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Abstract

Aiming at the difficulties in multi-source heterogeneous data fusion and the high missing alarm rate
of traditional single-threshold alarms during the health assessment of rotating components in loco-
motive running gears, this paper designs and implements a health assessment system based on a
multi-dimensional weighted fusion algorithm from the perspective of computer science and appli-
cations. The system adopts alayered decoupled B/S architecture. The back end is built on the Spring
Boot framework, and a hybrid storage scheme consisting of MySQL and Redis is deployed for the
database, processing approximately 52,000 pieces of time-series data such as vibration, shock and
temperature every day. The data cleaning module eliminates outliers, performs moving smoothing
denoising and missing value imputation on raw data, and extracts seven-dimensional features in-
cluding alarm level, effective dB value, SV trend, temperature rise extremum, etc. At the decision-
making layer, a weighted fusion decision maker based on the Analytic Hierarchy Process (AHP) is
constructed to map the state values of multi-dimensional features into five health levels. Combined
with the rule base of “Health Level - Maintenance Action”, automatic reasoning of maintenance sug-
gestions is realized. Application results at Baoshen Locomotive Depot demonstrate that the pro-
posed system eliminates missing alarms of early bearing spalling and gear eccentric wear existing
in conventional schemes. The fault recall rate increases from 33.3% achieved by the traditional vi-
bration alarm method to 100%. For wheel tread faults, the initial early warning time is 9 days ear-
lier than that of traditional schemes. The average decision latency of the system is less than 1.5 sec-
onds, and the CPU utilization remains below 25%. It provides reliable computer-aided decision sup-
port for intelligent operation and maintenance of locomotives.
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Figure 1. On-board running gear online monitoring and ground diagnosis analysis software
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Figure 2. Architecture diagram of locomotive running gear health assessment system
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Figure 3. Minor fault warning diagram of health assessment system for locomotive No. 35
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Figure 4. Health assessment system warning diagram for locomotive No. 42, November 2024
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Figure 5. Health assessment system warning diagram for locomotive No. 42, January 2026
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Figure 6. Health assessment system sub-health warning diagram for locomotive No. 16
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Figure 7. Health assessment system minor fault warning diagram for locomotive No. 16
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—F-#E7%” (Leave-one-subset-out) 1T 4 #7138 XIGAIE . 45 R IR : A RGAE ST LA IR LAMET 94.4%
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(BRI IALE - SS4B 45 111 94.4%), FEHIFHRIE 85.7%~92.3% A1), F1 /%5mT 0.89. MLz
T, AEGRSIIERAE ST LA BRI KN 35.7%. 28 IR A BERAREZ NA RS 2.8%, i
RTAEG LR 9.6%, R RS VFALTEREAE AN BL A A I ZR B AR | B By i) — S g
SENE, TS RS AL T AT HE VG

ARG TERE T, BB B HIAFEL) 5.2 Jis0IRSEHR (RN, il EELZRESN
FATTR B R AR A FRVT AN 45 1040 1R o B i~ 20 B IR A 1.3 5, R 4E CPU 5 FH HRIEEAKT 25%,
WAF I HFRETE 2 GB LA, WiA2 7 x 24 /NEEAS I IBHZE AT () TREEEK

XPGETHEE AT AL, TR KRN RIS UL, A% G AR SR BN E (R A A B TR I R 4
PR A AL BRI, (FR MR ARIMIRRSE NG, B CAAEEHNRE, AR AAERIREEE, B
TRt EFRTEETT R S0, A7 ZAHLL THRENICE WAL B TR, 807 1 9 RE H BB RVER
PRRISRIRE B, AR . AR ML FE 4 ARt A, N RORIB 4
6. Wi

AJ7 RIS TR ARE, PR RERME T 2. 248 IS FE BRSPS
Ti%, RS SEIEAT AR . kG BT RV AL 45 RS i 4E @I . M BRI A
FEHEM, KRGEART LET “HT e E L K RS (Fixed-weight Expert System)” [Iul%, HAEHEHL
il A 14 ) R DT A (Rule-based Reasoning), RIEIZHE . Al R, & &0 2B RS
BN A 5t. AR, A7 FAEREESET, T N LK, (RN ERR AR e h 77 EIK R
FEAEWHATHE . FrfEik % MBE o HE S U E AL B i Jm il de e anil, BBl 254k T
DUAFAE — E R FE I G RS . s, AT RIAR I HE, 75 AR S T X A Bk AT B8 e UL
B RAEEEOEEE, 0N B AR B, FF PR R Bz AR ). BRI S, ANIE]
WL BB 2 (M 2642 BE) . MLEERIGHEE. #48) s AT Lol g w4, ST E ) 1E 0%
Z5%, HLSBHIRED. I ZR RSB 4 A K- (Covariate Shift) K7 A< 2 St ) il 5 A e B30, WA
HERf 2R O B RN % (R, 5 22 TAE ik 75 5] AL #% %% ) (Transfer Learning) 8¢ 7T %% ~J (Meta-Learning) HE4E,
FIF VR FE AR 2% (4n Transformer. LSTM S5 P B 2h$E B s 4 LR MERRE, SCEUAUE BRI B iE
IEAEZE TR, DA AR R B 2R 5 472 A e 0 AN 2 B AR A i) i

7. BESRE

AT AL S5 BONLAE B AT B35 SR AH I RRVF A B, 26 T 3R ek th RS, %L
Paim e, FHESEI. ZAEINBRL & ST SR T B, ai A TR QS 1 M 1 i@ BERAS Al
FFHRYE L X R GG B4 A F I EE I . BEE EAT A VPG R GE AL BURI N, 0 RREVP
BORBEA RO S BREPE A ADIRAS, SRATKBUARF R, OREE THLE LI Wil S ENgEBEI, A
FT RN AR LEAS NG, LN B 4 sl T BoR KAt

JE SAEEEEVOTTE, W RS BREHIER, g, LS B S B He S,
SCELMEACE RELEE N . ESIRRM, W EE P IRRIR L S 3] 8 N LR REBORAE (R BV A0S H BB AT
A0 FINAKE L AZ M 25 (LSTM)X I P RAEEAT F B2, BCR A Transformer S HH 2 2 ) BLE 2 (A f)
KERBOCR, UHAZATET A TR G B ERE T %, 1T R GEL /KT ES 7 Bl
HIE N HEST -

SE 3k
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