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Next gen drug delivery carriers
Assistant Professor Reza Mirzaeifar 

and his team are working with BEAM 
researchers to develop new methods of 
delivery drugs to the body.

13

Hyperloop goes electric
The Virginia Tech Hyperloop Team is 

currently building it's latest pod for sum-
mer 2018 competition. The new pod will 
be a departure from previous designs as 
it will be entirely electric.



             PAGE 3WINTER'17MOMENTUM

Connect on social

Facebook

Twitter

Inside
Associate Professor Kevin Kochersberger took a team from his Unmanned Systems Laboratory 

to Malawi in November and made history, during an autonomous drone test as part of UNICEF's 
drone testing corridor. Their air vehicle made an autonomous flight from a rural clinic to the airport 
carrying  a package of simulated dried blood spot cards. In future, the cards could be used to help 
test for diseases such as HIV.
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Outreach is an integral part of who 
we are, what we do

Happy Holidays to all of our Mechanical 
Engineering alumni, friends, faculty, and 
students around the world.

The holidays are a busy time for everyone, 
but as we approach the end of the year, our 
students and faculty are preparing for exams, 
finalizing projects, setting their dissertations, 
and in some cases, graduating. To those who 
fall into the latter category, I wish to add the 
congratulations of the entire department on 
your hard work, perseverance, and commit-
ment to earning your degree.

In this issue of Momentum you'll notice 
several instances of faculty and student 
outreach.

As we go about our busy days, it's easy to 
overlook outreach as an important part of 
what we do, but engagement is important 
and shouldn't be overlooked. When we reach 
outside our campus we invite the imagina-
tions of children to consider new possibilities 
for their futures - possibilities that include 
engineering and all STEM fields.

By taking part in outreach activities we 
also are able to reach a more diverse audi-
ence of young students - who may one day 

consider joining us as students, and maybe 
even faculty. For these reasons and others, 
the Mechanical Engineering Department is 
proud to once again be Silver Sponsors of the 
Virginia Tech Science Festival that was held in 
November.

For four years the science festival has 
hosted thousands of children to the Blacks-
burg campus. Our involvement has helped 
the festival bring in students from Hampton 
Roads and other communities throughout 
Virginia. For some of these students, Virginia 
Tech may be the first time they've seen some 
of the opportunities available in STEM fields.

I hope during your holiday time you find 
a few minutes to read through this issue 
and look at what your ME Hokies are up to. 
Whether it's outreach, or building drones 
in Malawi (Pg. 8); working to help veterans 
improve their quality of life (Pg. 10); or 
researching the next big very small thing in 
3-D printing (Pg. 14); rest assured mechanical 
engineers are involved.

It's been a great year and we look forward 
to continue reaching out and making a differ-
ence in the lives of our students, our faculty 
and staff, and our potential students-to-be.

From the Dept Head
Azim Eskandarian 
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Joseph Schetz, center, an affiliate 
faculty member of mechanical en-
gineering and a retired professor of 
aerospace and ocean engineering, 
received the AIAA Aerodynamic Mea-
surement Technology Award at the 
AIAA meeting in Denver this summer. 
Schetz also gave an invited lecture in 
conjunction with the award.

Robot-operated machines were 
part of an exhibit at the ACCeler-
ate: ACC Creativity and Innova-
tion Festival at the Smithsonian's 
National Museum of American 
History in October. The festival 
was hosted by Virginia Tech's 
Institute for Creativity, Arts, and 
Technology and the Smithso-
nian's Lemelson Center for the 
Study of Invention and Innova-
tion.
Read more here

briefly

Jeff Stout, a junior in mechanical engineering 
and member of the Baja team, talks to students 
from McHarg Elementary School in Radford 
in October. Mechanical engineering students 
and faculty host a variety of visitors and student 
groups from local area schools interested in 
learning about STEM fields. Teams like Baja 
often travel to schools as part of outreach efforts 
to interest students in STEM.

https://vtnews.vt.edu/photo-galleries/2017/univrel-acceleratefestival.html
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news 
notes

Z. Li on cover of Joule
Zheng Li's paper Lowering the Bar 

on Battery Cost will be featured on 
the cover of Joule, a journal in the 
field of energy research. 

Li is also working in collaboration 
with Rui Qiao and Robert Bodnar on a paper 
that has been accepted for a future issue of 
Advanced Energy Materials. The article is Sodi-
um-Sulfur Flow Battery for Low-Cost Electrical 
Storage.

Behkam and Nain in Molecular        
Biology of Cell

Bahareh Behkam and 
Amrinder Nain had 
their article Aligned 
Fibers Direct Collective 
Cell Migration to 
Engineer Closing and Nonclosing Wound Gaps, 
published in the September issue of the Ameri-
can Society for Cell Biology's Molecular Biology 
of Cell journal. An article about the work will 
appear in a future issue of Momentum.

Eskandarian in Korea
Azim Eskandarian presented the 

invited talk for the 2017 Pangyo 
Autonomous Motor Show (PAMS) 
Forum, Nov. 16 in Pangyo, South 
Korea. The talk was titled, A Per-
spective on Vehicle Safety and Mobility at the 
Era of Emerging Autonomy.

Parker invited to give 2018 plenary 
lecture in Japan

Rob Parker was recently invited 
to give the distinguished plenary 
lecture to one of the largest 
worldwide acoustics and vibrations 
conferences, at the 25th Interna-
tional Congress on Sound and Vibra-
tion, July 8-12 in Hiroshima. Parker's talk will be 
on Unique Vibration Phenomena in High Speed 
Gear Systems.

Behkam and Nain awarded patent
Bahareh Behkam and Amrinder Nain were 

awarded a U.S. patent in September for meth-
ods and systems associated with measuring 
single and multi-cell inside-out and/or outside-in 
forces on a nanofiber grid. A story associated 
with the work involved in the patent appeared in 
VTNews in July. 

