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Myths or facts?
=Are lithium batteries safe?

"A Tesla burns one time per 330 million driven
kilometers”

-U.S. Department of Transportation

. The average of a car fire in USA is one time per 30
million kilometers

. A total of 60 EV fires was recorded in Norway

. during three years time and 250 000 EVs are
. Afirein afossile driven car is 5-10 times more

HYbrId 3 575 common thanin an EV.
. Video
Gas 1530 https:/www.youtube.com/watch?v=8HZ7gh_t46w

&ab _channel=Titlovi
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https://risecloud-my.sharepoint.com/personal/andreas_anderson_ri_se/Documents/AndreasAn OneDrive C/Uppdrag2022/SEES föreläsning batterisäkerhet/Electric scooter burned in fire Croatia Zagreb (2).mp4
https://www.youtube.com/watch?v=8HZ7qh_t46w&ab_channel=Titlovi

Nomenclature

. Battery cell

Copper Anode
Carbon (anode)
i i min. 94 Ah . 4
Nominal Capacity ave. 95.6 Ah < SEI-Iayer
Nominal Volt 3.68V
Soe S ] Elektrolyte w separator
Energy (ave.) 350 Wh
I L
Voltage (max. charge) 415V Lithium (catode)
55 at 25 °C, SOC 90% 1546 W Aluminium Catode
Discharge | 30Sat 25 °C, SOC 90% 102w
power (ave.) | 30s at 25 °C, SOC 20% 966 W
30s at -25 °C, SOC20%. 155 W
Dimension (L x W x H, mm) 173 x 125 x 45
< max. 2.06 kg
Welght ave. 2.01 kg

. SoC, State of Charge
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Nomenclature

Cell - Module - Pack

Each cell carries approximately 4 volt

The configuration of cells in series and parallell is presented as:
-Module 851P (eight cells in series)
-Pack of 8 modules in series 1P1258S

For a typical car battery ~96 cells in series will carry near 400 V
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BMS - Battery Management System

Nomenclature

Is needed due to the lithium cells being unable to equalize charge and for safety

Manages for each cell:

Max voltage (overcharge)
Min voltage (over discharge)
Temperature

Discharge current

Fault detection

Battery package

Bl e

Battery package

Blom |y

Battery package |-

| e

Battery package

A

BMS
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Nomenclature

Cost

e Lithium batteries are all the same, aren't they? -No !

Lithium - Cobalt - Oxide (LiCoO ,)
Lithium - Manganese - Oxide (LiMn, O ,)

Lithium - Iron - Phosphate (LiFePO4) - A
Nickel - Manganese - Cobalt (LiNixMnyCozO2)
Nickel - Cobalt - Aluminium (LiNiCoAIO2)
Lithium titanate (Li4Ti5012)
And at least 90 more... _— -
pr, o, B . AR
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Nomenclature

*  Thermal runaway
— Astate at which the battery chemistry starts to "decompose”
— Duringthis event the released energy creates heat that further increase the
temperature and intensifies the reaction
— This might lead to propagation to neighbouring cells {\

Increased reaction rate Exotermic

Decomposition Heat release reaction
temperature Joule/gram
°C
NMC 210 600 Heat
LFP 270 200
NCA 150 940

Excessive heat

R
S



Electrical risks

. Electric shock, >60 VDC (>42 VAC)
. Arcs may cause radiation burns to skin and eyes
. Short cirquits may cause direct burns

. Secondary effects such as fire and molten
debris

. Equipment sensitive to over voltage
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Electrical risks

The employers responsibility when working with electricity

"Arbetsgivaren har det yttersta ansvaret fér arbetsmiljén. Dérfor har de ocksd
ansvar for att arbete dar det finns risk for elektrisk fara kan bedrivas sékert.
Enligt arbetsmiljolagen ska arbetsgivaren gora allt som behdvs for att
arbetstagaren inte ska utsdttas for olycksfall eller ohdlsa.”

https://www.av.se/produktion-industri-och-logistik/elsakerhet/

The main difference from working with "ordinary” electronics is that the batteries
always carries energy !

-Therefore we need to think different.
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Electrical risks

Checklista om elsdkerhet for arbetsgivare

Kontrollfradgor som du som arbetsgivare behover kunna besvara innan ett arbete dar det
finns risk for elektrisk fara kan paborjas.

