/time-out alert.
8.25

Unqualified battery alert.

8.2.6

Alert for other malfunctions that may lead to hazards.

8.3 Recommended communication to user

The following information should be provided to end user:

a) Inthe event of a battery leak, do not allow the liquid to come in contact with the skin or eyes. If
contact has been made, wash the affected area with large amounts of water and seek medical advice.

b) Seek medical advice immediately if a battery has been swallowed.
¢) Do not leave the battery on prolonged charge when not in use.

d) Batteries generally have their best performance when stored and operated at normal room
temperature.

e) Communicate the appropriate steps to be taken if a hazard occurs.

8.4 Marking and labeling

Recognized international symbols may be used in place of text where appropriate. Manufacturer/supplier
may also consult other relevant industry standardsin Clause 2 and Annex F. See 6.1.2 for mandatory battery
pack label and marking requirements. Additional information may be provided as appropriate.
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Annex A

(informative)

Introduction to annexes

This standard contains six informative annexes. This information may be used to guide the development of
the design analysis described in the standard. Annex B summarizes tests that may be used in conjunction
with design verification for reliable performance of cells, battery packs, and host devices. Annex C briefly
describes the FMEA process and two-fault scenarios. The RPN isintroduced as a means to assign priorities
to the various risks encountered. Annex D is a demonstration of a thorough analysis using the FMEA
approach with the interactions between the various risks. This is an extensive study and demonstrates the
need to set a reasonable and practical limit to the number of scenarios that can be reasonably considered.
Annex E reports on a study of the high temperatures that can be reasonably expected to be encountered in
the use a host device. Annex F lists references that are useful for better understanding and complying with
this standard.

Items 1-96 in Table D.1 provide awide range of scenariosthat cover the gamut of those situations that could
possibly occur. Thosein bold type font are considered to be the most important, and those in italic plus bold
are considered to be of lesser importance.

See Annex D for examples of intended use, reasonable and foreseeable misuse, and athough outside the
scope of this standard, conditions beyond reasonable and foreseeable misuse. Annex D also provides exam-
ples of all of these conditions as part of the educational spirit and intent of this standard.
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Annex B

(informative)

Test methods for design verification

This annex describes test methods for design verification for cells (Clause 5), battery packs (Clause 6), and
host devices (Clause 7). In addition, an example of a charge agorithmisincluded for Clause 7.

B.1 Description of cell design verification tests

This subclause describes test methods for the design verification for cells. The following are summaries of
the various tests and are not test procedures. The reader is referred to the appropriate IEC standards for test
details.

WARNING
Design verification testing of Li-ion and Li-ion polymer cells, batteries, and host devices may be dangerous to the
persons carrying them out. All appropriate measures should be taken to protect personnel against possible hazards,
which may include fire, explosion, electrical shock, and/or chemical exposure.

Table B.1 illustrates suggested methods to address design verification of specific functions and attributes of
the cells discussed in Clause 5. These specific tests procedures and requirements are designed to confirm
that the cells have the desired performance characteristics and are robust enough to resist abuse conditions

should they arise.
Table B.1—Brief description of cell tests
Specific requirements and test procedure Acceptance criteria
Intended use
Continuous charging Fully charged cell, 20 + 5 °C, for 28 daysto acharge as No fire
specified by the manufacturer No explosion
No leakage
Vibration Fully charged cell, 20 + 5 °C, amplitude: 0.8 mm, 1 Hz/min No fire
between 10-55 Hz, 3 mutually perpendicular directions (2 No explosion
directions for 2 axes of symmetry), should have 90 min per No leakage
axis
Temperature cycling Fully charged cell, in atest chamber, and subjected to the
following cycles:
a)75x2°Cfordh No fire
b)20+5°Cfor2h No explosion
c)—20+2°Cfordh No leakage
d)20+5°Cfor2h
€) Repeat a) to d) for 4 cycles
f) After 5th cycle, store the cellsfor 7 days prior to
examination

Excerpts from IEC 62133 are Copyright © 2002, |EC, Geneva, Switzerland.www.iec.ch
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Table B.1—Brief description of cell tests (continued)

IEEE
Std 1625-2004

Specific requirements and test procedure Acceptance criteria
Reasonable and foreseeable misuse
External short circuit Fully charged cell, 20+ 5°C and 55 + 2 °C, short-circuit with | Nofire
atotal externa resistance less than 100 mQ. No explosion
Freefall 20+ 5 °C, fully charged cell, drop 3timesfrom 1.0 montoa | Nofire
concrete floor so as to obtain impacts in random orientations | No explosion
Mechanical shock Fully charged cell, 20 £ 5 °C, peak acceleration: 125-175¢g, | Nofire
(crash hazard) (minimum average acceleration during theinitial 3 msec: 75 | No explosion
O 3 shocks of equal = magnitude for 3 mutually No leakage
perpendicular directions (2 directions for 2 axes of
symmetry)
Thermal abuse Fully charged cell, 130 + 2 °C for 10 min (temperature No fire
increase rate: 5+ 2 °C/min) No explosion
Crushing of cell 20+ 5°C, fully charged cell isto be crushed between two flat
surfaces to apply aforce approximately 13 kN, so that the No fire
longitudinal axis of the cell shall be parallel to flat surface. No explosion
Once the maximum pressure has been obtained, it is released.
Low pressure Fully charged cell, 20 £ 5 °C, 11.6 kPafor 6 h No fire
No explosion
No leakage
Overcharge 20+ 5 °C, discharged cell, power supply > 10V, charge
current = e No fire
time (h) = 2.5 Cg/l o No explosion
Irec = recommended constant current charge in amperes
specified by the manufacturers
Forced discharge 20+ 5°C, discharged cell, discharge with a constant current | No fire
of 1ItA for 90 min No explosion

Excerpts from |EC 62133 are Copyright © 2002, |EC, Geneva, Switzerland.www.iec.ch

B.1.1 Comparison of design verification tests

Table B.2 is a comparison of the suggested methods from various standard organizations to address design
verification of specific functions and attributes of the cells discussed in Clause 5. These specific tests proce-
dures and requirements are designed to confirm that the cells have the desired performance characteristics
and are robust enough to resist abuse conditions should they arise.
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Table B.2—Comparison of cell testing standards

Test title

UL 1642-1995

IEC 62133:2002

UN ST/SG/AC.10/11/Rev.4-2003

1) Continuous charge test
(electrical)

Procedure: 20 + 5 °C, discharged cell, hold
at the specified end-of-charge voltage for a
total period of 28 days

2) Short circuit (electrical)

Procedure: Fully charged sample, room
temperature and 60 + 2 °C, short-circuit
with amaximum resistance load of 0.1 Q.

Procedure: Fully charged cell, 20+ 5°C
and 55 + 2 °C, short-circuit with a total
external resistance less than 100 mQ.
Should have max. temperature limit.

Procedure: Test 5

Cell and battery sample, 55 + 2 °C, short-
circuit with atotal external resistance 0.1 Q
for 1 h.

3) Abusive overcharge
(electrical)

Procedure: At ambient temp., fully
discharged sample, connected in opposition
to dc power supply, charging with 3times| .
current, for t¢ h.

I = current specified by manufacturer
t.=25C/3(lp)

Procedure: 20 + 5 °C, discharged cell,
power supply > 10V

Charge current = | ;o

Time (h) = 2.5 Cq/l

I;ec = recommended constant current charge
in amperes specified by the manufacturers

Procedure: Test 7

When manufacturer’s recommended charge
voltage is not more than 18 V, the minimum
voltage of test shall be lesser of 2 timesthe
maximum charge voltage of battery or 22 V.
Charge current will be twice the
manufacturer’s recommended maximum
continuous charge current, at ambient
temperature for 24 h.