Gural receives scholarship
Genevieve Guaral, a senior in 

mechanical engineering, was 
recently awarded a top scholarship 
at the Foundry Educational Founda-
tion - College Industry Conference 
(FEF-CIC) for her experience in 
metal casting, engineering internships, high GPA, 
outreach, and demonstrated leadership. Among 
other things, Gural is the SAE Baja Team captain. 

Malladi DARPA grant
Postdoctoral researcher Sriram 

Malladi is PI on a $500,000 Defense 
Advanced Research Projects Agency 
grant through the Naval Research 
Laboratory. Virginia Tech's portion 
of the grant is $150,000 to apply 
steady-state traveling waves to develop un-
manned underwater vehicles. Malladi works in 
Associate Professor Pablo Tarazaga's Vibrations 
Adaptive Structures and Testing Laboratory.

Eskandarian

Z. Li

NainBehkam

Parker

Gural

Malladi

http://www.cell.com/joule/fulltext/S2542-4351(17)30089-2
http://www.cell.com/joule/issue?pii=S2542-4351(17)X0003-2
http://www.molbiolcell.org/content/28/19/2579.full
http://www.molbiolcell.org/content/28/19/2579.full
http://www.molbiolcell.org/content/28/19/2579.full
http://www.molbiolcell.org/content/28/19/2579.full
https://vtnews.vt.edu/articles/2017/07/eng-nanonet-force-microscopy.html
https://vtnews.vt.edu/articles/2017/07/eng-nanonet-force-microscopy.html
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Ranga Pitchumani, the George 
R. Goodson Professor of Mechan-
ical Engineering, received the 
2017 Hoyt Clarke Hottel Award in 
October from the American Solar 
Energy Society.

The prestigious Hoyt Clarke 
Hottel Award is a highly selective award in the 
field of Solar Energy. The Award’s namesake 
(of the well-known Hottel charts fame in Heat 
Transfer), and past recipients are considered 
distinguished pioneers in the field.

Hottel and his co-workers were the first to 
develop accurate analytical models for solar 
heat collectors and the modeling and testing 
has led to what is currently known as the 
Hottel-Whillier model.

Winners of the award must have made a 
significant contribution to technology in any 
area of the solar energy field.

Click a link below to read more about Pitchu-
mani's research.

Using mirrors to make solar energy cost 
competitive

New material coating technology

Sunshot initiative grant

Zuo Best Paper Award
Lei Zuo received the ASME 

Dynamic Systems and Control 
Division Vibrations Technical 
Committee – Best Vibrations 
Paper “Regenative Based Isola-
tion with Multi-Resonant Elec-
tromagnetic Shunt Dampers”  Presented Oct. 
11-13 at the 2017 ASME Dynamic Systems and 
Control Conference in Tysons, VA. The award 
was presented to Zuo, Yalu Pei, and Yilun Liu. 

Mirzaeifar USAF Award
Reza Mirzaeifar received 

a $360,000 award from the 
United States Air Force's Young 
Investigator Research Program. 
His work will study Ultra-High 
Strength Superelastic Transforming Metal 
Matrix-Graphene Composites. The award is for 
three years.

Tian earns New Investigator Award
Zhiting Tian received an ACS 

Petroleum Research Fund 
Doctoral New Investigator Award 
of $110,000, to support her 
research on Asymmetric Thermal 
Properties of a Novel Polymer 
Topology.

Eskandarian wins award
Azim Eskandarian was selected for the 2017 

IEEE ITS Outstanding Researcher Award for 
contributions in Autonomous Systems and 
Intelligent Machines. He was recognized at an 
award ceremony Oct. 18 in Yokohama, Japan.

Wang receives award
Undergraduate senior Yiying Irene Wang was 

awarded the David H. Jackson/Bostik Findley 
Inc. Award for work on engineering biomedical 
device surfaces to mitigate biofilm formation. 
Wang is enrolled in the BS/MS program.

Hu earns best paper
Yazhe Hu, a doctoral student with Tomonari 

Furukawa, earned the Best Paper Award at the 
4th International Symposium on Future Active 
Safety Technology Towards Zero Accidents 
(FAST-Zero) in Nara, Japan in September. The 
paper was called, Automatic Detection and 
Evaluation of 3-D Pavement Defects Using 2-D 
and 3-D Information at High Speed.

Zuo

Mirzaeifar

Tian

Pitchumani earns Hoyt 
Clarke Hottel Award

Pitchumani

https://vtnews.vt.edu/articles/2013/04/042413-engineering-solarenergy.html
https://vtnews.vt.edu/articles/2013/04/042413-engineering-solarenergy.html
https://vtnews.vt.edu/articles/2014/05/050114-engineering-newcoatingtechnology.html
https://vtnews.vt.edu/articles/2017/02/a-place-in-the-sun--sunshot-initiative-grant-awardees-to-study-s.html
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Drone delivery has moved one step closer to 
reality in sub-Saharan Africa after a team from 
Virginia Tech conducted tests at the UNICEF 
drone testing corridor in Kasungu, Malawi with a 
fully autonomous aircraft designed in mechani-
cal engineering’s Unmanned Systems Lab. 

The flights set several records in Malawi, 
including the longest cross country unmanned 
aircraft flight; the first flight of an aircraft 
fabricated by Malawians; and the first delivery of 

a payload from a health clinic. 

Designed to carry small packages for medical 
supply and diagnostics, EcoSoar achieved a 
first-flight milestone Nov. 9 when it flew a 19 
km fully-autonomous mission from the Gogode 
Health Clinic to the Kasungu Airport carrying a 
simulated package of medical supplies. 

More significant than the flight, however, 
was the fact the aircraft were built by a team of 
Malawian students from the Malawi University 
of Science and Technology (MUST) under the 
supervision of graduate students Zack Stan-
dridge of aerospace and ocean engineering and 
James Donnelly of mechanical engineering, and 
Kevin Kochersberger, an associate professor in 
mechanical engineering.

Thirteen students from across Malawi built five 
EcoSoar aircraft as part of a two-day fabrication 
workshop. After a day of flight testing, hun-
dreds of villagers came to the airfield to wit-
ness the historic beyond-line-of-sight delivery 
flight. The aircraft carried a simulated package 
of dried blood spot samples to the Kasungu 
Airport.

