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world with a challenge and 143 teams responded. Fast forward to March, 2017 and Virginia Tech 
is one of only 25 teams left standing. Between March 16 and 18, they are in Abu Dhabi - waiting 
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they'll face on pages 12-17.
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Spring time is competition time 
as is evident by the number of 
faculty and student led teams 
making final preparations to put 
their work of a year, or some-
times years, on display against 
global competition.

This month one such team, 
loaded down with one land and 
five aerial autonomous vehicles, 
journeyed to the United Arab 
Emirates to take part in a robotics 
challenge two years in the mak-
ing. Read their story on page 12.

Other teams include our stu-
dent teams such as the Hybrid 
Electric Vehicle Team preparing 
for the third year of  four year 
competition later this spring. Our 
Formula team, debuting their 
electric formula car this year; the 
Battery Operated Land Transport 
team, hitting the race track for 
the first time with their newly 
designed and built BOLT III elec-
tric motorcycle. And of course, 
our senior design teams; more 
than 50 student groups who will 
display their work later in April. 

All of these teams, and many, 
many more, give mechanical 
engineering students and faculty 
a visible, tangible expression of 
their craft. But more importantly, 
these events and competitions 
help us push the boundaries of 
what is possible - or what we 
think is possible. 

As an example of our current 
state-of-the-art research, in 
this issue you'll see Shashank 
Priya and his team are creating 
a device to harvest wasted heat 
energy from mechanical systems 
and turn it into useful electricity. 
(page 21).

This is a small sample of our 
mechanical engineering, but 
none of it would be possible 
without the trust and support of 
people who believe in us and in 
what we do. They are our spon-
sors, our donors, our grant agen-
cies, our corporate partners, and 
sometimes, they are visionaries 
who want us to push boundaries 
through competition. 

Azim Eskandarian 
ME Department Head

Competition helps 
fuel creativity, 
innovation, growth
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briefly

Mechanical Engineering junior Genevieve Gural of Clifton, VA, 
and senior Zach Corey, of Richmond, VA, each received a $1,000 
scholarship during a ceremony March 1. In total, 18 scholarships 
were given to 15 students totaling $15,750. Funding comes from 
the American Foundry Society Piedmont chapter, the Foundry 
Educational Foundation, and Precision Castparts Corp.

The Office of the Vice 
President for Research and 
Innovation recently recog-
nized Associate Professor 
Al Wicks as Scholar of the 
Week for his work in the 
area of autonomous tech-
nology, including vehicles 
and digital signal process-
ing. Read more about the 
Scholar of the Week here.Assistant Professor Zhiting Tian was recently award-

ed a 3M Non-Tenured Faculty Award. The award 
includes an unrestricted gift of $15,000 per year and 
may be renewed for up to two additional years. The 
award is administered by 3M’s Research and Develop-
ment Community in partnership with 3MGives. It rec-
ognizes outstanding new faculty based on research, 
experience, and academic leadership.

In Memoriam - Cory Papenfuss
Cory Papenfuss, a research associate in the Vibrations and Acoustics 

Laboratory died as a result of injuries sustained in a plane crash 
Jan. 4 in Brookfield, Wisconsin. He was 41 years old. “The Virginia 
Tech community is deeply saddened by the news of Cory’s death,” said 
Don Taylor, interim dean in the College of Engineering.
For the full VTNews article, click here.

https://www.research.vt.edu/scholar-of-the-week/al-wicks
https://vtnews.vt.edu/articles/2017/01/eng-inmemoriam-papenfuss.html
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On Feb. 20, the last of 56 in-service and 
pre-service teachers received a 3D printer 
as part of a 3-year $449,421 National Sci-
ence Foundation Research Experience for 
Teachers grant headed by Associate Pro-
fessors Christopher Williams of Mechanical 
Engineering, and Brenda Brand, Science 
Education. 

The final cohort was made up of pre-ser-
vice students who are attending the mas-

ter’s in education 
program at Virginia 
Tech after earning 
a degree from the 
College of Science. 
The students will 
graduate this 
spring and take up 
positions primarily 
with middle and 
high schools, armed 
with research-based 
science training and 
now, a 3D printer to 
help them develop 

engaging curriculum for students.

“The idea behind our proposal was to 
be able to bring in-service teachers and 
pre-service teachers together and provide 
them with an academic research experience, 
and show them what is possible through 
advanced manufacturing,” said Williams, 
director of the Design, Research and Educa-
tion of Additive Manufacturing Systems Lab. 
“Many students think of manufacturing in 
late 19th and early 20th century terms, but 
modern manufacturing offers far more high 
tech opportunities and possibilities, and we 

wanted to give them a glimpse of that by 
providing 3D printers for their classrooms. 
The printers also provide broader benefits 
for STEM curriculum development; teachers 
can use them as context for teaching funda-
mental math and science, and to fabricate 
parts for in-class design challenges.”

Pre-service students are provided the 
printers as part of a workshop that orients 
them to 3D printing and strategies for 
developing instruction to engage students in 
developing solutions to open-ended prob-
lems integrated with technologies such as 
3D printing.

“This final group is the first made up 
entirely of pre-service teachers,” Brand said. 
“The in-service teachers who have partic-
ipated have shared stories of developing 
new curriculum integrating the 3D printers.  
Some of them have gone on to present at 
workshops and conferences.”

The printers expose students to manu-
facturing and allow teachers to introduce 
engineering design into their curriculums.

“The recently released 'Next Generation 
Science Standards' emphasizes the integra-
tion of engineering design in science instruc-
tion,” Brand said. “It requires students to 
apply what they’re learning, and our goal is 
to prepare more students for STEM careers, 
as well as acquaint them with the potential 
opportunities for manufacturing.”

