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Eureka Effect
Oak Ridge National Lab can serve as an extension 
of aerospace companies’ in-house R&D

Industry has long recognized the val-
ue of collaborating with government 
on applied research projects, espe-

cially in the pursuit of breakthrough 
technologies. Access to specialized 
skills and state-of-the-art facilities, not 
to mention risk sharing, are just a few 
of the direct benefits. Such coopera-
tion has been instrumental in helping 
companies validate and commercial-
ize advanced capabilities sooner than 
if they had been working alone. 

For aerospace, in particular, these 
kinds of partnerships may take on 
even greater significance in the future. 
In the more challenging environment 
in which aerospace and defense con-
tractors will be operating for years to 
come, companies will need to stretch 
scarce resources to satisfy research 
and development needs. 

One organization that could play a 
pivotal role in helping companies fill 
R&D gaps—and sustain a higher rate 
of innovation than otherwise might 
be possible—is Oak Ridge National 
Laboratory (ORNL). Moreover, there 
is just as much opportunity for small 
manufacturers with no access to cut-
ting-edge R&D tools as there is for 
larger enterprises compelled to more 
aggressively manage where to place 
their big-science bets.

Run by Battelle in partnership with 
the University of Tennessee, Oak Ridge 
is home to the U.S.’s largest concentra-

tion of open-source materials research, 
plus a state-of-the-art Manufacturing 
Demonstration Facility (MDF). Its pri-
mary mission is to push the envelope in 
the development and demonstration of 
energy-efficient manufacturing tech-
nologies and materials, and to dissemi-
nate these capabilities. Robotics, addi-
tive manufacturing and microfluidics 
also are discrete fields of expertise.

Of ORNL’s 800 industrial partner-
ships, no more than 5% involve aero-
space companies. Contractors histori-
cally have demonstrated little concern 
for energy usage in their calculus of 
manufacturing efficiency; hence the 
relatively small number, according to 
Craig Blue, director of the MDF. That 
sentiment was prevalent at an aero-
space planning workshop organized 
by Oak Ridge and attended by execu-
tives of some of the industry’s largest 
primes. Another hindrance to aero-
space collaboration has been a popular 
misconception that government labs 
only pursue pure science rather than 
concrete objectives.

However, a combination of factors 
has led to an increase in aerospace 
participation. Companies are show-
ing greater interest in more-innovative 
production methods to improve com-
petitiveness, and Oak Ridge is doing 
more outreach to educate companies 
about the huge efficiencies to be gained 
through lower energy consumption. 

Word also is spreading that the MDF 
facilitates implementation of advanced 
technologies. “Our main purpose is to 
help companies by allowing them to 
come here and test processes and com-
ponents that will be part of a larger sys-
tem, with partners retaining their intel-
lectual property rights,” Blue says. “We 
have all the facilities under one roof to 
function as a beta test site—and basi-
cally serve as an extension of compa-
nies’ own research capabilities.” 

In some cases, builders of the actual 
production equipment required to put 
advanced materials to work and imple-
ment innovative manufacturing pro-
cesses—such as additive manufactur-
ing—have referred A&D contractors 
to ORNL. This was the case with Stra-
tasys, the world’s largest developer of 
additive manufacturing machinery.

“The level of awareness within the 
aerospace engineering community 
about ORNL’s mission and what it is 
doing to drive advanced manufactur-
ing technologies has been low,” Jeff 
DeGrange says. He is vice president 
of direct digital manufacturing at Sta-
tasys, and a former Boeing engineer-
ing manager. “In the case of additive 
manufacturing, they don’t understand 
the current state of the technology and 
how it can be applied to their function, 
which Oak Ridge is very good at doing.”

He draws an analogy with infor-
mation technology. When computers 
were in their infancy, DeGrange says, 
few people were able to appreciate how 
they could be tailored to business/man-
ufacturing functions. “ORNL has the 
personnel and tools to help aerospace 
companies figure that out and put such 
applied research on a fast track.”

One significant partnership Oak 
Ridge has with aerospace is a project 

EnginEEring

involving Lockheed Martin. The 
two are perfecting near-net-
shape manufacturing of new, 
low-cost titanium powders. Si-
multaneously, ORNL and Lock-
heed are developing accelerated 
component qualification. Imple-
mentation is underway. 

In addition to the growing 
number of partnerships with 
aerospace companies, some 
large enterprises are showing 
a greater willingness to col-
laborate with each other on pre-
competitive technologies to an 
unprecedented degree. To make 
such collaboration possible, part-
ners must be able to resolve the 
sensitive issue of intellectual 
property (IP). Non-disclosure 
agreements (NDA) brokered 
by ORNL are proving effective, due in 
large part to the trusted relationships 
that Oak Ridge has built over the years 
with companies in a range of industries. 
“Oak Ridge has developed a very suc-
cessful model for managing who owns 
what and respecting the needs of all 
stakeholders,” DeGrange says. 

