P % e vt No3

2025 45 H Electric Drive for Locomotives

DOI: 10.13890/j.issn.1000-128X.2025.03.106

BB FRNHEMEEFE
TRE T3 AR

WRALAT', M, FMER®, HFIL’
(1.9 ER o A AUEBF AT A RG], #d 4k 412001;
2.0 E KENEFHARNG, 7 Ki&E 116045 )

B OB ANRERBERINRLRAGEEFFTRERNE, LFRET AT S AMBRESGELE
—H MRS R, BEERGEOON LGS EME, HETOLASTHEE, WEHRE WEHFT L, B
JEE F ZBABETAMALF K BEIRAFG AR R, SFELT B E—SUB PR, AR 4R 4% xh ok &
Y, Wil ¥ Aol 0, A BB A W R — SO AT AR, RIARTAR TR R B R Bl R K ) 6 3l
M, TTEIAFFEALERG R L, LFTREVEEFFTREF X ARE B ERF N B LB
TRER AR, AR EZGEANER TERFE L,

KHRIF. FERMLE,; AR, WE—FM,; FEIE,; %t

FESES: U267.1 NHEAFRRRD: A

il

0 3l

TEABRER AR A TR T, 23012 iy U ) e
UL R EL O SE B 58 R R I SCHER M 1 . 2024 4F-6
J128 H, o v A1 ) 42 BR OB AT BT — AU R ST RE A
L4, W PR TRA ST digh i AR
SRR 3 B I BCE, HARRHRL . AR AL
Fiafrp A fEx— R SRR, PR TR
MR ] T = OCH ZHESI R . Bl P BE 52
PETHA L i AN T2 A T, B AR A 7 ol I A
AT AT PR R ORI 5 o P e bR o I HL AR i AT BR 2
Al (TR RN T ) 25 A b AR R A 7l 52 JRE a3,
TER AL AR RE LRI 1 2 2 NS, FHFAEBTBER AL 4= 4
WY ZHZ TN RITENE, Mtk 23R G 3 )
BLZE AL B4

PR T LT R BT R R A A A R RSN AL
TEME TS AR 2 B n i e i rERE 2 AL, EE ] RE

HeWH:

XEHRS: 1000-128X(2025)03-0074-07

KA R IS o X R AR R 2 B X
LRI 7% . MR DA R 2 4 7 i s i,
{E 2 3 300 ool 19 R b 7 i ) SEBA BT S, DA
TN B, Hosh I H it e 4 SRR ] s i e
ft5rz2—P,

P S A ) R A R R AR T R R G e T
B4R, Esh IR MR AR, R A R
FOCHEMFR PR 22—, BEMS B2 S e i i e iR A AN
AT . BRIE b, [A)— A PN A R R S A
FEHEUCR AT BT AR R — 2k, o R B Ry
B —EET, FETF X —HEE, W EE R T 2R R
SEHOREIN s SCHR[S1AI A v i — BobE 25 S b4 7
PRSI, 2245 AR Rt P R S IR T L i B
RPN 2 SR R A T N s SCHR[9TEE T —Fh T
DBSCAN R = ol & 73 Sy iz Wi SR
SCHR[10148 i AT SR A . B it o
B RIBRE . A L I A B A R 2R TRk
A T BB SR, 7E 3 o0 P RS o R

i Rk 954 V) A7 PR 3] AHHT K 31 %) 7R B (N2024J032-B(JB))

BIEEE: FaM, %, Mid, TEAFELRLEN LA LEHI T R EFRES 5 @ a4 ; E-mail: 1156650741 @qq.com
SIS MRALAL, AR, TSR, 4 . Sl 33l £ R 3 A Bk b R TRE R A R[] AL R4 3D, 2025(3): 74-80.DOI:10.13890/.issn.1000-

128X.2025.03.106.

Citation: CHEN Zuhang, LIN Wenbiao, SUN Haoran, et al. Research on early warning methods for voltage anomaliesin on-board power batteries of
rail transit systems[J]. Electric drive for locomotives,2025(3): 74-80.DOI:10.13890/j.issn.1000-128X.2025.03.106.



