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CAV Spring Workshop

The CAVOs annual
held at the Penn State Nittany Lion Inn
24i 25 April, 2018. This year the work-
shop will have a format similar to that
of previous years with the event lasting
for two full days. During each tech-
nical groupds
a few minutes to highlight special areas
of interests. As in the past, laboratory
tours will be given to familiarize at-
tendees with some CAV facilities.
Tuesday evening we will host a student
poster session and reception. This year
it will be held in The Faculty Staff Club
at The Nittany Lion Inn. The program
will bring a mix of presentations from
technical group leaders, international
liaisons, and several corporate spon-
sors. Graduate students and their advi-
sors are available for discussions con-
cerning their research. While formal
presentations are organized to allow for
the exchange of technical information,
we lengthened the allotted time for
breaks to offer ample opportunities for
informal discussions.

Student poster session held

during workshop

The student poster competition will be

held at our Tuesday evening social in
The Faculty Staff Club at The Nittany

Lion Inn, between 6 and 9 pm. Our

corporate sponsors, government guests,
and international liaisons will be asked

to cast votes for the best posters, and
we will award prizes for 1st, 2nd, and

3rd places ($200, $150, and $100).

Last year 0s
Stephen Wells, second place Saad Ah-
med and third place Phil Feurtado.

CAV seminars archived online
Remember that CAV members may
now access our previous lunchtime
seminar series online. Videos of the
presentations from Fall 2009 to present
may be viewed. This is a service to our
members only, so please contact us for
the site location.

wor

present
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The Departure of an Outstanding Leader for
k s h o thewCentes for Acoustics & Vibration...

Dr. George Lesieutre, Director of the Penn State
Center for Acoustics and Vibration (CAV), has
transitioned to a full -time position as Associate
pean of Research and Graduate Programs in
the College of Engineering. Having served as
CAV Director since 2009, this is an appropriate
time to pass the torch to Dr. Steve Hambric,
Research Professor at ARL/Penn State and
Professor of Acoustics, who will now lead the
CAV as Director. Steve, who has served as
Associate Director of the CAV since 2009, will
be assisted by Dr. Cliff Lissenden, who be-
comes the new Associate Director. CIiff is a
Professor of Engineering Science and Mechan-
ics,andhascedi rected the CAVOds
Structures Health Management technical group
with Dr. Karl Reichard since 2012.

Associate Dean of Research and Graduate Programs
College of Engineering

Since its inception, the faculty and students affiliated with the CAV have worked: (1) to
strengthen basic and applied research in related engineering areas; (2) to provide a base for
technology transfer to industry; and (3) to foster graduate education in acoustics and vibra-
tion. Since 2009, under George and Steveds |
its corporate and academic members. In this period, the CAV created new membership
tiers for both small and large companies, expanded our stable of international liaisons, and
increased the number of corporate sponsors from 12 to 20. The CAV introduced several
new technical interest groups (while sunsetting others) and promoted dynamic new group
leaders. The format of the annual spring workshop evolved to include a student poster
reception, timely panel sessions, and a oneday short course. We now also provide a
searchable thesis database as well as links to faculty research papers, and webcast technical
seminars right to the desks of our corporate members.

In his new position, George
will continue advising the
CAV as a liaison to the
Cliste
George for his many years of
dedication and service to the
CAV!
Steve and CIliff look forward
to continuing to expand the
CAVOs connect
pact with our growing list of
corporate sponsors and gov-
ernment and international
liaisons.

Director, CAV

Associate Director, CAV
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Corporate Members & International Liaisons

Corporate Members & Representatives Gulfstream - Kristopher Lynch International Liaisons and Representatives
American Acoustical Products i Emanuele Harman fi Donald Butts, Kevin Hague, and ISVR (UK) - Paul White
Bianchini Sean Olive DLR (Germany) - Lars Enghardt
Avery Dennison fi Henry Milliman ITTA Mark Downing CIRA (ltaly) - Antonio Concilio
3M Science 8Ron Gerdes Johnson Controls i R. Troy Taylor GAUS (Canada) - Alain Berry
Babcock & Wilcox fi Suzana Rufener Martin Guitar A Josh Parker INSA de Lyon ( Francefi Etienne Parizet
Bechtel Marine Propulsion Corp. i Eric Newport News Shipbuilding i Kevin Smith KAIST ( Korea)ii JeongGuin lh

