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A 3-D laser
lithography system
works with high
enough precision
to print this 3 mm
figure skater.

For these
articles
and other
content, visit
asme.org.

Image: Nanoscribe

Wrestling with Machines
NCAA Wrestling Champion Carl Adams is creating
wrestling machines to make it easier for
grapplers of today to learn the sport.

ULTRAFAST
ENGINEERING

An athlete works out with the JOBO
Takedown trainer. Image: A+W Wrestling

T

HE FAST-PACED FIELD of micro/nanofabrication is moving even more rapidly than one
might think. How fast? Femtosecond fast—as in one quadrillionth of a
second. That’s the time scale of the ultrafast laser systems used to measure and
manipulate the molecular building blocks of today’s smaller, smarter machines.
Ultrafast laser systems now play multiple roles in demanding applications like
MEMS/NEMS engineering, biomedicine, and battery research.

Robotic Walking Papers
ENGINEERS ARE REDISCOVERING the timeless practicality of
paper in the fabrication of smart, low-cost robots that
walk, scoot, and grasp all by themselves.

The selffolding mobile
prototype
developed by
researchers
at MIT and
Harvard.

Video: Energy Efficiency
and Gas Turbine
Development
Inspired by jets and aerospace as a child, Brian
Nolan, chief engineer for gas turbine
engine development at Rolls-Royce
Canada, now leads the effort to develop
more efficient turbines that can run on a
variety of fuel sources. ME

NEXT MONTH ON ASME.ORG
DRIVING FORCE
Lee Iacocca, former CEO and president of
Chrysler, reflects on the role of mechanical engineering in his career.
3-D PRINTING AND BIOMEDICINE
Medical applications for 3-D printing are
expanding rapidly. ASME.org looks at
some of the latest biomedical applications powered by 3-D printing.
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FROM THE EDITOR
// FOLLOW @JOHNFALCIONI

ROLE MODELS,
INNOVATORS, AND
THEIR PECCADILLOS
H

John G. Falcioni
Editor-in-Chief

FEEDBACK
Do you care if
Steve Jobs
was a nice guy
or not?
Email me.

falcionij@asme.org

aving had the opportunity to get to
know many Apple Inc. executives
during the early and often tumultuous years of the Macintosh, it was with
some anticipation that I downloaded to my
iPad the new book, Becoming Steve Jobs,
as soon as it became available.
This newest book on the Apple cofounder comes across as the antithesis to
the celebrated 2001 book, Steve Jobs, written by Walter Isaacson, who cast the Apple
guru as a mercurial and cantankerous
genius. The new book, written by Brent
Schlender and Rick Tetzeli, two journalists who have long covered Apple and have
access to many company insiders, paints
a different psychological profile of Jobs.
While they admit to some early bouts of
combustion, the authors focus on a more
mature leader who was open to the talents
of others. It comes as no surprise that
Apple wholly embraced this book’s version
of Jobs.
The brilliance of Jobs is undeniable and
has never been in question. At least not
since those early days when the relationship between Jobs and then-CEO John
Scully was at the boiling point. The turmoil
surrounding Jobs’s penchant for doing his
own thing eventually drove him out from
the company that he had helped create.
His return, years later, led to Apple’s
incredible renaissance and to its current
position among the world’s top companies.
But the new book’s preoccupation with
hallowing Jobs disturbs me. Jobs is one
of the great innovative minds and transformative figures of our time and will be
revered as a great technology visionary.
There is no reason to try and remold his
personal peccadillos posthumously. Call-

ing attention to Jobs’s evolving maturity
rings defensive and diminishes him.
I’m all for celebrating innovators—for
what they do more than for who they are.
Here at ASME, we honor technologists
every year who have contributed to the
profession and to humankind. We even
created an exhibit, some years ago, called
“Heroes of Engineering,” which featured a
collection of famous engineers who contributed to some of the greatest achievements of the 20th century. They included
Michael Owens, who owns the patent for
the automatic bottle-making machine;
the Wright brothers; Garrett Morgan, who
invented the gas mask; and renowned
inventor Dean Kamen.
In this issue we focus on the work of
innovators rather than on the individuals
themselves, and we found our inspiration
for two of our feature articles from Mother
Nature’s gifts of air and water.
In “Shape Shifting Target,” Michael
Friswell details how researchers working
to optimize commercial aircraft efficiencies are watching the morphing wings
of birds for lessons on how the wings of
aircraft can be optimized for better performance. In “Go Fast With the Flow,” we
move to water flow, from air flow, as John
Martin tells us how world-class swimmers shave precious seconds off their
race times with the help of an engineering
software program that’s typically used in
industrial applications.
The unsung heroes may well be the engineers who work behind the scenes with
great technology, and also the role models
and mentors who go unnoticed, but setting
your sights on becoming Steve Jobs is not
so bad either. ME

LETTERS & COMMENTS
NOVEMBER 2014
Readers Pisanova
and Wetherhold
suggest alternatives
to charcoal filtering.

One reader defends hands-onthe-wheel driving, while in a comment, another calls mechanical
engineering a noble cause.
ACTIVATED BIOCHAR
To the Editor: We read with interest the
article “Getting Pesticides Out of Water”
(Tech Buzz, November 2014).
There is no doubt that water quality is a
major problem in less-developed countries, and we applaud Josh Kearns’s efforts
to do something about this. But a short
conversation with an organic chemist or
a look at the voluminous literature would

give the answer: He is producing activated
charcoal.
The difference between his process
and the standard process for producing
activated charcoal seems to be that his is
cheaper (and most likely also produces
greenhouse gases). The end result in both
cases is a high-surface-area charcoal surface capable of attracting both polar and
non-polar organic contaminants.
But, having concentrated the contami-

nants on the charcoal, one must then dispose of this very toxic substance. There are
alternatives, such as the use of peracetic
acids and peroxides, which will break down
the pesticides directly, with no additional
waste water treatment required.
Elena Pisanova and Robert Wetherhold, ASME Fellow,
Amherst, N.Y.

LOVE FOR THE AUTOMOBILE
To the Editor: This is in response to the
February 2015 Energy column, "From Love
Affair to Open Relationship."
Mr. Webber, you seem to suppose
that the future unwashed masses would
just love to be shuffled around so they
can spend their time on mobile devices
and texting their lives away while their
surroundings whisk by and they pay no
attention. It certainly seems like someone
who probably owns a Prius would in fact
romanticize about that.
One freedom we have left is the ability to

C OMMEN T

ENGINEERING IS ITS OWN REWARD

W

e mechanical engineers occasionally give in to a chorus of
non-mechanical engineers, who downplay our role in society.
Our work often maintains a low profile despite the critical
role we play. Comments made in the letters section of ME magazine
sometimes remind me of those perceived disparities—so much so
that I feel compelled to make some comments of my own.

Developments in electronics, ranging
from integrated circuits to software,
have made the smartphone a pocketsize computer. Smartphones have
generated more than 250,000 patents
(80,000 related to connectivity alone).
No doubt, electronics has been a very
pervasive area of technology.
We tend to misrepresent the R&D
cycle for software and microelectronics,
where patents are more frequent and
development costs are often lower than
mechanical innovations. That, along
with the influence of popular conceptions of technology, bring about some

truly distorted comparisons to mechanical engineering.
And by "mechanical engineering"
I mean (for example) the 2.5 million
moving parts working together inside a
space shuttle, each addressing the nuances of temperature, stress, strain, galvanic action, chemical reactions, fatigue
limits, etc., etc. All these considerations
were taken into account before the parts
were even made, tested, analyzed, and
finally released for manufacture.
All things considered, it's a staggering
number of variables. The process is repeated for other technologies over and

over again. Simple mechanical devices
also can be game changers, often while
they serve a public that is oblivious to
their existence. (Elijah McCoy comes to
mind. He was a 19th century mechanical
engineer who held 57 patents, many of
them for lubricating steam engines.)
In terms of popular culture, we've
become exceedingly accustomed to having consumer electronics by our side.
According to Gartner Inc., the technology research company, nearly two billion
mobile devices shipped last year.
They have become so pervasive that
taking them away can literally cause
a psychological condition requiring
treatment (search "iPhone separation
anxiety"). When you consider how many
devices are in circulation and how they're
all integrated into what's known today
as "The Internet of Things," you get a
glimpse of our emotional attachment to
them. Social dependence and popularity
is no more an indicator of a technology’s
contribution to society than heroin is with
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FEEDBACK Send us your letters and comments via hard copy or e-mail memag@asme.org
(subject line "Letters and Comments"). Please
include full name, address and phone number.
We reserve the right to edit for clarity, style,
and length. We regret that unpublished letters
cannot be acknowledged or returned.

Andrew Crouch's
1972 Ford Gran Torino

drive a motor vehicle when and where we
choose to do so.
I could see this service being of benefit
for the elderly or those unable to properly
operate a motor vehicle.
But to just lump the entire society into
wanting to turn over driving freedom? I
can only say what a life-sucking event that
would be.

respect to its ability to treat the withdrawal symptoms of an addict.
Having earned undergraduate
degrees in electrical engineering and
mechanical engineering, I've split
my career, developing technologies
in both disciplines. From my point
of view, it's critical to appreciate the
collective skills, achievements, and
healthy symbiosis within a greater
engineering effort. It's important not
to place one engineering discipline on
a taller pedestal than another based
on the cultural and political optics of
our time.
If you're a mechanical engineer, I
personally feel that you've committed
to a noble cause. The contributions are
significant, if not always apparent. My
advice is to keep up the good work—
even when it's not under a spotlight.
After all, you didn't become a mechanical engineer to be famous. ME

MIKE REDLER lives in Bridgewater, N.J.

Then again, I’m just your average, everyday knuckle-dragging caveman mechanic
who prefers to restore and bring vintage
machinery back from death and prevent
it from being turned into the latest frying
pan or Toyota truck frame that will break
in two.
I’m the type of guy one would assume
you probably have a distaste for, as I enjoy

driving something that stirs the soul
and heart—not some bland appliance
because I need to go from point A to B.
Before you think this is a rant of a
lover of all things old and mechanical, I
will say technology has its place. After
all, what’s not to love about 700 hp from
the factory on a RWD 2-door platform
that you can stroll in and buy?
All I ask is please take these things
with a grain of salt.
Mindless technology is not always a
solution. And not always the be-all and
end-all.
Andrew Crouch, Omaha, Neb.
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TECH BUZZ

MAGNETIC
WIND POWER

A demonstration model of the
zero contact transmission:
red and blue magnets are the
input, and white the output.
Photos: WindTech

A TRANSMISSION WITHOUT GEARS REDUCES FRICTION LOSSES IN A TURBINE.

M

ike Tkadlec is a former trucker
living outside the Twin Cities. After
having dealt with a few too many
transmission repairs, he decided to try
and build a new type of transmission that
would use magnets instead of gears. According to Tkadlec, “I didn’t know enough
to know it couldn’t be done, so I just went
ahead and did it.”
He calls his solution the “zero contact
transmission.” He designed it for automobiles, but it has found its first commercial
use in a wind turbine.
Here’s how it works. Picture a rectangular prism constructed of rods. Now
imagine each of the longitudinal rods is a
shaft with a series of high-strength magnets, arranged in a helical pattern along
its length. Now, inside that space frame
is a circular cylinder, also made of shafts
containing neodymium magnets arranged
in a similar fashion. The magnets are
affixed to the shafts such that their poles
face outward, alternating north and south
as you go around the cylinder.

St. Cloud, worked on the electronics. He
The sub-assemblies are juxtaposed
explained that each of the output shafts
so that, as the inner cylinder (the input)
can be attached to a separate generarotates, the magnets on the shafts pass
tor for a staged output that increases as
in close proximity to the magnets on the
wind speed increases. This broadens the
outer shafts causing them to flip as first
operating range, adds redundancy, and
a north, then a south pole passes by. The
smooths out vibrations. A single output
inner magnets transmit torque to the
configuration is also possible.
outer ones through magnetic coupling
After six years of development work,
rather than the meshing of gears, with
Tkadlec approached the
no contact, no fricUniversity of St. Thomas
tion, and no need
A partnership offers a 10 kW wind
in St. Paul with a workfor lubrication. Each
turbine that uses the magnetic
transmission.
ing prototype of the zero
circumferential set of
contact transmission.
magnets constitutes a
A team of students was
chamber. The ratio of
looking for a senior
the number of magdesign project and used
net pairs on the inner
the transmission in an
cylinder to the numelectric car.
ber on each output
One of the students,
shaft determines the
Alex Hine, was intrigued
transmission ratio.
with the transmission
Bob Klingberg, a
and decided to make
principal engineer at
it the subject of his
ExEnSo, an energy
master’s thesis. He and
company based in
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Tkadlec moved away from automotive
applications and used the drive concept
as the basis for a 5:1 step-up unit for a
wind turbine.
The result was a six-chamber, 5 kW
prototype horizontal axis turbine which
they field tested side-by-side with an
off-the-shelf turbine with the same rating
and an identical blade set. The results
showed that the zero contact transmission, or ZCT, prototype produced 42
percent more energy over a two-year test
period. The off-the-shelf turbine achieved
its rated output in a 22 mph wind, while
the frictionless ZCT unit produced the
same output in a 16 mph wind.
ZCT efficiency was measured at 98
percent, compared to the industry average of 70 to 85 percent. The only losses
come from shaft bearings and internal
aerodynamics.
Michael Hennessy, the university’s ME
department chair, oversaw the senior
design class and Hine’s master’s work.
He said that the magneto-dynamics were
too complex to model fully, but that the
results achieved experimentally were impressive. Tkadlec has continued to make
incremental improvements, based on test
results, reshaping the powerful magnets
and the shields that focus the magnetic
force.
Tkadlec holds several patents on his
system and has, after eight years of development, brought a product to market.
A 10 kW wind turbine with a zero-contact
transmission is now being offered by
WindTech, a partnership between Tkadlec
and several area universities. The price is
$58,500. Expected life is 30 years.
The first one was sold to the Natural
Resources Research Institute at the
University of Minnesota, Duluth. The
institute’s director, Donald Fosnacht, said
the NRRI will be using it “to let students
monitor its efficiency and to generate
some power.”
Tkadlec is now developing zero contact
transmission applications in other areas
including hydraulic turbines and vertical
axis wind turbines.

R.P. SIEGEL, P.E., is a writer based in Rochester, N.Y.

ECLIPSE?
WHAT ECLIPSE?

THE SKIES MAY HAVE DIMMED OVER EUROPE, but the electrical grid sur-

vived the temporary loss of solar power.

S

olar eclipse fever took over the
United Kingdom and Europe in the
days leading up to the morning of
March 20, 2015. While behind the scenes
technicians braced for the shadow falling
on some of the 89 GW of European solar
power capacity, pundits and analysts tried
to stoke fears of a catastrophic blackout of
the continent’s power grid.
But on the streets of Paris, the prospect
of doom was met with the stereotypical
Gallic shrug. For some store owners, it
was simply business as usual.

“I run my store in such an old-fashioned
way that if the power goes out tomorrow, this place will be perfectly fine,” said
Phyllis Cohen, owner of Berkeley Books of
Paris on the Left Bank, holding up a notebook that served for accounting as proof.
Books weren’t the only thing safe from a
potential blackout. The wine would also be
okay, according to Daley Brennan, manager of Maison des Millésimes wine store
on the Boulevard Saint-Germain.
“The important thing here is constant
temperature,” Brennan said. He added
that the wine would hold so
long as it wasn’t exposed
to extreme heat or cold, a
non-issue as Paris transitioned seasons. “I’ve seen
solar eclipses before. I’m
not worried.”
Turns out, Brennan had
good reason not to be concerned. The grid held up
and no blackout occurred
as a result of the March 20
eclipse, which lasted for
two hours. What’s more:
the fog and pollution in
Paris was so bad that day
that no one could see the
actual event.
“We had extra balancing
reserves on standby in case
needed although [we] did
not need to resort to them,”
said a spokesperson for the
National Grid, the electricity provider for the U.K.
“There was less demand
suppression than expected.
Fewer people went outside
to watch the eclipse as it
continued on p.26 »
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DRONES AGAINST
METHANE LEAKS
A

sions is a daunting and costly problem to
tackle. The key is devising an industrywide method for surveying, identifying, and
correcting methane leaks in drilling and
processing operations.
Some organizations, such as TransCanada Corp. (which wants to build the
Keystone XL pipeline), utilize helicopters equipped with laser spectroscopic
systems that identify methane concentrations in the atmosphere. The central unit
emits an infrared laser signal: when the
laser beam strikes methane gas, some
of the light in the beam is deflected, creating a distinctive signature. The difference
between the emitted laser and received
laser is directly proportional to the
amount of methane encountered. Infrared
cameras—in aircraft as well as satellites—have also been effective in identifying methane leaks over large areas.
A faster and more cost-effective approach is the use of “methane-sniffing”
drones. Robert Jackson, an environmental
scientist at Duke University, has been testing drones as a way to detect the release
of methane over hydraulic fracturing
operations. A key limitation, he notes, is
the weight of the payload. “Carrying a big
camera or methane sensor, a drone might
be able to stay in the air for 30 minutes,”
Jackson said. “It’s difficult to
screen a shale play with that
kind of time.”
In Australia, Draco Scientific
is developing small drones
to carry optical sensors for
detecting and measuring
greenhouse gases in three
dimensions. The highly sensitive optical sensors can help
monitor gas emissions over
critical areas such as drill sites,
gas pipelines, landfills, and
municipal operations.
A Draco Scientific drone with optical sensors that monitor the
Researchers are developing
atmosphere for methane and nitrogen oxides.

significant issue with the hydraulic-fracturing process in oil shale
reservoirs is the release of methane, which migrates upward through the
drill hole to the surface, where it escapes
into the atmosphere. Other locations in
the oil and gas production infrastructure
where methane can escape include loose
pipe flanges, inefficient compressors, and
outdated equipment.
Methane release is increasingly recognized as a pollution problem. About 9
percent of all greenhouse gas emissions in
the U.S. consist of methane. The gas traps
up to 30 times more heat than carbon dioxide, and may accelerate climate change.
Flaring is a waste of a valuable byproduct,
which burns more cleanly than coal.
As a result, there is growing interest in
identifying and controlling methane leaks.
In 2014, Colorado became the first state in
the U.S. to limit methane emissions from
oil and gas operations. Other states, such
as California, are in the process of revising their regulations, which could include
restrictions or penalties on the release
methane and other gases.
With nearly 500,000 hydraulically fractured gas wells across the U.S. and a vast
network of connecting pipelines and other
infrastructure, reducing methane emis-

Image: Draco Scientific
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RUSSIAN NUCLEAR
PLANT FOR JORDAN
Rosatom, Russia’s state-run nuclear
corporation, has moved a step closer to
building a nuclear power plant in Jordan.
According to Russia’s Tass news service,
the chief of Rosatom, Sergey Kiriyenko,
and the chairman of the Jordan Atomic
Energy Commission, Khaled Toukan, have
signed an intergovernmental agreement on
cooperation in the construction of the plan.
Representatives of Russia and Jordan
previously signed a pre-investment
agreement. Overall investments in
construction of a nuclear plant in Jordan
are estimated at $10 billion, Tass said.
The plan is to form a joint venture for
the project, in which Jordan will hold 51
percent and Rosatom the remainder.
The plan calls for a plant with two units
rated at 1,000 megawatts each. The first
unit is to be commissioned in 2024, and
the second in 2026.

