5514 }“#‘éﬂ% No.1

2026 41 J

Electric Drive for Locomotives

Jan. 2026

DOI: 10.13890/j.issn.1000-128X.2026.01.002

F5|BElEE
RAL, BRS

2. \EIBR T AL

ESHARFI AR R

WA,
(LEEZEXF ARG AFTHRAARTHELRRE,
HEH AR,

R, B F!
B % 710049;
BE B 710049 )

1 OE: AR BB A R R AL ROR S N b A 0945 5 i s S SRR 5 TR, L

TREFHH T — A @ e i GE F T AL SRR LA R R AR @,
B &R A BIRE B NAR S R TRk AR
LﬁT%i;EﬁﬁE@,%i?%%ﬁﬁ\ﬁ%%%ﬁﬁkﬁbﬁﬁﬁ@ﬁ%oﬁﬁﬁﬁﬁ%é
FARER, BTIHMEZMETE SHRLERDET
2 R A PRI HE B F 7] AL KA A AR

HERRRE, FREAWR,
TERWH ALK I,
FHEIE]: HadaE; Fal Rl KA
hESES: THI33.33; U264.1

it

0 3l

Wit 5 L S PR [ AL . BT Rk
&, AEGIRAE SR OIE”, HasdralSErk Bk
RAFIEANPUESLE RGNz E L, 5 LK
VENRZO ST, FORZS E AR B AL P RE -5 R
Bedgfie SR, LA | o 5 b B 2 Fe U <5
BB T KWsty, 25| LR B B 5
B2 57 LA ol AS S BK Al 5 | % ) R T S R R, 45 N RE
R AR, A R EORALERIE . RS 4 £}
WA, AT REG RSN M s H B AR E
AN A T, X BLE S A 5 LA R
PEATARUE . SRS I 2= oG FE 2P

FHEE T AL GEANIR 2 AL T 9 i 7 =X,
R Z AL S BT LR R R T R A A
AR T AE BRI EEAR, W T AR AR AR A R T
HA S R m AR, o s el )R
RS R PERTBUE SR A T ATEET. BRI Tk AU Ak B AR
AT R AT R AR RE N RO O S B TRR R . Bl

EEWE:

AR

#H T IR AT B
A
R T %

RIERT 5 REFTH SRARSEN

, M ESREMNBE £ TE20C, 35778 2042 3 4K 28

L RK T 5 7] i AT AR AR

iR, KRARM,; ZRIESTRE
ifﬁﬂm:mﬁ%: A

XERS: 1000-128X(2026)01-0013-08

SKF Insight™fif D 5 ZE il 2 i B 40 ZE b i i, i 24
FIABEAL T 30%; & I 82> /4 H 9 VarioSense il
ACSZEL TR VIS A R . el WL, R R AR
AR IE T2 07 A b AR 785 W 2 T %) B T

MHT, AR R 3 R R AN Iy Fg e,
RIVKs SR £ 28 298380 328 B o0 45 ) 3 A5 Jh 7 i 1 DAL 52 B0 G
YihE. Bilan, SCHR[13]138 1 Jo Lk At B B AR Fn VR il &
e, R AANME T R SHURAMNEN A, ST
R N B R B SRR SRS I . SR, % KR
AR B0 W A B 43 3 B TRy Ml e, P ECR G AE K
FERAR; ELNREEE W ki A, AR Tk sEks
N o SCHER[1415R FHAME A SE M S B0 T R B . 3%
TR FNR 20 i A2 W o (AR 5% v iR Bl 7 S R K
Rz bRk, HoERRTE . AT SR R R W i
SEPE M TRIRAE . LAk, B IT SR AL IR LR % B2 4G
(AR TR Ly, BERRAR T R EE, LT
EOReEtE S EERRE, %m&%%%m&%r
SCHR[15] A B SCRiR [4] 55 78 MRS R b B AR R T 7
PRl WRBE . e AR S A PR A AR I #
W BRUE T B R AT GE . (HZ R T RELH

G A E R FR R BAEIT A (202501110101009)

BEEE: 2F %, B, L, L4300, T2RNFRFHREFHT AL AT @A ; E-mail: renzhijun@xjtu.edu.cn
IR RARA, BRI, WEH, F. B3 WA AR RILAB L[] A E B AE S, 2026(1): 13-20.DOI:10.13890/j.issn.1000-128X.2026.01.002.
Citation: ZHU Yousheng, GAO Ruixuan, LIN Tantao, et al. Smart bearing technology for traction motors[J]. Electric drive for locomotives,2026(1): 13-

20.DOI:10.13890/j.issn.1000-128X.2026.01.002.



