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• The most powerful integrated interpolator chip on the market: The custom-made, Versatile Interpolation ASIC (VIA) chip outputs digital signals
and uses advanced signal processing to reduce encoder error
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Smart Coatings Mean
Longer Offshore Life
RESEARCHERS ARE MAKING STEADY PROGRESS

Image: ASME.org

AI LEARNS TO FORGET

T

HE ABILITY TO FORGET, AND FORGET wisely, is crucial to our intelligence
and survival. Artificial intelligence systems do not know how to do
that…yet. Researchers at Purdue University have learned how to use
a quantum material, samarium nickelate, to create a device that will
know what to forget. It emulates the learning and forgetting habits of
animals. The researchers have used what they’ve learned of this material to
create algorithms that can be applied to efficient, practical “lifelong learning”
for the world of artificial intelligence.

in improving the effectiveness of
coatings, using advanced manufacturing
techniques and salting the coatings
with smart particles for self-healing.
An EU-funded project has passed to the
commercial stage relying on thermally
sprayed aluminum spiked with antifouling
substances
to protect
offshore
renewable
energy
Image: ASME.org
structures.

The Power of Evaporation
EVAPORATION IS AN OVERLOOKED SOURCE of
alternative energy that, with the right
technology, could become more plentiful
and reliable than solar or wind power.
Researchers at Columbia University are
at the forefront of trying to turn this idea
into a reality.

A Robot Conductor
Takes the Stage
YuMi is the first robot to
ever conduct a symphony
orchestra. A product of the
global engineering firm
ABB, it was created to learn
gestures and tasks quickly,
without the need for the
user to know coding or
scripting. It can be used for
any industry, and learned the
three classical pieces it was to
conduct in just three days.
Image: ASME.org
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ASME’s salary survey breaks down
compensation for engineers across
disciplines and regions in the U.S.
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STUDENT COMPETITIONS
IT ISN’T KIDS STUFF
L
John G. Falcioni
Editor-in-Chief

FEEDBACK
What’s the best
way to keep
young engineers
motivated?
Email me

falcionij@asme.org

et’s not kid ourselves, Generation
Z rules. If you don’t belong to this
growing demographic group, however, take heart. Those of us born before the
late 1990s have a few things we can point
to with pride: We generally call the shots,
make the money, and have the life and
professional experiences to contextualize
things in ways that the younger set cannot.
What we can’t do, however, is experience
the excitement of growing up in the connected, technology-driven world shared by
today's student engineers.
This diverse group of young women and
men is exhilarated by the way they are
learning to attack problems in school—and
by the inspiring examples of engineers reshaping the world around them. They place
no limit on their creativity, and no boundaries on what they can accomplish within the
engineering profession and outside of it.
Gen Z engineering students and recent grads think they can make the world
a better place for humankind because,
well… because they can. They are involved
in humanitarian efforts globally (such as
EngineeringForChange.org). They serve
as mentors and tutors for high school and
elementary school STEM programs. And
when they graduate, their frame of reference enables them to enter fields where the
combination of creativity, intellectual rigor,
and discipline they learned in school gives
them an edge.
“In the past, generations went into engineering because they fit the stereotypes
of the nerdy kid who loved science. Now,
students study engineering because they
know they are going to be given the tools to
incite change,” said Valentina Alayon, who
graduated this year with a degree in mechanical engineering from the University
of Nevada, Las Vegas, and recently joined
ASME’s marketing team as student and
early career engagement and experience
coordinator.

“Students studying engineering are
looking to solve cancer, bring clean water
to developing countries, and figure out
ways to improve the lives of those living
with disabilities,” she said. “Engineering is
no longer viewed in terms of numbers and
equations, but rather the impact that you
are making in the lives of those who drive
your work. That is why modern engineering
culture is so different, that is why modern
engineers look so different.”
In my visits to campuses throughout the
country and in conversation with engineering students from around the world, I've
seen the men and women of the Gen Z
engineering community, as well as Millennials, express their passion for innovation.
At events like ASME’s E-Fests (efests.asme.
org)—the next two are this month: E-Fest
Asia Pacific at Delhi Technological University
and E-Fest West in Pomona, Calif., one week
later—students compete in ASME’s humanpowered vehicle competitions, student
design contests, additive manufacturing
challenges, and technical paper competitions. Through these competitions, students
demonstrate they can find innovative ways
to solve engineering problems.
While participating in student challenges
does not guarantee a job after school,
industry recruiters say it is an experience
they value as much as grade-point average. It’s the practical application of learning
that makes these competitions important.
E-Fest has generated support from large
companies interested in recruiting because
they can literally see the students apply
their knowledge in real time. ASME hired
Alayon after seeing her team compete in an
HPVC competition at E-Fest West at UNLV
last year and then noticing her leadership as
the school’s principal E-Fest coordinator.
In this month’s issue, we focus on some
student competitions that showcase the
best of Generation Z engineers. It’s their
time to shine. ME
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NOVEMBER 2017
Reader Barnes
believes electric vehicles
could one day be truly
emissions free.

Two readers look to reduce
emissions associated with EVs.
And the ASME President-Elect salutes
our retired Executive Director.

GETTING TO ZERO
To the Editor: John Kosowatz's
interesting and informative article,
“Rekindling the Spark” (November
2017), espoused roughly comparable
cradle-to-grave environmental
impacts of conventional and electric
vehicles. But this missed one of two
fundamental points.
As noted by Dutch journalist Thalia
Verkade in her de Correspondent
article “Why Electric Cars are
Always...Greener,” while the impact of
manufacturing electric and internal
combustion vehicles is about the
same, only the EV can employ carbonemission-free energy sources (although
Verkade pointedly ignored the nuclear
option) over its entire life cycle.
According to Verkade’s study, this
latter fact gives electric vehicles roughly
half the cradle-to-grave carbonemission impact of a conventional
vehicle, provided the EV is powered by
carbon-free energy.
I always chuckle when I see the
“zero-emission” sticker on a hydrogenpowered car. I know full well that its
emissions will be far worse than those
of a conventional car if the hydrogen
is synthesized by a carbon-generating
power plant.
Of course, full discussion must also
include the adverse impacts on wildlife.
For example, “renewable fuels” are not
so if their cultivation destroys habitat.
And notably thousands of birds are
incinerated mid-air in the light cone of
the Tonopah Solar Plant.

One way to make electric vehicles
truly zero-emissions is to put up
parking-spot-sized solar panels tilted
to the sun in our corporate parking lots,
one for each EV. Each panel would be
sufficient to re-charge a vehicle for the
trip home during the typical eight-hour
work day, at least in the southwest.
J. Philip Barnes, San Pedro, Calif.

TOTAL ACCOUNTING
To the Editor: I believe the recent article
on the competition between internal
combustion engine vehicles and battery
electric vehicles (“Rekindling the
Spark”) was incomplete and somewhat
misleading.
The article points out that when the
power to recharge BEVs comes from
coal fired plants it basically moves
the tailpipe emissions from one place
to another.
What the author does not account for
is that, as BEVs become more commonplace in years to come, electricity is
going to be generated by means other
than the combustion of coal.
Press reports claim that Canada plans
to build a fleet of small nuclear reactors.
Those same reports state that GEHitachi plans to enter Canada's vendor
review process with an SMR technology
it developed in the United States.
So, with wind, solar and SMR's (at
least in enlightened countries like
Canada) replacing coal, the argument
about shifting tailpipe emissions from
one place to another simply goes away.

As for the lithium challenge,
one has to wonder how much of an
environmental issue it will be once most
cars are battery powered and lithium
batteries are recycled instead of being
produced from virgin material.
I feel the author should have
accounted for emerging trends in
electricity production and battery
recycling in order to present a more
fair and realistic picture of the
environmental benefits of BEVs.
Bob Balhiser, Helena, Mont.

AN APPROPRIATE TRIBUTE
To the Editor: Thank you for your
editorial about past ASME Executive
Director Tom Loughlin (January 2018).
It was a very appropriate tribute to an
individual who did a lot of great things
for ASME and who dedicated 25 years of
his career to the profession.
Nicely done.
Said Jahanmir, Cambridge, Mass.
Jahanmir is ASME President-Elect.

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.

TECH BUZZ

NASA’S ALIEN
A NEW ROVER NEEDS A FRESH TAKE ON AN OLD WHEEL CONCEPT.

N

ASA is dedicated to futuristic
vehicles and missions, but the
agency is also setting about
to reinvent the wheel. The new
“superelastic tire“ developed at NASA’s
Glenn Research Center in Cleveland is
built to thrive on inhospitable planets
such as Mars, where the rocky terrain is
hard to maneuver and temperatures can
reach -130 °C.
But the real advantage of the new tire
is its ability to carry heavy loads without
suffering permanent damage. For lunar
and planetary rovers that are intended
to explore for months or years with no
hope of getting spare parts, that is a real
benefit.
Tire damage became a concern for
NASA engineers in 2013 after they

noticed significant wheel degradation
on Curiosity, the car-sized rover that
explored Gale Crater on Mars. “We
wanted to ensure any wheels sent to
Mars never got damaged again,” said
Santo Padula, a materials research
engineer at Glenn.
A team led by Colin Creager, a
mechanical engineer at NASA, had been
developing tire prototypes based on a
steel spring design. These springs could
carry heavy loads but faced limits on
the force and deformation they could
handle. Too much, and the wheels would
fracture due to excessive stretching of
bonds between atomic structures.
Instead of steel, Padula recommended
fashioning a wheel from a nickeltitanium shape-memory alloy, which had

a unique deformation mechanism that
could snap a tire back into its original
shape in case of deformities. The alloy
is able to reshape itself due to a unique
deformation method—rather than
expanding the bonds of a crystal lattice,
it rearranges the atomic structure
to another crystal lattice form. That
means that if the solid element needs
to bend or deform when hurdling over
an obstacle like a rock, it would come
back to its original shape instead of
separating or fracturing.
After several years of trials, the team
believes it has hit on the right formula
for the alloy. The nickel-titanium alloy
can take a 10 percent to 12 percent
strain, while the earlier materials had
only a 0.3 percent strain.
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TIRE

The total cost of
ownership is lowest
for electric vehicles.
Image: Tesla

Engineers test their new airless tire in loose sand at the
Glenn Research Center.
Image: NASA

MAKING THE ELECTRIC
SWITCH

Car owners are slow to adopt EVs,
even as the cost of those vehicles drop.