BEIJING POWERS DOWN
SOME COAL FIRES
Electricity providers in China’s capital are
shutting down coal-fired power plants in
order to reduce some of the city’s smog,
according to the Xinhua news agency.
The most recent plant to close was
operated in downtown Beijing by the
state-owned Guohua Electric Power Co.
and had a generating capacity rated at
400 megawatts. Guoha is replacing it with
a gas-fired plant. A 93-year-old thermal
power plant run by Beijing Energy Investment Group in western Beijing closed a day
before that, Xinhua said.
The last coal-burning plant in the city is
scheduled to close next year.
According to Xinhua, officials estimate
that closing the plants and switching to
natural gas will help cut emissions by
10,000 metric tons of sulfur dioxide and
19,000 tons of nitrogen oxide per year.
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continued from page 12 »

DRONES AGAINST METHANE

more sensitive methane sensors for leak detection that utilize
cavity ring-down spectroscopy. For example, Colorado State
University Ventures has created an advanced system that can
be installed on drones to provide real-time measurement of
methane emissions. The sensor can discern between oiland-gas-related methane emissions and those from biogenic
sources, such as cattle.
“A principal advantage of the sensor is its simple design,
which allows for a lighter weight and less expensive, less complicated system,” said Jeremy Nelson, director of licensing and
business development for Colorado State University Ventures.
These features, he said, make the sensor suitable for largescale deployment in both stationary systems and unmanned
aerial vehicle and drone applications. A 1 Hz sampling rate
enables applications in high-speed moving vehicles such
as UAVs and land-based vehicles so that large areas can be
quickly monitored by a single sensor instrument, saving time
and reducing survey costs. ME
MARK CRAWFORD, ASME.ORG

Design As Fast As You Think

Create fully detailed engineering drawings and cost
estimates in minutes. AutoPIPE Vessel provides fast, ﬂexible,
and optimized design of pressure vessels, heat exchangers
and tanks for new or existing global projects.

Discover AutoPIPE Vessel today
www.bentley.com/AutoPIPEVessel
© 2015 Bentley Systems, Incorporated. Bentley, the “B” Bentley logo, and AutoPIPE are either registered
or unregistered trademarks or service marks of Bentley Systems, Incorporated or one of its direct or indirect
wholly owned subsidiaries. Other brands and product names are trademarks of their respective owners.

BRACING FOR
THE CHANGE

AS GLACIERS SHRINK AND OCEANS RISE,
FARMERS AND SHORE-DWELLERS FIND
WAYS TO COPE.

G

enerations of farmers in the high desert of Ladakh, a
region of the Indian-administered state of Jammu and
Kashmir, have planted in the spring when glacial melt
water begins to flow from the Himalayan foothills above them. In
recent years, however, the weather has gradually warmed and
the glaciers are shrinking, leaving the soil dry.
“Shrinking glaciers are a known phenomenon here,” said
Sonam Wangchuk, a mechanical engineer and instructor at
SECMOL, a school in Phey, Ladakh. “In the people’s lifetime
they have shrunk by up to a kilometer. So a decrease in melt
water is only natural. There are some villages that are being
abandoned, even.”
Engineers had tried to artificially build up the glaciers above
the farming villages. They diverted waterways to create highaltitude ice fields on north-facing slopes in the shade of peaks.
But the work was strenuous and required steep climbs to
maintain the water diversions. Wangchuk had a simpler plan. He
piped water through a gravity-fed tube from winter streams to a
patch of land right in a farming village. The water froze in an icy
cone that grew to contain 150,000 liters. Its shape resembled a
“stupa,” a religious shrine made of stacked rock and that is what
Wangchuk calls it, an “ice stupa.” The conical shape left little
area exposed to the sun, so it melted slowly during the spring to
irrigate the surrounding fields.
After that success, Wangchuk launched an Indiegogo campaign to fund the construction of more ice stupas. He raised
$125,000 by the time the campaign closed in December 2014.
Wangchuk parlayed an astutely managed online fundraising
effort and a low-cost artificial water-storage technique into a
lifeline for Ladakhi farmers. Ice stupas are an example of the
inventive ways that developing communities worldwide are
adapting to climate change.
While the basic facts of climate science are debated in
sheltered corners of the world, the towns that are buffeted by
storms, flooded by rising seas and storm surges, threatened by
landslides, flooding, and drought are building now to live with a
changed environment. Poverty exacerbates their plight. But good
planning, land management, and relatively low-cost technologies may ease the pain for the next few decades. These are the
broad threats from climate change today, and how engineers are
responding.
A changing climate brings heavier rains and new, unpredictable weather patterns. Coupled with poor infrastructure choices,
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coastal and riverside communities are flooding. In response,
people are learning to live with water, said Jennifer Sara, director
of Water Global Practice for the World Bank.
The first reaction is often to build infrastructure, but there are
non-structural solutions, Sara said. With her help, coastal flood
zones in Ho Chi Minh City, Vietnam, have been able to weather
storms more easily after properly maintaining the infrastructure
that they already have. Cleaning drains and dredging canals,
coupled with new zoning laws and land management have reduced the impact of the floods.
As the weather warms, glaciers melt and the seawater ex-
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pands. The warmer water strengthens storms, battering coastal
communities with a higher waterline and bigger waves.
In response, Asian and Central and South American countries
are planting mangroves. Mangrove forests trap soil that would
otherwise wash into the ocean and help dissipate the power of
waves surging on shore.
Artificial glaciers are answering the problem in Ladakh,
and low-cost irrigation is boosting crop yields on other farms
worldwide. An irrigated farm produces twice as much food as a
rain-fed, but only 20 percent of the world’s farms are irrigated.
Old-fashioned diesel pumps have been the go-to engine for farmers who can afford them, but competition is under way in India to
design a viable solar-powered pump to replace them.
Wealthy countries can afford massive infrastructure solutions
like seawalls and levees, and they can even afford to put off some
of those solutions for a few more years. But some of the world’s
poorest people already feel the effects. Softening the blow of
climate change is necessary for sustainable development and
ending poverty.
From now on, engineering for global development needs to
take a future of harsher climates into account. ME
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TECH BUZZ // ENERGY BY MICHAEL E. WEBBER

INCREASING
FOOD EFFICIENCY

Our food waste accounts for 2 percent or more of
U.S. annual energy consumption.

T

he Cheesecake Factory chain of
restaurants offers something called
bruléed French toast—bread soaked
in custard and topped with powdered
sugar, served with maple-butter syrup
and bacon. It weighs in at 2,780 calories.
To nutritionists, it may be a nightmare,
but it provides an interesting point of
comparison for engineers. Those 2,780
calories (kilocalories in actuality) are the
energy equivalent of 3,200 watt-hours.
That much energy could power a new
LED light bulb for more than a week.
But it isn’t just the energy embedded in
the food itself that we should fret about.
Approximately ten percent of the nation’s
energy consumption is dedicated to the
entire food system. This includes energy
for farm equipment, pesticides, and fertilizers. Our love of highly processed foods
demands still more energy to preserve,
slice, dice, and package products. Then
we spend energy to freeze, ship, cook,
and dispose of our food.
And just as we need to continually think
about how to make our energy systems
more efficient—through better fuel
economy in our cars, more insulation in
our homes, swapping old incandescents
for new LED light bulbs—there are opportunities for savings in the food system.
For instance, food often travels long
distances to reach our plates, with an

average supply-chain of more than 4,000
miles—“food-miles” that contribute to
our diet’s overall energy footprint. “Locavores” see a solution in buying more local
foods, but there’s debate on the subject,
since it turns out some items grown
and raised in far-flung lands (like lambs
raised on rain-fed grass in New Zealand)
end up having a lower carbon footprint
than local items, even after they’ve been
shipped halfway around the world.
There is a simple solution at hand that
saves money, reduces energy consumption, and mitigates environmental
impacts: waste less food. A recent report
concluded that 30 percent of the world’s
food is wasted; in the United States, that

highly subsidized corn ethanol. And it’s
more than five times the energy we would
get in 2030 from opening up the outer
continental shelf today for oil production.
While we may feel helpless in the face
of a slice of cheesecake, reducing food
waste is not a hopeless cause. There’s
education: just as the “Give a hoot, don’t
pollute” ads in the 1970s shaped an
environmentally attuned generation, we
can launch information campaigns that
preach the value of not wasting food. We
can serve smaller portions at restaurants.
And we can do what Americans do
best—invest in better technologies such
as sensors, gas filters, and refrigerated
systems to prevent food spoilage along

THE SIMPLEST OPPORTUNITY FOR SAVINGS IN THE FOOD
SYSTEM MAY BE TO QUIT WASTING SO MUCH.
wasted portion is anywhere from 25 to
40 percent, accounting for a $150 billion
loss.
This amounts to a tremendous, equally
wasteful use of resources. We quite literally throw that food-energy right into the
garbage. We throw food away because it
spoils on the way to market, or because
we let it go bad sitting on the shelf, or
because it’s discolored or irregular looking, or because we hate the thought of
leftovers. We also eat out at restaurants
that pride themselves on oversized portions, or bring too much food to potlucks
and family get-togethers.
All told, our food waste accounts for
2 percent or more of U.S. annual energy
consumption. Two percent of our energy
use may not seem like much, but it’s the
same amount of energy Switzerland consumes in a year. It’s more than twice the
energy we produce annually through our

the supply chain. Instead of relying on
the simple labeling and expiration dates
we use today, we can invent new temperature-sensitive labels that are a better
indicator of a food’s safety. We should
create technologies to convert food waste
into electricity or liquid fuels, and invest
in agricultural research to develop and
implement better practices that create
less waste on the farm and use less energy for irrigation, fertilizers, pesticides,
and harvesting.
It might turn out that reducing food
waste is one of the easiest, cheapest,
and fastest ways to produce a significant amount of renewable, carbon-free,
domestic energy while boosting the economy. Now that’s an appetizing thought.ME

MICHAEL E. WEBBER is the Josey Centennial Fellow in
Energy Resources and associate professor of mechanical
engineering at the University of Texas at Austin.
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ME: What is Windhorse’s mission?
P.P: Windhorse was founded to sell safe, affordable
drinking water to at least 100 million customers who
make $2 per day. Its first company, Spring Health,
serves about 200 remote rural villages in eastern
India. It will expand at the rate of 25 and then 50 new
villages per month. Families pay seven cents per day,
but they tell us that they’re spending $25 to $250 per
year for treatment of illnesses they get from drinking
bad water. That’s not taking into account days lost at
work and school.
ME: Some social entrepreneurs, such as microcredit
pioneer Muhammad Yunus, argue that companies
cannot serve two masters, profit and social good. But
you want profits. Why?
P.P: Yunus believes in social businesses, where investors get their money back and make no profit at all. But
there’s only a limited amount of capital to invest that way.
There’s a more difficult problem, and I’ll give you an
example. Yunus’s bank, Grameen, did a venture with
France’s Danone to make nutritious yogurt for poor
people in Bangladesh. So they dumbed down one of
Danone’s big plants to a $1 million plant. But that was
still too expensive, and they couldn’t break even unless
they moved up to middle class customers.
So how do you get the nutritious yogurt to poor
people? If they had started out to make money, they
would have to set a target yogurt price and it would
have guided their investment.
You can build a yogurt plant for $100,000 or $50,000.
But if you don’t have to worry about bottom-line
profits, you don’t pay enough attention to exactly how
to design the business. And the same thing has happened throughout development history when you give
things away.
Running it as a business is usually more cost effective,
and it’s scalable because you can reinvest your profits.
ME: You also talk about zero-based design. What is
that?
P.P: With pretty much all products and technologies
for the poor, you have to cut the cost of the conventional technology at least by 80 percent. If you want to
do that, you don’t tweak the current design. You go to
the heart of what a product or a technology does and
design it from scratch
One of the things I’m working on is torrefaction. This
involves cooking biomass at 300 ˚C for three hours in
the absence of oxygen to transform it into a green substitute for coal and charcoal. Existing plants cost $10
million to $40 million. We’re designing a technology to
do that for $25,000.

Q&A
PAUL POLAK

AFTER FOUNDING AND RUNNING two non-profit organizations to help the world’s poorest people for 26 years,
Paul Polak changed course. In 2007, he co-founded
Windhorse International, a for-profit holding company.
Its local operating companies make and market products
for the 2.6 billion customers who live on less than $2 per
day. Not surprisingly, Polak describes himself as a professional troublemaker, and says his goal is to transform
both global business and poverty.
How? We use low-cost labor and don’t mechanize. If we can create a
$25,000 torrefaction plant that does seven tons per day at a value of $150
per ton, this becomes a disruptive technology.
ME: What did you learn from your first project?
P.P: When we asked small farmers in Bangladesh why they were poor,
they said they needed to irrigate their crops. So I looked around and found
an $8 treadle pump, which works like a Stairmaster, and installed it on a
tube that costs $25. It nets about $100 in earnings in the first year.
That 300 to 400 percent net return is available from a lot of products,
if you approach them the right way. But we had to learn to do marketing.
Rural mass marketing.
So we produced Bollywood movies and a whole bunch of stuff that’s far
removed from technology. We sold 2.5 million treadle pumps. Then we
designed other products. And we learned over 25 years that creating new
markets is the most successful path to scale, and we should do it purely
for profit. ME:
Polak’s efforts to develop village-scale charcoal plants was the subject of
April’s Engineering for Change article, on page 15.

