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Fig.1 Overall figure of hard cased batteries
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Fig. 2 Sectional view of hard cased batteries: 1—Jelly roll;

2—Insulation plate; 3—Aluminium case; 4—Insulation film;
5—Positive tab; 6—Positive terminal; 7—Negative terminal;
8—Negative tab; 9—Jelly roll pallet; 10— Aluminium top
cover
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Fig.3 Schematic diagram of layered structure of jelly roll
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Table 1 Parameter of thermal material properties

. Specific Thermal
Paramter Dens1E)3// capacity/  conductivity/
(kgm™) (J,kg—lloc—l) (W.m—l,oc—l)
Insulation film 910 1883 0.19
Aluminium case 2720 900 155
Aluminium plate 1200 1256 0.19
X:26.6
Jelly rol1® 2518 1060 Y: 1.0
Z:26.6
Positive tab 2700 879 281
Positive terminal 2700 879 281
Negative tab 8900 390 401
Negative terminal 8900 390 401
Jelly roll pallet 1200 1256 0.23
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Fig.4 Grid model of 50 A-h cell
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Fig. 5 Temperature distribution of length direction thermal
conduction modeling
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Fig. 6 Temperature distribution of thermal conduction modeling along thickness(a) and height(b) directions

2 50Ah HILSHILA
Table 2 Summary of 50 A-h cell parameters

Direction d/mm A/mm? #/C 5/C g/W K(W-m - C™)
Length direction 148 2392 20.0 45.8 10 23.4
Thickness direction 26 13616 20.0 23.7 10 53
Height direction 92 3848 20.0 33.5 10 17.2
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Fig.7 Thermal network of length direction
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Table 3 Thermal resistance unit of length direction

Value/

Parameter W Description
3.496
n ? Thermal resistance of insulation
7 0.863 dielly roll in X directi
an roll in X direction
s 0.788 Jetlyro o
Thermal resistance from jelly roll to
74 0.239 .. . R
aluminium case in X direction
e 6.140 Thermal resistance from jelly roll to
top cover
751 0.097 Thermal resistance of side
rs 8.465 aluminium case in X direction
Tipl 1.980 Thermal resistance of top
Tip2 13.946 aluminium cover in X direction
- 29.842 Thermal resistance of bottom

aluminium case in X direction

P end 0214 The@al res1_stance of end
] insulation film
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X3+ Xy 1 X5 —Fp X7 =0

Tm end®1 T 75tX0 + T enaX =V
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Fig. 8 Thermal network of thickness direction
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Table 4 Thermal resistance unit of thickness direction

Parameter Value/("C-W™") Description

Thermal resistance of insulation

insi 0.690 . . .
M inside and jelly roll in X direction
e 2075 Th.elfmal resistgnce of top

- aluminium cover in Y direction

Thermal resistance of bottom

T albt 1035 .. R . .

- aluminium case in Y direction
. 3.869 Thénlnal resistz.ince qf enfl

- aluminium case in Y direction
- 0.039 The@al resi.stance of side

- insulation film
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Fig. 9 Thermal network of height direction
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Table 5 Thermal resistance unit of height direction

Parameter Value/('C-W™") Description

2 1.964 Thermal resistance of insulation,
) 0.780 jelly roll and electrode tab,
"3 3.070 terminal etc. in X direction
Y 0.483 Thermal. r&.es1stance .from J'elly .roll
to aluminium case in Z direction
e 5362 Thermal resmtanc.e -from jelly roll
to end aluminium case
4
Tel 101 46788 Thermal resistance of end
::Z 1.'9 13 aluminium case in Z direction
:Sl gjgj Thermal resistance of side
s2 . . . . .
" 0.112 aluminium case in Z direction
R 0.133 Therma-I reswt.ance of bottom
- insulation film
FALHIA BE ), %O R A, XTH

BEHEIN Y B, RS RSO B, i
FEL I P R ] ) R e R 2 s (15) BT
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Table 7 Thermal conductivity results of 50 A-h cell

Thermal conductivity/

Direction (W-m-C™ Error Jre(ﬂil
Modeling  Thermal network

Length 23.4 23.2 0.9% 26.6

Thickness 53 5.1 38% 1.0

Height 17.2 17.0 1.2%  26.6

#8 70AhFl 150 A-h Hl T REK
Table 8 Thermal conductivity results of 70 A-h and 150 A-h

cells
Thermal conductivity/(W-m '-'C™"
Cell Length  Thickness  Height
direction  direction  direction
Modeling 20.7 5.9 13.8
70 Ah  Thermal 20.5 6.0 13.8
network
Error 1.0% 1.7% 0.3%
Modeling 16.0 7.4 9.9
150 Ah  Lhermal 15.9 7.6 10.1
network
Erro 0.6% 2.0% 1.6%
Jelly roll 26.6 1.0 26.6
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Fig. 10 Comparison of heat transferred by each resistance
unit: (a) Length direction; (b) Thickness direction; (c) Height
direction
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Thermal properties of hard cased lithium-ion power battery

CUI Xi-feng" 2, ZHANG Hong-liang', GONG Yang', LI Jie', YANG Jian-hong', LI Wang-xing'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Jiangsu Min’an Electric Automotive Co., Ltd., Huai’an 223005, China)

Abstract: The thermal properties of hard cased lithium-ion power battery was investigated. Firstly, the equivalent density
of 2218 kg/m® and equivalent specific heat of 1060 J/(kg-"C) were got according to average volume method. Then,
through modeling the boundary conditions of thermal conductivity test, the height conductivity of 17.2 W/(m-C), the
thickness conductivity of 5.3 W/(m-"C) and the length conductivity of 23.4 W/(m-‘C) are obtained, respectively. Finally,
the thermal network model was set up by discretizing the hard-cased lithium-ion battery structure to resistance units. The
Via Kirchhoff current law, linear equations of the circuit network were established, and then were solved to get equivalent
thermal resistance and equivalent thermal conductivity. The results show that the error between thermal conductivities
obtained by modeling method and by thermal network method is less than 2%.

Key words: hard-cased lithium-ion battery; density; specific heat; thermal conductivity; thermal resistance
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