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RESEARCH FOCUSES ON
MANUFACTURING

COMPOSITE ORTHOTICS
FOR INJURED SOLDIERS

10:14 a.m., May 4, 2012--Imagine being
able to use a 3-D “printer” to produce a

custom orthotic device for a soldier with
a severe lower extremity injury. Con-
structed of strong and durable yet light-
weight composite materials, the device is
designed to meet the user’s specific
needs. It can be fabricated in just 24
hours, and its “tunable” properties allow
it to be modified to meet the wounded
wartiot’s changing needs over the course
of rehabilitation.

CCM's Jack Gillespie, John Tierney and Shridhar Yarlagadda discuss a prototype for an advanced passive
dynamic ankle-foot orthotic.
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This description may sound like the stuff of futuristic medical fiction, but it’s actually the objective of a new
research program at the University of Delaware Center for Composite Materials (CCM).

COMPOSITES

Led by Jack Gillespie and Shridhar Yarlagadda, CCM recently received a grant from the Defense Advanced Re-
search Projects Agency (DARPA) to develop a rapid prototyping process for the manufacture of advanced passive
dynamic ankle-foot orthoses (PD-AFOs) for injured soldiers. The three-year, $3-million project will be carried out
in collaboration with UD’s BADER Consortium, which will enable the new devices to be tested in clinical trials.

Steven Stanhope, who leads the BADER Consortium and is a co-investigator on the new DARPA project, explains
that PD-AFOs, which use a spring-like action to mimic the normal motion of the ankle, are enabling wounded
warriors to retrain not only for a vigorous recreational lifestyle but also for active duty.

Center for Composite Materials

University of Delaware

With a process known as additive manufacturing, in which 3-D solid objects are built up in layers from digital
files, Stanhope has invented a patent pending process for the rapid manufacture of PD-AFOs from “neat,” or
unreinforced polymers.
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However, these materials are limited in strength and durability, and the devices
must be thick and heavy to meet the soldier’s need for active duty.

In contrast, high-performance composites can reduce device size and offer
improved mobility.

“If we can take full advantage of composites — which are 40 times stiffer and
stronger than conventional materials — we can pare these devices down to
the point where they will be thin enough to be readily worn within a shoe,”
Gillespie says. “We can also use the anisotropic properties of composites to
‘stiffness tune’ a device to an individual patient’s impairment profile, enabling
an unprecedented level of customization, not just initially but on a continuing
basis.”

However, customized composite devices require labor-intensive and special-
ized skills to fabricate, so the DARPA-funded research is aimed at marrying
the rapid production enabled by additive manufacturing with the performance
advantages of composites.

That sounds like a tall order, but the new program builds on CCM’s well-
developed composites manufacturing science base.

“Our goal is to develop integrated tools for manufacturing to meet the system
requirements,” says Yarlagadda, who directs other DARPA-funded composites
manufacturing research at CCM. He explains that those tools include process The University of Delaware’s John
models, composites analysis, composites design, materials selection, process Tierney (left) a.nd J ?hn Gillespie use
engineering, and manufacturing workcells in a continuous feedback loop centered 3D computer imaging to create cus-
on the requirements of the application. tom orthotics. The project, original-
ly to help soldiers, also will benefit
In the new project, those tools will be complemented by patient data, patient foot civilians. / THE NEWS JOURNAL/
scans, and biomechanics-based prescriptions GARY EMEIGH
for devices provided through the BADER

! Consortium.
— BADER CONSORTIUM Click here to read the full story in UDaily LClick here to read the

Bridging Advanced Developments for Exceptional Rehabilitation NEWS JOURNAL article
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Grad student wins defense fellowship to develop
multifunctional composites

10:08 a.m., May 14, 2012--Nanomaterials may be small, but
they offer a tremendous range of properties and possible ap-
plications. Carbon nanotubes can provide the foundation for
multifunctional structures that sense and heal damage within
themselves while also serving other roles such as energy stor-
age, thermal management, and electromagnetic interference
shielding.

Zachary Melrose, a doctoral student in mechanical engi-
neering at the University of Delaware, plans to exploit that

Zachary Melrose, potential in his doctoral research at UD’s Center for Composite Materials. Melrose, from
a UD dO_C[O” al ) Voorhees, N.J., has been awarded a prestigious National Defense Science and Engineering
student in mechani-  Graduate (NDSEG) Fellowship to support his development of multifunctional structural com-

cal engineering, posites through the selective integration of nanomaterials in composites. He is advised by Erik

has been awarded a Thostenson, assistant professor.

prestigious National Photo compliments of UDaily
Defense Science and  Click here to read the full story in UDaily. '
Engineering Gradu-
ate Fellowship.

For treatment of vocal fold disorders, UD researchers look
to insect protein

9:03 a.m., April 24, 2012--A one-inch long grasshopper can leap a dis-
tance of about 20 inches. Cicadas can produce sound at about the same
frequency as radio waves. Fleas measuring only millimeters can jump
an astonishing 100 times their height in microseconds. How do they do
it? They make use of a naturally occurring protein called resilin.

Resilin is a protein in the composite structures found in the leg and
wing joints, and sound producing organs of insects. Highly elastic,

it responds to exceptionally high rates of speed and demonstrates UD researchers are developing new materials, mod-
unmatched resilience after being stretched or deformed. eled after the protein resilin found in insects such as
the cicada, which may be useful in treating vocal fold

Kristi Kiick, professor of materials science and engineering and
biomedical engineering at the University of Delaware, believes this
unusual protein may also be a key to unlocking the regenerative power
of certain mechanically active tissues.

disorders.

Click here to read the full story in UDaily
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NEWS Wool to Serve on Tnternational Advisory Committee

CCM affiliated faculty member Richard Wool, professor of chemical engineering,
has been named to the International Advisory Committee of ACUN-6: Composites
& Nanocomposites in Civil, Offshore and Mining Infrastructure, which will be held
from Nov. 14-16, 2012, at Monash University in Melbourne, Australia.

OTHER

ACUN (Australia, Canada, U.S., New Zealand) will bring together the latest research
and developments on a full range of composite materials and their structural applications.

Sri Bandyopadhyay, associate professor in the School of Materials Science and Engineering at
the University of New South Wales in Australia, is conference chair. Bandyopadhyay spent a
year (1997-98) as a visiting professor at CCM with Wool.

For more information, visit the website: http://www.acun6.org.
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We would like to thank Anadolu University, Turkey, for becoming our newest
consortium member and Kubota Research Associates, Inc., Hockessin, DE, and 3M_
Corporate Research, Maplewood, MN for the recent renewal of their membership.
We would also like to thank our many other members for continuing to participate in
CCM’s research and development activities.

To learn more about the benefits of becoming a member, please visit us on the web at
www.ccm.udel.edu/Consortium/benefits.html
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