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Abstract

Agricultural corrugated fiberboard packaging boxes frequently experience damage due to loading and

unloading, vibration during transport, and shock by dynamic distribution condition change. This study was carried out
to estimate effect of vibration during distribution process on compression strength of corrugated fiberboard boxes for agri-

cultural products. In order to identify the degradation caused by vibration, after box

packaging the agricultural prod-

ucts(tangerine or cucumber), the natural frequencies of the packaging boxes were measured by varying the relative
humidity(50, 70 and 90%) at 25°C temperature. Various types of corrugated fiberboard boxes were packed with tan-
gerines and cucumbers, and the PSD plot vibration tests were conducted by utilizing the actual vibration recording results

of the Gyeongbu Expressway section between Seoul and Gimcheon. As a result of the

experiment, the decrease in com-

pression strength of the box was relatively low in DW-AB, and the decrease in compression strength of the SW-A
0201(RSC) type box was the highest at 20.49%. In particular, both SW-A and DW-AB showed low compression strength

degradation rates for open folder type boxes. The moisture content varies depending on

the type of the box or agricultural

products, and the enclosed 0201(RSC) type box was generally higher than the open folder or bliss type box, which is

believed to be the reason for the decrease in compression strength of RSC type box du
product, the percentage of decrease in compression strength of box packed with c

e to humidity. By the agricultural
ucumbers was especially high.
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Table 1. Vibration test condition

Test Method Sine
Duration Type Sweep
Sweep Mode Log
Sweep Rate, Oct/min 1
Frequency, Hz 5~200
Acceleration, G 0.5
Sensor Number, EA 4
Ch 1 Control
Ch 2 Weight-Top
Sensor Status - -
Ch 3 Side-Short-3 Axis(Y)
Ch 4 Side-Long-3 Axis(Y)

=, 0201(RSC)E(SW-A % DW-AB), Open folderd 4
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Fig. 1. Photographs of vibration tester and constant temperature & humidity chamber.
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Table 2. Loss of box compression strength after PSD vibration test

Compression strength, kg,
Flute type| Box type Loss, %
Before After
Sinole Wall RSC 351.9 279.8 20.49
nele WAl g lder 810.0 809.0 0.12
A Flute

Bliss 299.2 263.3 11.99
Double RSC 700.6 690.6 1.43
Wall Folder 1519.2 1516.5 0.18
AB Flute [ Bliss 571.6 560.8 1.90
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Fig. 4. Results of resonance vibration test(0.5G) for 0201(RSC) type boxes at each relative humidity(a: 50%, b: 70% and c: 90%).
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Fig. 5. Results of resonance vibration test(0.5G) for 0301(folder) type boxes at each relative humidity(a-50%, b-70% and c-90%).
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Fig. 6. Results of resonance vibration test(0.5G) for bliss type boxes at each relative humidity(a-50%, b-70% and c-90%).
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Fig. 7. Changes in resonance frequency of 0201(RSC) typc
boxes at each relative humidity.

25T , S0%RH
— 25T, 70%RH
25T, 90%RH

0 =
500 633 797 1004 1265 1593 2007 2528 31.84 40.11 5053 6365 80.17 100.99 127.21 160.25
Frequency, Hz

Fig. 8. Changes in resonance frequency of open folder type
boxes at each relative humidity.
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Fig. 9. Changes in resonance frequency of bliss type boxes at
each relative humidity.
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Fig. 10. Power spectral density profiles of corrugated fiberboard boxes with agricultural products.
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Fig. 10. Continued.

Table 3. Changes of moisture content of tangerine boxes after PSD vibration test

Tangerine Flut Before After Difference
ute
box type Average %(A)| Std. Dev. | Average %(B) Std. Dev. (B-A)
Inside 6.6 0.2 11.3 1.1 4.7
SW -
Outside 6.4 0.2 7.7 1.4 1.3
RSC -
Inside 7.2 0.3 9.6 0.3 2.4
DW -
Outside 5.9 0.4 6.8 0.5 0.9
SW Inside 6.6 0.2 10.8 0.3 42
Outside 6.4 0.2 7.5 0.4 1.1
Folder -
Inside 7.2 0.3 8.5 0.1 1.3
DW -
Outside 5.9 04 6.6 0.5 0.7
SW Inside 6.6 0.2 10.8 0.6 42
. Outside 6.4 0.2 7.9 1.7 1.5
Bliss -
Inside 7.2 0.3 7.8 0.5 0.6
DW -
Outside 5.9 04 6.2 1.2 0.3
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Table 4. Changes of moisture content of cucumber boxes after PSD vibration test
Cucumber Flut Before After Difference
ute
box type Average %(A)| Std. Dev. Average %(B) Std. Dev. (B-A)
Inside 6.6 0.2 143 1.3 7.7
SW -
Outside 6.4 0.2 7.5 1.1 1.1
RSC :
Inside 7.2 0.3 13.7 2.1 6.5
DW -
Outside 59 0.4 7.4 0.7 1.5
SW Inside 6.6 0.2 14.5 0.5 7.9
Outside 6.4 0.2 7.8 0.8 1.4
Folder -
Inside 7.2 0.3 9.1 0.9 2.1
DW -
Outside 5.9 0.4 6.7 0.5 0.8
Inside 6.6 0.2 14.7 2.3 8.1
SW -
. Outside 6.4 0.2 8.2 0.8 1.8
Bliss :
Inside 7.2 0.3 9.1 0.4 1.9
DW -
Outside 5.9 0.4 6.1 0.3 0.2
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Fig. 12. Changes in moisture content of cucumber boxes after
PSD Vibration Test.
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