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Multiphysics-coupled synergistic charging system for lithium portable energy
storage under extreme cold conditions

Zhang Xiaocheng, Guo Qiang,Zhao Guangyan,Dai Yunlong, Yang Xinyu

(School of Electrical and Electronic Engineering, Chongqing University of Technology, Chongqing 400054, China)

Abstract: This article addresses lithium-ion battery performance degradation in extreme cold environments, which causes charging
inefficiency or failure in portable power banks, by designing a multi-modal cooperative charging system. Low-temperature electrochemical
mechanisms and charging behavior are investigated, focusing on coupled electro-thermal relationships. Optimized preheating structures
and electro-thermal cooperative dynamic charging strategies are proposed. A polyimide-based flexible heating film integrated with high-
thermal-conductivity AIN/graphene significantly improves heat transfer rate and uniformity, rapidly restoring charging capability. To
overcome limitations in direct internal temperature measurement, the recursive least squares method with a forgetting factor enables online
identification of drifting key parameters (e. g. , thermal capacity, resistance). A high-precision, time-varying thermal circuit model is
formulated. Combined with an unscented Kalman filter, a dual closed-loop cooperative estimation architecture recursively updates and
corrects internal temperature states in real-time. Experimental validation confirms the system achieves a battery internal heating rate of
5°C/min. The thermal model ‘s systematic error stabilizes within 0.2°C. Under various sub-zero conditions ( —30°C, —20°C, and
—-10°C ), internal temperature prediction errors remain within +1°C | with a maximum absolute error of 0. 6°C and maximum root mean
square error of 0.4°C. This effectively solves the critical issue of portable power bank charging failure in extreme cold, providing
innovative theoretical and engineering foundations for energy assurance systems in such environments.

Keywords :low temperature charging; internal temperature prediction; forgetting factor recursive least squares algorithm; unscented

Kalman filter

S H 9. 2025-05-12 Received Date; 2025-05-12
w JLA TR TR H RBHEEE 4 L35 H (CSTB2022NSCQ-MSX0997) ¥ B



84 f# £ ¥

a6t

0 3l

T

BEH AR R | i SRR AR 55 1 AIME 55 1] o 9 X 4
Ji& 4% 3RS Sl v U 0 AR S FL T P A ) 2402
RCRERY SR, B T WA O R A REARA, 7w
FEPRIEET DA A R Al 2 S T AR i 11 9 9 i RS 52
BELA6F ) 5, 3 8070 fh RO A R el o sl
I, G e O 85 RS Sl v DA o SR B v e AR E T
HLEL O S RTTTEA ELAL

HRHTFE FE S8 ARIR P REIR AL $2 1 Bl 8l f i
2 E S PR At CEOR B2 R0 R A T st
P DML FIC I, a0 i A L TR T Al ok
SERYHARRCPE"S , B T R IR AR (E L TR
R AR T B R AN AR X L A 5 A 1 DR R AR
Ko AHEEZTT, 28l TR S T8 3 7 0 AR A 8 A
SEARTF R MG P TG e R S T b
TR S INE ™ B4 | R R R IR | (EHE T PPk 32 vl A 2 Rl I
JOL 4 24 FLAFAE SRl AR AR KU , 8 B S 2 A — P R 5 A2
Hemg AR 2 e AR, SN TURAGE o A A
WAl S HA A AT S SO o | 2 A S T L TR
FeATEIRAFOOH, B T AT SR R A R T
e, SR, BUAT S 8 TR B A M B IR 391 AR 15 58
1 - AR TIPARA 25 SO TR A, ERBEAR T Hit b B 1A 52 4
o (HELTH R AR ELREFERLA 22 | ME LA 2 i FAA
FEHLTF R S A TUARGE o i ARG A, AT RIS AR
AN HAFIN AR 55 B BN, RGBT R
ACBETT N> 5 AR A8 A Rk T AR T v A 2 R i S R
JEZ% nh, BERSE RO AE 3 2Pk (RLIH [ S R 2
AR ARSI X[ 7, 5 S0 R R T R RR
] P RA T AR AR PR R 157 P i A 5 TR R g
SEORE O ARIR SRS B A A P T 48 il
Ao H R T O e 25 2 P L o A Y 5 R b R T, I B R
PR/ A 8800 55 o T AR ), T 3 4R TR B R 5 8
Sk

SR, BRAT LA R 0 205k F R D A g 65X e
Z RS FL M Sl A TR R B SE & BCRE T, B S BT
PO ol RE AR | HLH M 25 4 S 2 e LA £ A IR
SR BT — ol L A DI ) BB 3 e A S MR
B A 2 B L EA AR P, O 45 45 T 55k S5 o 00 e
T PRI EE | AT S BRTAR - 78 FL DAY 3 R