W

The engineers have tested the new
tires with a load of 140 pounds—up to
hundreds of times the weight of the
tires—and believe they could support
even more.
Though the tires were designed with
space it mind, the NASA engineers have
perhaps a loftier goal in sight.
“We want to see this used on earth,”
Creager said.
Shape-memory alloy tires may
someday be used in automobiles, heavy
equipment, and military vehicles. The
airless design could give vehicles better
traction on sand and dirt, and might
ultimately reduce the amount of rubber
used in tires. ME
AGAM SHAH

hen the hybrid Toyota Prius was introduced in 1997, it was seen as
much as a statement as a vehicle. The hybrid-electric drive train
made the car nearly 30 percent more expensive to buy and operate
than comparable standard models, but at least everyone could see how committed the owner was to saving gas.
Since then, the total cost of ownership—a metric that includes both sticker
price and the cost of fuel, maintenance, and other expenses—for hybrid
vehicles has dropped considerably. According to a recent study by researchers
at the University of Leeds in England, the TCO still remains greater for hybrids
due to a higher initial cost. Surprisingly, though, the researchers found when
all the costs were tallied, battery-electric vehicles were actually the cheapest
to own and operate.
The researchers, who published their study in the January issue of Applied
Energy, looked at four different markets: Japan, the United Kingdom, and the
American states of California and Texas. Variables such as the local cost of
electricity or fuel and the level of government support affected the TCO. For
example, in the U.K. and Texas where gasoline prices are low and government
subsidies are few, conventional cars are cheap to own and the market share
for hybrids is low. In California and Japan, higher fuel prices together with
more disposable income and greater environmental awareness, made hybrids
a more popular choice.
Battery-powered vehicles came out on top in terms of TCO across all four
regions. Electricity is taxed less than gas and the researchers found that
maintenance “costs were found to be cheaper for electric vehicles due to less
wear on the brakes and fewer moving parts.”
The researchers looked at mass-market electric cars such as the Nissan
Leaf. The more expensive Tesla cars are still likely status symbols. ME

TECH BUZZ

TAKING MANUFACTURING
TO THE NEXT LEVEL

A

new industrial 3-D-printing
extruder technology—designed
to greatly increase the output and
quality of high-resolution printed polymers
and decrease postproduction time and
costs—is set to take additive manufacturing of large parts, machine tools, and
molds to the next level.
The Department of Energy’s Oak Ridge
National Laboratory developed the system
as part of its large-scale additive manufacturing initiative. ORNL recently licensed
the design through an exclusive arrangement to Strangpresse, a Youngstown,
Ohio-based manufacturer that sells its
extruders and nozzles to 3-D-printer
manufacturers.
“This is an enabling technology that
allows manufacturers to print high
resolutions at high rates,” said Bill Peter,
director of DOE’s Manufacturing Demonstration Facility at ORNL.
The extruders are built for robotic and
gantry 3-D printers used in manufacturing
parts with up to a 20-foot axis. They can be
retrofitted to most large printers.
“These designs help to advance additive manufacturing from a prototyping
industry to an actual production industry,”

said Chuck George, CEO of Strangpresse,
a division of Hapco, the global manufacturing and design company. “It’s about
getting these types of designs and technologies out of the lab and into the factory.
These are the types of advancements that
allow us to do that.”
Many industrial 3-D printers can quickly
pump out hundreds of pounds of printed
material to produce fairly uniform products that require few variations or details,

IT’S TIME CONSUMING
AND COSTLY TO PRINT HIGHRESOLUTION COMPONENTS.
like surgical tubing or weather stripping.
But it’s more time consuming and costly
for those machines to print high-resolution components for such applications as
machine tooling and dies used in the aerospace, automotive and other industries.
To achieve the different layer thicknesses and heights required for printing
fine geometric resolution, operators of
large 3-D printers have to slow or stop
the machines to manually change nozzles
and switch feedstocks. That diminishes
the quality and increases the roughness

Oak Ridge National Lab has
developed a 3-D printer
capable of extruding
2,400 cubic inches of
material per hour.

of the printed components, which have to
be fine-tuned in postproduction, a time
consuming and costly process.
ORNL’s new extruder technology
changes that by enabling the printers to
automatically alternate among multiple
nozzles of various diameters on the fly.
“Having the ability to do that while moving
allows for a much more efficient processing of material,” George said.
The nozzles—attached to a turntable
that resembles the revolving base of a
microscope—quickly and accurately deposit a variety of material thicknesses and
heights to achieve the desired resolution.
ORNL also redesigned the bell-shaped
cavity of the nozzle to improve the flow
of material and added a new poppet-like
valve that quickly shuts off the flow of
material to each nozzle. The team also
developed new slicing software to control
the resolution of the material while it’s
being printed on the fly.
The new extruder increases highresolution deposition rates of polymers
by three orders of magnitude compared
with earlier wire feedstock printers, going
from about four cubic inches (the size of a
continued on p.17 »
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TECH BUZZ // ENGINEERING FOR CHANGE
The heating
assembly for
the Otter newborn
warmer was
re-engineered to
make it less costly
to manufacture.
Photo: Design
That Matters

BUILDING A BETTER
WARMER FOR NEWBORNS

E

very year, roughly 4 million babies
die in their first four weeks of
life, mainly from complications of
preterm birth, infection, and asphyxia,
researchers say.
But a team with Design that Matters
believe they can prevent more than a
quarter of those deaths by creating a better newborn warmer. Their Otter newborn
warmer is designed to cost much less and
consume less energy than the currently
available warmers. It is also easy to operate, clean, and sterilize and difficult to get
wrong, its designers say.
Otter is a warming bassinet for newborns in developing countries that are
born prematurely or too low in weight (or
both). The prototype, completed in the
summer of 2017, is durable, easy to wash,
and features an easy-to-read and easyto-use numerical interface. The numbers

were a design change suggested by hospital staff in Hanoi, Vietnam, during a field
test and fact-finding mission.
DtM is the organization behind the
Firefly phototherapy device that treats
newborns with jaundice, and their Otter
warmer is designed to mimic some Firefly’s easy-to-use interface.
“The user interface mirrors the design
language of the Firefly phototherapy device. The elements of each interface panel
are similarly aligned which makes the
user interaction with both devices more
intuitive,” DtM writes.
Otter’s heating assembly is now made
from a translucent polymer film. Reviewers of Otter’s early design recommended
that change over the previous version, as
DtM explains:
“The original prototype used nichrome
wire embedded in a CNC-milled channel

in the base of the polycarbonate bassinet.
Manufacturing research suggested this
would be a prohibitively expensive fabrication process with a high part rejection rate.
The heater assembly accounted for $50
out of Otter’s $180 bill of materials (BOM).
“Our new alternative, the PTF heater,
is similar to the heater wires you might
see embedded in your rear windshield as
a defroster. It is manufactured in a single
step used for generic flexible circuits, and
would allow us to more easily incorporate
thermal sensors and other components.
The PTF assembly would be applied to the
bottom of the Otter as a semi-transparent
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sticker. Our current cost estimate for the
new PTF heater assembly is roughly $20—
more than a 50 percent cost reduction.”
DtM outlined the deficiencies in newborn warmers that are available now.
These options also amount to the competitive landscape their Otter warmer is up
against.
“One alternative to KMC is an incubator,
a convective warming device that provides
warm and humid air that is regulated by
measuring the newborn’s skin temperature with a disposable stick-on probe.
Another alternative is a radiant warmer,
which provides heating through infrared
radiation that is also regulated by skin
temperature probe measurements. Unfortunately, neither of these devices is well
suited to the context of a low-resource
hospital: both are complex, expensive to
maintain and difficult to keep clean.
“Newborns are particularly vulnerable
to hospital-acquired infections. One Boston NICU technician estimated that it takes
45 minutes to properly sterilize an incubator between patients. Few rural hospitals
in developing countries have the resources
to follow this protocol. In addition, few can
afford to maintain a sufficient number of
incubators, so it is not uncommon to find
two or more newborns sharing a single
device.”
The Otter protoype resulted from a
collaboration with medical and engineering experts in Vietnam and a partnership
between Design that Matters, the device
manufacturer MTTS, and the non-governmental organization Day One Health. The
partners plan “to accelerate the development of improved low-cost infant medical
devices for low resource countries,” DtM
writes.
After creating their prototype, DtM and
partners plan to test it further in Africa.
Then they plan another manufacturing review with MTTS in Vietnam (the first review
recommended the change in the warming
mechanism) and also with manufacturing
vendors in China. ME

“It is not meant to replace doctors. Instead, it is to
promote better people-machine cooperation so
as to boost efficiency.”
Liu Qingfeng, chairman of iFlytek, describing the role of the company’s
medical assistance robot which passed the written portion
of China’s national medical licensing examination late last year.
Liu was quoted in the China Daily on November 10, 2017.
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TECH BUZZ || ENGINEERING ENTERPRISE BY RAY A. ROTHROCK

ADVICE FOR
ENTREPRENEURIAL
ENGINEERS

Experience teaches that problem recognition,
storytelling, and leadership are critically important.

E

ntrepreneurs are everywhere
today—from Silicon Valley to
incubators and tech hubs around
the world. While many startups are in
tech, others involve engineers who use
digital tools and 3-D printing to invent
new products or reinvent existing ones.
So, what should potential entrepreneurs consider before leaping? I don’t
have a definitive answer, but after 25
years of funding startups, more than
40 successful investments, and eight
initial public offerings, I see some patterns that work.
Pick the right problem. Engineers
typically love technology. But venture
capitalists crave hard problems in
markets that are big enough to turn a
technical solution into a large, profitable company.
How do you recognize the right
problem? You may encounter it through
work or from credible experts. But to
really understand it, you need to talk
with people who have the problem and
have tried to solve it.
Some problems are unrecognized
until solved. In 2009, for example,
Venrock backed a lawyer who realized
that small e-commerce businesses
faced the same cybersecurity threats
as Amazon and Google, but lacked their
powerful cybersecurity infrastructure.

Today, that firm, CloudFlare, protects
more than one million websites.
Gather a team. CloudFlare’s founder
had no technical expertise. So he partnered with a technologist and a marketer while he handled operations and
strategy. The founders of Intel, Apple,
Oracle, Google—all the great tech companies—were part of similar teams.
Tell a story. To get the attention
of VCs, tell a story. Stories are great
teaching tools, and people like them.
Your story does not have to explain
everything, because no VC will give
you millions of dollars at a first meeting. The goal of your story is to spark
enough interest to get a second, more
in-depth meeting. Expect several
meetings—and increasingly difficult
questions—before a VC funds your
business.
Your first presentation should last
30 minutes, with no more than 15 to 18
slides. It should explain the problem,
the market, and a light version of your
solution. Include estimates of revenues
and expenses. Explain why your team
can solve this problem better than
anyone else.
You will probably have to teach yourself to tell a compelling story: how to
set up a problem, explain possible solutions, and provide information without
overwhelming listeners. Study wellwritten newspapers and magazines like
The Economist to see how they take you
deeper as the story progresses. You’ll

know you’re getting it right when you
can describe the essence of your work
in 50 words or less to your parents,
spouse, or friends.
Learn to lead. Companies succeed
when founders lead. This takes many
skills, but let me focus on two.
First, leaders must often make decisions with incomplete information. Fortunately, engineers know how to make,
solve, and test assumptions. Learn to
focus on what you know, admit what
you don’t, and cut off analysis after a
reasonable amount of time. Time is a
startup’s enemy. Even a risky decision
is less risky than giving competitors
more time.
Second, leaders focus on what I call
the long ball, their vision of success.
This is harder than it sounds. Successful startups average nine years to
reach an initial public offering. Your
team must focus on the long ball and
muster the confidence and resources to
achieve its goals, even when faced with
short-term obstacles.
The best entrepreneurs I’ve known
do these things well. But every engineer should learn to recognize problems, tell stories, and make decisions
with imperfect information. The way
to build these skills—and prepare for
leadership—is by doing them now. ME

