
 
 

AFRL-RX-WP-JA-2016-0328 
 
 

 
EFFECT OF IRREGULARITY IN SHAPE AND 
BOUNDARY OF A MACRO-TEXTURE REGION IN 
TITANIUM  (POSTPRINT) 

 
 
James L. Blackshire and Shaun L. Freed 
 
AFRL/RX 
 
 
Jeong K. Na 
 
Wyle 
 
 
 
 
 

15 October 2015 
Interim Report 
 

 
Distribution Statement A. 

Approved for public release: distribution unlimited. 
 

© 2016 AIP PUBLISHING LLC 
 

(STINFO COPY) 
 

AIR FORCE RESEARCH LABORATORY 
MATERIALS AND MANUFACTURING DIRECTORATE 

WRIGHT-PATTERSON AIR FORCE BASE, OH  45433-7750 
AIR FORCE MATERIEL COMMAND 

UNITED STATES AIR FORCE



 
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, 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) 
15 October 2015 Interim 2 October 2014 – 15 September 2015 

4.  TITLE AND SUBTITLE 

EFFECT OF IRREGULARITY IN SHAPE AND BOUNDARY 
OF A MACRO-TEXTURE REGION IN TITANIUM  
(POSTPRINT) 

5a.  CONTRACT NUMBER 
FA8650-10-D-5210-0036 

5b.  GRANT NUMBER  

5c.  PROGRAM ELEMENT NUMBER 
62102F 

6.  AUTHOR(S) 

1) James L. Blackshire and  
    Shaun L. Freed –  
    AFRL/RX 

2) Jeong K. Na –  
    Wyle 

 

5d.  PROJECT NUMBER 
4347 

5e.  TASK NUMBER   0036 
5f.  WORK UNIT NUMBER 

X0XS 
7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8.  PERFORMING ORGANIZATION REPORT NUMBER 

1) AFRL/RX 
    Wright-Patterson Air Force Base, 
    OH 45433 

2) Wyle, Aerospace Group 
    2700 Indian Ripple Road  
    Dayton, OH 45440 

 

 

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

Air Force Research Laboratory 
Materials and Manufacturing Directorate 
Wright-Patterson Air Force Base, OH  45433-7750 
Air Force Materiel Command 
United States Air Force 

AFRL/RXCA 
11.  SPONSORING/MONITORING AGENCY 
       REPORT NUMBER(S) 

AFRL-RX-WP-JA-2016-0328 

12.  DISTRIBUTION/AVAILABILITY STATEMENT 
Distribution Statement A.  Approved for public release: distribution unlimited. 

13.  SUPPLEMENTARY NOTES 
PA Case Number: 88ABW-2015-4984; Clearance Date: 15 Oct 2015.  This document contains color.  Journal article published 
in AIP Conference Proceeding, Vol. 1706, 10 Feb 2016.  © 2016 AIP Publishing LLC.  The U.S. Government is joint author of 
the work and has the right to use, modify, reproduce, release, perform, display, or disclose the work.  
The final publication is available at http://dx.doi.org/10.1063/1.4940500 

14.  ABSTRACT (Maximum 200 words) 
Peak amplitudes of mode converted shear wave signals back scattered from macro-texture regions (MTRs) in an aerospace 
grade titanium alloy material are measured to be about the same level as corner trapped shear wave signals. In addition to the 
abnormally high shear wave responses, the time of flight data indicates that the MTR signals are back scattered from a location 
deep in the sample so that the round trip travel time is close to that of corner trapped signals. In this work, these two ultrasonic 
properties of an MTR in a test specimen cut from a titanium jet engine disk are closely studied to understand the root cause of 
abnormally high shear wave responses. Based on the amplitude and time of flight data collected in a laboratory condition, a 
decision has been made to investigate further experimentally and computationally how surface irregularity of an acoustically 
reflective surface affects incoming shear waves upon reflection. Attempts are made to correlate the localized back scattered 
signal response of the MTR in the test specimen to the beam focusing effect of a non-planar surface of an acoustically 
impedance mismatched boundary layer such as a fatigue crack face.  

15.  SUBJECT TERMS  
Titanium; Time of flight mass spectrometry; Mechanical waves; Acoustical effects; Surface acoustic waves 

16.  SECURITY CLASSIFICATION OF: 17. LIMITATION  
OF ABSTRACT: 

SAR 

18.  NUMBER 
OF PAGES 

11 

19a.  NAME OF RESPONSIBLE PERSON (Monitor) 
a.  REPORT 
Unclassified 

b. ABSTRACT 
Unclassified 

c. THIS PAGE 
Unclassified 

       James Blackshire 
19b.  TELEPHONE NUMBER (Include Area Code) 

(937) 255-0198 
 
 

Standard Form 298 (Rev. 8-98)         
Prescribed by ANSI Std. Z39-18 

 



Air Force Research Lab (AFRL/RXCA), Wright-Patterson AFB, OH 45433 
Wyle, Aerospace Group, 2700 Indian Ripple Road, Dayton, OH 45440 

42nd Annual Review of Progress in Quantitative Nondestructive Evaluation
AIP Conf. Proc. 1706, 050001-1–050001-9; doi: 10.1063/1.4940500

© 2016 AIP Publishing LLC 978-0-7354-1353-5/$30.00

050001-1
1 

Distribution A. Approved for public release (PA): distribution unlimited.



A

35 mm

-15

-10

-5

0

5

10

15

30 32 34 36 38 40

Time (usec)

Top Edge Scatter

MTR

Corner Trap

050001-2
2 

Distribution A. Approved for public release (PA): distribution unlimited.



Water

Test Material
RR

Area of
Surface

Interested

.

Focused
Probe

050001-3
3 

Distribution A. Approved for public release (PA): distribution unlimited.



050001-4
4 

Distribution A. Approved for public release (PA): distribution unlimited.



050001-5
5 

Distribution A. Approved for public release (PA): distribution unlimited.



6

4

2

0

-2

-4

-6
2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

Time ( sec)

4

2

0

-2

-4

-6
6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0

Time ( sec)

6

050001-6
6 

Distribution A. Approved for public release (PA): distribution unlimited.



6

4

2

0

-2

-4

-6
2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0

Time ( sec)

4

2

0

-2

-4

-6
6.0 6.1 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0

Time ( sec)

6

050001-7
7 

Distribution A. Approved for public release (PA): distribution unlimited.



050001-8
8 

Distribution A. Approved for public release (PA): distribution unlimited.

http://dx.doi.org/10.1121/1.1916504
http://dx.doi.org/10.1063/1.1697900


050001-9
9 

Distribution A. Approved for public release (PA): distribution unlimited.

http://dx.doi.org/10.1063/1.1713671
http://dx.doi.org/10.1121/1.1909399
http://dx.doi.org/10.1063/1.1703119
http://dx.doi.org/10.1121/1.390577
http://dx.doi.org/10.1016/j.matchar.2012.09.011
http://dx.doi.org/10.1007/s11661-011-0619-x
http://dx.doi.org/10.1007/s11661-011-0619-x
http://dx.doi.org/10.1007/s11661-014-2367-1

	AFRL-RX-WP-JA-2016-0328