4) High rate charge (electrical)

Procedure: 20 + 5 °C, discharged cell,
charge by the current of 3 timesthe
recommended charge current, | q..

The cell shall be 100% charged unless an
internal protective device functions to cut
the charge current and full chargeis not
possible.
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Table B.2—Comparison of cell testing standards (continued)

Test title

UL 1642-1995

IEC 62133:2002

UN ST/SG/AC.10/11/Rev.4-2003

5) Forced discharge
(electrical)

Procedure: At ambient temp., completely
discharged sample is connected in series
with the specified number of fresh cells.
The resultant battery pack is to be short-
circuited with amaximum resistance | oad of
0.1Q.

Procedure: 20 + 5 °C, discharged cell,
discharge with aconstant current of 11,A for
90 min

Procedure: Test 8

At ambient temp., cell shall be force
discharged by connecting it in serieswith a
12V dc-power supply at aninitial current
equal to the maximum discharge current
specified by the manufacturer. Timeinterval
equal to itsrated capacity divided by the
initial test current.

6) Vibration (mechanical)

"pansssal sybu |1y “I331 ¥002 ©@ WbuAdoD

Procedure: Fully charged sample, at
ambient temp., amplitude: 0.8 mm, 1 Hz/
min, between 10-55 Hz, in 3 mutually
perpendicular directions (2 directions for 2
axes of symmetry)

Procedure: Fully charged cell, at 20 + 5 °C,
amplitude: 0.8 mm, 1 + 0.055 Hz/min,
between 10-55 Hz, 3 mutually
perpendicular directions (2 directions for 2
axes of symmetry), should have 90 min per
axis

Procedure: Test 3

Cell or battery sample, amplitude: 0.8 mm,
7 Hz ~ 200 Hz (15 min) cycle shal be
repeated 12 times, 3 mutually perpendicular
directions

7) Shock test (mechanical)

Procedure: Fully charged sample, at 20+ 5
°C, peak acceleration: 125-175¢
(minimum average accel eration during the
initial 2 msec: 75 g), 3 shocks of equal +
magnitude for 3 mutually perpendicular
directions (2 directions for 2 axes of

symmetry)

Procedure: Fully charged cell, 20+ 5 °C,
pesk acceleration: 125-175 g, (minimum
average, acceleration during theinitial 3
msec: 75 g,), 3 shocks of equal = magnitude
for 3 mutually perpendicular directions (2
directions for 2 axes of symmetry)

Procedure: Test 4

Cell or battery sample, peak acceleration:
150 g,,, pulse duration 6 msec, 3 shocks of
equal = magnitude for 3 mutually

perpendicular directions, total of 18 shocks.

For large cells and batteries, peak
acceleration: 50 gy, pulse duration 11 msec,
3 shocks of equa + magnitude for 3
mutually perpendicular directions, total of
18 shocks.

8) Freefall (mechanica)

Procedure: 20 £+ 5 °C, fully charged cell,
drop 3 timesfrom 1.0 m onto a concrete
floor so as to obtain impacts in random
orientations.

Excerpts from IEC 62133 are Copyright © 2002, IEC, Geneva, Switzerland.www.iec.ch
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Table B.2—Comparison of cell testing standards (continued)

Test title

UL 1642-1995

IEC 62133:2002

UN ST/SG/AC.10/11/Rev.4-2003

9) Crush test (mechanical)

Procedure: At ambient temp., afully
charged sampleisto be crushed between
two flat surfaces to apply aforce
approximately 13 kN so that the
longitudinal axis of the cell shall be parallel
to flat surface. Once the maximum pressure
has been obtained, it isreleased.

Procedure: 20 + 5 °C, fully charged cell is
to be crushed between two flat surfacesto
apply aforce approximately 13 kN so that
the longitudinal axis of the cell shall be
parallel to flat surface. Once the maximum
pressure has been obtained, it isreleased.

10) Impact test (mechanical)

Procedure: At ambient temp., afully
charged sampleisto be placed on aflat
surface. A 15.8 mm ®-bar isto be placed
across the center of the battery. A 9.1+ 0.46
kg weight isto be dropped from a height of
610 + 25 mm onto the sample.

Procedure: Test 6

Cell or component cell isto be placed on a
flat surface. A 15.8 mm ®-bar isto be
placed acrossthe center of the battery. A 9.1
kg weight isto be dropped from a height of
61 + 2.5 cm onto the sample.

11) Altitude simulation
(environmental)

Procedure: Fully charged sample, 20+ 3°C,
11.6 kPafor 6 h.

Procedure: Fully charged cell, 20+ 5 °C,
11.6 kPafor 6 h.

Procedure: Test 1
Cell or battery, 20 °C £ 5 °C, 11.6 kPafor
6h.

12) Thermal shock or
temperature cycling
(environmental)

Procedure: Fully charged samples, in atest
chamber, and subjected to the following
cycles:

a) 70+ 3°Cfor4h

b) 20+ 3°Cfor2h

c)40+3°Cfor4h

d)20+3°C

€) Repeat a) to d) for 9 cycles

f) After 10th cycle, store the samplesfor 7
days prior to examination.

Procedure: Fully charged cell, in atest
chamber and subjected to the following
cycles:

a)75+2°Cfor4h

b)20+5°Cfor2h

¢)—20+2°Cfordh

d)20t+5°Cfor2h

€) Repeat a) to d) for 4 cycles

f) After 5th cycle, store the cellsfor 7 days
prior to examination.

Procedure: Test 2

Cell or battery,6hat 75+t 2°Cand6 h at
—40 + 2°C, repeat 10 times,

followed by storage at least 24 h at 20 +
5°C.

13) Thermal exposure
(environmental)

Procedure: Fully charged sample, 150 + 2
°C for 10 min (temperature increase rate: 5
+ 2 °C/min).

Procedure: Fully charged cell, 130+ 2 °C
for 10 min (temperature increase rate: 5 + 2
°C/min)

Excerpts from IEC 62133 are Copyright © 2002, IEC, Geneva, Switzerland.www.iec.ch
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Table B.2—Comparison of cell testing standards (continued)

Test title

UL 1642-1995

IEC 62133:2002

UN ST/SG/AC.10/11/Rev.4-2003

14) Test for flaming particles
(environmental)

Procedure: Fully charged sampleisto be
placed on a steel wire mesh screen and
burned by burner. A panel of cheeseclothis
to be positioned vertically 0.91 m from the
wire screen. Thetest sampleisto be
positioned so that flaming particles are
gjected toward the cheesecloth panel.

15) Projectile test
(environmental)

Procedure: Fully charged sampleisto be
placed on a steel wire mesh screen covered
by a metal wire cage and burned by burner.

Excerpts from IEC 62133 are Copyright © 2002, IEC, Geneva, Switzerland.www.iec.ch
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B.2 Battery pack design verification tests

Table B.3 illustrates suggested methods to address design verification of specific functions and attributes of
the battery packs discussed in Clause 6. These specific tests procedures and requirements are designed to
confirm that the cells have the desired performance characteristics and are robust enough to resist abuse con-
ditions should they arise.

B.2.1 Electrical tests

Table B.3—Brief description of battery pack electrical tests

1) Continuous
charge test

Purpose

The purpose of thistest isto evaluate the ability of the battery pack to
withstand continuous charging for an extended time period.

