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Abstract

Investigating thermal runaway early warning and thermal characteristics of battery cells holds sig-
nificant importance for enhancing the thermal safety of lithium-ion batteries. This study focuses on
large-capacity energy storage battery cells, conducting comprehensive thermal characterization to
evaluate the feasibility of multi-signal monitoring for thermal runaway prediction. The experimental
results demonstrate that compared to temperature signals, expansion force monitoring enables
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386 s earlier detection of battery failure and provides a 202 s advance warning for thermal runaway
initiation, proving its superior applicability in large-capacity energy storage systems. Through com-
parative analysis of heterogeneous signals, the expansion force signal exhibits optimal responsive-
ness in capturing thermal runaway precursors. Furthermore, a predictive model for thermal runa-
way propagation was developed based on experimental datasets, achieving a prediction error of
less than 1% in thermal runaway onset timing and maintaining under 3% deviation in maximum
temperature forecasting.

Keywords

Large-Capacity Energy Storage Battery Cells, Early Warning, Expansion Force, Thermal Runaway

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

ttp://creativecommons.org/licenses/by/4.0/

1. 51§

AR, REVR T SURIPABERAL A R M BRER H as il . 8 P b AR EZ . B T
Far KA S, RO H BT RER AR RS TR [2]. SR, BT R AR S IR R, R S
FERIEF « FRE R AT LIRS F 55 25 18 R [3] [4]. TERRIBIITESL T, FoA4 i FE A T Re 51 A AR A0 Hh i 44
et , A SEEBA BB . R b HC SRR, EE T U RR . SR
HUE . FHPTSESMBARRAEAS 5 B AR [6] [7]o Z5 T IX SRFAEAS 5 50 FLI B R 28 AT A0 U R B o T, %
T PR ARG F s AR PR R 5% IR R 7E S 35 e AN AT )

EW ISR (ES T, BREHE. S B PUATESZAHCS L, RN 32 1) b
ET, W PEAE S SR 2 B R A FH A R A R £ A SR A A5 A A SR M P v (R R T IRLEE [8] [9] - AT, AN
Pt P 350 SR T ) AR B A7 TE I R (B TR AE IR, S T RIMEE AR B IR . S T M —3k
A, B FUN SABETT 1A IR P A RS L RN HL It P DA & N R B R O, I FAZ O VE T AT I O
FIBAE[10] [11]. BbAh, FEEEAPCRIESRES, mibaTRe R A NEER, SECRE BIERE[12]. WX R
SH U B AT A A RIS 1 77k . SR, BRSSPV v i TS A A%, I8 1R R4 B
OV i o -5 40 A% T P AR R ARRAE 1) T D VR AR B, T SR AR RS AE 1 T 5 v 3R L HE B R i 7 [13]
ARSI T v AR SR AR SRR R B R AR (A BR AL BREA S ) IR BT 7l T
SEBIME[L3] [14]. BEAL, T EAb S FHPTRE (EIS) AT Hjth i 5 A0S 712 () B 5 s, R FVb BT AR LR
PR TR 1) 77 VR RO — R AR WA BRI TTVE[15] [16]. 45 LR, AR EIRE TR T 2 MRS S
MITRE 75, FEHEAT T ARG RAEPHN B AL, ABAARE— 2 R PR . — 7T, 7R SERR TRE R
DA PR B T SR ATy SR T W o TR v S P SR T RN . o — D7 T, T SRS 19 St A2 32
FUTHER IR I ZH 23 (R ZE A A S DR R A BR 1) o X el SR 1) 5 B0 P AT PR () A s, M DA A THI
DR T e Yt 2 P T 11 R K 42 ) R

b7 BRI, G SESAh, mit R R A B TR S R R R ) AR A A R A E R [T ]
KA Z AT B b, JE I SREC AR AT AR I (0 O BRI A ST UL A A2 S I R 2 T I A AT B o
SN, T 755 R DO O B T 2 R (R PR A 0, DRk I S B ) A S R M L
YA AN Y TE BRI AR T . R, AR TIRE . SEES, R E NS F B A
PERFEP, 2R R IS E S B S . Ak, BR8] RM, SEERMBEE S,

DOI: 10.12677/mo0s.2025.144326 750 RS R


https://doi.org/10.12677/mos.2025.144326
http://creativecommons.org/licenses/by/4.0/