Williams and Brand agreed the testament 
to the success of their program are the 
teachers who write back with the results of 
what they’ve been doing saying their teach-
ing has changed tremendously.

STORY AND PHOTOS BY ROSAIRE BUSHEY
MECHANICAL ENGINEERING

Pre-service teachers in Science Education  
prepare for classroom with 3D printers



             PAGE 7SPRING'17MOMENTUM

Opposite page - Associate Professor Chris Williams works with 
Madison Davis of Virginia Beach, Virginia to synchronize her 3D 
printer. Davis is a biology major taking part in the masters of 
education program. 

Right - Associate Professor Brenda Brand, of the School of Edu-
cation, goes over the printer documentation and software with 
Mary Ann Garifo of Centerville, Virginia, an earth sciences major. 

Below - Leigh Shannon of Vienna, Virginia, and Laura Jarrett 
of Woodstock, Virginia, set up their 3D printers. Shannon is an 
earth sciences major and Jarrett is a biology major. 

These pre-service teachers will take their new printers to 
their schools where they will use them to help teach science 
concepts, show students about manufacturing design, and 
incorporate modern technology into the classroom to provide 
an introduction to students and interest them in STEM careers.
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STORY AND PHOTOS BY ROSAIRE BUSHEY
MECHANICAL ENGINEERING
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The U.S. Department of Transportation in December 
announced $300 million for grants to be associated 
with Tier-1 University Transportation Centers. The 
UTCs were given to consortia of colleges and universi-
ties across the country to advance the state-of-the-art 
in transportation research and technology. Virginia 
Tech is a key member of the only Rail Research UTC in 
the nation, along with the University of Delaware and 
the University of Nevada, Las Vegas which is the UTC 
lead.

The total grant of $7.11 million is spread across 
the three universities over five years, with Virginia 
Tech receiving $1.9 million over the period. Taking 
the helm for Virginia Tech is Mehdi Ahmadian, Dan 
Pletta Professor and Director, Railway Technologies 
Laboratory (RTL); one of only three university labs in 
the nation recognized as the Association of American 
Railroads (AAR) Affiliated laboratories.  The AAR-Affili-
ated labs, selected on competitive basis in recognition 
of their strong research in rail transportation, are 
tasked with conducting studies that can advance the 
state of engineering and operational safety of the 
U.S. railroads.  RTL has been recognized as one of 
the three AAR-Affiliated labs for the past 12 years 

Railway Technologies Laboratory earns place 
on Dept of Transportation $7.11 million Rail 
Research University Transportation Center

At left, Mehdi Ahmadian, the Dan Pletta Professor and Director 
of the Railway Technologies Laboratory, works with Senior 
Research Scientist Andrew Peterson on the RTL's one-of-a-kind 
roller rig. The rig, which was designed and built in-house, 
tests the wheel/track interface and will be used as part of the 
data collection involved with the Tier-1 UTC looking at rail 
infrastructure.
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U.S. Rail Network 

 -$274B in economic activity

 -5M tons of goods daily

University 
Transportation Center  

 - Univ. Nevada, Las Vegas *
- VT Railway Technologies Lab

- University of Delaware
* Team Lead

UTC

$7.11M
5 years

VT-RTL

$1.9M
5 years

Courtesy Photo/RTL
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because of its long history 
in rail research and oper-
ating some of the most 
advanced rail research 
facilities in the world, in-
cluding its newly-commis-
sioned roller rig.  The lab 
has secured more than $5 
millions of rail research 
projects throughout its 
existence.

“The importance of 
the American freight rail 

infrastructure can’t be overstated,” said Ahmadian, 
director of the Center for Vehicle Systems and Safety 
(CVeSS). “With 140,000 miles of track, it’s important 
that we be able to monitor and work proactively 
to maintain and update the rail network to ensure 
operational efficiency, safety, and global competi-
tiveness for the U.S. railroads.”  The UTC consortium 
of universities aims at inventing and implementing 
technologies that will allow the U.S. railroads to 
integrate advanced sensors, implement better data 
analysis methods, and have a more timely assessment 
of the condition of the track and rolling stock.

The rail network, according to the AAR, supports 
$274 billion in economic activity in the United States. 
If the rail system were its own country, it would rank 
41st behind Ireland, based on 2015 gross domestic 
product statistics from the worldbank.org. From 
wheat, corn and other agricultural products, to 
construction materials, and vehicles, rail delivers five 
million tons of goods each day. Ensuring the system 
is working efficiently and safely is part of what the 
UTC aims to do.  More than 70 percent of bulk com-
modities move by rail in the U.S.  Although often out 
of sight—unlike semi-trucks that are quite visible on 
highways—rail transportation is truly the backbone of 
the U.S. economy.

“The three partners in our UTC will look at differ-
ent areas,” Ahmadian said. “UNLV, for instance, will 
study bridge building near areas of seismic activity, 

track alignment and foundations, while our work will 
focus more on the health of the railway system by 
developing sensors to assess the system; data analytic 
methods to process the large amounts of data we’ll 
be dealing with; and testing our new technologies and 
methodologies.”

In total, Virginia Tech has five projects for the first 
year of the UTC. Many of the projects feature the use 
of sensors -- whether embedded in or making mea-
surements on the top of the rail. Ultrasonic emissions 
sensors will help detect track rolling contact fatigue, 
and LIDAR, a form of radar using lasers, will be used 
to monitor the rail surface.