Test
procedure

a) Stage 1—The battery pack shall be discharged using a constant current of
0.2 1A until the battery voltage reaches the specified end-of-discharge voltage
at an ambient temperature of 20+ 5 °C.

b) Stage 2—The battery pack shall be charged using a charger supplied or
recommended by the manufacturer or an electrical simulation of that charger,
after which the battery shall be held at the specified end-of-charge voltage for
atotal period of 28 days. A total of five batteries shall be tested in an ambient
temperature of 20+ 5 °C.

Requirement

NL (no leakage)

NEL (no visual evidence of leakage of electrolyte)
NV (no venting)

NE (no explosion)

NF (nofire)

2) Over-
discharge/
Overcharge test

Purpose

The purpose of thistest isto evauate the ability of the battery pack to
withstand repeated over-discharge/overcharge.

Test
procedure

a) Stage 1—The battery pack shall be charged using the procedure described
in |IEC 61960-2:2001, clause 4.1.

b) Stage 2—The battery pack shall be discharged using a constant current of
0.2 1A until the battery circuitry terminates discharge or until the battery
voltage reaches OV at an ambient temperature of 20 + 5 °C.

¢) Stage 3—The battery pack shall be charged using the recommended charge
current and end-of-charge voltage for aperiod of 12 h at an ambient
temperature of 20+ 5 °C.

Stage 2 and Stage 3 shall be repeated 30 times. Five separate samples shall be
evaluated.

Requirement

NE (no explosion)
NF (nofire)
The exterior temperature of the battery shall not exceed 150 °C.

Excerpts from IEC 61960-2 are Copyright © 2001, IEC, Geneva, Switzerland.www.iec.ch
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Table B.3—Brief description of battery pack electrical tests (continued)

3) Short-circuit Purpose The purpose of thistest isto confirm the ability of the battery pack to

test withstand an external short-circuit condition.
Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—Battery pack shall be subjected to a short-circuit condition with a
total external resistance less than 50 milliohms. Tests shall be conducted on
five samplesat 20 + 5 °C. Thetest shall continue until the electronic circuit or
the current limiting device prevents further discharge, or the battery voltage
fallsbelow 0.1V, and the case temperature has returned to the original ambient
temperature, unless fire or explosion occurs first.

Requirement | NE (no explosion)
NF (no fire)
The exterior temperature of the battery shall not exceed 150 °C.

4) Overcharge Purpose Thistest isto evauate the ability of the battery to withstand a charger

test (simulation malfunction where the upper voltage is only limited by the charger.

of use of an

Eﬁg;? %rrl ae Test Batteriesfully charged in accordance with IEC 61960-2:2001, clause 4.1, shall
charger procedure be subjected to excessive current, simulating operation with defective charger.
malfunction) The battery shall be discharged at 20 + 5 °C, at aconstant current of 0.2 I1A, to

a specified final voltage and shall be subjected to the recommended charger
current |, specified by the manufacturer. The duration of the test shall be
calculated as:

Time (h) = 2.5 Cg/l o

where | ¢ is the recommended constant current charge in amperes (A)
Tests are to be conducted in an ambient temperature of 20+ 5 °C

Requirement | NE (no explosion)
NF (no fire)

Excerpts from IEC 61960-2 are Copyright © 2001, IEC, Geneva, Switzerland.www.iec.ch

B.2.2 Mechanical/environmental tests

See TableB.4.

B.3 Host device

The following subclause illustrates suggested methods to address design verification of specific functions
and attributes of the host device. These specific test procedures and requirements are designed to confirm
that the host device and battery pack are robust enough to resist abuse conditions should they arise.

B.3.1 Electrical design verification
B.3.1.1 Host device input overvoltage protection

An input dc voltage higher than the specified maximum input voltage should be applied to the dc input ter-
minal of the host device for a predefined level and time duration specified by the host device manufacturer.
The host device overvoltage protection circuit should be triggered without any resulting component damage
or hazard. In extreme circumstances where an extremely high voltage is applied, only the components
directly connected to the input terminal should be damaged. Damage, if it occurs, should be limited to com-
ponents directly connected to the input terminal. The host device should not pass through any overvoltage to
the battery pack.
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Table B.4—Brief description of battery pack mechanical/environmental
tests

1) Shock test Purpose The purpose of thistest is evaluate the ability of the battery pack to withstand
mechanical shock by performing a shock test and a high acceleration test
carried out in accordance with |EC 60068-2-27:1987 [B4].

Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—The battery shall be secured to the testing machine by means of a
rigid mount, which will support all mounting surfaces of the battery. The
battery shall be subjected to atotal of three shocks of equal magnitude. The
shocks shall be applied in each of three mutually perpendicular directions
unless the battery has only two axes of symmetry in which case only two
directions shall be tested.

Each shock shall be applied in adirection normal to the face of the battery. For
each shock the battery shall be accelerated in such a manner that during the
initial 3 milliseconds the minimum average accelerationis 75 g (where g isthe
local acceleration due to gravity). The peak acceleration shall be between 125
gand 175 g. Five batteries shall betested at 20 + 5 °C. The waveform could be
either sawtooth or half-sine.

Requirement | NL (no leskage)

NEL (no visual evidence of leakage of electrolyte)
NV (no venting)

NE (no explosion)

NF (no fire)

2) Vibration test Purpose The purpose of thistest isto confirm the ability of the battery pack to
withstand mechanical vibration by performing avibration test carried out in
accordance with UN ST/SG/AC.10/11/Rev.4-2003. The test samples from

4.2.1 shall be used.
Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—The battery shall be subjected to a simple harmonic motion with
amplitude of 0. 8 mm (1.6 mm total maximum excursion). The frequency of
the harmonic motion shall beincreased and decreased at arate of 1Hz + 0.055
Hz per minute between limits of 10 Hz and 55 Hz. Five samples shall be tested
in three mutually perpendicular directions unlessit has only two axes of
symmetry, in which case only two directions shall be tested. The battery shall
betestedat 20+ 5 °C.

Requirement | NL (no leskage)

NEL (no visual evidence of leakage of electrolyte)
NV (no venting)

NE (no explosion)

NF (no fire)

Excerpts from |EC 61960-2 are Copyright © 2001, IEC, Geneva, Switzerland.www.iec.ch
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Table B.4—Brief description of battery pack mechanical/environmental
tests (continued)

3) Thermal shock | Purpose Thermal shock causes considerable mechanical stress on battery hardware and
test occurs when a battery undergoes very large and rapid temperature changes.
The purpose of this test isto evaluate the ability of the battery pack to
withstand thermal shock by varying the storage temperature of a battery
between upper and lower limits.

Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—The battery shall be stored for 48 h in an ambient temperature of
75+ 2 °C, moved to -20 + 2 °C within 5 min and stored for 6 h, followed by
storage for at least 24 h in an ambient temperature of 20 £ 5 °C. Five sample
batteries shall be tested.

Requirement | NL (no leskage)

NEL (no visual evidence of leakage of electrolyte)
NV (no venting)

NE (no explosion)

NF (no fire)

4) Altitude Purpose Exposing a battery to low ambient pressure places stress on mechanical
simulation (low components and may cause leakage. The purpose of thistest isto evaluate the
pressure) test ability of the battery pack to withstand low ambient pressure. This test
simulates an altitude of 15.240 m.

Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—The battery shall be placed in a vacuum chamber from which air
is subsequently pumped down to a pressure equal to or less than 11.6 kPa and
held at that pressure for 6 h in an ambient temperature of 20 + 5 °C. Five
sample batteries shall be tested.

