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Development of Strengthening and Functionally Grading Techniques

Using Deformation-Induced VC Precipitation

Naoki Umemori, Masanao Fujiwara, Yasushi Matsumura, and Makoto Hobo

Synopsis

Recently controlled forging technology has been paid attention to as a process which is able to unite strength and machining

of parts. In this study, strengthening and functionally grading techniques for hot forging were investigated supposing con rod’s

forging process. Therefore the influence of the forging condition on the proof strength was investigated using high V added steel.

The results obtained are as follows:

(1) The 0.2 % proof stress was improved by forging at low temperature of 853 K before ferrite transformation.
(2) The amount of fine VC sized about 3 nm was increased by forging at low temperature before ferrite transformation.

Obtaining both strengthening and good machinability of parts can be possible by forging at low temperature partially and at

higher temperature in the other parts.
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Fig.1. New controlled forging process under development.
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Table 2. Calculated results of average particle diameter of VC, Average particle spacing of

VC, precipition strengthening in pro-eutectoid ferrite.

Pro-eutectoid ferrite

Forging Reduction Average Average Precipitation
temperature in height particle particle strengthening
/K /% diameter spacing (calculated)

/nm /nm /MPa

853 0 3.8 16.6 624

853 10 3.5 13.3 764

1023 10 4.5 20.7 531
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