“EcoSoar was designed with low-resource 
environments in mind,” said Kochersberger of 
the $350 aircraft made from materials such as 
foamcore poster board, and 3-D printed parts. 
“I envision entrepreneurs in Malawi establish-
ing businesses around the use of this aircraft 
– building, operating and maintaining EcoSoar 
for both medical deliveries and environmental 
assessment activities.”

In addition to payload capacity of 130 grams 
(4.5 ounces), the aircraft can be fitted with an 
eight-megapixel camera to collect images of the 
ground environment which can then be recon-
structed for environmental monitoring.

Donnelly launched the aircraft from the 
Gogode Health Clinic and Standridge stood by 
to recover the plane at the Kasungu Airport. 
Standridge was rewarded by the sound of the 
drone 14 minutes after takeoff when it was one 
kilometer from its destination. 

“It is extremely rewarding to see my design 

Engineers set drone records in Malawi 
as part of UNICEF corridor trials
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successfully recreated; and seeing the local 
students’ excitement in their work only adds to 
my own enthusiasm for the project,” Standridge 
said. 

The UNICEF drone testing corridor opened 
in July, 2017 in partnership with the Malawian 
government to explore drone applications in 
emergency medical supply delivery, vaccines 
and sample delivery for diagnosis, and remote 
sensing for environmental assessment and will 
remain open for one to two years. 

“It was truly inspiring to see a Malawi-man-
ufactured drone only built by students under 
Virginia Tech guidance,” said Michael Scheiben-
reif, drone corridor lead with UNICEF, who was 
on-hand to witness and take part in the training 
opportunity. 

“This could have the potential to deliver med-
icine to remote and hard to access communities 
and is a great example of how important it is 
to build local capacity in the drone sector. If we 
can build an ecosystem of drone experts locally, 
we can ensure these solutions are sustainable 
and embedded within the communities they 
service,” Scheibenreif said.

The UNICEF drone coordinator said that after 
witnessing the manufacture and flight of the 
EcoSoar, he sees great opportunity for drones to 
leapfrog over broken infrastructure to carry life-

saving materials 
to places where 
developed 
transportation 
networks do not 
exist.

Kochersberger 
said he plans to 
return to Malawi 
with a produc-
tion-ready ver-
sion of EcoSoar 
in 2018 and see 
its adoption by 
the innovators 
who attended 
the workshop.
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QL+ provides opportunity 
to build passionate engineers  

The senior design capstone is a rite of passage 
for mechanical engineering majors. The two-se-
mester project involves designing and creating a 
product, often specified by a customer. For two 
teams this year, the customers are from QL+, a 
nonprofit organization that finds engineering 
solutions to problems faced by wounded veter-
ans and first responders.

 The veterans who are advising 
the teams are Dawn Halfaker an 
Army veteran who maintains an 
active lifestyle and is looking for 
a way to do pushups after losing 
her left arm and shoulder in Af-
ghanistan; and Tammy Landeen, 
an Army veteran in Maine who 
needs a way to change out her 
outdoor wheelchair tires to ones 
suitable for use indoors. The veterans are known 
as 'challengers' within QL+, for providing the 
challenge for engineering students.

Lloyd Glenn is the executive director of QL+ 
and says the 501(c)3 organization is a little differ-
ent than many who work in the veteran space.

“We’re not really a veteran’s organization,” 
Glenn said, “because while we help disabled 
vets and first responders, we’re as much about 
building, in a passionate way, the engineers of 
the future.”

Started in 2009 by Jon Monett, a former execu-

tive with the CIA and U.S. Air Force veteran, QL+ 
goes beyond prosthetics and the tools necessary 
for recovery, by reaching for engineering solu-
tions to improve a person’s quality of life.

“The people we are dealing with, they are 
young, they are fighters, they are competitors,” 
Glenn said. “When they got wounded they were 
in the best shape of their lives. You have some-
one who now doesn’t have arms or legs, or is 
blind, or has PTSD, and they are going to be here 
for a long time and they want a maximum qual-
ity of life. They want to race and fish and kayak 
and play basketball. So when we talk to these 

folks, who we call ‘challengers,’ we 
ask what it is they like to do and we 
hear things like, ‘I like to ride my 
recumbent bike, and I’d like a way 
to load and unload my bike on the 
back of my truck by myself.’ These 
are the types of things that would 
help improve their quality of life.”

The QL+ team looks at each 
situation and determines if there 
is an engineering solution for the 

problem, and then they approach university 
engineers to develop solutions. The program 
started at California Polytechnic State University, 
Monett’s alma mater, and continues to devel-
op relationships with other universities, now 
including Virginia Tech.

“These challenges are different than those 
brought by corporations because there is a one-
to-one interface with a real customer and there 
is a higher accountability because that customer 
has a face and a name, and at the end of the 
year, you have to look your customer in the eye 
and deliver on what you promised,” Glenn said. 

STORY BY ROSAIRE BUSHEY
MECHANICAL ENGINEERING

Program works with veterans 
and first responders to provide 
real-world challenges to 
engineering students

Robin Ott, 
senior design 

program 
coordinator, 

looks for 
partner orga-
nizations that 

can provide 
challenging 

projects and 
give students 

unique, 
real-world 

design 
experiences.
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At Cal Poly, QL+ currently sponsors about 10 projects 
and students there have started a QL+ club that attacks 
challenges and allows students who aren’t seniors to 
participate in challenges. With the introduction of QL+ to 
the mechanical engineering senior design portfolio, a club 
is already starting to form at Virginia Tech.

“I find this generation of engineers to be very empathet-
ic; they want to give back and they want to do something 
with meaning. Being able to interact on a weekly basis with 
the veterans really helps the students understand what life 
is like for their customer and what a difference the project 
makes in their life.”

As QL+ continues to grow challengers are reaching out to 
the program with more ideas and Glenn said the organiza-
tion realized an east coast hub was going to be needed.