. Har du sakerstallt att den som ska utfora arbetet har tillracklig kunskap for det
aktuella arbetet? Detta med avseende pa saval anlaggningens status, typ av elektrisk
utrustning och egen utbildningsniva for uppdraget.

. Har du sakerstallt att den som utfor arbetet har fatt ta del av relevant dokumentation
om anlaggningen eller den elektriska utrustningen?

. Har du sakerstallt att det utforts en elsakerhetsplanering infor arbetet?

. Finns det tydliga sékerhetsanvisningar for hur arbetet ska genomféras?

. Foreligger det nagra sprakliga problem med att inhamta tillracklig kunskap om

anlaggningen?

. Har du sakerstallt att kommunikationen mellan den/de som utfor arbetet och den
som har utsetts att svara for arbetets sakerhet fungerar val?

. Har du sakerstallt att det finns tydliga rutiner for frankoppling, som ocksa innebar att
anlaggningen forblir frankopplad?

. Har du sakerstallt att det finns tydliga rutiner kring spanningsprovning infor att ett
arbete ska paborjas?

. Har du sakerstallt att det finns rutiner som innebar att den som utfér arbetet inte kan
komma i kontakt med angransande spanningssatta anlaggningsdelar? Det kan till
exempel vara stallverk vid sidan om eller utrustning inom naromradet som kommer
att vara spanningssatt under arbetet.

https://www.av.se/produktion-industri-och-logistik/elsakerhet/
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Chemical risks

*  Toxicity
— Consult the datasheet for guidance
— Tested cells might leak electrolyte

— Waste water from fire extinguishing is not allowed to be
drained and needs to be collected

— Gases emitted at thermal runaway

G| Concentation) | Hasd

Carbon Dioxide (CO2) ~30 Asphixyant
Hydrogen (H3) ~30 Flammable
Carbon Monoxide (CO) ~20-25 Flammable, Toxic
Methane 5-8 Flammable
Ethylene 3-8 Flammable
Ethane 1-3 Flammable
Propylene 1-3 Flammable

C4s and others <1 Flammable

HF 0.3 Corrosive, Toxic
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Chemical risks

 Hydrogen Fluoride, HF

Cells typically contains lithium hexafluorophosphate (LiPF6)
At thermal runaway this will release Hydrogen Fluoride, HF

HF is extremely reactant, however this property also act to
neutralize the gas relatively quickly

HF reacts with water and forms hydroflouric acid

Skin contact (due to water from moist skin) is poisonous, the
symptoms are not emediately imminent, and the state cares for
medical assistance and is treated with calcium

As the gas is extremely irritant, it is in reality not possible to
inhale in order to cause severe effects
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Fire/explosion risks

Hydrogen, H,
— Flamable and explosive in concentrations from 4 to 75%

— LEL - Lower Explosion Limit UEL - Upper Explosion Limit

LEL/UEL

0 0 20 30 40 50 60 70 80 90 100

HYDROGEN

ACETONE

BENZENE

ETHYLENE

AMMONIA

METHANE

FP3-21
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Potential failures

Internal cell failures

Copper Anode
Carbon (anode)
S ¥ < SEl-layer
| -
Elektrolyte w separator
Lithium (catode)
Aluminium Catode
Misalignement Crush Penetration Flaw/particle
Dendrite Cu breakdown SEl decomposition  Lithium plating
(overcharge)  (overdischarge) (Over heat) (Cold operation)

External failures

-Structural damages, resonances, crash, leading to secondary failures
-Fatigue, mechanical and thermal

-Fire

-Corrosion

-1oT, software malfunction or terror attacks

2
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Regulations and legislations -some hignhiights

. UN 38.3 adresses transportation testing for lithium cells and batteries

— Themain procedures and severities are found in similar standards

. ECE R100 adresses lithium batteries installed in 4-wheel electric vehicles for the
transport of persons and/or goods

For testing also consider:

. National regulations, example MSB

. Local regulations, polutions in air and/or water
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Altitude (km)
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UN 38.3 T1 - Altitude

