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Abstract Shock and vibration inputs are transmitted from the vehicle through the packaging to the fruit. Inside, these
cause sustained bouncing of fruits against each other and container wall. These steady state vibration input may cause
serous fruit injury, and this damage is particularly severe whenever the fruit inside the package is free to bounce, and is
vibrated at its resonance frequency. The determination of the resonance frequencies of the fruit and vegetables may help
the packaging designer to determine the proper packaging system providing adequate protection for the fruit, and to
understand the complex interaction between the components of fruit when they relate to expected transportation vibration
inputs. Instrumentation and technologies are described for determining the vibration response characteristics of the pears
for exporting with frequency range from 10 to 200 Hz, sweep rate of 1 octave/min, sweep method of logarithmic up and
down and acceleration levels of 0.2, 0.4, 0.6, 0.8 and 1.0 G considering the domestic transportation environment. The
resonance frequency of the pears ranged from 49.04 to 87.16 Hz and the amplitude at resonance was between 0.96 and
4.02 G in test frequency band and acceleration level. The resonance frequency and amplitude at resonance frequency band
of the pears decreased with the increase of the sample mass. The multiple nonlinear regression equations for predicting
the resonance frequency of the pears were developed using the independent variables such as mass, input acceleration.
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Fig. 1. Schematic diagram of the sweep vibration test apparatus
for the pears.

Table 1. Harvesting date and physical characteristics of the pears used in sweep vibration tests

Date of harvest | Volume (10 m?)

Mass (kg)

True density (102 kg/m®) Sphericity (%)

2019. 10

Pear (Niitaka) 6.3432 (1.1026)

0.7241 (0.0532)

10.9585 (0.6524) 95.79 (1.61)

standard deviation

()



Vol. 25, No. 3 (2019)

Qe 159] 9E T A (50 G)
= upsh o] shte] ik
AE AR H2bsldom ) vl

flste] 1% TG Foldll e

ue ﬁﬁﬂfﬂ

ato] 278 312 th(Jung®).

AR A= MRS 7KI719] HolE 9ol Aars] L
AA717] S8l TwsE Awet Aol dofeok staL, HiolE
I AlE A Atole] Adle-sol glojo sha 7hsdh
gk 2 FAE 7pgloksitt mEtA 2 Afelxe AlE AL
AAANE GF0FOE FATE 2000 go] HEE A Zato]
A-g3kct. o71A, 71171¢] 71x1Ee] 100 kgel 2=, 7+

127

sweep vibration test using the electro-magnetic vibration exciter.
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Fig. 3. Acceleration control level of vibration exciter by input acceleration.
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Fig. 4. Acceleration level of the pears according to input acceleration.
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Table 2. Resonance frequency of the pears according to input acceleration

Resonance Frequency (Hz)

02 G 04 G 0.6 G 0.8 G

Maximum 87.16 84.92 78.87 74.75
Minimum 62.78 57.64 53.67 49.51
Average 79.05 73.68 68.67 63.64
Standard Deviation 6.90 6.98 5.95 5.74

Table 3. Peak acceleration in the resonance frequency of the pears according to input acceleration
Peak Acceleration (G)

02 G 04 G 06 G 0.8 G

Maximum 1.16 1.94 2.68 3.34
Minimum 0.96 1.64 2.24 2.67
Average 1.05 1.80 2.46 3.06
Standard Deviation 0.05 0.08 0.10 0.15
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Table 4. Coefficients of multiple regression model for resonance frequency of the pears

At %A

oL

Aol uk

Variables RF=a+b/M+cxIA+d/M+exIA*+f<IA/M Coefficient of multiple
Coefficients Standard error t-ratio Prob(t) determination (R?)
a —235.3122201 66.53437176 —3.536701616 0.0007
b 383191.0732 95499.19468 4.012505807 0.00014
c 30.40087972 22.15942246 1.371916609 0.17423
d —110081170.1 34370400.72 —3.202789836 0.00201 09013
e 5.1900625 7.801320386 0.6652800094 0.50794
f —43007.53232 14716.76025 —2.922350545 0.00461
Table 5. Analysis of variance of multiple regression model for resonance frequency of the pears
Source DF Sum of Squares Mean Square F Ratio Prob(F)
Regression 5 4956.899877 991.3799754 127.2605937 0
Error 74 576.471601 7.79015677
Total 79 5533.371478

Table 6. Coefficients of multiple regression model for peak acceleration in RF band of the pears

