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Vibration Analysis of Pears in Packaged Freight Using Finite Element Method

M. 8. Kim H. M Jung K. B, Kim

Fruits are subjected to complex dynamic stresses in the transportation environment. During a long journey from the
production area to markets, there is always some degree of vibration present. 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 serious fruit injury, and this damage is particularly severe whenever the
fruit inside the package is free to bounce, and is vibrated at its resonant frequency. The determination of the resonant
frequencies of the fruit 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. The vibration characteristics of the pears in corrugated fiberboard container in
transit were analyzed using FEM (finite element method) modeling, and the FEM modeling approach was first validated
by comparing the results obtained from simulation and experiment for the pear in the frequency range 3 to 150 Hz and
acceleration level of 0.25 G-rms and it was found that between simulated and measured frequencies of the pears have a
relatively good agreement.

It was observed that the fruit and vegetables in corrugated fiberboard container could be analyzed by finite element
method. As the elastic modulus of the cushion materials of corrugated fiberboard pad and tray cup decreased, the first
frequencies of upper and lower pears increased and the peak acceleration decreased.
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Cushion (tray cup)

Cushion pad or container

Fig. 1 Cushion model for the pear in the packaged freight.



Tray cup (Polymeric foam)
Pad or container
Specimen mounting device

Fig. 2 Three dimensional solid modeling of the pear, cushion
materials and pad system.

Table 1 Model data of finite element for the fruit and vegetables.

No. of nodes | No. of element;
Fruit and vegetables 621 300
Cushion pad or container 36 16
Tray cup 36 16
Specimen-mounting device 197 96
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Table 2 Physical properties of the fruit and vegetables for finite element method.

Fruit and vegetable  Volume (10 m®)  Mass (kg)  True density (kg/m’)  Apparent elastic modulus (kPa)  Poisson's ratio
Pear 5.1444 0.5073 990.16 1532.75 0.234
Table 3 Physical dimensions of the corrugated fiberboard for FEM.
Kinds Flute type Paper combination (OL—IL) Thickness
Single Wall (SW) A/F SK210/K180/SK210
K180, 0.24mm; SK210, 0.25mm
Double Wall (DW) AB/F SK210/K180/K180/K180/K180

¥ A/F : A-flute, AB/F : AB-flute, OL : Outer liner, IL : Inner liner

503



RUR2YS olg0t JTR) EYABY i) WSO

[ &4

S9YAE HgspIt s

WA ZAQ) EEA

AvtzgAEe] AT
TbA 2 AToM e S0A 9 2ol
Holx 9] B AL ~7éBP‘ﬁ(ASAE $368.3 DEC99)
Ag51% 01, Abbott 5(1994) 2 H(1999)2 A3} 7
Bl A AR YFEHE Hol= AR dsto] @4AFE
=735 "ol 93 H(rupture point)2] 50%0l et A
9] AIAE BE7 A(secant modulus)Z 7 2 & Flo] ukga]
sttty Bughl Qo whebd 2 JFeMT SHA1e]) B4
AFEA] 28R e FAYHAP(KS M7063)S &3l &
& A7 50%l HFHE AP ADE BEHAE A2
st3ivh ERAe] FAGE AT A HY 2= 7R A
27} 2} 80 mmo]% 3, A R KS M70632 &l
&) 12.7 mm/minZ 3Th

ZR]of] thgt FHtEA 3 (flat crush test)S F3l B
£ £ HYE Ax9 EA2 SW(single- wall)«] 39= 1
F7o] 17801202, DW(double-wall)2] F-$-+= ] o] 27
2 Yeigth S A9 g3 Ade] WA Yehd, o]of B=E
g o] veh b= A9t “}"‘0‘4 AEF BE9Y 45 AE

o7 Byl HEHA Zake A9t FF JEbEh 3

o 27 vehk= A--ollE, ZF 3349 50%5 = A elA
ANZAE BgelAE T B Hssith

4_3};]\— "‘—r-—% %‘_{3\_—5}_‘: E/Ho] 9)\0135 E}/\']Z“"—-
FH9 259 duisiel wet ¥t drk Table 40l&
Table 39] ZWAZS ﬁ 2% 3, 13, 23C 9] 35 42
5t Agun* F 30, 60, 90%% Wdh= F7oNA] Zi-3]
BY A F =4 E& l UrEM%%iE}

él?ﬂéaM 8t FiE Tl wh

*1 - r’_L &= é/}_ ,%Eﬁl %‘%8 Zi%i‘?‘r. s
o

N rlo mlo fifo

his

Table 4 Elastic modulus of single wall (SW) and double wall (DW)
corrugated fiberboards at various environmental conditions.

Elastic modulus (kPa)

Temp. (C) Relative humidity (%) SW DW
30 152.84 240.85
3 60 141.09 231.56
90 115.14 198.25
30 156.76 245.96
13 60 143.99 238.34
90 113.25 201.61
30 159.24 251.21
23 60 146.30 242.92
90 128.87 210.25
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Fig. 3 Input amplitudes in the frequency range from 3 to 150 Hz for finite element analysis of the pear.
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Fig. 4 Results of vibration analysis of the pear in single-layer packaged freight by FEM at various environmental conditions.
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