553

PRAAATL, MROTR, PSR, PFBILSC. Ll 4-2s) )y i it I 5

T 7 i 75

JrRASASRTEAS M i, SCRR[12] $2 2T L 50
PRSI, 38 1 522 50 36 e R R 5 BLS I
AE T B IR ACALAL o % VR 04 F Tt v B 00 R0 o
A RGARLES A | 5l G B A AFHLAN LS AT A
DA HL it B SR R B e 2 2 Bl U T kAT
2RI FE A E KT T

ASCNHLE—BUE M A, W T RERHMN
L — RIS . B el H i A 0 B H T —
BRIl 28 b i 07 AT REAF (L 57 7 A FE B,
RGO R RS PRfER” S H R EE
SCHURE Rk R E O, IS R K], ZINIARES AT AL
U LT T S i B, A AR S I R B
A BUE I, %R T R G AT R BT
LA E
1 EE—HMIHEEE
1.1 EhAIERtIRiMER

PIE S S T R R G BT RE IR A Y
REIRHATG, FEORIHE 75| RG2S
RS A s s S b B RERY XU I RE . S i R SE
RAVGIAC BT,y b TS PR 4L, dnfal 1
JR o AR BA LU RHIE : R 2RI
PR, A S 12 it FR IR, T it
SALE 364 ERIRA SR . R USRI,
AN SRS B bR 432 A AR It ER IR PR LR,
Hg 36 MR RN — DI RERL R (BRI bl ) . 2
TRXAZRACRIZERRE AT, A B AL it S AT b
WHAEG EIF R AR — S ERIRA T

EAR AR E P S
*—HHHHH

$/\sz%mmwm B AL R M
A1 A5 36 T B

F 1 zjjjj CER(NDEARE AT 1
Fig. 1 Topology of power batteries

»»»»»»»»
oooooooo

1.2 HBE—HMERIEE

Mo FAAL, B E T/MERSES, YRR
RS B B R SR, 48 K 2RO A R R I
WOAERGS . 1l R — B TR B R G i
LY, R RE S B AR T Y R R R R VB, BT By
B, ARSCHIEE T = IR I L e — SOt PP AR BT . R
M Bis-tabs-8d8" 32t BRERERRE
W, FRPRZENCE R WMER R, BERE
25 HLURAR S5 R BORH TR AR AR AR X 5 A AR T Al 45

B, B 2 ) 6 B S I A AR ) R £ S AR B I
ol 22 4 i 4 b R 2R RE S 4 ThT S R Yl 2R 8 1 WL T — 2K
PERFIE, 5 BUE R AR AR, BT

O H s P24 H S e 3R 59 A 4% B A T Y
SR HEAXIT
2.7
Vavg: T (1)

Kb Vo W PE S Vo R i N
Tt EEL

M 22 1 i« A 25 HL R S B 2R 498 PN AR L e K
S, EDWH S B R G N U L R S — Bk TR
ST

Vo=V, .~V ()

Xbe VIRZERR; Vo W RGRKRBIARE; 7,
h R G/ N

OHL PR IEZE : HL R v 22 i W T 45 B A e R AH
DG i S N1 G T SO v =3 N L
JEA AR L TR AT

ISYw.-v,,
Vstd: z ( N ) (3)

ﬁ*:mﬁ%ﬁﬁ@%

@HL RS S R 085 BB 145 LA TR AT
XFPBEOL, AU %H%ﬁﬁgoﬁﬁﬁiﬂﬂ

B, AT LA BRA TR RS 4 22 5] -6 200 52 M R G 260 %
R R PRS2 UK TR L. TR ARNT

V= 2 )

qpe v RS R

O EBRKE: B TAERET, dbdE
S BB R R AR B AR A, 3 T R TR AR A BE
P RS 5 AR 5 T A P PAY BEL ) 28 s 2800 D 2 5 B3
T AL AE AU R AT P AL AR o X Bl A 1
Rtk b e 7RI N BRAFPEA o Tl B
SRR, AR, FLH RS R 2 R,
R SRR AR 25 . ik, ARl
A e L TR — B A T B AR . TR

Vdiffzmax| vi-ve! | O]

S VR IR Y
et — 1 ZI AT LT

1.3 BE—HTERRRE

SHEFRIZ 5 A H8 bR T R UL I, 45
Y bR RV LB A, bR i A A
Hokes

L — SO A B AR SO0, 544 L AR T
HOFAEAEPE B2 F R B e ol B M K TR 22
S, A 2 K T o P B 2 e 9 P 2% 7K
e b EARIEZE RO AL O A kel , SR



