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Introduction

Various lﬁnds of packing materials for fruits and vegetables are used to prevent intransit mechani-
cal damage receive from shoék ana vibraﬁon during long distance transport. However, some packing
~ systems currentle used lack the capability for preventing damage of the productions, or in contrast,
some ones overprotect the products. Methods for designing a suitable system were not yet developed
because of a lac.k of information about physicomechanical properties of the products as well as the

present status of transporting condition.
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In order to overcome a part of the problem, the simulation thechnic for transport test of fruits and
vegetables has been developed which could simulate an actual transport condition in a laboratory.

In my presentation, the outline of the transport simulation technic is described.

Theory of the transport simulation technic

In-transit mechanical damage of fruits and vegetables was assumed to be fatigue failure due to an
“accumulation of damage caused by vibrating acceleration which acted on the products during trans-
port. The Palmgren and Miner's hypothetical law, which is useful for the fatigue analysis of metallic
materials, was applied to estimate the degree of the damage. A method to design conditions of the sim-

ulated transport test incluking vibration acceleration, vibration frequency and vibration time was in-



dicated.
Vibration characteristics for multi-stacked corrugated fiberboard boxes

multi-stacked corrugated fibérboard boxes were assumed to be a hnear combination of the Voigt rhe-
ological model which has the equivalent vibrating characteristic of an individual corrugated fiberboard
box. Vibrating response as a result of solving problems of a multidegree{freedom-system of vibration
was analyzed by means of a transfer matrix method. the vibration responses of resonance frequency

and tmnsrrﬁssﬂ)ﬂity showed a fairly good agreement with those of the experiment.

In-transit mechanical damage of fruits and vegetables, and improverment of the packing systems cur-
rently used

1. Vibrating characteristics of lettuce packed in corrugated fiberboard boxes stacked in seven layers
were examined together with a mechanism of intransit mechanical damages. Resonance frequency of
the box at the top layer was approximately 8 Hz for a nonbanded stack and approximately 13 Hz for
a banded stack. |

The mechanical damage was caused by a free rotation of the product in the box, particulary when
-- excited by the resonance fref\;uency. We found that the damage could be reduced by packing the let-

tuce in the box with the butt downward in order to avoid free rotation.

2. To improve the transport technics of processing tomatoes, vibration characteristics of small type
plastic containers were analyzed. In a five-high stack aﬁangement of contamers filled with tomatoes,
* the ordinary condition for shipment, the vibration acceleration at the top container was largest; the ac-
celeration transmissibility at resonance frequency reached approximately 4.0 As vibration time in-

creased, sofening of the flesh initiated, followed by breakage of the products.

3. The efficiency of the packaging system used for Japanese pear ‘Nijisseiki’ was evaluated using the

simulated transport test. The packing system for the product was found more than necessary to pro-



tect the fruit from shock and vibration during long distance transport. We suggested that the packing

system should be replaced by a simpler one.

4. The degree of damage of several kinds of fruits and vegetables which had been transported under
certain condition was evaluated. Consequently, vibrating conditions for simulated transport test susch
as acceleration, freqdency and time were designed to reproduce similar characteristics as during actual
transport- |

Mecharical durability of liquidtype food containers against shocks and vibrations during long dis-

tance transport

A simulated transport test was applied to venify the mechanical durability of contamers for liquid-

type food.

1. Rectangular paperboard container

A simulated transport test was conducted using rectangular paperboard containers_for fruit juice.
The container at the top ;laye‘r in the stack had resonance frequéncy of 9-15Hz and maximum trans-
~ missibility of 4 to 6, depending on the kind of containers tested. There was a general tendency that vi-
bration practice weakened se\al strength of the container. Results of the simulated transport tests were
compared those of actual trax;sport tests caxﬁed out for a distance as long as 2000km by trackhauling.
It was-found that the containers had safety fractor large enough to withstand vibrations during an

actual long distance transport.

2 Gabletop—type'of aseptic paperboard-container

The duré_l_)i_]ity of gabletoptype of aseptic paperboard-container against shocks and vibrations during
a long distaﬂce transport was evaluated. The degree of damage to the contamer subjected to vibration
in a actual transport for 2,2_7Ok1p was evaluated on the basis of the number of accelerations recorded

on a portable mechanical accelerometer. Judging from the fact that the value was 0.11 at most, results -



verified the contamner to have enough strength to withstand vibrations during the actual long distance

transport.

3. Bagin-drum type of aseptic contamner

The durability of bag-indrum type of aseptic container was examined Whén transported for more
than 1200km; thistype of container is becoming popular at present for orange julce or tomato puree.
The container received many cracks and pin-holes. The damage was more serious in case of shipment
by train than by truck and ferry boat because resonance frequency of the products in the aseptic bag
was mostly equivaleny to the lowest vibrating frequency of transporting vibration in the train. Thd
damage could be redur‘:ed by suppressing the aseptic bag in the drum with two semicircular plates of

polys’;yrene form.

—-10—



& Ag8olM 7|9 it S4E
F&I|&MMRY S8
(Simulation technique for agricultural
products transformation)

ARk
(B MHARES HRMETIEH)

Sxagd o4 AF U 324 9% &AL WA 99 F4BE 4% 2% 2R
Aot GAAL AT Teht GAY FAE 95 TR A FE@HEA AP
Asse] QGT @ 4 9o #2¥49 BaAAY AT HFEPE A9} B 2%
Lol BoAY Ao £48 Wol dr]x B 2t LA, AFE AFEFL AeE
zAARN e 5 9% TR} SeA Bk

J9E BAE AAA9NA SEEA AAHE 1 YooY $2EF ARG 4F
o dAEE w95 ERe) A AT T4 2 A ¥ AME A L B
Mg TAALE H85 ol uel AR Fasteh |

Jed MAew BAddNE $2¥ds AAHE Fid 9ol #EF PHoRA AUP
Gg ABAN A& BB 45 712A 00 B S8 Bl YBSAU

a4 AgHoM 2old AF 2 $2o] ohte AA 584 AdolN E2o| B

2o AYATE PHE FHT

—11-—



