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A Study on a Dynamic Modelling for the Development of the Tilting
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This paper presents a dynamic model of railway vehicle for the development of a 6-axis tilting
train simulator. The tilting train simulator will be used to verify the tilting electronics and tilting
control algorithm that are to be applied to the Korean tilting train. The tilting train simulator is
composed of 6 electric-driven actuators, a track generation system, a graphic user interface, and a
visualization system with a 1600mm-diameter dome screen. The each system shares the data by means
of ethernet network in realtime. In this study, a train model of 9-DOF with a force generation system
to tilt train body has been developed. The dynamic analysis for the straight track running and curve
negotiation of a railway vehicle can be performed in the model. In this study, a verification study for
the application of the model to the s1mu1ator has been conducted under curving situation on the track
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Fig. 1 Concept design of the tilting train
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Fig. 2 Schematic diagram of the

tilting train simulator
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Fig. 3 Graphic user interface of the tilting
train simulator

Fig. 4 6-DOF motion base

Table 1 Motion range of the 6DOF motion base

Motion Range Velocity Acceleration
Surge +200mm +500mm/s 0.5g
Sway +200mm +500mm/s 0.5¢
Heave +180mm +500mm/s 0.5¢
Pitch +18° +40°/s +500°/s°
Roll +18° +407/s +500°/5°
Yaw +20° +40°/s +400°/s°
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Fig. 5 Dome screen of the tilting train
simulator

Fig. 6 A real picture and a 3D graphic
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Table 2 Stiffness and damping of the suspensions

Symbol Description Unit Value
K P Primary longitudinal stiffness N/m 200000
K by Primary lateral stiffness N/m 200000
K, Primary vertical stiffness N/m | 200000
C P Primary longitudinal damping Ns/m 100
C by Primary lateral damping Ns/m 100
C 2z Primary vertical damping Ns/m 100
K, Antiroll bar stiffness Nm/Rad | 300000
Table 3 Length of the vehicle model
Symbol Description Unit Value
Half of primary spring spacing
900
dl (lateral) mm
dz Half of secondary spring spacing mm 1000
(lateral)
hl Vertical distance frorrt vehicle mm 900
cg. to Sec. spring
hz Vertical distance fro.m bogie cg. mm 250
to Sec. spring
Vertical distance from bogie cg.
h3 N A mm -90
to primary spring
Height between track base and
1520
hgc car body cg point mm
h . Height betheen trac%( base and m 445
& bogie cg point
h Height between track -base and mm 430
sw wheelset cg point
lbw Long. distafme form Pogie cg. to m 1300
primary spring
Long. distance form bogie cg. to
4385
ld’ carbody cg. mm
l Long. total length of vehicle mm | 24500

A diate FAE Z
Table 2= %

A 2 2 AFE vl Aol
Table 32 2 Agnde FoH

e o)o).

2
S 98 Hg9 AP F
z}z} 46000kg 3} 2068kg°]t}.
Ao BEE 1 FFA P

dol&

Table 4 Track data of Jungang line between
YoungJu and PyungGi city

amd | 43 | 4% | esax | 34 -
we | Aw | aa | 3 |wEn | en | we | 22
(km) (km) (km) (k) (m)
206405 | 206469 | 206840 | 206904 | 400 s 80
27 | 2784 | 207910 | 208012 | 208079 | 500 < | 100
H4 | 208162 | 208226 | 208508 | 208572 | 400 Y %
200254 | 209206 | 209.400 | 209451 | 800 2 80
212634 | 212688 | 212878 | 212942 | 400 3 1100
214610 | 214674 | 214742 | 215207 | 400 s %
8- | 215603 | 215688 | 21589 | 2156 | 600 5 80
N 216222 | 216257 | 216204 | 216329 | 900 3 50
216487 | 216538 | 216735 | 216786 | 600 % %0

Table 5 Track data applied to the dynamic analysis

497 (m) o3 7)1 E (mm)
400 4+ 80
500 < 100
800 2 60
400 e 100
400 5 90
600 = 80
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Fig. 12 Lateral acceleration of the tilting
and nontilting conditions
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Table 6 Lateral acceleration comparison between
tilting and nontilting

R400
A eusm- \
A2y (FI4xE=115km/h) 212 -90mm
AELY F YASE (s
& 1.96
(a,=—p5—g0)
ol &) _ ;
AeBd +2¥ F WILT (m/s)
V? 0.93
(0, =5~ 6+4)
ALY F YAEE (s 2.0
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0 :AE, ¢ Y9 R: FHARA, V: FBEE

Fig. 13 The developed tilting train simulator
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