76 it et

2025 45 H

et AR 22 s B RE S 1 A ) i P — B O s vl
JAAE S R E L AR 22 ARt B — AR T e
HHEAN M B FRISHE RO 5 TR A A (E
SRR, S A A SR T R R . 25
b, FETEARTRRAE 22 A A 6) Y LA
1 12 13 14 1/4
2 1 23 12 12
A=[3 32 1 3/4 3/4 (6)
4 2 43 1 1
5 2 43 1 1

#H RGN XDP 1R T
— N2 L RS RIS IR A

Vavg, 1 Vr. 1 Vstd, 1 ch, 1 Vdiff, 1
Vav g2 Vr, 2 Vstd, 2 chA, 2 Vdifﬁ 2
B=| : : : Lo
Vavg, end—1 VL end—1 Vstd, end—1 ch, end—1 Vdiff, end—1
Vavg, end Vr, end Vstd. end ch, end Vdiff, end

TR R, SRR S RS E s (Y
ML, M 2e . FEHRRRIEZS | AR S R KR R
AL EAE) MIECERONE, Hor P Yy He R AR
REBUETE B 228 7 MO R . TR A 22 50t
TR IR se ), EIE TR A TR X & e pn ik AT
H—fbAbBE Al A — A A 03B L R(8) o

, X;—min(x)
Y17 max (x)— min (x) ®)
A x, MEGRE; X H—BERIE.
PR Rt L — SRR R AR R 0T L R(9)
= B 9)
V|Bﬁa (
A a M HCRH R A B AR IR e B H RS
TS PR o

2 ETHEREMESS TR

A SCARE FEAL G 50 77 il 132 8 B R T AR
ML 8 A it S I o TR e Ak A A
&, VEHCH H RN TR L 4 S (5~8 )
YERA MRS, RAERIWIE T 130584825 H . K2
SR B EL I T U AE R, LA T AR B

800
1400

400}
s -~
ES
2 ° 0

400}

0 20 40 60 80100120140 57.4 57.6 578
Bt ] /d
B2 XS B P A EE I D0 (HE B X8 A Bk e 1)

KH CAERTED
Fig. 2 Current conditions during the observation period (the
selected area indicates the period of high current operation)

BUPE, 2% 3% 7 FE BB O N B FLEEE . H s
bR QRN NS = R oy NI 1 A s 0 T~ 1 w2
R T (575 57 K 12:00:00—17:00:00 55F ) R &Y
P T O R o T B L IR R SR B, S RB AR I
FAL Tt 3R 490 1) LR R

2.1 EHUEFREIR

FERFSE AN, 45 S A it A S 2 H . 22
FE . HURARUEZE | HL R AR S F BRI L R AR Ak B (i
WE3~E S PR . Roe S p 22 520k, SR ST
JEs A Hirp I 3(a) R By S 5 57 I A S5 AR W R
W, B 3b)~E3(M AR 6. 7, 8 KA W bR
55 5 3 B BRI 2R (E [HERE AR AR . A A AR BR AR H
PRl 5 E @) AR, B4, B5, BT7EM]. %
AE LS W% S BRAT T3 S B (5 ) AR ZEFE
. 4, Bls, BT RESE T AR A XS R s,
T LA T o

oy 4000 | 100
L 5 or e
» -400 1 {-100

400} 1007 (b)63C i
o m 400 i 4 e
8 50 5 0 0
2 of ~H B -400 1 {-100
J] - B

100
e o . 400f | .
12 13 14 15 16 0 0
B[] /h _400 —100

B3 4SRN Y L A L T A A AR (L

Extreme current and voltage changes in four branches
during the observation period

e ESHT BE N, L AR AR AE A Bt R A L 3
FEdEERES, MR IR. MRS THA LR,
U 12:15:00 F113:00:00, F il DA ER S U4 =0 IR
A, AR RN INREI R T 5888 . FEdE
16:00:00 4k, 4% 32 #&114) HL TR AR AU AE I8 100 mV .

