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ABSTRACT

For the improvement of productivity, the reduction of cost and time for manufacturing is mandatory,
especially in the field of electronic industry. The study is concerned with a practical means of systematic
assistance to formability estimation and selection of reliable design specification for electronic sheet metal
parts. The objective of this research work is to develop a simulation system which helps to analyze the tar-
get processes with the finite element method and to acquire available design data quickly and exactly. The
simulation system developed in the study consists of design verification, selection of optimal combination of
parameters, knowledge acquisition and graphical user interface(GUI). Design verification is automatically
carried out by using the finite element method. A data base management system and nomograms are uti-
lized for knowledge acquisition. The developed system has been applied to some major sheet metal forming
operations such as flanging, embossing, bending and blanking. According to the simulated results, the vali-
dation of the target processes has been confirmed. Analysis data, estimation rules of formability and graph-
ical representation of the analysis have been employed for the designer’s understanding and evaluation,
thus providing a practical means of robust design and evaluation of formability for producing electronic
sheet metal parts.

Key Words : Formability Estimation (334 %7}), Finite Element Method (§23.84-3]4), Graphical user interface
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Fig. 1 Objective of Estimation of Formability for
Sheet Metal Forming of Electric Parts
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. Geometric Data :
Formability ™ s ing Dats) FEM Analysis Data

0 Formability - True
False

o Geometric Data -~ Material Thickness
Friction Coefficient
Punch Radius
Punch Angle
Hole Radius
Clearance
Die Shoulder Radius
Punch Shoulder Radius

o FEM Analysis Data - Max. Punch Load
Max. Effective Strain
Max. Thickness Strain
Max. Circumferential Strain
Max, Edge Strain
Springback Angle

Fig. 6 Structure of Record
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Fig. 7 Structure of Data File
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Flanging AL2024
Criteri information ——
fimit edge straln material thickness  (mm)
_____ 12 ——
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Fig.10 Estimation of Formability for Flanging
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Fig.11 (a) Nomogram Analysis of Flanging - preprocessor
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Fig.11 (b) Nomogram Analysis of Flanging
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Fig.12 Embossing Analysis
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Fig.13 Estimation of Formability for Embossing




57443532 A3 A55 (19963 54)

3.3 #ig! (Bending)

W L HAG Ao EY 2EY 3459 A8E,
1 29 B g AAE B, B 2 AEY &
EY] AZ B Aoz, FIsHA BFAI) = Aol
. 3% f5L 1 59 249t Jenz gL
g $HE AAY FE 7 Y S &P,

g A3 FHo2 9ol (wiping) W, V-Ad
a3 U-dgse] AT B dFede AA g 7
EXRYo Bo] o] §H = o] Wil g HAE F2
Y8R Wy FRoA F3lo] vehde 2Zdd
W@ HA = of& sYeigict.

AdA H7} 73L& g3 g

(1) 42 2 WAF

A ZE WA 22 g "k Azog 73 we
HAde] FASo| HAEA] FT o] H4 WAooz
A8y nEEAAE diojeh o] A8 s T,

(2) 32 =9 34 £

H; 2R, +2t ®)
o714 H, : 58 EF4A 0|
t :AE 5

R, : tho] o7 ¥4 (die shoulder radius)
olc},

A4 dA=H S08CE ALY, shazsE 0.1
2 MaRE oue $ESYT FENYEY WAE
ges 2o,

Wiping Bending : S08C

Ciiterion
min, height of bend (mm)

moterial thickness  (mm)

punch dispiacement {mm)
----- 1

desrance (mm}

Formability Messag:
[ Formatity Caiterton is Satisied I

[ Sucoesstu Forming woud te grobatiy expecied.
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Fig.15 Schematic Representation of Nomogram
Analysis of Blanking
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Blanking : S10C

Mauklng lan:a (no shear} (kN) material thickness  (mm)
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—---~= 001

min. stripper thickness (mm)

dearance to thickness ratio
e 0025

----- oan
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Fig.17 Estimation of Blanking Nomogram

Table 1 Comparison of Blanking Nomogram with

Reference
Datla {16) Nomogram
Material Thickness (mm) 0.378 0.381
Length of Cut (mm) 10.0 10.0
Blanking Force (No Shear) 1.174 1.18
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Min, Suipper Thickness 1.3462 135
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