“Virginia Tech’s role in this UTC is very important 
and we are well placed to provide the expertise nec-
essary to the project,” Ahmadian said. “It’s certainly 
not a single group. We will work with our partner 
university’s and locally, our team is made up of me-
chanical engineers as well as civil and environmental 
engineers, and electrical and computer engineers. 
Together we will spend up to the first two years of the 
project assessing the problem and developing a range 
of creative solutions; in years 3-4 we will begin imple-
menting our solutions and validating the most promis-
ing ones; and in years 4-5 we will field test our solu-
tions and work toward commercial implementation.”

In addition to Ahmadian, Virginia Tech team 
members include: Andrew Peterson, senior research 
scientist, Masood Taheri, research scientist, and 
Carvel Holton, research associate, all staff members at 
CVeSS.  More than 25 faculty members from the Col-
lege of Engineering have participated in RTL projects 
in the past.  The faculty members who are currently 
participating in RTL projects include: mechanical 
engineering Assistant Professor Reza Mirzaeifar, and 
Associate Professor and Steve Southward; Assistant 
Professors Matthew Hebdon and Farrokh Jazizadeh 
Karimi of civil and environmental engineering; and 
Professor Dong Ha of electrical and computer engi-
neering.  A large group of graduate and undergradu-
ate students have traditionally been involved with the 
projects spearheaded by RTL. 
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A team of students and researchers at Virginia Tech is 
entering a $5 million international competition in March 
2017 that aims to catalyze the development of cut-
ting-edge, autonomous robotics.

When the call went out for participants for the Mo-
hamed Bin Zayed International Robotics Challenge in 
2015, 143 teams from around the world answered. Virgin-
ia Tech’s Team VICTOR, housed in the Wendy and Norris 
E. Mitchell ’58 Robotics Laboratory, is one of 25 teams 
remaining after two preliminary rounds of competition. 
The team of undergraduate and graduate students is one 
of 15 to be sponsored by Khalifa University, the competi-
tion organizer. Only two other U.S.-based teams, Georgia 
Tech and Carnegie Mellon University, were awarded 
sponsorships from the $3 million fund.

The team will compete for the additional $2 million 
available through a series of challenges to be held in the 
United Arab Emirates on March 16-18.

 “We’ve done very well through the two progress report 
stages,” said Tomonari Furukawa, professor of mechan-
ical engineering and advisor to Team VICTOR. “Khalifa 
University in Abu Dhabi have been very gracious and put 
together a challenge that is exciting from both a design 
and intellectual challenge standpoint.”

The competition will feature four separate challenges 
using different types of autonomous vehicles.

For the first challenge, teams must deploy a drone to 
autonomously locate and land on the back of a moving 
truck. The second challenge will use a land vehicle with 
an arm that must, without human intervention: traverse a 

STORY BY ROSAIRE BUSHEY & ERICA CORDER
MECHANICAL ENGINEERING
COLLEGE OF ENGINEERING

PHOTOS BY ERICA CORDER

MBZIRC
Mohamed Bin Zayed International Robotics Challenge

Virginia Tech answers 
call in $5M autonomous 

robotics challenge
The Team - Virginia Tech

Tomonari Furukawa - Professor, ME
Karim Abdelatty, PhD student, ME

Tamer Attia, PhD student, ME
Jonathan Hodges, PhD student, ME
Haseeb Chaudhry, PhD student, ME

Jason Mickey Cowden, MS student, ECE
Luan Doan, MS student, ME

Chang Koo Kang, MS student, AOE
Orson Lin, MS student, ME
Urvi Desai, MS student, ECE

David Jensen, Junior, ISE
Yazhe Hu, PhD student, ME

Vihan Talur, MS student, ECE
Spencer Leake, Senior, ME

Nestor Folta, Junior, ME
Tom Ehrenzeller, MS student, ME

University of Technology, Sydney
Janindu Arukgoda, MS student

Gamini Dissanayake, Professor, ME
Ravindra Ranasinghe, Senior Research 

Fellow
Lakshitha Dantanaraya, Postdoctoral 

Fellow

Jensen Hughes
Brian Lattimer, VP of Research & 

Development
Alan Lattimer, Sr. software engineer

Alumni
Spouses, and VT alumni, Adam Rossi 
(CE) and Laila Rossi (Psychology) have 
contributed to the team on behalf of 

their venture capital and private equity 
company, Indie.
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distance, determine the correct wrench from several 
options, grasp it, and turn a valve 360 degrees. In 
challenge three, teams will use up to three drones 
to perform two tasks: identify and pick up 23 objects 
lying on the ground, then deliver them to a specific 
location and carry a bulky object – a task that the 
team believes will require multiple drones working in 
concert.

The fourth challenge will require teams to complete 
the first three challenges simultaneously, pushing 
the researchers to ensure their vehicles can effec-
tively communicate with each other without human 

intervention.

The technology needed to accomplish these tasks 
has major implications for the future of autonomous 
robotics and therefore communities of the future. 
Such technology can help with delivery services in 
dynamic environments, warehouse and factory auto-
mation, and improved search-and-rescue missions, 
for example.

“The biggest challenge we’ve faced has been the 
software,” said Haseeb Chaudhry of Lahore, Pakistan, 
a doctoral student in mechanical engineering and 

FACTS & FIGURES 

- Of the 143 teams to start the competition in 2015, only 25 teams remain representing 16 countries.

- Virginia Tech is among the 15 teams sponsored by event organizer Khalifa University -- and one of three U.S.-based teams.
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Follow the Team on Facebook, Twitter and 
Instagram Through the College of Engineering

https://www.facebook.com/VirginiaTechCollegeofEngineering/
https://twitter.com/vtengineering
https://www.facebook.com/VirginiaTechCollegeofEngineering/
https://twitter.com/vtengineering
https://www.instagram.com/virginia_tech_engineering/
https://www.instagram.com/virginia_tech_engineering/
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team lead in charge of drone design and control portion of the project. “The 
whole challenge rides on our ability to perceive the competition area, so our visual 
algorithm needs to be up to the job.”