TECH BUZZ //MATERIALS

CONCRETE GOES FLEXIBLE
CONCRETE HAS PROVEN AN EFFECTIVE CONSTRUCTION
MATERIAL SINCE ROMAN TIMES, BUT A RESEARCHER HAS
EMBARKED ON A MISSION TO IMPROVE IT.
ccording to Victor Li, a materials engineering professor
at the University of Michigan, the problems with concrete are clear. “Concrete is brittle, meaning it cracks,”
he said, “and it brings deterioration and damages that require
repeated maintenance.”
Li has developed a type of flexible concrete known as an engineered cementitious composite in the school’s Advanced Civil
Engineering Materials Research Lab. “We’re trying to create
a new generation of concrete that if you put it under excessive bending loads, it bends but doesn’t fracture,” he said. The
main goal is to increase the life of concrete and subsequently
our infrastructure.
Conventional concrete is made by mixing sand, cement, and
aggregates such as gravel, and then activating it by adding water.
It typically has steel or fiberglass reinforcing bars—rebar—run-

A

ning through it to add tensile strength and to reduce cracking.
This results in a material strong in compression but not so good
in tension or bending.
Li’s composite, which he calls ECC for short, resembles
regular concrete except that fine sand replaces the coarse
aggregates. It also has small polyvinyl alcohol fibers embedded in it, 8-12 millimeters long and about 40 micrometers in
diameter, about half the thickness of a human hair. These have
a nanometer-thick surface coating that allows them to slip
rather than break under heavy loads. The resulting composite
weighs up to 40 percent less than standard concrete.
According to Li, “Even when ECC gets damaged by excessive
loading, the micro cracks are self-controlled, and the crack
widths are limited to less than 50 microns. In structures like
a bridge deck, we don’t want water or de-icing salts to get
through the cracks and attack the steel. This kind of deteriorating mechanism is greatly delayed or eliminated.”
Mike Lepech, now an assistant professor of civil and environmental engineering at Stanford University, worked as a
Ph.D. student in the materials lab under Li. Lepech sized up
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Under strain, flexible concrete bends instead of fracturing.

the role of flexible concrete: “You use it where you need to add
a bit of rocket fuel to the design of the system where reinforced
concrete can’t provide the performance needed.”
He added, “By combining existing technologies with advanced materials, we can achieve commonplace structures
that are more durable, sustainable, and economical.”
Following this path, ECC is emerging in niche markets in
Japan, China, and the United States. The original application
came with seismic structures, particularly in Japan, which lay

directly on seismic faults. “The material can deform during the
earthquake and absorb the energy without fracturing,” Li said.
It has been used on a number of high-rises in Tokyo.
Another area where ECC offers advantages is on bridge deck
expansion joints. In a demonstration project Li did in Ypsilanti
for the Michigan Department of Transportation, with Lepech
serving as project manager, the bridge had regular expansion
joints replaced by a slab of ECC material 17 feet wide crossing
four lanes of traffic. Known as link-slab in this application, the
ECC actually expands and contracts as the deck moves with
temperature fluctuations. It eliminates many of the common
problems associated with conventional expansion joints like
jamming and leakage, which results in water and de-icing salts
passing through the joints and corroding steel supporting the
structure.
Li is working on improvements. “We are conducting research
to further improve the material by adding smart functionalities
and developing a self-sensing version of ECC,” he said. “These
things are down the road.”
A self-healing ECC is actually ready to be deployed. “Our
civil infrastructure can be much smarter,” Li said. ME

TOM GIBSON, P.E., is a consulting mechanical engineer specializing in machine
design and green building, and a freelance writer based in Milton, Pa. He publishes
Progressive Engineer, an online magazine (www.ProgressiveEngineer.com).
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A thin film of phase change
material sandwiched
between indium tin oxide
electrodes creates a
display technology
flexible enough to wear.
Photo: University of Oxford

WEARING
THE WIRE

MANY OF US CARRY AROUND gizmos in our
pockets. But two labs in England recently
received grants to develop the technology to
turn our very pockets into electronic devices.

W

earable electronics are all the rage: from the Google
Glass and watches from Pebble or Apple to the footwarming Digitsole, companies have been trying to
colonize our bodies head to foot with computers. But electronic
clothing is hanging in no one’s closet. Why is there no Samsung
Shirt or Microsoft Mitten?
The holdup is twofold: advanced electronics aren’t flexible
enough and they aren’t cheap enough.
Harish Bhaskaran of the University of Oxford is working to solve
that. “What we are trying to do is something a little bit crazy, if
you will,” he said. “We want to use chip bag making technology to
make advanced materials.”
By “chip bag,” Bhaskaran does not mean some kind of hightech sheath for a microprocessor. He means the sharp, shiny,
flexible, and cheap containers that hold crunchy junk food.
They owe their low cost and attractiveness to the state of rollto-roll manufacturing—the same technology used for making
newspapers. Roll-to-roll is already done at micrometer scales,
sometimes with resolutions of 500 nanometers. “They do it at
ridiculous speeds and at very low cost, so why can’t we do that for
electronics?” Bhaskaran asked.
The United Kingdom’s Engineering and Physical Sciences

ROLL CALL

THE LAB: Advanced Nanoscale Engineering Group, University of Oxford;
Harish Bhaskaran, associate professor of materials.
OBJECTIVE: Wearable and flexible technologies enabled by advanced
thin-film manufacture and metrology.
DEVELOPMENT: Working to create roll-to-roll printing of complex
electronics.
Research Council has issued a grant of 3.1 million pounds (about
$4.7 million) for him to do just that.
One of the challenges that his team must overcome is combining multiple printed layers. For instance, imagine a semiconductor or an insulator that has to be sandwiched between two
conductors—all these must be aligned with exacting precision.
“We want them to be just a few nanometers thick,” Bhaskaran
said, “so how do you ensure that these are controlled over large
areas without any shorts?”
Then there’s the fact that different components are processed
at different temperatures. How, for instance, do you integrate an
organic sensor and an organic photovoltaic cell with an inorganic
photo display? The silicon requires a higher temperature than
the organic components can tolerate.
To attack some of these problems, Bhaskaran is working with
several disparate labs, and is backed by seven industrial partners, including Sharp Labs, Oxford Instruments, and BASF.
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Already, his lab has produced an ultra-thin, flexible display
technology. The display uses a 7 nm thin film of the phase
change material germanium-antimony-tellurium sandwiched
between electrode layers made of indium tin oxide. The whole
thing can sit on a flexible Mylar sheet. The technology may find
uses in roll-up display screens or even synthetic retinas.
Another project Bhaskaran is working on would be a wearable device that could warn children in war-torn countries of
land mines. In addition to saving lives, such a first product would
show the world that wearable electronics could finally be made
on the cheap.

H

and-knitted Christmas sweaters can be gaudy. But imagine if such a sweater had light-emitting diodes embedded
in the yarn.
Such a yarn may be in our not too far off future, if Stephen
Beeby of the University of Southampton has his way.
“What we are looking at doing is putting electronics, real
functional electronics—as in proper silicon chips—into textile
fibers, or yarns, that are then subsequently woven into textiles,”
Beeby said.
Beeby plans to put 20- to 25-micrometer thick silicon chips
onto plastic strips and embed them in a strong, protective yarn.
The thinness of the chips will allow the silicon to bend, though
there will be little stretching. The yarn itself will be developed by
the Advanced Textiles Research Group, led by Tilak Dias at Nottingham Trent University.
“Hopefully from the appearance point of view they’ll look
almost exactly the same as a standard textile yarn,” Beeby said.
“We’re obviously going to start off
making yarn towards the thick end.
But by the end of the project we hope
to get the yarn dimension down to half
a millimeter. Something like that’d be
brilliant. Then we’re in the range of
fabrics used in clothing.”
The two labs will be developing
the manufacturing process to put the
chips in the yarn on a mass scale. The
work will be paid for via a 2.8 million
pound ($4.1 million) grant from the
United Kingdom’s Engineering and
Physical Sciences Research Council.
One problem the lab faces is finding
some way of getting the signal out of
the yarn—and of letting a garment
maker know where that connection is. One possibility is to periodically replace yarn with a metallic wire, or perhaps weaving
wires and circuits perpendicular to one another, like the warp
and weft of woven textiles. Microscopic magnets on the circuits
could mark where different components are.
Powering these smart clothes is another challenge. Beeby’s

“I think everyone is frustrated at having had the technology
demonstrated in a lab so long ago and not being able to manufacture it,” Bhaskaran said.
“A lot of the physics behind these technologies are well known.
There are lots of papers that you can read on wearable this and
wearable that, flexible this and flexible that, but we haven’t seen
them in real life,” he said. “Our vision is to demonstrate a viable
manufacturing technology. Once we’ve done that we would disseminate our technology to everyone who’s been working in all
wearable fields so they can go on and make everything they want
to make.” ME

SMART YARNS SPIN

THE LAB: Electronics and Electrical Engineering Group, University of Southampton; Stephen Beeby, professor of electronic systems and devices.
OBJECTIVE: Novel manufacturing methods for functional electronic textiles.
DEVELOPMENT: Working to create a yarn with embedded electronics.

lab has been developing energy-harvesting materials and
has even demonstrated a way to make electricity-producing
piezoelectric cantilevers on fabrics. But it’s unlikely that energy
harvesting will replace batteries in powering smart textiles
anytime soon.
“If you get the power harvesting sorted as well, it becomes
something that the user doesn’t even have to recharge. When
you put it on, it starts working,” Beeby said. “That’s the long-term
vision, and that sounds great,
but it’ll be some time.”
The clothes will have to be
unplugged when washed. The
yarns and chips, though, will
be designed to withstand the
wash, rinse, and spin cycles.
Already Beeby’s lab has made
functional films than can
take 30 or so washings. But a
marketable fabric may have
to survive worse. “Manufacturers don’t think people will
These lengths of yarn sport
actually obey the washing inlight-emitting diodes.
structions,” he said. Nike, for
Photo: Nottingham Trent University
instance, wanted technology
to be able to handle 90-degree washings, “so even if the user abuses it, it still works.”
The first products to be made with the yarn are not likely to
tolerate the mildest abuse. But as the process develops, anything
found on a smartphone could work its way into our clothes. ME

MICHAEL ABRAMS is a writer based in New York City.
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Eclipse? What Eclipse?
was overcast; they stayed in to watch television coverage and put the lights on.”
The European Photovoltaic Industry Association said the eclipse would be nothing
compared to normal power demand.
“The eclipse will be an exceptional event
but not an abnormal one,” said an EPIA
representative. “The everyday demand is
more volatile than the solar eclipse, and
grid operators are able to keep the system
running and have done so for almost a
century. If the weather is a bit cloudy, the
eclipse will go unnoticed by transmission
systems operators.”
Germany has 38.5 GW of solar power
capacity. In spite of concerns that the
reduction in incoming sunlight—followed by
a power surge as the moon passed by the
sun—would destabilize the German electric
grid, no problems were reported.
One factor in Europe’s favor was the

location of the zone of greatest shadowing.
The total eclipse was visible only in a swath
running from the Arctic to the ocean south
of Iceland. The United Kingdom was one
of the solar-using nations closest to path,
but prior to the eclipse, Leonie Greene, the
head of external affairs for the U.K.’s Solar
Trade Association expected impact to be
minimal.
“Solar provides around 1.5 percent of the
U.K.’s total annual power output currently,”
Greene said. “More in summer, less in winter. So at this time of year, in the morning,
the impact of the eclipse on solar output
will be particularly small.”
In fact, the impact was so small, electric
power output barely deviated from the
norm.
“We saw a 2 GW rise over the entire
eclipse period and a 400 MW suppression at
9:30—the point of maximum obscuration,”
said the National Grid spokesperson. “This
is within our normal range for forecasting
such events.”
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This year’s eclipse may have been a bust,
but some are using it as preparation for a
future more dependent on solar power.
“The eclipse offers an important experience to prepare for a flexible energy
system with even much higher shares of
solar power in the future,” said the EPIA’s
representative.
Indeed, looking ahead, while the next
potentially problematic total eclipse in Europe won’t shadow the continent until 2027,
North America has two before then. Total
eclipses will cut across the United States
on August 21, 2017, and April 8, 2024; both
will occur at mid-day and both will reduce
sunlight by at least half for most of the East
Coast and Texas.
No one knows how important solar
power will be by then, but it’s safe to say
that utility managers will be looking at the
European experience for some clues as to
how much—or how little—to expect. ME
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TECH BUZZ

A BLOOD COMPONENT MADE IN SILK

R

esearchers have created an artificial version of human bone marrow
that can generate functional blood
platelets, which play a role in blood clotting. The cells are made using a bioreactor
that consists of a 3-D silk scaffold seeded
with cells and biochemicals.
Similar bioreactors could enable
researchers to study the behavior of new
bone marrow drugs. Physicians could also
grow a patient’s own platelets in a bioreactor for clinical use, or to test which drug
or combination of drugs might provide the
most effective treatment for an individual.
The bioreactor was developed by Alessandra Balduini, an associate professor of
biomedical engineering at Tufts University
and molecular medicine at the University
of Pavia in Italy, and David Kaplan, chair of
biomedical engineering at Tufts.
“Silk protein possesses a unique

molecular structure that enables it to be
modeled in a wide variety of forms and
stiffnesses, characteristics that have been
shown to affect platelet formation and
release,” Kaplan said. “Furthermore, silk
is biocompatible and has the ability to stabilize bioactive agents at normal temperatures; therefore we can functionalize it by
adding such agents.”
In some ways, Kaplan’s scaffold resem-

The bioreactor's megakaryocytes (blue)
release cells that will mature into platelets.

bles the spongy marrow found inside bone
cavities. In human marrow, platelets form
when large cells called megakaryocytes
break apart into hundreds of smaller cells.
They become fully functional platelets as
they move through the marrow and interact
with surrounding cells and biochemicals.
Kaplan recreates some aspects of that
environment by spinning microtubes of
silk, collagen, and fibronectin. He then surrounds them with a porous silk matrix for
the scaffold.
Working with Balduini, an expert on
bone marrow chemicals, Kaplan embeds a
variety of cells and proteins into the matrix.
Finally, he seeds it with megakaryocytes.
The megakaryocytes in the bioreactor do
not produce as many platelets as they do in
bone marrow. But tests show the bioreactor platelets aggregate and clot just like the
ones formed in the human body. ME
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ENGINEERING STRENGTH

With a bladder filled with water, the robotic squid is ready to launch.

OCTOPUS POWER

ENGINEERS BUILD AN ARTIFICIAL MOLLUSK TO
BETTER UNDERSTAND HOW OCTOPUSES, SQUID,
AND CUTTLEFISH MAKE THEIR QUICK GETAWAYS.

nyone who has seen an octopus jet away from a
potential predator knows that they can accelerate
with seemingly little effort. Now engineers think they
know how to bring that level of performance to human-built
underwater vehicles, thanks to a 3-D printed robot that uses
no moving parts and no energy storage save for an elastic
bladder full of water.
The foot-long robot was built by researchers from the
University of Southampton in England, the Massachusetts
Institute of Technology in Cambridge, and the Singapore-MIT
Alliance for Research and Technology.
The robot launches itself much like an inflated balloon
that’s let go to careen across a room. Water fills the elastic
bladder inside a printed polycarbonate skeleton. As it begins
to move, the skeleton helps the robot keep the bladder tight to
maintain pressure and ensures the shape remains streamlined. Fins on the back help control the direction of travel.
The researchers say the system can achieve more than two
and a half times the thrust of a rigid jet expelling water.
The robot can shoot away by as many as ten body lengths
per second, accelerating to up to 6 miles per hour in that time.
“Over 53 percent of the available energy is converted into
payload kinetic energy,” wrote the authors, Gabriel Weymouth,
Vignesh Subramaniam, and Michael Triantafyllou, adding
that it was “a performance that exceeds the estimated energy
conversion efficiency of fast-starting fish.”
The secret may be the deformability of the robot. As it
expels water, its shape changes in a way that enables the
surrounding water to help it move. According to the authors,
this ability to start fast scales with size, so larger animals—
and robots—ought to be more efficient at jetting away from a
standing start.
The research paper, “Ultra-fast escape maneuver of an
octopus-inspired robot,” was published February 2015 in the
journal Bioinspiration and Biomimetics. ME
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LOOKING BACK
The waters of the Arctic were a new
frontier for oil and gas exploration
when this article was published in
May 1985.

By Hans O. Jahns, senior research scientist,
Exxon Production Research Co., Houston, Texas.

The demand for oil and gas 30 years ago was
already driving exploration into ever deeper,
and colder, waters.

I

n the Alaskan part of the Beaufort Sea, exploration drilling has been
under way since the first federal/state lease sale held in 1979. Two
federal sales have been held since then, including the first areawide sale last summer.
Most of the exploration drilling to date has been conducted from
manmade gravel islands and has resulted in two major discoveries,
Endicott and Seal. In contrast to the Canadian Beaufort, commercialization of these discoveries is facilitated by the existence of the Alyeska
pipeline, which provides ready access to markets for North Slope oil.
The first offshore development is likely to be in the Endicott field and
is presently scheduled for 1998. Since the water is shallow (less than 10
feet), the wells and offshore facilities will be placed on gravel islands.
However, these will not be the first permanent gravel structures in the
Beaufort Sea. The Seawater Treatment Plant for the Prudhoe Bay field
went into operation last summer. Located in 12 feet of water at the end
of the West Dock Causeway, it is the intake point for two million barrels

per day of seawater for water flooding and pressure maintenance in the Prudhoe Bay reservoir.
Incremental production from the secondary
recovery project is estimated to be more than one
billion barrels of oil.
The water-depth record for gravel islands in
the Alaskan Beaufort is currently held by Mukluk
Island in 50 feet of water. At 50 feet, the cost of
reusable submersible drilling systems (MODUs)
becomes competitive with that of gravel islands.
For example, CIDS, Global Marine’s concrete
island drilling system, is being used this winter
by Exxon to drill a well at its Antares Prospect,
also in 50 feet of water. It marks the first use of an
arctic MODU without dredging or site preparation
of any kind. ME

TANKER WARS
In February 1985, three months before
Hans Jahns’s article appeared, the
Neptunia took fire from an Iraqi jet and
became the first commercial tanker to
sink in the Iran-Iraq War. Each country
had been attacking ships carrying the
other’s oil. Oil was in abundant supply at
the time, however, and prices remained
weak through the 1980s, so the hostilities had little effect on world markets.
Iraqi oil tanker in flames after being hit by
an Iranian missile.

TECH BUZZ // TRENDING
BMW's robotic
welding line, in
Spartanburg, S.C.

BY THE NUMBERS:
2 MILLION ROBOTS BY 2017
INCREASING USER-FRIENDLINESS IS HELPING TO PUT MORE OF THEM INTO FACTORIES.

