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Research on Health Status and Fire Safety of Lithium—ion Batteries
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Abstract; With lithium—ion batteries’ usage time extending, the health status of individual cells undergoes

varying degrees of degeneracy. This results in performance inconsistency among the cells, leading to internal

short circuits and thermal runaway. This paper analyzes based on the accident process and backend data,

investigates the relationship between batteries’ health status and thermal runaways,

and proposes effective

methods for early warning of lithium—ion batteries’ thermal runaways.

Key words:electric vehicles; power battery; health status; fire safety

PUE T RO SRR R R R A

TCACA A B L R AP 3, ™2 B TR
AR AR SF U B b ) F R T (2 ~
4.2 V) B, 38 R o A SRR E Y e R (R
Fo) AT (B RA &) TR EhiR s 2 R Tl i
T R A R b B AC i DAL | R R TR
FREFRHEVERE A7 AR 22 5 | 14 2 5 A i FHT I 1] ) S
TR A AL~ Rp R R T AR A T A £ ST
MU R R, PR RE R 25 B9 R B AR S BRI AL () Hh
B AR, AT 3 RS R b 2 () A Y IR
B, B2 At o Yt A Y 5 S el i, S B b
IR AR AL 22 4= U

VFZ X LR vt 22 e ARG DN R T T IR ALY

Y fs B 87 :2024-11-04,,

FE—EE M (1984—) B, TR, 5 N F R 65 IR K 4 KRS 5

king—long. com. cn,

BEgE Y SCER[ 2 T4 4 T —Fh T IR0 M5 5 AT
%%%ﬁ%*@mhﬁﬂﬁﬁﬁﬁmﬂ%@ﬁ%ﬁ:

i AL 3T PR R AR (B R AT PR RE AR SR . AR
mTL ﬁ%ﬁéﬁ?%Wﬁﬁﬁk%%méLm?
SEPRIBATIRGE o AR ST ECSE 4400 6018 47 A e A
?E%&#ﬁﬁ?AmWME%m%%ﬁ%ﬁ%jﬁ
PR M S PRas T A AT IEA

1 HIEXRERSH
%%ﬁEW%¥AN%A$%%%§ME%
SN Bl 2 5L I as A RAS AT I 0 A A B, GB/T
%%0%&m%%@ﬁ$@ﬁﬁ%ﬁﬁﬂ%%&ﬁ
BIAE 55 104y B U R e IR B AT i

S3HT B AR OE TAE . E-mail ; linpy @ mail.



52

RS2 5 S 1 M A FOIR 25 5 K T 7

R, R 2 v A% B2 R A2 B R B 1 GPRS T8
LRI 245 1 i 0 B s

AR SO — Al Bl R 4 0B A i v
R S8t 20 A4S H b AR AL, B S ECh 568 V/81
A+-h/46 kW -h(GZ BB IR ) | BB A 1 240
1 28.4 V/81 A-h, HUA AL 72 AR, Sh A 9
AN EE M BRI I T4 A 8 R L 20 AN E MUAR 22 1]
TR, &S Mi—4dl, 0 B F 2 RERIEEW A
PN 5 2T R ARy 42.33 7 km, KAEHLI
PR KBS, e TR AR & 1 B H
A AT B R R A A L S I Y i 2
G, A MR AA B A bERR T

K1 FZHMESR

e, RAEFHOY R G G5 45 458 (Fhi
B PR Y& 0 IR AN K S SR IR €M
e 2 fE 3 iR, MNIE 2 HRT LUE Y SOk A i
TR IR T AT, Tk I ZE 7 T Il o 2 75 2
Az R, DAIED 3 s B H b RS R T LA R
M BRI TR A 14.32:48(2023 4E7 A 1 H) JF %
SREED OV, ULBH MR & 2B T NS IS, AR5,
WARI R R IS, 2456 Ja & B0 X i e gk 4 7
TRAGT, 0 H X AL 46 FL AL AL 1 25 A1
AR R LR DL A, R o
T FE T RS2 F el PR R B 5 | R AR

%54/ (km-h™!)
8

‘ ‘
7:24:42 7:45:04 8:25:52 8:45:57 9:29:59 12:39:17 13:28:56 14:15:36
i Z1

(a) HRGH

60
50
40 +
30

%3/ (km-h™")
8

14:09:25 14:13:37 14:16:57 14:20:15 14:29:13 14:32:24
it %

(b) HFRERl /N 4
(P N EPRSIYVE N GIE N K ST

50

f i SRR

4.0

a0l RS P

N AY

20 -

1.0 ¢

00 I I I I I I}
14:00:00 14:05:50 14:11:40 14:17:30 14:23:20 14:29:10 14:35:00

B %)

