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Forming Limit Diagrams of Zinc and Zinc Alloy Coated Steel Sheets
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Seoul National University, Seoul 151-742.
*Dept. of Materials Science and Engineering,
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Abstract Forming limit diagrams for three different galvanized deep drawing
quality steel sheets have been measured by hemispherical punch stretching. The
experimental forming limit diagrams have been compared with results calculated
using the shear instability criterion and the M-K model which takes into account a
strain gradient effect resulting from bending (curvature) of a flat sheet by punch
stretching. The measured data were in good agreement with the results calculated
using exponent M value of 8 in Hosford's yield criterion for the M-K model and M
= 6 for the shear instability model.
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Table 1. Tensile properties of galvanized deep drawing quality steel sheets.

Sheet& - -
- Sheet |Angle to} Yield Tensile
Co‘iinUng thickness | R. D. | Strength | Strength ($) (3) n m R
(/) (mm) | (Degree)| (MPa) | (MPa) © ©
0 151.0 2727 249 | 512 0247 | 00177 | 1.75
A Z7n 08 45 160.3 2729 271 | 524 1023900200 ] 1.26
(20.0) ’ 90 1558 2721 244 | 487 10223100217 | 1.93
X 156.9 272.7 259 | 512 | 0237 1 00199 | 155
0 1708 3035 242 | 483 1023900171 | 166
B:Zn-Ni 0.81 45 1824 309.9 236 | 488 |0.236 | 00155 | 1.42
(32.5) ’ 90 1723 300.8 248 | 511 |0.242 00177 | 1.97
X 1770 306.0 239 | 493 0238 00165 | 162
0 156.6 282.4 250 | 505 |0.238 ] 0.0181 | 2.05
C:Zn-Fe 071 45 1772 2979 241 | 483 [10.226 | 0.0181 | 1.98
(38.5) ‘ %0 167.7 284.9 24.1 | 488 |0.231 | 0.0198 | 1.94
X 169.7 290.8 243 | 490 |0.230{ 0.0185 | 1.99

ey and e, : Engineering uniform elongation and total elongation

R. D. : Rolling direction ;

n : Strain hardening exponent ;
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Fig. 3. FLD for galvanized steel sheet A.

(= -) : Calculated by the M~K method.

(---) : Calculated by the shear

instability criterion.

R : Plastic strain ratio ;

X : Average value
m © Strain rate sensitivity
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Fig. 4 FLD for galvanized steel sheet B.
(- -) : Calculated by the M-K method.
(---) : Calculated by the shear

instability criterion.
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Fig. 5. FLD for galvanized steel sheet C.

(- =) : Calculated by the M-K method.
{—) : Calculated by the shear

instability criterion.
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Fig. 6. The yield loci in the lst quadrant
(61, 0, >0) of planar isotropic Hosford's
yield function for M=6, 8.

Fig. 7. Effect of sheet thickness(to) on FLCs.
FLCs measured and calculated by setting

=0.8, 2.0mm in Eq(10).
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