T

turers. The data include robots, but not
HE INTERNATIONAL FEDERATION OF Roperipherals (grippers, welders, cameras,
botics expects new installations of
and the like), software, and systems enindustrial robots to reach 200,000
units in 2014, and grow 12 percent annugineering. Those installed costs, typically
ally between 2015 and 2017.
That would boost the world’s
industrial robot population to
more than 2 million in 2017.
In 2013, the latest year for
2011
2012
which the organization has
complete data, sales of indusAUTOMOTIVE
59,700 63,200
trial robots rose 12 percent,
ELECTRICAL/ELECTRONICS
37,700 32,700
to 178,132 units worth $9.5
METAL/MACHINERY
14,100 14,100
billion.
IFR’s data comes from
CHEMICALS/RUBBER/PLASTICS 10,500
11,400
projections of its members,
FOOD
4,650
4,900
the world’s top robot manufac-

three to four times the cost of the robot,
would bring the total market to $29 billion in 2013.
Automakers still drive the market for
industrial robots. In 2013, they
purchased 69,400 units, a 4
percent increase from 2012,
and accounted for nearly 40
percent of all industrial robot
2013
installations.
BMW highlights some of the
69,400
36,200 changes in the industry. The
German automaker started
16,500 by linking groups of robots to
12,200 programmable linear control6,200 lers. As robot controllers grew
more powerful, they replaced

ANNUAL GLOBAL ROBOT SALES
BY KEY INDUSTRIES, 2011-2013
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ESTIMATED OPERATIONAL STOCK OF MULTIPURPOSE INDUSTRIAL ROBOTS
AT YEAR-END IN SELECTED COUNTRIES. NUMBER OF UNITS

some PLC functions. This supported
larger, more distributed, more flexible,
and safer networks of robots.
Today, BMW’s typical installation
involves 800 to 1,000 industrial robots
handling payloads of 10 to 750 kg. Master
production scheduling takes place in the
cloud, and the orders are passed down
through manufacturing execution systems and 150 PLCs, each one connected
to several robots. The resulting system
can produce up to six different car derivatives on one line, allowing real-time
customization.
Going forward, BMW’s Stefan-Markus
Baginski, a senior manager involved in
robot installations, expects systems for
programming and connecting robots and
PLCs to become more open and standardized. He also expects more robothuman collaboration.
Until now, robots were limited to white
body applications, the automated welding
and joining of auto frame and body components, according to Universal Robots
CEO Enrico Iversen. This is because
working around high-speed robots is
dangerous.
Universal is a pioneer in safer industrial robots that stop quickly when they
contact a person. This enables them to
work near people without hurting them.
BMW and other automakers have begun
installing these robots on assembly lines,
where they can split such jobs as positioning and joining parts.
The same human-friendly robots can
also shuttle work pieces in and out of
machines, pack products, run tests, and
place pepperoni slices on pizza in assembly lines near people.
Electronic and electrical products
are the second largest industrial robot
market. Orders rose 11 percent, to 36,200
units, in 2013, about 20 percent of all
installations. While many electronic

Country

2012

2013

2014*

2017*

AMERICA

207,017

226,071

249,500

313,200

Brazil
North America (Canada, Mexico, USA)
Other America

7,576
197,962
1,479

8,564
215,817
1,690

10,300
237,400
1,800

18,300
291,900
3,000

ASIA/AUSTRALIA

628,889

689,349

777,100

1,107,600

China
India
Japan
Republic of Korea
Taiwan
Thailand
Other Asia/Australia

96,924
7,840
310,508
138,883
32,455
17,116
25,163

132,784
9,677
304,001
156,110
37,252
20,337
29,188

182,300
12,100
306,700
175,600
42,600
24,400
33,400

427,900
23,300
287,000
227,500
56,300
40,100
45,500

EUROPE

380,546

392,227

411,500

476,800

Czech Rep.
France
Germany
Italy
Spain
United Kingdom
Other Europe

6,830
33,624
161,988
60,750
28,911
15,046
73,397

8,097
32,301
167,579
59,078
28,091
15,591
81,490

9,800
31,600
175,200
58,400
28,700
17,300
90,500

15,500
30,200
199,200
57,800
32,000
23,800
118,300

2,858

3,501

4,200

6,600

AFRICA
NOT SPECIFIED BY COUNTRIES**

Total

16,079

21,070

25,600

41,800

1,235,389

1,332,218

1,467,900

1,946,000

Sources: IFR, national robot associations
*forecast ** reported and estimated sales which could not be specified by countries

devices are made in low-wage nations,
those countries are also rapidly installing
robots to achieve the high quality needed
to compete in international markets.
According to IFR, China added 50,000
new robots in 2014. It expects installations to rise 25 percent per year and
reach roughly 100,000 robots annually
in 2017. This will double the number of
industrial robots now in China to 400,000.
At that point, the number of robots in
China will exceed those in Japan, Germany, Korea, and North America.
China combines an enormous manufacturing base with very low robot density. The country currently has about 30
robots per 10,000 employees. Japan and
Germany have between 10 and 11 times

that density. China may be able to absorb
many more robots.
There are many factors, in addition to
quality, driving the increased use of robots. Robots have already demonstrated
their productivity. As a result, many factories choose to add robots as they retool
to use new materials (such as composites) and energy-efficient technologies.
Robots are also growing easier to program and more flexible to use, enabling
factories to switch between products
rapidly. This is increasing the practicality of robots for smaller manufacturers
who cannot afford a dedicated staff to
program their systems. ME
ALAN S. BROWN

OFFSHORE WIND POWER

F34
HEADING
FOR DEEPER
WATERS
FLOATING PLATFORMS CAN TAKE OFFSHORE TURBINES
BEYOND THE HORIZON—FAR FROM THE SIGHT OF LAND,
AND ALSO INTO A REGION OF MORE FAVORABLE WINDS.

BY JOHN KOSOWATZ

W

ind power is one of the fastest growing electricity sources in the United States. According to the
U.S. Energy Information Administration, wind
turbines accounted for 30 percent of all new
generating capacity over the past ﬁve years.
But to remember just how unpopular wind farms can be, all
you say is two words: “Cape Wind.”
That was a project, now apparently dead, to install 130 wind
turbines in Nantucket Sound. The local population, backed by
some heavy spenders, said no. Arguments about risk to the environment and wildlife, and the intrusion on the sea view carried
the day.
But suppose there was no heavy construction on the ocean
ﬂoor. And if the turbines were over the horizon, out of sight from
shore, they wouldn’t disturb the view. Those are some of the reasons that wind power is moving into deeper waters.
And that move involves challenges for marine engineering.
“The goal is to stay behind the horizon,” said Habib Dagher,
director of the University of Maine’s Advanced Structures &
Composites Center, and leader of a commercial venture to place
a wind turbine founded to a ﬂoating hull in the Gulf of Maine.
“Plus, the wind regime farther offshore is better.”
But getting there has been a challenge. Building in shallow
water—50 meters or less—allows developers to economically ﬁx
a platform to the seabed using a variety of foundations. Going
deeper requires some type of ﬂoating platform loosely tethered
to the ocean bottom on which to attach the turbine and its tower.
While ﬂoating platforms aren’t new—oil and gas producers have
built very large tension-leg platforms and others for drilling and
processing—wind turbines present different problems. Platforms
must be smaller but able to support a single tower reaching 80
meters for a 6 MW machine with a 154-meter rotor diameter, and

A prototype of the WindFloat
platform undergoes testing
off the coast of Aguçadoura,
Portugal.
Photo: Principle Power
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This 2 MW floating wind
turbine was installed
20 km from Fukushima,
Japan, in 2013.
Image: Fukushima Offshore
Wind Consortium

maintain stability in high seas and winds.
Six MW turbines are the holy grail of the industry, but the
big machines are yet to be installed in deep water. Developers are working their way up, initially with a handful of
smaller, mostly experimental ﬂoating turbines.
Norwegian energy giant Statoil has been a leader. In 2009,
the company installed a 2.3 MW ﬂoating turbine with a
100-meter spar in the North Sea. A spar is a cylindrical buoytype platform ﬁlled with ballast and extending deep beneath
the waves to provide stability. After recently withdrawing
from a planned wind farm in the Gulf of Maine, the ﬁrm now
plans to build a 30 MW installation off Scotland using 6 MW
turbines.
In the U.S., Seattle-based Principle Power and DeepWater
Wind have teamed to bring Principle Power’s semisubmersible technology to the West Coast. Principle Power has
successfully operated a pilot 2 MW project off the coast
of Portugal since 2011. Now the team is poised to build an
eventual 30 MW array of 6 MW wind turbines 18 miles off
Coos Bay, Ore. The project has received $47 million from the
Department of Energy.
Called WindFloat, the triangular semi-submersible platform will be larger than the prototype, using three 27.5-meter tall, 10.5-meter-diameter columns tied together with
steel members. A 6 MW wind turbine is to be attached to the
top of one column, and each column ﬁtted with a large water
entrapment heave plate at its base.
Ballast is pumped into the columns to attain a 20-meter
draft. The plates act as dampers to provide stability, which is
further enhanced by a hull trim optimization system utiliz-

ing an array of instruments that measure ocean currents, and
wind speed and direction. Data is fed into a control system
that pumps ballast water among the columns as needed to
provide stability and keep the tower close to vertical.
In Maine, the university and its DeepCwind consortium
have built a 1:8 prototype of a 6 MW turbine and operated
it successfully in the Gulf of Maine. Dubbed VolturnUS,
its triangular-shaped semi-submersible platform is made
of concrete and steel and supports a 65-foot-tall ﬁberglass
tower with a 20 kW turbine. After a year-long test off the
coast of Castine, Maine, the venture plans to put a full-scale
turbine in place in 2018 with ﬁnancial backing from the state.
Perhaps the most ambitious effort is a $232 million project being installed off the coast of Fukushima, Japan, by a
consortium of Japanese universities, and manufacturing and
construction ﬁrms. The Japanese government funded the
project in the aftermath of the Fukushima nuclear accident
that caused the government to shut all the country’s reactors
and begin thinking of alternative power sources. Offshore
wind was attractive, and ﬂoating platforms a necessity because the seabed drops sharply off Japan’s shoreline.
In 2013 a pilot 2 MW turbine mounted on a V-shaped
semi-submersible platform was installed 20 kilometers
off the coastline. It was accompanied by a ﬂoating 66 kV
substation ﬁtted to an advanced spar for a platform. For the
next phase, the group has been testing a 7 MW wind turbine
that uses Mitsubishi Heavy Industries’ digital displacement
transmission hydraulics system. It was scheduled for installation in late 2014 but that has been postponed. A spokesman
for the consortium’s leader, Marubeni Corp., said testing is
not complete. A second 7 MW turbine also is rescheduled for
placement next year.

E

ngineers and developers just two years ago were highlighting developmental needs of deepwater turbines.
In 2013, the European Wind Energy Association called
for developing and validating modeling tools and numerical
codes that simulate behavior of the entire structure. Among
other items, EWEA recommended optimizing turbine design
and size for ﬂoating structures, better techniques to assess
wind and wave conditions at site locations, better mooring
systems, and research into wake and turbulence effects.
“Certainly after three years the industry is improving,”
said Dominique Roddier, chief technology officer of Principle Power. “For one thing, the American Bureau of Shipping
came out with rules for offshore wind turbines. Now there is
a guide.”
Modeling tools have evolved to predict the response of
a fully coupled wind turbine and its substructure. DOE’s
National Renewable Energy Laboratory in Golden, Colo.,
has been working to verify offshore wind turbine modeling
tools. Its OC3 project (Offshore Code Comparison Collaboration), completed in 2010, was the ﬁrst international project
to address the need to verify modeling tools, using a Statoil-
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Companies have pursued
various strategies for
stabilizing floating
platforms (see chart at
left). In 2009 Norwegian
energy company Statoil
tested turbine mounted
on a spar platform
(shown in an artist's
rendering, below).

designed spar as the subject.
That was followed by OC4, which
analyzed a 5 MW turbine attached to
a ﬂoating semisubmersible platform,
using the DeepCwind design as the
subject. OC4 (The OC3 Continuation)
took analysis one step further, focusing on the semisubmersible’s increased
hydrodynamic complexity, compared
to a spar.
“We started by building on landbased tools. We had simulation tools to
predict turbine performance as long as
the base wasn’t moving,” said Walter
Musial, NREL principal engineer.

“With ﬂoating platforms, it became
much more complex, adding a hydrodynamic set of loads coupled with
aerodynamic ones.”
The laboratory uses a CAE tool that
it calls FAST. According to NREL,
“FAST joins aerodynamics models,
hydrodynamics models for offshore
structures, control and electrical
system (servo) dynamics models, and
structural (elastic) dynamics models to
enable coupled nonlinear aero-hydroservo-elastic simulation in the time
domain.”
Now, NREL researchers are moving

to the next step—OC5, Offshore Code
Comparison Collaboration Continuation, with Correlation—to validate
offshore wind modeling tools through
comparison of simulated responses
with actual physical response data from
existing structures. It will examine
three structures using data from ﬂoating and ﬁxed systems as well as from
scaled tank testing and full-scale openocean testing.
“Our ability to model is no longer an
issue,” said Dagher. “And our ability to
predict is no longer an issue of concern.
It took a lot of work to verify.”

A protoype of a WindFloat platform tested offshore was built in
drydock at the Lisnave facility (inset) near Setubal, Portugal.
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Dagher said testing, validation, and veriﬁcation of DeepCwind’s prototype were accomplished using all of the consortium’s 30 members, independent of NREL, and included four
in-house and commercial modeling tools, lab and basin-scale
tests using a 1:50 model and, ﬁnally, instrumenting and collecting data from the 1:8 model.
“We were able to measure how it performed and that gives
us a unique data set,” he said. “We were able to collect a lot
of data in a short period of time. We took that data and compared it to our models.”
The consortium installed over 50 instruments on the
VolturnUS model, measuring waves, current, temperature,
accelerations, strains, turbine performance, and mooring
line loads. Dagher is pleased with its performance, noting, for instance, that measurements conﬁrmed the heel angle
and maximum acceleration of the
nacelle were within 16 percent
and 14 percent of what a 6 MW
machine would experience 10 miles
offshore.
DeepCwind’s semisubmersible platform is constructed of
prestressed concrete and steel,
the result of vigorous testing of a
variety of potential designs. “Each
solution has its pros and cons, and
all are viable,” Dagher said. “For
us, the concrete option makes a
lot more sense. The bottom line is
what is most cost-effective at the
end of the day.”
DeepCwind relies on consortium
member and contractor Cianbro
Corp. to build the hull and attach the turbine in its coastal
yard. From there, it can be towed to its production site.
Roddier, meanwhile, said Principle Power is satisﬁed with
WindFloat’s steel design.
“We set up our objectives with a prototype,” Roddier said.
“We’ve proven we can operate in high waves in the ocean”
He added that the WindFloat turbine off Portugal has generated 12 gigawatt-hours of electricity since 2011. “Now we
are in the precommercial phase, and try to prove that the
technology is ﬁnancially viable,” he said. “But the experience
of the project prototype is key.”
Keeping costs down is critical for offshore developers. In
shallow water, contractors can economically build a ﬁxed
platform and install the turbine and its tower. In deep water,
ﬂoaters make more sense, although they are not small structures. Besides the tower, they must support at least 350 metric tons, the weight of the nacelle and rotor blades of a 6 MW
Siemens direct-drive turbine, which the company claims is
the lightest in class.
At sea, the nacelle will reach 100 meters above the water
level, with 75-meter-long rotor blades going higher. So ﬂoat-

ing platforms together with the wind turbine and tower are
fabricated onshore in controlled conditions and towed to
their production site. There, more ballast is added—a 6 MW
machine will require 20 meters to 25 meters of draft—and
the platform is tethered to its moorings. The strategy allows
project officials to avoid more costly marine transportation and construction costs; an offshore crane costs about
$122,000 per day by itself, Roddier said.
DeepCwind uses a composite tower to reduce corrosion—
critical for long-term operations and maintenance—and to
reduce costs as well. The lighter tower allows the use of a
smaller platform. “We wanted to reduce topside weight,”
Dagher said. “For every ton you take out of the tower, you
can take two to three tons out of the hull.”
In the U.S., developers are turning to semisubmersible ﬂoating
platforms that can be constructed
in onshore yards and towed to site.
Spars, which reach lengths of 300
feet with a diameter of 20 feet to
support a large wind machine,
cost more to transport and install
at sites that can be 20 kilometers
offshore.
The turbine must be installed at
sea later. “You have to come back
with a crane and a barge,” Dagher
Researchers at
said. “It is difficult and expensive.”
the University
He said a spar can work economof Maine test
ically in certain conditions. Statoil
out a scale
model of a
has the advantage of building a spar
floating 6 MW
next to deepwater fjords, where it
turbine.
can be ﬂoated and ﬁtted out close
to shore in controlled conditions,
and then towed vertically to its production site. In Japan,
the Fukushima spar and its substation were ﬁtted out at a
shipyard but a spokesperson said its deep 32-foot-draft was
difficult in towing through shallower waters close to shore.
Over the long term, Roddier said, a ﬂoating design offers
easier repair. For major repairs or repowering, the entire
structure can be towed back to shore, rather than hiring
ocean-going barges and cranes for a lengthy outage.
“We are designing for a 60-year life,” Dagher said. “Most
[platforms] now have a 20- to 25-year design life. But after
20 years if you tow back to shore and repower, you can get
three 20-year cycles out of the hull.”
“Our goal is to compete with other forms of electricity in
the 2020s,” Dagher said.
According to Roddier: “When you remove the money from
grants, the balance of the project must be ﬁnanceable. We’re
looking at a lot of things to make the project work better
economically. But in offshore wind, if you don’t get the costs
down, you won’t get the project done.” ME
JOHN KOSOWATZ is senior editor at ASME.org.

