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On behalf of the faculty, staff
and students of the Aeropropulsion, Mechatronics and
Energy (AME) Center, it is
my pleasure to give you an
update on the current state of
the center. This is the first
full year since we moved into
the new building in 2012 and
we have already made significant progress in establishing
ourselves as a leader in pursuing excellence in research
and education programs. We
have recruited more faculty
and staff to join our program
and current the center houses
14 core and 4 affiliate faculty
from four engineering departments and Mathematics.
Among them, we have three
Eminent Scholars, three NSF
career awards and other
Young Investigator recipi-

ents. In addition, there are
more than 10 research scientists and postdocs and a graduate population of more than
60 and growing. Jointly with
Florida Center for Advanced
Aero-Propulsion (FCAAP),
the centers were supported
by four full time staff members and two machine shop
technicians. Collectively,
AME faculty members are
PIs of more than 40 projects
with multi-year, accumulative budget over $17M and
an annual expenditure exceeding $5M. Beyond these
tangible accomplishments,
the center has served as the
synergistic center for the
FSU Southwest Campus to
bring together interdisciplinary groups in organizing
workshops, conducting re-

cruitment/outreach events,
and playing a key role in the
strategic hiring of Energy
and Materials faculty. With
the recent completion of the
Polysonic Wind Tunnel
(PSWT) and other state-ofthe-art facilities, we believe
we are in an even stronger
position to pursue long-term,
multi-institutional research
programs to further advance
our vision to become the
world-renown interdisciplinary center in research innovation, education excellence
and workforce development.
Dr. Chiang Shih,
AME Director
November 20, 2013
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Aero-Propulsion
Development of a Polysonic Wind Tunnel with Advanced Flow Diagnostics

“~$6 million
awarded toward
the development
of a nextgeneration
polysonic wind
tunnel .”

The National Science Foundation and the Florida State University have jointly awarded ~$6
million toward the development of a nextgeneration polysonic wind tunnel (PSWT) for
developing flow control and noise reduction
technologies and flow diagnostics. The development of a PSWT, with a large Mach number
range (0.2 to 5), 12-in. test-section and advanced diagnostics will create a unique, shared
resource to a) advance key fundamental sciences
in the active flow control and noise reduction
techniques; b) develop transformational technologies; c) translate them to applications; and d)
attract, educate, and help retain a diverse pools
of engineers and scientists.
This facility will serve as an essential research
tool because it: a) allows the study of activeadaptive control technologies, such as sonic
boom mitigation, in practical configurations and
subsystems; b) permits detailed study of fundamental thermal-fluid physics over a range of
scales and complexities; c) facilitates the development of advanced diagnostics, such as Background Oriented Schlieren, pressure sensitive
paint (PSP) and Tomographic Particle Image
Velocimetry in complex flows to obtain the data
needed to elucidate fundamental physics and
facilitate the development of high-fidelity multiphysics computations; and d) serves as a
shared resource for universities, research organizations, and industry. The PSWT will thus produce critical fundamental knowledge while dra-

matically accelerating transformative research

and ensure a more efficient translation to nextgeneration platforms. The PSWT is large enough
to be very useful to industry, ensuring its longterm use and sustainability, yet small enough to
be efficiently operated by university personnel
for fundamental rsearch. The PSWT is an integral part of AME building and installed in the
test wing. The facility is currently undergoing its
commissioning and calibration tests and will be
ready for aerodynamic data generation by the
beginning of 2014. It will engage students in
multidisciplinary fundamental and practical
problems and state-of-the-art diagnostics.
Rajan Kumar and Farrukh Alvi
Florida Center for Advanced AeroPropulsion, Florida State University

Mechatronics - Dynamic Mobility Control
Wheel/leg-terrain
interaction models
and motion
algorithms to
improve robot
mobility

Robots operating in the field face mobility challenges due to challenging terrains and obstacles,
which can easily cause them to deplete their energy resources or become immobilized. At CISCOR, supported by the ARL Robotics Collaborative Technology Alliance (RCTA) and the
National Science Foundation, we are developing
wheel/leg-terrain interaction models and motion
planning algorithms to exploit the robot’s dynamics as an effective mechanism to overcome
mobility challenges.
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A robot plans and executes a trajectory using a dynamic
model of the vehicle, which ensures sufficient momentum to
traverse the vegetation patch; the vehicle becomes immobilized if it enters the patch without sufficient momentum.