WS S84 T B R R, @ E AT 500 FP A A . it LA EvHie, WTRUE K T R T G
IRZMH . SR, R IR TREE 5 BB AR 2> o FESCHR[191H $2 T — Fh o) A% s & Fe it i K 0
AN AR SRV S, A e v 2H P 35 0 2 X U 7 7% o Mhiiriam 5 NS KF (R 7R B 8 ) AL T HL &
FREZIK (5 5k 1h SOC (FRHURAS). TESCHR[20]H RGN 1T 25 Lol N RIEIK /17484, 454 LSSVM
(Least Squares Support Vector Machine) 5741 AUKF (Adaptive Unscented Kalman Filter) 52 S28 1 5 T i
K711 SOC flith. ZESCHR[21]h S8 tHIZIK I e N — Ml SERTEAE 5, SRR EE S, En b
TR 2 (BRI BRI 8] o SR, 78 FLIBAR 2 TN I IK 70 REHEAS 5 P AR FOAE X 2 . T ST
K I TS 5 1 TRER A, 7R SR 2 16 o Ut AT B0

A BT

1) BEREXS 314 Ah KA LiFePOs i REHLES, RA TR 1{5 5 T 715

2) $RHIET K 1 B MBS BUE BOE T, B RBIX K S SR T AR

3) R ERE AR IR, S BMS R Z 15 5 U R ng S AL BS54

AL S RS B i A S AT A R HES RRE, arir. HLL FEBT. IR S S0 TR
REBTER AT, BOFSREHRG By bt IKIES 2465 S s ses, i oo g iz id i
K 70, BEE. M. FHPUSRHMIE(E 5 B A A, 18UE TR K AT R At Re S R Tl
B ATAT R S AR . ATV ITR . B USRS M B AR S S A A S
iR, B=0Ne T 2 4G S IE LIRS R, R L FERE S, AT TR R
i O IR PIUE R R AT RO . SRV IR R R B R R SRR . e, B
IR AS ) TAERAT 1 45,

2. WR7FE
2.1 MREAE
AR DA 4 ) BB B (LiFePO) 1 BEbT R AT TSR R0 Rl BTG PRI S AL 2 1
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Figure 1. Test platform
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Figure 2. Data diagram of charge and discharge cycle
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Figure 3. Multidimensional signal early warn-
ing experiment results
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Table 2. Data analysis of thermal runaway characteristic signal of battery cell

2. INRKIERHEIE S BIR S

TR A% S H— IR IR R
JEE I 71 (kN) 9.35 8.95 4.30%
HLE(V) 3.37 3.36 0.29%
wEE(C) 90.5 86.7 4.43%
KRB B ARG T W IR RS R
HEZIK 71 (kN) 10.4 9.37 9.90%
HLE (V) 0.0380 0.0350 7.82%
RE(C) 427 434 1.62%

Table 3. Comparison of thermal runaway signals of cells of different systems
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NCA 6.08% 11.2% 285~408 s
RZERIR I T
TR GG . ReAR aUR IR IBA S T 0.06%, {H e HL 22 3% i 72 T e -5 B0 8 I 0 70 A AN 22 (BTHREY

3%iRZE);

DOI: 10.12677/mo0s.2025.144326 754 5 1 A


https://doi.org/10.12677/mos.2025.144326

FEAR—EUE: UG T 227 SRR /1 2L &) (DTRRY) 4%1% %)

MEETH: BRI Pl it B R ) 82 25 (21 °CAE FE T DTk 2%~5%1R %) -

i3 2 2 SC S0 IE , BAAK 70 00 (V5 AT I TR FEAS R A4 R AR 2 b 2000 T8 45 5 (P23 A 300s Bl L),
IEW & .

3. oth5vHe
3.1. R HmRENE

2 iR PR MR 1 TR A SR RS ) 2 T A JER BEL DT R R 42 S R B SE B R A R 2 o AE L BOR T JERS
SRS HEAT IR R A2 TV 28 G0 SR BT R R S SR — 38 I B I 00 H b S IR
FIONE SN B3 U BTN SOR A R, [RIN J9H B Rk S SO R . ABIE U T 2 EE SR
BOHTHESE, RGIRD AR TR w47 PEIEA, 25l S48 7= F S AR R 21K )
SR SRS S RALANE -

