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Abstract: Power battery is the energy source for electric vehicles. It is of great significance to ensure the
safety and reliability of electric vehicles by accurately predicting power battery failures and identifying
their fault types. Based on the 6-month actual vehicle monitoring data of 10 pure electric vehicles, 16
feature data were extracted as input and the battery fault type was used as the output. A double-layer
diagnosis model for electric vehicle power battery faults based on LightGBM was established through
model training and parameter tuning. The upper-layer model was used to determine whether the vehicle

power battery is fault. The lower-layer model diagnosed and analyzed the specific fault type. Results show
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that whether the electric vehicle power battery will be fault can be correctly predicted. The accuracy of

diagnosing the fault type is 94. 05% . Meanwhile, the main features that affect the failure of the power

battery are screened out according to the ranking of the eigenvalues of the model results. This study

provides an approach for identifying the state of electric vehicle power battery, analyzing the fault type

and diagnosing the cause of the fault.

Key words: electric vehicle; power battery; fault diagnosis; LightGBM; double-layer model; feature
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Fig.2 Correlation heat map of characteristic data of battery failure prediction model

2.1.2 AR

TR VA A 2 LU 8 =X B A RE 10 n] W4k
RO FERE AT RN FLSAE, FE R 91 R TOIAA
XoF £ 2 BRI 2 s TR TE B O RE A B i TRVB R
XA L BB R A, X 1 2 1 2 €0 R VS, % P AR
ARG R vy A AR I X SR TRV L e n 1) 3
Jim. Hr. TP 1901, BIAG 1901 N 2E 2 kEA 1
TERGTFI TN >4 1 810, EIA 1 810 /™ Ha, i s bf A
PEIEHR U FN FP 3554 0, 33 156 IH 2 455 15 15000 4
JEIRF] 100% .,

I FHASE B T 25 SO0 A AR 46 A B SV AT HE
JF, R LA 36 52 ) 2 07 P L 2 75 A A il 1 2 B

o

0 1 901
st
S
i
1 0 1 810
0 1

e
P 3 L P A R YR T

Fig.3  Confusion matrix of battery failure prediction model

1750
1500
1250
1 000
750
500
250
0

FRAE, HiP 4 AL 7 A AR AR LR B
LU AR I T R A, L R R
FORFAIE , 240 5 LE 55% , 6] 42 30 5l g vl B 22 42
PERAAR KA , 22 8 45 BRI 42 AT B e/
T AR AOHE R R B S AR B TR
T P B, KSR, R et 14 o 2 ™

o, BB b A 2 T RE A R
e A R T BRI o e R Y KU, R TR

TS 4 057, 253 3 vt A ) V) e AR L e F v
IR RERFEE LT} SR H RS RE TR A P 7 i,
277

speed

100

max_alarm_Iv]
total_volt

70
— 34
=10

total_current

=

=

=

min_cell_volt
mileage
isulate_r 3
max_cell_volt_id
max_temp

min_cell_volt_id

50

100 150 200 250 300

FEEE B
P4 R bl PN AR Y R
Fig.4 Feature importance of battery failure

prediction model



188 5|

IR AN N

2025 4F

Bk A S AT Be MRS I,
2.2 PR BITNAREY
2.2.1 fREAIA A

PEHLER 1 B id F i A i “ SOC-IH AR
“HEL L PRLUR R R B L DC-DC R AT RLAM B
i 16 > BAE AR IEBCE . TG B bR )
AR B G, N T Bl | R I A7 i b
MR R | R R RS A Y R, B
PEAE I N 12 Fl el il eSS AR o A 25 s 51 b

12 F i AR AR AR IE R 0 ~ 11, bRid)E iy
3 P02 o s B X % W s 28 A N 5% 3 TR
2 R E 0 7 vt L VR R R BE R R,
BRI ] BE 2 S 80 2 R S8 KB L HL  DC-DC H
PR s, PR O oK e B8 — A 2 R B ) H Sl SRR
HH

BB PR S 40 R 4 100 He A9 43 R I 2 45 AT 3K
£ LightGBM 574 #4172 4r 2 il , LightGBM
) FLESEANER 4 PR,

R3 HHBRMBELR
Table 3 Types of power battery faults
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Table 5 Parameter adjustment results
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n_estimators [ 100, 1000 ] 100
learning_rate [0.001, 1] 0.021
max_depth [1, 11] 9
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feature_fraction [0.01, 1] 0.54
bagging_fraction [0.01, 1] 0. 66
bagging_freq [0, 10] 3
lambda_11 [0, 1] 0
lambda_12 [0, 1] 0
min_split_gain [0, 1] 0.1
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Fig.5 Confusion matrix for battery failure type

classification model
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Fig.6 Feature importance of battery fault type classification model
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