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Effect of Non—Gaussian Random Vibration on Packaging Response
Using Numerical Simulation

Akira HOSOYAMA", Katsuhiko SAITO’ " and Takamasa NAKAJIMA®

kDT ¥ MRERRTE, BAETLIMEELREE (EROMZICIT 2MEEOE) OBEEENMIN Y A5
WTHDLOIH L, BRETIIERO QRO RETILDIEN VAN L 2D EHREN, T T, fERLD ERE
WAL TCIRBRIR ZAT D 1o DIV U RABLS ¥ MREFABR A IRE L TE 7z, BRBELIORIETIE, BETHMEER
MEOHREENMBRAR LD, QENEROFHIGENSIND ZLRTHEND, LhL, FEXVYRES U F A
EBSREM 28 U TRENERITED L, YO LS ITEMRFESERTI20PBRFENTELT. Vv RAT
5 LARBRBRET) BRITLT L OB TR, AFETE, ETIDIAENESORH* ERICERT 2 2 &
PEETHL LEX, QRADBITESNVEERL, TOEMEEEMHICIVHEH L, 20BE, ANEBOHES
T AR EENARICLEET S Z ¥ bhol,

The probability density function of the instantaneous acceleration value generated by the current
vibration testing system is always Gaussian. On the other hand, that of the instantaneous acceleration
value occurring during an actual transportation is often non-Gaussian. Therefore, we proposed a new
method for non-Gaussian vibration testing with a goal of more appropriate vibration testing. The
proposed method is different from the traditional method in the probability density function of the
instantaneous acceleration value. Hence it is expected that there is a difference between them in a
behavior of contents of packaging. However, the significance of non-Gaussian random vibration is not
altogether clear because it is not investigated what kind of effect non-Gaussian random vibration has on
the response of contents of packaging when it is transmitted to the contents through cushioning material.
In this paper we consider the importance of understanding the movement of the contents qualitatively,
and calculate the response acceleration by constructing an analytical model of packaging. Consequently,
it was found that the non-Gaussian nature of input vibrations was transmitted to contents of packaging.
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Keywords : Packaging, Transportation, Vibration Test, Non-Gaussian Distribution, Kurtosis, Response
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Cushioning material

Response: x

Fig.1 Analytical model for packaging
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( Mass

Spring L Damper
Drop height

Fig.2 One-degree-of-freedom spring-
mass-damper model
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Fig.3 Acceleration PSD of input vibration
(JIS Z 0232:2004)
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Time (s)

(a) Input vibration

(b) Response vibration

(Kurtosis=3.0, Acceleration RMS=5.8m/s?) (Kurtosis=2.9, Acceleration RMS=9.5m/s?)

Fig.4 Time series of input & response vibration (Input kurtosis=3)

Time(s)

(a) Input vibration

Time (s)

(b) Response vibration

(Kurtosis=5.0, Acceleration RMS=5.8m/s?) (Kurtosis=4.7, Acceleration RMS=9.5m/s?)

Fig.5 Time series of input & r

esponse vibration (Input kurtosis=5)

(a) Input vibration
(Kurtosis=7.0, Acceleration RMS=5.8m/s?)
Fig.6 Time series of input & response vibration (Input kurtosis=7)

Acceleration (m/s?)

Time (s)

(b) Response vibration
(Kurtosis=6.5, Acceleration RMS=9.5m/s?)
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Table1l Comparison of acceleration RMS and kurtosis between input and response vibrations

Input vibration

Response vibration

RMS (m/s?) Kurtosis RMS (m/s?) Kurtosis
Standard Standard Standard Standard
Average Average Average Average
deviation deviation deviation deviation
5.8 0.0 3.0 0.0 9.4 0.1 2.9 0.2
5.8 0.0 5.0 0.0 9.5 0.0 4.7 0.3
5.8 0.0 7.0 0.0 9.5 0.0 6.5 0.4
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Fig.7 Relationship between kurtosis of input
vibration and accumulated fatigue
(Error bars indicate one standard deviation)
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