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Proposed comments to append

Cl ing at low te ture

!'l= Zenszes  The coldest temperature oulside the sirplane during greunding was enly

minus 2.6 degrae Celsius

Experimentation on electrolyte viscosiy end peformaress demonstiate
that these condition do not affect this battery in the operating
I'emperature range (-18°C o +70°C).

Extamal lahoratories performed numarous tests o attempt to create
lithium metal in the LVPES calls with harsh consfraints mors severe than
those recorded in the three incident without any conclusive -esults.

Oscillation of zharging cument

The BEA considers that the oscllatione ebearvec are due to the pre load
circult of the BCU squipmen:. This phenomeron occurs at the end of the
charging phase when BCU is in Constent Yoltage (CV) mode.

Extemal indepandent |laboratofies performed similar lests in order to
investigate on this phenomenon. The test results clearly demonstrate
that such “noisy” escilations have no effect on the batery or on a cell
safety and parfarmancas The magnitude of currant measured is smeller
and doesn'tinduce heat or a1y negativs effect on battery.

The BEA concurs to this conclusion that ossillstions have ne negaiive
effec: on the safety or on the performance of the battery or cell.

tad

Wrinklee or gape in anode d by fi ing or by ref
charging/discharging

GS YUASA rperformed 125 charging/discharging tests. using cold

temperature at -23°C charge voltage rate at 4 2V and charge current

rate at /U Amperes on LVIHES cells wthout any evidence of creation of

lithium metel deposit and with ro conclusive result on an intenal short,

heat generation and venting

The BEA concurs o the fact that wrinkee are a very unikely contribuling
factor to the incident.

Propoused safety recommendations

1

The BEA suggests to take into account the various reports established
during the battery investigations and tha Thales testing and to modify the
recommendation lowards FAA and Boeing as follows

“Altheugh this investigaton could net identify the mechaniem of the
in'ermal shot crouit, the Federal Aviation Administration shoud instruct
The Boeing Company to:

LENMDER
(R &R)

EETTORE

h EREPOENDRIERERIIZTT2.6°CETCLMATHALA
hhot=,

ERRAROMERVMEEEICEATHRERTIE, N\yT—DERE
E&HRE(—18°C~+70C)IZH T, LEEDBEF/ N \vTU—D
MEEICHEE 5 Z W EAERIA TS,

SLEREAZEHERA MY, LVPE5E/ILEERAL T, 3IDNDEFELYELLY
EHEDOLE VFILERENHIET IS EHA-NREMTIER
(Z/FSNTULELY,

FTEERDOEE

BEA(X, FERINT-(ZEEHRD) IRENL. BCUIZHRNA HHE
HIAENTNSERIZEDEIDEEZD, COBRZRIX. BCUDEE
EXEE—FOREBDEBTRET S,

MR DGER T, COERIRE(noisy oscillations)(&
YT =/ EILDREERUVHEREICEZEF SR TN ENTERSR
INTWDS, BRIEIZ/NSCBEZRESE DD TIIEL £\
TIV—ICEEEEE5Z5EDTHEL,

BEA(X. ZTEERDIRENIIZ L. /\vT)—XRITEIIZEEZE
FHZGWELSEERICEELTLS,

SEXIEFEHRBEDRRYIRLIZCESEIBHED L X KR

GSAT7H# TLVPESILIZR LT, —23°C, 4.2V, 70A&LN
SIRIETI125RIFTMELTORBREERLI-MN. UFOLERDHT
HBBOREEICLEIRNUEFSHEERERELLEI, ST,

BEAIZ. LhAEMEEDEEERTHDHELIZEILEREIC
AREEAMELVEWLVS ZEICREL TNV,
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= Continue studies of the internal short circuit mechanisms
considering the effects of Intermal and external
phenomenan that potentially impact the lithium-ion batteries
in operational conditions, such as the aircraft electrical
environment and particularly the risk associated to potential
transient current and voltage

= Continue studies on the impact of other erwironmental
parameters such as humidity and vibrations.

=+ Continue efforts to improve the lithium-ion batteries quality
and its reliability”.

* Inaddition, the BEA suggests another safety recommendation:
During the investigation it appeared that the Digital Flight Data
Recorder didn't record the Main Battery Current as it is done for the
APU battery. As this information would be of help for the contributing
factors determination, the BEA proposes to the JTSB to add, in the
chapter 6.2 (Measures to be Taken to Supervise The Boeing
Company as a Designer and Manufacturer of the Ta7), a
recommendation as follows :
‘The Federal Aviation Administration should instruct The Boeing
Company to:
- add the recording of the Main Battery current by the DFDR with an
appropriate current range"
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