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(Estimation of Formability for Sheet Metal Forming of Electronic Parts)
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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 concemed 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 rescarch work is to develop a simulation system which helps to analyze the

target processes with the finite element method and 1o acquire available design data quickly and exactly. The simulation system developed in

the study consists of design verification, selcction 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 utilized for knowledge acquisition. The developed system has been applied 1o some major sheet metal forming operations

such as flanging, embossing, bending and blanking. According to the simulated results, the validation of the target processes has been

confirmed. Analysis data, estimation rules of formability and graphical 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 (4 %44 % 7), Finite Element Method (-5-3+.8 28l 4]), Graphical user interface (22 % A&}
2lE{sjo| 2), Data Base Management System (o] Ep#jo] 2 2] A]28)), Nomogram =Ry

LA

FHAAFo AFEEE wBIE] HATANA F W
AAEsr Aol 48 Tl WA dAE eAl
2 Ny oga AlssA wod et glen o=
AlAPGo) 2 dgRg vl Hch o] F §i8] A E Aol
gg 2E Audae Msln 4% 7HsEE ol 5ske
2} Yot e Y5 47 FoIM AEE F
AN S ol Axwe] Aol gpsle] o

B oo Figl oA R mhe} ol FEE A
oMol Zuel HAZ oo WAste AlEue|dE &
Fo Yl zEL Ago] JPsTE W F AAR
29e AapstEay 2y dA 9 v AN E
28t Fo| == 3= o] EZo] gtk

o2 &) B AelA T AME dAgL AAY
H2e g8 Seeliy RES 7veg 3 4dA Y
712 FEsigch w3, AR HaE A4S FHOR
OSF/MOTIF, X Window System, UIL ( User Interface

Language) 58 o|&ste] A& dEjuo]~g Ty B

52 Fhustenh olge AR LHHIYES AA

ol zA¥ oz FAsl7] S8 Fig2els Bi- upep 2
o] A MAHAE A% FEusc. 22| FUL

MAAE g -Se s AAE volepHe| Aste §
gxjo 2 H}ejsts 7432 DBMS (hierarchical DataBase
Management System) 252 7luste] s REIHS] UH

vol =% s AT,

-918-

2. 7F34 B7E &R

b2 w7t AA-E Figd oA Bi- nle} Fro] A7

ALBA IEIO AT ST S8 xzoY, 2B T
o8 wzow, feasdAS 9T o8& T2, bol
Siol~ B = slzt clojetmlol~ Bel Alxg, T2l

S8 violepwolx g Pt

2.1 38 434 (Finite Elcment Method)

oy o2ln w9 WEE A4 Fiasyd of
sto] Folxl 2L sy HFT REEA Fad
A Zeown 7 3y A Ay zroger 74

‘:]-. o o

2.2. =21 (Nomogram)

eRagold MAESIRY F R R
AW e wAeR W PO ye sl dol
Ehuol~ske 2 wlo@ olgsje] gtk M 2 Sy
Brlo] A gojeiuol A el Alxde TAAE P4 8
£E58 o|&ste] to|elujo|lAE PAaFoRM HAMS
o BAS W £ =T s 5 fLLLYY
Zesta] ok AAE lolElEYRNE Y R
HolEFE YET 4 U= uhye ATk AT
B e 22 vloletujolze] MY HAb vlolEpet
gazsd A% dole 12 2 3HYE YUW F
o] AJ AMF-2| (Production Rules) & o] &}

1

2

e

o4
:

loraafo ¥

Mo



23 199 *I"‘fﬂ

_IEHEJ nES a‘]—.__Q_ xg oL UNIX 373 5}o] A
2] ANSI cs} % -dE—,— A2, OSF/MOTIF, UIL (User
Interface Language) S o]-&3}e] AMS-Z7} AJ28)-& 447 At
28 & JES g w=Y Wyelg grmoz Ao
sho] olEait Age wWEe] xeTel s A
2 AAsh WAl g ERAR 7]y (open
programming architecture)-& ]-9—6]'0" on o2 AL
FORTRAN Z213) 39| QlEjs]o] X% GASt=S 7|uks}
gitt