To be ready, the team has created different algorithms to account for the brighter 
light in the UAE, cloud cover, sand, and a variety of other variables they expect 
they might encounter.

“Ideally, you want preset configurations, so validating the computer vision algo-
rithm has been one of our most difficult tasks,” Chaudhry said.

Chang Koo Kang of Seoul, South Korea, a graduate student in aerospace engi-
neering, is the team lead in charge of the first challenge. Kang works on perception 
sensors which process images from drone-mounted cameras to figure out where 
targets are located. Because of the monochromatic landscape in the UAE, having 
sensors that can differentiate topographical details is very important for the flight 
vehicles.

“This drone is decked out in terms of sensors,” Kang said. “We’ve got a high-res-
olution gimbal-mounted camera that we can point anywhere regardless of the 
orientation of the aircraft, and a second fish-eye camera that provides a 180-de-
gree field of view. The fish-eye lets us spot points of interest which we then can 

FACTS & FIGURES 

- The team's ground vehicle was shipped to the UAE Feb. 28 - in a crate weighing in at more than 360 Kilos. (~800 lbs)

- The team will hand-carry their five aerial vehicles on the 13-hour flight in hardened cases.
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point the high resolution camera at to get a better idea if it’s a target or not.”

Team VICTOR was able to acquire the necessary equipment and to be able to travel to Abu 
Dhabi through sponsorships from: MBZIRC competition organizer Khalifa University, Yoshimitsu 
Saito of NetSmile, the General Motors Foundation, and Virginia Tech. Spouses and Virginia 
Tech alumni Adam Rossi, a civil engineering major, and Laila Rossi, a psychology major in the 
College of Science, have also contributed to the team on behalf of their venture capital and 
private equity company, Indie. The Rossi’s also both earned masters’ of business administration 
degrees from Virginia Tech's Pamplin College of Business.

The team is composed of about 20 people, including graduate students from mechanical, 
industrial and systems, aerospace and ocean, and electrical and computer engineering as 
well as three undergraduate students from mechanical engineering. Additionally, the team is 
collaborating directly with local companies Jensen Hughes, Inc. and Cowden Technologies, LLC 
and researchers from the University of Technology, Sydney, located in Australia.

“The great thing about competitions such as this, or those like the DARPA (Defense Advanced 
Research Projects Agency) challenges we’ve competed in in the past, is that they give scien-
tists and researchers an even greater incentive in the realm of competition,” said Furukawa, 
director of the Computational Multiphysics Systems Lab in the College of Engineering. “It gives 
them an arena in which to push against each other to see what they can do by providing a 
common goal and seeing what strategies emerge to solve the same problem.” 
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Giving students excellent hands-on learning experiences doesn’t 
necessarily mean laboratories filled with the latest high-tech hardware. 
Starting with the Spring 2017 semester, some mechanical engineering 
undergraduates are carrying their labs in their backpacks thanks to the 
work of two faculty members who turned a grant-inspired innovation 
into a unique learning tool for students.

In 2015, two graduate students working with Professor Tom Diller on a 
National Science Foundation project for hands-on learning, formulated 
a method to manufacture heat flux sensors far more inexpensively than 
those being sold at the time. The students and Diller went on to form the 
company FluxTeq to commercialize the technology. The company is cur-
rently located in a lab at the Corporate Research Center. This spring Diller 
has started to use these products in his classes as part of a portable lab 
with the assistance of Associate Professor Al Wicks.

“We’ve been working for the last couple years on a way to provide stu-
dents with more hands-on experiences,” Wicks explained. “The concept 
is to allow students to have the capability of doing lab-type exercises 
without having a formal lab section.”

With more than 400 undergraduates in current classes of mechanical 
engineering, there aren’t enough 3-hour sections to handle the lab 
requirements such a student load would bring – to say nothing of faculty 
and graduate assistant staff to make it feasible. According to Wicks, heat 
flux-related labs haven’t been part of the curriculum course require-
ments for nearly two decades.

The portable lab kit, which is only slightly larger than a deck of playing 
cards, allows students to do heat flux measurements, and provides a 
much more well-rounded educational experience for the students.

“We literally built a data acquisition system based on a micro-controller 
attached to a heat flux gauge,” said Wicks. “There is a USB cable which 
can be plugged into a students’ laptop and they can use this small, 
inexpensive system to make measurements. They are using state of the 

STORY AND PHOTOS BY ROSAIRE BUSHEY
MECHANICAL ENGINEERING

Heat flux sensor provides undergraduates 
with portable lab experience

Top - The entire kit fits in a case about 
twice the size of a deck of cards.

Above - Associate Professor Al Wicks 
worked with Professor Tom Diller to 
create the kit and adapt its inclusion 
into undergraduate course work this 
semester.
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The heart of the 
system is a sensor 

that measures the amount 
of heat transferred between        

objects. The $50 kit provides students 
with a lab experience in their backpacks.
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art research tools and being exposed to data acqui-
sition on systems based on a micro controller. That 
means they are starting to look at more sophisticated 
electronics and being introduced to ancillary activities 
that add to their educational experience. None of this 
was possible 10 years ago.”

