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Vibration Signal Analysis of Running Electric Train

using Adaptive Signal Processing
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ABSTRACT

The vibration signals of driving parts of electric train are distorted its signal patterns due to the
impact components, which occurs when wheel passes rail joints. An elimination method of the impact
components is investigated using adaptive signal processing technique in this study. The result shows
that adaptive interference canceling method seems to be more effective than line enhancement technique.
The application of adaptive interference canceling method to the signal measured at bogie shows that
the extractions of the signals of driving parts of traction motor, reduction gear, and axle bearing are
successful. Therefore, only the signals of bogie, which is the place to attach an accelerometer easily,
is sufficient for the fault diagnosis and the safety evaluation of electric train.  Also, adaptive
interference canceling method can be applicable to evaluate the performance of vibration isolation
between bogie and car body and to investigate the characteristics of indoor sound.
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g%el te FE HEE AART FERV VEEL 228 ol A4 5H el B(adaptive
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FY3E ITANFORRH HASE 282 YD FE9 AL BAERRY FAHE 280
el oz, 2A SN 2AHE 282 2388 234 294 B THALEL 1
£HBAAM 240 km/hr o) Fel Y Fag B du AVFAANE dE2 F23A ¥ 7|4
HY (g9 A5 BAD AYF FF9 ZE=(roughness)?t EA7F | £5 At o A A
58 28L& A 704 A 2EC wE JAFHF & dfo] detAof . zy 4548 3
el AFH 282 vF7 HYE T4 o, AA7]) AXE A B F AY. F FHAEO) a
A7 H3 Qe Aot HEAFAMY $ASL ddH v B olgul oo E ulH 4
B = (wheel flats), AL LA (frogs), N EAZA7](signal junction) 5 EF& A 71QAdot.
oA F=AFoMe FAL U AFE olF v Jefolyt smooth irregularity, level
joint, step-up rail joint, step-down rail joint, wheel flat%® step-up rail joint 7} 7}%3 & 42
€ Ao 43A fUoh(3)

£ dFNE £EE A7IFA U A AYE £y A& FY Fo A7FEA IAFA
Zo] g BASRATHM4] AX AN AJQAEY, &7, oA, dedlofd, 2 A b
2 5 479 B9 Fig. 13 2] 71&EAE F A3 vpolAZEE o83 4 288 F
Fage. £ AT £ F A8 A3l FAMNE F do HAxEAQ 1 3H F &
ve] 2 (pulse)§ FEEE 3. & A7 AHEE WIFAe] 298 ASS Table 1 o] 4
Buith. B QFoAM e 50 Kmhre] F8 wlojgjo] W] £4& A3y an, Table 2& F3
F FERAM gAsEs 2 ForF YEES UEE RAoU[4])

Ax 48 239 238 &4 2o AFAUEE Fig 28 2o ¥4 A 9 Fr= 747
o RYolH AFZo] 2 $AHNE Hola Yt ol FEHES HUB7 HY olZd T4 A
HAEE FAF YR QY FER AN WF AE AZH 2@l de Aoz FRHHN
Bdd £ FELY AFHNE I8 e A go] dEA frh old £ AFdMe AE
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LMS ¢ Z& HZAZ RN} Bo] AHEEE wgo2A A7k FIR YE(time varying FIR
filte) & o€l AGUF, H()E T PPolh Wi &) wo]2 JEE A A A
£5E LMS 23FezEs A &704 A A Y(adaptive interference canceling)?t A %71 Y (line
enhancement)o] UITh[5] HFF71YL U2 W3 A% A& & JE2FE LMS &3
252 o83l xol2§ AASE PP EA Fig 3@ ESHEE UG HEAHAA
AYe Jd8 YAT2RE AZHEDE F&37] Asto AU E Ze FHFPERE M
NEE YAAA LMS ¢ F ¢ o438t ALss WYL 24 Fig 3ol ESHUEE YEhd
. Q74 5 % om B FBBAV G AEY kolZF HU|EI, 2 % x,E FBRBAT
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ZRE e NENE FEI}E ‘”‘?3"2*1 o]l Z®ut olyEt Ve g AEIF EFE
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NOTOR 77 F

(a) Front view (b) Side view
Fig. 1 The location of sensors at electric train
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Table 1. Specification of driving parts Table 2. Frequencies during 50 km/hr running

Reduction gear gear ratio | 99 / 14 Axle bearing 88 Hz
weight (kg) | 370

Axle bearing 17 ea (roller) Motor bearing 296 Hz

Traction motor 8 ea (ball) Gear meshing 517 Hz

Acceleraion (g)

] 0.6 1 1.5 2 2.5 3 <K 4
Time (sec)

(a) Bogie signal

LM

.................. foeeieeas

Acceleraion {g)

H H
2 [s] 0.8 1 1.5 2 2.5 3 3.5 4
Time (sec)

(b) Gear signal

Time (s8c)

(c) Motor signal

Time (sec)

(d) Axle bearing signal
Fig. 2 Vibrations of running electric train

(a) Line enhancement (b) Adaptive interference canceling
Fig. 3 Basic structures of adaptive signal processing
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Fig. 4 Comparison of two adaptive signal processing techniques
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(c) Measured axle bearing signal (d) Axle bearing signal from bogie signal

Fig. 5 Spectrums of driving parts after adaptive interference canceling
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Fig. 7 Spectrums of gear vibration depending on used years
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