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Abstract. Experimental tests were carried out, which led &bednination of resistance of
packages to free fall drop as well as resistanceladtic packages to deformation during
compression under the influence of vibrations. Bgek of different size and shape were used
during testing. Graphic dependences of compredsiatis and deformations of the packages
were obtained and the maximum values of compredsiaats and deformations after free fall
drop tests were established. The obtained resnttscanclusions of investigations are applied
for the determination of characteristics and qigaitof packaging materials and packaging
design.

Keywords: package, shock load, free fall, vibrations, comgices dynamic load.
Introduction

In many cases packaging is a necessary elemembdfigtion process. At present, a lot of
products all over the world are packed in flexiahe rigid plastic packaging, since it can well
protect the product against environmental impadtiarrelatively light, durable and cheap, but
the use of the paper and cardboard in packagingeeap and “green” material is still unabated
[1,2].

Also, in recent years, the requirements for pack@groductions technologies became more
stringent not only in terms of design, aesthetimgt also with respect to ecological and
performance criteria. This is because during distion and transportation, the plastic and
cardboard packages may be damaged by various Idadsddition to static loads, which
packages carry because of stacking on one andtieyr,can also be subjected to dynamics
loads: to shock loads when falling or to verticaimpression load under the influence of
vibrations during the transportation [3].

A number of papers analyzing the dynamics of thekpges have been published. In paper
[4] the authors investigated how the pressure @m@tions influenced the leakage of the plastic
and glass bottles which have the different shagkcémsure system. These bottles were filled
with water 98% of the total volume placed in thewam chamber in a horizontal position,
reducing pressure and causing vibrations in a nrasineulating the conditions which result
from the transport of cargo by air or land.

In another paper [5] the same authors also stutiiedeffect of pressure and vibrations on
leakage of different bottle/closure systems usegdokage dangerous chemical goods for
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transportation by air. The bottles were filled withter and subjected to the combined effects of
random vibrations and external pressure. Theséebottere placed in the vertical, horizontal
and inverted orientations and observed for leaks. fEsults showed that vibration has an equal
or greater impact than the pressure for leakageeder, horizontal position of the package
during the test increases the leakage of bottlemmparison to vertical position. Papers [6-8]
analyzed the mechanical properties of polymerion®aused for packaging purpose under
various dynamic loads.

The aim of paper [9] was to carry out tests in ordedetermine the effect of graphical
paperboard package bottom construction and bottomergions on the package resistance to
shock loads. The obtained results indicate thattlier package edge deformations, when a
package is dropped onto the bottom plane, the deaght has no effect. When a package falls
onto the long edge, the deformation of this edgeeiases with larger drop height. Height had
the greatest impact on the package when the padklgmto the short bottom edge when 67%
of tested packages bottom broke.

Other authors [10, 11] also studied the effecttaf shape of the protective packaging
materials inside a corrugated paperboard box ofotids caused by falling shocks. During the
tests it was observed how many goods were damagethe deformations or cracks were
measured, or visual assessment was performed augaodrelevant criteria.

In summarizing the performed study analysis, it m@y stated that in most of the
publications the study object is the performancepeprties of the plastic and paperboard
packages under the influence of dynamics loadsh&aim of the present study is to carry out
tests in order to determine the effect of size diffg¢rent shape of package on it resistance to
shock loads and compression loads under the irdluefvibrations.

Experimental equipment and method

The experimental study was carried out by usindedéht samples (plastic containers)
which have truncated-cone-shape, tapered downwaftle samples were made from
polystyrene (PS) and polypropylene (PP), whoseriexteiew is presented in Fig. 1. The
volume of PP packages was — 400 ml, and of PSggpkages — 420 ml.

D, o D,

a) D.l J b) ' A D.l |
Fig. 1. Types of packages and their specimens with chaisiits used for the test: a) — polypropylene
(H =115 mm; Q- 95 mm; R — 64 mm;5 — 0.21 mmgE = 1.5 GPa y = 0.43); b) — polystyrene (H — 120
mm; D, — 95 mm; [ — 65 mm;3 — 0.23 mmE = 2.3 GPay = 0.38).

For the evaluation of mechanical properties of talggackages the designed compression
setup was used, which simplified scheme is predant€ig. 2.

Empty unfilled plastic packagg&was placed on the vibration stand platnd the top of the
package was compressed by a top @Batehich could move only in vertical direction andsv
approved by a static load of 6 kg. The aim wasrtakate the transportation of packages, when
the packages are loaded on pallets which, in their, are stacked one upon another. Therefore

567

© VIBROENGINEERING JOURNAL OF VIBROENGINEERING DECEMBER2010.VOLUME 12,ISSUE4. ISSN1392-8716



592.INVESTIGATION OF PACKAGES RESISTANCE UNDERDYNAMIC LOADS.
A. KABELKAIT EY, V. MILIONAS, L. GEGECKIENEY, E.KIBIRKSTISY, L. RAGULSKIS?, V.V OLKOVAS®

a static mass of 6 kg was placed on the top @Blafistancel and acceleratio® sensors record
the displacement of plag
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Fig. 2. A simplified scheme of experimental setup for tegtpackage compression under the influence of
vibrations: 1 — inductive distance sensor ,IFM HElenics 1IG6084" (2 pcs.), 2 — acceleration senMEB
Metra KD35" (2 pcs.), 3 — top plate, 4 — vibratigenerator ,TIRAvib 50300“, 5 — oscilloscope
.PicoScope 3424, 6 — personal computer, 7 — DC grosource for distance sensoib;49%, 8 — low
frequency vibration generatof'8-27“ and the control unit of vibration generat@iRAvib 50300, 9 —
package under compression.