Requirement | NL (no leskage)

NEL (no visual evidence of leakage of electrolyte)
NV (no venting)

NE (no explosion)

NF (no fire)
5) Crush Test Purpose The purpose of thistest isto confirm that a moderate crushing force on a
battery case does not cause fire or explosion.
Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—The battery shall be exposed to amoderate crushing force, using a
crushing apparatus capable of applying 114 + 2 Kg of force acrossthetotal test
surface of the battery, according to the procedure described in IEC61960-
2:2001, clause 5.2.2.1. The battery is placed between two flat surfaces 12.7
mm or thicker. The forceis gradually increased until an abrupt voltage drop of
1/3, a which time the pressure is released or held at the value (114 + 2 kg)
stated previously for one min. A cylindrical or prismatic battery isto be
crushed with its longitudinal axis parallel to the flat surface of the crushing
apparatus. A prismatic battery is also to be rotated 90° around its longitudinal
axis so that both the wide and narrow sides will be subjected to the crushing
force. Each sample battery is to be subjected to a crushing forcein only one
direction. Therefore, separate samples are to be used for each test.

Requirement | NE (no explosion)
NF (no fire)

Excerpts from |EC 61960-2 are Copyright © 2001, IEC, Geneva, Switzerland.www.iec.ch
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Table B.4—Brief description of battery pack mechanical/environmental
tests (continued)

6) Freefall test Purpose Thistest isto evaluate the ability of a battery to withstand mechanical shock
by performing afreefall test in accordance with |EC60068-2-32:1975 [B5].
Test Each battery shall be dropped six times from 1.0 m onto a hardwood floor. The
procedure batteries shall be dropped two times per plane when rel eased to obtain impacts
in several positions. Batteries shall be tested in an ambient temperature of 20 +
5°C.

Requirement NV (no venting)
NE (no explosion)

7) Thermal expo- | Purpose The purpose of this test isto evaluate the thermal stability of the battery at
sure test €levated temperatures.
Test a) Stage 1—The battery pack shall be charged using the procedure described
procedure in |[EC 61960-2:2001, clause 4.1.

b) Stage 2—The battery shall be placed in an explosion proof, gravity
convection or circulating air oven, and the oven temperature shall be raised at
arate of 5+ 2 °C per min until the oven temperature reaches 130 + 2 °C. Then
the oven shall be maintained at 130 + 2 °C for 30 min. Five sample batteries

shall be tested.
Requirement | NE (no explosion)
NF (no fire)
8) ESD Purpose Thistest isto evaluate the ability of the battery pack to withstand el ectrostatic
discharge.
Test Thistest shall be carried out in accordance with IEC 61000-2-4:2002,
procedure electronic discharge requirements, clauses 1-8, and conducted on a battery
pack containing electronic protection devices, such as diodes, transistors, or
integrated circuits.
Requirement | The battery pack shall be tested for contact discharge at 4 kV and air discharge
at 8kv.
9) Mould stress Purpose Thistest isto evauate the effects of an elevated temperature environment on a
test battery. Batteries are to be exposed to a moderately high temperature.
Test The battery shall be placed in afull draft circulating air oven maintained at a
procedure uniform temperature of 70 + 2°C. The batteries are to remain in the oven for 7

h, after which they are to be removed and allowed to return to room
temperature for examination.

Requirement | No distortion beyond the dimensions specified for the battery, and no evidence
of mechanical damage (exposure of internal components or |eakage of
electrolyte).

Excerpts from |EC 61960-2 are Copyright © 2001, IEC, Geneva, Switzerland.www.iec.ch

B.3.1.2 Host device input overcurrent protection

In systems with the capability to measure dc input current, an input current higher than the specified maxi-
mum input current should be applied to the dc input terminal of the host device for a predefined level and
time duration specified by the host device manufacturer. The host device overcurrent protection circuit
should be triggered without any resulting component damage or hazard. In extreme circumstances where an
extremely high current is applied, damage should be limited to the components directly connected to the
input terminal. The host device should not pass overcurrent through to the battery pack.
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B.3.1.3 Charger output overvoltage protection test

A dc voltage higher than the specified maximum output charging voltage should be applied at the charger
output. The charging subsystem should detect the occurrence and suspend charging within a specified time
period defined by the system manufacturer, without any resulting component damage or hazard. Charging
should be suspended until the voltage falls below the maximum specified charging voltage.

B.3.1.4 Active charger communication test

A break in communications between the active charging subsystem, embedded controller, and battery pack
should be applied (one at atime) during the charging of a battery pack. The duration of the break is defined
by the system manufacturer. In each case, the charging subsystem should suspend charging of the battery
pack within a specified time, without resulting in component damage or a hazard.

B.3.1.5 Passive charger test

In systems where an active charging subsystem is not implemented, verify that the host device correctly
obtains the battery pack identification data.

B.3.1.6 Charging algorithm test—battery voltage

An example of a charging agorithm flowchart is shownin Figure B.1.

B.3.1.6.1

An overvoltage condition should be applied to the battery charging terminals on the host device battery con-
nector. The charging subsystem should not initiate charging while the overvoltage condition exists.

B.3.1.6.2

An undervoltage condition should be applied to the battery charging terminals on the host device battery
connector. The charging subsystem should not initiate normal charging while the undervoltage condition
exist. A precharge function may be initiated in systems supporting that function.

B.3.1.7 Charging algorithm test—charging time-out

A load which sinks nominal charging current and presenting constant voltage should be applied to the bat-
tery charging terminals of the host device battery connector. The charging subsystem should time-out after a
specified time and charging should be suspended without resulting component damage or hazard.

B.3.1.8 Charging algorithm test—overcurrent

A simulated overcurrent condition, such as connecting a load exceeding specified charging current, should
be applied to the terminals. The system should suspend charging within a specified time without resulting
component damage or hazard.
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B.3.1.9 ESD protection test

The ability of the host device to withstand el ectrostatic discharge should be verified. The parameters for the
ESD test for the host device and system should be determined by the system manufacturer.

* Dumb charger:

Is charger a NO . | Battery ID check NO
smart charger? P71 with chemistry and
configuration OK?

A 4

YES

Communications [® | NO
between charging

s”::f::t‘:ésc' NO |  Time Out limit YES -
functional? d reached?

YES

<

YES

System temp NO
within operating
range?

Timeout
Function

YES ¢ NO
4

Charger output Optional YES
and Battery Pre-Charge >
voltage in function 4
specified range ? Time out reached?

NO

A 4

Suspend/Stop
charging

A

YES

Initiate/continue
charging

Charging timeout YES
reached?

NO

Full
NO charge/voltage YES

reached ?

A

Figure B.1—Example flowchart of a charging algorithm

B.3.2 Environmental tests
B.3.2.1 Charging algorithm temperature test

The system with a non-fully charged battery should be placed in the powered off state in a temperature
controlled environment that is just outside the specified charging temperature range. Charging should be
suspended when the system is switched on without resulting component damage or hazard. In systems
which support a reduced charging algorithm, the charging subsystem may reduce the charge current instead
of suspending charging.

B.3.2.1.1

The system with a non-fully charged battery should be placed inside a temperature controlled environment
and switched on while remaining inside the specified operating temperature range. Charging should be
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initiated. The temperature should then be brought outside the operating range. The system should suspend
charging without resulting component damage or hazard. In systems which support a reduced charging
agorithm, the charging subsystem may reduce the charge current instead of suspending charging.