“Being from Lexington, I’ve been familiar with Virginia 
Tech for years and I’ve always known it as one of the pre-
mier engineering schools in the country,” Glenn said. “At 
the CIA I hired many Virginia Tech grads and worked with 
many Virginia Tech Co-ops, and those men and women 
always did very well in the unique engineering operating 
environment in the CIA. In my mind, Virginia Tech is the 
place on the east coast where we need to have an anchor 
school. My dream is to make it as big as, if not larger, than 
Cal Poly. The potential is absolutely here.”

Veteran Tammy Landeen of Maine is working 
with a senior design team to develop a 
device that will allow her to change her 
wheelchair tires without leaving her chair.

Senior design students from left: Jeff Flanagan, Bryan Furr, Colin Jones, Kristine Baisa, Riley Allison, 
Tim Jennings, and Ben Schultz

A QL+ senior 
design team was 
recently featured 
on WSET13 news. 
Click to watch the 

segment.

http://wset.com/news/local/vt-mechanical-engineering-students-build-custom-device-for-disabled-army-veteran
http://wset.com/news/local/vt-mechanical-engineering-students-build-custom-device-for-disabled-army-veteran
http://wset.com/news/local/vt-mechanical-engineering-students-build-custom-device-for-disabled-army-veteran
http://wset.com/news/local/vt-mechanical-engineering-students-build-custom-device-for-disabled-army-veteran
http://wset.com/news/local/vt-mechanical-engineering-students-build-custom-device-for-disabled-army-veteran
http://wset.com/news/local/vt-mechanical-engineering-students-build-custom-device-for-disabled-army-veteran
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Mechanical engineering students taking part 
in the Aerospace and Ocean Engineering-led 
Wind Turbine team are using the experience as a 
senior design project.

The U.S. Department of Energy Collegiate 
Wind Competition challenges undergraduate 
students from 12 universities to design a wind 
turbine based on market research. The team has 
to create a business plan in addition to building 
and testing the turbine and demonstrating 
knowledge of site constraints and location 
challenges for turbine installation.

The competition prepares students from 
multiple disciplines to enter the wind energy 
workforce. 

Last year the team designed a 2 kilowatt 
portable wind turbine that was 15-feet tall and 
included a 2-meter rotor. The turbine was tested 
at the Virginia Tech Stability Wind Tunnel at 
Kentland Farms.

The team is made up of 35 students from 
mechanical, aerospace and ocean, civil, 
electrical, and materials engineering programs 
as well as students from the Pamplin College of 
Business. 

Students work as part of five sub-teams 
including blade, drive, power electronics, tower, 
and business/implementation.

The team, sponsored by AoE, ME, the Student 
Engineering Council, General Electric Renewable 
Energy, the National Science Foundation, VT 
Stability Wind Tunnel, and Kentland Farms, 
is working toward the annual competition at 
the American Wind Energy Association Annual 
Conference Expo in May.

Mechanical engineering students on the team 
are advised by Christian James (BSME '04  and 
MSME '06), a founder of Industrial Biodynamics 
in Salem, Virginia.

Wind turbine team now a senior design project
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Associate Professor Brian Vick was inducted into the  
Mechanical and Aerospace Engineering Department's 
Hall of Fame at North Carolina State University Nov. 3.

Vick, who received his BS, MS, and Ph.D.s in mechan-
ical engineering from NC State in 1976, 1978 and 1981 
respectively, was presented the award by MAE depart-
ment head, Srinath Ekkad.

The honor was established in 2012 to inspire stu-
dents and celebrate the accomplishments of graduates 
who have excelled in their profession, career, service, 
entrepreneurship, and contributions to the profession.

Vick joined Virginia Tech in 1982. His main research 
includes heat transfer, applied mathematics, numerical 
analysis, tribology, wave mechanics, non-linear dynam-
ics, and parameter estimation.

Vick inducted to NC State MAE HoF

North Carolina State Department of 
Mechanical and Aerospace Engineering 
head Srinath Ekkad, left, presents Vick with 
a plaque honoring his induction into the 
department's Hall of Fame.

The Virginia Tech Hyperloop team is preparing 
for the next competition to be held in Summer 
2018 by constructing an entirely new pod 
centered on a new drive system.

The latest pod features a redesigned pod and 
removal of the cold-gas propulsion system in 
favor of an all-electric drivetrain.

The interdisciplinary team 
is made up of students from 
the College of Engineering, the 
Myers-Lawson School of Construc-
tion, and the Pamplin College of 
Business.

According to team lead Andrey 
Gubanov, the 2018 competition 
will focus on maximum speed 
with successful deceleration, 
and having a self-propelled pod. 

Previous competitions have involved the use of a 
pusher mechanism in the Hyperloop tube at the 
Space-X facility in Hawthorne, California.

The team placed fourth overall and seventh 
overall in competitions one and two respectively. 

The Mechanical Engineering department 
recently provided the team with $10,000 to help 
them develop and test their new all-electric pod.

You can follow the team on Facebook and 
Twitter. 

Hyperloop team goes 
electric with new pod

https://www.facebook.com/VTHyperloop/
https://twitter.com/vthyperloop
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Nano Printing
Printing at the nano scale has hurdles to overcome before becoming reality 

and Professor Rayne Zheng is helping lay the theoretical foundations for 

additive manufacturing at levels bordering on the atomicA nanometer 
is just shy of 
the atomic 

level. 

A hydrogen 
atom, for 

example, is 
about 0.1 

nanometers.

When working with engineers and physicists 
it’s important to understand the length-scale of 
the features they work with and their interaction 
with all physical inputs --- from electromagnetic 
waves, optics and acoustic waves, to mass 
transport and energy storage. 

For most people a millimeter is a good place to 
start. It’s a small unit of measure, but one that 
can easily be associated to the world around us - 
a dime is nearly 18 millimeters across. Break the 
millimeter into a thousand pieces and you’re left 

with a micrometer, a unit of measure you can’t 
see – this is the scale used to measure bacteria. 
Break the micrometer down into a thousand 
pieces and you’re left with a nano-meter, a unit 
of measure that is used to measure individual 
strands of DNA which have a diameter of around 
2.5 nanometers.  