Distance and acceleration sensors have been cednectl-channel oscilloscofe which
was connected to a computér The tests data were recorded with the help of puder
software “PicoLog Recorder”.

Low-frequency generator produced sinusoidal vibratj which frequency was fixed to 20
Hz and 30 Hz during testing. In control uBithe required vibration amplitude was determined,
which later was increased gradually until the jtaptickage began to deform and reached the
stage of plastic deformation. After that, the expent was stopped.

For the test of the package resistance to faliimck loads we used multilayered packages,
which consist of paper, plastic and aluminium {&ig. 3).

The volume of packages used for the tests was @.5dnd 2 I. These types of packages are
widely used for various beverage packaging.

<> Layers of package sidewall
Cardboard|
5%

Outside p
Hiside Inside

Aluminium

\ A foil 4%
/ LDPE 21%

Fig. 3. General view of multilayered package and thedewiall structure with characteristics
(cardboard vyp=0.37;vcp=0.12, p=5.6GPa; Ex=2.0 GPa; LDPE v=0.49, E= 0.1-03 GPa
and aluminium foil ¥=0.33;E=70 GPa)

During the test, the multilayered package was fingith the thread in a special stand, and
then it fell onto a solid surface, which was corneddo a shock load sensor. Subsequently, the
shock load signal was transformed into a digitaif@nd the test results were processed with
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the help of personal computer (see Fig. 4). This @fsplastic and multilayered packages were
carried out at the temperature 20+£2° C and air Hiyn65+ 2%.

Package N Package > Fall of package .| Measurement of
fixation detachtment onto solid surface v shock load
\ 4
Processing of | g Personal | Measurement of | Transduce of analogue
the results | computer | force impulse [V signal into digital

Fig. 4. Block scheme of the test sequence

Results and discussion

Fig. 5 presents the dependencies of deformatioampression dynamic loads of PP-type
plastic packages under the influence of vibratiovatiation character of obtained curves is
similar at 20 Hz and 30 Hz frequency. Increasedyinamic loads of compressing top plate
leads to larger deformation of packages.

It was established that the maximum dynamic congiwadoad at 20 Hz frequency is 62.76
N and at 30 Hz — 61.29 N. So it can be claimed thatincrease of frequency does not
significantly affect the inertia load. However hagher frequencies the packages undergo higher
plastic deformations (about 2mm at 20 Hz and akh&6t mm at 30 Hz). As mentioned
previously, the experiment was stopped when thekamgr reached the state of plastic
deformation, so the deformations are not so sicanifi. But these deformations are essential,
because under influence of vibrations and statia dhe packages loose their rigidity and
deform (become unsuitable for further usage).
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Fig. 5. Resistance to compression under the influencéohtions of PP-type plastic packages

Fig. 6 presents the dependencies of deformatioampeession dynamic loads of PS-type
plastic packages under the influence of vibratidaswell as in the case of PP-type packages,
the change of deformation — compression dynamidd@arves of PS-type packages is similar.

The maximum compression dynamic load at 20 Hz feqy is 62.33 N and at 30 Hz
frequency — 65.87 N. Similarly, the PS-type plagtackage at 30 Hz frequency undergoes
higher plastic deformations (about 2.25 mm at 2Gahkid about 3 mm at 30 Hz).
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Fig. 6. Resistance to compression under the influencéboftions of PS-type plastic packages

After several tests, when the multilayered packiadjs from 2 m height, it was obtained
that the all packages were broken through adhgeimés of package sidewalls. So the fall
heights were limited to only 0.5 m and 1 m.

According to the experimental results, the fallnfr®.5 m and 1 m height onto the plane
solid surface for 0.5 | and 1 | packages does mmtificantly affect the resistance to shock
loads. When packages fall from 1 m height:10° m for 0.5 | packages2-10° m for 1 |
package, and when packages fall from 0.5 m heightt0* m for 0.5 | package arel-10° m
for 1 | package. So it can be stated that whemp#ukages fall from 0.5 m and 1 m height onto
the plane, the deformations of edges are marginal.

The fall from 0.5 m and 1 m height of 1 | and 2akckages onto the edge (45° angle) also
does not significantly affect the resistance tockHoads, because the deformations of edges are
even smaller as mentioned above. After the testsetipackages could be used further. But the
fall from 0.5 m and 1 m height onto the edge is tmest dangerous for the 0.5 | package,
because it becomes no longer suitable for furtbage.

Experimental results allow to make an assumpti@ the fall of package onto the plane
solid surface is more dangerous in comparisondgdah onto the edge (for example: the shock
load when 2 | package falls from 1 m height onte fitane is ~ 1.26 kN and onto the edge ~
890 N (Fig. 6)).
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Fig. 7. The comparison of shock loads, when 2 | packalie dnto the edge (curve 1) and onto the plane
(curve 2)
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Conclusions

1. Maximum values of compression dynamic load of j@dagackages, which have truncated-
cone-shape, tapered downwards and were made ffftamedit materials, have been determined.
For PP-type package — 62.76 N at 20 Hz and 61.2930 Hz. For PS-type package — 62.33 N
and 65.87 N respectively.

2. Both types of tested plastic packages deformed 088 Hz frequency than at 20 Hz.

3. Experiment results demonstrate that the resistafceultilayered package to shock loads
highly depends both on fall angle and height. Tdledf the tested packages onto the plane is
more dangerous than the fall onto the edge.

4. The highest fall height was determined. When naygted package (0.51, 11, 2 1) falls from
2 m height it cracks through the adhesive jointsidéwalls and becomes unsuitable for further
use.

5. The obtained testing results can be applied ingdesi packages as well as for evaluation of
their transportation conditions while preserving ttesired level of package function.
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