Salesky (PA), Steve Dunn (NY) Pratt & Whitney fi Richard Labelle KU -Leuven (Belgium)ii Wim Desmet
Boeingfi Brent Paul Praxairfi Reh-Lin Chen Hong Kong Polytechnic University (Hong
Bosefi Ray Wakeland Textron Aviation - Gonzalo Mendoza Kong)fi Li Cheng

Bridgestone Americas i Yousof Azizi

Bristol Compressors fi David Gilliam

Corning fi William Fisher

Carrierfi Lee Tetu

EBCO#i Peijun Xu

Fisher Valves & Instruments fi Shawn Anderson

CAV Welcomes New Corporate Members

As a global leader with 40+ years of experi-
ence as a noise, vibration and harshness
QURRS NVH) soluti ider f i
DENNISON ( ) solutions provider for automotive
applications, Avery Dennison continues to
develop innovations that drive the industry.

As a global supplier of engineered elasto-
meric components, Ebco hs been serving
OEMs in the commercial vehicle, agricultur-
al, construction, turf care, defense, and pow-
er generation industries for more than 65
years.

Our resources include a wealth of knowledge on Advanced Con-
strained Layer Damping Technology, and we have the capability ~ In addition to our products, Ebco provides customers a variety
to custom design polymers in order to provide damping solutions ~ of technical services to reduce the time and costs associated
tailored to specific temperature ranges and frequencies. Our new- With moving a product from prototype to the production line,

est solutions provide opportunities for significant weight reduc-  including:
tions and are designed for ease of convertibility and better con- 1 CAD Modeling
formability. ' Virtual Analysis
Avery De rPerformancedlapes business draws on years of MBD
materials science engineering and manufacturing expertise to de- FEA
liver a wide range of specialized tapes tailored to specific industry ||  Material Testing
demands and end-user applications. DMA
TGA
Headquartered in Glendale, California, Avery Dennison Corpora- FTIR
tion employs approximately 30,000 employees in more than 50 §  Physical Testing
countries. Reported sales in 2017 were $6.6 billion. Learn more at Static
www.averydennison.com . Henr y Mi | I i man i s t h eDyngnlidnpany & s
liaison. Destructive
Life Cycle

I Material Selection and Custom Compounding
 Data Acquisition

Peijun Xu is the company06s Liaisdc

Please tell others about joining CAV and your experience.

Thank you!
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CAV Members Receive Honors and Awards

Manasi Biwalkar received the 2018 Kenneth Martin S. Lawless received the 2018 Rachel Romond received the 2018 Kenneth
T. Simowitz Memorial Citation from the Kenneth T. Simowitz Memorial Award  T. Simowitz Memorial Citation from the

Graduate Program in Acoustics. from the Graduate Program in Acous- Graduate Program in Acoustics.
tics.
Daniel C. Brown received the 2018 Kenneth Trevor Stout received the 2018 Kenneth T.
T. Simowitz Memorial Award from the Grad- Matthew T. Neal received the 2018 Simowitz Memorial Citation from the
uate Program in Acoustics. Kenneth T. Simowitz Memorial Cita- Graduate Program in Acoustics.
tion from the Graduate Program in
William J. Doebler received the 2018 Kenneth  Acoustics. Trevor Stout received an Outstanding Pa-
T. Simowitz Memorial Award from the Grad- per by a Young Presenter in Noise Control
uate Program in Acoustics. Matthew Neal received the Acoustical Awar d at Acoustics 017 B
Society of America, Best Student Paper
Zhendong Huang received the 2018 Kenneth Award in Architectural Acoustics at Stephen Wells received the 2018 Kenneth
T. Simowitz Memorial Citation from the ASA, New Orleans, LA. T. Simowitz Memorial Citation from the
Graduate Program in Acoustics. Graduate Program in Acoustics.
Nicholas Ortega received the 2018
Trevor W. Jerome received the 2018 Kenneth Kenneth T. Simowitz Memorial Cita- Janet Xureceived the 2018 Kenneth T. Si-
T. Simowitz Memorial Citation from the tion from the Graduate Program in mowitz Memorial Citation from the Grad-
Graduate Program in Acoustics. Acoustics. uate Program in Acoustics.