These nanometer features are not new to 
scientists. Nanowires and thin films, have been 
shown to have exceptional properties. Although 
these nano-properties are very desirable 

Assistant Professor 
Rayne Zheng
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for many applications, due to their dimensional 
constraints they have been limited to one or two-di-
mensional forms. When these nanowires and thin 
films are scaled up, their size-affected properties are 
lost, and when they are clustered in a composite, 
interfaces and matrix materials weaken their overall 
performance. To overcome this dilemma researchers 
envision highly ordered three-dimensional architec-
tures constructed from these miniaturized features.

It is to this nano-world that Rayne Zheng, assistant 
professor of mechanical engineering in the College of 
Engineering, wants to take 3-D printing, a technology 
many people are familiar with from the millimeter 
world. Zheng was recently given a three-year Nation-
al Science Foundation grant to study what it would 
take to build complex three-dimensional structures 
at the nano-level and then scale them up to microm-
eter, millimeter scales and above. 

In traditional manufacturing techniques, many 
beneficial properties originated from the nanoscale 

are lost during the scaling up process. “We’re in-
vestigating the additive manufacturing process that 
underpins this scaling up process – allowing optimal 
control of hierarchical feature sizes so that nanoscale 
features, can be transferred into any arbitrary 
three-dimensional architectures, with minimal loss of 
their pristine properties,” Zheng said. “We’re looking 
at questions like, how do we achieve printing below 
the micrometer level and achieve scalable, micro- 
and nano-manufacturing techniques that excel at 
incorporating multiple, diverse materials.”

The key driving force is the evolution of high 
precision additive manufacturing technologies, which 
have been used to create 3-D micro-architected 
materials. In a recent publication by Zheng’s group, 
these materials use an engineered micro-structure, 
rather than relying on chemistry alone, to provide 
designed properties and performance. The under-
standing of metamaterials has rapidly advanced, with 
modeling, simulation, and design tools, and basic 

The red space at the top 
of this photo is a piece of 
steel weighing 200 grams 
(a little less than half a 
pound) heated to 800 
degrees centigrade. The 
ceramic lattice holding 
the weight weighs only 
0.04 grams. The ability 
to create strong, high 
temperature structures is 
a big reason for designing 
and building at the nano 
level and scaling up. 
Materials built at larger 
scales have weaknesses 
and deficiencies which 
cause them to lose their 
beneficial properties.
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science providing the underlying technology 
to develop designs with an array of interesting 
and useful properties. The challenge is to create 
a way of producing the materials quickly and 
affordably.

This is especially challenging for materials 
that have been traditionally extremely difficult 
to process, such as bulk ceramics. Zheng noted 
that ceramics have many desirable properties, 
including dielectric, chemical and heat and high 
temperature resistance, but they have limited 
applications due to their high flaw sensitivity, 
weight and catastrophic fracture behavior 
upon loading. This load failure is attributed to 

the persistence of distributed flaws within the 
ceramics such as cracks and voids. 

Traditional ceramic manufacturing methods 
make it nearly impossible to create  complex 
shapes and interconnected porosities with high 
precision. This limitation significantly reduces 
their potential applications in areas such as 
integrated circuities, energy transduction and 
storage, and space-related applications. 

Zheng realizes that to get the most benefit 
from some materials, going small is the best 
way to get big.

“Some materials work better the smaller they 
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are,” Zheng said. “As you reduce the size, the 
purity increases. The cracks are far smaller at 
the nano level than they are at visible levels. 
If you can start the printing process from the 
smaller level and build up, you can maintain the 
mechanical, thermal, and energy conversion 
properties, and strength that make materials 
both lightweight, strong and damage tolerant.”  

One recent example funded by this research 
are high temperature precision ceramics, which 
have shown exceptional strength while main-
taining ultralight weight. 

Graduate researchers Ryan Hensleigh and 
Huachen Cui, from Zheng’s group, have recently 
created a variety of miniaturized 3-D printed 
materials that shows great promise. “We have 
shown that owning to the reduction of feature 
sizes, as you make each ligament that comprise 

the ceramic lattice thinner and thinner, you will 
actually gain strength as a reduction of weight,” 
Zheng said.

Their team’s results are being published as an 
invited article on a Focus issue of the Journal of 
Materials Research.

“As we keep shrinking the feature sizes of 
each ligament while maintaining the footprint, 
a myriad of desirable properties still remain to 
be discovered.” Zheng noted as he plans on his 
investigations. We can create a variety of ultra-
light and strong tailorable ceramic materials. 
Additionally, Zheng’s group has been working 
on tailorable functionality for these ceramics, 
including dielectric, piezoelectricity and energy 
harvesting applications and integrating these 
materials for a variety of device applications 
and smart lightweight infrastructures.

Opposite page: Ryan Hensleigh, Huachen 
Cui, and Hongshun Chen, doctoral students 
in Zheng's group, inspect a high tempera-
ture ceramic micro nozzle array. 

Above and right - High temperature pre-
cision ceramic 3-D components including 
microscale gears and micro ceramic nozzle 
arrays. Each tooth and nozzle head has a 
diameter of less than 10 microns.
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As Professor Corina Sandu 
was on sabbatical, she was 
able to work with colleagues 
at the University of Technology 
of Compiegne (UTC), in Comp-
iegne, France. An engineering 
school with autonomous 
training and pedagogy as well 
as an innovation-intensive, 
interdisciplinary technological 
research program, UTC is part 
of group known as the Sor-
bonne Universities.

While in France, Sandu has 
been conducting join research 
in the Heuristics and Diag-
nostics for Complex Systems 
Laboratory (Heudiasyc), with 

Prof. Alessandro 
Victorino, Dr. 

Pedro Castillo, 
Researcher, 

Assoc. Prof. 

Jérôme De Miras, and UTC doc-
toral student, Angel Alatorre. 