14 it et

2026 41 H

PERE, {55 TR AN A DS o WU R B AR I 5 3
A, MELLSCBL S A B IS RE . Ah, BIRBE
FERAFAE N RE A TTR o ke Z M0 1 . FRFP IS AT Al HEdE
AR AR

SRS TR RE R C 1A S Y B R B AT
RE, (FLE M D0 b 7R 2 AT A 2455 i DU A BE A A
[, SRR LLR 34 U5 1. Dl B W g
J13Z PR AR I [a] 32 55 IF AR EE T il AR ke B il e
A58 AR 2 AN AL 28 [ AR Sy 5 AL o Mobil 23 w1 1
WL RRN], T A e o A AR S AR AR SR R
HBEAE 30 kHz [l 1M 5 i il 7 114 75 Mg i At 5
AR 20 KHZ!™, 3 L2 T i HCR R0 fale s e e
AEMTY, XTI G DR T AT AR A AL B AR . )
PR Pt B2 M BE T 32 R AR e ad R b, A R
oA RERGE, BREORTHE R TER ARG
T, WEETHRZE R TAME™, RS E L W] fE
V5 R ik B Al A i) S W OIRZS o (ELBUA R Rl AR A
SMEREE, Gz ARRR G . ORI RS FEf
B BUA R RERR V] i A& Gl =08 A T Tk 3l
W, Sy ST, AR T
i E7i

BEXF BRI, AR SO S dm B 1 W R 425 b
FEHVRAE RGP AT, BFSE T — A o) 42 5] AL
AR RE MR RS . FERECEZ W, BT T S
FEAE T I, PR A MO, SCBL AR 42
JEy PR R A 0 5 e 1 il A o P B M e, 4
T AR R A T I ATRLEEIRAS s ot 1RSI 5k
Rem TPTIaE Sy, BiiRAE SR P RERE . HEWR
Mo ARIBCHR SN EC s [, X AR Ak Lo R A gt
friefeicit, 8T T RERBIRATRENE . R IE)Z
TR TR BRI R e, i
WUk TR RERR I R SR R . AR T N R T
BB s AR 5 | A AL AR AR RE A I B AR K 81 4
sz R T HOR S

1 EREMA N R FER

1.1 BEENESE

NICBUE BERURX RS . A M B 3K
iR Z Y BR A ZR A MR, ASCRAT T 1 R
AR R R S A IAEZR . o, R RE Bl R 1
ARSI PISC S 417/ Btk ¢ €/ NP H B = N Y [ Sl U VA
PLHEATAAE SR A . BEJS,  EAEALRE Ak IS 1%
Pt — 2 b B mm, 45E KRB FIBLER - S R,
Y2k 45 h 00 HLR- A 22 ) BE A M 0012 Wi e
B drfr, I R BB S, ORI R A
TR RN S, SCBUE RERIURAY A2 ThfE.
=B ST IR I 2R AR, PR AR A

P G LSSt R RO ZS . Horp, BEE RS b
PEALEAE R G e ARG T il R (5 5 . SEBliL Gak e
B AR . NI, AN SO ER BER AR T X P U T Y
W,

K1 R ReRh R S A IHE Y
Fig. 1 Overall monitoring framework for smart bearings

1.2 BHRS

AR I BE BRI R SER D RERT SR, R
SRy RS L ARk S ERORIRE S A
B, AE 2 B, DU e T T

| svi[%ﬂz || 33 \;ﬁ;)i |
— L L VR IR ]
(AR - | al |n
(R J-{ % R i
R | %
77 n T
AP |

K2 BB REEF R G RER R

Fig. 2 Functional modules of smart bearing hardware system

1) Bl RAERR

B RN T 2R IR, TR R 1Y
B IR AR B O S 5 R AL 1 2 P
TEREH BT, A5 R AR B 75 2545 75 TR AR A4
MEARA I T, DA AR S PR AR 4 Ay s ] g D
Bk A . BRI, frshfedr e 1 =287 iksh
e, AT BUA R RERIR WD I 28 48 % A BEUL X



