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Pulse Heatingand Temper ature Rise Consistency Analysis of
Lithium-ion Batteriesfor Electric Vehiclesin Cold Regions

LI Zehao, TAN Rui, CHI Yanshen, CHEN Zeyu, WANG Mingxue
(School of Mechanical Engineering and Automation, Northeastern University, Shenyang 110819, China)

Abstract: The performance degradation of lithium-ion batteries at low temperature is a main bottleneck that
restricts the electric vehicle development in cold regions. Low temperature heating (LTH) is an effective solution. A
study is conducted on LTH method based on short-term high-current pulse excitation, and the heating characteristics are
analyzed. Electric and thermal co-simulations are conducted and verified by experiments. The results show that the
presented method can achieve a heating rate of 10.90 °C/min and consumes 4.35% of nominal capacity for raising
20 °C. The temperature consistency and its influencing factors of single cells during the heating process of battery
module is investigated by simulation analysis. The results indicate that the difference of resistance is the main cause of
inconsistent temperature rise while the inlet wind speed only has a minor impact. When the standard deviation of
internal resistance is 4.3 mQ, the maximum temperature difference can reach over 6 C.

Keywords: Lithium-ion battery; low temperature heating; collaborative simulation, COMSOL simulation;
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B, ek R . PUAILAE e FE X R Sl
KGN, H A R RS i b AR e 2 TR

T [i1) G BRUG AL FNBEIR 22 22 )7L, & BT fiE
TR A R B¢ [ B TR -5 A 1 A0l ) o 2 Al 7

ST, AR R R R, 7
AR SR, AL SR AT A W B A DX A

Wim HE: 2024-06-04; fE[E BHA: 2024-08-17; KA BH:
2024-10-13; MZEHKZBH: 2024-11-18

BEELWH: HEARREE TR HU24A20158)

This work is supported by National Natural Science Foundation of
China under the grant U24A20158

Ma e 25 o AEARIELIG D0 T, BRES T F i HL i ol o
TR AL RONE AR ARGE | AT RS BT O,
G S GRS N TR WS GV d Ea  1
S, AR FErL A 225 Rl G AT B, 2
HIZERRERE AR, Pk el B,
i i vy FEL VAP BRI T A ARV RE 2 FE X L 3R
Tl bk R R



5573

PSR, e FEXA AR bk eI S i T — e b 183

AR PRI i DRI — TR A RO A o AR AR
V5225, ARIRANEAT Loy S SN Fn N s
HNERINARTT T, Song &M o AR AT B 52
50 min M-20 CHAE R AR ; ¥ EB%ED
K RV ZH TR VO R R TR At P, 1 P VUL A G T A
JNFAR, SEEE 35 min (WAA-30 CFE 0 CHRIIMHA
Gy € SV 1191 0 8 A S 2 ERV ok O P U i - S R 2
(97 ok S E AL HR, Qu A L BRI
Ferite5 MOSFET | HURR = HRIK, 7R LI N ™ AR
] ERPE B IAL, X H HEA TAR, WTRATE 175 s Y
PEHMM-10 CHIHAZ 10 'C; Shang 24—
MR SRR Y 7 125, TEMIAO 10 kHz, HL iRt
TR 1.8C BN OLT ,  HE I A I T R R] gk
2.94 C/min, FRFFFEOMREMNPARAE T BE 5L
ARI7 i, BJEIR TR, ELRTH Bk R ST
FER B

BEXF IR, ASCER T —Fh BTk e U
AR T 25, AR F vt P BELHS AR
FIATKHLIL A R BK Rl A SR HAR %o A itk
frmmgh, It 4 )E - A ALY SISO SRS
MOSFET (metal-oxide-semiconductor field effect transis-
tor) SE BN . G RGE TR, i TRl
FEIAHLEE, [FIAE3E T COMSOL ff BB/ T
AR PR RI O B0, PR5T T o A a8 A S
Th—BEEm R R, SRR AR g s
W

1 {RiEBk LT %

fic b AR AN 1 R, P E T
b T ST Fof SR b VTR, B IR A S £ o
ML, MOS EHIHAENK IS M T Pt r
AW, YK 5S4 FARHESFE, MOS 48¢
W, el g Al T TR AR (OFF FrBr); fikn s
S F SR, MOS AR, gk e kAt
SHEARZ(ON HrED. i T MOS 4 256 3 1F
Fibl, ON BrBesr=A: Wit K, %5 B
b P 7 AR 2 AL RCUEACRIAR AR, I B A P 3L 3

ZEASNBE Ry I B AR RN, ELAE R HLRAR
R PR At Aedh; 18 OFF BrBe, Mfbihss
AL TR, (AR Al ON 5
OFF By s BriatT , 7l K i iiisah 2 et
% 14> OFF BrBr a2, AT LA R
TR HLI AR A BT, 3 T IO FEL I A A B AL 1
AN BLAI IR 1

1 / \

|

T
HLE \i ONFjHB | n U@ |
: 1 L0(=1(0 + Ro(y+ Y —— |

|

|

|

|

|

|

|

R() |

=1

' (0%
OFFHi &t i 0% T

Q

LA R
lfaN

N —
MOSFET

El1l mBt{REKPINARERE
Fig. 1 Schematic of low-temperature pulse heating
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