The Heudiasyc Lab leads 
projects based on the synergy 
between upstream, basic 
research and finalized, applied 
research, to meet societal 
challenges such as safety, 
transportation, environment, 
health, and STIC (Science and 
Technology for Information and 
Communication).

In close collaboration with 
professional and industrial 
partners, Sandu has been co-
operating with the UTC team as 
part of the European Commis-
sion Horizon 2020 EVE project, 
the Innovative Engineering of 
Ground Vehicles with Inte-
grated Active Chassis Systems, 
which brings together partners 
from the United States, Eu-

ropean Union, and 
South Africa to 
develop novel 
integrated 
chassis con-
trols for sport 
utility vehicles 
(SUVs). These 
controls 
include 
decoupled 
brake systems, 

dynamic tire 
pressure control, 

and active suspension 
elements. 

The EVE project has resulted 
in new real-time tire and 
vehicle models, embedded 
chassis controllers, and remote 
testing procedures using hard-
ware- and test-rig-in-the-loop 
techniques. 

As part of her stay at Compie-
gne, Sandu has given an invited 
seminar for faculty and grad-
uate students discussing her 
research, and her collaboration 
with UTC team and doctoral 
student Sterling McGranda, has 
resulted in an SAE technical 
paper, currently pending eval-
uation at the SAE WCX2018. 
Sterling spent two months at 
Compiegne during the summer 
2017, while doctoral student 
Hoda Mousavi spent two 
months at Delft University, in 
The Netherlands, also as part 
of the EVE project.

Sandu has hosted Victorino, 
Castillo, and De Miras, and doc-
toral student Hernan Abaunza 
Gonzales at Virginia Tech’s 
Advanced Vehicle Dynamics 
Laboratory in the Spring 2017 
semester, and is hosting De 
Miras and UTC doctoral student 
Abbas Chokor in the Fall 2017 
semester.

Sandu looks at the 
instrumentation of 
a Renault equipped 
with sensors for 
data acquisition for 
vehicle dynamics.

Sabbatical in France allows international 
cooperation in vehicle research
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A variety of engineering and 
mechanical engineering scholar-
ships were announced in the past 
quarter. The mechanical engineer-
ing students receiving awards are:

VT Alfa Laval Thermal Inc. 
Mechanical Engineering Scholar-
ship for the Advancement of heat 
Transfer Technology Scholarship 
- Alex Shema, Meagan David, 
Ahmed Elnahhas, Andrew Cohen

VT Pierce T. Angell Mechanical 
Engineering Scholarship - Michael 
Williams

VT Mechanical Engineering 
Atlas Fraley Memorial Scholarship 
- Clayton Mottley

Dhulipala Scholarship in 
Mechanical Engineering - Richard 
Catania

Thomas Watkins Drewry and 
Patty Moncure Drewry Memorial 
Scholarship - Blake Bremer, Evan 
Claessen, Bohma Ekleberry, Hunt-
er Mollica, David Lee and Stephen 
Heinichen

Herbert L. Duff Jr. and Marian 
Miller Duff, Class of 1948 Me-
chanical Engineering Scholarship 
- Adam Wise and Thomas O’Shea

Carroll F. Hartlove Mechanical 
Engineering Scholarship - Andrew 
Caldwell

Mechanical Engineering 
Monte Alan Marcum Scholarship - 
Ahmed Elnahhas

Hamilton H. Mabie Mechanical 
Engineering Scholarship - Meagan 
David and Robert Vasinko

Mechanical Engineering Hugh 

Smith Miles Jr Scholarship - 
Joshua Hull, Dominic Pinto, Robert 
Vasinko

Mechanical Engineering 
Stanley Ragone Memorial Fund 
Scholarship - Philip Meekhof, and 
Wendelle Sparrer

George E. Schultz Memorial Me-
chanical Engineering Scholarship 
- Emily Graziani and Rhythm Kim

Mechanical Engineering 
Deborah R. Tillotson Engineering 
Scholarship - Andrew Cohen

Mechanical Engineering Hobart 
A. and Mollie L. Weaver Scholar-
ship - Andrew Vogel and Andrew 
Caldwell

Mechanical Engineering H.C. 
and Terry Yu Endowed Scholar-
ship - Zachary Quist

Students receive ME scholarships

Senior-designed shooting 
table makes competition

A portable shooting table 
designed for paralympic athletes 
as part of a 2017 senior design 
project has made its way to 
international competition.

Stetson Bardfield, an 18-year-
old athlete taking part in his first 
competition, used the table as 
part of the  2017 World Shooting 
Para Sport World Cup in Bangkok, 
Thailand in November.

Bardfield was a member of a 
US team that placed 3rd; and 
he placed 14th in an individual 
competition.
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STORY, PHOTOS, & VIDEO BY ERICA CORDER
COLLEGE OF ENGINEERING

Rolls-Royce is more than just automobiles.

That’s the message being spread by Joseph 
Krok, the university research liaison manager 
at Rolls-Royce. The company has, in recent 
years, turned its focus to aviation — specifically, 
aircraft engines.

“As you can imagine, gas turbine engines are 
incredibly complex and highly technical,” said 
Krok, who acts as a connector between the Lon-
don-based company and universities across the 
globe. “Because of that, we put a great deal of 
investment into our research and development 
of our products.”

A large portion of that research and develop-
ment is based at universities, which are desig-
nated as official global Rolls-Royce University 
Technology Centers once they reach a level of 
“critical nature” to the company, Krok said.

Following decades of previous collaboration, 
Virginia Tech was so designated in 2014.

Virginia Tech is one of 31 University Technol-
ogy Centers across the globe — three of which 
are based in the U.S., including the University 
of Virginia and Purdue University. Out of all 31 
centers, Virginia Tech is the only one capable of 
testing measurement capability.

“Our specialty is in making in flight measure-
ments of engine performance to improve fuel 
efficiency and understand the health of the 
Rolls-Royce turbo jet engines. We also develop 
new measurement techniques that allow future 
engine systems to be more efficient, clean, 
and quiet,” said Jack Lesko, associate dean for 
research and graduate studies at Virginia Tech's 
College of Engineering, who worked closely with 
Krok to establish the partnership. “We also en-
gage with Rolls-Royce in other areas of research, 
including manufacturing, marine, and electrical 
power systems.”

