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Diagnosis of lithium-ion battery leakage fault based on
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Abstract: With the continuously increasing market share of electric vehicles, lithium-ion
batteries are experiencing explosive growth and large-scale application. However, safety
remains the greatest challenge in battery technology. Due to manufacturing defects,
commercial cylindrical lithium-ion batteries are prone to damage of the top cover under friction
or compression. Such damage leads to exposure of the internal electrolyte to air and its
subsequent leakage. Electrolyte leakage not only affects the storage and release of energy in
individual cells but also causes external short circuits and fire hazards, posing a serious threat
to battery operational safety. Hence, it is critical to accurately identify leaking batteries. To this
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end, this study designed a simulation experiment to identify electrolyte leakage faults,
conducted cycle aging tests and electrochemical impedance spectroscopy measurements on
both leaking and normal batteries, and established a second-order fractional-order equivalent
impedance model based on AC impedance data. Model parameters were identified using an
adaptive genetic algorithm to reveal the evolution patterns of impedance parameters between
normal and leaking batteries. Finally, a decision-tree classification algorithm was used to train
and test the extracted fault feature samples. Further, 100 repeated sample divisions and fault
diagnoses were performed to reduce the randomness caused by single sample partitioning.
The average values of accuracy, precision, recall, and specificity were calculated to evaluate
the model's classification performance. Additionally, different training-to-testing set ratios were
tested, and classification results obtained under various conditions were compared and
analyzed. Furthermore, a cross-battery fault diagnosis was conducted by taking one battery
as the testing object and the rest as training samples. The diagnosis results further validated
the model's generalization capability for unknown batteries, laying a solid foundation for early
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warning systems for lithium-ion battery safety.
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Fig. 1 Electrolyte leakage simulation experiment of
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Table 2 Binary classification confusion matrix

HSZ
1E% UES

1EZK true positive (TP)
K

ES|

. false positive (FP)
TR

UiES false negative (FN) true negative (TN)

e TP FEAIM RSB IESS, IF HABH IG5 R B2 1Rk,
FP: FEARRIHSLIGNZ T, (HRMALKG TN TN: FEAR
HSEFORFEE, I EARADE A7 FN: A FLsEe) it
1B, ERRRLRE EL T o 512

SR R e T T 5 TS 2 I
BI%R, TS TS .
L RSP
W SR A FIT R (025 5 5 50
WAL T (504D
TP + TN

ACC = T L TN + FP + FN )

WA TERRSTRIN N 2RI A 45 R, Bt
TR TR IR A B R
pez TP
TP+ FP

(12)

Al ERSENIERMFTA S R, A
T R L
= TP __ (13)
TP + FN

Frseth: ERSHEATRIITAERT, B
T IE A O LE EE

Rc

TN
SC= N+ FP (14)

XFABFRY, WEI9KE, BRARKAAE
THIR S, X TATA R 48R # 8 100%, Bt
IR R B R K 0 SRBE . T oR SR 3 SRR
BAT IR B2 W, DI ZREE SR Ry B
BEHLYE, PRIk 2Ras R AA —EIREHLE, Bk
Iy KA R U MAZAS Wi L A . ik
ARG, RRFAESREAT 100 IR REAS R 73
g2, IS EE, SRR R K
FEIMEN99.73%; KR I TEIEH N 99.75%; H
o] Z2 1) S 2946 9 99.89%:  HF 5 1R B B E N
99.5%. 11 L5 IR VAR HL B ) FHLTUARE R 2 5
FEEAZ A RE T RO BON R 2257, JTH 2
MR RHES BORA AR A B MR, R
IR 9 S R A R AL 22 ) TP B A B R AT . 53R
R, PRI DR HW 70 AR RS AE A [F) R A &)
oy MAEFHRIEH b SRR, B RS )
NG LA R IRz A RE 7). B0 (TR I 2 A0 A [l 32
R R TR G RO AR ) 5 T R B 5, T A
e (AR S ARk — 2B BRI 1 R AE TR 1R A U T
P EENE. ZRERE, SRR AUl e i s
R CENE S S G ER RIS

T REA BB B IR, FEALER] 2 I ZREe A
WEMNE R FAERREZESR, X SBuAE
ZREGNA T BER L i 22, AT 73 2845 R 1A
SEVERATSENE . Oy 1 BRAR BRI R 3 X S 45 SR (5
M, R ZR R AT S B L I B 09 6 ¢ 4 )5 IR
BEAT 2, NTTSRBCE RS . W] 5 PR REVP AL 45
o MRLIXRPOCA I 2> S, W] LA RO b A
LA M SRR E, $Em o RIS b
TERA T ATZ AL RE

45 R AR WA AL I R AR R K TH D9 100%, 33t
WRZA AR 2 TR A AR B R BOR PR BE 1 AR
EVE, JF H ARt N o SRR SR AT
100 R IREARI 2y i Ri2 W, tH 5P, 153
{1 I AV 1 R 1) T P4 09 99.03% 5 i B 1) 1 2



