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Analysis of the Coupled Vibration for Traveling Wheel

Yun S. Ryu

ABSTRACT

The coupled vibration of a wheel-railway track system has been considered as

that of a moving mass on a beam.

In this paper, an analytical model is proposed to

analyze the coupled vibration when a wheel travels on a railway track.
The railway track supported by sleepers is considered as a beam on Winkler’s
foundations, and the wheel traveling on railway track at constant speed is

considered as a moving mass.
wheel and railway track.

Hertz’s contact stiffness is assumed between the

Numerical results are compared with experimental ones to verify the validity of
the numerical method. The numerical method i found to be efficient to analyze
this system. Based on the numerical simulation, the appropriate analysis range of
the beam model and the characteristics of coupled vibration are discussed.
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El Railway Track(MNm?) 4.03
Mass of Railway
My Track(kg/m) >0.47
Sectional Area of 3
A Railway Track(m?) 6.4x10
Moment of Inertia of 5
1 Railway Track(m®) 1.96x10
Distance between
/ Sleepers(m) 0.625
Stiffness of Sleeper
kg (MN/m) 0.68
c Damping Coefficient 5
s of Sleeper(kNsec./m)
Stiffness of Hertzian
ky Contact Spring 2000
(MN/m)
Damping Coefficient
Cw of Contact Spring 51
(kNsec./m)
Effective Mass of a 349
Wheel(kg)
vV T(raveh;lg Velocity 37
A H1n, Grlel Fnsle) B s

wE JtEEE AYE He AE gy

¥, Fig3@ye AFY AAFE,
Fig3b)= g9 AT E BHAF2
odth. Fig2 ol HAE 23 J=29 43
AFo] HUZ @ Ao zgol I=E
AE EHsln dokn AAEARL, Hd
o] Araluiar WML Aol B =g
8l7) Aol Hdl AFeoz Hu s A
< ¢ F Ao

Figd & 34 2dS o83 A= 4
#d9 sk 33 &= FAHY 2
F& vehd Aolt) #HYY Aol 15m
2 81, 2 FYF9 dde) e 3
& EE Jehlia ot Figd o AL
g0l FE A8 FRse €3¢ vE




1 sec.

10¢g

Time(sec.)
Fig. 2(a) Acceleration of Sleeper

AL AAW

Time(sec.)

Fig. 2(b) Displacement of Sleeper

Fig. 2 The Vibration Responses of

Sleeper (Measured)
0.1 sec.
>
H l i I 10g
Time(sec.)

Fig. 3(a) Acceleration of Sleeper

10g

Time(sec.)

Fig. 3(b) Acceleration of Railway Track

B Position of sleeper

-0 P 0.06 sec.
ey

Time(sec.)

Fig. 4 The Acceleration of Railway Track
for Single Wheel(Calculated)

-30

-60

Time(sec.)

Fig. 5 The Acceleration of Railway Track
for Multi-Wheels (Measured)

@ (a),(b),(c) : measuring point

= (® ®) () Railway track .
®

EEsggg

sleeper

Fig. 6(a) Position of Measurement

Time(sec.)

0.06 sec.

Fig. 6(b) Acceleration of Railway Track

Fig. 3 The Vibration Responses of Sleeper and ~ Fig. 6 The Vibration of Railway Track

Railway Track (Measured)

(Calculated)

- 355 -



Uio, Fig3 o 4% Axte} vlus] B9, 3t
Fo] AED T4 AT F, F AR
Tg3t7] Aol g AFol Hu AEFo
2 dg3ste 53E& 243 Ao
Figs = 2% T3 9 dd I5< 4
% Aot AFHL JEFH JE Alo
A F4FoH, dd F3 AFHe Al
3t gl HE P FHs=
AlZto] oF 0.06 22 A, I Atolo] #H Yo
A5t JHE W4 A9 vustsich
E A82XE atgo] ddy o= £E
73 HEY 9 #HYY IFo] HUHE HE
A gGodd F JAW, Fig, 39 AR
Ago] IE} FUAHE TS FAFEH
ol F713o2 @A FAFo] LA
He d42 248 4 Atk ol& Figd o