Sparrow appointed to professorship

Dr. Victor Sparrow, professor and director of the Graduate Program in Acoustics, Penn State, has been named the United Techndogies
Corporation Professor of Acoustics.

Sparrow was one of nine faculty members in the College of Engineering at Penn State who were appointed to professorships in 2017.
All were selected following a recommendation from the Harold and Inge Marcus Dean of Engineering, Justin Schwartz, for their out-

standing teaching and research initiatives. OWe are extirceanel y g
critical to furthering scholarly excellence in areas ofursiudests ruct
they also enrich our research enterprise, connect us with industry, contribute to the prosperity of the Com-

monweal th and raise our profile.é

The United Technologies Corporation Professorship in Acoustics is awarded to a full -time faculty mem-

ber in the College of Engineering with the academic rank of professor, who has excelled in teaching and
research in the area of acoustics. It provides the
contributions to teaching, research, and public service activities that enhance the field of acoustics.

Upon hearing of this professorship, Dr . Sparrow exc
am most pleased that we will be able to put the endowment funds provided by United Technologies
Corporation to work for the betterment of the Acoustics Program and to support our graduate students.
We thank UTC, again, for their support of Acoustics

0Our college is fortunate to have outstanding facul
ny Atchl ey, senior associate dean of engineering. oWhile thavwer e a
ways to do so, we are happy to be able to acknowledge these nine

For additional information regarding the other eight faculty members, see http://news.psu.edu/story/495320/2017/11/21/

Rahn receives Myklestad Award from ASA

Associate Dean Christopher Rahn for Innovation and Professor of Mechanical Engineering has received the
Myklestad Award from the Acoustical Society of America.

Congratulations Chris!

Congratulations to everyone on their outstanding
accomplishments!
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MS 0
CAS\:UZdOe]I;I ?f::g:sate Biwalkar, Manasi, Acoustics, Single event compg CAV I nform atlon

sons of predicted and measured sound at Vanco

international airport ;
Here are this yeards CAV graduate student PhD girr'eiigfhenA'Hamb”C

and MS theses. Most of them are available in PDF Doebler, William, Acoustics, The minimum number
format through Penn St adfgrdusd measublements sequised fornarow sonic WéRL/Penn State

have archived all of our student theses in a CAV  boom metric 90% confidence intervals PO Box 30
database on our website (see the O0CAV bookshel f $tate College PA 16804
page) . Just search f or Hunh €oreytMechanigal Enginegticgnfe inves- t et 8148633030

title and you will be taken to a link of the thesis tigation of strain measurement via embedded fiber Cell: 8144040653

abstract and, if available, a downloadable PDF file. bragg grating strain gauges for condition monitoring .. sah19@arl.psu.edu
in additively manufactured hydroturbines

PhD . ) ) . ; ;

Brown, Daniel, Acoustics, Modeling and measure-  Kinzie, Andrew, Acoustics, Acoustic characteriza- Dr. Cll_ﬁord L_Issenden
ment of spatial coherence for normal incidence seafldign of PSU recording studio above and below the Associate Director
scattering Schroeder frequency Penn State University

. . . 411D EES Building
Koh, Veronica, Acoustics, Design improvements of _ University Park PA 16802

Cho, Hwanjeong, Engineering Science and Me- d low f ; based |
chanics, Towards robust SHM and NDE of platie ﬁztu;co?g{iitser ow frequency projector based on clari- Tel: 814 8635754

structures using nonlinear guided wave features email: ¢jlo@psu.edu

Kupchella, Chester, Acoustics, Quantifying the

Choi, Gloria, Engineering Science and Mechanics uniaxial high cycle fatigue life of laminated composites Erin A
Towards a robust characterization of material damage gn ¢y 9 P rn Ammerman

evolution via linear and nonlinear ultrasonic guided With a resonant beam test Communicatioh CO(_)rdinator
wave features Penn State University
201 Applied Science Building

Moriarty, Peter, Acoustics, The acoustics of emo-
tion: creation and characterization of an emotional