In January a group of about 75 students in one 
section of the required Heat and Mass Transfer course 
received their heat flux kits. The kits include a Texas 
Instruments TI432 micro controller with a TI “launch 
pad” board designed and built by ME graduate 
students that allows for measurements and data 
acquisition of the sensors. Texas Instruments donated 
100 of the controllers for the initial run of sensors. 
For students like Riley Allison of Goochland, Virginia, 
a junior in mechanical engineering, the kit, despite its 
small size, was intimidating at first.

“I was like, ‘oh, no! It goes back to our major where 
anytime we see wires or anything to do with coding 
we get scared,” said Allison. “This has been a great 
way to slowly step into that realm of possibilities. We 
weren’t given this kit to simply be a tool; we were 
shown how it works and what it is meant to do, which 
is great because so often you are given something and 
told to do a task without ever knowing how or why.”

A heat flux sensor measures more than temperature 
– it measures the heat transfer between objects. With 
the kit, for instance, students can place their hand on 
a piece of metal (which is provided) and measure the 
heat transferred from the body to the metal. Doing 
the same test with another substrate, such as wood, 
would result in a drastically different result because of 
the heat transfer properties of the material. Students 
can also directly measure the heat transfer from their 
skin at a variety of locations around the body and 
determine, for instance, how many calories they are 
burning. 

“Having the kits means students have to go out 
and do the work themselves with real hardware and 
analyze the data using industry-standard software,” 
said Wicks. “The depth at which they dive into the 

software is really a positive experience because it 
gives students some real-world application to the 
software they might not otherwise get until they were 
graduate students.”

“I’ve been on two co-op experiences and the Mat-
Lab software is always present,” Allison said. “We are 
using the software with this heat flux kit to a much 
greater degree than I used it in those co-ops and it’s 
been an awesome opportunity to see how everything 
ties together in a very important way.

Diller and Wicks agree they want to see students 
like Allison leave Virginia Tech as a problem solver. 
“As engineers we are trained to use the tools avail-
able to solve problems and problems aren’t always 
defined,” said Diller. “Students can’t escape – if they 
need to code, they will learn how to code and solve 
the problem; if they need to understand electronics, 
they’ll have to learn – not knowing isn’t an excuse, it’s 
an opportunity. The idea is that we are allowing the 
students to not be blocked by saying ‘I can’t do this,’ 
or ‘I don’t know how’. They’ve had exposure to it now 
and that allows them to feel comfortable with the 
unknown and go off and explore.”

Right - Professor Tom Diller and junior Riley Allison, connect 
the heat flux sensor kit as part of a demonstration.
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Researchers at Virginia Tech have built a device that 
uses a pair of magnets and a piezoelectric lever to 
convert wasted heat to useful electricity.

The system is the first working, bulk-scale example 
of a thermo-magneto-electric generator, a new type 
of thermal energy harvester designed to operate 
efficiently without the large temperature gradients 

Making Energy from Waste Heat
New system recovers energy 
lost from mechanical devices 
in the form of  heat

Postdoctoral researcher 
Jinsung Chun holds a 
thermo-magneto-elec-
tric generator, which 
uses magnets to dissi-
pate heat from mechan-
ical systems and turn it 
into useful electricity.

required by most systems.

Thermal energy harvesters recover waste heat, a 
significant source of energy loss in homes, manu-
facturing plants, and vehicles. Energy seeps out of 
mechanical systems from hot surfaces and exhaust 
gases and dissipates into the environment.  

“You can take any mechanical process around you, 
like running your lawnmower or a car, and about 40 to 
60 percent of the energy you’re putting in as elec-
tricity or gas is wasted as heat. It’s a huge loss,” said 
Shashank Priya, the Robert E. Hord Jr. Professor of 
Mechanical Engineering in the College of Engineering 
and associate director for research and scholarship at 

STORY BY ELEANOR NELSEN
INSTITUTE FOR CRITICAL TECHNOLOGY & APPLIED SCIENCE
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the Institute for Critical Technol-
ogy and Applied Science, who led 
the study. “There’s a lot of inter-
est in capturing that heat, which 
now gets discarded.”

Converting some of the lost 
heat to electricity would lower 
overall fuel consumption, cutting 

costs and blunting environmental impacts. By siphon-
ing off heat more quickly, it would also increase the 
performance of systems with electrical components, 
which operate more efficiently at lower temperatures.

The new thermal energy harvester, described in 
a study published in Scientific Reports, brokers the 
conversion of heat to electricity by taking advantage 
of materials called soft magnets, which are easily 
magnetized and demagnetized.

One such material is gadolinium, which is magnetic 
at around room temperature, but loses its magnetism 
as it warms up.

In Priya’s energy harvester, a gadolinium soft mag-
net is attached to a flexible plastic cantilever. A hard, 
or permanent, magnet rests against the heat source 
— for example, the hot surface of a computer’s CPU. 
Magnetic attraction pulls the two magnets together, 
allowing heat to flow from the hard magnet into the 
soft magnet. This heats the soft magnet above its 
transition temperature, and it becomes nonmagnetic.

Without magnetic attraction to bind it to the hard 
magnet, the soft magnet is pulled away by the cantile-
ver. Separated from the heat source, the soft magnet 
cools down; the drop in temperature reactivates its 
magnetic properties, starting the process over again.

Pulled in one direction by the hard magnet, and the 
other by the cantilever, the soft magnet cycles up and 
down as it gains and loses magnetism. Meanwhile, it 
absorbs heat from the hot surface via the hard mag-
net, cooling it and dispersing the thermal energy into 
the environment, which acts as a heat sink.

But the energy contained in the heat is recycled, 

because the piezoelectric cantilever converts the soft 
magnet’s up-and-down motion into electricity that 
can be used or stored.

One of the key advantages of the device is that it 
effectively harvests thermal energy from heat sources 
not dramatically hotter than the ambient air — the 
kind most common in homes and industrial plants.

