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Airliner Engine Design Code Wins R&D
100 Award for Southwest Research
Institute

A software design code, developed for the Federal
Aviation Administration (FAA) by Southwest Research
Institute (SwRI) to help engine manufacturers improve
the safety of jet engines used in commercial airliners, was
named one of the 100 top technical achievements of the
past year by R&D Magazine. The award was presented in
Chicago on 27 September 2000.

DARWIN (Design Assessment of Reliability with
Inspection) was developed with support from commercial
gas turbine engine manufacturers Rolls Royce, Pratt &
Whitney, Honeywell, and GE Aircraft Engines, and the
Rotor Integrity Subcommittee (RISC) of the Aerospace
Industries Association. The FAA has authorized SwRI
to make DARWIN commercially available under license
starting in 2001.

The software code is used to assess the risk that a jet
engine’s titanium rotor disk might contain a dangerous
metallurgical flaw that could cause fatigue cracking,
leading to possible catastrophic failure. DARWIN
integrates finite element stress analysis results, fracture
mechanics-based life assessment for low-cycle fatigue,
material anomaly data, probability of anomaly detection,
and inspection schedules to determine the probability of

fracture of a rotor disk as a function of aircraft flights. Its
use is expected to reduce the risk of catastrophic turbine
rotor failure by as much as an order of magnitude for new
designs.

“DARWIN is an integral part of the Federal Aviation
Administration’s strategic plan to reduce the U.S. aviation
accident rate by reducing the failure rate of rotor disks in
commercial aircraft turbine engines. We are pleased to
play a significant part in the FAA’s plan to make flying
even safer than it already is,” said Dr. Harry R. Millwater,
Jr., principal engineer in the SwRI’s Mechanical and
Materials Processing Division.

For further technical information: Harry R. Millwater,
Jr., Southwest Research Institute; tel: 210/522-2006; web:
www.swri.org.

Innovative Use of Equipment and
Consumables Increases Weld Fatigue Life
by a Factor of 10

A recently completed program provides keys to pro-
longing the life of mining, construction, transportation,
and other heavy industrial equipment welded joints.

The Lincoln Electric Company, Caterpillar, Tower
Automotive, and U.S. Steel Group completed last year, a
four-year joint venture program to research ways of
increasing the fatigue life of welded joints. Fabrication of
Advanced Structures Using Intelligent and Synergistic
Processing (FASIP) was funded in part through a $10
million grant through the National Institute of Standards
and Technology’s Advanced Technology Program. As part
of this program, Lincoln Electric developed technology
to increase weld fatigue life by a factor of 10 and also
reduce the overall weight of the component.

Lincoln’s involvement with FASIP focused on the weld-
ing process and controlling certain aspects of that process
to improve weld fatigue life. The project established new
technology and associated methodology to significantly
improve weld fatigue life over conventional welding
practices. This new technology provides a means to sig-
nificantly elevate the resistance of the weld to fatigue
cracking by reducing the stress concentration effects
associated with the weld and by eliminating defects and
discontinuities. New consumables and equipment are now
available to help in these efforts.

Engineers and scientists who developed the R&D 100 Award-
winning software code DARWIN are (clockwise, from left) Dr. Craig

McClung, Chris Kuhlman, Dr. Michael Enright, Dr. Gerald
Leverant, Dr. Harry Millwater, Dr. Grahman Chell, David Riha,

and Dr. Yi-der Lee, all from the Institute’s Mechanical and
Materials Engineering Division.
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The new technology has demonstrated the ability to
create welds that exhibit fatigue life approaching that of
the parent material. Improved fatigue life is a key element
that can aid designers in reducing the overall weight of
the component and its associated manufacturing costs.

Lincoln Electric is making this FASIP knowledge
available to companies through its engineering consulting
services. For more information, call Dave Mazak, tel:
216/383-4725.

For more information on the FASIP program: Lincoln
Electric Company, 22801 St. Clair Avenue, Cleveland,
OH 44117-1199; tel: 888/355-3213; web: www.
lincolnelectric.com.

Residual Stress in Piezoelectric Ceramics
Can be Reduced, Put to Work

By applying a mechanical bending stress to offset the
effects of residual stress in a piezoelectric ceramic thin
film, researchers at the University of Illinois (UI)
have found a way to significantly enhance the film’s
performance.

“Understanding the effects of residual stress in piezo-
electric ceramic thin films is critical for their design and
optimization as smart materials,” said Nancy Sottos, a
professor of theoretical and applied mechanics at UI. “Not
only can we greatly improve their performance as tiny
sensors and actuators in microelectromechanical (MEMS)
devices, we can also put the effects of residual stress to
work in a unique patterning process to better incorporate
these materials on electronic chips.”

In previous work, Sottos and graduate research assistant
Lei Lian found that as the ceramic films became thinner,
the desired piezoelectric response also became smaller.
Stresses within the films were thought to be primarily
responsible.

