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Finite Element Analysis of Punch Forming of Superplastic Materials
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Abstract

Superplastic punch forming of sheets is simulated by a finite element method to obtain the
optimal punch speed and the related deformed shapes. The punch forming has an advantage of
guaranteeing the desired accuracy inside a product and controlling the thickness of a deformed
sheet more accurately than blow forming. The finite element code developed is associated with
the contact algorithm and the control algorithm of punch speed for the optimum forming. The
simulation demonstrates that the variation of the thickness in a blank sheet affects the punch
speed and the final distribution of the thickness in a product. The analysis proposes that a ring
—typed thickness controller is very effective in controlling the thickness of a deformed sheet

appropriately.
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Fig. 13 Optimum punch speeds in cylindrical punch
forming
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Fig. 14 Thickness distribution of deformed parts with
the initial thickness of 2.5mm in cylindrical
punch forming

447

$ ¥yl $48E ¢ 4 Ak
Fig. 17 $7% 8 $4¢ 2498 ygow
R CREL L EEs

=
odl
s
=
oft

Fig. 18& Fig.

179] 7k 1% shA o4 o
of Wt FALEE el Hez B 4¥ol 1
Aol web @A 2Ae] Fg eha ol sl U
o4 Aoz s BE % + Ak ol

AN
FAYEE 24T W F2F Ao Ax,
FAEZEE ¥ul Fig 182] 7% Fig. 168} u]
A7 ghobAlE A% AW 4 9l

Sate % ghold shmio] Yo

Punch stroke :

\WW/

Punch stroke : 40mm

Punch stroke : 60mm

Punch stroke : 80mm
Fig. 15 Deformed configuration of cylindrical punch
forming with a thickness—control ring (thick-
1, initial radial location=6

ness ratio=2 :

~12 mm)
—~ 2.0
L
-~ ' Punch stroke
= .8
o h M —— 20mm
5 1.6 ~a—  40mm |
- ’ —o— gomm
2 1.4 fa_ip —o—_ gomm Jo |
3.l
2 1.2
=
=

RS/ ot ]

0.4 4
a.2 N ¥
0.0 T T Y T T
[¢] 10 20 30 40 50 80

Radial direction coordinate (mm})

Fig. 16 Thickness distribution of deformed parts with
a thickness—control ring in cylindrical punch
forming (thickness ratio=2 : 1, initial radial
location=6~12 mm)
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forming with a thickness--control ring (thick-
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Fig. 18 Thickness distribution of deformed parts with
a thickness—control ring in cylindrical punch
forming (thickness ratio=2 : 1, initial radial
location=24~30 mm)

Ag o 4 Ak mE 250 FAD £Ae
WYY 200 wolrl maje¥Eel Tt o
ofAlE @abel oJAEH AL 44 adrh oA A
T8 AAshe 2e) sleede WEH ol o
Q%Y Axe Yalol BI U Hpol 43
oz ol AR nHBEe Qaio] W
o Bhol Qojuir] wjolc
4.8 B
¥Rl ge 4gadsl FAT 2ol 99

ZIO'“ 9’} o - : =1
3 A Aelzinl 5&
dld AA4 3 & Madted 9

Adggde] SR Ao vl

3) s #ALY FRes Zzoas 4T
d AAHEAS UEH AN LF LA 453
of SofEo o £AEe H4ARE Ba 7

(1) Zienkiewicz, O. C., Jain, P. C. and Onate, E,,
1978, “Flow of Solids During Forming and Extru-
sion . Some Aspects of Numerical Solutions,”
Int. J. Solids Structure, Vol. 14, pp. 15~ 38.

(2) Argyris, J. H. and Doltsinis, J. S. L., 1984, “A
Primer on Superplasticity in Natural Formula-
tion,” Comput. Methods Appl. Mech. Engrg., Vol.
45, pp. 83~131.

(3) Zhou, D. J. and Lian, J., 1987, “Numerical
Analysis of Superplastic Bulging for Cavity-Sen-
sitive Materials,” Int. J. Mech. Sci., Vol. 29, No.
8, pp. 565~576.

(4) Park, J. J., Oh, S. 1. and Altan, T., 1987, “Anal-
ysis of Axisymmetric Sheet Forming Processes
by Rigid-Viscoplastic Finite Element Method,” /.
Eng. Indust., November, Vol. 109, pp. 347~ 354.

(5) Chandra, N., 1989, “Analysis of Superplastic
metal Forming by a Finite Element Method,”
Int. J. Numer. Methods Eng., Vol. 26, pp.
1925~1944.

(6) Bonet, J., Wargadipura, A. H. S. and Wood, R.



zxAdA g ANAY A #g K a4 449

D., 1989, “A Pressure Cycle Control Algorithm
for Superplastic Forming,” Comm. in Appl.
Num. Methods, Vol. 5, pp. 121~ 128.

(7) Bonet, J., Wargadipura, A. H. S. and Wood, R.
D., 1989, “Simulation of the Superplastic Form-
ing of Thin Sheet Components Using the Finite
Element Method,” Numiform ‘89, pp. 58~93.

(8) Bellet, M. and Chenet, J. L., 1989, “Numerical
Modelling of Thin Sheet Superplastic Forming,”
Numiform ‘89, pp. 401~ 406

(9) Brandon, J. F., Lecoanet, H. and Oytana, C.,
1979, “A New Formulation for the Bulging of
Viscous Sheet Metal,” Int. J. Mech. Sci., Vol. 21,
pp. 379~354

(10) Al—Naib, T. Y. M. and Duncan, J. L., 1970,
“Superplastic Metal Forming,” Int. /. Mech. Sci.,
Vol. 12, pp. 463~477.

(11) Ghosh, A. K. and Hamilton, C. H., 1979,
“Mechanical Behavior and Hardening
Characteristics of a Superplastic Ti—6Al—4V
Alloy,” Metal. Trans. A, Vol. 10A, pp. 699~ 706.

(12) Kuperfarb, G., Germain, Y. and Abouaf, M,

1987, “A Mechanical Study of Superplastic
Forming of Ti—6Al1—4V Sheet,” J. Mech. Work.
Tech., Vol. 14, pp. 159~172.

(13) Oden, J. T. and Carey, G. T., 1984, “Finite
Elements. Special Problems in Solid Mechanics,”
Vol. 5, Prentice—Hall, Englewood Cliffs, New
Jersey.

=
=~
3
ot
=
B
>

(o]

FE5 8, &4, 1991, "E4

A upabd g g Aol fakes sheAo] A, o

=3, A1sdE, A52%, pp.
1563~1571.

(15) Huh, H. and Han, S. S., 1992, “Superplastic
Sheet Forming Analysis by the Finite Element
Method with Directional Reduced Integration,”
Proc. NUMIFORM ‘92, Valvonne, France, pp.
851~ 856.

(16) Huh, H,, Han, S. S, Lee, J. S., and Hong, S. S,
1995, “Experimental Verification of Superplastic
Sheet-Metal Forming Analysis by the Finite
Element Method,” J. Mater. Process. Technol.,
Vol. 49, No. 3, pp. 355~ 369.



