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The objective of the UL research project:

«develop a reliable and repeatable way to simulate an internal short-circuit.

« the lithium ion cell shall remain SAFE even if an unexpected internal short-circuit
OCCuUrs.

Methods analyzed to date as part of project:

Blunt non conduchive
jifo]
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Types of Internal Short Circuits
*There are 4 kinds of Internal Short Circuit Conditions:
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Blunt Nail Crush Test Method Overview

 Crush the cell with a Blunt Nail until detection of 100 mV open circuit
voltage(OCV) drop

» Record OCV, temperature profile and
qualitative test results.
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Short Mechanism of BNC test

The CT-Scan of the tested cell shows the short was induced at

outer layer/layers.
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Critical Test Parameters for Blunt Nail Crush

 To control the scale of internal short (single layer short) accurately, some
test parameters are critical.

» Control of Press Speed - Press Equipment with servo-motor using constant press
speed at 0.1mm/s

» OCV Sampling Rate - recommended OCV scan rate is 100Hz or more.
» Testing Temperature is one of the most critical test parameters

» Controlling the temperature of the samples is important.
« Geometry/Sharpness of Blunt Nail

* To avoid penetration of the cell’s case while testing, the 125"
tip of the nails have to be rounded. 40—>
* The nail with tip radius 0.9 mm and tip angle 45° R

(recommended for testing cylindrical cells) m
R: 45°
r=0.9 mm W
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Strengths of BNC test
method
» Method does not require a lot
of special sample preparation
- Little change or deformation of
sample during test
A short circuit is obtained each
time
*100 mVdc OCV drop
requirement of test
» Repeatable resulis

Weakness of BNC test method

« Cannot control exact location of
short because blunt nail is
pressing on the outside of the
can

» Short Mechanism depends on
Internal Construction

» Different designs may lead to
different types of internal short
circuits (i.e. CU — Al + Cu — Anode
or CU — Al only)

« Some difficulty with controlling

the number of layers shorted

* Improved results with improved
test set up
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eStrengths of FISC test

e Can control location of internal

short circuit
* Place particle in preferred
location
* Anode to Cathode short represent
field failures that may not be
picked up with standard mfg.
production testing.

e Can obtain single layer short

-~

Weakness of FISC Test:

- Safety concerns
 Special equipment and cell preparation
facilities
 Difficult to disassemble and re-
assemble cells for the test

« Can induce single-layer short, but it
may NOT always be an Anode-to-
Cathode short.

e Anode
— T~ Separator
e Cathode
o[f the separator is strong it is possible that the
L-shape nickel particle will penetrate the
cathode first and then pierce the separator to
induce the short. Under this condition, the

short is Cathode/Al-to-Anode but not a typical
short of Anode-to-Cathode.
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Blunt non conductive
tip
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