“If you look around, you see mostly low-tempera-
ture gradients,” Priya said. “But at low temperatures, 
there aren’t many promising solutions.”

In tests, the researchers used their device to harvest 
thermal energy from heat sources around 70 to 80 
degrees Celsius. The device operating temperature is 
mainly governed by the heat required to demagnetize 
the soft magnet; with currently available materials, it 
can be as low as 50 to 60 degrees Celsius.

The new energy harvester’s ability to operate at 
moderate temperatures — along with its compact 
size and mechanical simplicity — could make it prac-
tical for household use. Priya envisions that the heat 
emanating from everyday appliances could be used 
to power networks of sensors in data-driven “smart” 
homes. 

“There are a lot of places where even a watt of elec-
tricity is sufficient, if you want to run a sensor node,” 
Priya said. “Let’s say you want to monitor some 
process, like measure a temperature or a fluid flow 
or pressure change. All you need is a burst of thermal 
energy available to you in a periodic manner.”

The researchers are scaling up the thermal energy 
harvester to increase its electrical output, refining 
the materials and design, and adapting it for specific 
applications.

The study’s first author is Jinsung Chun, a postdoc-
toral researcher in the Department of Mechanical 
Engineering. First-year doctoral student Ravi Kilgore, 
who holds a Doctoral Scholars Fellowship from the 
Institute for Critical Technology and Applied Science, 
and other graduate students in the department of 
mechanical engineering also worked on the project. 

PRIYA



             PAGE 23SPRING'17MOMENTUM

news notes

ACC Champions
Mechanical Engineering students, juniors Jared Haught (left) 
and Robert Owen (above), each is an ACC Champion in wres-
tling and swimming, respectively. Haught earned individual 
honors in the 197 pound class, and helped the Hokies earn 
their 3rd ACC team Championship. Owen is now a 3-time 400 
meter Individual Medley champion.

Photos/Hokiesports.com

ME Outstanding 
Senior
Elliott VanderLinden has 
been chosen as the ME 
Outstanding Senior and 
he will now compete for 
the College of Engineering 
award. VanderLinden does 
research for Associate 
Professor Mary Kasarda 
and will graduate with a 
3.9. He is also a former 
Green Beret, the Pres-
ident of Veterans@VT, 
and the President of the 
Student Chapter of Student 
Veterans of America. He is 
married to Dory, a mechan-
ical engineer who works at 
Altec and who received her 
BSME from the University 
of North Carolina, Char-
lotte in 2009.
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 conferences

GSA Symposium
The Graduate Student 

Assembly Research Sym-
posium will be held March 
29 in the Graduate Life 
Center. The symposium is 
an opportunity for graduate 
students to showcase their 
scholarship through papers, 
posters, performances and 
panels. The theme this year 
is “Fusion” diversifying, 
connecting, and amalgam-
ating perspectives across 
disciplines.

CenTiRe 
Members of the Center 

for Tire Research (CenTiRe), 
Professor Saied Taheri of 
VT, Professor Celal Batur 
(University of Akron), Ron 
Kennedy, managing direc-
tor of CenTiRe at VT, and 
VT doctoral candidates 
Mathew Clontz, and Ho-
jong Lee, attended the Tire 
Technology Expo and two 
associated conferences in 
Deutsche Messe, Hannover, 
Germany Feb. 14-16.

CenTiRe’s Director, Taheri, 
chaired the session on “Tire 
and vehicle modeling and 
the comparison with real 
tire test data” in the Sci-
entific & Technical Confer-
ence. Clontz presented a 
paper on “Decoupling the 
tire-vehicle system through 
frequency-based dynamic 
substructuring,” and Lee 
presented “Direct estima-
tion of tire contact features 

using strain-based intelli-
gent tire”.

Kennedy, delivered a pre-
sentation on “Financial and 
other business implications 
of computer simulations 
on the tire development 
process” in the Tire Busi-
ness Strategy Conference. 
Following his presentation 
he was interviewed for 
an article to be published 
in the next edition of Tire 
Technology International 
magazine.

CenTiRe also held a booth 
in the Expo hall that provid-
ed opportunities to interact 
with tire and tire-related 
company representatives 
from around the world. 
Several companies are 
considering attending the 
Industry Advisory Board 
(IAB) meeting taking place 
at Virginia Tech June 6-7.

Ben-Tzvi 
Associate Professor Pinhas 

Ben-Tzvi was invited to 
serve as a member of the 
Technical Program Com-
mittee for the 2017 IEEE 
International Conference on 
Mechatronics and Auto-
mation. The conference 
will take place Aug. 6-9 in 
Takamatsu, Japan.

Mahajan 
Roop Mahajan, Lewis A. 

Hester Professor, gave an 
invited talk Engineering 
Curriculum Retooled for a 
Sustainable Future” at the 

International Conference on 
Transformations in Engi-
neering Education Jan. 8 in 
Hyderabad and again Jan. 
10 in Rajkot. Mahajan also 
chaired a session of the 
conference on Jan. 6.

Haghighat
Professor Alireza 

Haghighat presented, Eval-
uation of RAPID for a UNF 
Cask Benchmark Problem 
to the 13th International 
Conference on Radiation 
Shielding, and 19th Topical 
Meeting of the Radiation 
Protection and Shielding 
Division of the American 
Nuclear Society in Paris, 
France in October.

Eskandarian
Professor Azim Eskan-

darian presented a paper 
at IEEE ITSC’s 2016 con-
ference in Rio de Janeiro, 
Brazil in November and he 
co-chaired a session in the 
conference. He was elected 
to serve a two-year term as 
the VP of the administration 
of the IEEE Intelligent Trans-
portation Systems Society, 
a continuation of a position 
he’s held since May 2016.