Fig. 3

— HUEAREZE/mV sof o015
o BEERER 0 W 0
. lo.o1s 50 ' 1-0.015
£ oA (h)6 %
w -0.010§§ 50 — - J0.015
%20- w0 w 0
i _O'OOSE -50 ' {-0.015
£ o lo ()73
it 50 1o.015
e/ 0 M 0
(a)5Z =50 ' {-0.015
(d)83Z it

4 44 SCHAEMLETT N A L FAR THE 22 7 HL 8 S R
Fig. 4 Voltage standard deviation and coefficient of voltage
variation in four branches during the observation period



553

FRAAAL, MOCR, PSR, VFElaC: Bl

S RN g it PR SR B T 1S 77

P4 T R, HEAR T 25 7 LA i B DN 119 e R
AL T 40 mV, HURAR S REUR B 5 B R BRHE 221
LR B ARt R g, Rt F RS REBON R
PR 22 IS 2 b, A B2 R R e 7 3.1~
34VIN, YT HEREZTDL0.294~0.323 M4 LA
T CHX AR R E 1 9.4%) . 1XFl FL )56 22 S 2PN
brEBUERIAR, H3E SRR —k.

5 Sz AR R IS B DAY (] s A7 7 70 RO T
SERH RS SVE R 3.1~3.4 V, W 5 TR, & 7K
B 22 W TR d KAB 20 918 115 mV, 115 mV., 108 mV
107 mV, HEAA 22 R (E L 100 mV, $idii 4y
Mg R, 25 5 S35 i R 22 i) o S Bk 2 A O vk
TR 2 SRR L R R XT R R, R 22
HE, i 1] R T2 B2 57 R I R e B ) S

— PHEE 0.1 100
- mEHRE 0 0
3.4l 120 —0.1 -100
= c
3.3} I 180 o1 | 1100
g 1t e 0 Al 4 110
B-32 3 £ )il -40§ ~0.1 -100
31 ket GARARWERL o1f .1 100
12 13 14 15 16 '
WL/ °*%W*°
(3)5312% -0.1 -100

()83
KI5 44 SBRTEMLEE I PN 0-F- 24  TRRIAR 2 1 T

Fig. 5 Mean voltage and voltage range in four branches during
the observation period

2.2 BHUBUERMIEXME R

O SR BT A R AR AL B SRR, THRAS 3 B R
MR R EGERE, W 6 frzn. AR 6 B IR 548
PRSP R L, B MR S S .

L RAE R ARAE 0.

gk 091 093  0.92

HEARREE 0.24 —0.17 [FIREE S

B EARMER 0.22 —0.15 FOLK] 1.00

HEHZE 0.26 -0.17 0.98 0.98

1 -0.17 -0.15 -0.17 -0.07

EOCZY 026 0.22 0.24 0.

—_
(S

2 @ & % = o
2 ¥ 0B £ & X
HoOH & ok 2

2 @ B B

2 B

7 2

Bl6 AR IR AR G 2 B

Fig. 6 Correlation coefficient matrix across various metrics

R 22 . L FRARIE2E | R AR S R BRI AR
FEARARLX 4 8RR Z AFTE RSB AR DEE , PIPIAISE &R
BIIKTF 0.9, Hor e AR 5 R BRI R bR I 22 1A 56
FHON0.999 7, WU HAJGHGL A1, R FHAAEH]
BRSEOCA R, #h TR0 45 5t 10 E X P A8 A
TE S H RN o 2L A R A RO o R TR R I S (5
BEE, WM AR, 5 R R R bR 22
VE R PE S AR RE O B o Z R IR B (5 8., Rt eE
PREA L EARIEZE . SIFR AR S R B

2.3 BE—HMITHHRABNONA

FR A 3 (9) 4345 3 6 A LS UT PN %) el T — SO
fli 250, TERTSCAT Y, BT R AR S5 R BUE AR B S
Bk, HXE R ACE KB bR . AR 1 —1k,
ARSI AR AR K F BT R A A A AR 1

Hi T — SO PR 28 B0 1 X 4% 3 T AR gk A T
BOTEAS A, AE0% T i S 5% e it A H 1 — B0k
RBE . P T7 A 44 S B AE LS Y A9 L R — OB TG 5
B, (ERFBITIBATHIEEN, 5 FRRATH IE— S EAs R
BRSO . MR ZFI R FRMIN, %R
S HBIE ETE . XA AR IE R T S AN TR bR,
S35 B R X fEL SR SR AN, o Ax 4 TR AR S5 B
TR K R E R ER T, 5%
1% B L — S5O PEAG RAAE R 150 45 00 K HI(H
0.918, Hifth % #1555 32 e i i K — B P PRAL R B2
WAEZ T Bk B i KA.

