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Development of a Computer Program for Bulk-type Container

Design using Optimum Design Parameter Analysis
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ABSTRACT

If an optimum design technique is applied in the design of packaging container for bulk-type products, merits
on the side of not only economic and compression performance but distribution efficiency are expected.
Accordingly, minimum board area (mRBA), compression strength (CS) and compression strength per unit area
(mCSPA) are important design parameters in optimum design of packaging container for bulk-type products. In
this study, mathematical models for mRBA, CS and mCSPA of container .as algorithm for optimum design
program were developed. In order to develop these models, compression test by various dimensions of container
and response surface analysis for mRBA, CS, and mCSPA of container were carried out. In the developed
models, volume, W/L ratio and depth of container were principal independent variables. On the ground of these
models, optimum design program having faculties of outward and inward optimum design and information design
was developed. Though the packaging specifications are same, required board area, board combination and cost of
the corrugated board required container manufacture were greatly different by boundary conditions in outward
design. Moreover, about 6.3~ 10.1% in weight of container was lighter, and about 13.27 25.6% in cost of
container was reduced when the program was applied for 2 kinds of bulk-type products.

Keywords : Bulk-type container, Bulk-type product, Packaging software, Corrugated board, Computer program.
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Fig. 1 Regular slotted container and coordinate
system.
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{c) V=90,000cm’

(d) V=120,000cm’

Fig. 2 RSA for RBA classified by volume of the container.
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(b) W/L ratio for mRBA

Fig. 3 mRBA by volume and depth of the con-
tainer( e actual value, — regression).
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(c) V=90,000cm’

(d) V=120,000cm’

Fig. 5 RSA for CSPA classified by volume of the container.
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(b) W/L ratio for mCSPA

Fig. 6 mCSPA by volume and depth of the con-
tainer( e actual value, — regression).
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Table 1 Algorithm in outward optimum design of the container

@ Boundary conditions in outward design
Base @ none D L&W
from Eq.(2) ~ (4)
9(RBA) =0 2(RBA) -0
mRBA 9x ’ Ay Eq.(1) & Eq.(4) Eq.(1)
d(mRBA) ] =0
dD v
from Eq.(6) from Eq.(6)
Cs a(CSV) _ A(CsV) _, d(CSV)] -0 Eq.(1)
aD ’ Qe de D
from Eq.(7) & Eq.(8)
mRBA & CS d(mCSPA) ] =0 Eq.(1) & Eq.(8) Eq.(1)
dD v
Notes : (Dclassification, @boundary conditions.
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Table 2 The results of optimum design by outward design boundary conditions

6] Outward optimum design
® none D L&W
Type” \ @ | LxWxD, mm | mRBA, m* | LxWxD, mm | mRBA, m’ | LxWxD, mm | mRBA, m
SW/A 489%288x256 0.9578 376x239x400 0.8957 400x400x226 1.1323
SW/B 487x286x253 0.9443 373x236x400 0.8829 400x400x221 1.1230
DW/AB 492x291x265 0.9893 378%242%400 0.9119 400x400=235 1.1521
Inward & information optimum design
Limit, none Limit, D Limit, L & W
Board combination” | Cost”, W|  Board combination”  |Cost”, W|  Board combination? | Cost’, W
KLB300/K220/KLB300 497 | KLB300/K220/EX440 599 | KLB2SO/K240/EX300 600
EX47(0/K180/EX470 757 | impossible - EX440/K220/EX440 91
SKI8(/B150/S120/K220/K220| 359 | KAISW/K20(/BISO/K200/K200| 368 SKI180/K18(/S120/K180/K180 422
Notes : D classifications, @ boundary conditions, @ design items, 1) SW/A=A-flute single-wall, SW/B=B-flute

single-wall, DW/AB=AB-flute double-wall, 2)board combination for lowest cost, 3) cost of the corrugated
board required container manufacture(price, QOctober 10, 2001).

Table 3 Applied results of the optimum design program for bulk-type products

@) Design specifications Present packaging situation
. Package(net L

Kinds @ Density (ke/m’)| | gﬁf ((kgg RCS” (kgh)| LxWxD (mm) Board combination”
Refractory 2,700 25 200 |250x250x180 |KA180/S120/S120/S120/KA180
Cherry tomato 545 10 580  [385x280x208 |CLB240/RH250/S120/RH250/HKA240

o Presesrﬁuzzf)l;agmg New packaging design
Kinds © | Weight (kef)| Cost® (W)| LxWxD (mm) Board combination” Weight (kgf) | Cost” (W)
Refractory 0.377 159 | 289x175x226 |WT180/S120/K180/S120/B150 0.339 138
Cherry tomato 0.805 398 | 390x231x244 |SK180/K220/K200/K200K220 0.754 296

Notes : (D classifications, @ design items, 1) required compression strength, 2) Board combination for lowest
cost, 3) cost of the corrugated board required container manufacture(price, October 10, 2001).

A 23 Aokl o8 corrugated board®] A 8.
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Nomenclature

BCT, = Compression strength of container by
Wolf’s equation(lb)

BS = Bursting strength of corrugated board(k
gf/cmz)

cSs = Compression strength of container(kgf)

CSPA = Compression strength per unit area of
container(kgf/cmz)

CcSv, = Compression strength variation at the con-
stant perimeter(%o)

CSV, = Compression strength variation at the con-
stant volume(%)

ECT = 12x{(ZRCHZRCrt)/6}=1.2xPx(Ib/in)

F = JTxECT

L,W.D = Each length, width and depth of container
(inner size in Eq.(1) and (2); outer size
in besides)(in, in Eq(9); cm, in besides)

mCSPA = Maximum compression strength per unit
area of container(kgf/em?)

mRBA = Minimum required board area of contain-
er(em®)

RBA = Required board area of container(cm’)

RC, RC, = Each ring crush of liner and corrugating
medium(kgf)

RCS = Required compression strength of container
(kef)

T = Total thickness of corrugated board(in)

¢, = Take-up factor[A/F=1.6, BF=1.4, C/F=1.5}

|4 = Net volume of container(cr)

VA = Perimeter of container{=(L+W)x2](in, in
Eq.(9); cm, in besides)

a = W/L ratio

@,ppa = W/L ratio for minimum required board
area

@espa = W/L ratio for maximum compression
strength per unit area

B = L/W ratio(=1/a)
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