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A Fault Early Warning Method of Train Battery

Based on Real-time Network Data

XU Yong, LIU Yong, DAI Jisheng, ZHANG Shigiang
( Zhuzhou CRRC Times Electric Co., Ltd., Zhuzhou, Hunan 412001, China)

Abstract: Battery is a direct power source of the train under the condition of pantograph dropping or emergency, which plays an
important role in the safety train operation. In order to prevent the occurrence of locomotive failure and related devices cannot startup
caused by battery failure, combining with work principle and power supply characteristics, an online fault early warning method of
train battery based on real-time monitoring data and expert rule is proposed. Under the premise of not deploying additional sensors, the
time evolution property of signals related to battery working states in the real-time MVB data is analyzed, based on which, the warning
fault features are extracted and expert rule module is constructed. Consequently, the real-time state assessment and fault early warning
results are given. The method has been widely applied in train batteries of certain metro line, and no missing or false positives were
found during the application, the verification results show the proposed method can effectively pre-warn battery fault.

Keywords: train battery; expert rule; state assessment; online fault early warning

FJ&24 110 V ITSC IR TBR IRy, izt T iy
OGS MY OC B A st TR IR, AT
BB S AR SRR, & 2

0 3l

o}

YrFs B #A: 2020-09-02 = ™ e ; N

T KA GRIR A, TR R 2R |
fE&EA: (F (1985—) . B, TR, EEWIIIER S ‘ @&kA%% ij% ® TR
R BTN BRI RSB T, FAE, U 5 e 4

HEUE: HEEAHIL (2016YFB1200401 ) MET, FIEGEP AR Z R . RO &



2021 4F55 2 1 HRE % —HETIRMEBIENIIEZROKEME S 107

H R A I T BN TR, fEE TAER R, 2%
%, SembiE2e g 2 Y Ed i S R
%5 ( battery management system, BMS ) Xf& Hjth 72
AT PR R WS AT D0 A 4 ) 5 Sk A0 5 P v P BEL L T
HIRZS (state of charge, SOC) . {@#HEIRZAS (state of
health, SOH ) ZF{@EEE bR & HETHINE A T2 —
Cai Lei, Meng Jinhao %R 24 & 1) (support
vector regression, SVR) J5 2% &5 H il B U ik e
R RAAR S il T ir, REIAF T T
ff) SOH 11825 . Carlos Vidal, Pawel Malysz %
HAE BMS R4, XHITE M SOC Al SOH fliithy
PLERE DT T 45k . wEE IR L SRR T
THWHHEEREGI I ARG e R EHEN, XTER
Tt SOC 425245 5% 25 v it FE R HUIR S HEATHAL
Xl 2 B K FHR BB A3 A 2 AR & Ha b A BEL 45 R DG ks
HEFFAMHT, SEBL T B R DG 5 A R
F . eSS E R T RS JGE T T, X
I T T o, SEBLT 4 bR A A
BRS80S R AR IR I S st LA S G
Jiak, SEBLT R BI 4 E it SOH A iR R .
B3R 5 AR SR b FH B e B A e sOR AR 75
FEAELHRIT R 2 . A R A5 I, SR BexfE LATE SR
T A2 30 BEAT G240 S KBS 1 H

BEXF bR R, 25 A 91 4 A H S B R
O, ASSCEEH —FP I T8 AR A 2 D e A 2k
( multifunction vehicle bus, MVB ) ’Z&%dE 12
WAL RIS W S v i, el AR oA & Lt
TP S A WIS B AE D, X RS HE b
WATHRI, SRJE 5 IEE RS AR FE bR T W 2218
BUXT FE AT, e S I H ol T Al o T

1 EFRMAMRS Tt R ITH KA

AR T8 30T 91 A L ) 2 A ZH i S T SR
BEATHR, A4 TR R ta T AR R, O
B P VA SR BT .

1.1 EejthaEms

A SCUABE RS- H0AR A h 5) o3br o FEW ity wIATL
T Te EAARCE M E A, WA iy R
H M o R IO A — A E AL, 00 SRk
FEAHE . & ARFREL RN DC 110 V, IEHfEd
HL R IR 67~132 V, FE I HE RS Rl PN 5 R it B 2%
HRREIE A 8h ) TAE .

