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RESEARCH ON DATA-DRIVEN FAULT DIAGNOSIS
METHODS FOR POWER BATTERY PACKS

ABSTRACT

With the rapid progress of the global economy and society,
environmental pollution and energy shortage issues have become
increasingly prominent. Promoting the development of new energy and
achieving sustainable energy utilization have become an international
consensus. Therefore, with the rapid development of electric vehicles, the
battery industry, as a core component, has also flourished. Among them,
lithtum-ion batteries, with their significant advantages such as high energy
density and long cycle life, have become the main power source for electric
vehicles. However, in recent years, there have been frequent self-ignition
accidents of electric vehicles, most of which are closely related to lithium
battery packs. Lithium battery packs are composed of a large number of
individual cells through series and parallel connections, and they may have
undetectable short-circuit faults and connection faults during production
and use. If these faults are not dealt with in time, they will significantly
reduce the safety of lithium battery packs, thereby endangering the safety
of passengers and vehicles. Therefore, solving the problems of fault
diagnosis, location and classification of power lithium battery packs has

become a technical challenge that needs to be urgently addressed. This

1
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paper is based on this background and the main research contents are as
follows:

(1) Focusing on power lithium battery packs, this paper introduces
their basic structure and working principles, analyzes the common fault
characteristics and evolution processes of lithium-ion batteries, and
establishes a battery pack testing platform while designing single-fault and
multi-fault experimental schemes. By simulating short-circuit and
connection faults in battery packs, voltage data under various operating
conditions are collected. The acquired data are then denoised using moving
average filtering, providing a robust dataset for subsequent research.

(2) To address the difficulty of traditional threshold-based methods in
diagnosing early-stage short-circuit faults, a novel method for early short-
circuit fault diagnosis and localization in battery packs is proposed, based
on Pearson correlation coefficient and Kernel Principal Component
Analysis (KPCA). This method uses the Pearson correlation coefficient
between battery pack voltages as input features, combines the KPCA
algorithm for fault diagnosis, and locates faulty cells through the
contribution plot of KPCA. Validation using single-fault experimental data
demonstrates that the proposed method can promptly diagnose faults and
identify faulty cells, exhibiting strong performance and robustness.

(3) To tackle the multi-fault classification problem, a battery pack
multi-fault diagnosis method based on voltage range and Long Short-Term

IV
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Memory (LSTM) networks is proposed. This approach extracts the voltage
range of battery pack voltage data as input features and employs the LSTM
algorithm to classify and diagnose three states of the battery pack: normal,
short-circuit fault, and connection fault. The faulty cells are determined
based on the variation patterns of the maximum/minimum voltage cell
numbers. Validation using multi-fault experimental data, along with
comparative analysis against three other algorithms, confirms the

effectiveness and generalization capability of the proposed method.

KEY WORDS: Power lithium battery packs, Fault diagnosis, Pearson
correlation coefficient, Kernel Principal Component Analysis, Voltage

range, Long Short-Term Memory
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Hm bR, RVl i B, RS TR AR SPE SiitE R
DDATINE S =S SR DAY S 2 Al N S P G B U S gl TN S M AL S = N DT R
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DURRA A 15 DO X W R e AL A SR, DAk, DU B 2 b S B e e e
hr, AFRE T AT, HtE ARy

C SPE _|€_SPE ~mean(C _SPE)|
- ¢ _| mean(C _SPE) |

(3-19)

3-2 4 KPCA FyRMEE iR, Horb B /e T4% s B e 35 LS 2 ey
HeEmmhe . MR, AR w8, bR EE I %2 A8 R i e

32



g My N e el VAT

RBF #Z5 [E IS4 S, HRKIILBEN 0.5, IR T CPV RifiE, BN
R H A R B O T igfr, SEHRERA @RI, BBl i
BN 1. CPV B RFALAE 1 R T DTk R BMERIE # Ll R, AEd
Kb BIE R E N 0.65. RV PIANRAIE(E KRBT Z oTikR Z KT 0.65 1N,
€L ECE, REEHT i

<§ﬁﬁ)\$ﬁxi"€/% iﬁ) b RIS
v v
N N YWAN > AN
ek AT R 2O IR CPVAS ks 23 07
i
\ Y
X - o(X) TR FEAR I SPESTTH A
v A 4
4L 7 2 A R T E SPESL T ¥ il BRIME
N Y
o = o (X)a T SPESL TR I AH Xt DT ik
=@ i Z
X y
?rl)\*%%ﬁ%;mglﬁﬁqj‘b% o1 TR I
Y \ 4
da. = iKa. 45
R

3-2 KPCA B R K

3.2.3 T Pearson tHX REF1 KPCA HIE 4R IS WA TS

FEHLIZH P2 WA, Pearson #HC REUE N KPCA AL HI N, Jlid
JG4: SPE Gt & /e i il MAE, RifE 2B A AL, A5 R TTEk
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