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Simulation Analysis and Optimization Design of Temperature Field of Used
Lithium Battery Transport Packaging Boxes for Vehicles
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Tianjin 300457, China; 2. Cheng Tong Physical Packaging Co., Ltd., Tianjin 300000, China)

ABSTRACT: The work aims to study the thermal safety and optimization measures of used lithium battery transport
packaging boxes for vehicles. With 15 groups of square lithium battery modules weighing 1.3 kWh as the study subjects,
transport packing boxes were designed according to the P911 and LP906 standards. A model for used vehicle
lithium battery transport packaging boxes was produced. After the model was experimentally validated, a temperature
field simulation analysis was performed, and the liquid collecting tank, wall thickness, and thermal insulation material of
packaging boxes were optimized. The issue of temperature above 100 °C could be resolved by adding flame-retardant
cotton to the bottom of the liquid collecting tank. The optimal results were achieved with 15 mm flame-retardant cotton in
the box and 40 mm flame-retardant cotton at the bottom of the liquid collecting tank. Cotton with nano-silica fiber
could boost its heat-insulating performance by 16.0%. Finally, the entire packing box satisfied the standards of P911 and
LP906, saving 68.75% of the flame-retardant cotton material and increasing the heat-insulating effect of the liquid
collecting tank by 41.5%. The study's findings can be a valuable resource for future research on the packing of used
lithium batteries for vehicles that are classified as hazardous products.
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Fig.3 Finite element model of used lithium battery
transport packaging box for vehicles
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Tab.1 Thermal physical parameters of used lithium battery transport packaging box for vehicles
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Fig.4 Packaging box temperature distribution pattern
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Fig.5 Temperature field simulation and experimental verification temperature diagram of packaging box
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Tab.2 Temperature field simulation and experimental verification data comparison of
waste vehicle lithium battery transport packaging box

2H 51 N AR IR /°C T XFLIR B /°C FERIE°C ALV ISR IR /°C
S 884.3~912.5 60~75.1 30~50 117.0
(XD 900 60~80 30~55 134.6
T2 1.8%~—1.4% 0~6.5% 0~10.0% 15.0%
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Fig.8 Temperature and time data of each monitoring point of packaging box under different
thickness optimization schemes of flame retardant cotton
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Tab.3 Statistical table of key data for thickness optimization of flame retardant cotton in different boxes
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Fig.9 Temperature and time data of each monitoring point of packaging box under different thickness
optimization schemes of flame retardant cotton in liquid collecting tank
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Tab.4 Statistical table of key data for thickness optimization of flame retardant cotton in different liquid collecting tanks

T T

T6 T 7 Tl 0

B

HEE/PC AR /% WEEPC PLfb/% WAL/ C i R/% WEE/C /% M/ C LR/ %
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Tab.5 Thermal physical parameters of packaging || /for = =
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Fig.10 Temperature and time data of each monitoring
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insulation materials
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Tab.6 Statistical table of key data for optimization of thermal insulation materials of different packaging boxes
o T T, Ts T; Tho
IEZ/PC AR/ % REPC AR/ % BE,C IR /% RECC /% RESC AEFE/%
BELAZ AR 50 — 134.6 — 36.5 — 43 — 33.8 —
T R 4R 51.4 2.8 134.5 -0.1 37.0 1.4 43.9 2.1 34.1 0.9
Ak —FE it 420 0 -16.0 134.6 0.0 33.7 =17 37.9 -11.9 32.0 -5.3
4 g:él:ig thium Batteries as Dangerous Goods[J]. Packaging En-
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