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Table 1. Step-by-step alarm using off-gas
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Thermal runaway imminent

Overuse conditions

Normal operation

Eexhaust gas

e Rapid increase in off-gas
characteristics

Small gas emissions due to overuse |Emission of fine gases due to deterioration

Alarm stage Major alert Minor alert Battery health monitoring index
Alert action Emergency stop device Alerts to managers Index report after charging/discharging
shutdown Decision making using event tree cycle
. o .| Battery health condition check based
Alert judgment .. Ist lower limit exceeded and warning avery fiealtll concition eheck based oft
. 2nd lower limit off-gas measurement change during
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Fig. 1. (a) Algorithm for determining the alarm level by de-
termining the change in the concentration of gas detected by
the gas sensor and (b) algorithm for calculating the accumu-
lated warning index to prevent malfunction of the sensor due to
the sensitivity of the gas sensor
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Fig. 2. (a) Algorithm and (b) graph to determine whether the
sensor's response is due to external gas
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