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1. Executive Summary

Lithium-ion battery safety has raised a large interest in the public in the recents. This battery technolodyas

been findingnew markets since the yea 2000 It is associated with thenarket development ofcordless
communication technologies and equipment such as cellular phones and portable compaees, tools and
more recently tabletsin Europeit is the preferred battery echnology fore-bikes, it is expected in the near
future to be widely usedn Plugln Hybrid andfull Electric hicles.

Thenumber of rechargeablathium-ion batteries used in cordless applications is well above one billion units per
yearand it is epected to grow in the miderm. Despite the high safety standards used in the production of
these batteries several incidents have been reportedising questions about the safety of this technology.

The aim of this document is to describe the risksoagted with this technology, and how thaye managedn
order to guaranteea safe use dithium-ion batteries The following conclusions are drawn from this study.

1. The safety protection is a fundamental fiction integrated in dithium-ion battery, minimizing he

occurrence of tie flammability hazardand its consequencdsy a combination of preventiomrotection

and mitigation systems

1 Prevention and protectiorincludes electronic protections, mechanical design and electric design
incorporating thenecessary redundancies to ensure the reliability of the sgiedyection: current
and voltage control, state of charge and temperature managedient

1 Mitigation systems reduce theonsequencesf defaults or abuse, e.gnternal shorts, tempertre
elevatin, excess current, mechanical damage, through the usage of safety vents, heat protection or
SO OdzZ GA2y &a@dadSyasz YSOKFYyAOFT LINRBGSOGA2YyaX

2. Product compliance with well established international or private standardalidate that the safety
protection is adafed to the intended useln addition, lithium-ion batteries have to be qualified for
transport accordingto a UN safety standard, requiring manufacturers to comply vBtifety Test
requirements anda Quality Management System.

3. The globalapproach to thehazard management has made tHghium-ion battery one of the safest
energy storage systemsillions of electrical and electronic equipments powered by these batteries are
used worldwide on a daily basis confirming that the safetjtlmfum-ion batteriesis well managed

4. The major hazard offered blithium-ion battery technologiess the evolution of dfire, as a result of
the flammability of the substances usadthe battery.

A large majority of incidents reported recently falitheir origin in the éllowing:

1 Nonrespect of UN provisions and packaging requirements prior to the transpébtioin-ion
batteries.

1 Cells assembly by neprofessionals for innovative applications.

1 Concentration ofithium-ion cells in norcontrolled storageconditions orareas.

Thelithium-ion battery Industryand RECHARGE arerking at various levels of International and National
Institutions to improve andyggarantee the safety dfthium-ion batteries during use and transport while this
battery technology is undergoirastrong market development.
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2. Introduction

A lithium-ion battery isan electrochemical deviceptimized to store andealease energyn the context of a
specific application All energy stoage system, whatever the system usedhave arisk of unexpected
environmental conditionsr defaultswhich couldcreatean accidentalor uncatrolled energy release.

Secific environmentalconditions are often usk to test and characterize thstability of the energy storage
system, defining the frontier between thacceptable conditions of use and the abusive conditidnscase of
accidental abusive conditions or defaults producing s@uiential hazardccurrence, mitigations measures can
be taken to avoid hazardous consequenddsing this information, productsan bedesigned to controtheir
safety with appropriate means both for the risk prevention andfor the consequences mitigatiorwhile
controllingany hazardousventduring normal usage.

Table 1below is describing some examples for different energy gfersystemsand the type of hazard they can
offer. It appears thatlithium-ion batteries have different belwéour compared to other batteryechnologies,
requiring the use obuitablerisk control andpotential hazardmitigation, specifically relative tohte sccalled
cthermal run-l ¢ | @&ssociated witha fire hazardThe aim of this document is to describe what are the risks
associated with this teatology, and how they are managed in order to guaraatsafe use ofithium-ion
batteries

Energy storage Potential hazard Hazard Prevention Potential hazard control

technology

Water storage (hydraulic Rupture, water flows Avoid corrosion and Managewater streams

systems, dams,..) mechanical rupture

Liquid fuels (gasoline, Fire, explosion Avoid sparks, flames Manage fire and fume

di esel , et han emissions

Lead acid and Alkaline Hydrogen gas release (mainly Avoid battery electrical Managegas flow release,

Rechargeable batteries in overcharge), explosion, abuse (e.g. voltage neutralize spillage of acid or
Acid and Alkali release control and protection) al kal i, é

Lithium -ion batteries Combustible gas release, Avoid heat or flames, Manage fire and fumes
corrosive electrolyte release, and battery electrical emissions, neutralize spillage
fire abuse. of elect rolyte.

