1644 NIA7|AE =T Ad, A 27H A1 935, pp. 1644~1652, 2003

e HAAE o) &g

ZUEE EPS ¢

%

AA A=" A

* _ *¥
old= .slthg .ol

20023 109 239 A5,2003

*
AOL% . ?:!XHI . —

*¥
=] Bpzd &1

8 749 AAreg)

Development of Design System for EPS Cushioning Package of Monitor Using
Axiomatic Design

Jeong-Wook Yi, Dae-Yul Ha, Sang-Woo Lee, Jae-Moon Lim and Gyung-Jin Park

Key Words :

Axiomatic Design(¥2] 4 4 Al), Independence Axiom(5 B 3-2]), EPS (Expanded

PolyStyrene), Cushioning Package($+% X7, Orthogonal Arrays(3] 28] & ¥)

Abstract

The monitor product is packed by cushioning materials because the monitor can be broken during

transportation.

Therefore, it is required that the usage of cushioning material be minimized.

However, the addition of the cushioning material increased the volume of the product.

In practice, design engineers

have followed the ad hoc design with experiences of predecessors. Automation of the design process is very
important for the reduction of engineering cost, and can be achieved by an excellent design process and

software development.

According to Axiomatic design, a design flow is defined and a software system is

developed for automated design. At first, a basic model is defined. A user can modify the model from menus

and design is carried out according to the input from the user.
A nonlinear finite element analysis program called LS/DYNA3D is linked
The process of Design of Experiments using orthogonal array is installed to
Therefore, a new design can be proposed by the system.

generated based on the design.
for the impact analysis.
minimize the maximum acceleration in drop test.

The program is designed according to the Independence Axiom of Axiomatic design.
software system are defined and decomposed by zigzagging process.

Finite element models are automatically

FRs and DPs of the
Independent modules can be generated

by analysis of the full design matrix and each module is coded as class in Object Oriented Programming

(OOP). Design results are discussed.
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Fig. 2 Axiomatic design process for object-oriented
software system (the V model)
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Fig. 4 Pressure-strain curve of cushioning material
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Fig. 7 The main rib for outer cushioning material
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Table 1 Top level FRs of design system for EPS cushioning package of monitor
FRx DMO DPx

1 | Setting up the options X | O] O | O] O} Option information data

2 | Construct the data set for modeling and simulation | X { X | O | O | O| Data for modeling and drop test

3 | Generate FEM model of the cushioning material X | X| X | O O} Design variables of cushioning material

4 | Recommend the good design value DYNA3D input deck

. . . X XX X0
through simulation analysis

5 | Manage the design data X i X X | X | X| Data manager
C1 | Windows O/S (95, 98, NT 4.0) environment
C2 | Graphical User Interface (GUI) environment
C3 | Be able to use a person that is lack of knowledge of analysis tool

Fig. 8 The assistant rib for outer cushioning material
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Fig. 9 Design flow of the design system for EPS
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Table 2 First level FRs for FR2.x

FR2.x DM2 DP2.x
P | Construct the data set for modeling and simulation Data for modeling and drop test
1 | Construct the modeling data for monitor X | O| O| Modeling data for monitor
2 | Construct the modeling data for cushioning material | O | X| O | Modeling data for cushioning material
3 | Construct the condition data for drop test 0 | O X | Dropping condition
Table 3 Leaf level FRs for FR42232
FR42232.x DM42232 DP42232.x
Generate the input deck file of DYNA commands for LS/DYNA3D input files
1 | Generate the file for velocity and gravity X O | commands for “vel gra.dyn” file
3 | Generate the file for wall which impacts 0 | X | commands for “rigidwall dyn” file
with cushioning material
FR1 & o]%7] 1% DP1-& 4 4% dolgold. — -
FR2 & H3td¥E AEdolAd sy 94d A S 1
BE 2FFH ol s AgAE EHAE ] z s
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Fig. 10 The full design matrix from FR1 to FR212

4325 F2| 2 HAMX &= =234
o|Eh A MH

Aoz #3& T ZE FRs ¢ DPs &} &
A€ dYeEE HAAHA EAPHfull  design
matrix)e] @€t AX AAPELE LTEY
E5S Aosted ol &3t Fig 10 o= AA=Z
SAdd AA 2APY FolA FR1 RE FR212 7
A9 dRRg Jebin REAH A, AAPH
9 #row)2 FRx = 3} EEo] € 4 glu
AAYEY F(column)E EEY 75L 0]F7)
A% 48 ®ig, Bz e 538 UL Fo| dr
Fig. 2 oA 7]&% 3lg4] Ras F3to AHdd
Z} 71%el U3 RES 4 HFo oste] A

AN Zzadge] AN HAF F o
AAE & (attributes)? B9 (method) E  TA
(relationship)2 o] FojA =), AAFHNA A

2 9= DPs o AZ3hi, olE Alole BAE
o] g2 X7 #BIch Ly ATEY
olollAl AR E AA ZF FRI~FR4 o thated A<



1650 o]AL - g - oS - AAE - AR
Class Name CPackDesign
Attribute; int designStep;
v R
pe FileSave();
I
{ ] ] 1
COption CBasicModel CCushionModel ClterationAnal

Struct DirInfo optionDir; DesignVarinfo bModel; cushionInfo cushion; iterationlnfo opt;

s o

Fig. 12 The input/result screen of PackDesign software
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Table 4 Level values for each factor (unit: mm)

Level
Factor 0 1 5
Vertical size (A) 25 1 30 | 35
Height (B) 25 1 30§ 35
Rear thickness (C) 15 1 20 | 25

Table 5 Result values after analysis

Expt. Column number and factor assigned
No. 1 2 3 4 Results

A B C ignored
1 0 0 0 0 . 314
2 0 1 1 1 314
3 0 2 2 2 33.9
4 1 0 1 2 342
5 1 1 2 0 34.2
6 1 2 0 1 24.7
7 2 0 2 1 35.8
8 2 1 0 2 259
9 2 2 1 0 334
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