GO
FAST
WITH THE FLOW
COMPUTATIONAL FLUID DYNAMICS MAKES SENSE OF WAVES IN SWIMMING.
BY JOHN MARTIN
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V

ertebrates climbed out of the water and onto land
some 350 million years ago, but we still like to jump
back in and race around like the old days. And
when we race, we want to go as fast as
we can. Elite swimmers have turned to
computational ﬂuid dynamics—solving complex
equations to predict how water will ﬂow under
different situations—to feed their need for speed.
The goal is to go faster by reducing drag.
“Drag is due to the friction between the water
and the swimmer that induces a force to slow
down the swimmer,” said Thierry Marchal, industry director for the sport industry at ANSYS Inc.
“The intent is to model the water surrounding the
swimmer and identify which parts of the body
generate the largest drag.”

Early work was done in the mid-1990s by the
late Barry Bixler, an aeronautical engineer at
Honeywell Aerospace who analyzed air ﬂow in jet
engines. When his daughter took up swimming
as a sport, the engineer—ever the tinkerer—began looking at how swimmers move through the
water.
“Bixler’s initial investigations into CFD and
swimming used a disk of the same size as a human
hand to estimate the forces on the hand throughout the freestyle swimming stroke,” said Andrew
Lyttle, lead biomechanist for technical sports at
the Western Australian Institute of Sport. “With
improved technology, this was adjusted to create
a model of the hand and forearm which optimized
pitch angle of the hand in the water. These studies
Competitive swim teams are using computer models,
like this one from ANSYS, to gain insights that will shave
fractions of seconds from race times.
Image: ANSYS

A computer image of the
dolphin kick combines
3-D scans of two
swimmers performing
the kick underwater.
Image: Tina Ma and James
Hahn, George Washington
University

utilized the growing capabilities of the commercial software Fluent to estimate the effects.”
Russell Mark joined USA Swimming—the national governing body for the sport of swimming
in the United States—in 2002. The University
of Virginia breaststroker had been working as
an aerospace engineer at Pratt & Whitney on an
experimental military engine program but left to
pursue his passion for swimming. He picked up
CFD investigations that had been done by Bixler
in collaboration with Scott Riewald, a USA Swimming biomechanist.
Mark began working with a team led by Rajat
Mittal at George Washington University. Mittal is
now professor of mechanical engineering at the
Whiting School of Engineering at Johns Hopkins
University.
“We used their custom CFD code to study ﬂow
around a dolphin kick and the arm stroke of a
freestyle and backstroke pull,” Mark said. “We
were able to visualize the vortices in dolphin kicking and conﬁrm that ankle ﬂexibility is a hugely
important factor in developing those thrustproducing vortices. We were also able to conﬁrm
that an arm stroke in backstroke and freestyle that
applies force directly against the water in a backwards direction is the best stroke.”
USA Swimming created laser scans of Olympiclevel swimmers and underwater videos of swimmers’ strokes. Mittal’s team merged these to create animated 3-D models of the swimmer by using
MAYA, the software used to create animated
movies such as Shrek.
“The models are input to our in-house CFD
code ViCar3D,” Mittal said. “The simulations are
done on large-scale parallel computers.” (ViCar3D
stands for “viscous incompressible Cartesian grid
solver in 3-D.”)
Previous methods used to analyze a swim stroke
required expensive and time-consuming physi-

cal simulations using wind tunnels and specially
constructed pools. Now, if experimental conﬁrmation is needed, “CFD can inform these tests by
suggesting critical locations for probes, reducing
the costly, lengthy physical testing to a primary
model validation task,” Marchal says.
The CFD emphasis is virtual. According to
Lyttle, “Using known physics and ﬂuid dynamics relationships, CFD allows complex ﬂuid ﬂow
regimes and geometry to be simulated within
a computer environment. The ability to obtain
segment-speciﬁc ﬂuid force data within a fullbody stroking model provides enormous amounts
of information that would be unobtainable via
current empirical testing techniques.”
CFD software imports a realistic geometry
of the athlete, generates the geometry of the
surrounding water and air, and meshes these
geometries to represent the athlete’s body in its
surroundings. Meshing creates large numbers
of small boxes—cells—around the athlete as the
framework to solve millions of equations describing the water ﬂow. Engineers analyze the results
by using visualizations of the ﬂow pattern for
regions of high drag.
“In CFD, experiments are conducted in a
virtual environment with a biomechanical model
of the swimmer in a computational model of the
pool,” said Raymond Cohen, research scientist in
computational informatics at the Commonwealth
Scientiﬁc and Industrial Research Organisation,
Australia’s national science agency. He delivered
the idea in a paper, “Computational ﬂuid dynamics as a tool for improving stroke technique,” at
the XIIth International Symposium on Biomechanics and Medicine in Swimming held last year
in Canberra.
“Individual aspects of stroke can be modiﬁed
in isolation, providing a controlled and repeatable testing environment,” Cohen wrote. “The
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LZR ZAPPED
Bondi Beach has the reputation as a laid back
place for fun in the sun, sand, and surf. The
Sydney suburb is also the birthplace of Speedo,
a relentless innovator in swimwear. Speedo
introduced the first non-wool suit in 1928—allowing greater freedom of motion—as well as the first
nylon suit, the first chlorine-resistant fabric, and
even a swimsuit inspired by shark’s skin.
Speedo used computational fluid dynamics to
develop its Fastskin FSII swimsuit prior to the
2004 Athens Olympics. In February 2008 it took
engineering assist to another level with the launch
of its LZR Racer, a full-body suit, ahead of the
Beijing games. In ten weeks, swimmers wearing
the suit had set 35 world records. Michael Phelps
won eight gold medals in Beijing wearing the suit;
athletes wearing Speedo won some 90 percent of
the swim medals.
Speedo used Fluent from ANSYS Inc. for the
CFD analysis. The research was spearheaded
by Aqualab, Speedo’s in-house R&D group, and
included academic and industry partners, even
NASA.
The CFD studies focused on passive drag, when
the swimmer is in the glide position. When swim-

Image: ANSYS

mers dive into the pool they hold this position—
arms outstretched in front, legs stretched out in
back—for up to 15 meters after diving, and after
kicking off the pool wall under water at each turn.
That’s 30 percent of a 100-meter sprint across a
50-meter long-course pool—in a race that might
be decided by one-hundredth of a second.
The CFD data helped researchers design the
suit to lower skin drag, especially the siting

points for the low-drag, polyurethane membrane
panels that are bonded onto the suit. These panels
reduced skin drag by 24 percent vs. Speedo’s
previous fabric.
It was too good to be legal. FINA—Fédération
Internationale de Natation, the world governing
body for swimming—banned the LZR Racer, and all
full-body suits, in 2010.

Image: Trevor Sewell/Electron Microscope Unit, University of Cape Town

A shark's dermal denticles, which decrease drag and turbulence, inspired the recordsetting LZR Racer swimsuit (above), which was eventually banned from competition.

resulting performance changes can be analyzed
and the underlying physical mechanisms can be
explained. The results are then fed back to the
coaches to help inform further testing of stroke
technique.”
For example, when Matt Keys, a CFD consultant with a joint appointment at the Western
Australian Institute of Sport and the University of
Western Australia, used a CFD model of the underwater dolphin kick, he found that a 10-degree
increase in ankle plantar ﬂexion—the ability to
fully extend the foot, pointing the toes along the
long axis of the body—created 16 newtons greater

peak propulsive force by the feet during the kick
downsweep.
According to Lyttle at the Western Australian
Institute of Sport, “This provides important
information to coaches on the potential beneﬁcial
effects of greater ankle ﬂexibility for generating
propulsion while kicking underwater.”

Back to Nature

Swimmers who want to swim like the ﬁshes
also have to overcome “outerwear” differences
between themselves and their full-time aquatic

Image: ANSYS

brethren, said Frank Fish, professor of biology at
West Chester University in Pennsylvania, in a presentation to the 2014 Biomechanics and Medicine
in Swimming symposium. “The skin of marine
animals is tighter than the integument of humans.
The pliability of human skin produces mobile skin
folds that add to drag,” Fish said in his presentation, “Limitations on swimming speed: How can
natural technologies be utilized?”
Bixler, the pioneer in all this, turned his attention from swim strokes to swimsuits and eventually became a consultant to Speedo. He helped
design a suit that minimized the time water

particles remained in contact with the swimmer’s body—via ridges that shooed away water
and lessened drag. This was used in the Speedo
Fastskin FSII swimsuit and is likened to a shark’s
skin, which has ridges called denticles. Bixler was
cited as contributing to one of “America’s 100 Best
Innovations” for 2004.
Speedo went on to leverage CFD in designing
its LZR Racer, a suit so fast in the water that it
was banned, and continues to use computational
ﬂuid dynamics to model the overall swim “system,” which includes the suit, cap, and goggles.
In evaluating goggle designs, CFD simulated an

HUSH-HUSH

Timothy
Wei applied
aerospace
techniques to
competitive
swimming.
Image: RPI

As USA Swimming prepared for the Beijing
Olympics, it was looking for an edge. It found
one on the campus of Rensselaer Polytechnic
Institute, where Timothy Wei, an expert in fluid
dynamics, headed the Department of Mechanical,
Aerospace, and Nuclear Engineering.
At the heart of the project, which was largely
carried out in secret, Wei created a training tool
that reports the performance of a swimmer in
real time. He did it by modifying and combining force measurement tools from aerospace
research with a video-based flow measurement
technique known as digital particle image
velocimetry.
“Swimming research has strived to understand water flow around a swimmer for decades,
because how a swimmer’s body moves the
surrounding water is everything,” said Russell
Mark of USA Swimming, who was part of the
project. “Dr. Wei’s technology and methods
presented us with a unique opportunity that
swimmers and coaches could learn a lot from.”
The technique involves computation and

fluid dynamics, but it wasn’t CFD—more like an
experimental cousin. “DPIV is an experimental
technique; CFD is a computer simulation,” Mark
said. “We seeded the fluid flow with tiny bubbles
generated in a water flume. Using a high-speed
camera, software tracked the movement of the
particles/bubbles to visualize the flow; the video
was overlaid with vectors that showed magnitude
and direction of flow.”
Sean Hutchison coached the U.S. Women’s
Olympic Swim Team that competed in Beijing.
“This project moved the swimming world beyond
the observational into scientific fact,” he said.
“The knowledge gained gave me the foundation for
which every technical stroke change in preparation
for the Beijing Olympics was based.”
“Training and monitoring equipment is advancing
at a tremendous rate, and coaches are increasingly
enlisting the help of engineers and scientists to
better understand how swimmers interact with the
water,” said Wei, who is now dean of engineering
at the University of Nebraska-Lincoln. “There’s no
doubt that technology is driving faster lap times.”
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For world-class swimmers, the
pursuit of a record-breaking
performance at the 2016 Rio
Olympics may well depend on
CFD modeling (left) and other
simulations just as much as the
athlete's physical ability.

athlete piercing the water surface to understand
impact forces during diving. CFD informed developments to Speedo’s equipment for the 2012
London Games and beyond.

Laps to Go

Experts see several applications for CFD, as
engineers and academics continue their research
into swimming, and coaches, athletes, and support
teams prep for new competitions and championships, including the 2016 Rio Games.
“I think the effects of the air-water interface in
swimming is the next challenge in simulation and
modeling,” Mittal said. “Since most swimming
happens on the water surface, analyzing this is
crucial. With ever-increasing computer speeds,
the notion of individualized analysis and optimization of swimming based on CFD modeling is
also a possibility.”
Marchal speaks about “transient simulation”
of key parts of the race, such as the motion and
rotation of the swimmer at the end of the pool. “I
think swimsuits will become smarter as well, including using sensors; not during the race, but to
capture more data while the athletes are practicing. This could provide very valuable insights to
drive CFD simulations.”
Lyttle believes the growth of CFD methodology
in swimming will rely on the ability to obtain easy
and accurate 3-D kinematics. “This is currently

seen as the most problematic area,” he said. “The
old adage of garbage in, garbage out deﬁnitely
applies, as it matters little whether the CFD
modeling procedure is state-of-the-art if it is not
accurately modeling the swimmer’s stroke. The
Western Australian Institute of Sport and the
University of Western Australia are working on
techniques to apply markerless image acquisition
technology to the swimming CFD analysis.”
Marchal said CFD simulation should add other
types of physical information, like structural
simulation, to ﬂuid ﬂow.
“Such multiphysics simulations could model
the interactions of the swimmer and the water,”
he explained. “This could determine how swimmers can maximize the force applied to the water
to push themselves ahead faster. Some European
universities have been working on this, to optimize the position of the ﬁngers and maximize the
propelling force.”
He thinks much more could be done in this
vein, but because no equipment business could
capitalize on it, funding may be difficult. His hope
is that leading universities involved in sports will
consider running extensive simulations to help
their athletes win.
“In the future, the race may be won in front of
the computer,” he said. ME
JOHN MARTIN writes about software in manufacturing from his
base in Ithaca, N.Y.

Photo: Mike Lewis,
Ola Vista Photography

GLIDE

DIVE

BY MICHAEL I. FRISWELL
IT IS ONE OF THE WORLD’S MOST FAMOUS AIRCRAFT,

 Wings of Change
Top: Birds naturally morph their
wings to the optimal shape for
different flight profiles.
Bottom: The Wright Flyer,
seen in its first flight in 1903,
used wing warping rather than
rigid ailerons.

but the 1903 Wright Flyer looks little like the
airplanes that we have come to know. It’s a biplane, of course, with a canard wing set in front,
pusher propellers in back, and skids for landing
gear. But it’s the wing edges that are both subtly
and radically different from what is found on modern
planes. Instead of rigid surfaces and discrete aileron flaps,
the wing is flexible; the entire surface alters its profile to effect aerodynamic changes.
Within a few years of the Wright brothers’ first flight, those
flexible surfaces had disappeared. Due to the need for larger
structural rigidity as higher airspeeds were achieved, any form
of compliance or flexibility—what we would now call “morphing,” though that term was unknown to the Wrights—was ruled
out. By the First World War, little more than a decade removed
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LAND

THE PIONEERS OF AIR
FLIGHT LOOKED
TO BIRDS’ WINGS
FOR INSPIRATION.
SOME AERONAUTIC
ENGINEERS STILL
HOPE TO DESIGN
MORPHING AIRCRAFT
THAT CAN OPTIMIZE THEIR
SHAPE ON THE FLY.

from the first flight at Kitty Hawk, ailerons were the norm.
The idea of aircraft that change shape to meet changing flying
conditions and performance needs never went away completely.
It is, after all, the solution found in nature in the form of birds’
wings, and the concept would alleviate a problem in conventional
fixed-wing aircraft, which can only be optimized for a limited
region of the flight envelope.
With the development of more accurate analysis tools and
advanced smart materials, researchers are once again investigating compliant morphing aircraft to improve aircraft performance. Such aircraft would have the potential to adapt and
optimize their shape to improve flight performance or to achieve
multi-objective mission roles.
In spite of this interest, the technology to accomplish this has
rarely been adopted on production aircraft. What is standing in
the way?

O

ne can tell a lot about an
aircraft by just looking at it.
Planes with high aspect ratio
wings—that is, wings that are
long and narrow—typically
have a good range and fuel efficiency, but are slower and less maneuverable. Low aspect ratio wings
provide more maneuverability and
allow for high ﬂight speeds, but at
the cost of efficiency. An aircraft can
be fast or efficient, but not both.
Civil and military aircraft are
designed to have aerodynamic characteristics that are optimal at one
point and fuel condition in the entire
ﬂight envelope. However, the fuel
loading and distribution changes
continuously throughout the ﬂight,
and aircraft often have to ﬂy at nonoptimal ﬂight conditions due to air

traffic control restrictions. The consequent sub-optimal performance has
more signiﬁcance for commercial aircraft as they are more ﬂexible than
military aircraft and also fuel efficiency has far greater importance as a
performance measure.
Conventional hinged mechanisms are effective in controlling the airﬂow,
but they are not efficient. The hinges and other junctions usually create
discontinuities in the surface, resulting in increased drag.
Nature has solved this problem. Biologists have observed birds of prey
such as the falcon in ﬂight. The birds are able to loiter above an area in a
high aspect ratio conﬁguration, using air currents and thermals to stay aloft.
Then, once prey is sighted, the bird changes its proﬁle to strike conﬁguration, pinning its wings back for high speed and great maneuverability. To
attack, falcons metamorphose from one ﬂight mode to another.
Among aircraft designers, the word morphing, which is derived from
metamorphosis, describes a change in state that’s achieved via combinations of advanced materials, actuators, ﬂow controllers, and mechanisms
that enable an aircraft to adapt to changing mission environments in midﬂight. One can make the case that established technologies such as ﬂaps or
retractable landing gear are a type of morphing—after all, the shape of the
aircraft does change when the ailerons move. And a handful of supersonic
military aircraft have featured variable-sweep wings that rigidly pivot
around a hinge to allow for better performance at take-off and landing.
However, morphing carries the connotation of radical shape changes or
shape changes that are only possible with near-term or futuristic technolo-

gies. There is neither an exact deﬁnition nor an agreement among researchers about the type or the extent of
the geometrical changes necessary to qualify an aircraft
for the title “shape morphing.”
For instance, the shape of the wing could alter in
mid-ﬂight for different parts of the mission, such as
high-altitude cruising or landing. The wings might
change in plan—span, sweep and chord—or they could
bend, twist, or develop a crook like a gull wing, or they
could thicken or ﬂatten in cross-section.
Such an adaptable wing would enable aircraft to
perform multiple missions and enable a single aircraft
to have multi-role capabilities, radically expanding
its ﬂight envelope. From a military perspective, a
single morphing aircraft could perform different roles
within a given mission that otherwise would require
different vehicles.
Compliant control surfaces also lack the discontinuities found in hinged mechanisms, and thus have the
potential to reduce drag and noise signiﬁcantly.
The promise of morphing aircraft has attracted the
attention of hundreds of research groups worldwide.
Since the 1980s, there have been programs in the
United States and Europe with names such as Mission

Swept Wings "
These Australian F-111s display
their swing wings set for
different stages of flight. The
top plane is set for supersonic
flight, while the bottom is better
suited for take-off and landing.
Image: Jason Baker

Sub-optimal
performance
has more
VLJQLêFDQFH
IRUFRPPHUFLDO
DLUFUDIWasWKH\DUH
PRUHëH[LEOHWKDQ
PLOLWDU\DLUFUDIWand
IXHOHIêFLHQF\KDV
IDUJUHDWHULPSRUWDQFH
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UNDEFLECTED

25%
Wind tunnel testing of
the FishBAC prototype
found it improved the
lift-to-drag ratio by
25 percent, compared
to traditional trailing
edge flaps.