RAY A. ROTHROCK is the chief executive officer
at RedSeal, Inc., in Sunnyvale, Calif., and a former
managing director of Venrock, Inc.
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TAKING MANUFACTURING
TO THE NEXT LEVEL
chicken egg) per hour to 2,400 cubic inches
(about two-thirds the size of a beer keg)
per hour, Peter said. The improvements
translate to up to 100 pounds of highresolution material per hour.
For another comparison, ORNL partnered in 2015 with Cincinnati Inc. to use
their collaboratively developed Big Area
Additive Manufacturing (BAAM) machine to
print parts for a Shelby Cobra sports car.
That machine produced about 10 pounds
of high-resolution material per hour. Peter
expects ORNL’s extruders to print 1,000
pounds of high-resolution material per
hour within a year.
ORNL also recently printed a proofof-concept 30-foot submersible hull
for one of the Navy’s prototype vessels.
Using traditional manufacturing, the hull
would have cost $600,000 to $800,000 and
taken three to five months to build. The
new additive manufacturing capabilities
reduced costs by 90 percent and build time
to just a few days.
“We’ve come up significantly in our rates
since the Shelby and the original BAAM
system,” Peter said. “This (new extruder)
is about using the output more effectively.
This represents a steady progression in
extruder technology.”
That’s something Strangpresse’s
George likes to hear. He sees the ability
to quickly, cheaply, and efficiently print
dies and molds as the low hanging fruit of
large additive manufacturing. But as the
industry continues to advance its work with
high-strength, lightweight polymers and
higher-resolution designs, it will expand
beyond those parts, incorporating such
new elements as cooling and wiring channels into 3-D-printed parts.
“We can now print highly customizable
and unique things that weren’t possible,”
he said. “The bottom line is printing usable
parts and structures instead of just a mold,
a die, or a jig.” ME

JEFF O’HEIR is senior content manager at
ASME.org. For more articles on manufacturing
visit www.asme.org.

“Aviation has been the last frontier in the electrification
of transport, and slow to catch up. This will be a
new era of aviation.”
Paul Stein, chief technology officer at Rolls-Royce,
on the push by his company to develop
a hybrid electric plane with Airbus and Siemens.
Stein was quoted in The Guardian on November 28, 2017.

FOR THE CONSTRUCTION
AND EQUIPMENT INDUSTRY,
IN AMERICA’S MANUFACTURING HEARTLAND
Connect with the entire Fastener and Fixing supply chain – designers &
manufacturers, engineers & suppliers, distributors & end users at the world
premier fastener exhibition in the center of America’s manufacturing base.
Learn about the latest technologies
and meet with experts at the first
Fastener Fair in the USA.

DON
MISS 'T
OUT..

REGIS .
TE
TODA R
Y!

APRIL 11-12, 2018
HUNTINGTON CONVENTION CENTER, CLEVELAND, OHIO USA
For more Information, please contact us at:
Email: fastenerfairusa@mackbrooks.com
Telephone: 312.809.9260

www.fastenerfair.com/usa

TECH BUZZ || ONE-ON-ONE

Q&A
LIMOR FRIED
SHE IS KNOWN TO HER FANS AS
“Ladyada.” She is the first female
engineer to grace the cover of WIRED.
She is a not-so-traditional-looking MIT
engineer, who grew up in a hacker scene
in Boston and founded an open-source
electronics company. She is Limor Fried,
the CEO of Adafruit, a maker of DIY open
source engineering and electronics kits,
accessible for consumers of any age or
skillset. Fried believes that everyone
has an engineer or a maker inside them
and that introducing electronics early on
will lead to more young people choosing
STEM careers down the road.

ME: What’s your advice for engineers wanting to be entrepreneurs?
L.F: It has never been easier for makers and engineers to start companies. And America is one of the easiest countries in the world to do it. You
can start tomorrow as a sole proprietor, or get an LLC together in a week.
Start by making a few units of your new invention, create lots of mockups
and prototype designs. Try selling a few to people in your community. If
you’re inventing something, it probably solves a problem you know about
and if you are having that problem, so are thousands of others.
ME: Do you think there is a need for more engineers in the country?
L.F: Engineers build life-saving medical equipment, upgrades to
renewable energy, even space stations. What other profession can
take you around the world and universe, helping people everywhere
to be safer, healthier, and happier? Having familiarity with making
and engineering also helps inventors solve problems in their local
communities, where larger corporations may not have inroads.
ME: How do Adafruit’s products help get young kids involved in STEM?

ME: You founded Adafruit to create electronics kits
for DIYers shortly before getting your master’s in
electrical engineering from MIT’s Media Lab. What
was the inspiration behind establishing your own
company?
L.F: Back when I was still in school, around 2005,
I was having a lot of fun building electronics. I had
been learning about microcontrollers as part of my
undergraduate internship and it was tons of fun. Once
I built some projects, I would publish them on my
website. People loved the projects like my Mint-tin
MP3 player and emailed asking if I would sell them a
kit of parts. Eventually I got so annoyed by all these
emails, I started kitting up some simpler projects for
sale. They were so popular, it became my life.

L.F: We’re focused on designing cool projects and creative kits so they’re
less expensive to get into kids’ hands. For example, even a few years
ago, if you wanted to teach electronics it would be expensive—more than
$100 per learning kit—which meant all the kids had to share. We realized we needed something better, so that you don’t have 15 kids sharing
one kit. We came up with a kit that’s a $20 all-in-one board, with free
software and tutorials. It’s low-cost enough that every kid can have one.
ME: What do you enjoy the most about the work you do?
L.F: I love seeing what the people in our community make. From electronic paper crafting to cosplay, their creativity is inspiring. We have a
weekly Show and Tell hangout on YouTube, where anyone with a project
and a webcam can talk about their project, what they are building, what
they’ve learned, and get feedback from the community. It’s super fun. ME
CHITRA SETHI
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5G AROUND
THE CORNER

A

new communications standard
has been finalized by the 3G
Partnership Project (3GPP), a
consortium of seven telecommunications
organizations. The adoption of the 5G
standard is expected to pave the way for
telecom providers to upgrade networks to
take advantage of the technology.
Expect initial 5G offerings to be
available later this year or next year, with
wider expansion in 2020 and beyond. Many
telecom providers, including AT&T and
Verizon, are already running 5G trials.
5G will tackle the insatiable demand
for wireless bandwidth, especially from
autonomous cars, mobile devices, and
IoT devices. The fastest 5G speeds could
exceed that of a standard broadband
internet connection.
The new standard also solves
compatibility problems of 4G, which was
developed as a unified standard by 3GPP
but fragmented as chip makers and
countries such as China tweaked features.
5G also enables power-efficient cellular
communication capabilities to machines,
vehicles, health, and home devices.
The approved 5G NR (New Radio)
specification is designed for mobile
devices using a lot of bandwidth on higher
spectrum bands. It also establishes
the basis for a low-bandwidth 5G IoT
communications standard on lower bands,
which is expected to be approved later
this year. Many IoT devices are limited by
size and battery capacity and transmit
only small bursts of data, which doesn’t
require wide spectrum.
Robots and drones could use the 5G NR
standard to offload navigation, collision
avoidance, and artificial intelligence
features to cloud-connected computers.
Intel has talked about using 5G in cars for
vehicle-to-vehicle communication, object
recognition, and video delivery to invehicle entertainment systems. ME
AGAM SHAH

The 5G radio
standard
will enable
wireless
data
transfer at
broadband
speeds.
Photo: Intel
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FLY HIGH IN CHOPPER TAXI

A

n autonomous car can’t beat a traffic jam, but a flying
taxi can. That’s the idea behind Volocopter 2X, a flying
taxi that is like a supersized drone built for urban transportation.
The vision behind Volocopter, which is being developed by
the namesake company, is to build an autonomous passenger
drone that is environmentally friendly. Pull out a smartphone,
call for a flying taxi, and voila, it’ll show up at your door.
Intel, which has invested in Volocopter, showed the flying
helicopter in January at CES 2018 in Las Vegas.
The flying chopper has the guts of a drone, can accommodate two passengers, and is made of fiber composites. It can
fly for 17 miles at a speed of 43 miles per hour, or fly for up to
27 minutes at 31 miles per hour. The aircraft is loaded with
gyroscopes, acceleration sensors, and magnetic field measure-

ment sensors that can help track location, navigate and avoid
collisions. On top of the chopper is a giant circular rim with 18
rotors. The nine electric batteries can recharge in less than 120
minutes. The company has emphasized providing smooth flight,
adding redundant sensors that can identify gusts of wind and
other disturbances, and the control system adjusts the motors
accordingly.
The city of Dubai has already tested the autonomous flying
taxi concept with drones from Volocopter, with the goal to ultimately offer such a service that could begin this year. Uber also
has its eyes on flying taxis, saying in a paper that commuters
waste millions of hours on the roads, which leads to lost time,
productivity, and burning of more fossil fuel. ME
AGAM SHAH

An artist’s rendering of
a Volocopter making an
autonomous flight over
San Francisco Bay.
Photo: Volocopter
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BATTERY-FREE
HUMIDITY SENSOR

“We will close all our coal-fired power
stations by 2021.”
Emmanuel Macron, president of France, made that
announcement at the World Economic Forum in
Davos, Switzerland, in January.

S

cientists at the University
of Manchester have made a
significant breakthrough in the
creation of energy harvesting sensors that can transmit information wirelessly.
The researchers have created
a battery-free RFID humidity sensor by coating a printed graphene
antenna with a layer of graphene
oxide. The readings could then
be transmitted over wireless networks to computers or the cloud.
The combination can create the
basis “for future energy harvesting enabled RFID sensors for
IoT applications,” the researchers said in a paper published in
Nature. These sensors won’t cost
a lot to create and can operate for
extended periods. For example,
such a sensor could be used in a
clean room to test and wirelessly
monitor humidity, or a sensor can
be put on a patient’s hand where
sweat changes could indicate
changes in health conditions.
Graphene is being heavily
researched at universities and
companies like IBM to create
chips and wireless transceivers.
The molecule consists of a single
layer of carbon atoms, and is extremely strong. Graphene is also
a better conductor than copper,
which is widely used in today’s
sensors.
The research revolves around
the behavior of graphene oxide,
which is sensitive to humidity.
Adding a layer of graphene oxide
changes the behavior of the electric field and the impedance of the
RFID antenna.
The relative dielectric permittivity of graphene oxide increases
with higher water levels at the
GHz frequency range. By comparison, the relative dielectric permittivity of graphene oxide increases
with decreasing humidity in the
low frequency MHz range. ME
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At UK startup Atelerix,
researchers have
developed a way to
encapsulate cells
for shipping at room
temperature.
Photo: Aleterix

BUILDING
BIOMEDICAL INFRASTRUCTURE
MEDICAL TECHNOLOGIES based on manipulating cells to fight disease and create artificial
tissues to replace natural joints and organs
are in the news today—and rapidly approaching commercialization. Yet the engineering to
mass market these technologies lags sadly
behind the science. This month, we look at two
labs that seek to build the infrastructure that
tomorrow’s cures require.