B.3.2.1.2 Temperature cycling test

The manufacturer may perform a number of cycles of the test as specified in B.3.2.1.1 by bringing the
temperature back down inside the operating range to compl ete the cycle. Charging should resume when the
system temperature falls within the operating range with a hysteresis to be determined by the system
manufacturer.

B.3.2.1.3 Humidity test

High humidity may be encountered in many parts of the world. The humidity test for the host device and
system should be determined by the system manufacturer.

B.3.2.1.4 High altitude test

Lower pressure may be encountered in an aircraft transport. The high altitude test for the host device should
be determined by the system manufacturer.

B.3.3 Mechanical tests

Host device and battery pack mechanical tests such as shock and vibration and should be determined by the
system manufacturer.
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Annex C

(informative)

Failure mode and effects analysis (FMEA)

C.1 FMEA techniques

Thisannex is designed to illustrate failure mode and effects analysis (FMEA) techniques and the procedures
that a designer uses to arrive at a complete system analysis.

C.1.1 Example 1

FMEA 2 (pack) identifies a control scheme distributed over the pack and host device for overcurrent poten-
tially caused by the pack short circuit due to a connector contacting an external metal object, such as when
packed in acomputer bag with ametal pen. FMEA 4 identifies the end-user responsibilities as. Don't allow
the connector to come in contact with any metal objects. FMEA 4 also identifies producer responsibilities
as. Pack hascircuit and/or mechanical design to protect against external short circuit. Reliable total system
operation requires alabel or other notification for the end user: Don’t allow the connector to come in contact
with any metal objects.

C.1.2 Example 2

The designer conducts FMEASs 1, 2, 3, and 4 to determine whether or not protection circuits are required to
prevent hazards from occurring as a result of two faults in reasonable and foreseeable misuse. The designer
determined the best location(s) for redundant protection circuits. Building on example 1, the designer
implements a mechanical protection device to protect against external pack short circuit. This mechanical
protection device passes al in-spec reliability and drop tests. However, the designer’s thorough FMEA
analysis shows that the mechanica protection device may fail when subject to a common scenario of
dropping the notebook to the floor or stuffing the notebook in a briefcase (fault 1: broken connector barrier).
In this event, a second protection method shall be employed, such as an overcurrent protection (OCP)
circuit. However, if the OCP failsto operate due to a manufacturing defect (fault 2) then the cell level short-
circuit protection could still provide protection against a potential hazard from the two faults listed. (One
fault is a broken connector from reasonable and foreseeable misuse. The second fault is a circuit failure
caused by a manufacturing defect).

C.1.3 Example 3

The charging system consists of an ac/dc power supply with a20 V output, a charge control circuit (control
and MOSFET) in the host device, a single overvoltage protection circuit in the battery pack (control 1C and
MQOSFET), and the four cellsin series with a maximum voltage of 16.8 V. During the FMEA 4, the designer
considers a situation involving two independent faults: a short circuit in the host device charge control FET
(fault 1) and a short in the battery overvoltage FET (fault 2). In this situation, the 20 V power supply output
would be passed directly to the cell stack. The designer knows that charging the cellsto 5V may lead to a
hazard. To resolve this situation, a second overvoltage circuit is added to the battery pack. With this design,
if the two faults described above occur, the second battery overvoltage circuit isolates the pack from the
20 V power supply.
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C.2 A typical procedure for design analysis: FMEA

FMEA is a document produced to identify failure modes and their effectsin new designs. All failure modes
are ranked and weighted by RPN, so that they may be prioritized and corrected.

Essential questionsto ask in the FMEA are:
— What elements of the design are most likely to produce defects?
— How can the defects be effectively eliminated or mitigated?
— Would your customer agree with the assignment of risk?

An example of aFEMA is shown in Figure C.1.

Once constructed, the FMEA ranks RPNs and assignments are made to devel op and review changes to miti-
gate or eliminate the failure effect. Some failure effects may be so low in ranking that they are not corrected

The following provide additional information on conducting FMEA: Guidelines for Failure Modes and
Effects Analysis (FMEA) for Medical Devices[B1], McDermott et al [B9], SAE J1739-2002 [B11], Stamatis
[B13], Sutton [B14].
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Figure C.1—Design of potential FEMA

Product name Prepared by: Page  of
Responsible FEMA date (orig) (Rev)
Design function Potential failure | Potential failure S Potential causes | O Detection D) R Recommended Resp.
mode effects E of failure C method E P actions
\% C T N

Component, footprint Insufficient Motherboard 4 Incorrect pad 2 In-circuit test, 16 Evauate and

design, assembly, process, | solder jointson failure of size, clogged visual inspection correct pad size

engineering SMT component | assembly test stencil aperture and stencil
aperture size,
modify stencil
cleaning procedure

0
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Annex D

(informative)

Double fault analysis

D.1 Why two faults are specified in the FMEA

Protection mechanisms are intended to prevent specific situations from creating hazards, for example, aPTC
resistor to limit current flow through a short circuit. Occasionally, a fault occurs in a protection mechanism
that preventsits proper operation. Therisk of creating ahazard isrelated to the probability of the fault occur-
rence. While the probability of fault occurrence in properly designed protection mechanisms is low, it is
generaly not zero. Reducing the probability of fault occurrence will reduce the risk of hazard creation as a
result of this fault. Many times, it is impossible to reduce the fault probability of a single mechanism suffi-
ciently to reach the desired risk level.

However, if the system contains multiple protection mechanisms, a hazard cannot occur unless all mecha-
nisms simultaneously fail. It is very unlikely that two independent, redundant protection mechanisms will
fail simultaneously. Therefore, by designing systems to withstand two independent faults, the occurrence of
failures leading to hazards can be minimized.

D.1.1 lllustrative example for double fault concept

As stated in 1.2, once the designer has ascertained that the cell, pack, and host device al conform to all of
their related subclause requirements of the standard, the assurance of the overall system’s complianceis not
finished until the designer completes a thorough design failure mode effects analysis (DFMEA). The
DFMEA is completed to ensure a particular design does not alow two faults of any type to propagate a
hazard.

This annex uses the term double faults to describe two faults, and it provides information for the user of this
standard when completing the DFMEA to comply with this standard. Other standards provide approaches
that use only one fault, whereas this standard provides approaches for using two faults. There are two parts
to this double fault concept: a study on double fault simulation (see Table D.1) and a study on double fault
factors (see D.1).

D.2 Study on double fault simulation

Table D.1 includes the study on double fault simulation. The study identifies: use situations, factors, sup-
posed resulting faults, items to protect from hazards (with references), and consolidated proposed minimum
requirements for double fault protection.

To calculate RPN:
1) Use severity and possibility.
2  Set weighting factors (for example, 1, 3, 5) for severity and possibility for each example.
3 Multiply the severity and possibility factors for each example.

In this example, RPN is shown on Table D.1 asfollows:
a) Boldplusitaic font for RPN values of 20-25
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b) Bold font for RPN values of 9-15
¢) Regular font for RPN levels of 1-5

A summary diagram of the double fault analysisis shown in Figure D.1. The factors affecting battery pack
design are identified in bubbles numbered 1-12. Some of the sources of the factors are also identified near

each bubble. The important factors affecting battery performance were analyzed to identify those factors that
are most important in designing battery packs.

As aresult of this double fault analysis study, the more important factors in cell designs were identified.
These most important factors are bolded, and the next most important factors are italics plus bold in Table
D.1. This study is very thorough and may not be needed for each product FMEA.