24 dojepfol X Fa] Al

ol epufo] =~ ] Al (DataBase Management System)
tjo] et o] 8 o5ty =2 SHA]7| L z1|=n:_4 7,
4, A 5-E FEss 59 *1*9901@(6' o] Ef 11%’
ukA)L Figd oA B whe} ZFo] B FE (Record) 2h-
Sl= AAs v 31 velie| spe My YR
A 1 0|3 A2 dolehe I TelE A
Attt sl elenel ALY 5 st Yol e
A A, AR, ALE AL, AAE elmse] AE
o glon] YIEsl Aol 2 YR W A
sof dlejersialial s 9T 2718 2es adt

3. F4E dA " 7h3 BT AlAwe HE

o

2
N

ot
oX ™
z g
-z
mH
1o

of

ro
e

ki

o
32

ll E’J% *—‘17112}37}

,,
4
o2

AN ol r
Y
i

2
A

'
[t
2

o F“\O

T
o
2
rlo
o 2
~
T

ol
oX,

=]
O
-0
O
Jo
s
bz 4
ox [t
rlo
¥
=
o

B
-]
&
o

Hogo
= & Moo

ST
Dpdn %
rlo ox o ok
ic‘

i
p
o)
=
o
[¥oX

3 oﬁi

w
—

X
>

e

b o

ol

e

‘g

g
el 4
Mol

1

rir i

rx
lo
o i rlr

Mz M
o
2}
i—'s
o 2o
o BT
=rlr
, fifo
=4 K
=
‘ _\,l‘iri

y 2 1o}
fop

X

=3

;
3
E
£

ror 20 ¥l

r
P

o

Ot
gy

7
> (Y,
"
offt

d

*

rlo

(1) slA} ~F2]y (edge splitting) -
I [9, 10)

3

oY

H
el

!
12
=

olct.
(2) #o £

W=¢ R,

9, 10]
A %o

)

Gz A4 = - g Qs By

Fp 2 Ry +2t 3)

714 F,: Z3x %
R, : tho| o}

v AE A

47 (die shoulder radius)

-919-

o|ck.
e} o] Hstgn
2 e gieh

i) IF( g >€n and F >F, and F, > F,, ) THEN
AHYPA DL > ATHA FFo) T

p

ii) ELSE
Ay 9% O > ¥ A 7}—*“ ;v
Hely, &Y 5
of7| A e AFAY EAA oA Hof WFAFE
Emi%ﬂﬂi‘léﬂﬂ Zaz] g9 2y AFHYE
F: AR4oz 7o Ho g
Fo: A% F g4 F
Flo © AR 2z FUX =
olct.
oAHZH ZEdA E FARL syt S48 A
e AL HAsigln odubael Brolx el dAE

Desly] Y3 vhaAsE 0302 Jpysigich ZiskeEE
aiakzl 3o AME-H do|ER: Figezh 7howm olule &

aodn FEREYE A o Aok
o =387.0 (8 )™* N/mm? )

i H % BEE A *‘o“ Bt ES UE
8t (Fig.7) "hdbo|vt w4, 2E2{d 9] npshlshr] o
s l%EM]XI AR B QZﬂ TAAAE FTH
4ol 7Hsskeletal N

Fig.8oll JERA ZX 7 cfo|gpue]X 2] AlA : = 9
45 08 #A4E stk $olA] WI FF 2 9.2
| e] 7ishet O*J tjolete} 3 to|eHE tlo]Eb|
o]__/:o{ x—‘xl-b]— ECQ'o]- ’o‘!AL ];]]olg}_f OI—Q—E}-O% ;{11}-5}
%’ri&*sﬂ*‘ ﬁiﬂr EME}* @.-*%‘"L’H ERIOYRE