H e AL B A B IR R G h,
DC/DC Zgags = A= nl AT ) B L &, HFH&
FhL 9t 70 R DA% ) EC e L 67 2k e o 42 IR P v SE
PERBZIR, fEFuHL MIFE P B . DL IR AL
SRR, O F AR AR A T 5 X L A T
FRHLET, T EA R I B A i A I M B Sl
T, AL AR AR A 1 R

+| -+ -
—-
—0

T HE A il

SENEEN

HL AL IR

A1l FubiehfdiZsas
Fig. 1 Working process diagram of battery charger

TS HALA S Gl (5 R 2 2 > MVB s
B, TS 3 v R s Sl 5 6 %8
L S FE AL R R SR SC R AN 2 B o

R DC 1500V
e e
[ mve2 MVBI | T
E]i&ﬁi??fz E]it‘?ﬂﬂ’ﬁl
FEHLPLAI2 Fr LA
H |1 H ||J
4@7& Y =t g
412 s
DC1iov
| | | T
i 4k6 1S ik -2 k3 i 482 ik
Te2 Mp2 M2 M1 Mpl Tel

2 Fwilkh ARG B RIEL R

Fig. 2 Association diagram of battery, charger and load



2021 455 2

1.2 FEe =R

IR T i BAA TSR PR P IR AT

(1) fERMR . SR ML SELMEE it (e
HURFRIE ) XTI T, &bk BT

(2) fEJRmFE. HEmIREER, Tl
iz N TRLRE A FE L T 0 3 r T EA TORA T T, TR
FEL s DAy 0 T B R E SRR L 5 2 3 R AR IR B
TR, FoR AR e T,

(3) fEHFETE. TR BTN TIRFER, ZEA
TEIUIRAS, FEHBLLL/ NI ) 75 F it sE e AR SR
HUAUPERETS BB R R AR, S R A B i

Pl 3 7 MRS i SRR 2R

B B B
LT |
s Ao .
| A HL I
i S
HLM A L L ! 7 HL i [
i i AP - ;
[ % | i ele

A3 ARG E WA W
Fig. 3 Charging characteristic curve of a battery

2 BERMELMERESZE

ZEEE M T RN, X E A e L A
BT, DIAREIRA S AT RN T,
S P A T SN

2.1 FREIESN

S50 % LM ST I L R R TBEE % B R b A B
LR, AR E A TR R AR IR
RO .

(1) fei se i o AN R K A 2
RS SN 1 S T N T S8 S 0 e SR E R e £
i) A ST or A, AT E AN 1R 0 i H T A T 18
FERLIRITE R o v e, SRR s i
AEIR AL

(2) WEFZRW F—5% ERERRA 1
FIEHMA 2 20 FAHE 00, IER RSO0 iR AR
Fr—80 . Alzed ok, RV b SR %
SRR

(3) [ A B . e L ATLAL T BR il i o
PRI 00, A 78 R Tt R 7 6L R ] P ik R i
R, NI P2 FL Tt S P L AL A2 S B P T e

(4) FEER. FEmAREmER, nhmy
XHENCE AR SRS TR I . 5 & it
TEHANREE B BOIT AR B v /D TR0 B, 03]
=R A R AR AR TR,

2.2 ELEBIEMERE

ARICEEAFE R R RS R, AR E
G FIIN XoF 75 R b P SR S ol 25 1 RS A R B
TVl . TEAHTIEAL AR AR T, AR T S )
DO 2% 50 1A 7 5 PR TS B TS, iR 5 R e T A
g, FARERRE (K 4) WF .

(1) H 252 W 28 H s A% . & F v 7 FL L
SR A B 19 55 L A DG S B IRAS R B I 8 4 B2k
(MVB, CAN K PLRMEE ) FA% 24 il g F R
43 (train control and management system, TCMS) .

(2) B 452 PR B AL ], A3 T A% e
T RS S 15 P X 2 S 8 18 S s ) 2% 5 s iR 4 7
ff . JFFPAREGE R A DCIRS G B, AR R
B EHMIEE . BHMEE . FRM SRR,
FEHL AU . SRRl AR AR . FERLA LA
R BUR/ Tk Vo VA

(3) B HMbHBEE . F L 2 MR ] 4
BURASAR B 700, 4530 % it PRSI R 17 ik

B FIUE S

b bese )
i e OB

B4 AT e MARIENE B TR
Fig. 4 Fault early warning procedure of battery based on
real-time network data

2.3 WFEMELTRMNEE

AR SO H ) E H Tt 3 R U R U 9 R e
FEHERT | WS SR e kK A R
FERMSFEING, T TR T A
231 HFFEHLEE

J T 5 Pt 3 7 R R ) S B RS B A 5 ]
Fo LR M FE TR L . IR S 5 L L ZE AN ]
WU R N AR e H T E] 290 AL 8

(1) FEHMLICHE ;

(2) & HL i JCHiR ;

(3) FHhah TE R FEH T4,

FRAE 5 AR R H A 3 AR AR R AR T E
17, HARWT.

