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Optimum Design of Packaging Container for Bulk Materials( [ )-Algorithm Development

Jong-Min Park, Soon-Goo Kwon
Dept. of Mechanical Engineering, Miryang National University

Abstract

In optimum design of packaging container for bulk materials, minimum board area, compression performance
and distribution efficiency must be considered. In this study, mathematical models for minimum board area
(RMA), compression strength (CS) and maximum compression strength per unit board area (MCSA) of container
as algorithm for optimum design of packaging conatiner for bulk materials were developed as follows :
RMA=£(V,D), awus =f(V,D), MCSA=f(V,D), and aucs« =f(V,D). In order to develop these models, compression test
according to various dimensions of container and response surface analysis for minimum board area, compres-
sion strength, and maximum compression strength per unit board area of container were carried out. In devel-
oped models, volume and depth of container were principal independent variables. Through the verified results
for these models, optimum design of packaging container on the design conditions and limit conditions was pos-

sible. These models might be used in developing optimum design software of packaging container for bulk mate-
rials.
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Table 1. The results of the response surface analysis for minimum board area of container

op | 337957 | 558641 [ 757474 [9445.06 | 112376 | 129737 | 146660 | 16323.1 179510 [ 195540 | 211367 22698 | 242449 | 257763 | 272943
(0.4109) | (0.3487) | (0.3151) {(0.2925) | (0.2758) |(0.2627) | (0.2519) | (0.2429) | 0.2351) | (0.2284) | (0.2224) | 0.2170) | 0.2122) | (0.2077) | (0.2037)
s0 | PB2221 528154 699731 858291 | 100833 | 115221 | 12913.4 | 142665 [15588.1 | 16883.0 | 181549 | 194066 | 206405 | 218585 | 230621
(0.5302) | (0.4611) | (04220) |(0.3952) | (0.3750) | 0.3589) | (0.3456) | (0.3344) | 0.3246) | (0.3161) | (0.3085) | 0.3016) | (0.2954) | (0.2897) | (0.2845)
0 |341242 [528872 | 6987.2 | 806417 | 73851 | 110462 | 123027 | 135183 [ 147000 | 15853.1 | 169616 | 180887 | 191767 | 20247.8 | 213037
(0:6169) |(05473) | (0.5065) | (04778) | (0.4559) | (0.482) |(0.4235) | (0.4109) |0.4000) | (0.3903) | (0.3817) | (0.3739) | (0.3668) | (0.3603) | (0.3543)
5o |305B7 541075 697771 839137 | 970561 | 109484 | 12136.4 | 13280 | 143888 | 154665 | 16518.1 | 175469 | 18555.5 | 19546.2 | 205208
(0.6816) | (0.6146) | (0.5740) | (05449) | 0.5224) | (0.5041) | (0.4887) | (0.4754) | (0.4639) | (0.4536) | (0.4443) | (0.4360) | (0.4283) | (0.4213) | (0.4148)
co | 371349 (558324 | 714040 |8533.33 [ 9820.08 | 110366 | 121830 | 1326858 | 14956.4 | 153918 | 16399.5 | 17383.1 | 18345.4 | 192888 | 20215.
(0.7310) | (0.6678) | (0.6286) | (0.6000) | (0.5776) | (0.5592) | (0.5436) | 0.5302) | (0.5183) | (0.5077) | (0.4982) | (0.4895) | (0.4815) | (0-4742) | (0.4674)
Jo | 388097 (577957 | 73445 673480 | 100123 | 112091 [ 123443 | 134304 | 14761 | 158478 | 164703 | 174275 | 183624 | 19277.3 | 201743
(0.7695) | (0.7107) | (0.6733) }(0.6457) | (0.6238) | (0.6057) | (0.5903) | (0.5768) | (0.5650) | (0.5543) | (0.5447) | (0.5359) | (0.5279) | (0.5204) | (0.5134)
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RMA = 27477.6732+0.7533V-21921.9875{log
(D)}-4.4700 X 107 V2 +5900.1251
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Fig. 1. Minimum board area according to volume and
depth of container

Fig. 2. Width/Length ratio for minimum board area
of container
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Fig. 3. Compression strength according to W/L ratio
’ and depth of container [V=27,000cr, » measured
values]
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Table 2. The results of the response surface analysis for maximum compression strength per unit board area of
container
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Fig. 5. Width/Length ratio for maximum compression
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Table 3. The results of the prediction of optimum conditions for required board area and compression strength
per unit board area of container '

. . , 70343 | 433.
20 474 28.5 0.6 73474 © 4807 6957.2 0.0660
20 411 32.9 0.8 78241 | 479.7 (0.32) (0.57)
20 36.7 36.7 1.0 8323.6 | 4734
40 411 16.4 0.4 64951 | 3546
40 335 20.1 0.6 6442.7 | 3929 6353.2 0.0608
40 29.1 23.2 0.8 6629.2 | 3921 (0.52) (0.64)
40 26.0 26.0 1.0 6864.0 | 3869
60 335 134 0.4 68849 | 3150
60 27.4 16.4 0.6 67023 | 3491 6611.8 0.0521
60 237 19.0 0.8 67369 | 3485 (0.64) (0.69)
60 212 212 1.0 6885.8 | 343.8
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Table 4. Application methods of mathematical models developed in this study
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