TABLE 1. Examples of different energy storage systems andséaciated potentiahazard.
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3. Lithium-ion batteries key features

3.1.Market andApplications

The ithium-ion battery technologyis currently used i laige range of applicains, both on theconsumer
professionabind industriaimarkets.

PortableRechargeable

W Electronic degices such as mobile phonégptopsand tablets
W Cordless?ower Tools

E-Mobility

w ElectricBikes

w Plugin Hybrid Vehicles

w Electric Vehicles

Stationary

W Industiial Energy Powernt&ions

W Modular units for Grid Interface

w Supply of ancillary services to the electrical grid
Others

w Aeronautics

w Aerospace

w Militaryz al NRAy S= X

Rechargeabléthium-ion batteries are primarily useid market segments where their high enerayd
power density as well as their superior cycling abdity requested.

As shown in Figurg, prepared by AVICENNEg future demand fotithium-ion batteries will be sustained in
the portable market segment as well as in thenBbility area
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FIGUE 1. Evolution of the production follithium-ion batteries by application
(source: Christophe PILLOT. AVICENNE. 2012).
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Lithium+ion batteries arethe reference technology for plug and fultbattery electric vehicles (PHEVs and
BEVSs) of the coming yeaid/hile other types of batteries, including leadid and nickeinetal hydride (in

the first generation of the Toyota Prius hybrid) will continue to retain considerable market share in the short
term, lithium-ion batteries are expected to dominate the matkby 20L7. Compared with otherelevant
battery types, ithium-ion batteries have the highest energy densaty shown in Figure. Sigificant further
improvements tothe technology are expected in the coming yede® to ircreases in the cell performance

or via the battery engineering and design.

Whikg (element)
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150 - ti-Metal
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M
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/—

1 1 T 1
1970 1980 1990 2000 2010

FIGURE 2. Energy Density Range for various battery technologies.
(Source. DAIMLER 2011)

In the future, there will be alsbighdemand for these batteries in the energy storage sector.

Indeed, lithium-ion isalso a technology of choice for large renewable energy farms in which smoothing
functions are required along with ancillary services to the network (frequency regulation, primary power
regulation), as both these requirements place a high demand on theryatycling ability

3.2. Chemistry and technology

3.2.1. A wide range of batterychemistries

All lithium-ion technologies are based on the same principle: Lithisistored in the anode (or negative
electrode) and transported during the discharge the cathode (or positive electrode) vian organic
electrolyte. This principle is illustrated in Figuge

Themost popular materials argraphite for theanode and a metal oxide fonost of the cathodematerials.
The cathode material ibased on Nickelvlanganese and Cobattr made of iron phosphateAll of these
materials have gootithium insertion orintercalation properties, allowinthe storage ofa large amount of
electricalenergyunder a chemical form
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FIGURE 3. The basioperation principle d lithium-ion batteries.
(Source : Exponent 20).1

The selection of a battery technology depends on the application requiremerasdieg performance, life
and cost, with each battery type providing specific functionaliesillustration of the vagty of properties
offered bylithium-ion batteries is illustrated in TABREvhere the major components are detailed in a
comparative presentation with the various battery technologies.

Name LCO LNO NCA NMC LMO LFP LTO
Items Lithium Lithium Lithium Nickel Lihium Nickel, Lithium Lithium Lithium
Cobalt Nickel Cobalt Manganese  Manganese Iron Titanate
Oxide Oxide Aluminium Cobalt Oxide Spinel Phosphate
Oxide
Cathode  LiCoO2 LiNiO2 Li(Ni0,85C00,1 Li(Ni0,33Mn0,3 LiMn204 LiFePO4 e.g.: LMO,
Al0,05)02 3C00,33)02 N DX
Anode Graphite  Graphite Graphite Graphite Graphite Graphite  Li4Ti5012
Cell 3,7- 3,6V 3,65V 3,8-4,0V 4,0V 3,3V 2,3¢ 2,5V
voltage 3,9V
Energy  150mAh  150Wh/kg 130Wh/kg 170Wh/kg 120Wh/kg 130Wh/kg 85Wh/kg
density g
Power + o] + 0] + + ++
Safety - 0 o o} 1 s 1
Lifetime - 0 + o} 0 + +++
Cost -- T 0 o] 1 T 0]
TABLR. The major components dithium-ion batteries and their properties.