Dick, David, Acoustics, A new metric to predict speech database University Park, PA 16802
listener envelopment based on spherical microphone Tel: 8148656364

array measurements and higher order ambisonic réPf@starangelo, Claudio, Acoustics, The prediction of  Fax: 8148657595

ductions vibratory stresses in wathounded jets due to un- Email: exa7@engr.psu.edu

. ) ) . steady aeroacoustic loading
Feurtado, Philip, Acoustics, Quiet structure design

using acoustics black holes Palmer, Joshua,Acoustics, Quantifying sonic boom
metric variability PLEASE MARK

Kerrian, Peter, Acoustics, Developments in acoustic

metamaterials for acoustic grounbbaks Papavizas, Nicholas, Mechanical Engineering, YOU R
Modeling dynamic instability of offiighway mining
Lind, Amanda, Acoustics, Auralizing impulsive dump trucks CALE N DARS

sounds outdoors among buildings

Patterson, Kevin, Acoustics, Acoustic fault detec-
Ma, Xiaokun, Mechanical Engineering, Dynamics  tion in tactical flow meters
and control of energy harvesting devices

Pradeep Kumar, Arjun, Mechanical Engineering,

Mao, Zhangming, Engineering Science and Me- Efficient computation_of freq‘uen(‘:y response of mul CAV
chanics, Acoustophoresis and fluid dynamics in sur- degree of freedom néinear vibrational system
face acoustic wadEased acoustofluidics

Roemer, Michael, Mechanical Engineering, Fuzzy

Nama, Nitesh, Engineering Science and Mechan- Logic, Negral networks_e_md _statlstlcal classifiers fo WOI QKSI IO P
. . T - - the detection and classification of control valve blod
ics, Microacoustofluidics: an arbitrary lagrangian

. ages
eulerian framework 9

. . . Shankar, Arjun, Acoustics, High power evaluation
Nichols, Stephen, Acoustics, Properties of low fre-

- e f textured piezoelectric ceramics for SONAR proje
quency underwater ambient noise in the ocean sountg)

channel s TueSd ayﬁ

Sundaresan, Niranjana, Engineering Design,

Reich, David, Aerospace Engineering, Experi- Design & fabrication of nofinear bistable vibration Wed neSd ay
mental investigation of a helicopter rotor hub flow  electromagnetic harvesters

Swaminathan, Anand, Acoustics, Experimental Vernon, Julia, Acoustics, Fin whale distribution in 7_8 M a
investigation of dynamic stabilization of the Rayleigh the Indian and equatorial Pacific Oceans in support y
benard instability by acceleration modulation passive acoustic density estimation

Xu, Janet,Acoustics, Practical ultrasonic transduc- N Ittany Llon In n

ers for hightemperature applications using bismuth
titanate and ceramabind 830
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Technical Research Group Highlights

Acoustic Materials and Metamaterials
Amanda Hanford, Group Leader
ald227@psu.edu

This year, the newly
reformatted technical
group has a new name
to better reflect the ac-
tive research and inter-
est of the PSU CAV
community. The Acous-
tic Materials and Metamaterials technical

group performs research in many areas
involving the interaction between acous-

tics and materials. Not only can materi-

als be used for acoustics and structural
performance but acoustics can be used to
evaluate material performance. Advanc-
es in traditional and additive manufac-

turing technologies can provide for

unigue acoustic and structural ad-
vantages. The underlying goal of this
group is to continue to advance acoustic
materials to evaluate new applications
for acoustic and vibration control. The

group also has an expanded focus to
include work in acoustic metamaterials.

Acoustic metamaterials are engineered
materials that are designed to control,
direct, and manipulate sound waves.

Research topics of the newly reorganized
group include:

Y Material characterization

I Manufacturing techniques for novel
materials

Acoustic cloaking
Metamaterial inverse design
Active metamaterials

Structural vibration control through
novel materials

= =4 —a A

Peter Kerrian recently graduated with his
PhD in Acoustics, researching develop-
ments in acoustic metamaterials for
acoustic ground cl

materials and metamaterials ranging
from non -destructive acoustic excitation
techniques for material characterization
to designing, building and testing aniso-
tropic materials for use in an acoustic
ground cl oak. Pet
focused experimentally demonstrating

oaks.
encompassed many aspects of acoustic The mission of the Adap-

the anisotropic behavior of a metamaterial
comprised of a solid inclusion unit cell in
water as well as the effectiveness of an un-
derwater acoustic ground cloak shown in
the picture below.