M

any companies are growing cells to treat disease or
for research and testing. This requires specialized
facilities. As these facilities scale up, developers
will need a better way to deliver those cells to hospitals and
laboratories.
Today, cryopreservation is the most common way to store
and ship cells. This first involves flooding the cells with
a cryoprotectant, such as dimethyl sulfoxide (DMSO). It
prevents ice formation during freezing and defrosting, since
expanding ice can puncture and destroy cells.
Cryopreservation raises several issues, said Che Connon,
chief scientific officer of Atelerix, a firm developing a room-

SHIPPING CELLS

THE LAB Atelerix Ltd., Newcastle upon Tyne, United Kingdom. Che Connon,
chief scientific officer and professor of tissue engineering at Newcastle
University.
OBJECTIVE Develop a way to store and ship cells for gene therapy and
laboratory experiments at room temperature rather than cryocooling them.
DEVELOPMENT A scalable alginate-based system to encapsulate cells and
keep them alive for up to two weeks at just below room temperature.

temperature alternative to the process. Cryoprotectants,
which are toxic to cells, must be washed out carefully after
thawing, and some cells are likely to change genetically and
behaviorally after the process.
In addition, cryopreservation systems require specialists to
operate their complex equipment. The cells also need time
to thaw and acclimate to room temperature. At that point,
clinicians must use them quickly, making it more difficult to
schedule everyone needed to implant the cells into a patient.
Connon’s solution is embed the cells in alginate, a polysaccharide derived from brown algae that forms a viscous gel
upon contact with water. Biomedical researchers have long
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used alginate as a scaffold material on which to grow cells
and as a coating to prevent the body’s immune system from
attacking transplanted cells.
Connon began studying alginate 10 years ago, eventually
using it to deliver stem cells to the eye. He noticed that cells
in alginate had much lower respiration than other cells, and
thought it would make a good medium for storing cells without cryopreservation.
Connon’s earlier work involved crosslinking alginate
to form gels with controlled porosity and other properties.
To his surprise he found that varying the porosity and
thickness of the alginate coating had little effect on cell respiration or survival.

Instead, he found that dropping temperatures to 15 to 20 °C,
slightly cooler than room temperature, kept cells alive for
up to two weeks. Ordinarily, that temperature is enough to
make cell membranes more rigid and prone to fracturing. He
believes the alginate stabilizes them mechanically, so they
cannot move enough to crack.
Connon has also developed a system to produce up to 3,500
alginate beads per minute by shooting a crosslinking agent
into a stirred tank of cells and liquid alginate. The cells can
then be de-gelled on site using a monovalent salt. One potential application is to deliver alginate-embedded cells for cell
assay kits, so researchers will not have to grow the cells from
scratch in their labs. ME

GROWING BONE-CARTILAGE JOINTS

THE LAB Center for Cellular and Molecular Engineering, University of
Pittsburgh. Riccardo Gottardi, research assistant professor.
OBJECTIVE Provide a way to study and test arrays of bone-cartilage
constructs to understand the progression of disease and test medications.
DEVELOPMENT A single-chamber bioreactor capable of growing bonecartilage constructs that grow, behave, and react to medication the way
human joints do.
A single-chamber bioreactor from
University of Pittsburgh can grow bone
and cartilage tissues at the same time.
Photo: University of Pittsburgh

R

esearchers may soon carry out high-throughput testing of bone-cartilage joints using a new bioreactor
developed by Riccardo Gottardi, an assistant research
professor at University of Pittsburgh’s Center for Cellular and
Molecular Engineering.
The bioreactor is the first to grow tissues that combine bone
and cartilage in a single reactor. The bioreactor produces
consistent samples that resemble natural joints. It is small
enough to fit into 96-well arrays, and could be used for rapid
testing of joint behavior and disease progression.
Bone and cartilage exchange biochemicals that modify each
other, so researchers must test them together to understand
the joint behavior. Yet they are difficult to grow together
because each requires different media and oxygen levels to
grow. As a result, the most accurate joint testing takes place
on samples harvested from cadavers.
Gottardi’s bioreactor produces a more natural bone-cartilage sample for testing and is small enough to fit into an
assay tray with 96 wells for rapid testing.
First, Gottardi seeds an extracellular matrix (ECM) scaffold with stem cells for bone and cartilage. The ECM grows
less porous towards the center, providing some separation
between the two tissue types while enabling them to communicate biochemically.

The bioreactor uses two sets of inlets and outlets to supply
nutrients and growth factors, one set to service each side of
the growing tissue.
“As long as we maintain the same flow rate, there is little
mixing of the two fluid streams,” Gottardi said. Once cells
grow into the ECM, it forms a barrier to reduce mixing if he
varies flow rates.
“The resulting tissues are about 3 mm of cartilage and 3
to 4 mm of bone underneath, which is what we have in our
joints,” Gottardi said.
Those tissues are too thick to view through a conventional
microscope. To grow smaller samples, Gottardi is developing
a smaller bioreactor that uses a ring system to flow nutrients
around tissue that grows vertically, so microscopes can view
cross-sections without removing them from the assay.
Because the fluid pathways are so narrow, they are very
sensitive to pressure and bubble formation. Gottardi controls
these variations by 3-D printing optimal fluid pathways in
three dimensions.
His ultimate goal is to develop an assay system for highthroughput study of joints and diseases, and commercialize or
license the technology. ME
ALAN S. BROWN
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CUTTING TIME ON BLOOD TESTS

P

urdue University researchers
were intrigued: resonant sensors
have been widely used to detect
pollution, gases, and motion, so why not
diseases? After substantial investigation,
what the researchers found was surprising—and potentially a long-term answer
to quick disease detection.
The Purdue researchers found that
these vibrating sensors can identify
proteins (also called biomarkers) tied to
specific diseases, which could help in
faster diagnosis of diseases or illnesses.
A resonant sensor should be able to
identify a biomarker from just a few drops
of blood.
Classic blood workups can take time
and are prone to error. Also, the traditional ELISA (enzyme-linked immunosorbent

A resonant sensor can
find biomarkers.
Image: Purdue University
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assay) method requires a lot of blood to
get an accurate reading.
The Purdue model envisions disposable resonant sensors that can identify
biomarkers and then be thrown away.
Resonant sensors are sensitive to
changes in mass. Since each biomarker
has a unique mass based on its chemical
formula, when the biomarkers glom on to
the vibrating post, called a cantilever, they
can be readily detected.
To get the biomarkers to stick, the sensors are coated with an antibody tied to
a specific chemical. “Antibodies and proteins are like a key in a lock,” said Jeffrey
Rhoads, a Purdue mechanical engineering
professor.
“We monitor the vibrating frequency of
the resonant sensor. The change of mass
will indicate that a change in process is
happening,” Rhoads said. According to
his team’s research paper, the resonator sensitivity increases as the resonant
frequency increases, “making highfrequency resonators excellent candidates
for biomarker detection.”
Tests are carried out simultaneously
on 20 to 30 sensors to detect uncommon
protein markers.
The effort started off as an undergraduate project, and a student came up with a
novel way of tacking on antibodies to sensors. The testing started after that, and
was initially applied to identify concussions. As a proof of principle, a concussion
was identified via a protein associated
with concussions that appears to be secreted in cerebral spinal fluid, which could
be obtained via spinal tap, Rhoads said.
“In some sense we went after the
protein in neurodegeneration because
we have local expertise,” Rhoads said,
referring to George Chiu, a professor at
Purdue’s School for Mechanical Engineering, Department of Basic Medical
Sciences and Weldon School of Biomedical Engineering. Chiu was part of the
research project.
The vibrating sensors could be potentially used to identify neurodegenerative
diseases such as Alzheimer’s and Parkinson’s. The researchers are patenting
this technology via the Purdue Research

Foundations Office of Technology Commercialization.
Rhoads said the team would like to find
additional funded research in the medical
domain, and are talking to companies to
mature the technology. “Hopefully some
day we could go to market,” he said.
Before going commercial, the technol-

Pressure Valve

ogy will also need the approval of the U.S.
Food and Drug Administration. The FDA
is keeping a close eye on blood-testing
equipment, especially after publicized
instances where companies issued
fraudulent test results. ME
AGAM SHAH
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SHIPPINGPORT –
PRELIMINARY TESTING
E.M. Parrish, Duquesne Light Company, Pittsburgh, Pa.
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LOOKING BACK
Engineers were excited by
the prospect of nuclear power
when this article was first
published in 1958.

Before the ﬁrst commercial nuclear power plant
in the United States could begin operation, the
facility was thoroughly inspected.

T

he details of testing are best shown by a description of the reactor
component cooling-water system test, since many conventional stations
are provided with a similar system.
As is the case with all of the systems tests, this test was performed to prove
the integrity of the entire system and to test the individual components in
order to assure that the operation was as designed. The test of this system
was divided into four sections, each section intended to cover one phase of the
complete test.
In the first section, the expansion tank, component cooling-water pumps,
cooler, and supply and return headers were completely filled with water and
hydrostatically tested, using a hand pump. At the same time, the pressure
was increased in order to test and set the relief valves. The level indicator and
alarms on the expansion tank were tested and adjusted as necessary to provide
for satisfactory operation.
In the second section of the test, a corrosion inhibitor was added to and
thoroughly mixed with the system water. Following the initial addition of this
inhibitor, the concentration was determined weekly for a 2-month period. Any
change in the concentration of this inhibitor indicated a plating action, and the
concentration was then reestablished by the addition of inhibitor to the system.
As each of the components in this system was installed, the piping loop
from the supply header through the component to the return header was filled
and hydrostatically tested as a part of the third section of the test. Included
with the hydrostatic test was a test of any relief valves in the loop. Also, as
a part of this section, the instrumentation and controls were observed for
satisfactory operation, performance tests were made of the component cooling
water pumps, and when all the individual cooling loops through the various
components were complete, the flow through the individual components was
adjusted to a predetermined value by setting the flow-control valves in all loops.
In the fourth and final section of the test, the cooling water conditions
for each component served by the system, operating under normal plant
conditions, were determined. During this section of the test the entire system
was observed as a single unit and a heat balance obtained for the cooler.
The completion of these four sections of this one test established the
satisfactory operation of the system. In a conventional power station by way of
comparison, many of the same tests are made but on a less formalized basis.
Normally, in the conventional power station, the system would be placed in
service initially by the operators who would observe, generally, the cooling
water flow, temperatures, and pressures, and would assure themselves that
the system is operating satisfactorily. In most cases, no further test would be
conducted unless there was some evidence of system malfunction. ME

LEGO
The now-ubiquitous plastic toy brick
was first developed in post-World War II
Denmark by the Lego Company. The initial
toy set, called “automatic binding bricks,”
were not wholly original: stacking wooden
blocks had been around for some time, and
the Lego brick system was based on an
earlier English toy design. The first Lego
bricks were made from cellulose acetate,
a material that didn’t lend itself to locking
together. After years of looking for a better
material, Lego hit upon the use of a tough,
impact-resistant polymer called acrylonitrile
butadiene styrene, and the new Lego system
was patented in January 1958. Today, Lego
has branched out into many types of toys,
including programmable robots.

