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ERERIRICHIBL —TIRBHELMRIEDEnergy ratiotb#

Input energy until themal runaway

Energy ratio (%) = X 100
Electrical energy of fully charged cell
18650MfEEL L LFPR/{OF L =RARET)L*
(3 Ah) (30Ah#R) (30Ah%R)

0.2%
by laser

|

0.7% 40%
by laser by overcharge

|

|

0.4% 117%
by laser by heater

|

L —HREPAJMERECLEL TRV IRIF -5 T OREENTFET, BRIECEEND

Ref. : Y.Kagei, N.Maruo, K.Koshika, H.Tsuruga, K.Honda, International Journal of Automotive Engineering, Vol.13, No.1 (2022)
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IEC62619 7.3.3 Propagation test Acceptance criteria
“No external fire from the battery system or no battery case rupture.”
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IEC62619 7.3.3 Propagation test Acceptance criteria
“No external fire from the battery system or no battery case rupture.”

Copyrighte JAPAN ELECTRICAL SAFETY & ENVIRONMENT TECHN(



L —Hagd(C & S EERH/ FBtBRZ DA A ICIEC 62619 : 20220 FE4T

2022-5-24

7.3.3 Propagation test (battery system)
a) Requirement

This test evaluates the ability of a battery system to withstand a single cell thermal runaway
event so that a thermal runaway event does not result in the battery system fire.

b) Test

The battery system is fully charged and then left until the cells stabilize in an ambient
temperature of 25 °C £ 5 °C. One cell in the battery system (hereafter target cell) is e.g.
heated by laser until the cell enters into thermal runaway. After thermal runaway in the cell
is initiated, the triggering source is turned off and battery system is observed for 8 h.
See Annex B for an example test procedure by laser.

Other methods than the laser to initiate thermal runaway in one cell are allowed.
See Annex C.

The battery system may be modified to facilitate the thermal runaway of the target cell. The
modification should be minimized and it shall not affect the thermal properties of the battery
system.

The method used to initiate a thermal runaway in the target cell shall be described in the
test report.

c) Acceptance criteria
No external fire from the battery system, no battery system case rupture.

If the battery system has no outer covering, the manufacturer shall specify the area for fire
protection.

NOTE Fire or battery system case rupture caused by the target cell is acceptable because the first thermal runaway
is intentionally made for the test purpose as a trigger.
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Annex B
(informative)

Procedure of propagation test by laser irradiation (see 7.3.3)

B.1 General

This annex gives an example method for the 7.3.3 propagation test by laser. The testing entity
should contact the cell or battery system manufacturer to get a detailed procedure for the cell
thermal runaway.

MOTE The purpose of this test is not an evaluation of a single cell but an evaluation of propagation behaviour of
the battery system. Therefore, the following methods which create thermal runaway do not simulate internal
short-circuit of the cell, but a propagation trigger.

B.2 Test conditions

B.2.4 Cell test (preliminary test)
1) The cell is fully charged according to the manufacturer specified conditions.

2} Place thermocouples onto the cell to measure the surface temperature. It is better to use
multiple thermocouples for redundant data acquisition.

3) Fix the cell onio the test bench (see Figure B.1). The irradiation point on the cell should be
determined by considering the structure of the battery system supplied in the main test.

4} The laser irradiation program and its work should be set and confirmed. It is better to
prepare covers to prevent damage to laser systems when the cell enters into thermal
runaway and wvent.

5) Prepare and set the measurement equipment for the cell temperature measurement, ete.

6) Set the ambient temperature at 25°C £5 °C. The temperature controller such as air
conditioning system should have the ability to maintain the ambient temperature until the
cell temperature reaches the maximum temperature.

T) lrradiate the cell with the laser at the determined point. Measure the cell temperature
continuously from the irradiation start to the observation end.

8) When rapid temperature increase is ohserved due to cell thermal runaway, the laser is
turned off (see Figure B.2).

