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Tab.1 Band-limited white noise power spectral density

(PSD)
V%% B (PSD)/
B/ Hz (10 'g"Hz ")
HH— HHT FR
1 0.6695 0.3344 0.1683
200 0.6695 0.3344 0.1683

I TR G, /g 0.365 0.258 0.183

k2 {EEMASTM I XiZ(PSD)
Tab.2 Modified ASTM power spectral density (PSD)

YiAilk s B (PSD)/
i /Hz (10 'g’-Hz ")
R — £ - B
1 0.025 0.0125 0.0003
4 5 2.5 1.25
16 5 2.5 1.25
40 0.5 0.25 0.125
80 0.5 0.25 0.125
200 0.005 0.0025 0.0013
¥R G,/ g 0.365 0.258 0.183
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Fig.4 Product acceleration response under sweeping-fre-

quency vibration
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Fig. 6 Power spectral density of acceleration response under modified ASTM spectrum excitation

15 15 15
=1

101 10k
5_.

IR / g
I
s /g
e

sl sl
-10t -10}
1020 40 60 80 100 120 %020 40 0 80 100 120 0 20 40 60 80 100 120
B A /s BF(a] /s B E] /s
(a) TRANELH—

(a) Vibration class I



o5 34 %

1192 w® s T B % #
4 4 4
B
020 20 60 80 100 120 020 40 60 80 100 120 0 20 40 60 80 100 120
FFIE] /s BF A /s B IR /s
(b) TBNEH =
(b) Vibration class I1I
B 7 BRAHT MRS Rh T A i R A ek e iy (2 BR )

I/ g

3.4 BEHLIREN BT 7 &R 0 E

FO 2 HE A 7 S T o) 7 (%) M 56 % i
910 /R. H T

Fig.7 Time-domain response of acceleration excited by band-limited white noise (constraint 2)

40 40 40
30t —12 30t 30F
‘ 20r 201
s 10T ; s 10T ‘ ‘
BT = o ‘ ‘
®-10f ®-10f |
R 20 =201
-30F -30
-40t —40t
_50 1 1 1 1 1 _50 A 1 1 1 1 _50 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
B IR /s IR /s B IA] /s
(a) FRBNFH—
(a) Vibration class I
20 20 20
ist 1= st ist
10 | ‘ 10 10f
5F s Sr s St
044 B O p—————— O fa————r"
=5 W -5r ® -5r
= =
-10f ‘ =-10f =-10f
=15F -15r -15F
201 20 201
25 A L L . L -5 . . L L . 25 L . . L A
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
i1 /s I /s W] /s
(b) TWHFH=
(b) Vibration class I11
8 MBI/ ASTM 5T Y 0 J32 il ds w1 (2 5 =)

Fig.8 Time-domain response of acceleration excited by modified ASTM spectrum (constraint 2)
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Experimental investigation on response of random vibration for pallet
stacked packaging unit

WANG Zhi-wei**, CAO Yan"*’
(1.Packaging Engineering Institute, Jinan University, Zhuhai 519070, China; 2.Key Laboratory of Product Packaging and Logis-
tics of Guangdong Higher Education Institutes, Jinan University, Zhuhai 519070, China; 3.Zhuhai Key Laboratory of Product
Packaging and Logistics, Jinan University, Zhuhai 519070, China)

Abstract: Pallet stacked unit of bulk cargo is a common form of transportation packaging. This paper investigates experimentally
the product acceleration response of pallet stacked unit of bulk cargo under random vibration excitation, and the mechanism of prod-
uct response is analyzed. The influence of excitation spectrum, vibration level, constraint and product position is also discussed.
The experiment results show that the product acceleration response at each layer is mainly controlled by the first resonance frequen-
cy, and that at the bottom is controlled together by higher order frequencies. The excitation spectrum type, especially the power
spectral density in the first resonance region, has an important influence on the product response of the unit. When the vibration is
large, the acceleration response of the bottom product is significantly different from that of the upper product, and a separation be-
tween the bottom products and supporting pallet or upper products occurs, which leads to a larger shock signal, resulting in the su-
per Gaussian distribution of the acceleration response of the bottom product. The asymmetry (nonlinear) of tension and compres-
sion of the strapping leads to the asymmetry of the acceleration response signal and its left-skewness super Gaussian distribution.

The stretched film wrapped strengthens the restraint of the strapping on the unit, and effectively inhibits the response of the product.
Key words: packaging engineering; random vibration; transport packaging; pallet stacked unit; acceleration response
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Fig. A1 Time-domain acceleration response of pallet stacked products (constraint 1)
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Fig. A2 Probability density distribution of acceleration response of pallet stacked products (constraint 1, layer 1, 3 and 6 from

left to right)



