Form Approved
REPORT DOCUMENTATION PAGE OM8 No. 0704-0188

The pubiic reporting burden tor thie collection of intormetion is estimated to average 1 hour per response, including the time for raviewing instructions, eeerching existing dete sources,
gathering and meintaining the date naadad, and compieting end reviewing the coil of i Send ns roqerdlng this burden eetimete or eny other aspect of this collection
of informetion, inciuding suggestions for reducing the burden, to Department of Defense, Washington Heedquerters Servicee, Directorets for Information Operatione end Reporte
{0704-0188)}, 1215 Jefferson Davis Highway, Suite 1204, Ariington, VA 22202-4302. Respondents shouid be awere that notwithstending sny other provision of iaw, no person shall be
subject to any peneity for feiiing to comply with a coliection of informetion if it does not displey ¢ currently vaiid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) [|2. REPORT TYPE 3. DATES COVERED (From - To)
| November 2012 Final 15 Jan 2010 - 30 Jun 2012
4. TITLE AND SUBTITLE 6a. CONTRACT NUMBER

Wideband Sonar Arrays for UUV and Weapon System Applications

5b. GRANT NUMBER
N00014-10-1-0493
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 6d. PROJECT NUMBER

Stephen C. Thompson 16422
Ge. TASK NUMBER

6f. WORK UNIT NUMBER

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

. REPORT NUMBER
Applied Research Laboratory
The Pennsylvania State University

P.O. Box 30

State College, PA 16804

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

Maria G. Medeiros ONR

Office of Naval Research

875 North Randolph Street 11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

Arlington, VA 22203-1995

12. DISTRIBUTION/AVAILABILITY STATEMENT

2021107003

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Wideband sonar transducers find many applications in underwater vehicles. Two methods can be used to design wideband acoustic
transducers. The multiply resonant transducer concept has found very limited operational application. Also, new piezoelectric
materials have been developed that have very high electromechanical coupling coefficient and provide wider bandwidth. However,
no study to date has compared these two design methods for performance and cost differences, and none has investigated the possible
additional benefits of combining the two methods in a single transducer element for greater benefit than is available from either
separately. That is the objective of the present study.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 7. UMITATION OF |18, NUMBER [19a. NAME OF RESPONSIBLE PERSON
a. REPORT | b. ABSTRACT | c. THIS PAGE ABSTRACT °;GE s [Stephen C. Thompson
U ] U uu & 3 19b. TELEPHONE NUMBER (/nclude area code)
814-865-0190

Standard Form 298 (Rev. 8/98)
Prescribed by ANSt Std. 239.18




(» i E ¢~ DEFENSE TECHNICAL INFORMATION CENTER

O WGALN TOF Che VEITASL LOMIAALY

DTIC® has determined on _g_/ Z ;2 /AZ that this Technical Document has the
Distribution Statement checked below. The current distribution for this document can be
found in the DTIC® Technical Report Database.

m DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.

D © COPYRIGHTED. U.S. Government or Federal Rights License. All other rights and
uses except those permitted by copyright law are reserved by the copyright owner.

I:I DISTRIBUTION STATEMENT B. Distribution authorized to U.S. Government agencies
only (fill in reason) (date of determination). Other requests for this document shall be
referred to (insert controlling DoD office).

[ ] DISTRIBUTION STATEMENT C. Distribution authorized to U.S. Government Agencies
and their contractors (fill in reason) (date determination). Other requests for this document
shall be referred to (insert controlling DoD office).

|:| DISTRIBUTION STATEMENT D. Distribution authorized to the Department of Defense
and U.S. DoD contractors only (fill in reason) (date of determination). Other requests shall
be referred to (insert controlling DoD office).

|:| DISTRIBUTION STATEMENT E. Distribution authorized to DoD Components only (fill
in reason) (date of determination). Other requests shall be referred to (insert controlling
DoD office).

D DISTRIBUTION STATEMENT F. Further dissemination only as directed by (insert
controlling DoD office) (date of determination) or higher DoD authority.

Distribution Statement F is also used when a document does not contain a distribution
statement and no distribution statement can be determined.

D DISTRIBUTION STATEMENT X. Distribution authorized to U.S. Government Agencies
and private individuals or enterprises eligible to obtain export-controlled technical data in
accordance with DoDD 5230.25; (date of determination). DoD Controlling Office is (insert
controlling DoD office).




Report Information

Name: STEPHEN THOMPSON
Organization: THE PENNSYLVANIA STATE UNIVERSITY APPLIED RESEARCH LABORATORY

Email: steve.thompson@psu.edu

Contract Information

Contract Number: N000141010493

Contract Title: Wideband Sonar Arrays for UUV and Weapon System Applications
Program Officer: Maria Medeiros

CO-PI Information:

e None

Abstract

Wideband sonar transducers find many applications in underwater vehicles. Two methods can be used to
design wideband acoustic transducers. The multiply resonant transducer concept has found very limited
operational application. Also, new piezoelectric materials have been developed that have very high
electromechanical coupling coefficient and provide wider bandwidth. However, no study to date has compared
these two design methods for performance and cost differences, and none has investigated the possible
additional benefits of combining the two methods in a single transducer element for greater benefit than is
available from either separately. That is the objective of the present study.
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Progress Statement

Activity at the beginning of the Fiscal Year was delayed by the late delivery of the single crystal piezoelectrc
parts for the transducers. Delivery of the piezoelectric rings was promised in August 2011, but did not actually
occur until late November. In the early months of 2012, Mr. Wilson built a single transducer element of his
design to verify the assembly processes and procedures. Electrical bench tests of this element showed good
performance throughout the frequency region of the two resonances and indicated that the modeled
predictions should be obtained in water.

When a second element was built, its alumina (ceramic) headmass broke when the element was prestressed.
Further element build was put on hold until the reason for this failure was identified. A more careful finite
element analysis of the element under prestress identified that the static stress in the head near the stress bolt
was high enough to cause concern in high power testing. It is likely that this relatively high stress in
combination with a minor defect in the head caused the failure, as the first assembled transducer does not
exhibit this failure.

Further assembly of the remaining elements, leading to acoustical testing in the ARL Acoustic Test Facility
would have followed. At that time, however, Mr. Wilson encountered health problems that interfered with his
ability to complete the work as scheduled. Project funds were exhausted in June 2012, and while Mr. Wilson did
some work through the summer he has not been able to complete his degree. The Graduate Program in
Acoustics and his thesis advisors would be happy to assist Mr. Wilson if he is able to return and complete his
degree.
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University, May 8-10 2012.
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