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The Study on the Vibrational Characteristics
of Korean Tilting Train Hanvit200
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ABSTRACT

The tilting trains can run on curve track about 30 % faster than conventional train without
affecting passenger comfort. As the tilting trains offer the optimum means of providing faster and
more comfortable rail service with minimum of environmental disturbance and capital investment, it
is widely adopted for commercial operation all over the world. Over several years, the Korea
Railroad Research Institute(KRRI) and Ministry of Construction and Transportation(MOCT) have
been developing 200km/h Korean tilting train, Hanvit200. Hanvit200 adopts the pendulum type

tilting mechanism and hybrid car body structure, mainly CFRP combined with steel.

In this paper

the vibrational characteristics of Hanvit200 was investigated through Eigen vector analysis, modal

test and main line running test.
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Fig. 1 Overview of Hanvit200

Fig. 2 Overview of tilting bogie
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Fig. 4 Structure of car body
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Table 1 Mass properties(M car tare)
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Fig. 5 Multi-body dynamic model

Table 2 Suspension properties(M car tare)

Mass Description Value Description Value
Mass (ton, Mg) 30.6 Distance between bogie pivot 15.9
Roll mo(nl\}legn—tm%g inertia 59 Dimension Wheelbase (m) 2.6
Car body Pitch _inertia(Mg-m®) 1600 Wheel radius (m) 043
Yaw inertiaMg-m®) 1767 Kx (MN/m) 1.92
Height of COG(m) 1.7 Ry (MN/m) 3.72
Mass (ton, Mg) 4.217 Primary Kz (MN/m) 121
Roll inertia (Mg-m?) 1.8 suspension Czeq (MN/m/s) 0.017
Bogie frame Pitch inertia(Mg-m®) 3.8 Steermg(l\jltl)\?fg;}lregd)s utfness 8.1
Yaw inertia(Mg—mz) 4.2 Width (m) 205
Height of COG(m) 0.55 Air spring Kx (MN/m) 0.17
Mass (ton, Mg) 1.343 Air spring Ky (MN/m) 0.17
Tiling Roll inertia (Mg:m? 0.42 Air spring Kz (MN/m) 06
bolster Pitch inertia(Mg-m ) 0.03 Equivalent damping of air
Yaw inertia(Mg-m?) 0.43 Secondary spring (MN/m/s) 0.2
suspension -
Height of COG(m) 0.6 Anti-roll bar (MN-m/rad) 1.26
Mass (ton, Mg) 1.818 Yaw damper Cyaw (MN/m/s) 0.17
\\_W;eei:l Roll & yaw inertia 1.3 Lateral damper Cy (MN/m/s) 0.03
Height of COG(m) 0.43 Width of air spring 1.75
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Table 3 Natural frequencies and mode

Car body ROLL

(caused by tilting mechanism) 0.14 20.3
2 Car body YAW 0.79 48.0
3 Body lateral + ROLL (.81 28.6
4 Var body BOUNCING 1.22 12.8
5 Car body PITCH 1.45 14.1

Velocity 30 m/s 1.77 27.2

6,7 | Bogie YAW 50m/s 2.60 19.3

80m/s 343 9.3

810 Tilting bolster ROLL 5.0 51.0
11.12| Bogie frame BOUNCING 85 23.5
15,16 Bogie frame PITCHING 10.8 4.7
19,20 Bogie frame ROLL 12.9 9.2
21,221 Bogie frame LATERAL 131 29.4
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Fig. 6 Car body ROLL mode

Table 4 Results of M car body modal test

Mede o S Freqﬁem:
S e L
1 Car body bouncing 1.32 13
2 Car body pitching 1.7 16
3 Body st bending 8 4
4 Body diagonal bending 7 3
5 Body 2nd bending 9 3

Table 5 Results of bogxe modal test

N | Medesme | Py e
1 Bogie frame bouncing 7.45 17.8
2 Bogie frame pitching 8.1 8.3
3 Bogie frame rolling 11.1 5.1
4 Bogie frame bending 14.2 10.1

3 2 X]E e *I?"
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Fig. 17 Time history of vertical vibration
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Fig. 18 Time history of lateral vibration
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Table 6 Measure results of M car(170 km/h)

Safety Dynamic behavior

Bogie | Body { Body Body Body

lateral | lateral | vertical{ lateral vertical
Allowa- Max | RMS | Max | RMS

ble 10.12 3 3
limit 25105 | 25 075
Measu™l 745 | 159 | 180 |1.06{035| 163 | 062
11
safety limit

Lateral Acceleration of Bogie

Fig. 25 Lateral acceleration of bogie versus speed
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