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Identification of Forming Limits of Sheet Metals for Automo-
bile Parts by Asymmetric Deep-drawing Experiments

H. Huh, C. H. Lee and J. W. Chung

Abstract

Identification of forming limits of sheet metals is an important task to be done before the sheet
metal forming processes. The information of the forming limit is indispensable for design of deformed
shapes and related forming processes. This procedure becomes more important than ever as the auto-
body becomes complicated and the number of auto-body parts is reduced for lower production cost. To
identify the forming limit of sheet metals, stretching with a hemispherical punch has gained popularity
because of the convenient experimental procedure. The stretching experiment, however, has slight dif-
ference from the real sheet metal forming process. In the sheet metal forming process, the localized
deformation or the shear band is originated from the non-uniform deformation in the critical circum-
stance instead of the absolute criterion. More accurate information of the forming limit, therefore,
could be obtained by a more appropriate experiment to the real process. In this paper, an experiment
program is devised to practically identify the forming limits of sheet metals for auto-body parts. The
experiment program contains not only stretching but deep-drawing. Both forming experiments use the
same hemispherical punch while they use different specimens. Deep-drawing experiments use speci-
mens cut out in circular arc on both sides of circular blank to make it torn during the deep-drawing.
They also use specimens cut out straight in one side of a circular blank to make it deformed unevenly,
which causes local deformation during the deep-drawing. The experimental result demonstrates that
the forming limit diagrams in the two cases show difference in their effective magnitude. The forming
limit curve from deep-drawing is located lower than that from stretching. It is noted from the result
that the deep-drawing process causes acceleration of localized deformation in comparison with the
stretching process. From the experimental result, the maximum value of forming limit could be pre-
dicted for safe design.

Key Words : Forming Limit Diagram (8 @4%), Formability (\d84), Deep Drawing (§=2%),
Stretch Forming (2E&X 44)
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Fig. 2 Specimens used in tension test and fracture of specimens after test

Fig. 3 Various specimens used in experiment for stretching: (a)Width=20 mm; (b)Width= 40 mm; (c)Width=60 mm
(d)Width=80 mm; (¢) Width=100 mm; (f) Width=200 mm
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Fig. 4 Various specimens used in experiment for deep drawing: (a)Width=20 mm; (b)Width=40 mm; (c)Width=60 mm;
()Width=80 mm; (e)Width=100 mm; (f)Width= 185 mm; (g)Width=195 mm; (h)Width=185 mm; (i)Width=215 mm;
(j)Width= 245 mm
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Fig. 5 Schematic diagram for proper specimens to con-
struct forming limit diagram by stretching
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Fig. 6 Schematic diagram for proper specimens to con-
struct forming limit diagram by deep drawing
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Table 1 Mechanical properties of experimental specimens

SPCC SPRC SPCEN
Yield Stress o, (Kg;/ mm?) 16.589 20.803 15.018
Ultimate Stress o, (Kgr/mm?) 28.553 35.364 30.034
Uniform Elongation E, (%) 23.092 24.452 26.892

Maximum Elongation Enax (%)

45.818 42.534 47.064

‘Work-hardening Coefficient K(Kgr /mm?)

45.505 58.709 53.760

Work-hardening Exponent n

0.1840 0.2113 0.2520

Lankford Value r

2.1669 1.8895 2.0186
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Fig. 7 Deformed shapes by stretching: (a)Width= 20mm; (b)Width= 40mm; (c)Width=60mm; (d)Width=80mm;
Width=100mm; (f)~(i) Width=200mm
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Fig. 8 Deformed shapes by deep drawing: (a)Width= 20mm; (b)Width=40mm; (c)Width=60mm; (d)Width=80mm; (e)
Width=100mm; (f) Width=185mm; (g)Width=195mm;(h)Width=185mm; (i))Width=215mm;(j)Width=245mm
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