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Vibration Characteristics and Drop Impacts of
Bear Glass Bottles During Truck Transit

Su-il Park! and Insik Park®>'

!Department of Packaging, Yonsei University
’Department of Packaging Design, Kyungbuk College of Science

Abstract There has been an increasing demand on measurement of the vibration levels in commercial truck shipments,
where all packaged products are exposed to some levels of random vibration and shock. In this study, bear glass bottles
loaded at the front, middle, and rear positions of 11 tonne truck bed was shipped from Kwangju to Waegouan. Vertical
direction vibration levels were analysed and matching laboratory random vibration test was performed using power spec-
tral density (PSD) profiles derived from truck transit records. Also, the effects of drop hight on glass bottles were eval-
uated. As expected, the maximum vibration levels were recorded at the rear of truck bed. No breakage of bottles were

observed during truck transit and laboratory random vibration testing set at 0.52 G,

. In drop test, glass bottles were not

damaged by bottom side impact, while short side drop impact caused about twice higher bottle breakage rate than that
of long side drop impact at 30 cm and 40 cm drop hight.

Keywords Road test, Vibration test, Power spectrum density (PSD), Drop test
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Table 1. The Characteristics of the truck transit route for vibration tests

Type of Road Route Duration (sec) Vehicle type
National Road Kwangju regional area 0 ~ 1,200 Truck, 11 ton
88 Hwy Kwangju-Taegu 1,200 ~ 10,000 Truck, 11 ton
Gyungbu Hwy Taegu-Waegouan 10,000 ~ 13,000 Truck, 11 ton

Table 2. Locations and pictures of attached accelerometer on the truck

Channel Label Accelerometer location
#1 Truck-front Truck front - first pallet
#2 Truck-middle Truck middle - second pallet
#3 Truck-rear Truck rear - third pallet
#4 1-pallet-side First pallet - side
#5 2-pallet-side Second pallet - side
#6 3-pallet-side Third pallet - side
#8 1-pallet-top First pallet - top
#9 2-pallet-top Second pallet - top
#12 3-pallet-top Third pallet - top
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Table 3. Type and amount of light glass bottles used in vibration simulation test and drop test

Bottle type Bottle 330 ml Bottle 640 ml Bottle 500 ml
Sample amount 330 ml x 24 EA 640 ml x 12 EA 500 ml x 12 EA
Box amount 6 box 6 box 6 box
Box dimension (mm) (LxDxH) 385 x 255 x 220 310 x 230 x 295 300x220%255
Average box weight (kg) 13.35 12.76 11.48
Empty Bottle weight (kg) 0.2(0.25) 0.4(0.45) 0.42

*( ) indicates weight of standard glass bottles.

Table 4. Typical PSD values in truck transit on different highways in Korea'’

Highway Route Transit duration Grms, m/s’
(Sec) Vertical (up & down) | Transverse (left & right) | Longitudinal (back & forth)

Kyungbu Waegouan-Seoul 12,000 0.158 0.068 0.05
Youngdong | Seoul-Hobeop 2,000 0.150 0.038 0.06
Jungbu Hobeop-Kimchun 7,800 0.133 0.053 0.07
Nambhae Masan-Kwangju 12,500 0.164 0.049 0.08
88 Kwangju-Waegouan 12,500 0.169 0.047 0.072
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Fig. 1. Vertical direction records of truck vibration level at dif-
ferent measuring position during beer glass bottle transportation
on the national road and highway, (A) truck bed front, (b) truck
bed middle, (c) truck bed rear.
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Fig. 2. PSD profiles at different measuring truck bed location
during beer glass bottle transportation on the national road and
highway.
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Table 5. ASTM and PSD profile analysis on truck transit from
Kwangju to Waegouan (Unit : Grms*/Hz)

Kwangju-Waegouan Transport PSD
2. TE MEF°IN N Y Frequency ASTMﬂ Analysis (Vertical vibration)
FE% WS A5l e uF, 7 5o A28 A (t) PSP profile | — T Middle | Rear
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* Arrow indicates the direction of drop impact.

* Breakage occurred at shadowed area.

Fig. 3. The effects of drop impact direction and height on the breakage of glass bottles.
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