Volume 1, Issue 1

Mechatronics - Bio Inpired Robotics
RCTA also concentrate on terrain identification
for legged robots. A novel bio inspired methodology that relies on highly dense pressure sensors located on the soles of a robot foot has
been developed. The technique results in robust
terrain identification even as the sensor wears
out and or the robot’s gait or load change.

Page 3

Pressure Sensitive
Robot Skin is
designed to assist
terrain identification

A high resolution pressure sensor is a key component in the biologically inspired, Pressure Sensitive Robot Skin (PreSRS), employed on a
robot foot for tactile terrain identification

for legged robots

Mechatronics - Photonic Muscle Fibers
Imagine creating scalable muscle fibers
fueled directly by light creating actuators
that do not require gears, mechanisms, or
even electric wires. We have been investigating glassy polymers that contain special liquid crystals (azobenzene) that
change their molecular configuration in
response to blue-green light. Prior research supported by a DARPA Young
Faculty Award and NSF CAREER has
been extended to a new research initiative
supported by AFOSR. This unique material characteristic provides extraordinary
opportunities in adaptive structure applications since no electric wires, solenoids, or
heat is needed as typically required in conventional smart materials (e.g., piezoelectric, magnetostrictive, or shape memory

alloys). But, it also comes with many challenges. In particular, photomechanical films
are normally synthesized with thickness on
the order of 10’s of microns which leads to
low forces despite large light induced stresses (10 kPa to ~1 MPa) and large bending;
see Figure 1. This is due to the attenuation
length of light through the film thickness
which is nominally on the same scale as the
film’s thickness. To overcome this challenge, we are currently working, in collaboration with the Air Force Research Laboratory, to develop lossy optical fibers that are
coated with azobenzene polymers. Such a
composite material system is anticipated to
minimize the low force issue by redirecting
light radially out of optical fibers to create
muscle fibers activated directly with photons.

Example of light induced bending in a 6 mm long azobenzene liquid
crystal polymer film. The direction of bending is controlled by light
propagating from left to right by rotating its linear polarization.
Cheng et al. J. Appl. Phys. v. 112, 013513, (2012).

Develop Light
activated liquid
crystal fibers for
Adaptive Structures Photonic muscle
fibers

Energy - AME faculty named Sprint Eminent Scholar

Professor Jim Zheng has recently been bestowed the Sprint Eminent Scholar, a welldeserved recognition and the third AME faculty to hold such a position. Professor Zheng
is the Director of the AME Power Science
laboratory which is equipped with state-of-the
-art research facilities for the development of

high performance materials, structure, and
devices for energy storage and energy conversion devices, and their applications. The
current researches include high energy Li-ion
capacitor, silicon nano-wire/CNT based Liion battery anodes, novel Li-air and Li-air
flow batteries, high efficiency and low cost
fuel cells, investigation of battery performance and cycle life, and modeling and simulation of batteries performance for electric
vehicle and grid applications. Zheng, a professor in the department of electrical and
computer engineering, joined the FAMUFSU College of Engineering in 1997 and contributed significantly in terms of providing
outstanding leadership and scholarly capabilities in many disciplines of science, technology, and engineering.

Energy - Supercapacitor Technology
Florida-based General Capacitor (GC) has
signed an agreement with FSU to develop
a new supercapacitor technology that will
play a "major role" in future energy usage
and storage needs. Invented in FSU's
AME Center by Jim Zheng, the new technology addresses current supercapacitor
weaknesses that limit their effective use as
compared to traditional rechargeable battery technology. Under the new agreement,
General Capacitor will work with Zheng to
transform the invention into commercially
viable products that can positively impact
the society.
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Eminent Scholar and
Power Science Lab
developed
breakthrough
technology into
commercially viable
products

Based on the technology, GC team recently
entered the MegaWatt Ventures, an annual
clean energy business plan competition sponsored by the U.S. Department of Energy. As
a primary finalist out of more than 60 projects, they received a $10k funding award to
organize the research team to develop a product prototype and a business plan to compete
grand prize. Although the team failed to
receive the first price but GC’s supercapactitor technology has received increasing visibility due to its superior performance as compared with the existing products.

