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Fig. 4 Current signals from HXp3C locomotive traction motor

12 000

p=1.002

0 L L ! L
1.00 1.02 1.04 1.06 1.08 1.10
p

(a) UM 5 p, FrFT i) Max|X |{H

12 000
=3
10 000} o

8 0001

6 000

IIYI 002I

4 0001

2 000

0 L s |. l A -
-60 -40 -20 0 20 40 60
u

(b) TR 5 1E p,=1.002 &b 1) FIF T
K5 FETIEIEE AR FeRT SR LB
Fig. 5 Optimal order of FrFT based on spectral peak search
XA | LR 5 HEAT AFFT. fEAR R XA,
PAAS SRR AR S W1 D A bR s G - FrFT B e A B

W, ERANE 6()TR o &l 6(a)HAE7E A~ B S (A K
A5, A BRI p,,=1.002 il p,,=1.008, H: p,=1.002
Xif AR HUAT R, p,=1.008 X 1o e e 431 . BRI B I
p,=1.008, FLFFT 45 R A& 6(b)firn, A Wizf5 55
TEOT B =15 1 HAG B m i, SR ERE R,
UESEHCRRE i A AE . RS LFM 240, o] 3%
JRH f285.3+4.9¢, H5K K 285~310 Hz, X B HLAE
R 5 /INVG AR A f, 1 8 A AR T S ey, RIER 1
o k=8 I/ NV AR AR A FE L H I A ISR, X A
h282~303 Hz. LA Fop#rRB, ASCHR IR S MiE G
PR A5 R A 3 FFT S B ik, 36T oA et i
AFIFT BEA AR BRI S P I LFM 43 i . HLAESL
bR 3 BB AL AR S 1 o BT A R, B4R A% Shih
BN TR s MILZE Il EA A, R A U AR A0 s R B/
Ve, BAE T2 e

1.4

1.2

1.0r

R
=]
oo

0.41

0.2 L L L L
1.00 1.02 1.04 1.06 1.08 1.10

P
(a) iS5 p, FrFTIR A

3 000

\
2 500( u=15

0

2 000f

|X1.008|

15001

1 000+

N 1.

-60 -40 -20 0 20 40 60
u

(b) HLFLAE 57 p,=1.008 £ FrFT
Ko JETIRAMHERM FrET Hfkk
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Fault diagnosis of locomotive gearboxes based on adaptive fractional

Fourier transform

ZHU Yanhui

(Wuhan Special Commissioner's Office for Safety Supervision, China State Railway Group Co., Ltd., Wuhan, Hubei 430000, China)

Abstract: To address difficulties in extracting transmission system fault information from operational locomotives on railways, this

paper proposes a diagnostic method tailored to variable-speed conditions by analyzing current signals from traction motors for locomo-

tive gearbox faults diagnosis. As traction motor speed changes linearly, the fault characteristic frequencies of the transmission system al-

so vary linearly but at multiple rates, differing from the motor power supply frequency and gear rotational frequency. Although the frac-

tional Fourier transform (FrFT) is well suited at analyzing linear frequency modulation signals, selecting its optimal order complicates its

application. To overcome this, this paper proposes to construct a new hybrid entropy to uniformly characterize the spectral peak sharp-

ness in FrFT and the degree of energy concentration in the frequency domain, and to use it as the fitness function to determine the opti-

mal order through exhaustive search. Experiment results from industrial implementation show that the proposed method can effectively

diagnose transmission gear faults in tractor motors.

Keywords: locomotive; gear fault; fault diagnosis; motor current analysis; fractional Fourier transform; hybrid entropy
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