L LS

3.2 ¢ X4 (Embossing)

FEALS P Y THAA F2 =, 224, T2
2 olEeolHE et W gol Ag Ut MEge o
B SRS WD A 2 S/ A HHe
B2 s Hol u[= (V- Bead) Ed Mo| v (Flat V~
Bead), yH-& B =5 ,] A]]‘ﬂ?_zlo] 011:} o]7] A= uk
u| ol Wb d| o] FeUE Fock

g ulme] ARy woke Hﬂ A EUe 5
Yot AYEY A o 2o

718tetA) Real Ay-2R;>2(R, +T) )
3R o‘g_rla_/\l Qo] T, = CnA, (6)
o714l A, : o] X

R, : T b

R, : T}o] AE= 2 wb7 (die entrance radius)

T : 8 %4

n o7k s A

¢ : 1.5 for steel

1.1 for aluminum

olck.

A A ME7] EY Z9 HEZ skl vy wE
Hetgich Lol AW SUSIME WA vhaA
015 Fpystoich Flstety yAs ool AEa

rJ;. -{) m[m

5151* Fig9sh Zon] oluje] SES e GaMBEL
A o-g o
& =14519 (¢)** N/mm? )



oot T4 Tt A0
e pERS o £ 3l
Aol A7} gloeler o4t

3.3 ¥l (Bending)

MY FAL WY AojEy 2EY T4 AnE
I 59 BHo & A% Fed, 55% I AJe|Ent >
Ezlo] A2 utikel 2 zto g, FUstA WF A7l Zo]
o F4 RES 0 gae Addge gerne, e
e YL AAY Folx IF WS A4 ugt,

Rerer A ggo ool Ywiping) W, V-uly
3 UMIgEe] Xu ¥ Aol WA ww 2E4
ol glo] o] & oy wige] Mt AL FE 4
Wspsin WY AelM Folo] uehps Axguel o
g s obgel Sustn

Y W A e gt
() &2 2F WA F

A2 B WA Y W] Aztow 7Y ue
updo] FaSel WS S wel Az Mg
Aelstgln g éili 51I°IT4“1I°I*E}6}%°¥
2) 22 F3 E94 ¥

Hi2 Ry+2t )
o714 H; i 3§ 94 ol

t: g FA
R, : o] o}7] ¥k (die shoulder radius)
o}

814 olAl=A SORCE M &3t vAASE 012 7}
Baigich wasdd pav gl AL 48w v

=657.3 (§ ¥ N/mm? )

Figllo] 99249 434 %7t 84 238 vey
3 b s 5 B welel 49 8

Haie) ama 2k 53959 glo] Yol

al

3.4 £ (Blanking)

L9 BUE e wus YPes gap ey
gohzbe o] oML pxl BEL AJAksls Ae-gA ol
o¥zke] Az 24 Suip) o] S WGl 3y

2 ERHAN S92 Yad AES Ny 38 vt
2 sEa el gyon amx_lq"“. oy A3}
R L e o S LR LS
Sozlel wp s dl4e] BAF APHE e 2R
U3 shae Figl2 el SAES 2o

1) Bl o

F=AS (10)
=L1S for any shape (11)
=qtDtS for round holes (12)
o714 F: 237 I XN
A AT @7 (mm’)
S : A3 (MPa)
L: ™ Ze] (mm)
D: E37 ¥H7 (mm)
t: 57 (mm)
o|ct.
(é) Ttolof M (Shear) 7} U& %S Bl LT

-920-

p=2Byp_ a3
7] A P: FAgEoL A =97 ¥
t: A
p: 253 v| (%penetration)
S:“dil% E}°I°Il —’15017“ Yol °J (mm)
P, Aehivt olg 9o B g
olck.
(3) oA
W=txpxFx1.16 (14)
o714 wolux) %
F: 537 3
1.16 : |29 vpa g Al
olck.
(4) 2E2}y| ¥ (Stripper Plates) o] 72} PR3 )
\'
= — 15
T 30 + 2t (15)
F=0024xLxt (16)
71N TixEE Bel Az T