(Source: Daimler analysis, Nationale Plattform Eletromobilita®1Q.
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3.2.2. Thedifferent types of cellgeomdry.

Lithiunmion cells are manufactured in accordance with varityes of cell format and geometriesSome of
them are illustrated in Figure 4.a. and 4.b.

Positive Cap._ Vent 'c"m ! terrant Do E:T:él‘ Sealing Plate
- or -
urren‘ | nterrupt Device Negatiye Ierllll'ld\. Gas Relealse Yent et Insulation Pate
PTC —~ '{P,::m" Gasket . ||| Yy T
Device ! _ _ Separator ~ | A Spacer
P — 7 Sealing Cap —__
Gasket~ ! — : ! __~Separator
- i, o 7
1T V Inlet —— Iy
-~ Positive
/ Electrode
Insulator o . Positive
\ " Electrode
A | Negative
\ T Electrode
Casin, ' )
- _ Negative
~1" Electrode
- Negative Case - |
" 1ab {Positive Polarity) |

FIGURE 4. Various type of cell formatscylindrical and prismatidithium-ion battery

As ilustrated in Figure 4ahard case cylindrical or prismatiells are producedthese cells are generally
made of an uminium can with lasewelded or crimped cover. They contain liquid electrolyte.

Soft case or « pouch cellsare also produced as shovim Figure 4b. Aiese cells are usirg thin aluminized
plasticbag, glued with different type of polymers for the tightness. In general, they coatgil or polymer
electrolyte whichustifies the qualification oflithium-i2 y  LJ2 tbattahs NE

Anode lab
Cathode tab
Top insulator
Cathode
Anode
Al laminate film

FIGURE 4b. Various type of cell formatsThepouchcell of a ithium-ion Polymer battery
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The cells are assembled to fotmattery packs and batteries, embedded in hard casing @lietro-technical

and electronic management systems (BMS). fiied battery assemblygeometry and weight) and voltage is
dependet of the cell typeused and of their electrical assembly (series or parallel). The relation between
battery weight and Voltage is illustrated in Figure 5 for several applications.

Typical Li-ion Batteries Voltage and Weight

0,1 1 10 100
Weight ( Kg)

Source : Rechge

FIGURB. Evolution of the weight of the battery with the voltage of the application
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4 Lithium-ion battery hazards

Safety assessmendf a Lithiumion battery requires thedefinition of the types of hazardsthey can offey
their occurrence probaibity and their consequencasithin the application.

4.1. The types of hazards.

As for any battery system the Lithiuntion technology associates electrical risks and chemical risks.
Depending on the environmentaltress conditions, they can eventually eate more or less dangerous
consequences, called thpotential hazard.

The potentiahazardscan be classified dselow:

The Chemical hazard

The Electrical hazard

Cumulative Electrical and Chemical hazards.
High voltage (over 60-BC)hazard

Hazards da to loss of a function of the battery

=a =4 -8 -8 9

4.1.1.Thechemical hazard.

The substances contained inside the battery may present some chemicals risks. Although the battery is &
article with no intendedrelease of thesubstance during normal conditions of asthe case of accidental
exposure has to be considereih particular therupture of casingdue to mechanical damage internal
LINB & & dzZNB = R S ¥ I truzfollowing dazardmayibi dbdervadd Y S

0 Spillagehazard linked to theorrosive and flammiale propertiesof the electrolyte
0 Gas Emissioiazard linked to thélammable properties ofolatile organicsubstances

The chemical risks associated with the direct exposure to the substances contained in the battery ar
exposed in the safety data skieof the substances. Ast of them is provided as an Annex ttte Battery
Information Factsheeprepared by RECHARGE (REF.1)

4.1.2. The Electrical Hazard.

Another type of lazardobserved with all batteries iinked to theElectrical Energgontent (according to the
State of Charge

Thecurrent flow through the batteryin a conductive path is creating hedlis is known as the Joule effect
The heat generated by theslectric current duringcharge /discharggrocesseds managed by a thermal
managemat system.

In addition the battery has to be protectedgainsthigh electrical currents and short circuits(internal,
external or created by mechanical damagegpending on the battery design, the heat created by these high
currents may exceed the globadttery cooling efficiency or create a local hot spot.

The state of chargeeeds to be controlled.hle overcharge and over discharge genenatevanted reactions
which are more exdtermic than the normal one.hBy accelerate the temperature increase oetbattery.

In addition overcharge creates more chemical instability of some materials. This is the reason why electroni
protection, generally based on voltage thresholdsiecessary foLithiumion batteries.

