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Development of Automobile Lithium-lon Battery

Simulation of Heat Generation Behavior during Abnormal Conditions
of Lithium-lon Battery

tE \ET B0 R=BTCORE S

Teruhiko Hanaoka  Munetaka Higuchi  Takanori Kajimoto

ME =7 EE BT

Suguru lkeda Hiroki Fujita

E, BEREFBEICBHINZAUF UL A VERIEIRILE—FEL, SHNEE{LIEATED, £
NICHFVWEEROBHORAN) RIVNG IR EDREMETHBEIINTUWVS, HFIC LiNigsMny,1Co,,0, F
DZwTIILLEROSVBREEROEYEX EHICAVW-EBtILIE, ITRILF—BENSV—AT, REE
BRCDEERERICEVWTHEAEN KV LOHLZEUIMET T CHARESNTED, ThiomiEzET
BEHAZSHNY VOREMOBERIFEL LR >TWVWS, COFEICHLT, EHozelz>Ial—>ay
ETILTHREES 2 C E CREOFRDEIRBR EOMEIHFHTTE S, £ THAMETIIEFMEDOHERDEW
NEILEERORASICKIZFILEZHESHNICL, EBROBHMEIRVES 2 —ILOREEFZREGHE
TEZ1IRTIIalL— a3 oEMERILI LT, £, EVa—IIloR2MomtzBmMIc, BELEETIL
ZAVWTED 2a—IIEBMOMBEZEICL ZRELRIDGFIOMRIRIZERE L oo AR TIEZDEDEAICDL
THRET %,

Abstract

In recent years, in lithium-ion batteries mounted on electric vehicles, energy density and power density have
increased, and there is a concern that safety of the batteries has deteriorated, such as an increase in the risk of
battery ignition in the event of an abnormality. In particular, it is reported that the battery cell that uses the
layered rock salt-type active materials with a high nickel ratio such as LiNi;sMng;Co,,0, for the positive
electrode generates a large amount of heat when an abnormality such as an internal short circuit occurs, which
lowers safety, while having high energy density. Ensuring the safety of in-vehicle batteries containing these
materials has become an issue. To solve this issue, it is required that we verify the safety of the battery with the
simulation model and perform safety design, realizing improvements in efficiency such as reduction of rework in
the development. Therefore, in this study, we clarify the effects of the difference in the composition of the active
materials on the calorific value at the time of cell abnormality, and construct a one-dimensional simulation
technology that can quickly calculate the temperature behavior of the battery cell/module at the time of
abnormality. In addition, for improvements of the safety of the module, we verify the effects of suppressing a rise

of the temperature by changing the material of the module parts using the constructed model.
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Fig. 1 Schematic Diagram of the Simulation Model
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Fig. 2 Geometry of 3D Simulation Model
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Fig. 4 Image of 1D Simulation Model
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Table 2 Specification of Cells
Cell No. A B
Type Pouch
Size [mml] 200X 195
Capacity [Ah] 20
Cathode NMC532
Anode Hard carbon Graphite
Separator Polyolefin
Electrolyte Carbonate

Table 3  Nail Penetration Test Conditions

Center of cell surface
SUS, ¢ 3, Length 65mm
1/2 of cell thickness

Nail position

Nail specifications

Nail depth

Cell voltage before test 4.2V

Cell temperature before test | 25°C

Test environment atmosphere
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Fig. 5 Image of the Module Thermal Propagation Test
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Fig. 6 Results of DSC Measurement (a) Positive
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Fig. 7 Simulation Results of Cell Nail Penetration (a)
3D Simulation (b) OD Simulation (c) 1D Simulation

Table 4 Simulation Difference and Time of Cell Nail
Penetration

Condztfiro?arlnodel Difference (%] Sltrirr]:(—!:aEls?n
3D model 1.7 540
0D model 56 10
1D model 5.5 10
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Fig. 8 Simulation Results of Module Thermal
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Changed
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