— 400 . .
oo BE-BUHRMERE 0 ﬁM%*jO
. ® -400 i 1_0.8

10.8%¥& (b)6}:%

s
{065 400t | 0.8
i e o W 0

| —400 1 j-0.8

-O.ZE TR

10
s w4 400 :
0013 14 15 16 0 o
i [B]/h -
-400 o8

(a)53Z It R

BI7 44 SBRAE LSS PN B0 e — SRR Al 5 8K
Fig. 7

Voltage consistency evaluation coefficient of four
branches during the observation period

ENSERERUR L UK F i b B S UAEE IS R DA G
WAL 443, U] T HAEA R L Tt RS
JE—2tk, JFRERBLH AR R R R 225, NS
SCHEA TS B E A B TR

3 ETIHHREMNFERMEN

3.1 HERBHENA
TEBT REVRAL A 1R 12 5 s oA vh AR KBS it



78 it et

2025 45 H

Y UEA SO R AL f) S TR U AICR, SR T H
) KR — B TR s HEA T . 2024 4F
117 21 HXHZHR AR T A iy, R B —A
FRPACH It Y L T SR A, NP 8 BT

3350 45
BAEE 140
3300}
N 135
TIBOr | kv A PO%
=2 125 44
#3200 |
& 120 R
B3 1500 |15 ®
3100 I
884 BALIACERL 15
3050 s s s 9
~500 500 1500 2500 350

B B]/s
B8 L i A 88 5 R AR H il ) HL e S A1

Fig. 8 Abnormally low voltage of cell No. 88 during the
discharge process

3.2 BEHMEN

PR 1S F T 3% H AT A 2 IR 2 A A A8 1T E
W, BdEidsk H I 2024410 H 21—23 H. 11513
2% B Y6 7 L PN ) R TR — BOPEPEAG R L, 45 R
& 9 F /R o

0.6 ——PACK1
——PACK2
£05 ——PACK3
W ——PACK4
E 04 ——PACKS5
B ——PACK6
3 0.3 ——PACK7
& —PACKS8
[ 0.2} —PACK9
1 —PACK10
0.1 —PACKI11
LT ——PACK]2
0 05 10 15 20 25 3.0 3.5 40 45

it & /d

PO WU N A% i i AL B v T — B PEPPAS 2L

Fig. 9 Voltage consistency evaluation coefficient of various
battery packs during the observation period

MG b — 0o Hr s R mT g0, R — SO PR AL R
B A ) — B R U e, B RER R —
HPER2E . MBI 9381 TR AT LA K B H b A 1 — 3K
PE e P PR S S AR AR ERAE, IR H I AN W Y A R 2
Y5 o SR AR — O A B o X i B R Tt Al ) — 3K
PEZERT ] B AURTE To0 FIEARHA M, BmT 4
PR o I B IC S E B o 2 s, 311138 000 4%
AR IC S, o R G TR 2 — S0P A 22 1) L
U, EIE 10 TR Mg ias 5, Hd 3 S
A H B — B0 e 25 R B U, 11 S b ik o
T, #XF 3 SHib e SR gE T abr. wei
ASRAE B 2 4 F R L It R S B L R 22, R
B I ZE I P 423 321 931 AN [a) 4 i 22 {11 B g

Th, HEIE 10(b). AR IIZA b 1 16 5 HLth R
SRR RS I EUE B0 SR R 88, &
AR 3 S M N 16 5k, X —245 1 5Hrk
W —BE o praiie se v 4 .
40 000
35 000}
30 000}
25 000t

1 23 4567 8 9101112
Rt EFS

(a) 2% LA TE AU A — B 22 I e TR

[=))

16# B AL b

A

N

5y RS EZE/mV

(=]