(1) FEHALE TR T AL, & et ks
PRVIG I Usio



2021 4F55 2 1 HRE % —HETIRMEBIENIIEZROKEME S 109

(2) EHEMAIEEER RN [Un, Uw), [Uw,
Uss), [Uss, Uin] X 34X, Ho Uiy AR R FEH
AR SR . 2 S2BR &5 F I 4 L e Ak T 3 4>
D[RS, 0F Dz A FE L BRI BB MR b, bz, tise

(3) 55 %5 0t 179 S5 B 1 U 58 HL IR ) b o
Ui € [Un, Uw), H ti>tn; 3% Uy € [U, Uw),
H ti>tn; 34 Uy e [Uz, U], H. ti>tis, T %5 A1
R TR B T
232 MEFRSRE

FHOBIRE S SRS R, AhE R 514
AR TR ALY EE R A 1 FE A 2 Z IR
BN 22 AT HIE o HORIBRAE EL AR I 1F] . PREEIRLRE |
B LM 1R R A A 2 MR . FIMTRRIE
M2 1 5 A 2 3 O 22 AR LR ) . 20 SR A
FUFE

(1) FEHLHLTCHK R 5

(2) FHHL bk,

FRIETTHE SRS . 2 L&A T4 T 1F
17, BRI

(1) HRFRMA LIRS Te SF A 2R
FE Toaw MIZEE Tairr, FZEIT TN time; UL EE f 22 T
EEN Temp, FFEEHTAIBIEA tomaxo

(2) & Tar>Temp, HIFLERA] time>timax, WIXT4R
it “EHRMREE SRR TR

(3) 1& “EWMREFES S MR T, &
Toar /INT IR Teny H2EEMEELE 10 C, RS &
R 1 AR S BB E B 4 Toae
T IRERE Teny HZEE(E#T 10 C, Wk “F
MZH 2 AR S TS
2.3.3  [HIE A B

V5 P v [ L AR B Y S IR S 0 4 1]
FEr U LU . FERLAE R AR AROL | AR AL
B M T R B R S L . HAITRR AR B
MW HL R PR YA -

(1) FEHLHLFR A I 5

(2) FEH AL A s

(3) FEHALTERIR .

AR 3 N AR AT —A>, AR E
Fraebritaa. w0, BB T an

(1) AFERMABBHIR AT 0, HIE Ua 19
PR RS (Vi) o R HUMHL R T P R 0
BI{EA Vinaxo

(2) 45 Vina>Vimae, TR F ot [T 52 38000
B AR R U L

234 #EiRfL

AR TRAL, R R Y L
ARSI b . HEORHRBU LRI 18] . FEr
LT SR LA B IRLRE o IR S A [ 2 5
N A B TS AL . AR

(1) FEHLICHL R ;

(2) ALk 5

(3) AbFHEETEH T .

EARTHI R TERIH 3 N2 SR A I AT B N i
1, BARUE

(1) BefaRFE B B B ST LN Loy,
& LR T S AR AR I 20N Toar, 2R ARIFZIN Tenao

(2) 75 H M E s 50 L R L B B 01 1 1 i )
93 [Toanss Thaz)s [Toanzs Toatz)s [Tharsss Toaum] 3X 3
ANIXTA], A Toaam 7 R I ZELXGH D7 Pt B2 41 5 B
HSLPRE AL AL EEAL T 3 A IXF] I, bR A FE
ML (B 53 Qu, Qe Quso

(3) TR AE TR S R 22 B B & Rt A

Ten
BIRLEE Tioar e MIFEFL LI Qo b Q= [ 1, dr

% leatfave € [Tbatll, Tbatlz), H Q1<Q11; EZ% leatfave €
[Toatiz, Tohaus), H Qi<Qu; oy, & Tibat_ave €[ Thaus,
Toaum], H. Q:1<Qus, e “Ehum s EEAl” bk

b P o

3 IALEE

BLEAT bR E vt S s P D B Y A4 2 T 2019
AT ITEREHERZ I 38 914 FAb R ], 3] 2020 4F 7
ARk, AR 2 %, REE IR 50 &
TR 70 LR AR () A 2501k A5 B SE BRIV IE, %7
KRR IR SORING