DEFLECTED

 Warping Camber
The Fish Bone Active Camber
morphing airfoil developed at
Swansea University achieves
a fairly large deflection
through the work of a single
actuator mounted in the front
of the airfoil.
Image: Ben Woods, Swansea
University, UK

Adaptive Wing, Morphing Aircraft Structures, Active
Aeroelastic Aircraft Structures, and Smart Intelligent
Aircraft Structures, among others.
Part of the research interest is due to a technological push: Many novel materials, material systems, and
actuation devices have been developed recently. These
developments allow designers to distribute actuation
forces and power optimally and more efficiently. Properly used, these devices may reduce weight compared
to other, more established designs.
There’s also been an application pull, driven by
both the demand for greener aircraft and the mission
requirements of post-Cold War military aircraft.
Military targets today are more distributed and are
smaller, but the proliferation of sophisticated air defenses means that these targets may be very dangerous to attack. Morphing provides mission ﬂexibility
and versatility to deal with these kinds of targets in a
cost-effective manner.
But for all the research in the United States and the
European Union, very few of the interesting concepts
that have been developed have made it to wind tunnel
testing, and fewer still have ﬂown. Many of the morphing concepts are not technologically ready, and up to
now they have proven to be heavier, more complex, and
more costly than conventional mechanisms.

Underlying the surface of an aircraft with distributed actuators, for instance,
requires not just a ﬂexible skin robust enough to provide structural integrity
under challenging ﬂight conditions, but also a constant supply of power to
operate the active mechanisms.

I

f the complexity of morphing aircraft is a function of scale, then maybe the
technology can be tested and perfected in very small planes—ones that are
too small to hold a pilot. Such craft are known as unmanned aerial vehicles,
or more commonly, UAVs. The explosive growth of satellite services during the past few years has made UAVs the technology of choice for many
routine applications, ranging from border patrol and military operations to
environmental monitoring, meteorology, and search and rescue.
UAVs also have some attractive features for aeronautic research: they have
lower production costs, lower safety and certiﬁcation requirements, and lower
aerodynamic loads. And if they crash, the pilots are not in any danger. As a
result, many wing morphing investigations now are focused toward small or
radio-controlled aircraft, and UAVs offer a great opportunity to showcase and
test successful designs at an early stage, and to attract industry attention to
develop new technologies for large-scale vehicles.
Many morphing concepts have been developed for UAVs with military
applications, where a more versatile vehicle compensates for the additional
complexity and weight. Except for variable-sweep and swing-wing concepts,
most previous morphing concepts were applied to lightly loaded, relatively

AILERON

5%
Potential
improvement
in air range for
planes employing
morphing
winglets.

Better Flow

MORPHING

Traditional ailerons
disrupt the airflow and
produce drag. Morphing
wing flaps can improve
the flow and the lift-todrag ratio.
Image: James Fincham,
Swansea University, UK

low-speed airplane designs, typical of the
UAV ﬂight regime.
An important factor in morphing systems
is the scale of the air vehicle on which they
will be incorporated. Take, for instance,
compliant structures: These usually employ
ﬂexible skins (anything from corrugated
surfaces to ﬁber reinforced elastomer) to
maintain the aerodynamic shape of the wing
before, during, and after morphing.
Compliant structures are promising
solutions because of their low weight and
maintenance costs. The drawback of the
state-of-the-art ﬂexible skins is that they
cannot work as main load carrier members.
Their main purpose is to maintain the aerodynamic proﬁle of the wing and transfer
the pressure loads to the inner main load
carrier structures.
As such, compliant structures seem to
work well for small UAVs. In addition, they
can be used in wind turbine blades of various sizes due to the relatively lower dynamic pressure. However, as the size and weight
of the vehicle—and hence the aerodynamic
loads—increase, it becomes prohibitive to
employ compliant structures due to their

relatively low stiffness and strength. It’s
unlikely we’ll see a large aircraft with compliant primary structures anytime soon.
What morphing concepts might work in
large aircraft? We’ve already seen variable
sweep wings in supersonic military aircraft,
but the weight penalty in these planes was
unacceptably large. The next-generation of
military vehicles cannot sustain this tradeoff, not if the planes are to meet the levels
of performance required of them. And
the current trend for highly efficient and
green aircraft, as well as the degree of wing
variations needed to produce a practical
aerodynamic change in small or low-speed
vehicles, makes the weight penalty even
more unacceptable.
Instead of focusing on signiﬁcant changes to the primary structure, the emphasis
for development should be on secondary
structures that can still signiﬁcantly affect

 Curling Tips
Variable wing tips could morph
as needed to adjust to varying
flight conditions.
Images: David Smith, University of
Bristol, UK

performance. Two possible structures that
could see morphing technology are control
surfaces and winglets.
Fixed wing aircraft, for example, have
used camber variation to control roll,
pitch, and yaw motions for over 100 years.
Camber variation is also used during takeoff and landing to generate very high lift
coefficients. To date, the primary means of
realizing variable camber has been through
the use of discrete trailing edge ﬂaps such
as ailerons.
While this approach is conceptually
simple and is certainly well proven, it is
not without drawbacks. First and foremost,
the presence of a sharp, discrete change
in camber leads to a signiﬁcant increase in
drag over the baseline airfoil, particularly at
high lift coefficients.
The sudden change in camber can also
lead to early trailing edge ﬂow separation,
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limiting the maximum lift coefficient.
Replacing the discrete trailing edge ﬂap
with a compliant control surface avoids the
sharp change in camber and potentially
improves aerodynamic efficiency. However,
one disadvantage of a compliant control
surface is that actuator requirements can
increase, because the aerodynamic balancing used on discrete ﬂaps to reduce the
hinge moments is generally not possible.
Winglets are used on many commercial aircraft to reduce the induced drag of
the aircraft. However these winglets are
ﬁxed and optimized for a single point on
the ﬂight envelope. A morphing winglet
that allows the outboard wing sections to
cant and twist during ﬂight could provide
as much as a 5 percent improvement in
speciﬁc air range.
In addition, morphing concepts that
have proved impractical for wings could be
used for horizontal and vertical stabilizers,
rotary wing aircraft blades, and even wind
turbine blades. Morphing may also be useful in other areas of an aircraft, such as the
fuselage, various fairings, landing gear, and
the propulsion system. For instance, adaptive propulsion systems could morph the
air intake to improve efficiency or add variable geometry chevrons to reduce noise,
both of which are desirable goals.

A

s an idea, morphing aircraft seems
futuristic, but the actual future of
the concept is uncertain. Morphing does show promise for several
types of missions, but often there
is not a compelling case for morphing over
conventional alternatives.
Morphing should be viewed as a design
option to be incorporated in a speciﬁc
vehicle if justiﬁed by system-level beneﬁts
achieved for the costs and complexity
incurred. But integrating morphing mechanisms onto an aircraft’s wings has proved to
be more complex than anticipated, and the

! Morphing UAVs
Two configurations of the
NextGen MFX-1 model
show how the aircraft
could morph to respond to
different flight conditions.

SWEPT

UAVs have
ORZHUFRVWV
ORZHUVDIHW\
UHTXLUHPHQWV
and ORZHU
DHURG\QDPLF
ORDGV

potential beneﬁts have not exceeded the
penalties of this complexity.
Certainly morphing as a suite of technologies is not ﬂight ready, and the technology
readiness level is still very low. Signiﬁcant
work still remains in maturing component
technologies such as skins (ﬂexible but load
carrying), actuators and other mechanisms
(distributed and capable of supporting part
of the external loads), and control theory
(primary ﬂight and actuation) for morphing
to be truly realized. Morphing technology
needs a transition program for the aerospace community to take the technology

Image courtesy NextGen
Aeronautics, developed under
the DARPA Morphing Aircraft
Structures program

UNSWEPT

seriously and include it as a design option.
Large-scale morphing on commercial
aircraft may not be practical in the near
term. But the application of morphing to
secondary structures, such as a compliant
control surface, is a realistic goal.
If we are to see morphing any time soon,
it will be on smaller unmanned aircraft
or missiles, where current or near-term
technology can be applied. The full-scale
wing-warping designs of the Wright Flyer
will remain in the history books, but 21stcentury UAVs may well nod in the direction
of the ﬁrst manned aircraft. ME

MICHAEL I. FRISWELL is a professor in the College
of Engineering at Swansea University in Wales. His
article is based on a talk at the ASME 2014 Conference
on Smart Materials, Adaptive Structures and Intelligent Systems.
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DIGITAL
PROTOTYPING
ANSYS, PITTSBURGH.

T

he newly released ANSYS 16.0
includes a variety of new functions. According to the developer, advances have been made
across the software’s entire
portfolio of digital prototyping, including structures,
ÀXLGVHOHFWURQLFVDQGV\VWHPV
engineering. Another new feature is the
ability to create 3-D components and
integrate them into larger electronic
assemblies.

ANSYS 16.0
includes new
functions intended to
facilitate the Internet of Things.
Image: PRNewsFoto/ANSYS, Inc.

RENDERING SUITE
LUXION INC., IRVINE, CALIF.

KeyShot Enterprise Edition is a software package that
combines all KeyShot features and add-ons including
KeyShot Animation, KeyShotVR, Network Rendering, and
Siemens NX integration. KeyShot is used for rendering
digital images with photographic realism.

of three modules: LMS Imagine.Lab Amesim software, LMS Imagine.Lab Sysdm software, and LMS
Imagine.Lab System Synthesis software. The newly
released LMS Imagine.Lab 14 brings a broad range
of enhancements aimed at ensuring a smooth user
experience through all phases of the design cycle.
New methodology guides and process-related features are intended to help design products within a
shorter timeline.

EPICS, engineers are able to network together
arbitrarily complex systems of nodes, such as motion controllers, PLCs, instrumentation, and other
software and hardware agents. This EPICS Baseline
driver, provides communication drivers and device
support to create an EPICS input/output controller.

LIFECYCLE MANAGEMENT
OMNIFY SOFTWARE, TEWKSBURY, MASS.

SYSTEM SIMULATION

TOOLS FOR INSTRUMENTS

SIEMENS PLM SOFTWARE, PLANO, TEX.

GALIL MOTION CONTROL, ROCKLIN, CALIF.

Geared toward multi-domain system simulation,
the LMS Imagine.Lab platform offers an open
development approach starting from functional
modeling to detailed design. The platform consists

EPICS is a set of open-source, distributed software
tools used for control of scientific instruments,
such as particle accelerators, telescopes, and
other large-scale experimental installations. Using

Version 6.0 of the company’s Empower PLM
software has a customer communication portal, a
product configuration module, workflow engine,
and additional customer-driven enhancements. Key
product updates include: a new and improved user
experience, new option files and themes, a new
communication portal, a new product configurator
module, a new workflow engine, training management module enhancements, enhanced vendor
management, and flexible deployment options. The
software offers a choice of computing platforms.

SUBMISSIONS
Submit electronic files of new products
and images by e-mail to memag@
asme.org. Use subject line “New Products.” ME does
not test or endorse the products described here.
These rendered images were created using Keyshot Enterprise Edition. Image: Luxion.

TOOLS//HARDWARE

HANDHELD
CALIBRATOR
HEISE-ASHCROFT INC., STRATFORD, CONN.

T

he Heise PTE-2 handheld calibrator has a
new design and added
features, including a USB
port, SD card, backlit LCD,
and an onboard loop power supply. Like the
original, the PTE-2 incorporates modules to measure pressure in
ranges from 0.25 inch H2O through 10,000 psi and temperature over
a wide range with resistance temperature detectors or thermocouples.
A current and voltage input can also be displayed simultaneously
with two other measurements, while 16,000 records can be logged
for reference.

SAMPLE HANDLING PRODUCTS

Personal CNC
Shown here is an articulated humanoid
robot leg, built by researchers at the
Drexel Autonomous System Lab (DASL)
with a Tormach PCNC 1100 milling
machine. To read more about this
project or to learn about Tormach’s
affordable CNC mills and accessories,
visit www.tormach.com/mem.

OMEGA ENGINEERING, STAMFORD, CONN.

Omega’s sample handling products feature
shakes, rockers, mixers, and stirrers for
molecular and biological mixing applications.
Thermal cyclers and chillers are devices
used to facilitate temperature-sensitive
reactions, chill or heat samples with Peltier
chillers or thermocyclers. Homogenizers and mortars to blend, homogenize, or
crush samples feature shields and fume hoods that protect laboratory workers.

PCNC 1100 Series 3

FLEXIBLE WORKHOLDING
MARTIN MANUFACTURING SERVICES INC., ELSMERE, KY.

Mills shown here with
optional stand, machine
arm, LCD monitors,
and other accessories.

PCNC 770 Series 3

www.tormach.com/mem

Stallion Hybrid trunnions allow
faceplates and chucks to be
installed without removal
of the trunnion table for faster
part setups, increased productivity, and higher quality
parts. The workholding tools
accommodate a variety of vises,
fixtures, 3- and 4-jaw chucks,
and collet chucks. Two models are available, the Stallion Hybrid 9/20 (9 in.
x 20 in.) designed to hold a 6-in. vise and the 9/23 (9 in. x 23 in.) designed
for double or single station 6-in. vises.
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THREADLESS DRIVE NUT
AMACOIL INC., ASTON, PA.

The RS drive nut runs on a smooth shaft without threads. This eliminates the potential for clogged threads and jamming. If debris becomes lodged in the drive nut’s
travel path, the drive slips until the operator can remove the obstruction. Slipping,
as opposed to the churning and grinding associated with screw-based systems,
prevents damage to the nut and other components in the linear motion system.

INNOVATIVE

SOLUTIONS

FOR

ANY

OPERATION

STATIC ELIMINATORS
EXAIR CORP., CINCINNATI.

Super Ion Air Knives neutralize static electricity while
blowing away dust and particulates from wide webs
and printed surfaces, paper, plastics, wood, acrylic,
and three dimensional shapes. The wide laminar
airstream full of static eliminating ions is effective
at high speeds and provides superior cleaning up to
20 feet away. The manufacturer suggests that poor
print quality, dust attraction, tearing, jamming, and
related equipment downtime can be eliminated from
processes such as laminating, printing, routing, and
thermoforming.

TEMPERATURE TRANSMITTERS
MOORE INDUSTRIES-INTERNATIONAL INC.,
NORTH HILLS, CALIF.

The THZ3 and TDZ3 two-wire (loop powered) transmitters provide an isolated and linear 4-20 mA output
proportional to input. They configure quickly to accept
a direct signal
input from
a wide array
of sensors
and analog
devices including: 14 RTD types and nine thermocouple types, resistance and potentiometer devices,
and direct millivolt sources. The dual sensor input
allows the THZ3 and TDZ3 to offer backup and failover protection, with either of the sensors or inputs
designated as the primary measurement.

*TKA Series with
IP54 Protection Rating
(No gaps for debris to enter)

Why go to Extremes for the
Ultimate Protection?
Looking for optimal protection for your application? Look no further, Tsubaki
KabelSchlepp has the best option for any application with debris. TKA Series Cable
Carriers are completely sealed regardless of the carrier’s position, to ensure the
utmost protection of your Tsubaki KabelSchlepp cables as well as your entire
operation. No need to take extreme measures to protect your application from flying
debris, metal chips, wash down contaminants or any
other particulates that may get in your way. Call it a
wrap on your old carriers because TKA has got you
covered.

www.ustsubaki.com or
800-443-4216

© 2015 U.S. Tsubaki Power Transmission, LLC. All Rights Reserved.

NYLON

•

STEEL

•

HYBRID

•
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•
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TOOLS//HARDWARE
LIGHTING FOR DRILLING PLATFORMS
CROUSE-HINDS BY EATON, SYRACUSE, N.Y.