A 1950s Legos box depicts the varied
objects children could build with the
standardized bricks. Image: Lego
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Learn how to simulate ﬂuid-structure
interaction (FSI) problems in this webinar
featuring guest speaker Nagi Elabbasi of
Veryst Engineering. We will demonstrate FSI
simulations in a wide range of applications,
including micropumps, cardiovascular systems,
peristaltic pumps, MEMS sensors, shock
absorbers and ﬂow-induced vibrations.
We will also discuss the different analysis
options, solver options and FSI capabilities in
the COMSOL Multiphysics® software.
The presentation will include a live software
demonstration featuring an axisymmetric
heart valve simulation where the solid and ﬂuid
deformations are strongly coupled. You can ask
questions at the end of the webinar during the
Q&A session.
Fluid-structure interaction analysis of a heart valve, including contact modeling.
Deformation, von Mises stress, and velocity magnitude are shown.
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TECH BUZZ || TRENDING

BY THE NUMBERS:

FOR YOUNG ENGINEERS,
PATIENCE IS A VIRTUE
According to a large-scale salary survey, a little extra schooling doesn’t hurt, either.
Engineers with six to 10
years of experience make
considerably more money
than those just starting out.
Image: Getty Images
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M

ost people have heard stories about recent graduates with expensive liberal arts degrees that find
themselves working as baristas or dog walkers.
Regardless whether those tales are more urban legend than
lived experience, the fear of servicing large student loans on
minimum-wage salaries is driving many young people to pursue engineering and other science and technology degrees.
The latest edition of ASME’s Salary and Benefits Survey,
published in January, looks at a wide variety of factors affecting
the income of engineers.
Based on the responses of more than 1,500 ASME members,
the survey looked at such variables as what engineering fields
paid the most, which metro areas had the highest salaries, and
the annual rate by which engineering incomes increased. (For
the record, the answers are petroleum engineering, Hartford,
and between 3.5 and 5 percent.)
For young engineers, however, the most interesting results
may be how incomes rise based on experience.
Respondents who had less than two years’ experience
employed at an engineering-related job reported a median
income of $73,079, with half reporting an income between
$66,000 and $88,000.
Sticking it out a few years can result in a pretty big jump.
Half the engineers with between six and 10 years of job experi-

ence made between $77,000 and $115,000, with the median
salary of $95,500.
As experience increases, so does income. Respondents with
more than 20 years of experience reported a median income of
$144,000 a year, with ten percent making more than $230,000.
For early career engineers looking for an income boost
(other than becoming petroleum engineers in Hartford) pursuing additional education is a potential road to relative riches.
The survey found that engineers with a bachelor’s degree in
mechanical engineering made a median salary of $118,000,
with half making between $92,000 and $148,000 a year.
Adding a master’s degree in mechanical engineering increased income; the median for M.S. holders was $125,000.
Engineers with master’s in business administration fared even
better, making a median salary of $141,600, with half making
between $109,000 and $185,000 a year.
The engineers with the highest degrees had the highest
salaries, however. Holders of Ph.D.s reported a median income
of $155,000 a year, and 10 percent had salaries greater than
$270,000.
To access an interactive version of the Salary and Benefits
Survey, visit: http://go.asme.org/salary-services. ME
JEFFREY WINTERS

A S M E S A L A R Y S U R V E Y R E S U LT S
TOTAL PRIMARY COMPENSATION

HIGHEST DEGREE HELD

Median

All Respondents

$74,900

$96,500

$124,000

$158,000

$205,000

BS Degree in ME

$72,100

$92,270

$118,000

$147,700

$182,000

BS Degree in other
engineering discipline

$64,200

$77,000

$106,775

$160,000

$180,000

Masters in ME

$84,600

$105,000

$125,000

$154,320

$205,000

Masters in other
engineering discipline

$75,000

$101,000

$127,571

$170,000

$239,692

MBA

$99,400

$109,000

$141,600

$185,000

$251,200

PhD

$103,000

$126,000

$155,000

$184,000

$270,000

TOTAL PRIMARY COMPENSATION

YEARS EMPLOYED IN AN
ENGINEERING POSITION

Median

All Respondents

$74,900

$96,500

$124,000

$158,000

$205,000

Less than two years

$53,000

$66,000

$73,079

$88,068

$125,500

2 – 5 years

$60,500

$70,000

$83,700

$101,000

$142,000

6 – 10 years

$65,000

$77,210

$95,500

$115,000

$133,000

11 – 20 years

$80,000

$96,000

$116,500

$140,000

$165,700

More than 20 years

$100,500

$118,449

$144,644

$176,994

$230,000

Source: ASME’s Salary and Benefits Survey, 2017 Edition
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Beyond the

Sticking
Point
New friction theories can help engineers not
only avoid costly blunders but also come up
with elegant new solutions to longstanding
challenges.
By Michael Nosonovsky

I

t was a clever solution to a modern problem.
Automotive engineers at Toyota realized
that their new electronic accelerator pedals
didn’t provide the kind of tactile feedback that
old mechanical pedals did. That missing tactile
response made it hard for drivers to maintain
the pedal position. So accelerator pedals
for Toyota cars at the end of the last decade
were designed with a plastic friction device
to simulate the mechanical response of older
pedals. Problem solved.
Except that the engineers hadn’t properly
modeled the friction.
According to a statement released by Toyota
in February 2010, “Due to the materials used,
wear, and environmental conditions, these
surfaces may, over time, begin to stick and
release instead of operating smoothly. In some
cases, friction could increase to a point that
the pedal is slow to return to the idle position
or, in rare cases, the pedal sticks, leaving the
throttle partially open.” In extreme cases, the
accelerator pedal became stuck in a position
even after the driver removed his foot, causing
uncontrolled acceleration.

The accelerator issue was implicated
in multiple accidents, and according to
the (possibly exaggerated) claims of some
attorneys, the acceleration resulted in 16
deaths and 243 injuries.
A total of 7.5 million vehicles were recalled
due to the mechanical sticking of the
accelerator pedal. The recall resulted in a loss
of about $4.4 billion for the company. While
several factors contributed to the crisis, the
miscalculation of the potential for friction
in the pedal assembly using 3-D simulation
software was at least partially responsible.
Sliding friction is a fundamental
phenomenon which is present virtually
everywhere, so mechanical engineers have to
deal with friction and lubrication in various
aspects of their work. According to some
estimates, more than 10 percent of energy
consumed in developed countries is spent
on overcoming friction, and 1.0 percent to 1.4
percent of gross domestic product could be
saved by the proper application of tribology
(the study of friction and wear between solid
surfaces in relative motion).
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A technician repairs
the accelerator
pedal of a Toyota
car in 2010. Many
Toyota models
suffered from
accelerator pedals
(to the right of
the brake pedal in
inset) that could
stick, leaving the
throttle open.

Despite the importance
of the sliding friction,
our approaches to this
phenomenon often remain
outdated and rely on centuriesold concepts. New friction theories
can help engineers not only avoid costly
blunders like the one that affected the Toyota
braking system but also come up with elegant
new solutions to longstanding challenges.

S

liding friction – the force that resists
the relative motion of two moving
bodies in contact with one another – is
a fundamental consideration for almost every
engineered product. To calculate it, engineers
generally turn to the classical AmontonsCoulomb laws of sliding friction. These laws

state that the friction force is proportional to
the applied normal load and independent of
both the apparent or nominal area of contact
and the sliding velocity. To calculate the
friction force, then, one needs only ﬁnd the
normal load force (that is, the load that is
perpendicular to the surface) and multiply it
by the coefficient of friction, μ, between the
two surfaces, which is found experimentally.
Handbooks for engineers often include
values of the coefficient of friction for various
pairs of materials in contact. However, these
handbooks and tables typically warn that
extreme care is needed in using COF data,
since the reference data is approximate
and the values often span wide ranges. For
example, various references provide the COF
values for steel on steel between 0.15 and 0.78
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for static friction and between 0.1 and 0.42 for
sliding friction.
To illustrate the challenge inherent in using
experimentally derived coefficients, a recent
study sent identical steel and the aluminum
oxide samples to various labs around the
world to determine their coefficient of
friction. The surfaces of samples had the same
roughness parameters; the ambient conditions
of every test was similar; the load applied
on samples (pressures) and sliding speed
were the same. The measured values the labs
reported μ ranging between 0.4 and 0.9. Such
a huge margin of error indicates that COF
may be neither a convenient nor an adequate
parameter to characterize friction.
While the Amontons-Coulomb laws are the
foundation of tribology,
these laws are not
considered fundamental
laws of nature, but
rather approximate
empirical rules.
Friction is perceived
as a collective name
for various unrelated
effects of a different nature and diverse
mechanisms such as adhesion, fracture,
and deformation, lacking any internal
unity or universality. In theoretical works
in mechanics and physics, the laws of dry
friction are usually introduced in an ad hoc
manner in addition to the constitutive laws
of mechanics, rather than deduced from any
general principles.
There are alternative approaches. One,
derived from the idea that friction is a kind
of rupture, was suggested more than 20 years
ago. According to the frictional rupture
theory, friction is similar to the fracture
mechanics for a crack which propagates
under shear loading conditions. The conditions that govern the amount of sliding friction are the strength of the interface between
the two surfaces and the shear stress trying
to tear the interface apart. Sliding begins at
the weakest point of the interface, but due
to various minor imperfections in the shape
of the samples, their alignment, and loading,
the value of the static coefficient of friction
corresponding to the onset of sliding can vary
signiﬁcantly.

Only recently has this model been proven
experimentally. The group of Jay Fineberg
from the Hebrew University in Jerusalem
designed experiments with two transparent
polymethyl methacrylate blocks, a high-speed
camera, and an array of small strain gauges to
show that a one-over-square-root singularity
(known for crack propagation) is also
found during friction—thus demonstrating
experimentally that friction is similar to crack
propagation during rupture. The experiment
showed that the COF strongly depends on
various experimental conditions; it is not a
materials parameter.
Besides the sensitivity towards the shape
of the samples and bulk deformation, the
coefficient of friction depends on the duration
of contact between the
microscale peaks of rough
surfaces, called asperities.
Even on seemingly
smooth surfaces, the
real area of contact is
a small fraction of the
apparent contact area
because of microscopic
irregularities. When operating conditions
change—for example, the sliding velocity
increases—the friction force increases at ﬁrst,
and then approaches to a stationary value.
This transition process is referred to as the
“run-in.”
Models of the so-called dynamic friction
often involve internal “state” parameters
and dependency of the COF on the “rate” or
sliding velocity. Such “rate-and-state” models
are empirical. The physical reasoning behind
them, however, is that the real area of asperity
contact depends on the duration of contact
(which is inversely proportional to the sliding
velocity) due to viscous effects, creep, and
other relaxation processes.
Rate-and-state models are popular in
geophysics and seismology for the friction of
tectonic plates. However, they are less known
among engineers. Instead, in robotics and
control engineering, similar but completely
phenomenological models of dynamic friction
are used with non-constant COF. Better
awareness about modern approaches to
dynamic friction can be very beneﬁcial for
engineers in this area.

