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Abstract: For a lithium-ion battery with high specific energy and high power, its characteristics such as high areal
mass loading, high volumetric density, and low conductivity will significantly increase the heat generation and internal
temperature gradient when it is discharging at a high rate, and none of existing traditional thermal experiments is
capable to obtain the internal temperature distribution. In order to bridge the gap between the temperature distribution
and the actual performance of lithium-ion batteries with high specific energy and high power, in this paper, a one-
dimensional (1D) electrochemical and three-dimensional (3D) thermal coupling model is developed. With this model,
the voltage, temperature, and heat power at different discharge rates in an adiabatic environment can be obtained, and
the simulation results agree well with the experimental values. It is shown that the thermal safe range of a single battery
at high discharge rates is 0~75% depth of discharge (DOD). Meanwhile, the maximum temperature region at the end
of discharge changes from the internal center to the positive pole with the increase in the discharge rate, and the
maximum differential temperature increases gradually until it reaches 0.82 °C at 3 C. If the bottom temperature is
constant, the maximum differential temperature at the end of 3 C discharge will be as high as 11.18 °C. The model
established in this paper is suitable for not only the development of space lithium-ion batteries but also the thermal
simulation and design of battery pack.

Key words: lithium-ion battery; electro-thermal coupling simulation; electrical properties; heat power;

temperature field

Y78 H#3:2020-12-24; & E B H#1:2021-05-24
E&WE . HEE S & (2018YFB0905300, 2018 YFB0905301)
TEE B KRR (1988—) L, Wy T AR I, EZEHF 58 )5 1) A 41 B 1 W b AF %



AR (R 3E30)

18 AEROSPACE SHANGHAI (CHINESE &. ENGLISH)

55 38 % 2021 4% 5

0 5%

B G T ALK R B AN W R R, X T RE TR R
481 T SR Ok B Z R AL . VR B T A (] g R H
B 30 7 B R 0 Pk AR 4R T A AR BRTE
AE I % T b, 0y AR M Al ] I AR T Y
SR o e, Rk R I A G W fL AR F ik (Synthetic
Aperture Radar, SAR) T3 &2 X £ 2 7 & it 42
T R RN R ) R R AR Aok X
RE T AR R I E A A R S B TR
MR G RS R AL R AR KE RS R
EL R NG o @S N A NS N I 2
i R R R, B R R L, R
gl A e A R A, AH R 3 26 0] AR AT 6 BE HE
ZH B R VR R G A LA AR AR S 2 . [,
B A ) BB 1 M R R P SR L R
CiE O

1% 58 1 1 & b AR R R R 2R
FH A1 504G D A 95 3 2ok o e RS A R A
1800145 T BRI DA SRAE H i AR R T B TR TR R
P A 45 R — i A it R T A BB L T vk R
BCH, vl PN R B S B I R 3 43 A o

UL AR BE A Z W B 05 LR Y R R S N
AR A R OT I gl Ak e 5 3Oy 22 i 5 i
YT R ANCAT LA BT Rt PR A N R Y R
DA NI~ o3 7 (FIONG T I J  ol= S FC 207 N R
TR EE G A A O o (R AR AR A AR VP A A
22 B WO 2 JOFN 742 St T 3k 6 2 J0RN 742 15 3 0 ¥
A Aok S AR I, A A T AR B v TR ARME O, kD
THEAH 5 S50 (H A XF b, B AU o v R
BAK

A SR AR G2 R 5 AR s - S U E AR S
B I RSO A R Y B RO [
T 0 H IRE Y e BB SR TG I TR OO L A BT E
JHCHL B B AT Ry o SR T S R AR S R L Y
— e A A G AR S I RO ] A A
B, 3 vl Y F F s PN R R R 3 00 A S B
FELIPH R R R IR 5 SRR X,
B e A EA M . A SCRYBE Y AR A AGE ] T
i) B - R Tt A Y F O R HLRR 8 O
H b 21 R0 HL PR 2 R GE Y A0 T 4 AR Y A0F AR
HE At -

1.1 XWHZE

A SCH 5T G O IR R4 [ F 0 R B RE R 2D R
S AL 2 (8] B S 55 HE T PR B E 2 i 30 Ah, R
FifR R (NCA) /A sk R RS HILE L, ER
GG I SN VA 7 S 5 T v Y S SR
(CR2016) LA C/100 18 3 M 45 , 1E 71 M ML s -0 &R
BOR P H A T A R A F R B R A
K FHAL(TCT EVARC-777)I45% . & #i
I 2o A SR A 70 50 H K R 48 (Arbin Instrument
BT2000) X} & Hi 3t 43 9 #E17 15.30.45.60 F1 90 A
TE R, TAE R IX 8] 8 3.0~4.1 V,

x1 EBETERMBAEERMERE

Tab.1 Basic properties of a lithium-ion battery

HUE ¥4/ Ah 30
B R/ V 3.6
T v 5T L LA/ A 6
TR AR /A 150
TAEH R/ V 3.0~4.1
Wik L AE B/ Wh 140
it/ g 800

JSF/mm X mm X mm (& %A 75.2X31.7X186.5
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Fig.1 Equilibrium potential curves of the cathode and

anode materials
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Fig.2 Voltage-temperature coefficient curves of the

cathode and anode materials
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Fig.4 Schematic diagram of the electrochemical-thermal coupling model
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Tab.2 Parameters of the electrochemical-thermal coupling model
24 UiRIE SITRIN iR I fsE K AR AR A
KB L/pm 4.0 64.0 25.0 45.0 7.5
WURAEAE R, /pum — 11.3 — 6.9 —
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A HE R B D, /(m%s ) — 3.9x10 " — 5.0X10° "% —
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e K B AER R C, L/ (molem ™) — 34 922 — 29 212 —
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Fig.6 Temperature distributions of the battery at the end of discharge under different rates
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Fig.7 Electrical and thermal properties of the battery at 3 C when the bottom temperature is constant
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