The new Pauluhn DLL linear LED, with a system efficacy of up to 130 lumens per watt, is designed to replace
fluorescent T12, T8, and T5HO lighting in land-based drilling and offshore rigs. The fixture can also be retrofitted into the
mounts of existing Pauluhn DuraPro and MagnaPro fixtures, as well as Rig-A-Lite or Snelson fluorescent fixtures. The Pauluhn DLL linear LED
fixture features a low-profile design under 3-inches and a copper-free aluminum housing with Corro-free epoxy powder coating.

PROTECTION RUNS DEEP
S

Dynatect designs and manufactures a diverse range
of products that protect your people, equipment
and your bottom line. For innovative solutions from
a single source with superior customer service and
technical support, contact us at 800-298-2066 or
sales@dynatect.com.

Dynatect will also be exhibiting at the 2015 Offshore
Technology Conference in Houston, May 4 -7. See
our products at PREMIER CONTROLS, Booth 7428.

GORTRAC® DRAG CHAINS
Robust carbon and stainless steel, and polymer
drag chains guide and protect cables and
hoses in demanding applications

TEMPERATURE LIMIT SWITCH
WATLOW ELECTRIC MANUFACTURING CO.,
ST. LOUIS.

The Series LS temperature limit switch will
shut a system down to prevent
damage to equipment or
injury to personnel. It meets
safety standards including
UL1998 and EN 60730,
and is recommended
for any application
where control
failure can permit a temperature
increase resulting in damage to
equipment, potential fire hazard, or large product
scrap costs. The switch uses a factory fixed set
point, a factory fixed hysteresis, and the use of
redundant temperature sensors.

THIN-FILM PRESSURE SENSORS
GORTITE® STEELFLEX
WALK-ON COVERS
Durable, high-strength coverings keep
pits and ways safer for employees

RO-LAB RUBBER & POLYURETHANE
COMPONENTS
Customized molding solutions for components:
bushings, bearings, seals, pads, gaskets,
couplings, and more

DYNATECT.COM | SALES@DYNATECT.COM | 800 -298-2066

GEMS SENSORS & CONTROLS, PLAINVILLE, CONN.

Gems 3100 Series pressure transducers are designed
for original equipment makers.
They incorporate a
sputtered thin-film
pressure sensing
element and
stainless steel
wetted parts. They
are available in a
variety of electrical and pressure
connections.
The sensors are
available in eight
standard ranges, from 0-100 psi (0-7 bar) up to
0-30,000 psi (0-2,200 bar). Accuracy is rated within
0.25 percent of the full scale.
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HONING MACHINE
SUNNEN PRODUCTS CO., ST. LOUIS.

The SH-2000 is designed for medium to high production of parts with bore diameters from 1.5 to 102 mm (0.060 to 4 inches) in
power-stroke mode. It can process a variety of part sizes, configurations, and weights with its standard universal honing fixture or
optional application-specific fixtures. The 2.25 kW (3 hp) spindle drive delivers 200 to 3,000 rpm, adjustable in fine increments. The
0.75 kW (1 hp) stroker drive produces stroke rates of 60 to 350 spm, with stroke lengths of 6.8 to 170 mm (0.236 to 6.7 inches).

SERVO GRIPPER
SCHUNK, MORRISVILLE, N.C.

The EGL is a compact and powerful servo gripper. It
has flexible control of gripping force, speed, and position, which makes it good for pharmaceutical, testing,
laboratory, and assembly applications. The EGL has
on-board power and control electronics so there
are no other external devices needed to operate the
gripper. It is powered by 24 V dc and can communicate
by Profibus-DP or CAN-bus. There is an electric brake
which allows for position maintenance and a pseudoabsolute encoder function.

SUBMISSIONS
Submit electronic files of new products
and images by e-mail to memag@asme.org. Use
subject line “New Products.” ME does not test or
endorse the products described here.

TOOLS//HARDWARE
QUICK BATTERY CHARGER
DOUGLAS BATTERY, WINSTON-SALEM, N.C.

Raptor Rapid is a high-speed, automatic, high-frequency charger for large-scale, multi-shift industrial lift
trucks. According to the manufacturer, the charger returns batteries to a full state of charge in about a
quarter of the time required by conventional chargers. It allows recharging during normal shift breaks, to
avoid battery changes. The charger can be wall- or floor-mounted.

WELDABLE COLLARS AND COUPLINGS
STAFFORD MANUFACTURING CORP.,
WILMINGTON, MASS.

A new line of weldable shaft collars and couplings is now offered in weldable stainless steel
and includes hinged collars and flange mounts
that can be modified to improve design options.
The shaft collars and couplings are available in
ANSI 1018 steel and weldable stainless steel
to let users add items such as brackets, cams,
lever arms, mounts, pins, and rods. This weldable product line has been expanded
to include hinged shaft collars and flange mounts.

Structural Adhesives
for Metal Bonding

INTELLIGENT PUMP DRIVES
YASKAWA AMERICA INC., WAUKEGAN, ILL.

The family of iQpump drives offers a variety
of package options and pump and motor
protection, while still maintaining ease
of setup and diagnostics. The integrated
pump-specific software allows for a
wide range of pumping applications from
constant pressure, flow,
geothermal, multiple
pump booster systems
to wet well lift stations and many others.
The iQpump automatically adjusts pump
operating conditions to
meet system demand.

MINIATURE MAGNETIC ENCODERS
RENISHAW INC., HOFFMAN
ESTATES, ILL.

High
strength bonding

or
f
similar & dissimilar
substrates

Hackensack, NJ 07601 USA
ìPDLQŴPDVWHUERQGFRP

www.masterbond.com

A series of three high-performance miniature magnetic
encoders is designed for
embedded OEM motion
control applications. They
can be used for high-volume
medical applications, optics
positioning, robot control,
3-D printers, gimbals, and
hand-held devices. The
encoders come in four
different shapes and provide
linear resolution up to 0.244
μm, or 753,664 cpr for rotary
applications. The encoders
consist of a miniature sensor
and a magnetic scale or a
ring.

TRAINING COURSES FOR ENGINEERS AND TECHNICAL PROFESSIONALS
MAY 2015 – ATLANTA, GEORGIA USA
PD387 Understanding Chiller Performance, Operation and Economics 18 May
PD475 The Engineering Manager: Engaging Today’s Workforce
18-19 May
PD531 Leadership and Organizational Management
18-19 May
PD673 Design and Selection of Heat Exchangers
18-19 May
PD146 Flow Induced Vibration with Applications to Failure Analysis 18-20 May
PD190* BPV Code, Section IX: Welding, Brazing & Fusing QualiÄcations18-20 May
PD231 Shock and Vibration Analysis
18-20 May
PD395 API 579-1/ASME FFS-1 Fitness-for-Service
18-20 May
PD410 Detail Engineering of Piping Systems
18-20 May
PD442* BPV Code, Section VIII, Division 1: Design and Fabrication
18-20 May
of Pressure Vessels TOP SELLER
PD523* Quality Assurance (QA) Considerations for New Nuclear
Facility Construction
18-20 May
PD633* Overview of Nuclear Codes & Standards for Nuclear Power Plants18-20 May
PD685 The Engineering Manager: Engaging Today’s Workforce
18-20 May
and Strategic Thinking Combo Course SAVE!
PD184* BPV Code, Section III, Division 1: Rules for Construction
of Nuclear Facility Components
18-21 May
PD620 Core Engineering Management
18-21 May
PD657 HVAC Systems and Chiller Performance Combo Course SAVE! 18-21 May
PD672* BPV Code, Section XI, Division 1: Inservice Inspection
10-Year Program Updates for Nuclear Power
18-21 May
18-22 May
PD443* BPV Code, Section VIII, Division 1 Combo Course SAVE!
PD027 Heating, Ventilating & Air-Conditioning Systems: Sizing & Design 19-21 May
PD676 Strategic Thinking
20 May
20-21 May
PD690 Economics of Pipe Sizing and Pump Selection NEW!
PD441* Inspections, Repairs and Alterations of Pressure Equipment 21-22 May
PD634* Comparison of Global Quality Assurance and Management
System Standards Used for Nuclear Application
21-22 May
Visit go.asme.org/atlanta5 *ASME CODE COURSE

MAY 2015 – LONDON, UNITED KINGDOM
PD445* B31 Piping Fabrication and Examination
18-19 May
PD577* Bolted Joint Assembly Principles Per PCC-1-2013
18-19 May
PD615* BPV Code, Section III, Division 1: Class 1, 2 & 3 Piping Design 18-20 May
PD714* BPV Code, Section VIII, Division 2: Alternative Rules –
Design and Fabrication of Pressure Vessels
18-20 May
PD643* B31.3 Process Piping Code TOP SELLER
18-21 May
PD675 ASME NQA-1 Lead Auditor Training
18-21 May
PD684* BPV Code Section III, Division 1: Rules for Construction
of Nuclear Facility Components
18-22 May
PD621 Grade 91 and Other Creep Strength Enhanced Ferritic Steels 20-22 May
Visit go.asme.org/london2 *ASME CODE COURSE

JUNE 2015 – HOUSTON, TEXAS USA
PD391* ASME B31.4 Pipeline Transportation Systems for Liquid
1-2 Jun
Hydrocarbons and Other Liquids
PD539 Bolted Joints and Gasket Behavior
1-2 Jun
PD570* Geometric Dimensioning and Tolerancing Fundamentals 1 1-2 Jun
PD583* Pressure Relief Devices: Design, Sizing, Construction,
Inspection and Maintenance
1-2 Jun
PD467 Project Management for Engineers & Technical Professionals 1-3 Jun
PD597 Risk-Informed Inservice Testing
1-3 Jun
PD711* ASME NQA-1 & DOE Quality Assurance Rule 10 CFR 830 NEW! 1-3 Jun
1-4 Jun
PD014* ASME B31.3 Process Piping Design TOP SELLER
PD359 Practical Welding Technology
PD448* BPV Code, Section VIII, Division 2: Alternative Rules –
Design and Fabrication of Pressure Vessels TOP SELLER

2015 SPRING

CONTINUED, JUNE 2015, HOUSTON, TEXAS USA

1-4 Jun
1-4 Jun

PD603 Geometric Dimensioning and Tolerancing Combo Course
SAVE UP TO $380!
PD192* BPV Code: Section XI: Inservice Inspection of Nuclear Power
Plant Components
PD581* B31.3 Process Piping Design, Materials, Fabrication,
Examination and Testing Combo Course SAVE UP TO $575!
PD601 Bolting Combo Course SAVE UP TO $1,260!
PD629 Project Management Combo Course SAVE UP TO $635!
PD386 Design of Bolted Flange Joints
PD496 Preparing for the Project Management Professional
CertiÄcation Exam
PD561 Geometric Dimensioning Tolerancing Advanced Applications
with Stacks and Analysis TOP SELLER
PD115 The Gas Turbine: Principles and Applications
PD577* Bolted Joint Assembly Principles Per PCC-1-2013
PD593 FRP Pressure Piping Construction Process NOW 2 DAYS!
PD617 Design of Buried High Density Polyethylene (HDPE)
Piping Systems
PD692 Communication Essentials for Engineers NEW!
PD457* B31.3 Process Piping Materials Fabrication, Examination
and Testing TOP SELLER
Visit go.asme.org/houston7 *ASME CODE COURSE

1-4 Jun
1-5 Jun
1-5 Jun
1-5 Jun
1-5 Jun
3 Jun
3-4 Jun
3-4 Jun
4-5 Jun
4-5 Jun
4-5 Jun
4-5 Jun
4-5 Jun
5 Jun

JUNE 2015 – MILAN, ITALY – SPECIAL EVENT

Public Courses
PD577* Bolted Joint Assembly Principles Per PCC-1-2013
22-23 Jun
PD410 Detail Engineering of Piping Systems
22-24 Jun
PD442 BPV Code, Section VIII, Division 1: Design and Fabrication
of Pressure Vessels TOP SELLER
22-24 Jun
PD615* BPV Code, Section III, Division 1: Class 1, 2 & 3 Piping Design 22-24 Jun
PD635* ASME NQA-1 Quality Assurance Requirements for Nuclear
Facility Applications
22-24 Jun
PD645* BPV Code, Section IX: Welding, Brazing
22-24 Jun
and Fusing QualiÄcations
PD616 API 579 /ASME FFS-1 Fitness-for-Service Evaluation
22-25 Jun
PD644* Advanced Design and Construction of Nuclear Facility
22-25 Jun
Components Per BPV Code, Section III
PD672* BPV Code, Section XI, Division 1: Inservice Inspection
10-Year Program Updates for Nuclear Power
22-25 Jun
Plant Components
PD679 Selection of Pumps and Valves for Optimum
System Performance NEW!
22-25 Jun
PD716* BPV Code, Section 1: Power Boilers
22-25 Jun
PD192* BPV Code: Section XI: Inservice Inspection of Nuclear Power
Plant Components
22-26 Jun
PD443* BPV Code, Section VIII, Division 1 Combo Course
SAVE UP TO €800!
22-26 Jun
PD441* Inspections, Repairs and Alterations of Pressure Equipment
TOP SELLER
25-26 Jun

MasterClasses
MC121 Design by Analysis Requirements in ASME Section VIII,
Division 2 – Alternative Rules
MC116 Techniques and Methods Used in API 579-1/ASME FFS-1
for Advanced Fitness-For-Service (FFS) Assessments
MC104 Bases and Application of Heat Exchanger Mechanical
Design Rules in Section VIII of the ASME BPV Code
MC112 Structural Materials and Design for Elevated
to High Temperatures
MC124 Inspection Planning Using Risk-Based Methods
Visit go.asme.org/MilanTraining *ASME CODE COURSE

22-23 Jun
24 Jun
25-26 Jun
25-26 Jun
25-26 Jun

The American Society of Mechanical Engineers (ASME)

REGISTER NOW: North America +1.800.843.2763 / Europe +32.2.743.1543 / VISIT: go.asme.org/training

POSITIONSOPEN

Founded in 1911, the University of Hong Kong is committed to the highest international standards of excellence in teaching
and research, and has been at the international forefront of academic scholarship for many years. The University has a
comprehensive range of study programmes and research disciplines spread across 10 faculties and over 140 academic
departments and institutes/centres. There are over 27,700 undergraduate and postgraduate students who are recruited
globally, and more than 2,000 members of academic and academic-related staff coming from multi-cultural backgrounds,
many of whom are internationally renowned.

Tenure-Track Professor/Associate Professor/Assistant Professor
in Additive Manufacturing in the Department of Mechanical Engineering
(Ref.: 201500192)
Applications are invited for a tenure-track appointment as Professor/Associate Professor/Assistant Professor in the
Department of Mechanical Engineering, Faculty of Engineering, in additive manufacturing or 3D printing of near-net
shapes of metallic structures, to commence as soon as possible, on a three-year ﬁxed-term basis, with the possibility of
renewal, or on tenure terms for exceptionally outstanding candidates for Associate Professor or above.
The Department offers B.Eng., M.Sc., M.Phil. and Ph.D. degree programmes. The Department also contributes to the Medical
Engineering programme, which is jointly offered by the Faculties of Engineering and Medicine. The Department employs
about 30 full-time faculty and has well-equipped teaching and research facilities and support. The Department has a vibrant
research environment and promotes cutting-edge research in strategic areas including materials and nanotechnology,
design and manufacturing, control and robotics, biomedical engineering, and energy and environment. Information about
the Department can be obtained at http://www.mech.hku.hk/. The Faculty of Engineering has recently secured a grant to
purchase state-of-the-art 3D facilities.
Applicants should possess a Ph.D. degree in Mechanical Engineering, Materials Science and Engineering, or a closely related
ﬁeld with an excellent research record. The appointee is expected to conduct frontier research in additive manufacturing and
related areas, and be responsible for quality teaching in relevant subjects at both undergraduate and postgraduate levels,
and other fundamental engineering courses at the undergraduate level. Applicants who have responded to the previous
advertisement (Ref.: 201400297) need not re-apply.
A globally competitive remuneration package commensurate with the appointee’s qualiﬁcations and experience will be offered.
At current rates, salaries tax does not exceed 15% of gross income. The appointment will attract a contract-end gratuity
and University contribution to a retirement beneﬁts scheme, totalling up to 15% of basic salary, as well as annual leave, and
medical beneﬁts. Housing beneﬁts will be provided as applicable.
Applicants should send a completed application form together with an up-to-date C.V. to mepost@hku.hk and indicate clearly which
ﬁeld and level they wish to be considered for and the reference number in the subject of the e-mail. Application forms (341/1111)
can be downloaded at http://www.hku.hk/apptunit/form-ext.doc and further particulars can be obtained at http://jobs.hku.hk/.
Review of applications will start from April 1, 2015 and will continue until June 30, 2015. The University thanks applicants
for their interest, but advises that only candidates shortlisted for interviews will be notiﬁed of the application result.
The University is an equal opportunities employer and is committed to a No-Smoking Policy

THE DEPARTMENT OF MECHANICAL ENGINEERING
AT THE UNIVERSITY OF NORTH DAKOTA invites applications at the tenure-track assistant professor level.
Candidates must have an earned doctorate in mechanical engineering or a closely related field. The successful applicant must have a demonstrated dedication to
excellence in engineering education and the potential to
develop an externally-funded research program in modern manufacturing processes and techniques. Excellent
written, verbal, and interpersonal skills are also desired.
Review of applications will begin immediately and continue until the position is filled. Applicants should electronically submit a resume, statement of teaching and
research interests, and the names and addresses of four
references to Ms. Kristin Pavlish, Assistant to the Dept
Chair, at kristin.pavlish@engr.und.edu.
The University of North Dakota is an Affirmative Action/
Equal Opportunity Employer. The University of North
Dakota encourages applications from women, minorities, veterans and individuals with disabilities. Applicants are invited to provide information regarding their
gender, race and/or ethnicity, veteran’s status and disability status on the form found at http://und.edu/affirmative-action/apcontrolcard.cfm. This information will
remain confidential and separate from your application.
The University of North Dakota determines employment
eligibility through the E-Verify System.
North Dakota veterans’ preference does not apply to
this position. This position is subject to a criminal history background check. The University of North Dakota
complies with the Jeanne Clery Disclosure of Campus
Security Policy & Campus Crime Statistics Act. Information about UND campus security and crime statistics
can be found at http://und.edu/discover/_files/docs/
annual-security-report.pdf.