Projects and Graduate Students:

Title: Adaptive Acoustic Metamaterials
Sponsor: NAVSEA 073

Pls: Ben Beck and Rob Campbell
Student: Aaron Stearns (PhD Mechanical
Engineering)

Title: Materials Development Future Naval
Capabilities (FNC)

Sponsor: ONR

Pls: Dean Capone, Tom Donnellan, Ben
Beck

Title: Acoustic Defect Detection in Powder
Bed Fusion Additive Manufacturing
Sponsor: Applied Research Laboratory
Pls: Ted Reutzel and Robert Smith

Adaptive Structures and
Noise Control
Jose Palacios, Group Lead

jlp324@psu.edu
Peter

tive Structures and Noise
Control Technical Group
is to pursue strategies for reducing vibra-

tion and noise in engineering systems. This
involves the development of active materi-

Q15 AR deViteS, Kacclirdte Modelin§ -
proaches, passive control methods, dis-
crete and distributed sensors and actuators

as well as placement strategies, structural
integration methods,

fast and stable adaptive control algorithms,
and experiments to evaluate real-world
performance. In complex mechanical/
acoustical systems with multiple sensing
and source/actuator locations, significant
challenges remain.

Assistant Prof. Jose Palacios and his stu-
dents are pursuing a number of projects in
vibration control and adaptive structures
fields. Dr . Pal aci
the field of aircraft icing and impinging jets,
currently working on the following: 1) The
Effects of Tip Leakage on Jet Engine Partial-
ly Melted Ice Crystal Ice Accretion (NASA
Fellowship); 2) Ice Adhesion Strength Mod-
eling and Verification of Controlled Surface
Roughness Erosion Resistant Coatings
(Vertical Lift Research Center of Excellence
Task); 3) Engine Icing Ice Accretion Model-
ing; 4) Dual Impinging Hot/Cold Jet Out-
wash Modeling and Experimental Verifica-
tion; 5) Modeling and Experimental Verifi-
cation of the Effects of Erosion Resistance
Tapes for Wind Turbines (3M).

The following are projects related to adap-
tive structures being

group:

Title: Supercritical Tail Rotor Shaft Passive
Balancing Bearing Modeling, Design and
Testing.

Sponsor: LORD Corp.

Summary: Passive balancing devices for
rotary systems consist of masses that are
free to move in concentric guides about a
shaft axis. At supercritical shaft speeds, the
balancing masses automatically assume
positions that counter any imbalance due to
uneven mass distribution in the system. The
problem is highly nonlinear and requires
comprehensive modeling to achieve satis-
factory prediction of the balancing behavior.
A test rig was fabricated to test the perfor-
mance of a passive balancing device on a
supercritical shaft and to validate a compre-
hensive model. The model includes balanc-
ing mass collisions and balancing mass in-
teraction with the balancer track through
friction. Experimentally, the passive balanc-
ing device on average reduced shaft trans-
verse vibrations by 62% at steadystate.
Models available in the literature predicted

0s 0

g
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Technical Research Group Highlights

vibration amplitudes to within 68% of the
experimental values. The new balancing
model improved the accuracy of predict-
ing shaft vibration amplitudes by a factor
of 3.9 when compared to published mod-
els (18% vs. 68%). This suggests that fric-
tion and mass collisions cannot be ignored
in passive balancer modeling. In addition,
novel partition approaches are being in-
vestigated to further reduce imbalance
while preventing negative effects in pre -
resonance regions.

PI: Palacios
Student: Ahmad Haidar, Ph.D. Candidate.
Expected Graduation August 2018.