. The test cells and batteries shall be stored at a
— e pressure of 11.6 kPa or less for at least six
33°|l:,2a (;g:e;_ 1kPa) — hours at ambient temperature (20 +5°C)

. No function monitoring

. Low risk test

0

|
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Atmospheric pressure (kPa)
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nnnanannnn UN 38.3 T2 - Temp cycling

s +  Thetest cells and batteries shall be subjected
oo ( to thermal cycling between -40 and +72°C
m . The aim is to qualify battery seals and internal

------

connections by rapid temperature change

. No function monitoring

. Low risk test, leakage and internal breakage
might occur
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UN 38.3 T3 - Vibration

Sine Control channel
Sine X-axis

. The test cells and batteries shall be subjected
to sinusodial vibrations between 7 and 200 Hz

Ial

. The aim is to qualify the battery mechanical
integrity

-- Testing time
1.5 elapsed:
remaining:

. Monitoring of several parameters

Date:
Time:

s . High risk test, leakage, structural and internal
breakage might occur
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UN 38.3 T4 - Shock

. The test cells and batteries shall be subjected
to a half sine shock pulse of up to 50 g for large
batteries and 150 g for small batteries

. The aim is to qualify the battery mechanical
integrity

. Monitoring of several parameters

. High risk test, leakage, structural and internal
breakage might occur
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UN 38.3 T5 - Short cirquit

Battery heated to 57°C
Short cirquit (less than 0.1 Ohm) for 6h
Max 170°C, no fire, no explosion

Fuse, current limiting, venting mechanisms are
allowed

Hazardous outcome are expected
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UN 38.3 Té6 - Crush test

Crush test caninitiate internal short cirquits

Max 170°C, no fire, no explosion, no
disassembly for 6h

Hazardous outcome should be expected
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UN 38.3 T7 - Overcharge

Overcharge with 200% current during 24 hto
-2 times voltage for <18V
-1,2 times voltage for >18V

No fire, no disassembly for 7 days
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UN 38.3 T8 - Discharge

. Forced discharge with 100% current and 12V

The test results in reversed polarity

. No fire, no disassembly for 7 days

N



Temp, °C Lessons learned

*  Problems are mostly frequent when

electrically "provoking” the batteries
130
Mechanical tests can result in electrical

provocation

80 . .
Problems are associated with elevated

55 temperatures

* Theseverity of the failure is related to the SoC

Volt, V. o The history of the cells may indicate increased

risks

* Never test larger batteries than needed

N



Isolerande handskar for elektriker

Extremt slitstarka.

« Specialbehandlade handskar med goda dielektriska egenskaper.
« Uppfyller testkraven for i fiv- och

« Har en mycket god passform som foljer handens konturer.

> Se fullstandig produktbeskrivning

Klass 0:1000 V (AC) / 1500 V (DC) v

Storlek 10 v

> Se alla artiklar (10)

Preventive actions

5 classical ways to prevent risk

. Elimination

. Substitution

. Barriers - Protection

. Barriers - Limited exposure

. Personal protective equipment

Consider

. Cable gauge, fuses

. Galvanically isolated voltage measurements
. Section down high voltage batteries*

. Suitable laboratories
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Preventive actions

Parameter monitoring

. Pack voltage (cell voltage), a 100 mV drop
should be considered as significant

. Pack temperature with time history
. Thermal imaging

. Gas detectors

Precautions
. Forced ventilation

. Be prepared to immerse in water

All of the high-risk tests is performed under
surveilance. As transducers may fail, giving a false
alarm, every action is decided by an operator.

RI.
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Provning av lithiumbatterier, hantering och handlingsplan vid olycka.

Foljands utrustning'sensorer finns tillgangliga

Thermoelement
Cell=panning

Brandvarnare (optisk)

Webkamera
IR-termometer

Sky ddsutrustning (person)

WMjukvaran larmar operatdren om nagot varde &r onormalt. Den gdr inget aktivt utan ev atgard &rupp till aperatdren
Om mjukvaran larmar kentrollera vilket varde som orsakat larmet Det &r majict att det beror pa kabelbrott, métvarde avgér
Vid elektrolytidckage anvand heltdckande skyddutrustning (kidder, andningskydd, visir, handskar), vid kontakt med fuktivatten bildas vatefluorid, HF, viket & starid fratande
Om ett batteri skenar | temperatur eller om cellspanningen andras eller gas evakueras
Avbryt vibrationen genom att stdnga av vibratorm sa att inte rok sugsin i

