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Manufacturing Technology for Alloy718 Seamless-Tubing Utilizing CAE Techniques
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Table 1 Simulation condition of hot extrusion
Software Simufact™ Forming v2024.4
Model 2D plane axis symmetry
Mesh Quadrilateral
Alloy Alloy718
Billet geometry ¢150 x 500 mm
Friction coefficient Identified experimentally
Convective heat transfer coefficient 50 W/(m? * K)

Initial number of elements 16805
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Fig. 2 Relation between representative temperature of billet before and after hot extrusion.
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Fig. 3 Calculated extrusion load.
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Fig. 4 Contour maps of (a) equivalent strain and (b) Temperature
during hot extrusion.
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Table 2 Experimental condition of compression test.
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Specimen ~ Reduction Intermediate  Strain rate Dwelling time Cooling
Test temperature )
geometry (%) layer sh medium
@8 X 12 mm Compression: 1000 °C
] 70 Mica 30 ) 0,30,60s Nz gas
(Cylinder) Dwelling: 1050, 1100°C
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Table 3 Constants used in the dynamic recrystallization model.'*'?
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(a) Equivalent strain (c) Comparison of grain size
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Fig. 5 Contour maps of (a) equivalent strain, (b) grain size and (c)comparison between experimental
and calculated grain size after compression test.

EExp. OCalc.

Grain Size (um)
) - N (= ~
(=} (=} (=} (=} (=}

Point I Point II Point III

10074572

Fig. 6 Comparison between experimental results and calculated distribution of
dynamic recrystallized fraction.
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Fig. 7 Comparison of experimental and calculated grain sizes
after compression and dwelling at 1000 and 1050 C .
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Fig. 8 Brief manufacturing process of seamless tube of Alloy718

Table 4 Chemical composition of Alloy718 (mass%)

C Si Mn Ni
0.04 0.07 0.04 53.04

Cr

19.11

Mo Ti Al Nb Fe
2.9 0.63 0.94 52 Bal.
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Fig. 9 Appearance of seamless tube after hot
extrusion.
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Inner Center Outer

Fig. 10 Comparison of measured and calculated grain sizes at the inner,

center, and outer regions of prototyped tube after hot extrusion.

Table 5 Grain size, hardness and tensile properties at room temperature of final product in seamless tube.
The values in parentheses indicate the ranges specified by the relevant standard.

. o Hardness 0.2% proof stress Tensile strength Elongation
Condition Grain size
HV MPa MPa %
As-solid solution treated ~ 6.7~7.5(=3) 200 418(<586) 873(<1000) 53 (=30)
Aging treated - 451(=344) 1200 (=1000) 1480 (=1172) 48 (=15)

Fig. 11 Cross-sectional optical micrograph of final product in
Alloy718 seamless tube.
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