Education and Outreach
Inspired young minds early toward the
exciting STEM field is a very important
component of the mission of AME. Our
group has supported this mission through
outreach to K-12 and their families for a
number of years through monthly Saturday
programs at the Mary Brogan Art and Science museum and more recently at the
Challenger Learning Center, both in downtown Tallahassee. This is a highly interact
program that introduces kids to a number
of engineering applications in adaptive
materials and systems, aerospace structures, energy related applications, and robotics. complex aerospace flow control

The program has grown over the years to
include a broad range of faculty and student participants within the College of Engineering.

More education and
outreach activities
can be found in
www.ame.fsu.edu
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Education and Outreach (cont.)
NSF Research Experiences for Undergraduates – Multi-physics for Active
Systems and Structures Program www.eng.fsu.edu/reu-mass

More than 33 highly
motivated students
had participated in
the NSF
Undergraduate
Research

For the past two years, AME center has coordinated an NSF REU program to provide undergraduate students in mechanical engineering and related fields an opportunity to participate in ongoing active research programs, including the development of micro air vehicles,
multi-modal robots, active flow control, aeroacoustics, sensors and actuators, smart materials, energy harvesting and storage, etc.. The
overarching goal of the project is to motivate
more US students to pursue advanced engineering degrees or enter research-oriented careers. We have recruited 33 students for the
past two summers and engaged them with 28
research projects which were mentored by

nine faculty and their Postdocs and graduate students. We have also invited seven
international exchange students from Brazil to participate in the program. These
REU program integrates individualized
research experiences with group design
projects, seminar seriesor professional development, and other enrichment experiences such as lab tours and outreach activities. As shown below for the 2013 summer
session, the program ended with full-day
events including presentations of group
design projects and individual projects as
well as a poster session when REU students discuss their research programs with
interested faculty and students.

Experience program
for the past two
summers

Accelerated Learning in Engineering Education - William S. Oates
The Internet and mobile devices have begun to
create disruptive technologies that not only
have influenced growth of social networks
such as Facebook and LinkedIn, but also educational tools. The recent chatter of on-line
learning tools including screen capture videos,
“flipping” courses, on-line learning games, and
Massive Online Open Courses (MOOC) has
created many different opinions about integrating on-line content into a course to accelerate
learning. This debate was recently discussed at
the 5th annual Frontiers of Engineering Education workshop hosted by the National Academy of Engineers (NAE) where I discussed assessment of such tools.
Within AME, I have begun to develop
accelerated learning concepts and uncertainty
quantification of assessment to quantify the

effectiveness of a growing number of disruptive technologies available for faculty to
integrate into courses. As practically infinite information is now at our student’s
fingertips, it provides great opportunities,
but also raises the probability of students
misinterpreting information as knowledge.
The accelerated learning concept I
have begun integrating into a finite element
modeling course is based on the Feynman
technique of accelerating learning. The
concept is well described by Mortimer Adler, “The person who says he knows what
he thinks but cannot express it usually does
not know what he thinks.” The Feynman
technique requires four simple steps:

Page 6

Accelerated Learning in Engineering Education - William S. Oates (cont.)
1) Identify a concept you want to understand,
2) Pretend to teach it to someone else, 3) If
you get stuck, go back to the book or notes,
and 4) Simplify your language. These are
simple concepts, but are often forgotten by
students without reminder. I have therefore
used these four simple steps as a “prehomework” template for students to accelerate
learning using different forms of content, e.g.,
textbook versus on-line videos.
The template has been implemented
by having students review difference sources
of the same engineering content before class
including the textbook, on-line notes, and online videos. Then they record on a scale of 110 their Level of Understanding (LoU). After
class discussion, the students write down their
1-10 LoU score again. Lastly, the students are
given a quiz at the end class to obtain an estimate of an objective LoU score. This technique of accelerated understanding has been

analyzed using a statistical tool known as
the Dempster-Shafer theory of evidence.
Evidence theory avoids the need to assume
an initial probability density, unlike in
Bayesian statistics, which may bias the
statistical results. Similarly, it can provide
an excellent tool when limited data is available.
It has been shown with reasonable
statistical confidence that both coming to
class and reviewing on-line videos provide
a stronger level of understanding in the
finite element course. Current work is focused on the proper assessment, i.e., asking
the right question. For example, students
often are conservative in their LoU score
relative to the quiz score. It is believed
that asking “What is your level of understanding?” may be very different than directly asking “What grade do you expect
on today’s quiz?”

AME New Personnel Profiles
John Strike received a masters degree from the
University of Wyoming in Mechanical Engineering. His master's research was development
and demonstration of a test apparatus, hardware
and data acquisition capabilities for experiments
related to two-dimensional unsteady aerodynamics on wind turbine airfoils. He has recently
joined FCAAP as a research engineer to support
the Polysonic Wind Tunnel facilities and related
experiments. The quality of facilities, personnel and the research being conducted at FCAAP
is the main reason in his decision to come to
Florida.

Welcome
John Strike joins FCAAP
as a research engineer
for the PSWT facility

Paul Miles to start his
PhD study after
participation of AME
summer REU program

Paul Miles is a new graduate student in the
Ph.D. program at Florida State University, and
earned his B.S. in Mechanical Engineering at
Grove City College in Pennsylvania. Paul
worked with Dr. Oates's research team when
he participated in the 2012 summer REU program, developing models for material behavior and uncertainty quantification. Starting
right where he left off, Paul continues his
work in Bayesian methods and model optimization.

Volume 1, Issue 1
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New Grant Activities
Uncertainty Quantification of an Electromechanical Nonlinear
Continuum Theory - William S. Oates
The goal of this NSF supported collaborative research between William Oates (PI) at
FSU and Ralph Smith (co-PI) at North Carolina State University is to develop an advanced materials modeling framework that
integrates quantum mechanics into a macroscale continuum mechanics modeling
framework for smart materials. The integration of fundamental physics of materials at
nanometer scales within a macroscopic material model can have a tremendous impact
on understanding the design of materials as
well as create the possibility of quantifying
parameter sensitivities and uncertainties in
the models. To address this latter issue, novel uncertainty quantification methods will
be formulated and implemented using advanced computations in a Bayesian statistical framework. The uncertainty quantification will provide probability densities of the
macroscale parameters supported by quantum simulations. The deliverables will include homogenized stress, electric field, and
energy relations that utilize both the local
quantum material relations and probability
densities that occur when approximating the
model at larger length scales.
It is anticipated that the fusion of
quantum-continuum scale material simula-

tions will have a broad impact on understanding smart materials. These materials
are being investigated for and applied in
various biomedical, aerospace, automotive, and energy fields due to their unique
functionality in solid state structures and
devices, see Figure 1. The new data analysis and computational techniques are
expected to support this challenge to better understand advanced materials. This
becomes particularly important in advancing the development of nanomaterials into larger scale structures that cannot
be easily simulated directly with quantum
models or approximate continuum theories. The results developed through this
program will be integrated into engineering mechanics and mathematics courses.
The computational methods will also be
integrated into outreach programs at each
university. Lastly, the results of this program will be introduced into an outreach
program at a local museum where K-12
children and their parents learn about
various aspects of engineering through
monthly hands-on demonstrations.

Example of the rapid increase of functional materials in a broad range of applications.