All three American universities came together 
to the first-ever U.S.-based Ph.D. Day at Rolls-
Royce’s Indianapolis, Indiana, campus.

“We felt like there was a need to develop a 
deeper engagement with some of our research 
students that are doing the work for us and 
could potentially come join us at some point,” 
Krok said.

After taking a tour of Plant 8, a 
700,000-square-foot rotatives manufacturing 
plant located minutes away from Rolls-Royce’s 
downtown office building, students returned to 
campus for presentations and a poster session.

Eight researchers from Virginia Tech’s College 
of Engineering attended, sharing their contri-
butions to the advanced systems diagnostics 
research focus area.

As Virginia Tech researchers, Andrew Bou-
langer and Vy Nguyen — a Ph.D. candidate and 
master’s student in mechanical engineering, 
respectively — presented their poster, met 
another student doing tangential work, and 
shared insights.

Boulanger and Nguyen study the effects of 

Rolls-Royce 
inaugural 
Ph.D. Day 
opens doors 
for innovative, 
collaborative 
research
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sand on jet engines. The Purdue University 
student presenting his research alongside them 
was studying what sand ingestion does to a jet 
engine from a materials perspective.

“That was a little different: I’m looking at, ‘will 
the engine survive?’ He’s looking at, ‘well, what 
is it doing on a very small microscopic level?’” 
Boulanger said.

Christina DiMarino, a Virginia Tech doctoral 
student in electrical engineering who also 
attended Ph.D. Day, knows the importance 
of these interactions. A frequent traveler, the 
former Rolls-Royce fellow attends several 
conferences a year for her work at the Center 
for Power Electronics Systems. She has also 
conducted research abroad at the University of 
Nottingham through the College of Engineering’s 
International Research Experience for Students.

DiMarino largely credits travel with connecting 
her to future collaborators and improved final 
research products.

“It’s opened up a lot of doors for me,” DiMari-
no said.

The feeling is equally as rewarding for Rolls-
Royce, whose contributions to Virginia Tech 
include establishing an Advanced Power Propul-

sion Lab in Blacksburg and hanging a Trent 1000 
engine in Goodwin Hall.

“To get to see the professor and students and 
to collaborate — it’s a great feeling,” Krok said. 
“It’s a good place to be.”

Virginia Tech students Tamara Guimarães Bucalo, 
a Ph.D. candidate in mechanical engineering, and 
Vy Nguyen, a master's candidate in mechanical 
engineering, listen to other researchers present their 
work on different research focuses related to jet en-
gines. Bucalo and Nguyen contribute to the advanced 
systems diagnostics research focus area.
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STORY BY EMILY ROEDIGER
BIOMEDICAL ENGINEERING & MECHANICS

Study takes unique approach to new 
generation of smart drug delivery carriers

Imagine a tiny capsule, smaller than the tip of 
a needle, that could be programmed to release 
medicine at a specific location in your body and 
is inexpensive, easy to make, and more effective 
than traditional pharmaceuticals.

In addition, after delivering its medical con-
tents, the capsule disappears because it can be 
safely absorbed into the bloodstream.

Such a method of drug delivery could better 
treat some of the world’s most devastating 
illnesses with drugs that are cheaper, more ac-
cessible, and perform better in the human body.

A Virginia Tech research team is one step 
closer to realizing that vision. Biomedical engi-
neering and mechanics and mechanical engi-
neering faculty and students have spent the past 
year testing the viability of using a unique class 
of designed materials, coupled with a surprising 
trigger, to build smarter drug delivery systems.

Their research, published in RSC Advances, 
outlines a proof of concept for using focused 
ultrasound waves to activate shape-memory 
polymers. Most recently gaining attention for 
their use in designing biocompatible devices, 
shape-memory polymers can be used to deliver 
drugs inside the human body.

Aarushi Bhargava, a second-year Ph.D. stu-

dent in Virginia Tech’s engineering mechanics 
program and the study’s lead author, described 
the research as an important first step in using 
shape-memory polymers to design and optimize 
efficient drug delivery systems for human use.

“With the help of ultrasound, these systems 
can deliver drugs in a controlled manner at the 
desired target location over a prolonged period 
of time, something that has been very difficult 
to do in the field of drug delivery mechanisms,” 
said Bhargava. “Shape-memory polymers give us 
an advantage because they’re flexible, biode-
gradable, and cost-effective. They’re also easy to 
manufacture.”

Shape-memory polymers are a class of smart 
materials that have the ability to return from 
a deformed, temporary shape to their original 
permanent shape when subjected to an external 
stimulus, such as light or heat.

In this project, a conceptual framework for 
designing a shape-memory polymer container is 
loaded with drug particles in its original shape, 
heated, and deformed to its temporary shape. 
This temporary shape effectively packages the 
drug particles inside a tiny capsule-like container. 
When the capsule reaches its desired location 
within the body, it undergoes shape recovery 
through exposure to focused ultrasound and 

Shape-memory polymers can be 
transformed from a permanent shape 
to a deformed, temporary shape when 
heated. This temporary shape pack-
ages drug particles for delivery inside 
the human body. When the package 
reaches a desired location, focused 
ultrasound waves cause the package 
to return to its permanent shape, a 
process that releases the loaded drug 
particles into the body.

http://pubs.rsc.org/en/content/articlepdf/2017/ra/c7ra07396h?page=search


             PAGE 23WINTER'17MOMENTUM

releases the loaded drug particles.

Focused ultrasound waves are those with fre-
quencies higher than the upper audible limit of 
human hearing. The use of this unusual trigger 
to activate the shape-memory polymers is what 
sets the team’s findings apart from others doing 
similar work in the field of drug delivery systems.