10
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4.1.3 Cumulative efects (Chemical ané&lectrical).

In the case oknergy storagesystems like batterieghere is a potential cumulative effect dfie chemical
and the electrical hazasd In some specific circumstanciédeadsii KS a2 OF f { -B BRI &ndaleS NI
of a shortcircuit, the Jale effect will increase the cell temperature to the point where the organic solvent
leavesthe cell via the vent. At thidrhe any hot spot may induce a&d. The possibleconsequences of this
cumulative effect are the following.
o Fire
o Toxicorharmfulgda SYA&d&aA2YyY /hX 2NHIFIYAO St SOGNRTE &
o0 Ejection of parts
The root causes of the thermal rtaway are described in the parag 4.2.

4.1.4.High voltage (over 66/-DC)

Large industrial or electric mobility batteri@gich arepresenting a high voltageffer an additional hazard.
Occupational Health recommendatioriix a threshold at 60V for the electrical hazard edquipment in
general and batteries in particuldn this case, théattery insulation loss may representdirect dangerto
humans due @ exposue to high voltage or high currenthe usage otithiumion batteries assembled to
offer high voltage (over 60 )Vhas to respect the applicable egltrical protection standards €tminals
protection, insulation faultgontrol to avoidexposure todangerousbattery voltage  S.0 O X 0

4.1.5 Loss obne (or more)of the battery servicefunctions.

In many applications of industrial or mobility batteries, the control of the application relies on the battery
power. A sudden loss of such a service function dug battery failure can create a danger to the user. This
hazard has to be analyzé@urelation to each applicatian

4.2. Root causesf athermal run-away.

It is impatant to understand the root causes of tipotential hazard in orderto define a spedic and
reliable risk management.

4.2.1. A materials issue.

Theroot cause of thehermal runawayis linked to the properties of the substances usethe battery.
Indeed,Lithiumion batteries contairseveal components which camnder specifi condiionsreactand
generate heat or flames.

As shown in dble3 below, the components used inlathium-ion cell are completely stable up 89°C At
higher temperatures, th@assivation layer calleSEI Solid;Electrolyte Interface athin layer of carbnated
compoundgpassivatinghe surface of the graphite negative electrogiegarts a progressive dissolution in
the electrolyte becomingsignificant at 126130°C Due to this mechanism, the electrolyte further resct
with the leastprotectedsurface ofgraphite, generating some heat.

11
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Temp (°C) Reaction identified Energy (J/9) Comment
120-130 Passivation layer 200-350 Passive layer breaks
Solubilisation starts below 100°C
130-140 PE separator melts -90 Endothermic
160-170 PP separator melts -190 Endothermic
200 Solvents-LiPFg 300 Slow kinetic
240-250 LiCg + binder 300-500
240-250 LiCg + electrolyte 1000-1500
200-230 Positive material decomposition 1000 0, emission reacts with solvents

Values measured with differential scanning calorimetry on electrodes, may be partially
representative of the reactions in the cell

TABLE 3. Thermal stability d components used in a Lithiudon battery.
(SOURCE: Spft

Depending on the choice of components, tleactionsonset temperature and the total energf possible
reactions can chargg A wellknown examplas the selectiorof the positive active materiaimaerials such as
Lithium Nickebxide or Lithium Cobalt oxide can decompose at high temperature and generate heat, while
on the contrary Lithium Iron phosphateill not.

In additin, the energyof a givenreactionmay vary with thestate of charge: for example,discharged
graphitenegativeelectrode will notreactwith the electrolyte

4.2.1. The Thermal Rdaway mechanism.
The consequences dfi¢ heat evolution depenslon the environmentof the cells

Whenthe cells are in an environmenthere heatcan be evacuated, the reactismlescribed in § 4.2. Will
stabilizeand cells will progressively cool dowfhis corresponds for example to batteries with cooling
systems, or smhbatteries evacuating the heat through their extergaking

In contrast, wherthe heat cannot be evacuateduych has in a confined environment, or even vepis a
heatedenvironment) the battery temperature will increase, and will reaglstatuswhere new reactions can
start, generating even more heat.

¢CKAa YSOKFYAAY Aa&- @ feté IR ibdll i 5IGRIQEBODIB| Xl efrate Abtiays
involving the separair, electrolyte and positive coulde ignited with the temperature increase:
consequently, the heating rate accelerates from less than a 1°C/minute to more than 100°Gp&r. mi

12
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Asexplained above, the environmental reason creating the conditions of a thermalwary carbe the
heat: this is the reason whyis recommended to protedtihium-ion ion batteries from any heaources.