Bad PCB
Charger trouble 3 Over

current
Car dashboard in hot sun

Dryer
Home electric heater

Rainwater
Drink
Washing machine

Air
transport

Road
transport

Use near radio
transmitter ',"“_

NS Dropping to the floor
<X\

Falling out of vehicle

Use of unapproved

charger Stomping

= Dropping from top of building
8 * Drilling or cutting as in - 3 S :
carpentering or waste processing Contact w!th car body ct::ntalmng electrostatics
Abuse - Drying in microwave oven Contact with electrostatically charged
= Throwing into fire objector person
= Shooting

Figure D.1—Study on double fault factors
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Table D.1—Double fault simulation study

Itemsto protect from

"pansasal sIybu I "333| ¥00Z @ WBuAdoD

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)

A charger malfunctionswhen aPC isleft on Charge voltage 7121 Double protection is needed for the PC itself or
top of an electric home heater. Charge current 7122 battery pack.

821
A PC circuit is short-circuited and the PC is Charge voltage 7.2.8 Double protection is needed for the PC itself or
left on the top of an electric home heater. Charge current 7.2.10 battery pack.

8112

Annex B
A PC on thedashboard of acar inthehot sunis 1 Temperature (voltage/ 5.5.6 Protected with fuse or PTC, thereisno
being charged with an automobile charger and 2 current), 6.5.4 anomaly.
the protection system against overvoltage Protective device 8112
malfunctions due to faulty PCB solder joint. End-user abuse 8114
A PC, which is on an electric home heater, is 1 Charge voltage 7122 Double protection is needed for the PC itself or
charged by unapproved charger. 2 Charge current 7.2.8 battery pack.

3 7.2.10

8112

Annex B
A PC on the top of electric home heater is 1 Charge voltage 6.5.3 Double protection is needed for the PC itself or
charged by a charger with voltage control 2 Charge current 6.5.4 battery pack.
malfunction. 3 7122

7.2.8

8112

Annex B

ONILNdINOD F19VLHOd HO4 S3IYIL1Vd 379VIDIVHIIY

¥002-929T1 PIS

3331



SHI WOy 8suadl| noynm papiwiad Buppomiau Jo uoonpoidal oN

LIND TT:9T:9T 62/9/7002'8[esay 10} I0N

2ZT6EYTO "“ONI ADOTONHOIL IONITVA:0l ploS

3331 yum asuadl| Japun SH Aq papinoid

*ou] ‘s1eauIBUT SOIUOIBIT pUE [BD11193]1F JO mmnsul ayL WbLAdoD

8y

"paniasal sybu |1y “3331 ¥002 ® WbuAdod

Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
6 While aPC on the dashboard of acar in the hot 1 Charge voltage 6.5.4 Protected with fuse or PTC, thereisno
sun isbeing charged by an automobile charger, 2 Charge current 6.7.3 anomaly.
the protection system against overvoltage and 3 Protection circuit 8112
overcurrent malfunctions. Temperature (voltage/ 8114
current)
*Protective device
End-user abuse
7 A PC, on the dashboard of acar in the hot sun, 1 Charge voltage 7121 Double protection is needed for the PC itself or
is charged by unapproved charger. 2 Charge current 7122 battery pack.
3 7.2.8
5 7.2.10
8114
Annex B
8 A PC, on the dashboard of a car in the hot sun, 1 Charge voltage 7121 Double protection is needed for the PC itself or
is charged by charger with voltage control 2 Charge current 7122 battery pack.
malfunction. 3 7.2.8
5 7.2.10
Annex B
9 An automobile charger is charging a PC on the 1 Charge voltage 5.5.6 Double protection is needed for the PC itself or
dashboard of a car in the hot sun and the 3 Charge current 6.7.3 battery pack.
overcurrent protection failed due to faulty PCB 8112
solder joint. 8114
10 A PC, wet with rain or spilled drink, isdried by 1 PC motherboard trouble 6.4 Double protection is needed for the PC itself or
ahalogen lamp. 4 Circuit trouble 8112 battery pack.
11 A PC, wet with rain or aspilled drink, is dried 1 PC motherboard trouble 7.4 Double protection is needed for the PC itself or
by an electric hair dryer. 4 Circuit trouble 8112 battery pack.
Annex B
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
12 A PC isleft on the dashboard of a car sittingin Charge voltage Annex B Protected with fuse or PTC, thereisno
the hot sun. Charge current anomaly.
Protection circuit
Temperature (voltage/
current)
*Protective device
End-user abuse
13 An unapproved automobile charger is used to 1 Charge voltage 8112 Double protection is needed for the PC itself or
charge a PC on the dashboard of acar sittingin 5 Charge current 8114 battery pack.
the hot sun with vibration from the engine. Protection circuit Annex B
14 While the engine is running, the PC on the 1 Not found (signal system) | 7.4
dashboard of a car sitting in the hot sunis 3 Annex B
short-circuited with akey ring or metalic 5
object.
15 A car isrunning with a PC on the dashboard in 1 Overcurrent 7.2.10 Double protection is needed for the PC itself or
the hot sun and the PCB circuit has a short- 3 Annex B battery pack.
circuit malfunction. 5
16 A PC falsto the ground from abicycle carrier 1 Not found 6.1.2
while running in the hot sun. 5 732
6 8111
Annex B
17 A PC, which wasl|€ft on top of an electric home 1 Charge voltage 7.2.8 Double protection is needed for the PC itself or
heater, falls to the floor. 6 Charge current 7.2.10 battery pack.
8112
Annex B
18 A PC on the dashboard of acar running in the 1 Not found Annex B
hot sun is dropped to the ground. 6
19 A PC on the dashboard of acar in the hot sun 1 Charge voltage 8112 Double protection is heeded for the PC itself or
falls to the floor during charge by automobile 6 Charge current 8114 battery pack.
charger. Annex B
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
20 When aPC is charged by automobile charger 1 Charge voltage 8112 Double protection is needed for the PC itself or
inacar inthe hot sun, either the battery pack or 7 Charge current 8114 battery pack.
PC is stepped on. Annex B
21 The battery |eft on the dashboard of acarina 1 Classify to abuse 8111
hot sun is crushed by mistake during an 8 8112
activity, such as home carpentering, D.1.Y. Annex B
22 A battery, which was left in ahot placein the 1 Classify to abuse 8111
middle of summer, is shot by mistake. 8 8.1.1.2
23 A battery from PC on the dashboard of acar in 1 Charge voltage 6.10.3 Double protection is needed for the PC itself or
hot sun is removed and electrostatically 9 Charge current 8.1.1.2 battery pack.
discharges by contact against a charged car
body.
24 A large current surge occurs while a PC on the 1 Charge current 7121 Double protection is needed for the PC itself or
dashboard of acar in the hot sun is charged by 10 7122 battery pack.
unapproved charger. 8112
Annex B
25 A PC on the dashboard of acar inthehot sunis 1 Charge voltage 8112 Double protection is heeded for the PC itself or
charged by acharger (host) near aradio 11 Charge current Annex B battery pack.
transmitter. Immunity
26 A PCisleftinair cargo with extralow 1 Not found 8112
temperature and low air pressure. 12 Annex B
27 A battery pack whose protection circuit 2 Charge voltage 6.5.4 Double protection isneeded for the PC itself or
malfunctions (activation impossible of 3 Charge current 7121 battery pack.
protection function) is charged by a charger
whose voltage control malfunctions.
28 A PCwith a short-circuited PCB hasa battery 2 Charge voltage 6.5.4 Double protection is needed for the PC itself
pack whose protection circuit malfunctions 3 Charge current 7122 or battery pack.