Significant stresses build up in piezoelectric thin-film
structures during the fabrication process, Sottos said.
“There are intrinsic stresses caused by shrinkage and
densification during the drying and firing stages, and there
are extrinsic stresses that are induced upon cooling due
to the mismatch between the thermoelastic properties of
the film and substrate. As the films become thinner and
thinner, the residual stress affects the piezoelectric
properties more and more.”

To further explore the connection between residual
stress and piezoelectric response, Sottos and Lian exposed
lead-zirconate-titanate thin films to varying amounts of
mechanical stress. By applying a small mechanical load
in the opposiste direction to the tensile stress, they could
relieve some of the residual stress in the film. The film’s
piezoelecric response was then recorded with a high-
resolution, laser Doppler heterodyne interferometric
measuring technique.

“The film’s response increased significantly with the
application of a compressive bonding stress,” Sottos said.
“A 10% reduction in the residual stress netted a 30%
increase in displacement.”

In practice, it may be possible to compensate for the
residual stress and recover film response by changing stress
states during processing or by applying a mechanical
deformation, Sottos said. It’s also possible to put the
residual stress to work in patterning the films for use on
integrated circuits.

For more information contact: James E. Kloeppel,
Physical Sciences Editor, University of Illinois at Urbana-
Champaign, Champaign, IL; tel: 217/244-1073; e-mail:
kloeppel@uiuc.edu.

Plugging a Few Leaks . . . in the Capitol Dome
The nearly 150-year-old supporting structure of the U.S.

Capitol building in Washington, D.C. is made of cast
iron and leaks during heavy rainstorms. The leaking is
caused by cracks in a few of the castings that form the
dome’s outer shell. To determine what to do, the Office
of the Architect of the Capitol consulted engineers invol-
ved in welding research in the Materials Science and Engi-
neering Laboratory at the National Institute of Standards
and Technology’s (NIST) Boulder, Colo., laboratories.

New castings would appear to be the answer, but not
so, said the Architect’s office. It told NIST that the
castings had to be restored to original condition without
being replaced.

With this in mind, the NIST welding group recom-
mended a non-traditional approach customized for the
Capitol’s aging materials. The engineers offered two
options: a nickel-based powder sprayed on cracks and
joints; or a nickel-based, shielded metal arc electrode that
would provide ductility.

The Architect ’s office is currently studying the
recommendations.

Industry Updates
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For more information: Fred McGehan, NIST Public
and Business Affairs, MC 346.16, 325 Broadway, Boulder,
CO 80303; tel: 303/497-3246; fax: 303/497-5222; e-mail:
mcgehan@boulder.nist.gov.

World’s Fastest Camera Helps Researcher
Study How Things Break Apart

With the ability to take pictures at a speed of 200
million frames per second, Arun Shukla’s high-speed
camera can make even the fastest moving objects look
like they are standing
still. In an effort to
assist the military and
a variety of industries,
he is using this one-of-
a-kind technology to
study how things break
apart.

“With this camera
we can freeze the
motion of anything
that happens quickly,”
explained Shukla,
distinguished professor
of mechanical engi-
neering, University of
Rhode Island, and
director of URI’s Dy-
namic Photomechanics
Lab. “It opens up a lot
of possibilities for
innovative research.” The camera was purchased through
a $457,000 Major Research Instrumentation Grant from
the National Science Foundation.

Shukla’s primary focus is on studying catastrophic, rapid
failures of structures, body armor, and other materials. He
wants to know how these materials break apart, how much
force it takes to break them, and how the materials can be
improved so they can sustain even greater force before
breaking up.

For example, Shukla is conducting ballistic studies for
the U.S. Army on Kevlar body armor to improve the

performance of bulletproof vests.
“By evaluating how the material reacts when it is

impacted by a bullet, we may be able to modify the
geometric shape of Kevlar and make it stronger,” said
Shukla. He believes that armor made with ridges on it is
stronger than a flat piece of ceramic-backed Kevlar.
“Without the camera, we wouldn’t be able to determine
which shape is best.

He is also working with the U.S. Air Force to analyze
how granite and concrete resist penetration from multiple
impacts. According to Shuklar, the Air Force is interested

in this information to
better understand the
strength of under-
ground bunkers, al-
though that informa-
tion is also of interest to
the oil and gas explor-
ation industry.

Shukla began his
studies of fracture
mechanics using a
camera he built himself
in 1982, “That first
camera, which we still
use, takes pictures at
800,000 frames per
second, but it was very
large and required
30,000 volts of elec-
tricity to operate, so
some experiments took

several days to complete. With the new portable camera,
we can do eight or ten experiments a day, and we can
analyze the results immediately.”

Shukla sees unlimited potential for the new camera,
and he is open to inquiries. “The camera can do amazing
things,” he said. “There are probably lots of people who
could find a use for it.”

For more information: Todd McLeish, URI Depart-
ment of Communications/News Bureau, 22 Davis Hall,
10 Lippitt Road, Kingston, RI 02881; tel: 401/874-7892;
e-mail: tmcleish@advance.uri.edu.
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These images show an armor piercing bullet approaching and piercing the ceramic
material used in Kevlar. Shukla is conducting this study as a means of figuring out

how to improve the design of the Kevlar material.
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