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Mechanism of Abrasion Damage in Corrugated Boxes Considering
the Vibration Condition During Railway Container Transportation
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In order to elucidate the mechanism of abrasion damage in corrugated boxes during railway container
transportation, we previously conducted a transportation test. In the railway transportation test with a 12-ft
container, we found that the power spectral density (PSD) of lateral acceleration was large in the low-frequency
band, whereas that of vertical acceleration was large in both the low-frequency and high-frequency bands.
Furthermore, in this paper, we conducted the vibration test with PSD of vibration acceleration during railway
transportation, we found that significant abrasion damage occurred with simultaneous excitation in two axes,
including the lateral direction (low-frequency only) and the vertical direction (high-frequency only). Based on the
above results, we conjectured that the mechanism of abrasion damage in corrugated boxes during railway container
transportation is as follows. First, low-frequency vibrations occur in the lateral direction due to the characteristics
of freight car motion. These vibrations cause the freight to undergo rocking motions, causing abrasion damage.
Moreover, high-frequency vibrations in the vertical direction caused by surging in secondary springs of the freight
car induce rocking motions and increase the amount of abrasion damage.
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Table 1 PSD for vibration test
(Low-frequency lateral acceleration)
Frequency PSD
[Hz] [(m/s?)?/Hz]
1 0.055
2.4 0.072
25 0.00015
180 0.00001

=iy
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Table 2 PSD for vibration test

(Low-frequency vertical acceleration)

Frequency PSD
[Hz] [(m/s?)?/Hz]
1 0.007
2.4 0.116
3.8 0.17
12 0.00134
180 0.00055

Table 3 PSD for vibration test

(High—-frequency vertical acceleration)

Frequency PSD
[Hz] [(m/s?)?/Hz]
1 0.0001
20 0.00134
41 0.07
123 0.135
180 0.00055

Table 4 PSD for vibration test

(Vertical acceleration)

Frequency PSD
[Hz] [(m/s?)?/Hz]
1 0.007
2.4 0.116
3.8 0.17
12 0.00134
20 0.00134
41 0.07
123 0.135
180 0.00055
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Table 5 Scanning conditions

Resolution 600 X600 dpi
Magnification 100 %
Size A3
Manuscript type Photograph
Concentration Initial setting
File format JPEG color

Fig. 8 Outlines of the inspection area
and detected abrasion damage
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Table 6 Present or absent of

abrasion damage

Vibration Abrasion damage
condition
Cl1 Present (Fig. 9)
C2 Absent
C3 Absent
C4 Present (Fig. 10)
C5 Present (Fig. 11)
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Fig. 9 Abrasion damage caused to test
freight (Vibration condition C1)

Fig. 10 Abrasion damage caused to test
freight (Vibration condition C4)

Fig. 11 Abrasion damage caused to test

freight (Vibration condition C5)
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