(activation impossible of protection function).
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
29 Battery pack's protection circuitry against 2 Charge voltage 6.5.4 Double protection is needed for the PC itself or
overvoltage and overcurrent malfunctions. 3 Charge current 7121 battery pack.
30 Battery pack's protection circuitry against 2 Charge voltage 6.5.4 Double protection is needed for the PC itself or
overvoltage malfunctions and charger or 3 Charge current 7121 battery pack.
adaptor also mafunctions.
31 Battery pack's protection circuitry against 2 Charge voltage 6.5.4 Double protection is needed for the PC itself or
overcurrent and charging system malfunctions. 3 Charge current 7121 battery pack.
32 A PC, which got wet with rain or spilled drink, 2 PC motherboard trouble 7122 Double protection is needed for the PC itself or
is charged by an unapproved charger. 3 Circuit trouble 732 battery pack.
4 74
8112
33 A PC, which got wet with rain or spilled drink, 2 PC motherboard trouble 6.5.3 Double protection is heeded for the PC itself or
is charged by a charger whose voltage control 3 Circuit trouble 6.5.4 battery pack.
system malfunctions. 4 6.5.5
7.1.2.2
7.29
74
8112
34 Host or battery pack whose charging system 2 Charge voltage 6.5.4 Double protection is heeded for the PC itself or
malfunctions is subjected to heavy vibration 3 Charge current 7121 battery pack.
during transport or in other situations. 5 7122
Annex B
35 A PC, which fell to thefloor, is charged by a 2 PC motherboard trouble 6.5.3 Double protection is needed for the PC itself or
charger whose voltage control system 3 Circuit trouble 6.5.4 battery pack.
malfunctions. 6 Charge voltage 7122
Charge current 7.25.8
7.29
7.32
Annex B
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
36 Host or battery pack whose charging system 2 Classify to abuse 8111
malfunctions falls from the top of a building 3
(20 m). 6
37 Host or battery pack whose charging system 2 Charge voltage 6.5.4 Double protection is heeded for the PC itself or
malfunctions is stepped on. 3 Charge current 7121 battery pack.
7 7122
Annex B
38 Host or battery pack whose charging system 2 Classify to abuse 8111
malfunctionsis cut or drilled in the process of 3
waste disposal or other treatments. 8
39 Host or battery pack whose charging system 2 Charge voltage 6.10.3 Double protection is needed for the PC itself or
malfunctions comes to contact with 3 Charge current 7121 battery pack.
electrostatically charged person or object. 9 7122
40 Host or battery pack whose charging system 2 Charge voltage 6.5.4 Double protection is needed for the PC itself or
malfunctions isinserted in a PC or becomes 3 Charge current 7121 battery pack.
subject to electrical surges at the moment of 10 7122
startup. Annex B
41 Host or battery pack whose charging system 2 Charge voltage Immunity Double protection is needed for the PC itself or
malfunctions is subject to high electric field 3 Charge current 6.5.4 battery pack.
produced by radio transmitter or other 11 7121
equipment. 7122
42 Host or battery pack whose charging system 2 Charge voltage 7121 Double protection is needed for the PC itself or
malfunctions and becomes subject to low air 3 Charge current 7122 battery pack.
pressure during air or other transport. 12 Annex B
43 Battery pack whose protection function against 2 Charge voltage 6.5.4 Double protection is heeded for the PC itself or
overvoltage malfunctionsis subject vibration. 5 Annex B battery pack.
14 Battery pack whose protection function 2 Charge voltage 6.54 Double protection isneeded for the PC itself
against overvoltage malfunctionsisdropped 6 or battery pack.

and fallsto the ground.
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)

45 Battery pack whose protection function against 2 Charge voltage 6.5.4 Double protection is needed for the PC itself or
overvoltage malfunctions is stepped on. 7 battery pack.

46 Battery pack whose protection function against 2 Classify to abuse 8111
overvoltage malfunctionsis drilled or cut by 8
mistake during carpentry or other work.

47 Battery pack whose protection function against 2 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
overvoltage malfunctions becomes subject to 9 and current 6.10.3 battery pack.
ESD during its use. Annex B

48 Battery pack whose protection function 2 Protection circuit 6.5.4 Double protection isneeded for the PC itself
against overvoltage malfunctions becomes 10 voltage and current 7121 or battery pack.
subject to electrical surgesat the moment of 7122
powering up.

49 Battery pack whose protection function against 2 Protection circuit voltage | Immunity Double protection is needed for the battery
overvoltage malfunctions becomes subject to 11 and current 6.5.4 itself or battery pack.
high electric field radio transmitter at the Charge voltage 7121
moment of initiating charge. Charge current 7122

50 Battery pack whose protection function against 2 Protection circuit voltage | 6.5.4 Double protection is heeded for the PC itself or
overvoltage malfunctionsis exposed to low air 12 Annex B battery pack.
pressure (during air transport).

51 Battery pack whose protection function against 3 Protection circuit current 6.5.4 Double protection is needed for the PC itself or
overcurrent malfunctionsis subject to vibration 5 Annex B battery pack.
from outside.

52 Battery pack whose protection function against 3 Classify to abuse 8111
overcurrent malfunctionsfallsfrom thetop of a 6
building.

53 Battery pack whose protection function against 3 Protection circuit current 6.5.4 Double protection is needed for the PC itself or
overcurrent malfunctions is stepped on. 7 battery pack.
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
54 Battery pack whose protection function against 3 Classify to abuse 8111
overcurrent malfunctionsis drilled or cut 8
because it isjudged as waste by mistake.
55 Battery pack whose protection function against 3 Protection circuit voltage | 6.5.4 Double protection is heeded for the PC itself or
overcurrent malfunctions comesin contact 9 and current 6.10.3 battery pack.
with electrostatically charged persons or Annex B
objects.
56 Battery pack whose protection function 3 Protection circuit 6.5.4 Double protection isneeded for the PC itself
against overcurrent malfunctionsis subject 10 voltage and current Annex B or battery pack.
to large electrical surgesat the moment of
powering-up.
57 Battery pack whose protection function against 3 Protection circuit voltage | Immunity Double protection is heeded for the PC itself or
overcurrent malfunctions becomes subject to 11 and current 6.5.4 battery pack.
high electric field produced by aradio Annex B
transmitter or other equipment.
58 Battery pack whose protection function against 3 Protection circuit current 6.5.4 Double protection is heeded for the PC itself or
overcurrent malfunctions is transported by 12 Annex B battery pack.
airplane or other means under low air pressure.
59 Battery pack put into a washing machine by Protection circuit voltage | 6.11.5 Double protection is needed for the PC itself
mistake is washed with detergent. and current 8112 or battery pack.
Annex B
60 A PC getswet with rain or spilled drink and its PC motherboard trouble 6.2.1 Double protection is needed for the PC itself or
circuit is short-circuited. Circuit trouble 7.2.10 battery pack.
7.4
8112
61 A PC, which is dropped to the floor, gets wet 4 PC motherboard trouble 7.4 Double protection is needed for the PC itself or
with aspilled drink. 6 Circuit trouble 8112 battery pack.
Annex B
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
62 A PC, which got wet with rain or spilled drink, 4 PC motherboard trouble 7.4 Double protection is needed for the PC itself or
is dropped to the floor. 6 Circuit trouble 8112 battery pack.
Annex B
63 Battery pack, which received vibration, falls 5 Classify to abuse 8111
from top of building. 6
64 Battery pack, which received vibration, is 5 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
stepped on. 7 and current Annex B battery pack.
65 Battery pack, which received vibration, is cut 5 Classify to abuse 8111
or drilled because it is judged as waste by 8
mistake.
66 Battery pack, which received vibration, comes 5 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
to contact with electrostatically charged person 9 and current 6.10.3 battery pack.
or objects. Annex B
67 Battery pack, which received vibration, 5 Protection circuit voltage | 6.5.4 Double protection is heeded for the PC itself or
becomes subject to electrical surges at the 10 and current Annex B battery pack.
moment of startup.
68 Battery pack, which received vibration, 5 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
becomes subject to high electric field produced 11 and current Annex B battery pack.
by aradio transmitter or other equipment.
69 Battery pack, which received vibration, is 5 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
transported by airplane or other means under 12 and current Annex B battery pack.
low air pressure.
70 A PC isdropped to the floor and its circuit is Short circuit in circuit 6.7 Double protection is heeded for the PC itself or
broken (short-circuited). 732 battery pack.
8111
Annex B
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
71 A PC, which dropped to the floor, is charged 6 Charge voltage 6.9.2 Double protection is needed for the PC itself or
with a battery pack that iswrongly inserted. 2 Charge current 7.25.1 battery pack.
3 7254
732
8.1.1.8
Annex B
72 A PC, which dropped to the floor, is charged 6 Charge voltage 7121 Double protection is heeded for the PC itself or
by an unauthorized charger. 2 Charge current 7122 battery pack.
3 732
8112
Annex B
73 A PC, which fell to the floor, is short-circuited 6 Short-circuit withexternal | 6.7.1
by contact with a necklace or other metallic 3 object 6.7.2
objects. 6.7.3
6.74
732
8111
Annex B
74 PC dropsinto awater puddle. 6 PC motherboard trouble | 8.1.1.2 Double protection isneeded for the PC itself
4 Circuit trouble Annex B or battery pack.
75 Battery pack, which fell from the top of a 6 Classify to abuse 8111
building, receives heavy vibration during 5
transport.
76 Battery pack, which fell from top of building, 6 Classify to abuse 8111
iscut and drilled because it is judged as waste 8
by mistake.
7 Battery pack, which fell from top of building, 6 Classify to abuse 8111
comes to contact with electrostatically charged 9

