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Abstract

This paper describes some development of computer-aided system called “COLD-FORMING”
and “DESIGN-DIE”. “COLD-FORMING” is designed for the forming sequence and “DESIGN-
DIE” for the die design of press forming of rotationally symmetric parts. The computer program
developed is used in interactive and written in BASIC. Design rules for process planning and die
design are formulated from process limitations, plasticity theory and know-how of experience of
the field. “COLD-FORMING” capabilities include (1) analysis of forming sequence and recogni-
tion of individual operation involved each step, (2) determination of intermediate shape and
dimensions, (3) calculation of forming loads to perform each forming operation and (4) " graphic
out put for the operation sheet. “DESIGN-DIE” capabilities include (1) optimum die design
corresponding to the output of “COLD-FORMING” and (2) graphic output for the die design.
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Table 1 Guidance values for workpiece dimensions and reduction of area®?

MAT. A MAT.B MAT.C do do
(Ao/A1) 3.3 2.2 2.0 3 m———
€ 70 55 50 ~ QT ]
FLT(Y) 120.3 79.8 69.3 e '
FLO(P) 35.86 35.8 35.8 . - .
UL 160 160 160 | a1
BL 2.25 2.25 2.25 di

Where Ao/Al=zForward Extrusion Ratio , §

=Area Reduction

UL=Upsetting Limit , BL=Buckling Limit(lo/do)
FLT=Trapped Forward Extrusion Limit
FLO=Open Forward Extrusion Limit

£x(1-A1/A0)%100

, ¥=1n(Ao/A1)%100 ,

UL=1n(lo/11)%100

MAT .A: AISI-1008,1010,1013,1016,3115,5015,5115
MAT .B: AISI-1018,1020,1022,1024,1035, 1038, 1040
MAT.C: AISI-1045,1050,1060,1070,1080,4340,4640
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Fig. 2 Blockdiagram for “DESIGN-DIE”
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Fig. 83 Die designs for forward extrusion??.
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Fig. 4 Typical input of “COLD-FORMING” (one-
stage)

(Billet Dia,=25.0 .
Process = Trapped + Upsetting

25.0 23,3 30.6 _—

4/ WHENM)
) Cha/mmmmn)
1 (tons)
Strainz 69.7 ()

Step 2.g$: 9.2 H((g;nu*nng

. = 70, ¥

18.0 Fu= 60.0 ¢ togn?'; "
Strain= 32,5 (W)

CERRCN 0.0
2.0 2.0

Fig. 5 Forming sequence output of “COLD:-
FORMING”

A 8 [ D E F

5EEE 8B

Q T T Y] U 3

- | | e —

5 RS

0 U U

T-TRAPFED DIE EXTRUSION
0-OPEN DIE EXTRUSION
U=UPSE TTING HEADING)

=llies

Fig. 6 Display of forming sequence of “COLD-
FORMING?” (one stage)
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3 . .
Fig. 9 Forming sequence output of “COLD-
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Fig. 7 Tyical input of “COLD-FORMING” (two

stage)
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FEAAY AF 5] B AF(1) 719

:Z 1142 Pjom--- Die Inner Pressupe (N/mitny)
3 19.3 Di-m=--- [mner Dia.(container){mn)
= 11 ) Tmep Dia.(die/knock out) (wn)
D i 200 Dg==-=~- Total Dia.(die set)(mm)
2 42 fig=m=--- Helght(contalner\)(nn)
By e S
1 eniny Augle
Jog Size=? 20060 p § fnaleices
Hork Tupe-~(F-fopwapd! B-backuaml) T
Fi{ting----(H-heatiP ¥ress)- h
Friction Coeff, (die-stress pingdz? .13
Fitting TapeM

Fig. 11 Typical input of “DESIGN-DIE”

Die assemblies
(horizontally split)
NOTE
Die insept matepial=GKS3
150.80——— = 206000

.75
1957 |

Hre) 68

Siress mng naterial=5KT4
E= 214008
Hoe) 43

¥l J‘E Intenfevence 21=0.338
§ i 8.0
1.9 Fitting tewp, Il= 490

Fitting force,Fi= 07,6

Pernissihle Die Inner Pressuve (PAK)= 460,203

Die assenblies
(hovizontally split)
NOTE

Die insert naterial=Shed

200, %-—-—1 E= 206608
9.9 _-)\ Str'es”m lwnater\ial SKT4
' s ping matenial:
1 T 201600
.B Hoe) 43

;;r % Interference 21=0.489
11,07

Pernissidbie Die DIwmep Pressure (PAH)= 1513,904

Fitting tenp, 11-400
Fitting force.Fi= 84.7

Fig. 12 Output of “DESIGN-DIE” (1)

e e split
Pize H
horizontally sp NOTE

200.00 Die insert matenialz5KS3
28— E= 206000
'91%%%—! Hre) 69
19,3 §tpess x«ing uaterial=gKT4
1 iz 212000
2.0 Hre) 43
B [nterference 21:0.434
i ] ] I 8.0 Interference 22-0,363
L