VR, #127 H Tt BAVSE R AR i s A AL 7T 23y P
HUBHBRK )y 0 55 AR AT AR A P . P AL AL 0 DA R A o
~ TR AR K - A R AR Y T A — B el T e R
PR 2800 B RS 2R BEARR T3 (R 22m T
PRI BB BRI 4] AR T 2 LA R

PR AT R 0 B AR A e (E HCAR B H AR AR Sy 4
SIBRIE  MELLSRAE S BRAS R0 J0RE 1) B2 25 14 o ] 5+
M, T BN 00T 2510 5 SR AR RLR 4 1 8h
SRR T8 3l 5 S BN, BRI GO AR L
RS AR 1R B, ME LA TS s A 37 5 22 4 iy FLASS
RUrh e AR EORS B =, GRS EDULJR 71 Fi b PN %) U B
Yo A ARG A AL A% 3 23 TH SRR, MR 4 2
BN SCR AR ERGBERRAR . ARERZ T, AR R0 PR
# (equivalent circuit model, ECM ) il i RC 0 25 i iR Hy
AL A I T 3 0 TR S PR O 34 BT 254y
{78, AT 3~5 DNIBH/ A S HUN AT R AE S S 4, R
R R AR S RO R B2 5 T3 0wy , 1 S 75 5K
Al EAE S HLA ECM A&, 4 E 58— A4 R — v D3 [ 42 1 4E
B8 EFRAER AT (4L S8 ECM R 5 B4
i, Z M AR PR EE T ARk B T A8 A 2 e e vl % L T 4
fih PR BEL ) 8 AR S SRR BB T 13 2% I G K
G A R — T S SR R A S o AR 2 R A
P/ RSB e 2 Lo P EANZ fihe

PRI SR S S PR b AL e di/ N ke ik
A B b AR R S S8 (TR E 2 BB B
DAIE 07 B b T 48 R R B 28 1 s AR A | 5 A AR
I35 22 AR i 8t s D 7 4 A /N 3R v (forgetting
factor recursive least squares, FFRLS) i i 5| A 3% 55 K F
5 X SHCEHHLE] , AT AR08 BR A 245 S 805,
EHETE A T 0 R RORERLE R TR R AR A
TR A A IS N B RGO IR TEIRAS
D2 TR, 228 MR 7R 0 08 I B AT A B3 R AR R AR 2k &
GLivRe S22 S B AR 1k . KRR 2R AR IS &R
G AL F I £ | AT SR AT RGOS Fe LT, {H A
Tk R GRS PR IR 2 D A A T AR
MEZe AT AR L RO B8 | BB HRROR 2 i (B B 0
TR 2 73 Al ek X 2 5 300 B A i 22 R P
TGl /R 2 Y€ I (unscented Kalman filter, UKF) 3 F ¢
TRASAGAT B A 8 RS B G R, TO S e Al R AT 5 9
TR RE R, G T E 0 R R — e S AR e
TR A FFRLS 5 UKF Fik  H @A 36 B
G T2 . Sh 3R 5 FFRLS 52 TF PR AR 70 280
PERFI ] UKF il G 22 U5 R £ B0 3 41 N IR 37,
i 2 1o TR A ] S IR 7 P ) (VL PR TR

AT T — Tl T[] e FE PR A5 A 46 485 X% 20 vl O
RS S R GE, HERHER G5 3 MO 2.
L FABI R B A 2 IR AT B B A v AR TR R Al 2
PR A B AL, BT s R - = S Bb L R B A5
PR . F it 70 PR BE 5 B AR SRR R 2 BT
FFRLS TEZ R i P PP AR CBE SR, M A
IRBE R 5 0 A2 A 10 Bl 25 A 0 25 4558 %88 R Ui 32 T



% 6 1

RN A R FERR IR T B HE R Bl i IR RS P R FE L R eI 85

JZ Rl UKE 503k 5 15 A4 TR S s m) e e Py R i
JEEFF R At Z 4 ) B, S A - 7 AR Y v D)
R, SEER IR FIT 4 2R 5T REAT AR S R P B % S IR
JEETIUIN , fift DR 85 R 3l oL U7 Pl R St

1 EETFREBEETEVNESN

LS L M T A L B R AR ] A T R
Jii % e e L A, LT AR SRR AT 1 R

(Geanm
|+m nl — ||+ E o —
o017 000/ 69 R-00
O6-10-06 )| 0000, -66
O-F - 006 06-0- 0 &

é’ 0000 a6-6) -0
i R B

HET R AR
%'EE ﬁSJEE.

(EI I e s R 1o 2 R TR L
Fig. 1 Principle of lithium-ion battery charging and

discharging process
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Parameter identification of portable power supply

thermal circuit model
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Table 2 Identification results of parameters for portable

power supply thermal circuit model
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