The benefits of using focused ultrasound 
waves to activate the shape-memory polymer 
drug delivery container, instead of light or heat, 
include the flexible, noninvasive nature of the 
stimulus. Previous shape-memory polymer 
containers have relied on natural body heat for 
activation and can be difficult to control. Other 
noninvasive methods, such as magnetic fields 
or exposure to light, require special particles to 
generate a response. These additional particles 
can compromise the biodegradability and 
biocompatibility of shape-memory polymers.

Shima Shahab, an assistant professor in the 
Department of Biomedical Engineering and 
Mechanics and Bhargava’s faculty advisor, co-au-
thored the study alongside Reza Mirzaeifar, an 
assistant professor of mechanical engineering; 
Jerry Stieg, a mechanical engineering undergrad-
uate; and Kaiyuan Peng, a Ph.D. student in the 
mechanical engineering program, all of Virginia 
Tech.

Shahab explained the study’s findings would 
pave the way for designing more-efficient drug 
delivery capsules in the future, especially those 
that can be activated by focused ultrasound 
waves.

“We developed an important experimen-
tal-computational framework that can be used 

to design various ultrasound-activated drug 
delivery containers,” said Shahab. “The frame-
works in this study can be specifically tailored for 
different applications depending on the size of 
drug particles, target time for releasing the parti-
cles, and the size and shape of the container.”

In addition to garnering attention in the field 
of drug delivery systems, the findings recently 
won the award for Best Student Paper at the 
2017 Conference on Smart Materials, Adaptive 
Structures, and Intelligent Systems in Snowbird, 
Utah.

Shahab and Mirzaeifar first designed the orig-
inal project in a collaboration between Virginia 
Tech’s MInDS and MultiSMArt labs in August 
2016. While the team’s methods are still years 
away from clinical testing in humans, they have 
established an important foundation for future 
research.

“The study’s outcome moves us one step 
closer to the introduction of an efficient new 
generation of drug delivery systems,” said 
Mirzaeifar. “Our research will continue to focus 
on this goal.”

Far left: Assistant 
Professor Reza 
Mirzaeifar; left above, 
Kaiyuan Peng, an ME 
doctoral student; left 
below, Jerry Stieg an 
ME undergraduate 
student.
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ME joins in for 
Virginia Tech 
Science Festival

The Department of Mechanical Engineering was 
proud to once again be a Silver Sponsor of the 
Virginia Tech Science Festival, which was held Nov. 
4. Many department laboratories and student 
design teams were represented among the scores 
of exhibits at the festival.

The festival aims to promote Science, Technolo-
gy, Engineering and Mathematics by focusing fun 
and hands-on activities aimed a elementary school 
aged children and their families. More than 5,000 
people attended the event.
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Professor Corina Sandu was elected a Fellow of 
the SAE in October, joining the highest grade of 
membership recognizing a member's significant 
impact on the society's mobility technology.

In twenty years with SAE, Sandu has been the 
editor-in-chief of the SAE International Journal 
of Commercial Vehicles for seven years, and 
served as chair of the Chassis Design and Vehicle 
Dynamics Committee. She has organized techni-
cal sessions and panels, and reviewed multiple 
SAE papers. Sandu has also served on the SAE 
Engineering Meetings, and Publications Boards, 
had six peer-reviewed publications in SAE Trans-
actions/SAE International Journals, and presented 
18 SAE technical papers at SAE events.

Sandu received the Rodica Baranescu Award 
for Technical and Leadership Excellence in Com-
mercial Vehicles Engineering (2013), the Forest 
R. McFarland Award (2013), the Ralph R. Teetor 
Educational Award (2007), and Engineering Meet-
ings Board Outstanding Oral Presentation Awards, 
both in 2007.

Sandu elected SAE Fellow

Giving season
The members of mechanical 
engineering joined in with the 
College Association for Staff in 
Engineering (CASE) to donate 
toys for the holidays through 
the Salvation Army. Engineering 
faculty, staff, and students from 
across all departments joined 
in the giving.

Donations through CASE 
also helped provide gifts for 
needy elderly members of 
the community, as well as full 
Thanksgiving meals to 32 local 
senior citizens.

Corina Sandu was elected an SAE Fellow - a distinc-
tion bestowed on only about 20 people annually.
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The first doctoral degrees in mechanical engineering 
awarded at Virginia Tech went to a group that when 
together, featured just enough people to play ping pong. 

Nicholas Des Champs, was one of the two members 
of that inaugural group and is a current member of the 
Mechanical Engineering Advisory Board. He earned his 
BSME in 1962 and his PhD in 1967.

Des Champs started Des Champs Technologies in 1974. 
The company developed the Wringer, the first product of 
to allow control of humidity in a building without overcool-
ing. The device reduced the cost of dehumidification by 
more than 30 percent and was named Plant Engineering 
magazine's Product of the Year in 1992. In all Des Champs 
owns 19 patents.

What was your first recollection of coming to Virginia 
Tech and the campus? It was cold and very 'institutional.'

Was there a single professor or other mentor who 
helped guide you or shape your time at Virginia Tech, or 
who had a great influence on your career after gradua-
tion? During my graduate studies, Dr. J.B. Jones was my 
major professor and he had a tremendous influence on 
my career. He expected nothing but the best you could do. 
And, he had no qualms about letting you know when you 
weren't meeting his expectations. So, you ended up doing 
your best.

As a student, what activities did you enjoy the most 
and does that activity still exist at the university today? 
Getting together with other engineering students to study 
and solve problems. It's probably the same activities that 
are occurring today.

What is your proudest academic or professional 
achievement? Being inducted into the Virginia Tech Acad-
emy of Engineering Excellence. (Des Champs was inducted 
in 2010)

What do you think has been the single greatest change 
to the university since you graduated? The social shift. It 
was essentially all male and military with one mess hall 
and one meal selection - no choices.

What advice would you give to undergraduate mechan-
ical engineers? Do the absolute best you can do and if you 
like to think and solve problems, then you will be a great 
success in engineering.

about alumni

Nicholas Des Champs, his wife, Becky, and Virginia Tech Presi-
dent Timothy Sands at an Ut Prosim Society event in spring 2017.

Nicholas Des Champs '62, '67
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