Qiao
Associate Professor Rui 

Qiao gave an invited talk 
at the Widely Applied 
Math Seminar Series at the 
School of Engineering and 

Alum making difference for girls
Amy Elliott, who earned a PhD in mechanical engineering in 
2013, now works at Oak Ridge National Laboratory studying 
inkjet-based additive manufacturing. In her spare time, she 
works as a science expert on a cable TV show, and plans to 
make books and materials aimed at getting girls interested in 
science and engineering. Read the whole story on Amy in the 
Oak Ridge National Laboratory EESD Review.

http://2017.ieee-icma.org/
http://2017.ieee-icma.org/
http://2017.ieee-icma.org/
http://2017.ieee-icma.org/
https://www.ornl.gov/blog/eesd-review/manufacturing-impact-science-culture-amy-elliott-0
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 publications
Behkam, Nain, Ellis 

Associate Professor Baha-
reh Behkam, in collabora-
tion with Associate Pro-
fessors Amrinder Nain and 
Michael Ellis have recently 
published Effect of Elec-
trode Sub-Micron Surface 
Feature Size on Current 
Generation of Shewanella 
Oneidensis in Microbial Fuel 
Cells. The work’s first au-
thor is Zhou Ye, a student of 
Behkam’s who defended his 
PhD on Feb. 20. The work is 
published in the Journal of 
Power Sources.

Ben-Tzvi and Ma
Associate Professor Pinhas 

Ben-Tzvi and his former 
doctoral student Zhou Ma 
published “Hand Rehabili-
tation Learning System with 
an Exoskeleton Robotic 
Glove” in IEEE Transactions 
on Neural Systems and 
Rehabilitation Engineering. 
The paper was published in 
the Dec. 2016 issue.

Ben-Tzvi and Zhao
Associate Professor Pinhas 

Ben-Tzvi and collaborator  
Grace Zhao published “Syn-
chronous Position Control 
Strategy for Bi-Cylinder 

Graduate Research
The Graduate Student 

Assembly has a semesterly 

Applied Sciences at Harvard 
University in November. The 
talk was, “Capacitive Charge 
Storage in Nanopores: From 
Thermodynamics to Dy-
namics.”

Hyperloop 4th at SpaceX
The Hyperloop team went to California in January to test their pod in a mile-long tube on the 
grounds of SpaceX. The team placed fourth and now is preparing for Hyperloop II, a competition 
this summer based solely on speed. While in California, the team was interviewed by WIRED 
magazine. You can read the article by clicking the link above.

Electro-Pneumatic Systems” 
in the International Journal 
of Control, Automation and 
Systems. The paper was 
published in the Dec. 2016 
issue.

 brief notes

from March 14-21 and an 
application guide can be 
found on the GRDP website. 
To be eligible, you must be 
a full time graduate student 
at Virginia Tech. For more 
information, email Adwoa 
Baah-Dwomoh at gsagrdp@
gmail.com

Mentors needed
The Office of Undergradu-

research fund specifically 
for graduate students called 
the Graduate Research 
Development Program. The 
GRDP provides up to $750 
for masters students and 
$1,000 for doctoral stu-
dents which may be spent 
on research equipment, lab 
usage, travel related to con-
ducting research and more.

The application window is 

http://www.sciencedirect.com/science/article/pii/S0378775317301969
http://www.sciencedirect.com/science/article/pii/S0378775317301969
http://www.sciencedirect.com/science/article/pii/S0378775317301969
http://www.sciencedirect.com/science/article/pii/S0378775317301969
http://www.sciencedirect.com/science/article/pii/S0378775317301969
http://www.sciencedirect.com/science/article/pii/S0378775317301969
http://www.rmlab.org/publications/Hand_Exo_Learning_Sys_TNSRE_2016.pdf
http://www.rmlab.org/publications/Hand_Exo_Learning_Sys_TNSRE_2016.pdf
http://www.rmlab.org/publications/Hand_Exo_Learning_Sys_TNSRE_2016.pdf
http://www.rmlab.org/publications/Hand_Exo_Learning_Sys_TNSRE_2016.pdf
http://www.rmlab.org/publications/Synch_Position_Control_IJCAS_2016.pdf
http://www.rmlab.org/publications/Synch_Position_Control_IJCAS_2016.pdf
http://www.rmlab.org/publications/Synch_Position_Control_IJCAS_2016.pdf
https://www.wired.com/2017/01/meet-students-racing-make-elon-musks-hyperloop-reality/
https://www.wired.com/2017/01/meet-students-racing-make-elon-musks-hyperloop-reality/
http://www.rmlab.org/publications/Synch_Position_Control_IJCAS_2016.pdf
http://blogs.lt.vt.edu/graduatestudentassembly/what-we-can-offer-you/funding-opportunities/graduate-research-development-program/
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Batra honored by alma mater
Romesh Batra, Clifton C. Garvin Professor of Biomedical Engineering and Mechanics and an 
affiliate faculty member with ME, was awarded the Alumni Achievement Medal for Academic 
Achievement from the University of Waterloo (Ontario, Canada) Engineering where he 
received his masters in mechanical engineering in 1969.

ate Research is looking for 
peer mentors for the 2017 
summer research programs 
at Virginia Tech. The posi-
tions are for up to 20 hours 
per week at $10 per hour. 
Undergraduate students 
or recent graduates with 
undergraduate research 
experience; excellent com-
munications and writing 
skills, organizational and 
people skills, and familiar-
ity with video and camera 
equipment; have a current 
driver’s license and good 
driving record. Interested 
candidates can apply online 
by April 9.

