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A Fundamental Study on Vibration Characteristics of Container Car
for Sensitive Cargo Transportation according to ASTM D-4169
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Abstract To reduce the vibrations and shocks during the cargo transportation of high value-added goods,
the vibration history was measured on the truck transportation section (Asan-Uiwang) and the freight
train transportation section (Uiwang-Pusan). The internal vibrations of the container were obtained by
attaching acceleration sensors in three axis directions (longitudinal, lateral. and vertical directions) on
the front and rear bogies. The rail vibration profile (0.29Grms) proposed in ASTM D-4169 was
approximately 50% higher than the truck vibration profile (0.54Grms). The overall vibration was 16% and
33 % lower in the longitudinal and transverse directions, respectively, compared to the ASTM truck
transport vibration profile. On the other hand, the vertical vibration measurement history partially
exceeded the ASTM truck transport vibration profile over the range, 4 - 15Hz, and over 60Hz. The
vibration measurement history of the cargo train was similar to that of the road. The longitudinal and
lateral vibration history was lower than the ASTM D-4169 rail vibration profile, while the vertical history

was over 30Hz.
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Table 1. KRTS-VE-Part43-2017(R1) 5.3.4 vibration test

Measurement Aim

Evaluation of the vibration level of
the car-body

Vertical and lateral
acceleration

Evaluation of the vibration level of
the car-body in curved track

Quasi-static lateral
acceleration
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Table 2. Damage mechanism of goods during railway
transport

Damage type Detailed cause

-Drop during loading

-Momentary impact during driving or
switching to track due to poor
coupler

Exceed allowable
stress and
displacement

Accumulated wear
and fatigue due to
repetitive and
periodic stresses

-Unbalanced vibration of gears in
power train

-Looseness Of SCrews

-In case of shock vibration caused by
switching of track or loosening of
the coupler, it is caused by a bit.
-Direct damage caused by impact or
indirect damage caused by vibration
as the cargo slides

Friction between
freight car-carge
and cargo-cargo
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Table 3. Drop height as a function of package weight

Weghilog | Troe of handing | A5 T8 e
0~20 one man throwing 42
20~50 one man throwing 36
50~250 two man carrying 30
250~500 light equipment 25
500~1,000 light equipment 18
over 1,000 heavy equipment 12
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Fig. 1. ASTM D-4169 Truck and Rail PSD profile
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Table 4. Specifications of accelerometer

Model SAVER 9X30
Size 127 %124 x43[mm]
Weight 1lkel
Memory 128[Mb]

Sampling rate

50~10,000[samples/sec]

Type 3-axis piezoelectric
Range 200[G]
Frequency range 0.4~500[Hz]
External input channel 6 channels
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Fig. 2. Installation of the measurement sensors
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(b) Vibration levels during railway freight transport

Fig. 3. Vibration measurements during transport route
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Fig. 7. Sagok Station (KP281, 84km/h, 1.39Gms)
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Table 5. Comparison of measured vibration mean
values with ASTM reference value

Transport Direction Acc. ASTM Ratio*

ansp ¢ [Grms] | [Grms] ()

Longitudinal 0.11 21

Truck Lateral 0.13 0.54 25

Vertical 0.66 122

Longitudinal 0.09 32

Freight Lateral 0.09 0.29 31
vehicle

Vertical 0.46 159

*Ratio = Measured acc. / ASTM reference
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Fig. 8. Comparison of truck transportation vibration
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