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R 3 Battery technologies
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o Li-ion batteries for which application ?

Small electronic
(UN 3481-3091)
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e d Li-ion batteries for which application ?
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Ty Li-ion batteries for which application ?
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Stationary Storage (UN 3536 “LITHIUM BATTERIES INSTALLED IN CARGO TRANSPORT UNIT”)
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e INESH \Why are we here today ?

> Li-ion Batteries are generally safe but can produce dangerous reaction
when expose to external abuse :

« Misused @;
 Expose to high temperature @
« Short circuit N @CO ‘(@

Particles
(Co, Ni, Mn, Li, F, Al...)

» Drop/crush
\\// @, \\
> Reaction can be extremely violent
and produce specific effects
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Joshua Acosta/Pepe’s Towing Service

tteries burn, explode after

overturns in San Pedro (youtube.com
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INCENDIE AU PORT DE MONTREAL D RECTE
15 000 KILOS DE BATTERIES AU LITHIUM EN FEU

Des batteries au lithium prennent feu dans le port de Montréal
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d How does a Li-ion battery works ?
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Overcharge,

Overdischarge Thermal
- : Runaway

: External short
Increased

circuit Gas
/ Temperature ..
emission

Opened cell
Increased

Heating '» e Fire

Internal short - De:ect ce”é
circuit not opene

Current transport regulation make sure that
cell safe limit is not exceeded during normal
transport condition through 38.3 tests
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Tests

J UN 38.3 test series

Rechargeable cells and batteries

T.1 T.2 T3 T4 | TS5 | T.6 T.7* | T.8 Sum?
Cells not first cycle. 50 % charged state 5
transported 25th cycle. 50 % charged state 5 30
separately from first cycle. fully discharged state 10
a battery
25th cvele, fully discharged state 10
first cycle. fully charged state 5
25th eycle. fully charged state 5
Test
Cells first cycle. 50 % charged state 5 40 _ C ontent
25th cycle. 50 % charged state 5 5 Eries -
first cycle, fully discharged state 10 T -1 A“‘Itu'd e
25th cycle_fully discharged state 10 S In‘tLIi ation
first cycle. fully charged state 5 4
25th cycle. fully charged state 5 T' 2 'Th grm al TE $t
e call first cycle. 50 % charged state S
g = 5
b::tg;i:; 25th cyele. 50 % charged state 5 48 T- 3 Vlb rah on
25th cycle. fully charged state 4
first cycle, fully discharged state 10 T,4 S h oc k
25th cyele, fully discharged state 10
. first cycle. fully charged state 4 4 T 5 EKT&I’I"I al E hﬁ rt
Small batteries 16 - - -
25th cycle. fully charged state 4 4 IC Ire ’:..IIT
Large batteries first cycle. fully charged state 2 2 8 T.ﬁ |ITI Pa ¢HC rus h
25th cvele_fully charged state 2 2 Te s,t
Batteries
assenbled T.7 [|Overcharge
with tested
b S fully charged state 1 1 2
atteries S——
! <6200 Whor
e | <5000 Li L Dischar
' Batteries
assembled
with tested o
batteries
= 6200 Whor
or =500 g Li®
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i d T1: Altitude simulation
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> Test conditions : storage at a pressure of 11.6 kPa or

less for at least six hours at ambient température

> Test criteria : Cells and batteries meet this

requirement if there is

no leakage,

no venting,

no disassembly,

no rupture,

no fire,

the open circuit voltage of the cell
after testing is not less than 90 % of its
initial voltage.
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ﬁfi‘*%*%"s‘ 4 T2 : Thermal test

N > Test conditions : six hours at 72 + 2 °C, followed
by six hours at - 40 + 2 °C. Max 30 minutes
between test temperature extremes. Repeated
10 times.