The consequences tie thermal runawayare described in thenext (hapter4.3.

4.3. Hazardeffects/consequences.

4.3.1.Gasemission during thermal ruraway

During the ruraway,severalreactions occursimultaneously. Their capletion will depend on many
factors:
The heat and components generated by the competitive reactions

(0]

O OO Oo0Oo

Consequently, the information provided below on th@nsequences of a thermain-away must be taken

The state of charge,
The size of the cells

The design of the cells (choice of the substances, efficiency of the protection centppatc..)

The environment of the cellS(F TA OA Sy 0@

Others.

27

0KS 022fAy3

¥ oW

aeai

S

asgeneral information. Eacimdlividual battery manufactureshouldsupply more accurate information on
the consequences of a thermal ranway on its own battery systems.

Themainconsegiences of the ruraway are the emission of heat andsyvhichis flammable.The design of
the cellsand batteries generally integtes protections (like ventsh iorder to releaseas withoutcreating a

risk of burstingthe cells or batteriesnlthe same way, noflammable plastics arasedto avoid additional
contribution o the plastic combustioto the heatgenerated.In TABLH, a list of gasesmitted during the

thermalrun-awayis supplied with indicationsfaheir relative concentration.

13
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Molecule Concentration (%)

co #40

H, #30

€O, #20
Methane 7
Ethylene 3
Ethane 1
Propylene 1
C4s and others <1

Including HF #0,3

TABLE. list of gasesubstancesemitted during thethermal runraway d a Lithiuntion battery
(SOURCEsaff)

Theemitted gas contain€arbon Monoxide (COJarbon Dioxide (CO2) and Hydrogen (H2) as wathess
of Hydrayen Fluoride (HF).

4.3.2.Gascombustion

Depending on the gaamission temperature and the ccextt conditions with air, the gas can sighite in air,
adding the thermal energy of tbadditionalcombustionprocesgo the thermal runaway.

Thegasselfignition andcombustion willbe avoided when,
1 thetemperature of the exhausgasremainsbelow 350 to 400°C
1 the gasor the ambient atmosphere arsufficientlydiluted with an inert atmospherén order to
reduce theOxygen/Hydrogen ratibelowthe combudible mix limit of 4%.

On the contrary, the @s combustion will happen when
A the gastemperature is over 350 to 400°C whércomes in contact with air
A Thegas temperature is lowebutthe combustion starts due to an ignition presene of air (by
another flame,a sparkor a hot point).

In case of combustion in air, tlenitted gas mayave the compositiomletailed in Table 5, below.

Molecule Concentration (%)
N2 (' min) #65
CcO #3
Co, #27
Other combustion
: #5
residues
Including HF 10-100 ppm

TABLE Sndicative composition of gases emittedutling the self-ignition of components of a Lithiumion battery
(SOURCSaf)

14
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4.3.3. He&generation during thermal ruraway

Concerning the heat generatiptihhe parameters used to characterizeet severity of the event are the total
heat release (in megadoules/kilogram of battery, MJ/kg) and the Heat Release Rate (HRR, in mega
Joues/battery surface unit, MJ/m2).

In case of ruraway, thetotal heat release will depenaf the reaction complewn. In order to provide some
guantitative information, the data presentduaklow corresponds to the worst casgenario which includes
gas combustion These data have been measu@tLithium-ion batteriesby several InstitutionsiNERIS,
SandiaNationalLaboratory, Tiax andaft( REFERENCE 2,3,4 andd&ording to these studietarge
variations can be observatkpending orthe celldesignand other parameters such asmpositionof the
electrodestype ofcat A Yy 3T LI | & (i /addhe ©DingorBlifodss = S G OX

In FIGURE, a comparison is supplied betwedmetheat release from a Lithision Battery and other
combustible materialsThe analysis of this FIGURE confirms thanthximum heat release ratis very
comparablebetween a Lithiurdon batteryand gasolinavhile thetotal heat releaseds much lowefor the
battery. This igparticularlyillustrated in Figure 8 where the total combustion energy per unit battery (kg) is
compared with the same parameter for gasoline.

