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Abstract This study was carried out to investigate and alleviate the vibration problem of commercial high-speed
trains. First, the measurement of the carbody vibration was performed, in order to determine the vibration level of
the high-speed train. The measurement result showed that the vibration level of the driver cab was higher than that
of the passenger car and that the vibration became bigger toward the trailing end of the train. The vertical vibration
of the driver cab and passenger car was larger than the transverse vibration, and the maximum value of the vibration
in the ballast section was larger than that in the concrete section. A dynamic analysis was carried out to improve
the vibration of the KTX-Sancheon train. The results of the analysis showed that it is necessary to reduce the vibration
of the driver cab and both ends of the passenger cars. To reduce the vibration of the driver cab, it was recommended
that the stiffness of the secondary coil spring be reduced and the damping coefficient of the secondary vertical damper
be increased. It was found that the failure of the suspension system could be the origin of the vibration problem of
the high-speed train. The proper management of wheel wear plays an important role in the improvement of the
operation efficiency and reduction of the carbody vibration of high-speed trains, and research is underway to change
the present wheel profile to increase the mileage between wheel turning.

Keywords : Commercial high-speed train, Dynamic analysis, KTX-honam, KTX-sancheon, Vibration reduction
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Table 1. KTX-sancheon simulation results

Acceleration RMS[m/s’]
Indices CarbAody Lateral2 Qarbgdy Vertical ,
[Criteria : 0.5 m/s’] [Criteria : 0.75 m/s’]
Normal Crossing Normal Crossing
Cl Front 0.155 0.371 0.374 0.737
Rear 0.159 0.398 0.501 0.809
™ Front 0.154 0.511 0.166 0.487
Rear 0.107 0.611 0.152 0.580
- Front 0.110 0.553 0.160 0.622
Rear 0.095 0.431 0.178 0.522
T4 Front 0.101 0.473 0.182 0.480
Rear 0.101 0.426 0.205 0.489
s Front 0.103 0.419 0.209 0.516
Rear 0.111 0.468 0.213 0.543
6 Front 0.110 0.449 0.213 0.563
Rear 0.114 0.394 0.193 0.518
™ Front 0.115 0.455 0.190 0.540
Rear 0.113 0.359 0.185 0.435
8 Front 0.115 0.371 0.191 0.544
Rear 0.122 0.325 0.184 0.512
o Front 0.121 0.336 0.184 0.481
Rear 0.151 0.292 0.269 0.367
PC2 Front 0.153 0.364 0.381 0.732
Rear 0.158 0.389 0.510 0.809
2 WA Case 5). A719] D9l istel 47
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Table 2. Simulation results of several cases

Acceleration RMS[m/s’]

Indices

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7

Normal 0.124 0.122 0.124 0.123 0.125 0.121 0.121

Carbody Ratio[%] - 1.67 0.00 1.09 -0.60 2.47 227
Lateral Crossing 0.412 0.391 0.414 0.379 0.414 0.369 0.365
Ratio[%] - 5.11 -0.36 8.10 -0.49 10.59 11.35

Normal 0.242 0.242 0.242 0.242 0.242 0.242 0.243

Carbody Ratio[%] - -0.08 -0.02 -0.06 0.14 -0.07 -0.15
Vertical Crossing 0.573 0.571 0.572 0.574 0.566 0.564 0.571
Ratio[%)] - 0.26 0.14 -0.22 1.17 1.48 0.20

Normal 0.289 0.292 0.289 0.284 0.289 0.286 0.287

Bogie Ratio[%)] - -0.98 -0.03 1.83 -0.02 0.95 0.66
Lateral Crossing 3.129 3.117 3.109 3.100 3.113 3.104 3.107
Ratio[%] - 0.38 0.63 0.92 0.50 0.77 0.68

% Simulation cases
1 : KTX-sancheon, Case 2 : End trailer bogie lateral damping 50%, Case 3 : Anti-roll damping 150%,

- Case

Case 4 :
Case 7 :

Trailer car yaw damping 134%, Case 5 : yaw damper direction change, Case 6 : KTX-honam(Case 2+Case 3+Case 4+ Case 5),
KTX-sancheon proposal(Case 2+ Case 4)

Table 3. Simulation results of driver cabs
Acceleration RMS[m/s’]
Indices Case 1 Case 2 Case 3 Case 4
Value Ratio[%] Value Ratio[%] Value Ratio[%]
Carbody pey |_Front 0.155 0.134 13.5 0.152 1.9 0.131 155
Lateral Rear 0.159 0.134 15.7 0.158 0.6 0.133 16.4
[Criteria : 0.5 Front 0.153 0.132 13.7 0.150 2.0 0.130 15.0
s] PO I Rear 0.158 0.134 152 0.157 0.6 0.133 158
Carbody pey |_Front 0374 0215 42.5 0.281 24.9 0.166 55.6
Vertical Rear 0.501 0.327 34.7 0.421 16.0 0.277 44.7
[Criteria : Front 0.381 0.216 433 0.278 27.0 0.166 56.4
0.75 m/s’) P Rear 0.510 0.328 357 0.422 17.3 0.276 459

3% Simulation cases

- Case 1 : KTX-sancheon, Case 2 :

Secondary coil spring lateral & vertical stiffness 50%,

Case 3 : Secondary vertical damping 200%, Case 4 : Case 2 + Case 3
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Fig. 7. Yaw damper damping coefficient for power car
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Table 4. Simulation results of abnormal yaw dampers

Acceleration RMS[m/s”]
Indices Front bogie Both bogie
Normal abnormal abnormal
Value | Ratio[%] | Value | Ratio[%)]
Carbody | Front | 0.456 | 0.515 -12.9 0.545 -19.5
Lateral | Rear | 0.496 | 0.471 5.0 0.574 -15.7
Carbody | Front | 0.773 0.766 0.9 0.760 1.6
Vertical | Rear | 0.888 0.888 0.0 0.881 0.7
Bogie | Front | 2.971 3.086 -3.8 3.077 -3.5
Lateral | Rear | 4.852 | 4.918 -1.3 4917 -1.3
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Fig. 8. Bogie acceleration of KTX-sancheon
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Fig. 9. Yaw damper damping for passenger car
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