Immigration info
Virginia Tech has created a 

single website to share the 
most updated and factual 
information regarding travel 
bans, judicial stays, and in-
ternational travel. For more 
information, please go to 
the VT immigration site.

PhD Qualifier Exam
The spring PhD Qualifier 

Exam will be March 24 and 
25. Interested people can 
fill out the forms found 
on the ME website. Stu-
dents should read the PhD 
announcement and policies 
documents carefully since 
new exam policies have 
been implemented. Stu-
dents should also pay close 
attention to the exam’s new 
format, location and dates. 

 brief notes Old qualifier problems can 
be found online.

International travel
Faculty traveling interna-

tionally are advised to look 
at the following website 
that outlines travel forms, 
requirements and pro-
cedures for international 
programs and study abroad. 
The site offers safety tips, 
forms, and links for assis-
tance.

GSA Expo
The Graduate Student 

Assembly Research Sym-
posium and Expo will 
take place March 29 and 
the GSA is now accepting 

submissions for the Expo 
with the theme “FUSION 
– Diversifying, Connecting 
and Amalgamating Perspec-
tives Across Disciplines” 
Abstracts for poster presen-
tations, talks, and creative 
installations are being 
accepted until Feb. 1 at the 
Expo website. The website 
also features instructions 
and details on submission 
formats. For more infor-
mation, contact the GSA at 
gsasymp@gmail.com.

RADS seminar 
The Robotics, Automation 

and Dynamical Systems 
thrust area will host a sem-
inar March 21 from 10-11 

a.m. in 310 Kelly Hall. The 
speaker will be Prof. Venkat 
Krovi of Clemson University 
who will speak on A Distrib-
uted Robotic Systems Road-
map for Vehicle Automation 
Systems. Prof. Krovi is the 
Michelin Endowed Chair 
Professor of Automotive 
Engineering and Mechanical 
Engineering.

Commencement 
information

The Virginia Tech uni-
versity commencement 
ceremony is scheduled to 
begin at 8:30 a.m. May 12 
in Lane Stadium. The influx 
of students and their fam-
ilies is expected to cause 
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Mechanical Engineering in the National Capital Region
Members of the Department of Mechanical Engineering visited the National Capital Region 
in February to discuss ongoing plans to increase the footprint and academic offerings of ME 
courses at Virginia Tech’s Northern Virginia Center in Falls Church and Arlington. In the photo 
above, Associate Professor and Associate Dept. Head for Undergraduate Programs Clint Danc-
ey, Professor and Associate Dept. Head for Graduate Studies Corina Sandu, Kenneth Wong, 
Associate Dean of the Graduate School in the NCR, Melissa Williams, ME Business Manager, 
and Professor Azim Eskandarian, ME Dept. Head, meet at the Northern Virginia Center in Falls 
Church.

traffic congestion at the 
southern end of campus 
and along major roadways. 
To minimize congestion, 
all university offices in 
Blacksburg will open at 10 
a.m. May 12. Employees 
who are not involved with 
commencement are urged 
not to travel to campus 
before 10 a.m. Traffic is 
typically heavy before and 
after commencement along 
Southgate Drive, Beam-
er Way, and Washington 
Street. Cassel Coliseum and 
the South End Zone lots will 
be closed or restricted. For 
more information, please 
visit the commencement 

website.

Dunlap Institute
The Dunlap Institute 

Summer School at the 
University of Toronto is for 
students who have finished 
at least the third year of an 
undergraduate program or 
who are in the early years 
of a graduate program, and 
who have a background 
in engineering, physics, or 
astronomy. Students will 
learn in lecture and hands-
on laboratory sessions and 
more. The registration fee 
is $500 and travel subsidies 
and waivers are available. 
The program runs from July 

23-28 and the application 
and travel subsidy deadline 
is March 31. For more infor-
mation and to apply, visit 
the Institutes’s website.

DOE research program
The Dept. of Energy Office 

of Science Graduate Stu-
dent Research (SCGSR) 
Program provides awards 
to outstanding graduate 
students to spend 3-12 
months conducting part 
of their doctoral thesis/
dissertation research at a 
DOE national laboratory in 
collaboration with a DOE 
scientist. Applications are 
accepted through the on-

line application system and 
requires a research propos-
al and letters of support 
from a thesis advisor and 
collaborating DOE scientist. 
The research and proposed 
SCGSR project must be 
aligned with an identified 
priority area defined in the 
solicitation. Applications are 
due May 16 at 5 p.m For 
full details, and a link to the 
application, go the follow-
ing website.

COE open house
The annual Engineering 

Open House will take place 
April 3 and more than 1,500 
high school students and 
their families are expected 
to attend presentations and 
lab tours presented by en-
gineering departments. The 
event is primarily designed 
for high school juniors 
considering enrollment in 
an engineering discipline. 
Please be aware of the 
additional people and plan 
accordingly.

Underwood on 
Dean’s List

Johnny Underwood, equip-
ment and facilities specialist 
for the ME department, has 
earned a place on the Lib-
erty University Dean’s List 
for the fall 2016 semester. 
The honor is for full-time 
students who have earned 
a 3.5 GPA or greater for the 
term. Underwood is work-
ing toward his BS degree in 
accounting.

http://www.vt.edu/commencement.html
http://www.vt.edu/commencement.html
http://www.dunlap.utoronto.ca/training/summer-school/
https://science.energy.gov/wdts/scgsr/
https://science.energy.gov/wdts/scgsr/
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next issue
A car takes up residence  

in Goodwin Hall