Combustion energy (MJ/Kg)

< 0.1 1 10 100 = Li Batt 0% SOC
E 10 L 1 1
g O LiBatt 50% SO
o 7 — Li Batt 100%
o . soc
@ ® Plastic PP
@
2 0,1 — Plastic PE
[vd
§ Paper

0,01 —

FIGURE. Correlation betweenthe heat release rate and the combustion enerfyr various naterials
including the Lithiumion battery. (SOURCE: Rechaxge

Combustion Energy in KJ per Kg

| | |
= . l
Li-ion H S

0 500 1000 1500 2000 2500
KJ/Kg

m Positive/electrolyte reaction m négative/electrolyte reaction m Combustion reactions

15
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Combustion energy in KJ per Kg

Gazoline

s RN

Kj/Kg

m Positive/electrolyte reaction m négative/electrolyte reactionm Combustion reactions

FIGURE.&omparison betweerthe combustion energyf components of d.ithium-ion battery and
gasoline.(SOURCERechargg

Thistype ofinformationisvery useful to size the protections for mitigation of the faway consequences.
In the same way, the knowledge of the risk of fire asdociated fumes allovibe appropriate measures to

be taken tomanage the corequences without creatingn uncontrolled event This part is described in the
paragraph 5 .

16
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5. Lithium-ion battery safety management

5.1 Safety management approach

Potential hazards may not represent the samigk for the user, depending on the apphtion for example,
fumes emissioamay beconsideredasvery dangeous in confined areasO I NE K 2 dza 8diim S O X (
remote open spacegsolar farms for example).

As illustrated in FIGURE 9 bel&tep lof the safety management approadharts wth an analysis of the

oFGGSNE FdzyOliAzyax

FYR GKSANI AYGSNI OlAazya

Iy I f @nddAkalE] F NR A R Atyhis atagd, Blinterdd@l 16 £over all the aspects die lifecydle:
Desigrand qualifiation, Manufacturing Transport Useand End of Life It results in a list opotential
hazard for a given application, and the associated Safety Integration Levell{&lgpproach is coherent

with the existing standard IEC 61508: "Functional safeslextrical/electronic/programmable etgronic

safetyrelated systems'ln addition, the potentiafailure modeneeds to be anticipatedSgep 3.

The safety management will then consists in designing the product and the application in order to:

A: Prevent the potential hazards (Step 3Y

setting up protections against theifare risks and/or the enviranent stressing condition: thprevention

measures.

B: Minimize thepotential hazardandits consequence$Step 4: this phase is called théhazardO2 y (i NB f £

KA A&

LIK | &H8zardl sourd® kohtfhl® EonsistfoS

Concerning the battery systenhéd eventconsequencesan be minimized throughitigation:

1 reduce sensitivity
9 reduce reaction
9 break reaction chain

Limiting consequences dhe potential hazardon the environment is also an important avenue: this has to

be developed in aordination with the application, in order to set efficieptotection measures.
The global approach iesumed on the following scheme:

1-ldentification of
the hazard

Identification of the
root causes

2- Identification of
the failure mode

hazard:

4- Set protections against

MITIGATION/PROTECTION

3- set protections against
hazard development :
PREVENTION

FIGURE 9. Schematic appch to Hazard identification and remediation.
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5.2. Safetystandards

EUCAR has developed a scale to define a level of danger for automotive applications. It is now widely use
as it helps describing the type pbtential hazardobserved with a_ithiumion battery. The various hazard
levels defined by EUCAR are described in the next Table.

TABLE. Various hazard levels defined by EUCAR for the use of a battery in an Electric Vehicle.

InTable6f SPSEt n A& 2F4GSy 02y dhk bBaBeNPoRrticllaily i thecaddmsdtSee o6 S K
application. Nevertheless, it should not be used as a general scasézaids foother types of applications.

In general, lbhere is a relationship between the level of evemeated by a battery and the sevigriof the
environmental conditions Logically, there is a threshold in all type of stresses (mechanical, thermal,
electrical) above which the battery start reacting.

In order to specify the level and nature of stress, as well as the expected consequartasge numbeof
standards have been created eithay international organism like UNEC or ISO or Ipyivate organizations.

These standards are based tmo majortypes of tests

- Some have as objective to tetbie batteryQ @bustness limitsthey focus on the nature and intensity of
stress possibly creating a potential hazard oritniumion battery. By example, the temperature
resistance test is often specified at 13@6Q50°C, with exposure timder 10 to 60 Minutes, because it
is close to the limit where tleseexposureconditionsmay ignite the battery. These tests are often called
Gl 0odza s (GSal

- Other testshave the objective to validate the compatibility of the battery robustness with the
application environment. Their focus is the tedtthe application stress on the battery: for example,
vibrations tests simulating the expected vibrations during use in an automotive application.
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