B3 dw i SR R R A R AR (L 5

2 HAKRESH
2.1 BtERRE

HL VA4 H A R 45 5 i b A RS (s k)
UIAOC, b @ RRARAS A 2 ST B N, R B
JHC PR Ao A e b T O T i 2 A
RIS, AT AR SR BT 22 it o 5 0 ] A, 7 Fl vt £kt
FREARASAS Ak iz R v AR P B TR 25 o S DA T 42 5 |
2 PN S % 0 P b PN %) L 2R L T B ke ok
JRURS: PRI, 43 A H it At RIR 2 5 AR 3 2 T 1 O
R R R e B R

HL LA BROIR S (SOH) 28 mgy UM T HARAFH
eI AR

Neon = C,/C,*x100% (1)

K. €, A S EPIRS R K] A& C, T
LIRS PR PR A 1
2.2 HMBKIEEHREBIES T

FET 4 Sy =Rl e Az T AR e e R e AR B R e T I8
MR- il 2, & 4 vl %0, 76 & A4 S 22w
2023456 A 18 HAI6 A 24 HIHE T B WA Hi it
fE U, R A () 7 FR DX PN R 301 F e B I
WD R I B R, 2R AE 2023 4 7



8 H F O R 5 OB %

2025 4F- 4 H

H 1 H 14.32.48 KA# kb,

42 -
40 F 61 18 H i FF i L
38 F
g 361 6 H 24 H i JT BB
2 3.4 F6H I8 H AT B
E‘% 32
30 - 6124 H I IEIF iR
28 |
2.6

50 55 60 65 70 75 80 85
ZH/A b

4 FHORAHT B - A i 2k

HUHAE (f) TRl i RS AR — B & 7
Bt W R T A A e A T T BRG] At AR
G A R B A PR S e B i A T 2 ik e R
¥, FHCOAR A IR SUR TR £ E ] Ak ok kR
1

TR A 7 i B AR 25 5, T DA S A Ha Yl 22 ]
PIEERER A 22 5, S A= o e BB 1) 1%
B e MR A B H Y (SO, ) -5 8 U i B g 2
Hi (SOH,,, ) 4 N EBERES BB as, |
[l 5 ATk, SOH,,, 75 AR mgoy, AR FFAE

T 45%, Holt mgn H m MBI 50
S 1 FISER D R o SOH S8, 233 4
Y, P 28 20 s A I 0 R — B A
B SR 7 2 R P T L8 7 T 1
FL T LS 5 9 P A, T 540 e B 4
GRPERE T IR

90
80
70 +
60
50
40 +
30
20
10
0

Nson/%

0 200 400 600 800 1000 1200
s ]/

& 5 Nson,, 5 Mson 4 FNAEA TR

P 6 D HoAh I A4 (55 K AR IR AT B 7

il SOH SRR SS., thIEl 6 AT, s b o
Meon, P Moo TRZCIFEAR A3, 3 FLIFS % 5600
AT, 4/ R 14 0 — BCPE R B

80
o
o uk T
< 60 % e, x
g K3
z o %
40 = N son,, ¢ PR
30 ° nS“HHHn ¢
20

0 200 400 600 800 100012001400 1600
iCIPN

6 WM n 5 e AL

2.3 Ang Bt

H TSP A 2 1 PR HR Yl 7 A R DTG 5
JRSCRE R b R Sl — P R R A B R WA 1 — T
FEAR bR, BT, A SCEE M OR A BR R — Bk
Angoy FEFRAT LI ZE 4 RS HEATITAS . Ango, A LD
ARG ngon, M mgoy,  ZMIBIEME . BUERIE, Y%
ZE(E B B A, o A B R S s IS W T R
23R IR

Angon = Mson, ~Mson,, (2)

B FF AT 405 10 G290 Ango, 76 1200
KA bas inE 7 fE 8 s, M 7 el LA
EHF WA 2 900 K, Ang,, B KT
0. 20; Bl 41K, 52 50k o B AT 22 100748 3h i) 5
Wi, Anpgoy BT REAR, (BB 3173029 1 100 KA,
Ao 2RI 0. 20, e R BT IR 2] T 0. 28 FHB 5
TTHE2 1 200 KB, Ay, 3550 T 5 S1H 0. 28, Bifi i fill
BT R AKHR, 5L IE T3 A A AR
HLB Y Angoy TRZPRFETE 0. 15 LU, 4nE 8 iR,

30
25 + .
-
m
b ;
I ww
- [ "=
3 LI
7o . e
A = = r{.
10 - - -
3 e
51 ' " [
] o
of &
0 200 400 600 800 1000 1200
I ]/

