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The swing motion bogie system for a freight car is more effective regarding the vibration damping effect than other freight
car bogie systems while operating, and it is a bogie system that can travel up to 120 km/h despite being a freight car.
Imported in 2006 in Korea and operated for more than 10 years in the domestic railway environment, the performance and
maintenance efficiency have been proven compared to the existing welding bogies. As a result, the domestic demand will
continue increasing in the future, but it is now dependent on overseas imports. In the long term, it is expected to cause
problems such as loss of foreign currency and delay in procurement during maintenance. For this reason, development of
the localization of the swing motion bogie system is underway, and it requires accurate performance analysis and validation
of operating behavior characteristics because the bogie system is one of the main devices of the railway vehicles. Thus, in
this study, we could confirm the suitability of the swing motion bogie system in the domestic operating environment based
on the analysis of the operating behavior characteristics, the validation at the laboratory environment, and the operating test

on the track.
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Fig. 2 Comparison of running characteristics between normal cast
steel bogie and swing motion bogie
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Fig. 5 Rail cross section shape
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Fig. 6 Critical speed analysis result of an empty car(133 km/h)
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Fig. 7 Critical speed analysis result of an empty car(134 km/h)

Table 1 Manchester benchmarks for rail vehicle simulation

conditions
Item Rail condition
Amplitude 0.005 m
Width 0.1m
Rail shape 50 kgN Rail
Track gauge 1,435 m
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Fig. 8 Critical speed analysis result of a loaded car(145 km/h)
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Fig. 9 Critical speed analysis result of a loaded car(146 km/h)
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Table 2 Test equipment specification

Item Specification
Maximum test speed 420 km/h
Maximum axle load 20 ton
Permissible track gage 1,435-1,676 mm
Lateral direction vibration range +1.5-10.0 mm
Vertical direction vibration range +1.5-10.0 mm

Dummy Carbody | .

Interface Jig

Roller Rig ||

Fig. 10 Test condition for running behavior measurement at
laboratory environment

FW : Front wheel axle box lateral displacement

FB : Front wheel bogie frame lateral displacement R B
RW : Rear wheel axle box lateral displacement
RB : Rear wheel bogie frame lateral displacement # +
PWL : Front wheel axle box acceleration (Left) \d)/ R
unning direction

PWR : Front wheel axle box acceleration (Right)
RWL : Rear wheel axle box acceleration (Left)
RWR : Rear wheel axle box acceleration (Right)

FBL : Front wheel bogie frame acceleration (Left) k

FBR : Front wheel bogie frame acceleration (Right) | | i !

RBL : Rear wheel bogie frame acceleration (Left)
]
Right I
&

RBR : Rear wheel bogie frame acceleration (Right)
ax : Ale box T

Fig. 11 Sensors position for running behavior measurement at

laboratory environment

bf : Bogie frame
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Fig. 12 Lateral displacement (RMS) results
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Fig. 13 Acceleration (RMS) results
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Fig. 14 Lateral displacement (RMS) results
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Fig. 15 Acceleration (RMS) results
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Fig. 16 Lateral displacement (RMS) results
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Fig. 20 Acceleration data processing per section (Example)

Table 4 Conditions for the processing of measuring signals

Assessr.nent Evaluation filter and Section condition
quantity
Instability Band-pass filter f; + 2 Hz and sliding rms method
criterion with window length 100 m, step length < 10 m

Where, f; is the instability frequency. It is defined as the dominant fre-
quency in the case of unstable behaviour.
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Table 5 Vibration acceleration measurement result at up train

direction
Estimated maximum RMS value
Division value (m/s”) (m/s%)
Lateral  Vertical Lateral  Vertical
Proto type E(r)‘;rl‘; 187 355 058 1.0
swing motion Behind
bogie R 3.41 0.54 1.00
bogie
Imported E(r)‘;rl‘; 171 342 047 097
swing motion Behind
bogie ehn 1.63 343 0.44 1.04
bogie

Where, Limit value of Estimated maximum value = 3.0 m/s” (Lateral),
5.0 m/s? (Vertical)
Limit value of RMS = 1.3 m/s? (Lateral), 2.0 m/s* (Vertical)

Table 6 Vibration acceleration measurement result at down train

direction
mafisrgxtiilue RMS value
Division (m/s?) (m/s?)
Lateral ~ Vertical Lateral  Vertical
Front
Proto type bogie 1.81 3.47 0.64 0.95
Swing motion Behind
bogie ehin 1.77 3.49 0.61 0.99
bogie
Imported E(r)‘;?; 168 350 047 102
Swing motion Behind
bogie enn 1.51 3.48 0.45 1.02
bogie

Where, Limit value of estimated maximum value = 3.0 m/s (Lateral),
5.0 m/s? (Vertical)
Limit value of RMS = 1.3 m/s* (Lateral), 2.0 m/s* (Vertical)
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Table 7 Bogie instability measurement result

Bogie Lateral direction

RMS Maximum value (m/s?)
Division Up train Down train
direction direction
(Total 1251 (Total 1081
section) section)
fo=2
(0.5-4.5 Hz) 24 15
Proto type
. . fo=6
swing motion 2.5 1.5
bgogie (4-8 Hz)
fo=9
(7-11 Hz) 2.5 1.5
fo=2
(0.5-4.5 Hz) 31 17
Imported
. . fo=6
swing motion 35 1.8
bgogie (4-8 Hz)
fo=9
(7-11 Hz) 2.9 1.8
Where, Test limit values (j/';rms)hm =5.54
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Fig. 25 Bogie instability measurement result at f; = 6 at up train
direction
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Fig. 26 Bogie instability measurement result at fy = 6 at down train

direction
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Fig. 27 101-103 km/h sections vibration acceleration measurement
result at up train direction
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Fig. 28 101-103 km/h sections vibration acceleration measurement
result at down train direction
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