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Analysis on the Snake Motion of
One Freight Car for High Speed Running
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Abstract

The development of railway vehicles involves the proper selection of design parameters not

only to achieve high speed but also to reduce the vibration of the train. In this study an

analytical model of a freight car is developed to find the critical speed. The freight car can

generate the snake motion of the lateral and yawing motion of the car body, the bogie, and

the wheelset.

Numerical analysis for the nonlinear equation motions with 17 degrees of

freedom showed the running stability and critical speed due to the snake motion. Also, the
vibration modes of the freight car was calculated using ADAMS/RAIL, which showed that the
critical speed have the yawing modes of the car body and the bogie. Finally this paper shows

that the snake motion of the vehicle can be controlled with the modifications of the design

parameters.
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Fig. 1 Snake motion of wheelset
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NEFHS 9t atA st AT siM
%2 s dASEE A (6)F 2o Table 1. Degrees of freedom
Name Wheelset Bogie Car body Total
w Sl
Vew = o (6) Lateral 1xd=4 1x2=2 1x1=1 7
Yawing 1x4=4 1x2=2 1x1=1 7
2. 2 CjjR}o] AlAMS Rolling 0 1x2=2 1x1=1 3
Total 8 6 3 17

SELEEREE R
A5, R YIS ®
Jueze BAsYH o88 + Aok ol
datel AdE g Se A (), dae AFsE

S,=S,| 1+% )

=25 ®

Fig. 2 Freight car(Box car)
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Iygr— AL — Ay — hAs+ Ar;=0
mugst Ag+2F 1+ Fr(gs) =0
Lyas+ Ap+2aF,, =0

Mo+ Ag+ 2F 0+ F(g1) =0
Iyan+An+2aF,,=0

mgyy—As— A+ A =0
Iygy—bAg+bAg—Aypy—Ap+Ap=0
1/74‘14 — A= Ay — hyAp+Ayu=0

Mo+ 2k A5+ 205A 15+ 2kg A+ 20,A13=10 9
I+ 2lkyA s+ 2l A g — 2lkyAr — 2l Ay =0
LGy + 2hnk oAy + 2hycyA g+ 2hnky Ay

+ 2thC$yA18 = 0

o] 714
A = 2ku(q1—a5—bag), Ay = 2k, a3— g5+ bgg)
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Fig. 4 The contact of flange and rail

4. 5x|8H4

A5 Azt HF, Ago|Z o]
dx A% Fo] T8 17 AFEA %

Edow Ause Ae wivses

shate] QASEE Atetr] E Az el FA)
4L R, FEE SUAIIN A A% AR
Z YAEEE o F33h Fig 58 94 FALTA
o g P s JYehzn o FY&EET}
PAS=RG g wH 271 Wl 4E 2% 34
Al Aol AgFs gz, FRFETE dASE
AR Hﬂb A2k 1 Aol whah 27] WEko] M
A d JAEEES 5317 Asto

FAMFE M3 F7HAA Hekn
Fig. SollAlel o] FolX o] HAzNoZRE
98km/ho) A= w97 F3h 7h4) =0, 100km/h
drMe A7t FAHA K3 ALHE dHE U
war 3ley,

<

ﬂll

. Tgécé

o] “I’“I—



DEFHS Y SH S| AIME oA

Table 2. Specifications of the freight car

Index Terms Symbol| Units | Input
c Weight of the Car body me ton | 16.083
ar
Moment of Inertia Roll & 17.625
Body | " Ir Iy | Mgm
Pitching, Yaw ’ 317.26
Weight of the Bogie my ton 1.982
Boige
Moment of Inertia Roll & 1.05
Frame |_ It Iy | Mgm
Pitching, Yaw ’ L 1.64
Weight of the Axle my. ton 1.309
Axle | Moment of Inertia Roll & Yaw | I Mgm | 075
Half of Wheel Diameter r m 043
Half of Axle Distance r b m 0.9
Half of Bogie Distance I3 m 4.53
Dimen
sion Half of Between 1'st Spring Iy m 0.978
Half of Between
hy m 0.838
2'nd Suspension Center
Longitudinal Stiffness kpx  |MN/m | 554.57
T'st
5/p Lateral Stiffness kpy |MN/m| 423.23
Vertical Stiffness kpz |MN/m | 1.6128
Vertical Stiffness Ko |MN/m} 3.8791
2'nd
S;IP Lateral Stiffness ky |MN/m | 0.90384
Bolster Stiffness ke |MN/m |0.06779
Vertical Damper Coefficient ¢ | MN/m|0.11072
Damper
Lateral Damper Coefficient ¢y | MN/m|0.18454
Lateral Track Stiffness ko MN/m| 146
Contact
Rail-flange Clearance & m 0.009
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(a) v=98km/h

(b) v=100km/h
Fig. 5 Lateral vibration of the freight car
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Fig. 6 Root loci(wheelset)
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Fig. 7 Stability analysis
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(a) Snake motion of
wheelset(11.28Hz)

(b) Snake motion of
bogie(6.96Hz)
Fig. 8 Simulation results of the snake motion
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