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Anisotropy and Constitutive Modeling of Thin Pure Molybdenum Sheet at
Room to Medium Temperature
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ABSTRACT: The work aims to study the plastic anisotropy and constitutive relation of the cross-rolled pure molybdenum sheet
at room to medium temperature. Tensile tests were carried out to the pure molybdenum sheet at different temperature and load-
ing directions. Based on the anisotropy and Hu2003 yield criterion, a yield criterion considering the effect of temperature and
strain was developed by identifying the parameters with modified Johnson-Cook model. It was found that the pure molybdenum
sheet had moderate in-plane anisotropy and sound normal anisotropy. The in-plane anisotropy decreased with the increasing
temperature, while the normal anisotropy was not sensitive to temperature. Hu2003 yield criterion with temperature variable was
more accurate to describe the yield surface at different temperature. The reduction rate of yield surface was larger at room tem-
perature and 100 °C. When the temperature was higher than 300 °C, the reduction rate of yield surface decreased and tended to
be stable, and the shape of yield surface did not undergo obvious distortion. The yield surface did not show obvious distortion
strengthening phenomenon with the increase of strain. The research on anisotropy and constitutive relation of molybdenum sheet
can guide the stamping of molybdenum components.
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Fig.2 Stress-strain curves at different temperature
1
Tab.1 Mechanical properties of the pure molybdenum sheet in different directions
/°C /MPa 1%
RD 397.76 47.92 0.150 0.1641
25 45° 343.27 14.95 0.169 0.6046
TD 428.42 10.79 0.151 0.2311
RD 246.48 57.15 0.187 0.1340
100 45° 229.27 57.32 0.209 0.4173
TD 274.94 33.59 0.184 0.1725
RD 72.00 49.25 0.296 0.1148
300 45° 77.98 68.73 0.315 0.3670
TD 79.18 39.69 0.286 0.1317
RD 62.08 58.31 0.296 0.1189
500 45° 76.25 65.60 0.275 0.3634
TD 70.01 44.14 0.265 0.1046
45° TD
RD Hu
500 °C 2003 [
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Fig.4 Variation of yield stress with loading angle
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103 ¢! 5 Tab.2 Material parameters under tension
in four directions
RD 45° TD 4
3 RD 45° TD
BT 4T 1 d T A 397.8 343.27 428.42 366.63
m=a C
e ! ! n 0.6366 0.5140 0.4931 0.4990
Oy, — O,
B(I")=-b——02 (5) c 0 0 0 0
gn
b a 0.5458 0.3259 0.5471 0.4692
. f e
Oy = Oy, (1 =TT Fal 7Ty by 12,12 0.5572 11,29 8.236
& =&, (1+ BT +PRT* —RT ) e 101.7 —38.78 89.01 57.60
ar by oo dv ay by ¢ dy Py P d, -266.5 167.5 -221.9 -129.0
P, a; 0.7179 1.992 0.7907 0.4292
4 Johnson-Cook b, ~7.200 -18.23 -7.911 2.441
5 o 50.97 71.79 60.53 -38.86
d, -116.0 ~73.37 -158.5 135.3
P 127.8 —4712 ~78.89 0
Py, 45.14 109.086 81.97 0
Py 147.3 —4642 —47.42 0
P, 1.049 0.9921 0.7107 1
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Fig.5 Comparison between Johnson-Cook Model's prediction results and experimental curves for thermal
deformation of pure molybdenum sheet
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Fig.6 Yield surface at different temperature
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Fig.7 Yield surface at different plastic strain
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