4 8 12 16 20 24 28 32 36

R TN 5
(b) MEHIAN 35 i A& A S5 P X i R AT R 2
B0 e i i i P e
Fig. 10 Locating the anomalous battery

g b, ATEET R — BT R BRI T X &
H ) A — B A S B PN . TR ) b R AT 2R
FRGETE oA, HERR I i ) — Bt R B 22 10
R, AT Se FOMA E S T35 21 5 1 B ) o B e A
TERAE AL, E— 2D R L A PN A5 A Tt
R SRR USSETH R 22, RIARRATE B s &
SEPEFINTRY v, LB 5 HL A . 2k, il
FH & B  BE EL L (2024 4F 11 H 21 H) BT —4 A
(2024410 A 21—23 H) B P s 83l A7 [0 20 #r
BV AT 4 i A 30 i B 3

4 ZERIB

LT A 28 8N 7 v Tt 7R e PR LR 1 N FH 4
MEA B ERS . M TR RS, HibfR
R R MR SRR R g, HAEMLRE R
R XTI — R, ARSCHR TR — B A AR
R, JFim o SEPRE TR R TR R A ke, B
IR LSBTk T

O B R — SO PR B R 255 T - U



553

WRAAAL, MROCIRE, PSSR, VFBEILSC: Pl Sl 42 ) g it Tt v TR S O T i 79

HLFRAR 22 . HUERRIEZS | HL R AR S R BIORH R AR (b i
i, AL EHE FEIE, B RER . X
HE 2R HEL it A 2 R — 5O ) 2 4 PR TR

QT 5 UF R A — BOME PR RE S B9 3R, 3R
CSERHT-E RN PSR RN . YA
FZEAM 40 mV BRI AT ERR U SR d o, A Gt
EHARSG 0.3 VIR 22 3078 (B & R T T s R
e

GNZ 75 B2 A AHE T $2 v o 150 S Lt
HLAT5 52 2R M4 Tl 2 N 48 S5 5 0 KR/, IR
e AR MR TR SE I, 3 T ORI b R G TE
LRAEMTT R -

SEHK -

(1] v EH R b E b R R T S0 e IR L7 [EB/
OL]. (2024-06-28) [2025-02-04]. https://www. chinanews.
com.cn/cj/2024/06-28/10242123.shtml.
ChinaNewsNetwork.ChinaCNRlaunchessevennew-energylo-
comotives worldwide[EB/OL]. (2024-06-28) [2025-02-04].
https://www. chinanews. com. cn/cj/2024/06-28/10242123.
shtml.

[2] #7RL, B3, ke, . BT ARe R 2 unih 42 5| RSt
B[] ML UL SN, 2021(4): 64-69.

JIANG Fengbing, CAO Ying, ZHANG Bin, et al. Design of
range extend multi-current traction system based on energy
storage[J]. Electric drive for locomotives, 2021(4): 64-69.

(3] Ehu, FFRRN, A2E B IR G 8 A RHL G Bl ) it R ¢
AIREPEM BT SR HILAL[T]. ML LS, 2020(5): 114-117.
MA Shuai, QI Zhigang, LI Xueming. Reliability analysis
and design optimization of hybrid locomotive power battery
system[J]. Electric drive for locomotives, 2020(5): 114-117.

[4] KM, T4, W FERE. PR D) 24 R 240 8+

2 1 R G L AR HOR [T, ML A& 30, 2020(5):
123-127.
PENG Changfu, WANG Pinghua, HE Guofu. Research on
safety design technology of high-power lithium ion traction
battery system for locomotive and EMUJJ]. Electric drive
for locomotives, 2020(5): 123-127.

[5] puAE . LA S T Lt B s b SR AC[EB/OLY]. (2024-
09-01) [2025-02-04]. https://www.catl.com/news/8022.html.
ZENG Yuqun. The era of co creating high standards for
power batteries| EB/OL]. (2024-09-01) [2025-02-04]. https://
www.catl.com/news/8022.html.

(6] B, R BT S H 10 H G e e 2 A0 2 e
L. iERERE S5 HR, 2023, 12(10): 3221-3229.
DUAN Shuangming, CHANG Zhibo. Early multiple-fault

diagnosis of series battery pack based on charging voltage

[J]. Energy storage science and technology, 2023, 12(10):
3221-3229.