4158 g #e F 5 # XK 2026 55 15 &
1 0000000000000
—— HSE

0sl —o— MBI

i1 S

i

=0

B
L , ‘

-1 1 o 5 10 15 20 25 30
T2 TRFEAR
(a) IR (b) R HEIR S

E9 INAKESMIKET : IHPSISHTLER

Fig. 9 Training set and test set ratio 7 : 3 for fault diagnosis results
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Fig. 10 Training set and test set ratio 6 : 4 for fault
diagnosis results

[l SOC w1 EIS ¥¥ #t 4T Z H9iR, 2R, Ry~
Qi Ry Qv av o, BN SHL B S B
AR, R T AR VUE BT AR A 1 LT
B SE 1 LR AL IRV R R R BB S . RIS A



210 XA J T BB FE oA 2 ) 5 H s VR A i 12 4159
2 0
—o— VSR A —o— TRHUH L

B B
§ | & . R .
= 1 = 1 ° ° °
B B

0 5 10 15 20 25 2 2 3 4 5

TBIAE A TBIAE A
(a) B IR H R S 4 (b) A s e b AR 5 2R
11 BRREMISIEER

Fig. 11 Single battery verification results

FI T SRS [ 0 B, KRN 100 MREAS, 73
AZRET 316 1 4L BIREAT IIZRATII, 2%
DKL FIREA Y SEBLIE RGN, R WA R HAT AL
T AU VR R AR B8 ) N R B RS T RCR .l A
RN T R i i B2 Wy, 2 SRR W] iy
TSR BE A A RO AR R RLTB HIRVR RRR, EAL
I 5 HLB Iz AL e

[2]

(3]

[4]

(3]

(6]

& £ Xk

HAN X B, LU L G, ZHENG Y J, et al. A review on the key issues
of the lithium ion battery degradation among the whole life cycle
[J]. eTransportation, 2019, 1: 100005. DOI: 10.1016/j. etran.
2019.100005.

LI XY, YUAN C G, WANG Z P, et al. Lithium battery state-of-health
estimation and remaining useful lifetime prediction based on non-
parametric aging model and particle filter algorithm[J]. eTransportation,
2022, 11: 100156. DOI:10.1016/j.etran. 2022.100156.

ZHANG Z P, LI Z, YANG X L, et al. Thermal management of parallel
cells—Methodology based on nonHinear dynamics[J]. eTransportation,
2022, 13: 100187. DOI:10.1016/.etran. 2022.100187.

FMBE . X" FARIREN T R IR S AR AL 5 e B R AR [J]. AR S R
Ui, 2024(11): 41-43.

SUN J Y. Energy structure optimization and transformation path
driven by the "dual carbon" goal[J]. Ecology and Resources, 2024
(11): 41-43.

WANG Y'Y, LAl X, CHEN Q W, et al. Progress and challenges in
ultrasonic technology for state estimation and defect detection of
lithium-ion batteries[J]. Energy Storage Materials, 2024, 69:
103430. DOI:10.1016/j.ensm.2024.103430.

VRIS, L, X, S5 BRI S e TR T R RIR [J]. R R
5K, 2020, 9(6): 1926-1932.

LAI'Y L, YANG K, LIU H, et al. Lithium-ion battery safety warning

[71

(8]

9]

methods review[J]. Energy Storage Science and Technology,
2020, 9(6): 1926-1932.

DU X W, YANG B, LU Y, et al. Detection of electrolyte leakage
from lithium-ion batteries using a miniaturized sensor based on
functionalized double-walled carbon nanotubes[J]. Journal of
Materials Chemistry C, 2021, 9(21): 6760-6765. DOI: 10.1039/
d1tc01069g.

WAN J, LIU C G, WANG X X, et al. Conductometric sensor for
ppb-level lithium-ion battery electrolyte leakage based on Co/Pd-
doped SnO,[J]. Sensors and Actuators B: Chemical, 2023, 393:
134326. DOI:10.1016/j.snb.2023.134326.

Rk, CReAR, BRE S, &5 AL BT I & S N 0 A SRR U],
PEHIAR, 2021, 45(9): 1227-1230. DOI:10.3969/j.issn. 1002-087X.
2021.09.035.

WU L, LV T L, CHEN Q Z, et al. Review of measurement and
application
Chinese Journal of Power Sources, 2021, 45(9): 1227-1230. DOI:
10.3969/j.issn.1002-087X.2021.09.035.

of electrochemical impedance spectroscopy[J].

[10] ¥l fh, AR IR, JOHIHT, 55 . 4R T At A Ak 2 B BT 0T TE 450 U]

YR B R, 2018, 42(11): 1749-1752. DOI: 10.3969/). issn. 1002-
087X.2018.11.048.