Schematic of degrees of freedom assumed for
modeling of passive balancing

»
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Example of passive balancing post 1st
resonance of the system

Title: Modeling and Experimental Verifi-
cation of a Low-Power Pneumatic Ice Pro-
tections System for Fixed-Wing UAS
Sponsor: Airforce, Invercon LLC.
Summary: A novel low power, low
weight, erosion resistant, pneumatic actua-
tors combined with a bi-stable latch is
modeled and experimentally evaluated.
The system has been demonstrated in a
full -scale helicopter rotor blade using cen-
trifugal pumping to inflate and deflate the
rotor leading edge. The configuration uses
a metallic leading edge cap rather than
neoprene as it is used by other pneumatic

systems. The small deformation on the
metallic cap create sufficient trans-
verse shear stresses to debond accret-
ed ice. For fixed-wing UAVs, due to
the lack of centrifugal forces to re-
move the ice, and since aerodynamic
forces could prevent the ice from dis-
lodging from the wing of the UAS
despite being fully debonded, bi-
stable latches are introduced. The bi
stable latches release during the infla-
tion process providing a transient non
-symmetric input to the leading edge
cap, assisting with the removal of the
debonded ice. The configuration is
being tested in the PSU icing wind
tunnel and it will be testing in a full -
scale Predator UAV wing at the
NASA Icing Research Tunnel in the
Fall of 2018.

PI: Palacios

Student: Carter Forry, Expected M.S.
graduation May 2019.

| Centrifugally
Powered
Pneumatic De-

Full-scale rotor blade used for testing of the
centrifugally powered pneumatic de -icing con-
figuration and sample results of ice protection

using semi-passive centrifugally powered
pneumatic de-icing

Mary Frecker 8 Member
mxf36@engr.psu.edu

Professor Mary Frecker and her stu-
dents are pursuing a number of pro-
jects related to active structures:

Title: Endoscopic Flexible Pancreatic Tu-
mor Ablation System with Reduced Force
Effector and Specialized Ablation Zone
Sponsor: National Institutes of Health,
with Actuated Medical Inc.

Summary: We are developing specially
shaped deployable probe tips for radio
frequency ablation of pancreatic cancer.
Pls: Frecker (PSU), Snook (AMI)

Student: Brad Hanks, Fariha Azhar

Title: Design of multifield responsive
material systems

Summary: We are developing finite ele-
ment modeling and systematic design
optimization methods for active materials
that respond to multiple applied fields
such as electric and magnetic.

Pls: Frecker, Ounaies

Student: Wei Zhang

Title: Design for additive manufacturing
(DFAM) of cellular contact aided compli-
ant mechanisms (C3M) for energy absorp-
tion

Summary: Energy absorbing C3M are
expected to be useful for applications
such as vehicle armor. We are developing
a DFAM approach including finite ele-
ment modeling of structural during im-
pact and thermal response during fabrica-
tion.

Pls: Frecker

Students: Jivtesh Khurana, Brad Hanks

Kenji Uchino 8 Member kenjiuchi-
no@psu.edu

Prof. Uchino has been awarded as the
2018 -2019 prestigious IEEE Ultrasonic,
Ferroelectrics and Frequency Control So-
ciety Distinguished Lecturer. Kenji Uchi-
no continues his work in 1) high power
piezoelectric materials and their charac-
terization, including mechanical losses; 2)
piezoelectric energy harvesting; and 3)
piezoelectric motors and transformers. An
example of one of his on-going research
projects is highlighted below.

Title: Loss Mechanisms in Piezoelectric
Single Crystals and Ceramics

Sponsor: Office of Naval Research

6
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Technical

Research Group Highlights

Summary: This program is composed of

three aspects: (1) Loss Phenomenology:

Phenomenological formulation in piezoe-

lectric losses (i.e., dielectric, elastic and pie-

zoelectric losses for intensive and extensive
parameters) are considered comprehensive-
ly, including new equivalent circuit pro-

posals. Microscopic loss mechanisms are

investigated in piezoelectric single crystals
and ceramics with respect to the domain
dynamics. We conduct the loss measure-
ment on various polarization direction.