Blue refers to ORNL as “a white-hat 
organization” in facilitating industry 
collaborations, whatever form they may 
take. “Companies must have confidence 
that their IP will be protected even as 
they open their black boxes,” Blue says, 
emphasizing the importance of such 
openness. Without it, ORNL engineer-
ing managers explain, there would be 
little hope of accelerating the progress 
of advanced technologies, since there 
would be little or no learning from the 
failures of others in the partnership. 
“Very simply, we don’t want to be re-
peating other people’s mistakes.” 

Through the collaboration model the 
laboratory has assembled—with open-
ness by all parties a key component—in-
dustrial partners say they have learned 
more about how to advance additive 
manufacturing in the last six months 
than they have in the last 10 years.

“It’s about understanding basic phys-
ics and taking the black magic out of 
whatever the advanced technology hap-
pens to be,” Bill Peter says. He heads 
the Materials Processing Group in the 
Materials Science and Technology Div. 
“Anybody can build parts. The real goal 
is the ability to produce a product and 
qualify it, and then transfer that funda-
mental knowledge broadly.”  

He adds, “We are able to take much 
of the risk out of applied research, 

including eliminating the need for 
companies to make the capital expen-
ditures it would take to duplicate the 
tools Oak Ridge is willing to share.”

Supporting ORNL’s mission and the 
aerospace partnerships it is seeking to 
expand are a set of extraordinary tools 
found nowhere else. These include, 
among others, the Spallation Neutron 
Source, the world’s most intense neu-
tron source that enables scientists to 
study micro- and macro-cracking phe-
nomena related to residual stress dur-
ing processing. It also allows ORNL to 
produce high-value parts in low volume 
as part of its applied research. And the 
lab houses the world’s first commercial 
prototype superconducting magnet for 
designing mechanical properties into 
materials that cannot be accomplished 
in any other fashion. 

Oak Ridge’s newest applied research 
capability, the Carbon Fiber Technol-
ogy Facility, can demonstrate the scal-
ability of low-cost carbon-fiber technol-
ogy and produce quantities of low-cost 
carbon fiber needed for large-scale 
material and process evaluations and 
prototyping. The facility houses the 
only line in the world configured to 
do both carbon mat and tow, with the 

capacity to produce 25 tons per 
year from multiple precursors in 
various forms.  

Much of ORNL’s work involves 
potentially disruptive technolo-
gies that eventually will be rolled 
out to industry, such as the pre-
viously discussed additive manu-
facturing. The MDF already has 
demonstrated the potential of 
the process to reduce the buy-
to-fly ratio from an average of 8:1 
to 1:1—that is, 8 lb. of material 
to produce 1 lb. of aerospace-
quality material. Essentially, 
MDF reduces the risk of devel-
oping and testing cutting-edge 
manufacturing technologies and 
components. 

Additive manufacturing cre-
ates components directly from a 

computer model, adding material only 
where needed and providing greater 
design flexibility and decreased en-
ergy consumption. Currently there 
are approximately 20,000 parts flying 
and 200 part numbers—the product 
of polymer advanced manufacturing 
technology—on 10 different commer-
cial and military aircraft. Each part 
weighs up to 75% less than comparable 
parts made by traditional means. 

The ability to produce whole sys-
tems, although still in the research 
phase, is within sight, says Blue. An 
example is unmanned aerial vehicles 
built from the ground up by laying 
down material in open air, with sensors 
and electronics installed as the prod-
uct is being manufactured. It is a print-
and-build, no-parts-assembly-required 
process. “We are getting there quicker 
than we ever imagined,” Blue says.

As U.S. aerospace and defense 
companies adapt to what almost cer-
tainly will be an era of constrained 
resources—given the sharp defense 
budget downturn and the struggling 
economy—government- and company-
funded R&D is likely to be squeezed. 
While it is too soon to forecast the ex-
tent of the constraint, some industry 
observers believe it could be substan-
tial. Observes Blue, “Oak Ridge is a na-
tional resource, and if ever there was a 
time when we could make a difference, 
I would think it is now.” c
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The Spallation Neutron Source 
enables precise study of micro- and 
macro-cracking due to residual 
stresses from processing.

Oak Ridge National Laboratory’s expertise in additive manufacturing could 
soon greatly increase A&D contractors’ manufacturing productivity. To see a 
video demonstrating some of ORNL’s technologies, check out the digital AW&ST 
edition on leading tablets and smartphones, or go to AviationWeek.com/video
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The 1,000-ft. Spallation 
Neutron Source linear 
accelerator is the first of 
its kind. 
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