Variables PA=a+b/M+cxIA+d/MP+ex IA*+f<IA/M Coefficient of multiple
Coefficients Standard error t-ratio Prob(t) determination (R?)
a —3.205887602 2405191226 —1.332903417 0.18665
b 4670.314642 3452.258119 1.352828925 0.18023
c 5.642722701 0.801054358 7.044119596 0.0
d —1576736.734 1242476.393 -1.269027519 0.20841 0.9821
e -0.95709375 0.2820146466 —3.393773201 0.00111
f —952.5405874 532.0050626 —1.790472788 0.07747
Table 7. Analysis of variance of multiple regression model for peak acceleration in RF band of the pears
Source DF Sum of Squares Mean Square F Ratio Prob(F)
Regression 5 44.97635226 8.995270453 883.6106204 0
Error 74 0.7533295754 0.0101801294
Total 79 45.72968184

= 4
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&

i

B AFeMe 758 e A dsxg A
AzE FEI] $lste] ASTME] AlfqtZ A FA1E
A AEANAE Tl wje] FFa 2 AT of
oMel Ho7kee ASsIeh 2 A3, B 58
T 19 (10~200 Hz)ellA] vije] FR1Fare X159
HrREETL 245 aste A4S Bt F, 7E

AT qGoA A== HrkEEed gs v
A 2d@FHFIE R2=0.9013, Ah7E: R?=0.9821)
S N e wje] XTI 9 Ao B

We olgale] HEHAY e W) HY EAL 93
FA) A48T 5 Yow, ol Ba YL AL T 4
9e Rolck
ZAe =
ATE FEATY FEATAY olal o)Foizl

o
ral

o
Lo

1. Abbott, A. J., Bachman, G. S., Childers, R. F., Fitzgerald, J.
V. and Matusik, F. J. 1968. Sonic techniques for measuring
texture of fruits and vegetables. Food Technology 22: 635-646.

2. Finney Jr, E. E. 1970. Mechanical resonance within Red
Delicious apples and its relation to fruit texture. Transaction
of the ASAE 23(1): 177-180.

3. Cooke, J. R. 1972. An interpretation of the resonant behaivor
of intact fruits and vegetables. Transaction of the ASAE
15(6): 1075-1080.

4. Yong, Y. C. and Bilanski, W. K. 1979. Modes of vibration
of spheroids at the first and second resonant frequencies.
Transaction of the ASAE 22(6): 1463-1466.

5. Yamamoto, H., Twamoto, M. and Haginuma, S. 1980. Acoustic
impulse response method for measuring natural frequency of
intact fruits and preliminary applications to internal quality
evaluation of apples and watermelons. Journal of Texture
Study 11(2): 117-136.

6. AR, 2003. FF= 23] As715H 2AA FAte
W, St BhALeke] =1

7. Peleg, K. and Hinga, S. 1986. Simulation of vibration damage
in produce transportation. Transactions of the ASAE 29(2):
633-641.

8. O’Brien, M., Gentry, J. P. and Gibson, R. C. 1965. Vibrating
characteristics of fruits as related to in-transit injury. Transactions
of the ASAE 8(2): 241-243.

9. ASTM D3580. Standard Test methods for vibration (vertical
linear motion) test of products.

F37:2019.12.16 / AAFEE: 2019.12.21 / AAEA: 2019.12.24



	적정 포장설계를 위한 수출용 배의 공진특성
	박종민1 · 최동수2 · 황성욱3 · 정현모4*
	1부산대학교 바이오산업기계공학과 2국립농업과학원 농업공학부 수확후관리공학과 3계명대학교 화학공학과 4경북과학대학교 물류패키징과

	Resonance Characteristics of the Pears for Exporting for Optimum Packaging Design
	Jong Min Park1, Dong Soo Choi2, Sung Wook Hwang3, and Hyun Mo Jung4*
	1Dept. of Bio-industrial Machinery Engineering, Pusan National University 2Postharvest Engineering Division, National Institute of Agricultural Sciences 3Dept. of Chemical Engineering, Keimyung University 4Dept. of Logistic Packaging, Kyongbuk Scienc...
	Abstract Shock and vibration inputs are transmitted from the vehicle through the packaging to the fruit. Inside, these cause sustained bouncing of fruits against each other and container wall. These steady state vibration input may cause serous fruit...
	Keywords Resonance, Pear, Shock and vibration, Packaging design, Exporting
	서 론
	재료 및 방법
	결과 및 고찰
	결 론
	감사의 글
	참고문헌
	*Corresponding Author : Hyun Mo Jung Dept. of Logistic Packaging, Kyongbuk Science College, 634 Jinsan-ro, Kisan-myeon, Chilgok-gun, Gyeongbuk 39913, South Korea
	Tel : +82-54-979-9558
	E-mail : hmjung@kbsc.ac.kr