W : 2Bt (stock) o &

F:2E2|Ho]| HQF 3

L:™gt <r|g 7o

0.024: APA A
olch.

of A} £.4 SlOC«l Agel dg 222y F4E ok
2Ae Bl B4x)9) v|shery HAate o {Pt“‘& 7
g 7}74"7 g;q]q AA| Tl HRF e 5
gtk &, Fig13 oA Bz vpe} Zeo] ddyr} 9,1% ufj o}
e wle B P Yy oz 2231 2ELY
wel Hx FAe 2B A YeF §EY 73 5
7hsdbe] el Aslle] A FTE Dlil FAE £
S7) ekl wlZH AAANA A For 0171*1-L~ 0.025 x
0.381 = 0.009525 mm &| EAE AAAeA A F) B
I goel BbgE S %’4%}01 R R
2% AAE Table 1 o] Alstict FHAE djo|ete) =
B 1””«1 EﬂOIE}?} I Z} Yxjsti oot weh
A B oA By wwuogy BEL dATANA 13t
aii A4 ? ‘}}% Ebd & 7}{1:},

:ﬁ
o
In
o

.&
J
20

Aol w47 A4 el slofsteiet Abrch &
o4 de F3E FPetd o U

(GUD A 28% 7

=
ol
o
38
i



@ &R FEe2aN 2 wuaYsyAS 9g do|et
wlo] 2 i) Al~E (DBMS) & siwste] =ob g4 23
o A-gshgict

o

ML DU 2o A4 ShgA W Asue) 4

i

A HEeee, 2uw sby, 33 A
} 3HOR UAED HEY, 2XYEY of
slobst 47 B7k A2y o gAel £a)

7

B ATE 3 AUE oA gobral A Yur
Z1GAE 227 ¢ BT 2PWIeY BAX olejii

1.J. H. M. Tah and A. D. F. Price, "Intemnative Computer-Aided
Formwork Design", Computers & Structures, Vol. 41, No. 6,
pp. 1157-1167, 1991.

2P, o), "EEY HF YL U A 55

714)", gk 71A &38|, 234, 75, pp. 527-538,

1994,

3. K. Lange, "Handbook of Metal Forming", McGraw-Hill, New
York, 1985.

4. D. F. Eary and E. A. Reed, "Techniques of Pressworking Sheet
Metal - An Engineering Approach to Die Design”, Prentice-
Hall, New Jerscy, 1974.

5. M. J. Sebern, "Building OSF/Motif Applications : A Practical
Introduction”, Prentice-Hall, New Jersey, 1994,

6. A. Stevens, "C Database Development”, % Qbe @, 1994,

7. W. Shoumei, "A Conception of Module Library and Data Base
Management System for Finite Element Analysis”, Computers
& Structures, Vol. 32, No. S, pp. 1073-1083, 1989.

8. YFY, Mo, "EAY TP 4 Tl u ol
2 AR A, O] A s s =, [9d, M6, pp.
777-787, 1985.

9. S. C. Tang, "Large Elasto-Plastic Strain Analysis of Flanged
Hole Forming", Computers & Structures, Vol.13, pp.363-370,
1981.

10. ASM Handbook Commilee, "Metals Handbook : Forging and
Casting", ASM, Vol.5, Metals Park, Ohio, 1970,

1. ol58], ghas], A, Zex 294 G, o
A2, 1989.

128571 e9 3], "grlgHd, de o, 1989,

13. H. Sunaga and A. Makinouchi, "Elastic-Plastic Finite Element
Simulation of Sheet Metal Bending Process for Auto Body
Panels”, Advd. Tech. Plasticity, Vol. 3, pp. 1525-1530, 1990.

