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Test Production of Ultrafine-grained Steel Plate Using Large-scale Forging Press

Tadanobu INOUE, Tomoyuki OCHIAIL, Fuxing YIN and Kotobu NAGAL

Synopsis : A novel straining process characterized by multidirectional deformation was proposed to fabricate large scale, ultrafine-grained (UFG) steel

for a thick plate. To impose a large strain into the whole area of material, free forging technology was applied. The principles of grain refine-

ment in basic experiments using small-scale samples were directly applied to test production of large-scale samples. Three-dimensional finite

element simulation (FE simulation) was utilized in developing the new process from the viewpoints of the prediction of press load, mi-

crostructure, and plate shape. The proposed UFG process was tried using a practical manufacturing press having maximum press load of

3500 ton. The microstructure and hardness of the plate were made as predicted. As a result, it is possible to fabricate UFG steel plates with

25 mm or more thickness by free forging at warm working temperatures.
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Fig. 1. Concept of present work.
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(a) Schematic drawing of anvil compression test
and (b) optical micrograph (the right hand) and
contour of equivalent strain (the left hand) after
75% compression at 1023K and strain rate of 1/s.
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maximum press force predicted.
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Table 1. Experimental data of the forging process shown

in Fig. 8.
after/ after/ after/

before| Iststep |before| 2ndstep |before| 3rdstep |before| 4thstep | after
Reduction (%) 60 57 44 54
Movement of
workpiece in x- 100 165 61
direction (mm)
(Number of 7 7 17 20
passes/step
Average strain 0.12 011 012 0.14
rate/pass (/s) ) ) ) )
Measured
temperature on 1 ¢ 835 821 m 700
surface of
workpiece (K)
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(a), and (c—g) optical microstructures at some sites.
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Fig. 10. Orientation imaging maps along compressive direction, CD, and inverse pole figures in CD and FD with EBSP analysis.
Grain boundaries with misorientation 8=15° are indicated by black bold lines and sub grain boundaries with 5°=0<15°
are black thin lines. Here, d,, denotes average grain size.
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