COF MAY BE NEITHER
A CONVENIENT NOR AN
ADEQUATE PARAMETER TO
CHARACTERIZE FRICTION.”
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F

riction is usually thought of as a stabilizing
factor, but in the 1990s George G. Adams
discovered that for a broad range of
material parameters, the motion is dynamically
unstable. When two elastic bodies that are
slightly dissimilar in terms of their elastic
properties are in frictionless contact, an elastic
wave can propagate along the interface. This
wave is conﬁned to the interfacial area, since
its magnitude decreases exponentially with the
distance from the interface. If a small constant
coefficient of friction is introduced, the
amplitude of the wave will not remain constant
anymore. Instead, the amplitude will grow with
time in an exponential manner, making the
sliding unstable. The source of energy for these
waves is the work done by the external force
applied to overcome friction.
Instabilities of different types emerge when
the coefficient of friction decreases with
increasing sliding velocity or when friction
is coupled with another effect, such as the
thermal expansion of the
material. The material
expansion due to heating
results in increasing contact pressures and friction,
which yields further heating and material expansion
and a positive-feedback
instability. The stability
or instability of frictional sliding of two bodies
can be predicted via a general thermodynamic
mathematical criterion.
Several types of vibration patterns can
emerge as a result of frictional instabilities.
Some of these stick-slip vibrations may be
responsible for the “brake squeal” sound and
for other instances of friction-induced vibrations. Usually, friction-induced vibrations are
undesirable, but they are also used deliberately for sound generation. For instance, many
stringed musical instruments, such as violins,
take advantage of friction between a bow and
string to produce a tone.
Other potential engineering applications of
this knowledge include vibration elimination
and control as well as actuators and ultrasonic
motors, generating interfacial waves using the
piezo-effect.
Besides vibration patterns, solid ﬁlms can
form at the frictional interface during sliding,

if friction catalyzes a chemical reaction or
atomic or ionic transport at the interface.
Such reactions occur in a number of situations
when a soft phase is present in a hard matrix,
including Al-Sn and Cu-Sn-based alloys. These
in-situ formed triboﬁlms can have protective
properties and may reduce friction and wear,
so it is desirable to ﬁnd the conditions under
which such ﬁlms would grow.
Some tribologists have hypothesized that
in an Al-Al2O3 composite, the stability of the
protective triboﬁlm growth depends on the
size of the Al2O3 reinforcement particles, which
could explain an abrupt decline of friction and
wear in some experiments with decreasing
particle size. Understanding these processes
provides a tool for design of novel selflubrication and wear-resistant materials.
Other examples of self-organized processes
induced by friction include the formation of
protective ﬁlms at the steel-bronzes interface,
martensite surface layers in steel, and carbon
reduction during the
friction of copper. Proper
understanding and control
of these processes allows
the development of new
tribological materials.
How can an engineer
take into account such
processes as the run-in or
frictional instabilities? Conventional design
tools, such as the computer-aided design or
computer-aided engineering software, deal
with friction by assuming a constant value of
the coefficient of friction. Engineers would be
better off deﬁning that parameter themselves
in order to capture the dynamic nature of
friction.
One example where that would have been
advantageous occurred when design engineers
for BMW encountered a problem with squeaky
brakes on one of the company’s vehicles. It
turned out that during the computer design
process, engineers instructed the software only
to look for in-plane vibration of the brake disk,
while the squeal was the result of the outof-plane friction-induced vibration. A wrong
assumption about the nature of frictional
effects led to a poor design.
Another example where modern models of
friction are beneﬁcial is airplane brake disks

ENGINEERS SHOULD
DEFINE COF THEMSELVES
TO CAPTURE THE DYNAMIC
NATURE OF FRICTION.”

MECHANICAL ENGINEERING | MARCH 2018 | P.35

Aircraft brakes
must dissipate
a huge amount
of energy.
Within seconds
of touchdown,
friction raises the
temperature of the
brakes to more
than 1,000 °C.
Photo (left) Getty Images/
iStockphoto

typically made of carbon-carbon composites.
To stop an airplane within seconds after it
touches the runway, a huge amount of energy
must be dissipated, with the temperature
of the disks rising to about 1,000 °C. Test
results show variability of the friction force
and therefore, of the time required to stop
the aircraft. This variability is attributed to
thermo-frictional instabilities, and thus taking
into account the instabilities leads to more
predictable behavior of the brake mechanism.
Frictional effects are increasingly important
with miniaturization. This is because small
devices have high surface-to-volume ratios,
with surface forces such as friction and
adhesion dominating over the volume forces.
Relying on the old-fashioned models of friction
provides insufficient precision for micron- or
submicron-size devices. One product that
relies on precision friction modeling is the
hard disk drive, where magnetic platters
spin at thousands of revolutions per minute
and the data encoded on them are read by a
“head” that hovers only a few nanometers
above the surface. With moving parts in such
close proximity, friction and adhesion should
be carefully controlled at the magnetic head-

disk interface to provide
maximum data-recording
density.
These examples suggest
that proper incorporation of
dynamic friction into engineering
design models and software can be
beneﬁcial for practical engineers. ME
MICHAEL NOSONOVSKY is a professor of mechanical engineering at the
University of Wisconsin, Milwaukee, and an ASME Fellow.
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EYES
ON
THE

Ocean Quest was one
of 19 teams to make it
into the semifinals of
the $7 million Ocean
Discovery X Prize
competition to map
the ocean 4 kilometers
below the surface.
Image: Ocean Quest

Young minds are tackling
big engineering challenges—
and changing their lives.
BY CASSIE KELLY

PRIZE
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Ocean Quest’s entry combined a
catamaran-type “mother ship”
with a tethered submarine.
Image: Ocean Quest

very engineer knows
the feeling when all
those carefully crafted
designs and calculations
begin to unravel. The members of
the Ocean Quest team felt it just
weeks before the deadline for the
Ocean Discovery X Prize.
Sponsored by Royal Dutch
Shell, the $4 million ﬁrst prize
will go to the best autonomous
system for mapping and
identifying geological, biological,
and archeological objects 4
kilometers under the ocean.
The National Oceanic and
Atmospheric Administration is
adding another $1 million for a
system that traces a lingering
chemical or biological signal back
to its source.
But ﬁrst, Ocean Quest had
to get its proposal past the ﬁrst
round. Judges assess proposals
on everything from autonomy,
collision avoidance, speed, and
durability to data management,
image quality, and navigation.
Only passing teams get to build
prototypes.
Ocean Quest had spent months
creating its X Prize proposal.
The design was straightforward.
It involved a catamaran-like
“mother ship” on the surface,
tethered by a series of cables
to an underwater vehicle that
images the seabed with sonar and
collects chemical samples.
A few weeks before the due
date, the team reviewed its
proposal one last time—and
discovered the design failed to
meet all contest requirements.
“We pretty much had to redo
our whole design and draft
a new proposal in just a few
days,” said Ocean Quest member
Rohan Viswanathan. “It seemed
impossible.”

E

The first modern big-purse
competition, the $10 million
Ansari X Prize, led to the
creation of a reusable space
craft, SpaceShipOne.
Image: Ansari XPrize

ather than admit defeat, the team
pulled together to redesign the system.
After all, they had already done the
heavy lifting—design, calculations,
preliminary engineering. Now, it was a day and
night sprint to reshape everything to ﬁt the rules.
It worked. Several months later, the X Prize
Foundation informed Ocean Quest that it was
among the 19 teams to survive the ﬁrst cut.
“Our advisor sent out a text that said, ‘We made
it, and now we’re in this elite group of people all
over the world,’ ” team member Mihir Kasmalkar
said. “We all screamed and cheered and then got
back to doing the real work.”
They may have carried on longer and louder
than other teams. That’s because Kasmalkar,
Viswanathan, and Ocean Quest’s other members
were all students at Valley Christian middle and
high school in San Jose, Calif.

R

STRONG INCENTIVES
The young Ocean Quest team was not
the typical competitor. The other 18 X Prize
Ocean Discovery semiﬁnalists included
teams from universities, research institutes,
and entrepreneurs seeking to commercialize
proﬁtable ocean mapping systems.

All those teams show how competitions and
high-stake prizes can energize design challenges
by turning them into a race.
They always have. The 1714 Longitude Prize,
for example, spurred the invention of the
marine chronometer, a precise clock that made
celestial navigation possible. A century later, a
French prize for food preservation led to the
development of canning.
In 1927, the Orteig Prize prompted Charles
Lindbergh’s non-stop ﬂight from New York to
Paris. Fifty years later, the Kremer Prizes sparked
aeronautical engineer Paul MacCready to build
the human-powered Gossamer Albatross, which
ﬂew from England to France.
When the Soviet Union launched Sputnik, the
ﬁrst orbital satellite, it sparked a competitive
frenzy of science fairs in the United States.
When the USSR collapsed, that sense of urgency
diminished, and the events became backwaters
for science nerds.
First Robotics and the X Prize made science
and engineering cool again. Launched in 1992,
First Robotics turned building robots into a team
sport. The contest challenged youth to invent
robots to ﬂing discs at a goal or balance on a
beam. Every team started with a standard set of
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parts, but the results were as diverse as the teams
that built them.
The Ansari X Prize, the ﬁrst modern highstakes competition, generated a frenzy of media
coverage. It promised $10 million to the ﬁrst nongovernment team to launch a reusable manned
spacecraft into space twice within two weeks.
The contest, won by Burt Rutan and Scaled
Composites’ aircraft-launched SpaceShipOne
in 2004, drew 26 student teams, startups, and
entrepreneurs from around the world.
X Prize Foundation founder Peter Diamandis
believed engineers had already solved many of
space travel’s big problems. He argued that a
strong incentive—honor, glory, and $10 million—
might be all it took for innovators to close the
remaining gaps.
He may have been right. Richard Branson’s
Virgin Galactic has partnered with Scaled
Composites to launch pleasure trips beyond
Earth’s atmosphere. More importantly, the
excitement generated by the competition sparked
other companies to look upwards. While some,
like Elon Musk’s Space X, are building launch
rockets and satellites, others are trying to raise
funds to mine asteroids and colonize Mars.
DARPA was watching. Its 2004 Grand
Challenge offered $1 million to the ﬁrst driverless
car to complete a 150-mile course. No team got
further than eight miles. Yet within three years
later, six teams completed a 60-mile course
through an abandoned military base, merging
with traffic, obeying lights and stop signs, and
pausing for pedestrians.
Today, high-stake engineering prizes and
competitions are everywhere. Recent X Prizes
draw scores of competitors to challenges as varied
as water abundance, lunar landings, artiﬁcial
intelligence, and adult learning. Other competitions seek to improve the efficiency of solar and
battery-powered electric cars, race autonomous
vehicles up Pikes Peak, and develop software
apps in hackathons. ASME holds competitions for
human-powered vehicles and product makeovers
using 3-D design at its E-Fests.
The typical team might look like one of Ocean
Quest’s semiﬁnal competitors, Duke University’s
Blue Devil Ocean Engineering team, which
includes more than 50 students.
The Blue Devils’ mother ship is a heavy lift

drone that will drop autonomous robot pods into
the ocean, where they will then disperse to map
200 square miles of ocean ﬂoor using synthetic
aperture sonar.
The students, mostly in their early 20s, are still
learning the fundamentals of engineering in their
undergraduate programs. They are also wrestling
with technologies that professional engineers
have yet to master and certainly want to win, but
they are equally interested in learning through
hands-on engineering.
“I knew this project would help strengthen my
scientiﬁc background,” said Hana Ounnoughene,
a foreign exchange student from France who
worked on the Ocean Discovery project at Duke
this past summer.
“As an informatics major, I never studied
electronics before. Then I started this project and
had to learn how to make a Raspberry Pi operate
2,000 meters underwater. That’s just something I
never thought I would do, and it may even change
my career plans,” she said.

