
Author’s Accepted Manuscript

An approach for room-temperature multi-
directional forging of pure titanium for
strengthening

H. Miura, M. Kobayashi, T. Aoba, T.
Benjanarasuth, H. Aoyama

PII: S0921-5093(18)30854-2
DOI: https://doi.org/10.1016/j.msea.2018.06.060
Reference: MSA36615

To appear in: Materials Science & Engineering A

Received date: 27 April 2018
Revised date: 8 June 2018
Accepted date: 14 June 2018

Cite this article as: H. Miura, M. Kobayashi, T. Aoba, T. Benjanarasuth and H.
Aoyama, An approach for room-temperature multi-directional forging of pure
titanium for strengthening, Materials Science & Engineering A,
https://doi.org/10.1016/j.msea.2018.06.060

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/msea

http://www.elsevier.com/locate/msea
https://doi.org/10.1016/j.msea.2018.06.060
https://doi.org/10.1016/j.msea.2018.06.060


 

 1 

An approach for room-temperature multi-directional forging of pure 

titanium for strengthening  

H. Miura 
1*

, M. Kobayashi 
1
, T. Aoba 

1
, T. Benjanarasuth 

2
, H. Aoyama 

3
 

1
 Department of Mechanical Engineering, Toyohashi University of Technology, Toyohashi, Aichi, 

441-8580, Japan  

2
 Faculty of Engineering, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520, 

Thailand 

3 Department of Mechanical Engineering and Intelligent Systems, The University of 

Electro-Communications, Tokyo, 182-8585, Japan  

*miura@me.tut.ac.jp 

 

Abstract Commercially pure Ti grade 2 was multi-directionally forged (MDFed) at room temperature. 

MDFing could be successfully carried out without any cracking to a cumulative strain of  =2.0. 

Ultrafine-grained (UFGed) structure gradually developed with increasing cumulative strain mainly by 

mechanical twinning and kinking. An average grain size of approximately 400 nm was attained. The 

mechanical properties were drastically modified by the grain refinement and a superior balance of 

tensile strength and ductility, 710 MPa and 21%, was achieved. Additional cold rolling of the UFGed Ti 

possessed further better mechanical properties of 930 MPa tensile strength and 19 % ductility.  
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