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Analysis of Flange Wrinkle in Square-shell Deep Drawing of Anisotropic Sheet

Tetsuro OBWUE, Koji HasHIMOTO, Yukihisa KURTYAMA and Kohsaku USHIODA

Synopsis

: An FEM simulation utilizing a dynamic explicit code was conducted to investigate the flange wrinkle behavior of square shell deep drawing

of anisotropic steel sheets. In the FEM simulation, anisotropy of the r-value is taken account of by using the Barlat-Lian *89 equation. The

yield locus diagram and the influence of anisotropy were investigated by changing the combination of the Ry, R,s and Ry, value. One quarter

portion of the 75 mm square punch and 80 mm square die was used in the simulation and frictional coefficient =0 (Teflon lubricant condi-

tion) was adopted. As a result, the greater the m-value of the yield locus, the greater the yield stress (YS) and the greater the ACL value

(Rgy—Ryo)/R,,. become, the bigger the flange wrinkle.
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Table 1. Dimension of punch and die set.

Size 75mm square
Punch Shoulder radius {5mm

Corner radius __ [8mm

Size 80mm square
Die Shoulder radius |5mm

Corner radius_ |10.5mm
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Table 2. Mechanical properties of material.

Symbol {Thickness |YS Parameters of equation (1) r~value
{mm) (Mpa) K €, n R [Ris  |Reo [R," [AR? | AcL®
A 0.8 123 480| 0.008f 0.277 2.2 2l 2.1 2.2 045]| 0.23
B 0.8 123 480 0.008] 0.277 2 2 2 2 0 0
C 0.8 123 480] 0.008 0.277 1.5 2| 25 2 0l 0.5
D 0.8 123 480( 0.008] 0.277{ 1.25 2| 275 2 0 1
E 0.8 123 480( 0.008| 0.277 1 2 3 2 0 1
F 0.8 246 960] 0.008] 0.277 2.2 2 2.7 22| 045] 0.23
*TR,ve = (Ryo + Ryg + 2%Ry5)/4 *ZAR=(Ryg+ Ry /2 -Rg5  ° ACL = (Ryg - Reo)/R
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Fig. 1. Relationship between plastic strain (g,) and true
stress (0).
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Fig. 2. Effect of m-value on yield locus of Material A.
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Fig. 3. Yield locus in case of m=2 by changing R, Ry,
Ry, value.
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Fig. 4. Influence of m-value of Barlat-Lian *89 on flange
wrinkle in case of BHF=29.4kN (blank holding

force) at Material A.

(c) BHF = 49 kN

(a) BHF=19.6 kN (b) BHF=29.4 kN

Fig. 5. Influence of blank holding force (BHF) on flange

wrinkle (upper side experiment, lower side simula-
tion).
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Material BHF = 29.4 kN BHF = 49 kN

Material A
(YS =123 Mpa)

Material F
(YS = 246 Mpa)

Fig. 6. Influence of yield stress (Y'S) on flange wrinkle.
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Fig. 7. Influence of ACL value in case of blank holding
force (BHF)=24.5kN at forming height /=63 mm.
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Fig. 8. Schematic illustration of deforming direction of
Material A in case of m=2.
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Fig. 9. Schematic illustration of deforming direction of
Material A in case of m=8.
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Fig. 10. Shear stress distribution in case of BHF=49 kN at
forming height 2=70 mm.
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Fig. 11. Measuring method of deviation angle 6 of flange
corner by changing ACL value at blank holding
force (BHF) 49 kN.
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Fig. 12. Relationship between ACL and deviation angle 6.
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Fig. 13. Equivalent plastic strain distribution in case of
BHF=49 kN at forming height 2=7 mm.
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Fig. 14. Photograph of formed square shell of titanium
sheet (Ry,=1.6, R;5=3.2, Ryy=7.0).
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