14. D. B. Dalla, " Pressworking Aids for Designers and
Dicmakers”, SME, 1978.

g

-921-

Azl ERx W) gt 4

Sheet Metal
Electric Part

Flanei Rendi

B ek -2 =
Embossing, Blanking|

Fig.1 Objective of Estimation of Formability for Sheet Metal
Forming of Electric Parts
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User Interface

y
Application
Program > DBMS » Daia Base
(Graphic)
« Graphic program eDana 74 W M3
« Data file 442 « Xz}
temporary file s HHA Yo
tojpujo] 2
A2E9A,
AARE,
Extemal |+ $2:2 284 program wo]et 2}e),
Application etc.)
program * Z{#} 4473 program
Fig.3 Schematic Arrangement of System
L. Geometric Data .
Formability (Nomo, Scanning Data) FEM Analysis Data

0 Formability --- True

False

0 Geometric Data --- Material Thickness

Friction Coefficient
Punch Radius

Punch Angle

Hole Radius

Clearance

Die Shoulder Radius
Punch Shoulder Radius

© FEM Analysis Data - Max. Punch Load

V-Bead
Flat V-Bead
Offsets

Satsfy
Geometric
Inequality?

A

(o]

[Crom ]

where, T,: Depth of height

after Forming

Tmax: Max. depth of height

Fig.5 Schematic Representation of Estimation of Formability for

Flanging
Flanging AlL2024
Criterion Information ——
malerial thickness  (mm)

Max. Effective Strain
Max. Thickness Strain
Max. Circumferential Strain

current thickness of edge (mm)

----- 05821
‘springback (radke dir) (mm)
000332

width

Material
Friction Coefficient = 0.3

Max. Edge Strain
Springback Angle

Fig4 Structure of Record

AL2024

Fig.6 Flanging Analysis
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Formabity Crierion is Salisfied It
Succassiul Forming would be probably expected.

Fig.7 Estimation of Formabil

ity for Flanging

PRGCESS ITEN : Flanging

Roter 181 Thickrass (m) oovv 1 ooy

Fraction Confficiont ....... o]

Punch Strone (s

Punch Audtun (am)

Fig.8 (a) Nomogram Analysis of Flanging - preprocessor



Flanging

- Nomogram Variables —

AL2024
— Saved Analysis Data
mac effectve stroin
]
max thickness strain
----- 08
macc load (WN)
- BB24
i edge svan
----- 1z
mex edge stran
---—- 08158

Fig.8 (b) Nomogram Analysis of Flanging

Msteral . SUS304
Priction Coefficiont = 0.1

Fig.9 Embossing Analysis

Circular Bead :

SUS304

Information ——
material thickness ()
8

Formatilty Crterion is Setisfied 1

Successtul Forming woud be probebly mpeded.

Fig.10 Estimation of Formability for Embossing

Wiping Bending : S08C

Fig.11 Estimation of Formability for Wiping Bending

Pre-Processor

™

»

Material Thickness
Diameter of Blank
Amount of Shear
Width of Stock

L

DataBase

Material Propertics

Calculation

W

Area in Shear

Length of Cut
Blanking Force
Energy Required

Stripper Force

Min. Stripper Thickness

Min. Swripper Thickness
Clearance Guide Value

y
C Post-Processor )

Fig.12 Schematic Representation of Nomogram Analysis of
Blanking

PROCESS ITEM : BLANKING

Blanking : S10C

Width of Stock (mm) ...
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Fig.13 (2) Analysis Datafor Fig,13 (b) Estimation of Blanking
Blanking Nomogram Nomogram
Dalla[16] Nomogram
Material Thickness {mm) 0.378 0.381
Length of Cut (mm) 10.0 10.0
Blanking Force (No Shear) 1.174 118
Suipper Force (kN) 0.0919 0.0914
Min. Swripper Thickness 1.3462 135

Table 1 Comparison of Blanking Nomogram with Reference