Integration of
quantum mechanics
with macroscale
continuum
mechanics
modeling for Smart
Materials

AME Most Recent Sponsored Research Programs (received in 2013)
PIs

Funding Agency

Title: Description

Time period: Total
Budget

Chiang Shih
& Juan
Ordonez

Naval Sea Systems
Command

9/13-9/14: $125,000

Chiang Shih
& Farrukh
Alvi

NSF

Noise and Thermal Management of Naval Systems: (1)
Aircraft carrier noise measurement and mitigation, and (2)
Modeling, Design and Characterization of Heat Transfer
Devices to Enable Gaseous Helium Usage as Cryogen for
Naval Applications of High Temperature Superconductors.
NSF REU – Multi-physics of Active Systems and Structures

Chiang Shih
& Juan
Ordonez

Dept. of Education

FIPSE Sustainable Energy and Aeronautical Engineering
Program

9/13-9/14: $58,110

Sungmoon
Jung

National Science
Foundation

CAREER: Offshore Wind Turbines Subjected to Hurricanes: Simulation of Wind-Wave-Structure Interaction
and Aerodynamic Load Reduction

5/13-4/18: $400,000

Emmanuel
Collins &
Farrukh Alvi

Army Research
Office

A Novel Approach to Adaptive Flow Separation Control:
Feedback control to mitigate slip and control lift using
microjets and Adaptive Sampling Based Model Predictive
Control, a new nonlinear control approach.

5/13 – 4/16:
$388,593

Emmanuel
Collins

NSF thru Quality of
Technology Research Center

Self Balancing Control for the MeBot: Developing a segway mode for the University of Pittsburgh MeBot to enable it to safely traverse loose gravel terrains and other
challenging environments

5/13 – 4/14: $75,000

Jim Zheng

DOE through PNNL
National Lab

Investigation of Pre-Lithiated Anodes for Li-ion

7/13-6/15: $450,000

Jim Zheng

Army CERDEC

Development of Li-ion conductive Flexible Membrane for
Li-Air Batteries

2/13-2/14: $250,000

Jim Zheng

FSU GAP Grogram

High Energy Density Supercapacitors

1/13-12/13: $50,000

Kunihiko
Taira

AFOSR

YIP: Understanding the Fundamental Roles of Momentum
and Vorticity Injection in Flow Control

5/13-5/16: $362,550

5/13-5/14: $126,967

Most Recent Sponsored Research Programs (cont.)
PIs

Funding Agency

Title: Decription

Time period: Total
Budget

Kunihiko
Taira

ARO

Active flow control with thermoacoustic actuators

4/13-12/13: $49,525

Kunihiko
Taira &
William

ARO

Simulation of fluid-structure interaction for high-Reynolds
-number compressible flow

5/13-4/16: $444,200

Gang Chen

Hinkley Center

Aerated Recirculation and Pressurized Suspended Fiber
Biofiltration for the Treatment of Landfill Leachate

09/13-08/14:
$85,968

Louis
Cattafesta

Boeing Company

Aeroacoustics of a Leading-Edge Slat Phase II

6/13-6/14: $78,872

Louis
Cattafesta

NASA

Aeroacoustic Measurements of a Leading-Edge Slat

9/13 – 9/14: $85,043

Kunihiko
Taira & Louis
Cattafesta

UF/NSF

Three Dimensional Control Of High Speed Cavity Flows

3/13 – 2/14: $81,096

Rajan Kumar
& Farrukh
Alvi

M4 Engineering

Evaluation of Unsteady Loading on Store Trajectories

10/13-5/15: $40,000

Rajan Kumar
& Farrukh
Alvi

Northrop Grumman

Flowfield Characteristics of Axisymmetric and NonAxisymmetric Sonic Jets

2/13-2/14: $65,000

William
Oates
William
Oates

AFOSR

Modeling and Experimental Characterization of Novel
Photomechanical Fiber Structures
Uncertainty Quantification of an Electromechanical Nonlinear Continuum Theory

9/13-9/17: $583,916

William
Oates

FAA

High Temperature Optical Sapphire Pressure Sensors For
Hypersonic Vehicles

12/13-12/14:
$75,000

Farrukh Alvi,
Rajan Kumar,
et.al.

AFOSR

Comprehensive Study of 3-D Shock/Turbulent Boundary

2013-2016:
$2,700,000*

NSF

* Note: approved with project award pending

9/13-8/16: $206,652

