
AFRL-ML-WP-TP-2006-484 
 
THE EFFECT OF STRAIN-PATH 
REVERSAL ON CAVITATION DURING 
HOT TORSION OF Ti-6A1-4V 
(PREPRINT) 
 
P.D. Nicolaou  
S.L. Semiatin 
 
 
 
 
 
 
SEPTEMBER 2006 
 
 
 

 
Approved for public release; distribution is unlimited.  

 
STINFO COPY 

 
This work has been submitted to ASM International for publication in Metallurgical and 
Materials Transactions. One or more of the authors is a U.S. Government employee 
working within the scope of their Government job; therefore, the U.S. Government is joint 
owner of the work. If published, ASM International may assert copyright. The Government 
has the right to copy, distribute, and use the work. All other rights are reserved by the 
copyright owner.  
 
 
 
MATERIALS AND MANUFACTURING DIRECTORATE  
AIR FORCE RESEARCH LABORATORY 
AIR FORCE MATERIEL COMMAND 
WRIGHT-PATTERSON AIR FORCE BASE, OH 45433-7750 



i 

REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of 
information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson 
Davis Highway, Suite 1204, Arlington, VA 22202-4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a 
collection of information if it does not display a currently valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1.  REPORT DATE  (DD-MM-YY) 2.  REPORT TYPE 3.  DATES COVERED (From - To) 

September 2006 Journal Article Preprint  N/A 
5a.  CONTRACT NUMBER 

In-house 
5b.  GRANT NUMBER 

4.  TITLE AND SUBTITLE 

THE EFFECT OF STRAIN-PATH REVERSAL ON CAVITATION DURING HOT 
TORSION OF Ti-6A1-4V (PREPRINT) 

5c.  PROGRAM ELEMENT NUMBER 
62102F 

5d.  PROJECT NUMBER 

4347 
5e.  TASK NUMBER 

25 

6.  AUTHOR(S) 

P.D. Nicolaou (UES, Inc.) 
S.L. Semiatin (AFRL/MLLMP) 
 

5f.  WORK UNIT NUMBER 

  02 
7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8.  PERFORMING ORGANIZATION 
UES, Inc. 
4401 Dayton-Xenia Rd. 
Dayton, OH 45432-1894 

Processing Section, Metals Branch (AFRL/MLLMP) 
Metals, Ceramics, and Nondestructive Evaluation Division 
Materials and Manufacturing Directorate 
Air Force Research Laboratory, Air Force Materiel Command 
Wright-Patterson Air Force Base, OH  45433-7750 

     REPORT NUMBER 
 AFRL-ML-WP-TP-2006-484 

9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10.  SPONSORING/MONITORING 
AGENCY ACRONYM(S) 

AFRL-ML-WP 
Materials and Manufacturing Directorate 
Air Force Research Laboratory  
Air Force Materiel Command 
Wright-Patterson AFB, OH 45433-7750 

11.  SPONSORING/MONITORING 
AGENCY REPORT NUMBER(S) 

   AFRL-ML-WP-TP-2006-484 
12.  DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 
13.  SUPPLEMENTARY NOTES 

This work has been submitted to ASM International for publication in Metallurgical and Materials Transactions. One or 
more of the authors is a U.S. Government employee working within the scope of their Government job; therefore, the 
U.S. Government is joint owner of the work. If published, ASM International may assert copyright. The Government has 
the right to copy, distribute, and use the work. All other rights are reserved by the copyright owner. 
PAO Case Number: AFRL/WS 06-0867, 06 Apr 2006. 

14.  ABSTRACT 
The effect of strain-path reversal on cavitation behavior during the hot torsion testing of an alpha/beta titanium alloy, 
Ti6AI-4V, with a colony-alpha microstructure was established. Optical microscopy was used to measure cavitation 
parameters such as cavity size, density, and area fraction. It was observed that when the torsion direction is reversed, the 
cavitation process is reversed as well; i.e., cavity shrinkage takes place. The experimental observations were interpreted 
in the context of previous models developed for the densification of porous bodies. For this purpose, the models were 
modified to treat the effect of colony orientation on the local stress state and the accommodation of the externally-
imposed strain, both of which affect the rate of densification/cavity shrinkage. A modified version of the AFRL PM-
consolidation model was shown to provide reasonable estimates of the shrinkage kinetics. An alternate description of 
cavity shrinkage during reversed torsion, analogous to prior descriptions of cavity growth, was also developed. It was 
concluded that the absolute magnitude of the cavity shrinkage rate is smaller than its counterpart during growth because 
the local stress ratio is lower during reversed straining compared to that during forward straining. 

15.  SUBJECT TERMS      cavitation, reversed torsion, cavity shrinkage, strain-path effects, titanium alloys 
16.  SECURITY CLASSIFICATION OF: 19a.  NAME OF RESPONSIBLE PERSON (Monitor) 
a.  REPORT 
Unclassified 

b. ABSTRACT 
Unclassified 

c. THIS PAGE 
Unclassified 

17. LIMITATION  
OF ABSTRACT:

SAR 

18.  NUMBER 
OF PAGES 

    42 
         David W. Mahaffey 
19b.  TELEPHONE NUMBER (Include Area Code) 

N/A 
 Standard Form 298 (Rev. 8-98)   

Prescribed by ANSI Std. Z39-18 



RoushRV
Text Box
PREPRINT











































22



23



24



25



26



27



28



29



30



31



32



33



34



35



36