9) Observe the cell temperatures and appearance until the cell temperature decreases
enough for safe handling.

10) Review the temperature profile to confirm the thermal runaway event.

11) The cell test should be repeated 3 times. If thermal runaway is confirmed on each test with
the same conditions, go to the battery system test with the same irradiation condition.

MOTE 1 The laser type can be chosen from material process |asers such as cutting, welding or hardening. There
are the CO, laser, YAG laser, semiconductor laser, disk laser, fibre laser, and so on.

MOTE 2 The laser parameters are set such that the cell enters the themrmal runaway within 10 min because longer
irradiation can cause unnecessary heat-up of surrounding cells andior battery system.

The test should be performed in a well-ventilated environment to avoid vent gas effects from

—Z0D&. IEC 62619:2022(& #ERE JIS C 8715-2:2024(CEH—
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McMicken Battery Energy Storage System Event Technical Analysis and Recommendations Document No.10209302-HOU-R-01
https://www.aps.com/en/About/Our-Company/Newsroom/Articles/Equipment-failure-at-McMicken-Battery-Facility
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McMicken Battery Energy Storage System Event Technical Analysis and Recommendations Document N0.10209302-HOU-R-01
https://www.aps.com/en/About/Our-Company/Newsroom/Articles/Equipment-failure-at-McMicken-Battery-Facility
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9 Changes in an accumulation subsystem due to an installation of reused or
repurposed batteries

9.2.3 Estimation of residual usable period and performance

The residual usable period and performance of the BESS shall be estimated and calculated
based on the current residual usable period and performance of the reused or repurposed
battery and the future application of the BESS. In addition, it shall be confirmed that sufficient

safety is ensured until the end of the usage period. The estimation, calculation and confirmation
shall be implemented with one or more methods from the following.

1) Estimation using the original use design

The differences between circumstances from the original use and after the reuse shall be
confirmed. The necessity for redesign shall be considered based on the result of the

confirmation. The reuse battery can keep the original life design if the result shows only
tolerable risk.

2) Estimation with original use data

The estimation shall be done using actual data or trend data which is measured as
representative points over a period of time.

DECEL

3) Estimation with a non-destructive inspection

The estimation shall be done with some non-destructive inspection methods. Annex A

describes examples of the estimation methods for a BESS using lithium-ion batteries.

Y1 -/ = )RR OEBOTEF M RESHMDOTEL U CIRBIRZ I DA ATZ
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Annex A

(informative) IEC 62933-5-3&Dir%

Example of a safety validation method when performing unplanned
modifications of a BESS using lithium-ion batteries

A.1 General

The safety status of the BESS changes over its operation. It is necessary to confirm the safety
status of the BESS at that time for an unplanned modification.

As a part of confirming the safety status of the BESS during or after operation, it is one of the
most important points to confirm the safety status of the accumulation subsystem, which is a
key component of the BESS safety. The batteries used in an accumulation subsystem can
deteriorate with use or age. Particular attention should be paid to lithium-ion batteries, which
are often used in a BESS, because in some cases their safety also changes with use or age.

A.2 Estimation methods for deterioration of lithium-ion battery

The following are some examples of non-destructive diagnostic methods for determining the
deterioration of a lithium-ion battery:

+ electrochemical impedance spectroscopy,

+ differential voltage analysis,

+ charging curves analysis,

+ analysis of battery usage history data.

Each method differs in terms of the type of data required, the type of battery that it can be
applied to, and whether or not it can be applied during operation.

A.3 Safety estimation of BESS by deterioration estimation method
Some deterioration estimation methods can be applied to the safety estimation of the BESS.

Figure A1 shows an example of a safety estimation method for a BESS using lithium-ion
batteries during operation. The BESS is equipped with firmware that estimates the internal state
of the battery based on data from the BMS (battery management system). This firmware makes
it possible to confirm the degradation and safety status of the accumulation subsystem
successively in a non-destructive manner.
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