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3. Conclusions

3.1 Findings

1. The battery failure did not result from overcharging, overdischarging, external short
circuiting, external heating. installation factors, or environmental conditions of the
airplane.

2. The battery failure resulted from an internal short circuit that occurred in cell 5 or cell 6
and led to thermal runaway that propagated to adjacent cells.

(98]

GS Yuasa’s cell manufacturing process allowed defects that could lead to internal short
circuiting, including wrinkles and foreign object debris, to be introduced mto the
Boeing 787 main and auxiliary power unit battery.

4. The thermal protections incorporated in large-format lithium-ion battery designs need to
account for all sources of heating in the battery during the most extreme charge and
discharge current conditions and protect cells from damage that could lead to thermal
rmaway.

A

More accurate cell temperature measurements and enhanced temperature and voltage
monitoring and recording could help ensure that excessive cell temperatures resulting
from localized or other sources of heating could be detected and addressed in a timely
manner to minimize cell damage.

6. Determining the initial point of self-heating in a lithiwm-ion cell is important in
establishing thermal safety limits.

7. Boeing’s electrical power system safety assessment did not consider the most severe
effects of a cell internal short circuit and include requirements to mitigate related risks,
and the review of the assessment by Boeing authorized representatives and Federal
Aviation Administration certification engineers did not reveal this deficiency.

8. Boemng failed to incorporate design requirements in the 787 main and auxiliary power
unit battery specification control drawing to mitigate the most severe effects of a cell
mternal short circuit, and the Federal Aviation Admunistration failed to uncover this
design vulnerability as part of its review and approval of Boeing’s electrical power
system certification plan and proposed methods of compliance.

9. Unclear traceability among the individual special conditions, safety assessment
assumptions and rafionale, requirements, and proposed methods of compliance for the
787 main and auxiliary power unit battery likely contributed to the Federal Aviation
Administration’s failure to identify the need for a thermal mmaway certification test.

10. Stale enhanced airborne flight recorder data could impede future accident and incident
mvestigations by delaying the full understanding of the recorded data: stale data could

also impact aircraft safety if an operator’s maintenance activities were based on these
data.

11. The poor audio recording quality of the enhanced airborne flight recorder could impede
future aircraft mvestigations because the recorded conversations and other cockpit
sounds might be obscured.

3.2 Probable Cause

The National Transportation Safety Board determines that the probable cause of this
incident was an internal short circuit within a cell of the auxiliary power unit (APU) lithium-ion
battery, which led to thermal rmunaway that cascaded to adjacent cells, resulting in the release of
smoke and fire. The incident resulted from Boeing’s failure to incorporate design requirements to
mitigate the most severe effects of an internal short circuit within an APU battery cell and the
Federal Awviation Admimistration’s failure to identify this design deficiency during the type
design certification process.
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