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ABSTRACT

The dynamic analysis of the KTX can predict the dynamic motions which occurred in test drive.
In this study an analytical model of the KTX is developed to find the critical speed. The numerical
analysis for the nonlinear equation motions of 17 degrees of freedom show the running stability
and the critical speed due to the hunting motion of the KTX. Also, the vibration modes of the
KTX are calculated using the ADAMS/RAIL software, which show that the critical speed occurs
for the yawing modes of the car body and the bogie. Finally, this paper shows that the critical
speed of the KTX could be changed with the modifications of the design parameters of wheel
conicity and wheel contact point.
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Table 1 The degree of freedom of the KTX car

Name Wheelset Bogie Car body Total
Lateral 1x4=4 1x2=2 1X1=1 7
Rolling 1Xx4=4 1x2=2 1X1=1 7
Yawing 0 1x2=2 1X1=1 3
Total 8 6 3 17
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Fig. 1 Analytical model of a KTX car

m,a,+ Ay +2Fn+ Fr(q,) =0 LGy + As+2aF 0 =0
Myly+ Ay +2F o+ F(g3) =0 Ly + Ay+2aF,,=0

s — Ay~ Ayt As=0

Ids— bAy+ bAy— As— A+ Ag=0 Iy — Ay — hiAy— hyAs+ A =0

m,ag+ Ag+2F  + Frlagg) =0 I,ay+ Ap+2aF,,; =0 (1
M@yt Ag+ 2F op+ F1{gy) =0 LGy + Ay +2aF,, =0

mdyy— Ag— Ag+ Ap=0

Iyq13— bAg+bAg— Ay~ Ay +A=0 1,0y~ Ay — hAg— hpAp+ Ay=0
mogis+ 2k A+ 2¢0A 16+ 2kyAy +2c5A15=0

LGig+ 2l A+ 2Ic A — 2k Ay — 2Uc o, Ag=0

L, ay+2huko A+ 2hyC A+ 2hnkoAp +2hyc Ay =0

4714
Ay = 2kn(a1—as— bgp), Az = 2kp(a3— a5+ bag)
A3 = kaxd%(qz—lls), A4 = zkmdf(lh—lls)

As = 2ko(a5— q1s— ha@u— lae) + 2¢5( a5~ qs— hnau—las)  As = kalas— ai)
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Table 2 Specifications of the KTX car

Index Terms Symbol | Units Input
Car Weight of the Car body me ton 54.96
Body Moment of Inertia Roll & Pitching, Yaw I+ I, [(Mg-m| 59445111294
Boige | Weight of the Bogie m¢ ton 242

Frame | Moment of Inertia Roll & Pitching, Yaw I, Iy {Mg-m 1.645,3.036

Weight of the Axle My ton 2.05

Axle Moment of Inertia Roll & Yaw Iw Mg -m 1.031

Half of Wheel Diameter r m 046
Half of Axle Distance b m 1.5
. . Half of Bogie Distance [ m 9.35
Dimension |44 1 of Between 1'st Spring dr m 1016
Half of Between 2'nd Suspension Center d; m 1.05
Longitudinal Stiffness Kax MN/m 40
1st S/P | Lateral Stiffness kov MN/m 9
Vertical Stiffness Kez MN/m 3.646
| Vertical Stiffness Kz MN/m 1.27
2nd S/P | Lateral Stiffness ksv MN/m 0.303
| Bolster Stiffness ksb MN/m 0.165
Damper Vertical Damper Coefficient Csz MN/m 0.02
| Lateral Damper Coefficient Csv MN/m 0.1
Lateral Track Stiffness ko MN/m 146
Rail-flange Clearance ) m 0.009
Contact g rective Conicity A 0.025
Half Lateral Distance of Wheel Contact Paints a m 0.75
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(b) with the consideration of flange contact
Fig. 2 The lateral responses of the KTX at 370kmv/h
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Fig. 3 Numerical results for the lateral displacement of the KTX

Table 3 Frequency components of

the KTX(Hz) N
Name Wheelset | Bogie |Car body ‘Z‘:
Lateral 293 3.90 488 £
Rolling 8.80 8.80 1.95 “’
Yawing 488 488 Fig. 4 Frequency components of
the KTX motions
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Table 4 Specifications of the KTX car

. e o
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Dimension | Carbody | Bogie | Wheelset 0
Length(m) 22517 381 [ @
Heuzht(m) 3.64 0.766 J - o V.

Width(m) 2.814 2771 | A
Mass(kg) 54960 | 2420 2.050 N ~ Lv’
Roll gyration N = 4
moment(kg - m%) 59400 1,645 8248 o m g
Pitch gyration | ) 151900 | 3068 | 5048 S §V
moment(kg - m*) - ] “iile

Yaw gyration | ) 110000 | 2559 1,031 A —

moment(kg -m?) | 7 " ' Fig. 5 Model of the ADAMS/RAIL
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Fig. 6 Stability of the KTX
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Fig. 7 Vibration modes
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