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Three—dimensional Motions of Packaged Products
under Vertical Vibration
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Vibration tests of packaged products are conducted before distribution in order to prevent troubles in
markets. However, as these troubles sometimes occur, it can not necessarily be said that test conditions
are represented real environment. Various test methods have been proposed in order to derive test
conditions equivalent to real environment. However, these methods have not taken into account
three-dimensional motions of products under vibration. If the method with three-dimensional analysis is
constructed, it is considered that more proper tests can be conducted, and contributes to reduce troubles in
markets. Therefore, in order to examine three-dimensional motions of products, vibration experiments of
packaged products under vertical vibration have been conducted. As a result, it has been confirmed that
products in a package move three-dimensionally in spite of only vertical vibration, and that fatigue due to
the vibration is accumulated besides the vibration direction. By these, it has been clarified that it is
necessary to take into account three-dimensional motions of products under vibration in order to derive
test conditions equivalent to real environment.
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Fig.1 Test condition of JIS Z 0232
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Table 1 Procedure of deriving test condition

@D Creation of scenario from transport
environment:

It is considered that a scenario
consists of some sub scenarios
Ex. Truck transport (10 hours) =

Expressway (8 hours) +
Ordinary road (1.5 hours) +
Bad road (0.5 hours)
@ Measurement of vibration in each sub
scenario:

When a truck runs on an expressway,
an ordinary road and a bad road,
vibrations of bed are measured

® Calculation of PSD (Power Spectral
Density) in each sub scenario:

PSDs of vibrations measured in @

are calculated

@ Normalization of PSD in each sub
scenario:
RMSs in other sub scenario are
arranged with the maximum RMS.

® Creation of PSD enveloped each
normalized PSD:

A PSD enveloped PSDs normalized in @
is created.

® Further acceleration if needed:

If test time is longer than preferred
time, it is further accelerated by
using S-N curve
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’ Vibration
@ direction

F|g.2 Condition of experiment

Table 2 Size and weight of box and bottle
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Table 3 Details of vibration conditions

Waveform Acceleration Frequency

m/s* (G) Hz

No. 1-1 Sine 7.4 (0.75) 30

No. 1-2 ) 9.8 (1.0) 30

No. 1-3 ) 12.3 (1.25) 30

JIS 7 0232
No. 2 Random (Fig. 1)
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Fig.3 Vibration acceleration of table and bottle in
XYZ-direction (Sine, Acceleration 7.4 m/s?
Frequency 30Hz)
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Fig.4 Vibration acceleration of table and bottle in
XYZ-direction (Sine, Acceleration 9.8 m/s?
Frequency 30Hz)
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Fig.5 Vibration acceleration of table and bottle in
XYZ-direction (Sine, Acceleration 12.3 m/s?
Frequency 30Hz)
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Fig.6 Vibration acceleration of table and bottle in
XYZ-direction (Random, JIS Z 0232)
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Fig.7 Root mean square of vibration acceleration
of table and bottle in XYZ-direction (Random,
JIS 7 0232)
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Fig.8 Accumulated fatigue of bottle in
XYZ-direction (Sine, Acceleration 12.3 m/s?
Frequency 30Hz) $¢AF: Accumulated Fatigue
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Fig9 Accumulated fatigue of bottle in
XYZ-direction (Random, JIS Z 0232)
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