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Analysis of Sheet Metal Forming for
Non-Axisymmetric Deep Drawing Products

D. H. Park, W, R. Bae and S. S. Kang

Abstract

In order to obtain the optimal products in deep drawing process, elliptical deep drawing tests were
carried out with several shape radii of the punch and die. As parameters on testing, shape radii of the
punch and die were selected. In addition, the conventional shape radii have been determined by
trial-and-error using industrial experience and post processing test, and only approximate shape radii of
the punch and die have been presented. The optimal shape radii of the punch and die in elliptical deep
drawing process with biaxisymmetric blank shape are proposed. In this study, we suggest the appropriate
conditions to be applicable to the actual manufacturing processes through the experiment and finite
element method.
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Fig. 2 Sequence drawing for the deep drawing product of the "Motor Frame"-Industrial practice

Ponc
Porcn

X

S oW

[SAS)

4+

A\

102

77704 A A A e l[

W

-

S | _—— -
o z5c
———— 8
. . Fig. 4 Dimensions of the tools used for the simulation
- Fig. 3 Geometry of elliptical blank in the first drawing process
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Table 2 Input data for calculation
Sheet thickness 1.6mm
Clearance 2.0mm
Young's modulus 2.1X10°MPa
Blank holding force 9800N
Lankford value(R) 1.37
Plastic coefficient(K) 524MPa
Strain hardening exponent(n) 0.22
Friction coefficient(sr) 0.04
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Fig. 6 (a) Element mesh shape of the initial blank
(b) The simulated result of elliptical deep
drawing product
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Fig. 12 Thickness distribution of C type for FEM
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Fig. 13 Comparison of the experimental results and
FEM in A type
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Fig. 14 Comparison of the experimental results and
FEM in B type

Type C (Rp=12.8, Rd=16)

22
21 [ - Experiment (short side) b
20} | —o— FEM (short side) /

10 —a— Experiment (long side) 1:/ -
“[ | -~c—FEM (long side) /

Thickness distribution [mm}

121 ! L il 1 TR
0 15 30 45 60 75

Distance from center (mm)

Fig. 15 Comparison of the experimental results and
FEM in C type

, Rd7F 1691 3%, & B type?! Z-Foll ©X] 2ol
EWA7A T”ﬂ-‘i— 7F 7V %5 EHA Vet o
< Rpe WF I HoH FAZEAM B,
= & Zo] FARELAA fEsitta AlgE,
gz =29 IAHY FHY
(draw-in mode)9} Z=E#HA EIE(stretching mode)E
TR, o7 G AAPA vl A7) W
o wet FERHJUL dE B0, A typest C typed
Hlas) B, A typed] F¢E =299 BE] P
T3 v C typet 2EHAY dgo] Ak A,
A type® HA| AR FA7}F 7 WA JER T, d
Aoz FA a7t Bol Yelhgg & £ gtk o
& FANY BA wio] F /4R BTt T o|FH
AAA S U= B typel BS £2 4
< Moz FRlstqr), ozt At
T thol F4NAES 55 ZHE-"/] 5& 999 sF
-t T} 2EHH BREvt
T}il Atg Tt

o R

&

REE 2299 BE

a2 g
2 QPE B9 x =29 AFAN 239 A
RES e 248 2802 34070 434
A Ggel tal ATsETh olgel 4 AgelA
Ueu pe 22 2% 4 AT

1) el 349 BAY T =29 394 43
4 ge 98 2229 349 1A 2 vl B4V
& EFste] 3o wSaT

(@ x=2d 349 HA 43 L go] Fu
& AL W A AL UT A AR B
SIAROIN ] AR FAZATE YEIA o] Fiol
A shgo] WA ThsAel B ¢ 4 AN

© 43} e B 349 WA BYeAL 2

H sgle

o
o
K

Fe PAYS 4293 2
(ERC/NSDM)«I Agel oJstel AFEgion, oo 7
ArE U, |

o)t

sHIA M85 XI/A4 107 /3%, 2001d/191



0%

(] &

=
L.

(1) T. C. Hsy, S. Y. Lee, 1977,
Sheet Metal in Noncircular Cups,”
Industry, pp. 615~619.

S. A Mgjlessi, D. Lee, 1993, “Deep Drawing of
Square-Shape Sheet Metal Parts, Part 2
Experimental Study,” J. of Eng. for Industry, Vol.
115, pp. 110~117.

(3) S. Thiruvarudchelvan, W. Lewis, 1999, “A note on
hydroforming with constant fluid pressure,” J.
Mat. Pro. Tech. Vol 83, pp. 51~56.

w33 A, A, 2000, ‘BN YT =2y
A Ay e e A9, ¢
=], A9E A2%, pp. 120~127.

(6) 458, HYT, s, A4, 1999, ‘b=
29 AF g FAHLA Alzde]
T4 7H8EE A, A8A A6Z, pp. 591~603.

SR B, 1974, "7V AV mI” BRI TSR,

“On the Drawability of
J. of Eng. for

@

I

o K
[V

6

=

192/8r=2471858|X/410d A33, 2001

pp. 118~139.

(7) Edward M. Mielnik, 1991, “Metalworking science
and engineering,” McGraw-Hill, New York, pp.
779~871

(8) KM #, 1972, “7vAKHY T TiEH
Fiit, pp. 157~167.

(9) SH. Park, JW. Yoon, DY. Yang, Y.H Kim, 1999,
“Optimum blank design in sheet metal forming by
the deformation path iteration method,” Int. J. of
Mech. Sci., Vol. 41, pp. 1217~1232.

(10) TH Choi, CH. Lee, H Huh, 1998, "Sheet Metal

Forming Analysis of Planar Anisotropic Materials

with a Proper Numerical Scheme for the Blank

Holding Force,” METALS AND MATERIALS,

Vol. 4, No. 3, pp. 408~419.

G. Eshel, MM. Barash, W. Johnson, 1985,

"Automatic generation of process outlines of

Rt AHILZE

(11

forming and maching processes,” Purdue Uni., pp.
70~163.