[7] I . GipE F b ) R AL, S S R T D], b s
TR, 2023,

PAN Yue. Battery failure caused by manufacturing defects:
mechanism, modeling and fault diagnosis[D]. Beijing: Tsin-
ghua University, 2023.

[8] HERMANNN W A, KOHN S I. Response to over-current
in a battery pack: US9257729 B2[P]. 2016-02-09.

[91 LI Da, ZHANG Zhaosheng, LIU Peng, et al. DBSCAN-
based thermal runaway diagnosis of battery systems for
electric vehicles[J]. Energies, 2019, 12(15): 2977.

[10] XUMS, S50, oKk REA:, 45 . LT H FEUURRIE AL 57 3 R B

[ B0 77 L b RS I2  [0). R LA I 2, 2022, 35(8):
89-104.
LIU Peng, WU Zhiqiang, ZHANG Zhaosheng, et al. Fault
diagnosis for battery systems based on voltage frequency-
domain indicator and abnormal coefficient[J]. China journal
of highway and transport, 2022, 35(8): 89-104.

(117 5KHE, “FLLEE, R, 55 . i 8R4 50 7 v i s e i e
LWL SSEE R 5% 4, 2022, 40(6): 148-156.
ZHANG Hui, FENG Hongxia, CHEN Feng, et al. A diagno-
sis method for abnormal battery voltage of electric vehicles
[J]. Journal of transport information and safety, 2022, 40(6):
148-156.

[12] 4%, BB, TGk, 55 B e 7 HL i RS Wik e oy

ZRIR ). B R PR AR A i (H AR B, 2023, 37(9):
49-61.
ZHANG Yang, LI Xiaojie, MA Zilin, et al. A review of fault
diagnosis algorithms for lithium ion batteries[J]. Journal of
Chongqing university of technology(natural science), 2023,
37(9): 49-61.

[13] B, Wik, Z2hise, 55 . BT IR RS IR g 7 i v
AR T]. HE L, 2024, 54(5): 655-659.

LIAO Li, YANG Da, LI Xunbo, et al. Fault diagnosis meth-
od for Li-ion battery based on voltage curve[J]. Battery bi-
monthly, 2024, 54(5): 655-659.

[14] sk, XK, XU HH . Bl 2k P L 1t i — B E WE Y
[7]. HLIEE AR, 2021, 45(3): 289-290.

ZHANG Dafeng, LIU Wei, LIU Li. Study on voltage consis-
tency of LiFePO, Li-ion batteries[J]. Chinese journal of
power sources, 2021, 45(3): 289-290.

[15] #r3CH, 0 PH, BT, 45 . il AE L bl it i — SR 5

A EEFFE[T]. HL A 5 RERUE B R, 2022(5): 23-28.
JIN Wentao, LI Yuyang, JIA Xuecui, et al. Research on com-
prehensive evaluation method of battery consistency in ener-
gy storage power station[J]. Electrical & energy manage-
ment technology, 2022(5): 23-28.



80 it et 2025 45 J1

Research on early warning methods for voltage anomalies
in on-board power batteries of rail transit systems

CHEN Zuhang', LIN Wenbiao', SUN Haoran’, XU Kaiwen’

(1. CRRC Zhuzhou Institute Co., Ltd., Zhuzhou, Hunan 412001, China;
2. CRRC Dalian Co., Ltd., Dalian, Liaoning 116045, China)

Abstract: To address the challenges associated with early warning of voltage anomalies in the traction battery systems of new-ener-
gy locomotives, a multi-parameter fusion-based approach is proposed to assess voltage consistency. By systematically analyzing the volt-
age characteristics of battery packs, we established an evaluation framework that incorporates key metrics—mean voltage, voltage range,
root mean square deviation of voltage, coefficient of voltage variation, and extreme voltage changes—and developed a voltage consisten-
cy evaluation coefticient model. The model enables quantitative evaluation of voltage consistency at three hierarchical levels: battery sys-
tem, battery branch, and battery pack. Cross-comparison of the coefficients across different battery cells allows rapid localization of
anomalous cells. The proposed method for early warning of voltage anomalies provides strong assurance for the safe and stable operation
of new-energy locomotives, offering significant theoretical value and practical engineering guidance.

Keywords: new energy locomotive; power battery; voltage consistency; warning of anomalies; statistical analysis
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