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Vibration Characteristics of Packaged Freight and Packaged Apples
by Random Vibration Input During Distribution
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Abstract Shock and vibration inputs are transmitted from the transporting vehicle through the packaging to the fruit.
The vibration causes sustained bouncing of fruits against each other and the container wall. The steady state vibration
input may cause serous fruit injury, and the damage is particularly severe if the fruits are bounced at its resonance fre-
quency. The determination of the resonance frequencies of the fruits and vegetables may help the packaging designer to
determine the proper packaging system providing adequate protection for the fruits, and to understand the complex inter-
action between the components of the fruits when they relate to expected transportation vibration inputs. To analyze the
vibration properties of the apples for optimum packaging design during transportation, random vibration tests were car-
ried out. In the random vibration test, the resonance frequency and PSD of the packaged freight of apples in the test were
in the range of 82 to 97 Hz and 0.0013 to 0.0021 G*/Hz respectively and the resonance frequency and PSD of the pack-
aged apples in the test were in the range of 13 to 71 Hz and 0.0143 to 0.0923 G*Mz.
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Table 1. Harvesting date and physical characteristics of the
fruits used in tests

Cultivar Date of Volume Mass |True density
iy harvest | (10% m’) (ke) (kg/m’)
Apple (Fuji){ 2006. 10 3.619 0.30 830.75
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Fig. 1. Schematic diagram of the vibration test apparatus for
fruit packaged freight and their fruits.

Table 2. Type and physical properties of the packaged freight tested

. I Dimension : .
F
ruits Flute Paper combination (L x WxD, mm) Packaging Weight (kgp)
| Single-layer BE/F KA210/(§1204.5120)/g120/(§12048120) K A210 520350 %130 5.0
apple
Double-layer AB/F KA210/leO/sl20/sl20/KA210 520 % 350 %250 15
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Fig. 2. Vibration test for apples in the packaged freight.
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Fig. 5. PSD curve of the packaged freight and apples according to the number of stack by the random vibration test.

Table 3. Resonance frequency and PSD of the packaged freight
for the apples by ASTM random vibration test.

Ttem ﬁeﬁﬁzz‘;‘;“&) Peak PSD (G*/Hz)
Tst stack 82,652 0.001251
2nd stack 81857 0.001709
3rd stack 96,957 0.002134
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Table 4. Resonance frequency and PSD of apples in the ver-
tically stacked packaged freight with packaging weight of 5 kg
by ASTM random vibration test.

Ttem ﬁeﬁgggg;nggz) Peak PSD (G¥Hz)
st stack 711281 0.014288
2nd stack 12.7156 0.092263
3rd stack 389417 0.030327
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Table 5. Resonance frequency and PSD of the apples in the ver-

tically stacked packaged freight with packaging weight of 15 kg

by ASTM random vibration tests.
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ftem Resonance frequency (Hz)| Peak PSD (G*/Hz)
Ist layer | 2nd layer | Ist layer | 2nd layer
Ist stack 101.25 46.00 0.008399 | 0.038608
2nd stack 67.75 40.25 0.018742 | 0.005186
3rd stack 45.75 40.75 0.018957 | 0.006644
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Fig. 6. Resonance frequency and peak PSD of the apples in the
vertically stacked packaged freight.
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