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2 - Vertex
3 - Commercial Quality (CQ)
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Fig. 1. The process of calculation and judgment
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2 - Dual Phase (DP)
3 - Firth Vickers martensitic stainless steel (FV)
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1 - Transformation Induced Plasticity Steel (TRIP)
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Fig. 2. The Vertex model with the localized necking band.
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Table 1. The mechanical and constants values properties of St 13 and St14 steel sheets [2, 33, 34].
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Fig. 3. Different specimen geometry of the hemispherical dome stretching test
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1 - American Society for Testing and Materials (ASTM)
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Fig. 4. The Nakazima test simulated model in ABAQUS application and side view of sheet (a quarter of the specimen).
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Fig. 5. Error diagram between experimental and numer-
ical results based on mesh sensitivity.
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1 - Rigid-Dimension (R3D4)
2 - Cubic-Dimension-Reduced integration (C3D8R)
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Fig. 6. The contours of the damage value in loading velocity. a) 100 mm/s b) 1 mm/s
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Fig. 8. The set up for profile projector and maximized
image.
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Fig. 7. The out of plane Nakazima test setup.
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Fig. 9. The deformed sample for sheets with strain rate 0.1 1/s.
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Fig. 11. Comparison of the presented results of this
theory with the experimental results for the St 14 at dif-
ferent strain rates a) 0.001 1/s b) 0.01 1/s ¢) 0.1 1/s

W59 Gl oudilyl Jowo g Gblf.&aln)i o b6 duy Lo L)) JSCs
[N SV (@ +f+0) 8V (W sl i ) &5 30 1F 00, 35 ool g gd
sV (z

I

0.45 | |

L 0.4 1

GnLi.‘.iLaﬂ
d_‘,l..]u

035 3
0.25 T

0.2
0.2

&

0:15

0.1
0.05
=0.05 0 0,05 0.1 0.15 0.2
)

42 015 -01

(&

Fig. 10. Comparison of the presented results of this
theory with the experimental results for the St 13 at dif-
ferent strain rates a) 0.001 1/s b) 0.01 1/s ¢) 0.1 1/s
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Fig.12. Forming limit diagram of St13 in various strain rates and their com[;arison.
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Table 3. The value of major strain in plain strain state at
different strain rates for St 14.

>y i LS E 55 )0 SHi ol (WS polie Y Jgu
W oooy SyS oolw s0Y g3 @yg 8l lamio i

Table 2. The value of major strain in plain strain state at
different strain rates for St 13.
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