K7 HECERRARRT Ay, 2RSS



RS2 5 - RS B AR ORI 9

2 3

20
15

g; 10 + an Ms’ *

7 ] L] ;

g 5t -‘-

[} -

0] ey - - '

0 200 400 600 800 1000 1200

s )/ %
B8 IEH MR Ang,y ZEfLEEH

PRI, A 205 S5 00 20 0 2 4 PO T B JE 08 1) % s
], IR 65 i A 100 B8 5 2 08 B ), Ay P 1L B
E/NT 0,28, FylE iR Angy, B9 BB IS R T
0.15, Al Angoy BYBIEBE N 0. 20, — H i %K
{8, I B RS A TR AN AEAE . 4 Angyy, £ 0. 15~
0. 20 Z[A]Hs | 07X A= 4R A7 3 A W 5 o Ampgoy IRT
0. 15, AN 44 h I s it 58 44 T IE R AR
2.4 ¥ NA

W Amgoy VAR ITERA 2 93 1, AGE
TG 0 21 2l 4240 1 H Tt R g g R AR A 4 X
B PPAT , I T HE B R ARIE S A SR M 2 o0 E &
R AR R AR 2R (N = e R Lt R R )
VS B X B S Bl A SR R N S 1 < B U
0. 20 BIE H AR Ko iof 2 4 46 ] | o ¢ 5 B0 1t o BB 4
B IR I, i AT, TE R A2 g it A
() Amgon BRZORATTE 42 40 [l N BE AT R0 4 H Tt gkt
AT Fhl, 5150 E 22 BB I, Angy 75
REAETH . TR o i IV 7 H L e 8 OF B R4
R 3 FHAE R SR

3 HRiE

A S Ao X — i 0 R 0 DR A R b oK
FIREFEHT e T 8l 0 Lt SRS — PR M e
DRGSR RE S 2 A R, TR IR 4SS
BE 0 30T B R Amggyy F I ITAR i ke 01 F1
Ty Al BE A A Y I R, IR A A R BRI T i
T A R

S 3k
(1] FR5E, F2 900, RO | 45 308 FH I 380 5 1 5 0 B R U
AR A C /R TR QIR IR L

ARSI, 2024:7-15.

[2] ZHAO Y,LIU P,WANG Z P et al. Fault and defect diagnosis
of battery for electric vehicles based on big data analysis
methods[ J]. Applied Energy,2017(207) :354-362.

[3] 2K, JTTis A Bk, 55 frae sl o T i AR 1 L 40
EE WA T]. A TR ,2024,19(4) 148-61.

[4] LI F,MIN Y J,ZHANG Y, et al. A method for abnormal bat-
tery charging capacity diagnosis based on electric vehicles op-
eration data[ J]. Batteries,2023,9(2) :103.

[5] ZHAO D,ZHOU Z ] ZHANG P, et al. Health condition as-
sessment of satellite li —ion battery pack considering battery
inconsistency and pack performance indicators| J ]. Journal of
Energy Storage, 2023(60) ; 106604.

[6] LUY F,LI K,HAN X B, et al. A method of cell-to—cell vari-
ation evaluation for battery packs in electric vehicles with
charging cloud data[ J]. eTransportation, 2020(6) :100077.

[7] ZENG J B,ZHANG Y Y,ZHANG Z, et al. Identification of
power battery voltage inconsistency faults in electric vehicles
based on K—means ++ clustering with dynamic k—values[ J].
SCIENTIA SINICA Technologica,2023,53( 1) :28-40.

[8] HONG J C,WANG Z P,MA F,et al. Thermal runaway prog-
nosis of battery systems using the modified multiscale entropy
in real —world electric vehicles [ J]. IEEE Transactions and
Transporation Electrification,2021,7(4) :2269-2278.

[9] HEH W, ZHAO X Y,LI J W, et al. Voltage abnormality —
based fault diagnosis for batteries in electric buses with a self
~adapting update model[ J]. Journal of Energy Storage 2022
(53) .10507.

[10] FKITE 25k, UM . 56 T i b AR Y A9 H Bl R 2 e L i

B S B 7L ()] B R GRS 4R, 2021, 49
(10) :143-154.

[11] NAAZ F,HERLE A, CHANNEGOWDA J, et al. A genera-
tive adversarial network —based synthetic data augmentation
technique for battery condition evaluation[ J]. International
Journal of Energy Research,2021,45(13) :19120-19135.

[12] e A RIEFE TV FifE B AL, R E iR s Y
EHAGH AR 45 1 33 B0 GB/T 32960. 1—
2016[ S]. dbat. i E AR ARkt , 2016 2.

[13] it ALK, FBHAM | 55 B R IR 4 W AR ok P i v 3%
GEAS I AN R R R S M S [0 LTI R,
2019(5) :54-58.



