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Table 1 Correlation coefficients of SOD variables

fabR4a i Xt H AR R AR W&

P Tt 2 A A P i FoH LI -0.5361 0.000 0

F Tt 2 A A L F 2 L R 0.9653  0.000 0

P Tt 2 A A P i JGENNRS -0.8539  0.000 0

FL Tt 20 A A P BN R SO S 0.5034  0.000 0

R R4 WZEH AR A B EIE 0.8794  0.0000
3.1.2 IRl R

1) Zetkl= e

WAL ZPERC M, DAFTHER . Rl R
BRI | H b 2 A R L ) G At H T 2 H A
o HAR R, DI R R oy ARG, d#ar gtk
[l AT

A, Y 20 78] 4% H = —184.98+0.00012x 7t HL, HL I +
2.2187x H, i1 20 HE, E ~0.036 1 x5 i, Bf 4 —0.03 34 Ha, 7tk 21
XA +1.572 1< ) A2 A H b 2 F R A

2) ZERSHT

Shy 6 VA FEL R 2 [ D B g ] S, AR TR R A 7
PALERT S 200, 45k mFE2 (BERA
FEFEAR) FIR3 (FZmR) i, WNER20DE
RS AR A LA LB R 0.984 1, fEIE
1 R*E A 0.982 2, Ui B ik ALY B U5 D0 BE B R 3148
mK s WRI FZAMTRATLUE G, BUE R
76 092.482 1, [MIHHAMBERS, FIEHHNS5932.8910,
EEPAE ] 0.000 0, /NF0.05, FHHFEH T, b
HELE , OB R | TR A A b
2 F A0 R Tt e A L AT S AR M

2 RSSO
Table 2 Goodness-of-fit of SOD model

, oo IR fike APEC Al R
PHORR RYT popyi bemm M RR w0

ZHMH 09841 09822 1.1489 -3167.2098 3.1098 3.7182

K3 RSBy 250 R
Table 3  Analysis of variance for SOD model

By il A eh Yo7 F{E BEN
EE| 76 092.482 1 5 15 218.496 4 106 796.466 0.000 0
bk 5932.891 0 41 636 0.1425
Al 82 025.373 1 41 641
3.1.3  PERETEHLI] HA TR A el AR 25 00 R R +3.263 9, BT ASE AR L

DA [T DSR4 H A0 A FRL i 9 4 X R 22 0y 2 T
B, A 3o I ORI A% i B (R =S {H3 bR iEZE ) 15

AR RSP S A 22 E, I I ZEE S
(ERY RN AT TIVE .



134 it et

2025 7 H

3.1.4  RRIRHIE
NIRRT, MR Bl REATLAH R 20%

FIBEAE DR AR o R 2R R TR A5 H Fa e 2H e 2
HLEE TR, SR GET AR IR ZE IR 4 PR

4 RS ERIRAIESE Rk
Table 4 Verification results for SOD model

el 5 H i Rl rh i SERR{E /% Tl A HL A TR/ % ZefH JEAR
CR400BF 3001 2022-09-23 91.82 97.25 5.43 =
CR400BF 3001 2022-09-23 91.39 95.53 4.14 =
CR400BF 3001 2022-10-07 93.48 90.08 3.40 w
CR400BF 3001 2023-05-15 85.84 89.85 4.01 &
CR400BF 3022 2022-08-12 87.24 83.63 3.61 T
CR400BF 3022 2024-02-09 95.72 92.44 3.28 i
CR400BF 3022 2024-05-11 92.44 96.45 4.01 &
CR400BF 3022 2024-05-12 91.75 95.52 3.71 =
CR400BF 3022 2024-12-06 94.82 98.55 3.73 w

R AT LT Y, G A TR S B
(EZE(ERORIY, e Bk . B XTI e ey

e, BRI R BA R ISR —RER
E KKl e RN A DN RN S u R ol P e s

FEAE— S SHRTRL . Ay B VE BTS2 b B e 42
B, B TN 4 B 52 DR I SR AT 437
AR 25 b B B TS 534 1 95.42%.

3.2 [ER-EEFEARN R TNERT

FEF R — iU A 5 F b e AR M s e, ki T
RAEFERE GERERAT8.5A) ik a3idEE,
K FH B AL AR 2 B R A4 2:8 Fb 51 Jl 43 g a4 5 9
4% S
3.2.1  AHRME T

Xof T 3 BB ) A8 e ABOR DG 2 AT, R Ge TR A
SN FERURAS AR AR R ER, R SFR.