551

A, FESE, MR, AR,

A TR RERURE AP 15

PREEIRARS, TS AL ADC 05 Fr S %o b e, 6 ik A 7
K15, AL T BT, i HAR S TE ST
PehET1. BEAN, A% B T [ W 3 A5 1) AR sl 15
S BT T RS WO A Ak AR P . P 2R AR R
TE A B R 80 kHz W BUF 7 i 1 s . B TR
AEFEAREE, i MR AL T R . P B
MR FHET AME SRR, A 3 I SR 8 IR B A% Sk
2, BRI R AR AR TR

2) At

TR A7 BT R AR B R B, A P 4Rt 5T
RG] AR RS T RER S . JRoh ., R
UMy SR L, R R SRS A,
X SRR BR A i, R A R B Rt AR X K
Sy 3k A ORI £ i e R e R R 285 o W T RO TS
B b, dhm s LR B, A B
FEREREER, LARA DR EE 1) S 2k 5 2 4k

3) A FAEER

T (5 BB DK PRI B AT A B R . TG
BRHL A TR K, SERUE RIS R R S A R G Z Y
W% AR BT AL EE, HAREN
RGP M, [FBA R TS BUEE 0 = A . 4T
F U Y TG 2R 5 R B AR O SR I (WiFi) |
ZigBee. Wi %, b, WiFi 8K H 44 5 R b
R s . BRYUATUN . B FREMSEM A . REHR
DREMID R, AR WD R Gk A it =, T
FEFFAR SRR 20 N 2 IR e p Sle e B8 Wi 1 Sk il 22
G cgm s =,

4) FFsEib

FEE A VEN AW R G 2o ot A
LA BT W S AL SR A AT EE R AR, AR R A48
RIEGHPrEEEES, EOIERGESRGST T e
T BN Y, RS BT A 5 R
FE. mEM . Pudm . A EEE S e R et L
TSR . A, TR RE A AR T SRR A
BRI, WA R R SR AT . LT BRI E,
ASCHERE STM32 R A oA R Wl R G i) 45008

5) HLEAE PR

H VA5 BB 111 TR PR A H PR 48 o 45 BB
JIrds W TR . BB RGP AFAAES V AI3.3 V I Ff
B TR, R4 A A e R e, K AR
SRR EE S V33V, MMRIEEANRE T T &R
S P HERS e W A L R

BT BT, AR T AR 3 B
TNHIRIE PCB HL A, TB il — 22 50 48 1 Bl 7 i
Vo R 50, 12 M0 RS R R ME S5 4,
WA B [y X 2 Tl R S R A i 1) it T M 2
J5 A OR T WA B 5 R A A g W i, LA
FEARBAE LT . — T, B T R

FEAE S B IR AS , A RUBIME ST Z R TH
fekiid R A 208, TSR IBCE HAR S 10 2 0L 4 2
i s Jh—Jrihn, SufiAi B AT AN B A2 AR R15 B
AR ) R Y R IR, RE RS B SR SO A S
i AERZ B TR IR THE B

AR W - N

e s BT R
LIV @NTN L BO
K3 B Resh R g it

Fig. 3 Structural design of smart bearing hardware
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Fig. 6 Time-domain comparison of impulse responses to vibration signals
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Smart bearing technology for traction motors

ZHU Yousheng', GAO Ruixuan', LIN Tantao', REN Zhijun’, HONG Jun'

(1. Key Laboratory of Education Ministry for Modern Design & Rotor-Bearing System, Xi'an Jiaotong University, Xi'an, Shaanxi

710049, China; 2. Frontier Institute of Science and Technology, Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China)

Abstract: Smart bearing technology effectively overcomes the issues of signal attenuation and environmental noise interference

commonly encountered by conventional external sensors during the monitoring of bearing condition of traction motors. This paper pres-

ents the design and development of a high-performance smart bearing system tailored for traction motors in rail transit applications. For

hardware, a broadband acoustic signal monitoring module, a bearing inner race temperature monitoring module, and an anti-interference

vibration monitoring module were designed to significantly improve the high-fidelity acquisition of multi-source signals and the overall

system reliability in complex environments. For software, highly integrated and modular algorithms for signal processing and condition

evaluation were developed. The experiments on a simulation test rig show that the system can accurately and stably capture high-frequen-

cy sound and high-fidelity vibration signals, that the error of inner race temperature measurement is within =2 °C, and that the system can

effectively identify early-stage insufficient lubrication conditions. This study provides valuable engineering support for advancing intelli-

gent monitoring technology for rail transit traction motor bearings and ensuring the safe operation of rail vehicles.

Keywords: rail transit; traction motor; smart bearing; condition monitoring; multi-source signal acquisition
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