IEFEAEST, S0 2 HE R (Tel 25
Hi 5 Te2 428 H vt ) TREEAS 50 LU IR AL an L 5 B

26} — Tel EF L M iR I
244 T TcZ"—ﬁﬁ@ﬂhﬂlj{

i,

»} : l
< !
S it
2 i WH i -.||Hl; H

] e

1oty v |
]4»| 1 II.IV 1 1 .EI 1 1
0 05 10 15 20 25 30 35

t/( = 10° )

A5 EFHLTRREEwERZRNAY
Fig. 5 Temperature evolution trend for different batteries
under normal condition




110 ERiISiERER

2021 455 2

AT L, FEIER SO, 2 403 it

Wﬁ%ﬁ%%%#ﬁ HLR A 22 AR AN, A
2 °Co MIHPREXTEL S0 SO T A .

3.1 EHBERA

% AR R % 1354 S A 2020 - 4 A 14 H E
2020 4% 5 J] 14 H W—AH BRI N, Tl &
W5 Te2 4% H R A5 5 0 He s B0 an &l 6 fis .
B s, S5 A M K I s e i R A R
BETICE 0 # R TUE R, 5 4T 2020 4F
4 71 14 Hifgls “Te2 EEHMERE S 5557 e
FE, RUIE R EUR LB R . TR
&N RXT IS {5 BT HEE, RBOZ R ERAE
— HAFAE

20204F4 7 14H ,
| RN S

a0t 'iﬂ P
" ﬂ xl.qﬁ.mw

| lI
,_5_.3351 1 \
= 30 'tl Fi '4 ¢

i
i jf ‘ANM""LMIWTMWU o n‘ i

15
0

— Tel LB IR IE

e T2 R

Lh

Lh

20

n.s 1.0 .5 2,5 3.0 35 40
(= ll}‘s s)

K6 1354 5 & RFE kiR E ity
Fig. 6 Temperature evolution trend for different batteries of
the 1354” train

12020 45 A 20 H, mIFLERRBERE “FEH
I R TS S, R IR S S A
LA 7 P AT Y, BUEHT, Te2 4% it il
BRI BT, i R Sk TR AL
AR, TORRRMIET R, IR SRR B IE R K,
TIER] 2 2 Rl T R A S R A

250

— Tel ZE% Wit iR HE
200F — Te2ZERHMIRLE :
PeA
@ 150+ o SRR I
= | ﬁﬁ&ﬁﬁ%
% 100} | \
! \
50t ‘_A A\
[) 1 1 1 I 1 = __u ______ s

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
(% 10°s)

A7 bR EAERFE 2B R ALY
Fig. 7 Temperature evolution trend for different batteries
during over-temperature fault

FARZE G AT 1, 7RIS B B B it
AR CBERT 36 K, SR AN SCIE T AY i 7 v B

ST E (L Te2 438 v bl FE AL I e, 8
E T2 A R

3.2 EEMIEREL

Z AR I 1353 5 4 7F 2019 4F 7 A 21 H i
“Tel HEHFHMREF S RE” M “Tel & b
FTHUERRT” PHARTIEAS B . T A 5 e R T
LAV TF A NFRIRUE R B, 4E A B AR E
DL TS B A T B HEAT Ab 3 201947 1 23 H,
T L R R B R e A PR R, SR Tel B E
B BRI S A, ikl 8 T R . X —HsF IRl BEpY
1353 5 7 &5 L L AH G {8 R R AR 43 Sl an 1 9 A 10
B

B8 F Wik L
Fig. 8 Burning accidents of battery box

— Tel %E# Hi Rl L EE
44F — Tc2$¥ﬂiﬂﬁﬂlﬁ |

= Ll 201947210,
= 38} i RIS R

i 201947 F23H , i
e HhL Tt LI AR e | |

o LN, L
0 0.5 1.0 1.5 2.0 25
(=% 10° 5)

B9 1353 5 £ AR & WikiB L igeA
Fig. 9 Temperature evolution trend for different batteries of
the 1353" train

25

| TEEE | 'l
; 2019474210, 1| | L
£ 15t g:gmmﬁcmw\i | 201947J123H, | |
= - #Hﬂ.ﬂﬁﬁﬂ%iﬁﬂﬁl i
i
g} 10 \ !