FUTURE CAREERS
She is not alone. When top companies
announce positions like “machine learning
deployment engineer” at Google, “big data
engineer” at Apple, and “VR gameplay engineer”
at Facebook to choose from, they are recruiting
students for jobs that do not fall into neat

First Robotics
turned engineering
and programming
into a team sport.
It attracted 75,000
students in 2016.
Photo: First Robotics

categories. To compete for those positions, students
must have deep cross-disciplinary experience.
That’s what they get at Ohio State University’s
EcoCAR Program. For more than 10 years,
the school has been involved in Department
of Energy’s Advanced Vehicle Technology
competitions. Since the ﬁrst EcoCAR NeXt
Challenge in 2008, OSU has dominated.
OSU’s team goal is to build a hybrid electric
Chevrolet Camaro that minimizes environmental
impact without sacriﬁcing sports car performance.
“The biggest draw for the program is that a
mechanical engineer can work with a computer
science major or electrical engineer, which
is something that is very difficult to do in a
university scenario,” said team systems safety
manager Simon Trask, who is pursuing a master’s
degree in mechanical engineering. “It’s one of
the reasons that we do so well, because we learn
to communicate outside of the standard majorspeciﬁc terms.”
Those communications skills were put to the test
when Trask’s team faced a crisis of its own.
“We noticed a melt failure in the engine just
a day before we had to ship the car for its ﬁnal
presentation,” he said. “We knew we had to
repair it as quickly as possible. But there was no
panic, no giving up. It was like we hit crunch time
and suddenly everything we had been training
for kicked in. We ﬁnished it in just three hours.
Ordinarily, a problem like that would have taken
over a week to ﬁx.”
ASME fully
embraces global
student engineering
competitions.
These include
contests for humanpowered vehicles
(right), product
redesign using 3-D
printing, predictive
simulations, and
hardware-led
social innovations.
Many are held at
its E-Fest student
engineering
celebrations held
around the world.
Photo: ASME

Such hurdles come standard with high-pressure
competitions. Students compete not just against
other teams but also against the clock. The best
entry is not always the best design, but perhaps the
most reliable, the most affordable, or the one they
can complete by deadline.
This can produce an unsettling amount of stress.
That is why X Prize Foundation’s vice president
of prize development, Chris Frangione, tries
to balance audacity with feasibility. He wants
competitors to stretch to reach their goals without
growing so discouraged that they quit altogether.
“It’s all about making sure there are as many
teams as possible reaching these goals, so that we
can more quickly and efficiently change the world,”
Frangione said. “To do that, we must consider
the right amount of time, incentive, and level of
support we give. Otherwise, the teams won’t have
the motivation to compete or the tools they need to
succeed.”

UNDER PRESSURE
At Ocean Quest, the students have found ways
to cope with stress. “We pray together and do our
work,” 10th grader Micah Kim said. “We keep
looking toward what can we do to make our model
better and we don’t let the doubts take over.”
OSU’s EcoCAR team members put their faith in
each other. “We sit in a room together all day long,
so we have to love each other or it’s going to be one
heck of a year,” Trask said. “Half the time, it’s so
stressful, but that’s why I got involved. We come
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in on weekends and late at night. It’s when we’re
using our off time that I think it’s the most fun.”
Without their rock-solid work ethic and team
mentality, the students probably wouldn’t even
get the car running, added OSU’s EcoCAR advisor
Shawn Midlam-Mohler.
“The students are in the program because
they have a true passion for it,” he said. “When
professors are in the classroom giving homework
or exams, students don’t really respond. But with
EcoCAR, we must tell them to go home or put
in less time. No lecture can beat the real-world
experience these students are getting.”
This is because hands-on, competitive
engineering lets students do what they came to
school to do: innovate and build. In surveys and on
internet chatrooms, students complain about the
drudgery of learning engineering fundamentals.
They learn the same concepts in a competition,
but applying them to real challenges makes all the
difference.
Schools have noticed. More and more
universities are encouraging competitions and
integrating them with course curricula.
“What students learn in courses at Carnegie
Mellon University helps students effectively
compete in these competitions, and the
competitions help our students better understand
and apply what we are teaching them in our
program,” the school’s dean of engineering, James
Garrett, Jr., said.
His students placed ﬁrst in the DARPA 2016
Cyber Grand Challenge for AI software that
protects itself from hackers and viruses. In June
2017, students from Massachusetts Institute of
Technology won the U.S. Department of Energy’s
Cleantech University Prize for a new way to reduce
power plant water consumption.
Many competitions have gone international,
including Intel’s giant International Science and
Engineering Fair and events held by ASME and
other professional societies. Greenpower is cloning
its popular U.K. solar-powered vehicle race in the
United States.
These competitions are also reshaping what
students know when they graduate school. In many
cases, it prepares them for future careers that blend
engineering prowess with digital savvy.
Industry leaders have taken notice. EcoCAR
participants have careers lined up before they even

have a chance to contemplate what to do with their
futures.
“General Motors is a huge recruiter of our
students,” Midlam-Mohler said. “In recent years,
since participating in the competition, we’ve seen
growing interest from Ford, Chrysler, and Honda.
Our students often get multiple offers, and they can
choose whoever they want.”
At Duke, Blue Devil advisor and associate
professor of electrical engineering Martin Brooke
sees the same thing: “Our students are going all
over the place after graduation.”
Through competitions, students are fusing
together disciplines to navigate a faster and more
interconnected future. They are learning to rise to
technical challenges, and discovering how to turn
people with different skills into an effective team.
They have helped commercialize manned
spaceﬂight, launch the autonomous car revolution,
design fuel-miser sports cars, and plumb the ocean
depths. They are developing new combinations
of skills, and laying the foundations for new
technologies and startups.
And those competitions are making engineering
cool again for teens like the students on Valley
Christian’s Ocean Quest team. ME
CASSIE KELLY is a writer specializing in engineering, science,
and ecology. She lives in Columbus, Ohio.

NASA Big Idea
Challenge winners
from Tulane
University, shown
holding a model of
a winning design for
a self-assembled
solar-electric space
tug that can deliver
payloads from low
earth orbit to the
lunar surface.
Photo: NASA/Harlen Capen

Laurel Kuxhaus, an associate professor
of mechanical engineering at Clarkson
University, works with students in the
university’s orthopedic biomedical
engineering lab.
Photo: Clarkson University
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RETHINKING
THE CLASSROOM

To better engage students, professors are integrating active learning methods
into their biomedical classes.
BY JOHN KOSOWATZ
Undergraduate college lecture courses can
be notoriously boring: Large numbers
of students in cramped classrooms or
large auditoriums taking notes while an
instructor tosses out lessons from a text.
But the material covered in these basic courses—especially
for engineering students—provides the foundation for
everything to follow. Biomechanical and biomedical
engineering students may have a bigger burden: They are
tasked with those same classroom structures in a ﬁeld that
is relatively new with a wide technical scope. They are
required to develop functional expertise in a wide variety of
ﬁelds, from materials chemistry to mechanics, and develop
engineering skillsets in a short time.
To make content more engaging while boosting learning,
more colleges are inserting active-learning elements into

A professor and
student review
3-D ultrasound
diagnostic imaging.
Photo: Worcester
Polytechnic Institute

early undergraduate lessons. The goal is for students to
develop entrepreneurial skills to aid students in thinking
outside the box, using their developing technical skills to
develop innovative solutions. In many cases, it is the ﬁrst
time young students are given real-world, open-ended assignments where there can be more than one solution to a
given problem.
Engineering programs are bringing the entrepreneurial
mindset to younger students, often based on the deﬁnition
used by the Kern Entrepreneurial Engineering Network.
Sponsored by the Kern Family Foundation, KEEN is
a collaboration of 31 U.S. universities with the goal of
supporting entrepreneurial skills in undergraduate
engineering and technical students. KEEN says the
entrepreneurial mindset has three critical components:
curiosity, connections, and creating value.

Ohio State associate
professor Samir Ghadiali
works with Natalia HiguitaCastro, a graduate student
in biomedical engineering.
Photo: Ohio State University

Project-based
entrepreneurial lessons
engage students better.
Photo: Worcester
Polytechnic Institute

CONTEXTUALIZING PROBLEMS
At Clarkson University in Potsdam, N.Y., mechanical
engineering assistant professor Laurel Kuxhaus is
working with a KEEN grant to integrate active learning
into sophomore-level studies. In an introductory
biomechanics class of 35 students, she posed a research
question on whether cervine vertebral cancellous bon—
deer vertebrae—was appropriate for use in biomechanical
studies, a question unanswered in literature, she said.
“It is contextualizing a problem with real-world
aspects,” she said. Although her students gave the exercise
high marks, she said they “are uncomfortable with openended problems. But it’s a part of their educational
development. They don’t know how to trust
themselves.”
At the University of Alabama-Birmingham,
biomedical professor Joel Berry went out of
the classroom and developed a partnership
between the university’s school of nursing,
biomedical engineering department, honors
college, and hospital to link undergraduate
students with clinicians looking for help in
dealing with real-world problems. The challenge is to
accelerate the translation of innovation from the clinical
setting into practice, he said.
The clinical innovation class targets sophomores,
although senior biomedical capstone students also
participated, Berry said. “Students lacked clinical
immersion until their senior design project. There’s a need
to engage in real-world experience earlier,” he said.
Berry conceived UAB Solution Studios in 2017 to
connect the groups. “We’ve got a pretty big hospital here,
so it seemed a natural [ﬁt],” he said. Nursing graduate
students and clinicians from UAB Hospital were recruited

to provide speciﬁc unsolved problems they deal with daily
in medical care, including those found in cardiovascular,
surgical, intensive care, and other departments.