Den batterimodul som generera felet ska kylas genom att vatienfylla den enskilda behallaren. Kranar siterinnanfor dorren, en per behalare.
M dJighet finns att se proviaremaen med en webkamera for att enklare avgara vilken modul som 4 paverkad.
Om tppen lagaflamma detekteras ska brandkaren kontaktas via 112

Adress: Brinellgatan 4, 504 62 Boras, Hus 18.
Ange att det &r itiumbatterier som brinner.

Gainteini hallen om batterierna har birjat ventilera/orinna.

Stang av ventilaionen via EXOScada och stang alla spjall och isolera darmed syrefilfdrsel och spridning av brand

Kontakia kollegor. En person bir placeras ochvarna =a att atkomst fran kontoren til hus 18 inte &r mdjiig (Hus 18 & en egen brandcell). En annan person borta emat och dirigera brandkaren
Las upp porten fill hallen ufifrén s att brandkéren far tiltrade.

Wellan provningar och efter avslutat prov kan en IR termometer eller vérmekamera anvandas for att detektera ev lokal virmeutveckling i batterierna
Ett batteri som uppvisar interna temperaturavikelser ska betraktas som fariigt och far inte arbetas med

Kontaktuppgifter:

Andreas Anderson 5353
Wikael Holmsbo 5671
Per-Staffan Bergstr 5309
Robert Johansson 5457
Joakim Lindeblom 5295
David Gustavsson 5606

Post preventive actions

. Increase forced ventilation to avoid agressive gas
being released into the lab and to keep the
concentrations below LEL

. Immersion in water/cooling to prevent one cell in
thermal runaway to propagate to neighbouring
cells

. Call the fire departement*

All actions are written onto an action plan on paper
minimizing any decisions to be made in panic

-Disposal, check for regulations for shipping, MSB
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So...

At work:

. Tests should never be made on packs with
unproven celltypes

. Actions should be made remotely
. Start with the smallest cell

. Choose correct SoC

At home:
. Charge batteries with a timer
. Check charger voltage, max 4.2V per S

. Store batteries properly

N



SEEL, battery abuse lab Bords

The lab in Boras will focus on:

-Charging

-Short circuits

-Vibrations and mechanical shock
-Extreme temperatures

-Fire risks

Large testinghall | 3xSmalltesting | 2xVibratorhalls | Climate Cyclinglab
hall chambers

Battery systems  Cells and Modules and Cells, modules, Battery cyclers
(ESS, vehicles, modules packs packs, vehicles for performance
packs, modules) (walk-in and abuse
chamber) testing, up to
1500 VDC l.

R
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SEEL, battery abuse lab Bords

Vibrator 1: IMV K200 Digatron
Vibrator 2: IMV A74 + Climate 2200l 3 Pack tester 800V
Climate chambers: 6 Pack tester 1000V
3x1300l 1 Module tester 150V
1x1000l 1 Cell tester 5V
Walk-in chamber PEC
Abuse chamber: 3x10,5m? 2 Cell tester
Abuse hall: 1x132m? 1 Module tester
Conditioning units 2 Hydraulic units
Smoke gas scrubber, 170 000 Nm¥h DC supply
Pressure vessel
Pressure chamber

N



Safety during battery testing
An introduction to risks, strategies and
preventive actions

’ Andreas har jobbat pa RISE sedan 2004 och pa enheten for
) - miljotalighet sedan 2018. Han har en civilingenjérsexamen, arbetar
’az som senior ingenjor och ar ansvarig for driften och utvecklingen av
) enhetens mekaniska labb i Boras vid sidan av att driva ett FoU-team.

Just nu ar han engagerad i byggnationen och drifttagandet av det sk
SEEL-labbet i Boras dar batterier under 2023 ska kunna abusetestas.
Andreas jobbar aven med skadeutredning med metoder for att finna
den faktiska rotorsaken vid problem och avslutningsvis komma med
forslag pa avhjalpande I6sningar.

Andreas Anderson
010-516 5353

andreas.anderson@ri.se
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