From the crystal orientation dependence of
loss factors, we explain the contributions of
different domain wall motions to these die-

lectric, elastic and piezoelectric losses. (2)

Characterization Methodology: In addition

to the conventional admittance/impedance

spectrum analysis, we complete the Burst
Mode analytical technique aiming at the
future IEEE Standard method. In order to
facilitate to measure various loss tensor
components, we also propose a new piezo
sample configuration (i.e., partial electrode
patterns) for measuring intensive and ex-
tensive losses experimentally. (3) Materials:
The
plored, in particular, in the conventional
PZTo6s,
lead-free materials, with a particular focus
on ionic species and dopants, in terms of
the internal bias field generated in hard
piezoelectric materials, aiming at develop-
ment of high energy density materials. DC
external bias electric field and stress de-
pendence of losses is another important
target of research from a practical applica-
tion viewpoint.

Six research topics were conducted in
FY2017:

(a) Change in quality factors and (b) change in dielectric
permittivity with vibration velocity for PIC 144 (Hard
PZT) and PIC 184 (Soft PZT)

(1) Based on a phenomenological ap-
proach, a new equivalent circuit with

integrating three losses (dielectric
tané B elastic tannd and piezoelectric

loss mechanism difference are ex-

r e |l; aferroetectrkd and O

tané dis)introduced for practical anal-
ysis of the loss & Qm values, which
provides the optimum (i.e., highest
efficiency) operation frequency for
piezoelectric transducers.

Polarization cutting -angle depend-
ence of piezoelectricity & losses in Pb
(Zr,Ti)O 3 and analysis are conducted,
in addition to crystallographic orien-
tation dependence of losses in Pb
(Mg 13Nb2;3)03-PbTiOs single crys-
tals.

Detailed formula of the force factor/
voltage factor are derived for the
Burst Mode method, and measure-
ments are conducted on various sam-
ples without rising temperature. The
dielectric constant is planned to meas-
ured even at the resonance frequency.
(4) Partial Electrode sample configuration
is proposed for measuring both si:E
and siiP in a piezo-ceramic plate,
which expands the measuring capa-
bility even on un -electroded samples.
From loss characterization in Pb-free
piezoelectric ceramics, Mn-doped Bi-
perovskite has very stable high power
behavior compared to other Pb-free
and Pb-based ceramics. The reason
will be explained in terms of the inter-
nal bias field generation and high
thermal conductivity.

DC bias stress and electric field effects
on the dielectric, elastic and piezoe-
lectric losses are modeled for a k31
plate PZT sample in order to clarify
the domain dynamic contribution,
and the experimental verification is
conducted.

PI: Uchino

Students: Minkyu Choi (MatSE Ph.D.),
Hossein Daneshpajooh (EE Ph.D.), Yux-
uan Zhang (EE Ph.D.), Anushka Bansal
(MatSE MS), Maryam Majzoubi (EE MS)
Organization: International Center for
Actuators and Transducers, The Pennsyl-
vania State University.

)

©)

(5)

(6)

Piezoelectric losses according to polarization
direction for various PZT compositions

George Lesieutred Member gal4d@psu.edu
Prof. George Lesieutre and his students
are pursuing a number of projects in vi-
bration control and adaptive structures.

Title: Piezoelectric Actuators for Synthetic
Jets

Sponsor: Boeing

Summary: Synthetic jet devices are attrac-
tive for active flow control because they
do not require a pressurized air source.
Instead, they cyclically ingest and expel
air with zero net mass flow. High -
performance ferroelectric materials can
effectively drive synthetic jets; however,
which materials and what associated opti-
mal actuator geometries yield the best
performance are unknown.

Student: Tianliang Yu, Ph.D. December
2018 (expected).

Title: Cable-Actuated Tensegrity for De-
ployable Structures

Sponsor: PSU / external Fellowship
Summary: Tensegrity structures offer the
potential of very high packing efficiency,

but are relatively soft in the classical de-
ployed configuration. Higher stiffness is
possible with strut -to-strut load transfer.
Dynamic cable actuation enables deploy-
ment and makes higher stiffness possible.
Student: Yaan Kildiz, Ph.D. August 2018
(expected).

Title: Articulated Tensegrity Structures
for Space Applications

Sponsor: PSU Fellowship
Summary: Spacecraft having extended
configurations must be stowed for
launch compactly, with final stiffness ade-
guate to maintain shape and stability un-
der dynamic disturbances. Tensegrity
structures are of interest for their poten-
tial to provide novel deployable structures
(booms, arrays) for space applications,
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