BRI 77 48 43k 4 T R L 1) B 5 PR TR RO R A v, e P LA 2 S AL ) AT A FA LA
MISkFEPER, SRAEERENEIKEL. Heem s NLE, FEZ iR Rma e e g R+,
BT AE IEARAN O R AR, A i i AR R SR AR AR T o P P8 S S PT DA 5 AR i . L,
AL 2 S N R R P AR A, FE IR RONE T , SR 87 A A e e — e AR R R R T ) I AR AR T
RN L A IR T B A SOV AR Qry IR Q. ARAL R Qp AN S NI Qs FESERR TAEN
WETEN Gt B IAEEAT 1 T4, JRPRH TSI A T AR A BB . i A R R BAR BRI 2 30
AP BRI, s @) FTs:

LiFePO, & Li,_,FePO, + xLi" + xe” 1)

IR R AE RN, I a(2) 7 -

XLi* + xe” +6C & Li,C, )
FETR R R IR N S R 2 (B) T s :
LiFePO, +6xC = Li, ,FePO, +Li C, ©)
FEFECR IR, A AR S A E (4 R
Quw =Q +Q; +Q, +Q, (4)

TERA)H s Quow N AEMEAR, Q ARMNM, Qi NMKUH, Qp NI, Qs NEIR M.
fER AR, R AT R R N G)Ros T
du
Oyotar = | (Uocv -u )+ ITd_T )

H(5)H Qow TP HINZ, | 25 IO FS T B, U R FFIR R, U Rl sE, T 55
L, ‘;—‘szﬁma@ﬁrﬁﬁw%ﬁo

FEFETR R TR A I AR BL R RO RTIE AR, 10 P AR 3 (B T BN 1) 51 R B IR A2 7
WJE T ANFTIE R . EESCBUARAETE, SCHAE TRSUEIX 70 IX P AR AR, AT B O RE 0% v 7T 5 3
AR R S K55 . ST 1IEH e K 773 KR e (st 4 o) i 2 kT3
R AP BRI R, WIE N BUE T e ORI R TP K 0 R R B, SEBLPI R AR AR
UAESE: CLIP e TR AR A PATS b Tk 2 Nl

DOI: 10.12677/mo0s.2025.144326 755 5 1 A


https://doi.org/10.12677/mos.2025.144326

d_F ool I:n (6)

dt At

ERG) T, F'(t) RRIEIK I BER [ —Fr 54, Hob B A F 20 BIXE RS n+ LIRFIES n JORFEE, At
NRFEAI . BT 2.3 ATSRERt, $RECT 25°CF 0.5 C AR HR N IEH R R IRk o+ IZ2AK
T Z AR 26 (] 2 FToR) . WLEE R I, WUAK JI7E 70 sl B S IR B PR3 K, T 7 75 F o B D SR 300 1
AR Wl 2()FR, BT K 1K E AR R, LGBt — AN e B, R 18 %
BT 0.50 Nis, TEHENFRT I R AR D 4 E AT 5 KN, ASHIF TR R4 R 42 T2 R4 15 8 S 7Tl
H I R A R AR AL ) 10 5B 5.00 N/s), [ Ak 146 %6HE 5 kN,
3.2. Rk OFRER AT T 4R

W B AT, AR TR T RTINS AT A K 7145 5 RI{E (5.00 N/s), JERK
YNHEN S KNo FETIZBRME, FE5 2 4555 TR S0 v I 2K 70304728 A0 2 (1 3R Al S I 77 i e i A
Wi, RIUAEAHTTE I 2 YE(5 5 U SIS rE 718 s IAK SR AL R AR H1 (10 a0 HEE B T F5e 5 B I (1)
BIE, Wi 4 .

T _w@-‘T""""""""""""".
__——%ﬁ/ﬁﬂﬁfl | . !
1o —— dF/dt ] 718s, 5N/s g b
200 1 !
-4 . 1
1 | 8r 1
1
| 100 : R :
~ 1 ~ =4 ' @ 1
o £, B 718s, 5.1kN =1
& : 1 2 \ 5
= | [ , !
Ho
= : 100° 1 :
1 : kI i 1
1 | 1
N 200 . 1
==« 1 0 1000 1
------ 1 Il (s) 1
2 L L L S e e L e e e e e e e e e e e e e 1
0 1000 2000 3000 4000 5000
IFE (s)
Figure 4. Variation of expansive force in thermal runaway process
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Figure 8. Comparison between model simulation and experimental results
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