#£5  FHARSRAHCREE

Table 5 Correlation coefficients of SOC variables

FahR4 i Xt HAE bR AR P
P Yt 2 o % i 7o HL L I -0.6793  0.0000
H B ZE AR A H FH b R 0.9285  0.0000
P Yt 2 A A e FeHLEHG -0.5723  0.0000
P, b T A HA b A2 T 0.5173  0.0000
R AR A R A I 0.9318  0.0000

IS AT LA H, e 2E R A e i R e T 2 PR T
IF) 2 JEL A v s 2 PR e I 04 AH 6 2R 8000 1R 0.928 5
0.931 8, Ay BEAH G  FL vt 21 78 Ak o A TS FLFL I
LT HL e FEHL I | H it ST AL 1R R 56 R B
I35 -0.679 3. -0.572 3, 0.517 3, #BR— A K.
i Lo Hr, TR AR . e R . e
Koo AT AR RE | (R AR At it 2 F S (R G

b 2 el % F R T
322 ZouZkRIHR R

IDCIS ;¥

I RPEA G, DLe i . A d e I
FURLETS . R | [A) AE HAf F  A H E
B0 ARG, RN E R ERER, #rmE
JCEERI RN

T 2 ) 4y R =—176.274-0.024% 75 HL, HL 3R
—2.267 1> H1, 1t 2H H1, [T —0.028 1 x 75 Ha, BsFH+0.0309 Ha, b 25
XA EE +0.890 1 [R] 4= HoAth H b 21 Fe v 34

2) G5

FHRASEABALEMFR 6 TR, HE6H,
F0 HCRAS LB R (810 B RPE R 0.937 1, BIEW
RME}0.931 2, RIZABFIPIE B . RS
RUJy 20T R 7 R . R 7 H AT AL, [ Jr F
290823872, HHEENS, FIH R T2 796.96, %
P P{E 4 0.000 0 (/NF0.05), FBAFH T, Hitd
NS 1 W2 =N I SN2 R o T - S [ o = W
P, F A (0T FEL Tt 4 T 2 F T AT S R M

6 FLHURSHERA LS
Table 6 Goodness-of-fit of SOC model

] BEm Gt W e R
SR Iz . N

ZEORH RET pw b WA (SR
%\\ﬁ({ﬁ 09371 09312 1.6283 -1319.832 3.8232 4.6319

KT FEHUREEA )y 2250k
Table 7 Analysis of variance for SOC model

Ay -5 F A i ¥y F{H B
Bl 29 082.387 2 5 58164774 72796.96 0.000 0
F%% 30623491 38323 0.079 9

B 321447363 38328




554

SURYN, #EFOL, IMEESR, U, RER, PRRH: ST ZouRIEN 808 R A M RE I Y 135

323 MERETEHLN]

DL ot 2 Pk [l A AU A5 H A 780 4% o i (R 8 X iR 22
KAy M A, FFH 30 1 DA H 7 4 v e 5 22 1 B
3.739 1, AT LASEH 1A Ha il ) 4% F o ) SE P S LA E
ZEE, FF RS BIE RN K INR I T

3.2.4  BIRUEHUE

h T B B RS, RS AT BA R B AL A
AR, AR ECHE o 20% Y85 FHF A A
F I SR A A2 1 He b 4 00 A ol B O, 8405
THAHXTRZE IR 8 IR .

#*8  FEHURS IS AR RS

Table 8 Relative error statistics for SOC model verification
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Research on performance warning for EMU batteries based on multiple

linear regression

LI Mugong', YAN Chunguang', SUN Hairong’, JIANG Jie', WU Yunyi’, GUO Zhanwei’

( 1. Operation and Maintenance Technical Center, CRRC Tangshan Co., Ltd., Tangshan, Hebei 063000, China;
2. Chengdu Metro Operation Co., Ltd., Chengdu, Sichuan 610058, China;
3. Taizhou Rail Transit Construction and Development Co., Ltd., Taizhou, Zhejiang 317599, China )

Abstract: The operational status of the battery system in high-speed EMUs is crucial to train safety. To mitigate failure risks, this

study presents a warning method for battery performance based on remote monitoring data. This method employs a dynamic warning

model that comprehensively considers factors such as battery pack temperature, charging and discharging duration, voltage, and current,

as well as the state-of-charge (SOC) of other battery packs on the same train. It integrates multiple linear regression and the isolation for-

est algorithm. The former quantitatively analyzes the linear relationships between various factors and the battery pack SOC for dynamic

prediction, while the latter identifies outliers to capture sudden SOC changes. Meanwhile, a residual analysis curve is introduced to dy-

namically monitor fluctuations in prediction errors, and trigger performance warnings whenever anomalies in residuals are detected. Ex-

perimental results show that the proposed method effectively captures SOC variation patterns in battery packs, achieving a warning accu-

racy rate of up to 95%. This method overcomes the limitations of single-method approaches under complex conditions, and provides reli-

able technical support for the intelligent operation and maintenance of EMU batteries, highlighting its significant value in ensuring rail-

way transportation safety.

Keywords: high-speed EMU; battery; performances warning model; multiple linear regression; isolation forest algorithm
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