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Abstract: A forced vibration model of a rail system was established using the Timoshenko beam theory to determine
the dynamic response of a rail under time-varying load considering the damping effect and stiffness of the elastic
foundation. By using a Fourier series and a numerical method, the critical velocity and dynamic response of the rail
were obtained. The forced vibration model was verified by using FEM and Euler beam theory. The permanent
deformation of the rail was predicted based on the forced vibration model. The permanent deformation and wear
were observed through the experiment. Parametric studies were then conducted to investigate the effect of five design
factors, i.e., rail cross-section shape, rail material density, rail material stiffness, containment stiffness, and damping
coefficient between rail and containment, on four performance indices of the rail, i.e., critical velocity, maximum
deflection, maximum longitudinal stress, and maximum shear stress.
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Table 1 Mechanical property of rail

Young Modulus 126.9Gpa
Poisson Ratio 0.35
Density 8,900kg/m?
Kappa 0.85
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Table 2 Parameters used in the simulation of dynamic
response of a rail

Length 2.75m
Moment of Inertia 5.21E-8m?
Area 0.0012
Containment stiffness k 5.15GN/m
Distributed load 422 MIN/m

q(x.0)=g,[1-H(x-V1)]

Fig. 7 Geometry of the rail
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Table 3 Critical velocity of rail

Theory Critical velocity
Timoshenko beam theory 1,081m/s
Euler beam theory 1,145m/s
Abaqus 1,082m/s
0.0004 - V<=Ver
0.0002 - .
’E O 3 ;‘l‘“;"-"h.“';v"'-—"- SFNPD
= i i
£ -0.0002 + |
£ -0.0004 | {
= -0.0006 - f
e \ w |
E -0.0008 - ‘._,"'-'.‘_\_e_.‘,'"..\.:h,;t_?r:',",:‘ j--- Euler Beam Theory
-0.001 - v Timoshenko Beam theory
vvvvvv Abaqus
-0.0012 T T T T T
0 0.5 1 1.5 2 2.5
Position of Rail(m)
(a)
0.0015 7 v _vrer
0.001 |
~= 0.0005 - Dl
g, LT
E | o 4 RTE e
_ 1] ™ B
200005 o M LY
£ 0001 {7 N vyt
8 Wond U
2.-0.0015 - Y
E -0.002 4 :'C! = == Euler Beam Theory
-0.0025 - < Timoshenko Beam theory
vvvvvv Abagus
-0003 T T T T T
0 0.5 1 15 2 25
Position of Rail(m)
(b)
0.0005 -
V =Ver
- 0 ;". J“Q T e
g IR A f
=1 I |
g -0.0005 | | \ IV
g ViYL
£ oot [} [ |
% .-'- / 1 é: .3 | 4
= i \/ \ | === EulerBeam Theory
= i \ f
0.0015 t;." 1-..! Timashenko Beam theory
vvvvvv Abaqus
-0.002 T T T T T
0 0.5 1 15 2 2.5
Position of Rail(m)
(c)

Fig. 9 Verification of rail displacement; (a) V=800mvs,
(b) V=Ver, (c) V=2000nvs



1552 AEd - AAZAF - 9

322 elldel SHHE 22 43
H

[e]
@38 vl IRl o wA, AHeAe A5t
A R, 5 e § 2 A &
(Fig. 1) 34 2dy gz 2do] nj
5 frAFste
stAIRE A7 E o] ol H LTt AAEGE oA

9w AR Aol Fe el $o] v

500
400 ===Euler Beam Theory

300 eTimoshenko Beam thebry
;- Ab
—Ahaus
g' 100 .
= 0
W
£ -100
g 200
@ -300
2
-400
=500
0 0.5 1 15 2 25
Rail position{m)
(a)
2500
2000 ——Euler Beam Theory
1500 ==Timoshenko Beam thaory
TI000  — Abaqus
£ s00
-
5 0
£ 50
E
%1000
2 1500
2000
0 05 1 15 2 25
Rail position(m)
(b)
400 = FEuler Beam Theory
300 Timoshepko Beam theory

Maximum S11{Mpa)
' = -
8 - 8

-400

1 15
Rail position(m)

(©)

Fig. 10 Verification of rail maximum axial stress;
(a) V=800m/s, (b) V=Vecr, (¢) V=2000m/s

Aol gtk odw male B9, 94 A
3w go] s E ek
A717e) A
WS e Seel WAFS ¢ & A

L 9 AAEA A, Fig. 6(a)oll A E]ZAl
I

o9 oy wEl B fiste] MR el o]
TEE VI < v <y, d W FHE R =

150
——Timoshenko Beam theory
0 — Abaqus
= 50
[-8
2
N 0
W
E -50
E
&
S -100
-150
0 0.5 15 2 25
Rail position{m)
(a)
400 —Timoshenko Beam theory
300
— Abagqus
200
= 100
[
2 o
~N
& -100
E =200
E
X -300
= =400
-500
0 0.5 1.5 2 2.5
Rail position{m)
(b)
30— Timoshenko Beam theory
200 =——Abaqus
= 100
o
=
8 o0
w
E =100
E
»
S -200
-300
0 0.5 1 2 2.5

15
Rail position{m)
©)

Fig. 11 Verification of rail maximum shear stress;
(a) V=800m/s, (b) V=Vecr, (¢) V=2000m/s



AEAET A7 o] 54

KN
=

Table 4 Specification of rail system

Barrel Length 1.94m

Moment of Inertia 2.5E-9m?

Area 0.0003m?

Containment stiffness k 9.96 GN/m*

Kappa 0.85

Tensile Strength, Yield 333.4 MPa
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Table 5 Mechanical property of rail

Barrel Length 1.94m
Young Modulus 126.9Gpa
Moment of Inertia 2.5E-9m?
Poisson Ratio 0.35
Density 8,900kg/m?
Area 0.0003 7,
Containment stiffness k 7.66 GN/m?
Kappa 0.85
Distributed load 1.27MN/m
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