person or objects.
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
78 Battery pack, which fell from top of building, 6 Classify to abuse 8111
isinserted and becomes subject to electrical 10
surges at the moment of startup.
79 Battery pack or PC, which fell from top of 6 Classify to abuse 8111
building, becomes subject to high electric field 11
produced by aradio transmitter or other
equipment.
80 Battery pack, which fell from top of building, 6 Classify to abuse 8111
becomes subject to low air pressure during air 12
or other transport.
81 Battery pack, which was subjected to high 7 Classify to abuse 8111
pressure from a heavy object, is cut and drilled 8
because it isjudged as waste by mistake.
82 Battery pack, which subjected to high pressure 7 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
from a heavy object, comesinto contact with 9 and current 6.10.3 battery pack.
electrostatically charged person or objects. Annex B
83 Battery pack, which subjected to high pressure 7 Protection circuit voltage | 6.5.4 Double protection is heeded for the PC itself or
from a heavy object, becomes subject to large 10 and current Annex B battery pack.
electrical surges at the moment of startup.
84 Battery pack, which was subjected to high 7 Protection circuit voltage | Immunity Double protection is needed for the PC itself or
pressure from a heavy object, becomes subject 11 and current 6.5.4 battery pack.
to high electric field produced by aradio
transmitter or other equipment.
85 Battery pack, which subjected to high pressure 7 Protection circuit voltage | 6.5.4 Double protection is needed for the PC itself or
from a heavy object, becomes subject to low 12 and current Annex B battery pack.
air pressure during air or other transport.
86 Battery pack is cut into because it isjudged as Classify to abuse 8111

waste by mistake.
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Table D.1—Double fault simulation study (continued)

Itemsto protect from

Use situation Factor Supposed fault hazards Proposed minimum requirements
(seereference)
87 Battery pack, which came into contact with 9 Charge voltage 6.5.4 Double protection is needed for the PC itself or
eectrostatically charged person and objects, 10 Charge current 7121 battery pack.
becomes subject to large el ectrical surges at the 7122
moment of startup. Annex B
88 PC or battery pack, which came into contact 9 Charge voltage Immunity Double protection is needed for the PC itself or
with electrostatically charged person and 1 Charge current 6.54 battery pack.
objects, becomes subject to high electric field
produced by aradio transmitter and other
equipment.
89 Battery pack, which came to contact with 9 Charge voltage 6.54 Double protection is needed for the PC itself or
electrostatically charged person and objects, 12 Charge current Annex B battery pack.
becomes subject to low air pressure during air
or other transport.
90 Battery pack, which received alarge current 10 Charge voltage Immunity Double protection is needed for the PC itself or
surge at the moment of electric supply 11 Charge current 6.5.4 battery pack.
connection or startup, becomes subject to high
eectricfield produced by aradio transmitter or
other equipment.
91 Battery pack, which received alarge current 10 Charge voltage 6.5.4 Double protection is needed for the PC itself or
surge at the moment of electric supply 12 Charge current Annex B battery pack.
connection or startup, becomes subject to low
air pressure during air or other transport.
92 Battery pack, which was exposed to high 11 Charge voltage 6.5.4 Double protection is heeded for the PC itself or
electric field produced by aradio transmitter or 12 Charge current6 Immunity battery pack.
other equipment, becomes subject to low air Annex B
pressure during air or other transport.
93 Battery pack is dried in a microwave oven. Abuse Classify to abuse 8111
8112
94 Battery pack isthrownin fire. Abuse Classify to abuse 8112
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Annex E

(informative)

Temperature environmental considerations

This annex includesinformation from a study on temperature range at various locationsin automobiles. This
information is provided to assist the user of this standard when temperature is included in design analyses;
thisannex isintended to be aresource for the user. This annex includes: temperature rise on each position in
the car in clear weather; maximum temperature at each position in the car for 8 h in desert conditions under

clear weather; and maximum temperature at each position in the car in Melbourne, Australia, when the
maximum temperature on the day the data was taken was 40 °C.

Study on temperature rise

Seat cushion
Package tray i Dashboard
Rear quarter pillar /

Rear seat back

5 Steering wheel
Roof head lining /=~ /

Temperature (°C)

10}

Front piliur

Dosr i Atmosphere/maximum temp: °38C

9 00 12 : 00 15 : 00
Time (Hours)

18 : 00

Figure E.1—Temperature rise on each position in the car under clear weather
(measured by Ford)

Reprinted with permission from the Society of Automotive Engineers of Japan, Inc.
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Study on temperature rise

Sun shade 102 80 74 All Temperatures in °C
104 ~ / \ (==,
\
\
7009 &
v =
/ \

Figure E.2—Maximum temperature at each position in the car for 8 h in desert
conditions under clear weather. Outside temperature was 52 °C (measured by Ford).

Reprinted with permission from the Society of Automotive Engineers of Japan, Inc.

Study on temperature rise

All Temperatures in °C

Dashboard maximum temp. in the car |
(place, atmosphere maximum temp.)
104 °C (desert, 52°C) -~ ' =
106 °C(Melbourne, 40°C) Dashboard ™ :
92 °C(New Guinea, 32°C) 106
92 °C(Sydney, 30°C) ‘
92 °C(Bangkok, 40°C)

Figure E.3—Maximum temperature at each position in the car in Melbourne. Maximum
outside temperature was 40 °C.

Reprinted with permission from the Society of Automotive Engineers of Japan, Inc.
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Annex F

(informative)
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