L= > Test criteria: Cells and batteries meet this

| JD o1 requirement if there is
\ * no leakage,

: * noventing,
b * no disassembly,

e * no rupture,
~3 « no fire,
N « the OCV of the cell after testing is not

less than 90 % of its initial voltage.

o
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s.s:a%,:%% LSS Overheat & Thermal runaway of a group of 6 Na-ion cells
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?é:%%‘k%”f 3 T3-4 : vibration and shock test

> Test conditions (vibration) : Cells and batteries are
firmly secured to the platform. The vibration shall be
a sinusoidal waveform with a logarithmic sweep
between 7 Hz and 200 Hz and back to 7 Hz traversed
in 15 minutes. Repeated 12 times.

» Test conditions (shock) : Each cell shall be subjected
to a half-sine shock of peak acceleration of 150 g.and
pulse duration of 6 milliseconds.

» Test criteria: Cells and batteries meet this
requirement if there is
* no leakage, no rupture,
* noventing, * no fire,
* no disassembly, OCV not less than 90 %
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d T5 : External short circuit test

» Test conditions : The cell at 57 + 4 °C
shall be subjected to short circuit
with an external resistance of less
than 01 ohm.

> Test criteria : Cells meet this requirement if
« their external temperature inf to 170 °C
* no disassembly,

* no rupture

* no fire.

|

sinoy g 1oy
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J T6 : Impact/crush test

» Test conditions : A bar of diameter 15.8 mm,
and length at least 6 cm long (or the longest
dimension of the cell), is to be placed across
the center of the sample. A 91 kg + 01kg mass
is dropped from a height of 61+ 2.5 ¢

> Test criteria: Cells meet this requirement if
» their external temperature 7
inf to 170 °C
 no disassembly - for 6 hours

* no fire during
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¥ T7-8 : Overcharge and overdischarge test

Y > Test conditions (overcharge) : The charge current
shall be twice the manufacturer's recommended
maximum continuous charge current. The minimum
voltage of the test shall be as follows:

> Test conditions (overdischarge) : Each cell shall be
forced discharged at ambient temperature by
connecting it in series with a 12V D.C. power supply
at an initial current equal to the maximum discharge
current specified by the manufacturer.

> Test criteria : Cells meet this requirement if

* no disassembly
* no fire during for 7 days
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s | Overcharge of a pouch cell
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?Ei‘ﬁ%‘*%"f 3 Limits of the current regulation
» One size fits all
» State of charge is not taken into account
> Internal short circuit is not really taken into account (except for the quality
control obligation)
> Propagation properties are not considered

30% SOC

Cell Failure Thermal Runaway Propagation

New regulation approach will take this into account
as well as other critical hazard (Fire, gas generation)
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= MMSEN Propagation of the thermal runaway
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Hazard based classification scheme

Test set up

Cells and batteries classification

Propagation test
Crieria: until 375°C, no

Thermal fzntrs 2y
NO rea((‘i"un’? Ye
Propagation test =———————"Voltag=i#) — Vottage (s)
Crieria: 4th cell reaction|
Pr ion test Propagation
Crieria: flame or No hazard?? Yes

flammable gaz
composition analysis)

Gaz Volume test
Crieria: 0,25 Land 25 L

Gaz volume =

hazard? | Thermocougles | |
<0.25L >251L1 ‘ | T ‘ |
L

Temperature <25L
hazard? . Side View Top View
Propagation test
[Crieria: 1rst cell increase|
over 150°

Temp. Hazard 1
cell
<24 L

No

MediumTemp.
Hazard, 1 cell

over 150°C flammable and

toxic gaz
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et NSNS Thermal propagation in a pouch cell module
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Various type of batteries are transported (Ni-Cd, lead-acid, NiMH, Li-ion, Li-
metal, Na-ion...)

Li-ion batteries are generally safe

In abusive condition or because of poor quality LIB can produce dangerous
reactions

Current UN regulations ensure LIB transport safety through a series of tests
Current regulation is “one size fits all”

Future regulation will discriminate batteries according to they hazard (eg:
propagation, fire, flammable gas)

Future regulation will allow to consider State Of Charge in transport
condition
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