‘Flttmg ‘(enp T1-488
Fitting orce Fl- 84,2
Fitting tenp, 2-400
Fitting force,Faz 71,1

Pernissible Die Inuen Pressure (PAH)= 1878.189

Fig. 13 Output of "DESIGN-DIE” (2)

Fig. 14 Output of “DESIGN-DIE” (3)

g

fe

2
3
r&-‘vdﬂh d oz 40 2

¢

T Bzl Bt Al&H
g 2HAQ Ax2A Yziet
%“a 1, 2zt A
21 “COLD-FORMING"# o
z g a3l “DESIGN-DIE

ol
o
N,

o3

£

4
2
X
s
L=
An
>
>
o
ro
B
o,
a2
2

U L gl
oo ap

M

rle
%
L
2
ok
oX —(U'- -

o
N
AP

g ofr i
ok
2
L)
e
o,
o wl
oX,
r_(f){_:(

x 2o

X

L

2

ajl

ot i
fo od ¥

frt
4
fu
R
ek
opo
nk

o
olo
of
o
il

AL
irﬂ:&goﬁlﬂ-lﬂ

N
I
uf 5o

2

A )
P
R

¥ L ok

eS8
r_‘njl_'
_('>L
o

ol

o

T
4
e

oft I ik Fh Lo
2
[
ol ox ) o

Y
ol
offt
=
2
o,
N

ol ofh
2
o fo

o
ofk

2|

o

o] AT+ 1987l % Fa 2
2 FYEglond oo ;A o
Y},

(1) Niebel, B. W, 1966, “An Analytical Technique for



AR -7

720
the Solution of Manufacturing Operations”, Journal
of 1IE.

(2) Colwell, L. V., 1970, “International Development in
the Application of Computer to Munufacturing”,
Institute of Science and Technology, University of
Michigan.

(3) Descotte, Y. and Latambe, J. C, 1981, “GARI: A
Problem Solver that plans how to Machine Mechani-
cal Parts”, ISCAI 7, Vancouver Canada, pp. 766
~772.

(4) Matsuschima, K., Okada, N. and Sata, T., 1985,
“The Intergration of CAD and CAM by Application
of Artifical Intelligence Technique”, Annals of
CIRP, Vol. 34, No. 1, pp. 329~332.

(5) Nau, D. S. and Chang, T. C., 1985, “A Knowledge
Based Approach to Generative Process Planning”,
Bound volume, Symposium of Computer-Aided Intel-
ligent Process Planning, ASME, Winter Metting,
Miami Beach.

(6) Eversheim, W., Holtz and Zons, K. H. 1980,
“Application of Automatic Process Planning and
NC-Programming”, AUTOFACT, WEST
Society of Manufacturing Engineers, Anaheim,
Calif., Nov., pp. 779~800.

(7) Wysk, R. A, 1977, “Am Automated Process Plan-
ning and Selection Program: APPAS; ”, Ph. D.
Thesis, Purdue University, West Lafayette, Ind.

(8) Badawy, A. A., Kuhlmann, D. P., Raghupatic, P. S.

Proc.

n‘l.

a4 A

and Altan, T., 1985, “Computer Aided Design of
Multistage Forming Operations for Round Parts”, J.
of Mechanical Working Technology, pp. 249~274.

(9) Perotti, G., Maggiorano, E., 1985, “A Calculation
Program for Deep Drawing Forms”, Annals’ of
CIRP, Vol, 34/1, pp. 237~240.

(10) Eshel, G., Barash, M. and Chang, T. C,, 1985, “A
Rule Based System for Automatic Generation of
Deep-Drawing Process Outlines”, Computer Aided
Intelligent Process Planning, Vol. 19, pp. 1~18.

(11) Lange, K., 1985, “Handbook of Metal Forming”,
McGraw-Hill.

(12) T. Altan, S. 1. Oh, H. L. Gegel, 1983, “Metal
Forming : Fundamental and Applications”, Amer-
ican Society for Metals.

(13) Wick, C., 1984, “TOOL AND MANUFACTUR-
ING ENGINEERS HAND BOOK?”, 4th Ed, Vol. 11,
SME, Dearborn, pp. 13~43.

(14) Kulkarni, K. M., Kalpakjin, S., 1969, “A Study of
Barrelling as an Example of Free Deformation in
Plastic Working”, J. of Eng. for Industry, pp. 743
~753.

(15) Adler, G., Walter, K., 1967, “Berechnung von
einfachen und mehrfachen PreBpassungen”, Ind-Anz.
89, Jg. Nr. 39 v. 16.5.

(16) Feldmann, H. D., 1961, “COLD-FORMING OF
STEEL®, Hutchinson, London.