THE MOSING ENERGY CHAIR IN MECHANICAL ENGINEERING
AT THE UNIVERSITY OF LOUISIANA AT LAFAYETTE

Free ASME Training &
Development Spring 2015
eCalendar Now Available
Download the FREE Spring
2015 ASME Training &
Development eCalendar
listing dates and locations
of Live Course oﬀerings in
North America, Europe and
the Middle East through
June 2015, as well as eLearning
Courses available worldwide
from a PC with Internet
access, any time.

Visit:
go.asme.org/springtraining
or scan with a smart device:

The University of Louisiana at Lafayette invites applications and nominations for
the Mosing Endowed Energy Chair, a tenured faculty position in the Department of
Mechanical Engineering. Energy has been identiﬁed as a major targeted research and
development area by both the university and State of Louisiana and is the focus of several
current projects being conducted by faculty in the Department. In addition to providing
technical guidance to and supervision of graduate student research in his/her area(s)
of specialization, the successful candidate will be expected to play the leading role in
developing, sustaining and expanding external research funding in broader energy areas
and leading the Department to increased national and international prominence.
Candidates must have an earned doctorate in Mechanical Engineering or a closely
allied academic discipline and hold a B.S. in Mechanical Engineering. A strong record of
federal funding, sustained publication and Ph.D. production, and national standing in their
area of expertise is expected. Industry and teaching experience as well as P.E. licensure
are highly desirable.
The department offers both an ABET accredited undergraduate degree as well as an
MSME; in addition, the College of Engineering offers a PhD in Systems Engineering with
concentration in Mechanical Engineering. The department has 14 faculty positions, has
been growing steadily over the course of several years and has a current enrollment over
670 undergraduate and graduate students. The annual research expenditures for the
department currently exceed $1.2M per year. Further information on the Department of
Mechanical Engineering Department can be found at mche.louisiana.edu.
With over 18,000 students, The University of Louisiana at Lafayette is the largest
university in the University of Louisiana system and is a Carnegie II (doctor/research
intensive) institution. UL Lafayette is located in Lafayette, Louisiana, an exciting
community in the heart of Louisiana’s Cajun Country. Lafayette is a major energy industry
center, highly technology oriented and offers a quality lifestyle, pleasing climate, and
friendly culture.
The preferred starting date is August 2015. A letter of application; name, address,
and phone number of at least three references; a statement of research and teaching
interests; and a detailed curriculum vitae should be forwarded C/O Dr. Sally Anne
McInerny, Department Head and Search Committee Chair, Department of Mechanical
Engineering via email at smcinerny@louisiana.edu. Screening of applicants will begin
immediately and will continue until the position is ﬁlled. The university is in compliance
with Title IX of the civil Rights Act, Section 504 of the Rehabilitation Act of 1973, and is an
Equal Opportunity Afﬁrmative Action Employer.
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Tier 1 Canada Research Chair (CRC) – Biomedical Technology
The Faculty of Applied Sciences at Simon Fraser University invites applications for a Tier 1 Canada
Research Chair in Biomedical Technology. This is a joint appointment at the full professor level
with tenure in the Schools of Mechatronic Systems Engineering (home school) and Engineering
Science. Applications from individuals whose expertise complement and strengthen research and
teaching in the School of Mechatronic Systems Engineering and who have successful collaborations
with clinicians are preferred but applications in others areas of Biomedical Technology are also
accepted. Biomedical Technology is a strategic theme of the SFU Strategic Research Plan. Excellent
opportunities exist for the successful candidate to collaborate within the schools and SFU and with
regional health authorities, hospitals and post-secondary institutions.
We are seeking a chair holder with a strong international proﬁle and an excellent track-record
in research, teaching and training of HQP. A Ph.D. in engineering or a closely related discipline is
required, as is eligibility to register as a professional engineer in British Columbia. The successful
candidate shall have a well established funding record from CIHR or other national level funding
agencies for health research. An attractive remuneration package and a start-up grant will be offered
to the successful candidate.
SFU co-leads the AGE-WELL Network of Centres of Excellence focusing on aging and wellness, and
a lead collaborator of the Fraser Health Authority through the LEEF Chair in Multi-modal Technologies
for Healthcare Innovation. SFU has a long track-record in Innovation and Entrepreneurship, and
opportunities exist for the chair holder to be an active participant in the Innovation Boulevard initiative
at the City of Surrey:
http://www.surrey.ca/business-economic-development/13158.aspx
This position is contingent upon the applicant receiving a Tier 1 Canada Research Chair, therefore
only senior investigators with outstanding scholarly records will be considered. The position is tenable
for seven years and renewable. Please review the initial appointment and chair renewal details of
the CRC Program at:
h t t p : / / w w w. c h a i r s - c h a i r e s . g c . c a / p r o g r a m - p r o g r a m m e / i n d e x - e n g . a s p x
To apply, provide a full curriculum vitae with details of research, teaching and HQP training, scholarly
record, funding and collaborations; and a 1-2 page research proposal along with the names and
email addresses of six referees. All applications should be submitted via:
https://courses.cs.sfu.ca/forms/apsc-crc-tier-1-biomedical-technology/
All qualiﬁed candidates are encouraged to apply; however, Canadian citizens and permanent
residents will be given priority. Simon Fraser University is committed to employment equity and
encourages applications from all qualiﬁed women and men, including visible minorities, aboriginal
people, and persons with disabilities. Under the authority of the University Act, personal information
that is required by the University for Academic Appointment Competition will be collected. For further
details see:
http://www.sfu.ca/vpacademic/Faculty_Openings/Collection_Notice.html
The position is subject to ﬁnal approval by the University Board of Governors and CRC Secretariat.
This competition will remain open until the position is ﬁlled. Review of applications will commence
on June 1, 2015. Any inquiries may be directed to Dr. Uwe Glässer, Associate Dean at fasdo@sfu.ca.
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ASME NEWS

ASME EXHIBIT NOW BASIS OF
ILLUSTRATED BOOK
A
n interactive exhibit on engineering innovation has
now become an illustrated book published by ASME
Press.
Engineering the Everyday and the Extraordinary: Milestones in Innovation highlights the many ground-breaking
contributions engineers have made to society throughout
history.
Like the exhibit, the book uses photos and informative
graphics to explore the origin and impact of 80 inﬂuential
technologies in nine ﬁelds: communication, energy/power,
environment, exploration, food, health, manufacturing,
safety, and transportation.
Engineering historian Henry Petroski provided the foreword. The introduction was written by ASME’s Executive
Director, Thomas G. Loughlin.
The 192-page coffee table-style book presents pre-20th
century developments such as the steam engine, the incandescent light bulb, and the bicycle together with more recent
breakthroughs, including the mobile phone, the Mars rovers,
and 3-D printing. Other key innovations featured in the book
include the radio, the television, the jet engine, air conditioning, contact lenses, the assembly line, bulletproof vests, and
the ASME Boiler and Pressure Vessel Code.
Engineering the Everyday and the Extraordinary also highlights the technological contributions of several pioneers of
engineering, such as Benjamin Franklin, George Westing-

house, Frank and Lillian
Gilbreth, ASME Past President Winfred M.
Phillips, and Kate Gleason, ASME’s ﬁrst female member.
“These 80 highlights provide ample reason of why engineers can take pride in our profession,” Loughlin wrote in his
introduction. “Likewise, we at ASME are proud to serve as
the essential resource for engineers working for the beneﬁt
of humankind around the world.”
To order a copy of Engineering the Everyday and the
Extraordinary, or to view sample pages from the book, visit
www.asme.org/products/books/the-everyday-and-theextraordinary. ME

SIX NEW FACES SELECTED
Six early-career and student members were selected as
finalists in this year’s DiscoverE New Faces of Engineering program, which annually highlights the important
contributions early-career engineers and engineering
students are making to the profession and to society.
The finalists from ASME and the other societies
participating in the 2015 DiscoverE New Faces of Engineering program were announced on Feb. 19 during
a webinar that was held in conjunction with Engineers
Week. The official winners in each category were announced in April, after this issue went to press.
Society members Eduardo Barrientos, Jessica
Isaacs, and Chelsey Simmons were selected as
ASME’s nominees in the New Faces of EngineeringProfessional category, which recognizes the
accomplishments of practicing engineers up to the
age of 30.
Eduardo Barrientos, who is originally from Venezuela, is a senior researcher for the Vehicle Center
of Sustainability Mobility at the Czech Technical

University in Prague.
He has worked to
convey the importance
of sustainability to
his students and to
promote diversity and
inclusion in STEM.
Eduardo Barrientos
Jessica Isaacs
Chelsey Simmons
Jessica Isaacs is
a visiting assistant
The society’s nominees in the New Faces-College
professor at Widener University in West Chester, Pa.
Edition program, which recognizes the achievements
Isaacs has conducted research in spine biomechanof third-, fourth-, and fifth-year engineering students,
ics and lower back pain and recently published a
paper in ASME’s Journal of Biomechanical Engineering. are Drew Haxton from Daniel Webster College in
Nashua, N.H.; Courtney Hesse from Rice University
Chelsey Simmons is an assistant professor at
in Houston; and Angadbir Singh Sabherwal from
the University of Florida, where she is developing
Iowa State University in Ames.
biomedical tools and training engineers. In addition
To view profiles of the New Faces of Engineering
to teaching and advising students, Simmons designed
finalists from each participating organization, visit
a stretchable, programmable dish that mimicked a
beating heart, enabling more accurate cell biology and http://discovere.org/our-programs/awards-andrecognition. ME
drug-screening studies.
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MASTERCLASSES
TO BE HELD IN MILAN
SME Training & Development
is collaborating with two Italian
professional societies to offer ﬁve
ASME MasterClasses on Pressure Technology and Standards in Milan, Italy.
The society is working with the Federation of the Italian Associations of Mechanical and Engineering Industries (ANIMA)
and the Milan-based Association of Pressure Equipment Manufacturers (UCC) to
present the MasterClasses, which will take
place from June 22 to 26 at the Crowne
Plaza Milan-Linate.
It is the ﬁrst time the courses have been
held in Milan.
Led by recognized experts who are
also ASME code leaders, ASME MasterClass Series courses are practical
training sessions for experienced professionals that emphasize learning through
discussion of real-world case studies and
practical applications. The MasterClasses stress interactive collaboration and
knowledge-sharing, where participants
may actively contribute to the discussion
and have an opportunity to share reallife experiences with other members of
the class.
The ﬁve MasterClasses on Pressure
Technology and Standards, which will be
taught in English, will focus around critical design rules and ASME code applications that address current industry issues.
The following MasterClasses have been

A

HITCHCOCK
HONORED WITH
BREED AWARD

scheduled in Milan:
“Design by Analysis Requirements in
ASME Section VIII, Division 2 – Alternative Rules” on June 22 and 23;
“Techniques and Methods Used in
API 579-1/ASME FFS-1 for Advanced
Fitness-For-Service (FFS) Assessments”
on June 24;
“Bases and Application of Heat Exchanger Mechanical Design Rules in
ASME Section VIII of the ASME Boiler
and Pressure Vessel Code” on June 25
and 26;
“Structural Materials and Design for
Elevated to High Temperatures on June 25
and 26; and
“Inspection Planning Using Risk-Based
Methods” on June 25 and 26.
ASME Training & Development will
also offer more than a dozen traditional
public training courses in Milan between
June 22 and 26, in conjunction with the
MasterClass Training. The courses will
range from fundamental to intermediate
level. Topics covered include boilers and
pressure vessels, bolting, ﬂuids and heat
transfer, nuclear components, piping and
pipelines, and welding.
For more information on the ASME
training event in Milan, visit http://
go.asme.org/milantraining. To learn more
about the ASME MasterClass Series, visit
www.asme.org/shop/courses/asme-training-development/masterclass-series. ME

ASME member and ASME
Standards and Certification volunteer
Laura E. Hitchcock, senior project
manager with the Boeing Company,
will be honored by SAE International
with the society’s J. Cordell Breed
Award for Women Leaders.
Hitchcock will receive the award
during an awards presentation at
the SAE 2015 AeroTech Congress
& Exhibition in Seattle, Wash., in
September. The J. Cordell Breed
Award for Women Leaders recognizes
women for their contributions to
the mobility industry through their
service, leadership, innovation,
technical skills, and involvement in
SAE International.
In her role as senior standards
specialist and corporate project
manager for external standards
management, strategy, and policy
at Boeing, Hitchcock serves as the
company’s key person for issues
regarding government, industry, and
international standards activities. She
is responsible for external standards
policy and strategy for the company.
Hitchcock is the current ASME
senior vice president for Standards
and Certification and chair of the
society’s Council on Standards and
Certification, and she has been
working with standards for more than
35 years. ME

POWER & ENERGY EVENT ENCOMPASSES FOUR ASME CONFERENCES

A

SME Power & Energy 2015 will bring
together four conferences addressing
the latest technological developments
in fossil, nuclear, solar, wind, and fuel cell power
generation.
The new event, taking place from June 28 to July
2 in San Diego, Calif., will encompass three of the
society’s premier conferences—the ASME Power
Conference, the ASME Fuel Cell Conference, and the
ASME Energy Sustainability Conference—as well as

the inaugural ASME Nuclear Forum.
Leaders from the energy industry will be featured
as keynote speakers. Among the featured speakers
are Caren Anders, vice president of transmission affairs and emerging technology at Duke
Energy; Greg Ashley, president of Bechtel Nuclear
Power; Joseph Desmond, senior vice president of
marketing and government affairs for BrightSource
Energy; Mark McCullough, executive vice president,
generation, at American Electric Power; and Rep.

Jerry McNerney of California.
Presentation-only abstracts are still being
accepted for all four conferences until May 12.
Abstracts should be submitted via ASME.org by
visiting www.asme.org/events/power-energy/callfor-papers.
To register for ASME Power & Energy 2015, visit
www.asme.org/events/power-energy/register. For
more details on the event and the four conferences,
visit go.asme.org/powerenergy. ME
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Designer Anouk
Wipprecht (left) with
a model wearing her
sensor-laden, 3-D
printed Spider Dress.

A

nouk Wipprecht seems eager to
protect personal space. The
Dutch designer has had a
hand in creating some highproﬁle costumes—including one
with ﬂashing shoulder pads worn by
Fergie of the Black Eyed Peas when
the quartet headlined the Super
Bowl halftime show in 2011. She
also created the Smoke Dress, a 3-D
printed number that emitted a veil of
artiﬁcial smoke whenever someone
entered the wearer’s personal space.
With her latest creation, Wipprecht has dropped the smoke screen
and become more aggressive. Imagine a bustier with plastic epaulets;
when anybody gets too close, the epaulets rear up like the legs of a spider.
Hence the name, Spider Dress.
This look isn’t just a knockout.
You’d also think it could put your eye
out.
The animatronic arachnid limbs
on the Spider Dress are driven by
computer and sensor technologies
that allow it to be autonomous, but
reﬂective of the wearer’s reactions to
external stimuli.
Back in 2013, Wipprecht created a
prototype of the Spider Dress in collaboration with an Austrian engineer and roboticist, Daniel
Schatzmayr. This past winter, she worked with Intel to upgrade the design, using a new microcomputer, Intel Edison.
The dress was test-printed in collaboration with Materialise and Autodesk, and the ﬁnal product was manufactured
by Rapid Made, a 3-D printing company in Oregon.
The dress, which caused some buzz when Intel demonstrated it last January during the International Consumer
Electronics Show in Las Vegas, houses MaxBotix 1210
proximity sensors, which have a range of more than 20 feet.
As soon as someone enters the personal space around it, the
dress goes on the defensive.
The dress also has a respiration sensor that connects to the
skin, which can reset the programmed behavior to a friendlier mode. Breathing in deeply calms the system down, putting
it into a less aggressive posture.
The embedded Intel Edison module stores and measures
data from anybody wearing the dress. “Intel Edison’s tech-
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nology allowed me to upgrade my design to a mature version,
one that is fully 3-D printed, mechatronic, and extrasensory,”
Wipprecht said.
The dress shoulder plates, where the spider legs are, have
nine degrees of freedom. They are equipped with 20 servos
for movement. The dress was digitally designed and 3-D
printed using a selective laser sintering method. It took more
than 60 hours to print the complex geometries and there are
40 parts that screw or press-ﬁt together.
Wipprecht, who has an ongoing interest in robotics, says
by using behavior adaptation, you’re essentially creating a robot that becomes a part of you, instead of something separate
that stands beside you.
“Spider Dress acts as the interface between the body and
the external world,” said Wipprecht. “It uses technology and
the garment as a medium of interaction.” ME
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