s

#Y AFGE AP AN AoE B
geth 2y, 459 e oed &

2ol og Qo] o] A=A o
2o A8 @ A9 ¢ds YA
AR FAY 5= QAAY, 12D BT

293 9L BE, 45 A o
A% gAz dAegn woy F
A5 HEE BolT YL #AE
A},

o4 2Y L £AN Aoe vlws
o, A AEFel el =BTk oA
Hq AES ARL AEALD) AE 7
Qo 718 AFSY olun ¥ AF
AR, & A9 A% F9 A5l 719
= NS5 YRS Ao HE 3
A, 71&e A7 A Az AA s
e
A% ot 84 2dRe sojyes
A, #2804 2o s WAE n@
Aol Wt A& UiEe TeY ABoE
FE0 Aoke A, Al AFe FYA
o Thr® FFHO SHA BER 227t

A1 dde M 52 €

}

4y 32 % o

_‘:‘_
[
o

2 o

=] -

> AT

30, 2 o 4

=

< k. 283,

= O

olgd HEL 1Y, oldY HER
FH £ Y 2 A sl
Ao F WS EFHor Y3
o) 7hsdttn TE + AAH.

4. A8 FYN9 THA

4 m2dg o8& TR P
24, Ago] dY HE AL 9 Y
o Ay JF HEE HMEFES Y
(10)0& ol&3td FAHHHoz T3
Bt

Fig.6 > #H&°] $#st= A o
A LY 4 224, @ I3F A, () 3
B3 T4, (© AF folA A
&R AR HgEte Bge U
B gtk 2t He rhEEs 5
AFoZ dta #AFAA A 2
59 (@), (0), ©= 44 dehda g
a8 F9 FdL, 29 4R 2A A
FAddAY FE AR dgatn
FE ATz dig Azt BAIE
I gl

ddoM HEG upsh o], A&
AEL F4E THT F, 949 7
=7 Ad 2 ggaste 53L& o= A
Ehol M E Flo] HAH. #E5H
@°l A=, aHgo] o)X} AELE
B3t AS, TE TSR o3
AEXE THE BSAAE, gl A
229 $3E 4 dE 2 ¥l
LA goh A" dd H9 B85
Aol e A5, AEY T4 F
g AA #5% "ot don Azd
23

A,

5.

"

|

2 dFdAE, aAgddAd 294
E ;A A, e BdYHE 1
A FAMMF Aol AT M =2
9 A% AA, 2 #34E HESHA

- 356 -



h B @FA Ad@ Y 2 g
3 A4 ARE Y Ane wmy 2
QAT Aok AF FANY A4 AFA
9 533 @3 5 gl YRV FUL
E3e Fo Hdel AFo WA HE
e ¢ 5 AN

F, 5o gl 48 A4 IS o
Mol W@ A7 A% QWH o} shelat
B2, 8% A, A% 24 o o
% AAHL £4o] o]FojHol & Ro2
i EL

g A7oN AHEE 43 AR Alwy
A 4 ARBPH FAHE Ao} W4T
A< wach

Fa £9

1. Dahlberg, T., Vehicle-Bridge Interaction, J.
of Vehicle System Dynamics, 13 (1984),
187-206

2. Clark, R.A,, et al, An Investigation into the
Dynamic Effects of Railway Vehicle
Running on Corrugated Rail, J. IMechE,
24-2 (1982), 65-76

3. Duffy, D.G., The Response of an Infinite
Railroad Track to a Moving Vibrating
Mass, Trans. ASME, 57 (1990), 66-73

4. Roak, R.J. and Young W.C., Formulas for
Stress and Strain, 5™ ed., (1975), 517,
McGraw-Hill.

5. Ryu, Y.S,, et al, A Coupled Vibration
Analysis Model of a Wheel-Railway
Track System with Consideration of the
Contact Stiffness, J. of JSME 62, no.603
(1996), 25-30

6. FaA, 252, AL, “AERHL
A AF LA A4 AF
A, A4S FFE EASEY
3] =#3(1997.5), p.241-246

- 357 -