LENG X W, DAl Z Q, ZHENG L L, et al
electrochemical impedance spectroscopy of lithium-ion batteries
[J]. Chinese Journal of Power Sources, 2018, 42(11): 1749-1752.
DOI:10.3969/j.issn.1002-087X.2018.11.048.

Review on

[11] F58, ZHRE, F2, 5. T B2 BT e 1 b & 2k

A5 T 2 B R R 7 D). BLk 5 HB T, 2021, 39(4): 33-38. DO
10.3969/j.issn.1001-2257.2021.04.007.

KOU Y, LI R K, WANG X Y, et al. A parameter identification
method of lithium-ion battery equivalent circuit model based on
electrochemical impedance
Electronics, 2021, 39(4): 33-38. DOI: 10.3969/j. issn. 1001-2257.

2021.04.007.

spectroscopy[J]. Machinery &

[12] HHI5E, i, ARG, 55 ORISR G2 R SRR ). 15



4160 & fE

Moy o5 oA

2026 #5515 %

LR 5 #A1:, 2022, 39(9): 1-10. DOI:10.3969/j.issn.1000-386x.
2022.09.001.

SHEN M Y, HAN M, DU S Y, et al. A survey of decision tree
ensemble classification algorithms of data streams[J]. Computer
Applications and Software, 2022, 39(9): 1-10. DOI: 10.3969/j.
issn.1000-386x.2022.09.001.

[13]Z0U C F, ZHANG L, HU X S, et al. A review of fractional-order
techniques applied to lithium-ion batteries, lead-acid batteries,
and supercapacitors[J]. Journal of Power Sources, 2018, 390:
286-296. DOI:10.1016/j.jpowsour.2018.04.033.

[14] Bi5kiz, FIRCF), &0, & . 36T ) RC 4 2 #% Al SR-DUKF 5%

4R LB SOC il LA FE[J]. HLUR 224, 2024, 22(4): 236-242. DOI:
10.13234/j.issn.2095-2805.2024.4.236.
JIA XY, WANG S L, CAO W, et al. Research on estimation of
lithium battery SOC based on second-order RC equivalent circuit
and SR-DUKF algorithm[J]. Journal of Power Supply, 2024, 22
(4): 236-242. DOI:10.13234/j.issn.2095-2805.2024.4.236.

[15] A, FHaE, A58, 45 T 20 O B0 1R 41 80 T R v A A PR B
FERIJ]. T ROR 244k, 2021, 36(18): 3902-3910.

WU J, YIN Z, LI H, et al. High-frequency equivalent circuit model
of lithium-ion battery based on fractional order theory[J].

Transactions of China Electrotechnical Society, 2021, 36(18):

3902-3910.

[16] Vi1 . SRR A 20 B A A FOR S Al T 77 T ST (). R AR,
2025, 23(2): 266-273. DOI:10.13234/).issn.2095-2805.2025.2.266.
XU Z H. Fractional-order modeling and state estimation method
for lithium battery[J]. Journal of Power Supply, 2025, 23(2): 266-
273. DOI:10.13234/j.issn.2095-2805.2025.2.266.

(171 2 WI 46, skfhiide, £ 3. 5L T B0 R 5 572 A1 SVM (1 B AL g s %
H[J]. BL2E TR, 2023, 44(S2): 92-96.

LI M W, ZHANG W F, WANG Y. Motor fault identification based
on adaptive genetic algorithm and SVM[J]. Packaging Engineering,
2023, 44(S2): 92-96.

[18]WANG Y J, LI M C, CHEN Z H. Experimental study of fractional-
order models for lithium-ion battery and ultra-capacitor: Modeling,
system identification, and validation[J]. Applied Energy, 2020,
278: 115736. DOI:10.1016/j.apenergy.2020.115736.

[191 SAHU A R, PALEI S K, MISHRA A. Data-driven fault diagnosis
approaches for industrial equipment: A
Systems, 2024, 41(2): e13360. DOI:10.1111/exsy.13360.

[20WEN L, LI XY, GAO L, et al. A new convolutional neural network-
based data-driven fault diagnosis method[J]. IEEE Transactions
on Industrial Electronics, 2018, 65(7): 5990-5998. DOI: 10.1109/
TIE.2017.2774777.

review[J]. Expert

BEERE

RBAE (BRI 5HEAR) 2026, 15 (8): 3225-3243 (130 F oy [Bl 74 UKL its A & BE BN IR B R
RGBT FEBERE), DA Bl , Rk G I U 1 R Ik

5 B 30 G N -

[EXEHE AL E (20262D1702302); FE K& S & iTHRIERE (2024YFB4104902) ]

B IR

[E X E AT RIS (2024YFB4104902); EH R BHE KL TR (20262D1702302) ]

Frib IR

il RERE 2 5 BOR ) G 45 50
202610 H