5H

100 200 300 400 500 600 700 800 900 1000
FEHRBBIW

B 10 1353 5 F Tcl & Wik la i b At ] ig fste 4
Fig. 10 Constant current charging time evolution trend for
Tcl battery of the 1353" train



2021 56 2 1

®E % —METIRMEBIETIESRBKE

MERE m

Wl 9 R 10 FIraR, 7675 F Tt o BRI &
AR 2 K, FHMIREGSRHEV RS, HiTH
R[] S RN, ik A SR T IR
R PR SCRT $ B T )5 vk T BT 2 KA v b 57

Al £ gy

W AR, B PGB M TR
4 Z5iE

TEAFHAL G RTEE T, AR T —Fh U
FBEA MV B [0 28 K0 o8 38 v LR A 7 2 S T 1)
%, IR T — R AR UE RN . SR AZ TS
PE RS s Bk A B AL R A, I T ik
b AR AR T & b S OISR R, WE T AR
PR BRSNS Bt T A AR SR s A T Y
SR LA A RSN, RN R AR RSB HR
DURESRAER IO A | AR A T R T AL
ARSZH#E

W 5 57 i v LR K o 2 7 T o —
BT, SR SRR A R S bris B i R P FR AR Y
v FEL T PR S I Sl % B 2 A SRR AR £ B T
MU B AR G B B AT A4, 2E— BRI F$E T
B BB R A, Ak A AR il 2
R IR AS A RPN 1 ) % 2%

S 3k

[ AR, FIR, BIER . S PuEs) 4 & it 2o 0], d
FIPLG S 44 , 2018, 41(3):82-85,91.

SHI C X, LU Q, ZHAO Z H. Analysis of Battery Type Selection
for Urban Railway Train[J]. Electric Locomotives & Mass Transit
Vehicles, 2018, 41(3): 82-85, 91.

[21 SR, SPREERC, T B A A E T R AT
Je AR i [3]. ST FLEASMATSY |, 2019(11): 105-108.
ZHANG S, YIN H Q, JI M. Analysis of Battery Low-voltage
Fault and Improvement Measures for Urban Rail Tran-sit

[3]

[4]

[5]

[6]

[71

(8]

[°]

[10]

Vehicle[J]. Urban Mass Transit, 2019,(11): 105-108.

R . TR A R RV 5 F o P R 4R R0 B
R[] WL TREEAR | 2017, 46(4): 149-152.

ZHENG Y. Maintenance and Application Status of Ni Cd Alkaline
Battery in Guangzhou Metro Model A[J].Mechanical & Electrical
Engineering Technology, 2017, 46(4): 149-152.

SRR, BT R AL A M S T T R
[3]. U FFH AR 5L 048 | 2012(8): 51-52.

GUO Y M, HU G P, XIE F. Online Monitoring and Ground
Analysis System for Locomotive Batteries[J].Instrument
Technique and Sensor, 2012(8): 51-52.

CAIl L, MENG J H, STROE D L, et al. Multiobjective
Optimization of Data-Driven Model for Lithium-lon Battery SOH
Estimation With Short-Term Feature[J].IEEE Transactions on
Power Electronics, 2020, 35(11): 11855-11864.

VIDAL C, MALYSZ P, KOLLMEYER P, et al. Machine Learning
Applied to Electrified Vehicle Battery State of Charge and State
of Health Estimation: State-of-the-Art[J]. IEEE Access, 2020(8):
52796-52814.

FEERR , SRIEME , frA, SF L BRI ARG O Rt
BRI [J]. BRIEH , 2019, 41(4): 52-58.

GAO F Y, ZHANG G H, SHI Y, et al. Energy Management
Strategy for New Type Urban Rail Vehicle Hybrid Power
System[J]. Journal of the China Railway Society, 2019, 41(4): 52-
58.

X2 BF . BT i N B AL M I 3R e X 35 i 1k R 2 T o
7% [J]. SN FIEA | 2017, 20(7): 19-23.

LIU Z Q. Research of the Battery Performance Diagnosis Based
on Battery Internal Resistance On-line Monitoring System[J].
Guizhou Electric Power Technology, 2017, 20(7): 19-23.

LW, AR YR B A R R A A A R
[3]. YT BhiE A MY | 2016(12): 66-68

JIANG B, LI X M. Estimation of the Residual Capacity of
Storage Batteries Installed on Metro Train[J]. Urban Mass Transit,
2016(12): 66-68.

WAREE , SR, W, SF . L TR T OB IR B0 R A
REJCAF SOH FUNJ ik WFFE [3]. BRIl TR =4, 2019,
16(10): 2572-2577.

DAIY J,GUOY M, GAO FY, et al. Research on SOH Prediction
Method of Vehicle Energy Storage Element Based on Particle
Filter Algorithm[J]. Journal of Railway Science and Engineering,
2019, 16(10): 2572-2577.