INTERACTIVE PORTAL
Key to the effort is a web-based interactive portal
connecting students with professionals where clinicians
post problems and students select them for development.
Breaking into teams, they then shadow the clinicians to see
and better understand the problems facing clinicians and
patients before attempting to develop solutions.
“This is most essential, especially dealing with empathy,”
said Berry, who feels strongly that students must
understand the needs of patients and how they
deal with their medical issues.
The honors class shadowed clinicians over
two weeks, dividing into teams. Then, they
researched literature for relevant background
along with patients to describe problems and
solutions. Finally, they built basic prototypes
and presented them to clinicians for feedback.
The sophomore class produced four device
solutions and one process. Two projects then moved to
full design: a redesign of ostomy bags to reduce infection
and improvements to how tubing, catheters, and other
equipment are secured to the body to reduce skin ulcers.
Berry said the website was important to the success
of the effort. Students and clinicians found it easier to
communicate with each other through the portal than
with emails or face-to-face meetings. Now, he’s working to
improve the website and open it to other universities.
“We’re now in the middle of the second year, and
we’re going to expand from a digital platform connecting
students with clinicians to a free-standing web platform
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A student analyzes test
results in the lab.
Photo: Arizona State University

A student measures
range of motion in the lab.
Photo: Valparaiso University

scaled to other institutions,” he said. “We’ve had a lot
of success for access by clinicians, but there is limited
functionality.”
Three universities have already shown interest, but there
are no commitments yet. “We want to create a product to
license to them,” he said. But the UAB program continues
to move forward. Initially, most of the clinicians who
volunteered were nurses and therapists. Berry said more
doctors now are participating and students are working on
a third project, to develop a modiﬁed way of transporting
patients needing spinal immobilization.
“Now, these patients are moved to what is basically a
rigid backboard,” he said. “There’s a big problem
in creating skin ulcerations. So the project is
to create a low-cost backboard that evenly
distributes the forces throughout the body.”
Development will be done by students
selected for a 12-week summer fellowship
funded by a university grant. He expects most
of the students to be biomedical students with
a pre-med major. “We’re creating a competitive
application process for twelve weeks, forty hours a
week, to do a deep dive into the work,” he said.

ENTREPRENEURIAL ELEMENTS
Worcester Polytechnic Institute has long used projectbased lessons in its engineering curriculum, notes Kristen
Billiar, chair of the school’s biomedical engineering
department. He said all but one of the biomedical
professors now is trained in KEEN, and entrepreneurial
elements are being added throughout the curriculum.
Billiar wove entrepreneurial elements into his
sophomore-level class on biomechanics, typically taught
with lectures, quizzes, and tests to judge technical

proﬁciency. “We changed the learning objective somewhat.
We want them to learn static analysis better, so we
introduced a real-world problem. We want them to
communicate and work as a team.”
In his initial two-week effort, some homework assignments
covering moments, forces, and static analysis were jettisoned.
Instead, students were presented with a problem of
veterinarians reporting unacceptable rates of cracking of
the plastic portion of acetabular cups in hip-replacement
products for dogs. Students were divided into teams and
asked to analyze mechanics of canine hips to determine the
force that the ball applies to the acetabular cup. They were
offered extra credit if they could devise a better
design or alternative solution to the problem.
Over 75 percent of the teams produced a
design for solution for extra credit, including
using more durable materials for the
replacement parts or changing the geometry.
In testing, they did signiﬁcantly better in
describing concepts of static analysis, compared
to previous classes that relied solely on lectures
and homework. But they scored lower in quizzes on
forces and moments and static equilibrium.
“Answers to conceptual questions went way up, but
quantitative one went down,” Billiar said. That result that
should not be surprising since students were not required to
do the same types of problems presented in the quizzes.
Billiar adjusted and put homework back into the course
along with the conceptual real-world problem in the second
class to use the concept. Student feedback has been positive,
he said, and the use of conceptual and actual real-world
problems increases in junior and senior-level classes. ME
JOHN KOSOWATZ is senior editor at ASME.org.

TOOLS//SOFTWARE

ROBOTIC
CONTROL APP
COMAU, TURIN, ITALY

C

omau's PickAPP is an Android tablet
app that allows for easier control
of apps through an interactive user
interface. The app is effectively
a replacement for robot remote
controls, and an easier user interface
can create “pick and place” processes
by simply preparing a list of waypoints.
Conﬁgurations, like the type of movement
and the actions related to a gripper, can be
easily added. The app was tested among
a sample set of users, who were able
to perform the programming required
in a few minutes. PickAPP is available
for Comau low payload robots and will
expand to the company's entire robot
family.

CAD DATABASE

CFD SOFTWARE ADDS FEATURES

WATER MANAGEMENT

VOSS FLUID, WIPPERFURTH, GERMANY

MENTOR GRAPHICS, WILSONVILLE, ORE.

TRIMBLE, SUNNYVALE, CALIF.

VOSS Fluid has made its online CAD database
more efficient and added a shopping cart function
so users can conveniently send requests for
proposals to VOSS Fluid. The database covers
more than 10,000 products that can be found via
search, and engineers can easily find matching
components for their project. Users will be able to
save identified components in the shopping cart,
and a mouse-click can
trigger a nonbinding request
for a quotation.
That
T simplifies
the
th shopping
process
proc and saves
time. The platform provides
the CAD
pro
models for all-hose connections
and
co
hose fittings provided by VOSS Fluid.
The CAD models are av
available at voss.
partcommunity.com.

FloFED computational fluid dynamics software
from Mentor, owned by Siemens, has faster
simulation features as part of its software
improvements. The software enables users
to view simulation functionality to observe
things like free flow of liquids into a storage
tank. The new geometry handling, physics and
results visualization features helps frontload
CFD simulation early into the design process
to understand concepts. Mentor has a proven
background in making efficient use of hardware
resources like GPUs, and FloEFD can reduce
overall simulation time by as much as 65 to 75
percent. The new free flow feature is designed
for food and beverage processing equipment,
and automotive and aerospace. The new features
also include the ability to zoom to model only a
fraction or section of large cylindrical shapes,
which is helpful for turbo-machinery, pumps, fans
and compressors.

Trimble Unity 3.8, a cloud-based, GIS-centric
Software-as-a-Service (SaaS) solution, offers
a suite of applications and tools for the water,
wastewater, storm water, and environmental
water industries. Users monitor real-time
operations, deploy smart meters, assess the
condition of assets, reduce leakage and nonrevenue water (NRW), and locate and map critical
infrastructure using Trimble high-accuracy GNSS
mapping technologies. Version 3.8 extends the
platform’s capabilities to include proactive asset
performance monitoring with the integration of
Trimble Telog wireless IOT remote monitoring
instruments and data. This includes monitoring
and management of water level, flow, pressure,
water hammer, rainfall, water quality, pump
stations, and many others items and parameters
on remote water and wastewater networks.
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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.

The offerings include a wide variety of easyto-follow engineering, design, and art-related
projects that give students a better understanding
of technology and software. Created to combine
effortlessly with Roland’s CNC mills, desktop vinyl
cutters, and digital inkjet printers, the tutorials include step-by-step lessons on everything
from cutting decals and customizing smartphone
covers to milling yo-yos and CO2 cars. Projectbased learning tutorials are available for Roland’s
CAMM-1 GS-24 desktop cutter, MDX-540 mill,
MDX-50 mill, TrueVIS series wide-format printer/
cutters, and VersaUV series UV flatbed printers.

BIM SOFTWARE
3D REPO, LONDON

PROCESS MANUFACTURING ANALYTICS
SEEQ, SEATTLE

Seeq R18 is a visual analytics application for
engineers and scientists in process manufacturing
organizations to rapidly wrangle, investigate, and
share insights on production data in the oil and
gas, pharmaceutical, chemical, energy, mining,
food and beverage, and other process industries.
Along with ease-of-use features, there is flexibility
in the way items are displayed in Seeq’s advanced
trending interface. An Organizer assembles results
of investigations and analytics into dynamic documents for reports and dashboards. The software
also supports the Microsoft Azure cloud platform,
and is available on the AppSource marketplace.

TUTORIALS
ROLAND DGA, IRVINE, CALIF.

These project-based learning tutorials complement Roland DGA’s advanced digital devices in
schools, colleges, and other places of learning.

3D Repo is gamifying its cloud-based BIM collaboration software offerings with gaming and VR
technology. 3D Repo BIM collaboration software
v2.0 provides quick access to 3D BIM models and
data using a new rendering engine based on the
Unity platform, which is a popular graphics and VR
development engine. The cloud offering is accessible from the desktop, mobile and even Virtual
Reality (VR) devices. Within the cloud offering,

3drepo.io v2.0 allows 3D models to be loaded from
a repository located remotely. 3D Repo also does
a better job of version management, and the 3D
Repo viewer visualizes revisions from the cloud
without any previous knowledge of the assets. 3D
Repo makes efficient use of memory and GPUs to
speed up the cloud-based offering.

WORKFLOW IN MEASUREMENT
HEXAGON MANUFACTURING INTELLIGENCE,
NORTH KINGSTOWN, R.I.

PC-DMIS 2017 R2 includes Slideshow for INSPECT
software, allowing users to create customizable layouts with inspection results populated
during measurement. The optional Slideshow tab
can display multiple slides of dimensional and
informational labels whenever users execute a
measurement routine. The native mesh resolution
makes it easier to apply a color map to the mesh
data object and create annotation points, align
mesh data objects to the CAD model, or align a
mesh to another mesh object. The Vision Live View
display features have already been programmed
without the need to swap to CAD view, and also
offers an integrated focus graph.

BOOKSHELF

MECHANICAL ENGINEERING | MARCH 2018 | P.48

FEATURED

Mechanics of Accuracy in
Engineering Design of Machines
and Robots Volume I: Nominal
Functioning and Geometric
Accuracy
VLADIMIR T. PORTMAN

ASME Press Books, 2 Park Ave., New York, NY 10016. 2018.

A

ccuracy is one of the fundamental characteristics and
one of the most important measures of the quality
of machines and robots. It signiﬁcantly deﬁnes their
structure and applications and, in turn, depends on
their structure and applications. Accuracy provision,
maintenance, and enhancement are permanently hot problems
in modern manufacturing and manufacturing science. This
ﬁrst volume of Portman’s book includes the introduction and
the ﬁrst 12 chapters, which cover such topics as general deﬁnitions, nominal machine functioning models, and geometrical
accuracy problems. Portman intended the book for machine
and robot designers and researchers and university students,
but it may be also useful for instructors in the mechanical engineering ﬁeld for teaching processes.

490 PAGES. $159; $127, ASME MEMBER. ISBN-13: 978-0-7918-6161-5

BUILDING HABITATS ON THE MOON: ENGINEERING APPROACHES TO LUNAR SETTLEMENTS

INTRODUCTION TO ENGINEERING
FLUID MECHANICS

Haym Benaroya
Springer Nature, One New York Plaza,
Suite 4500, New York, NY 10004-1562. 2018.

Marcel Escudier
Oxford University Press, 198 Madison Ave # 8,
New York, NY 10016. 2018.

The settlement of extraterrestrial worlds has moved from
a distant pipedream of science fiction aficionados to
the near term goal of such powerful people as Elon Musk. Rutgers mechanical
engineering professor Haym Benaroya has tried to underlay those lofty plans with
some structural engineering rigor. Benaroya characterizes the lunar environment—airless, blasted by solar radiation on the day side and unimaginably
cold during the two-week long night—then looks at habitat designs that can
withstand it. The designs consider not only bare physical parameters such as
maintaining air pressure but also the psychological aspects of long-term living
in such a pitiless place.

The world is permeated with fluids—from the air we
breathe and the blood pumping through our veins to
the convection roiling beneath the surface of the Sun—which makes fluid
mechanics a wide-ranging field of study. Marcel Escudier, a professor emeritus
at the University of Liverpool, has written an introductory textbook that
gets at that scope. The introduction contains illustrations of a race car in
a wind tunnel and the flow through a centrifugal pump. The book is written
with beginners in mind, but Escudier doesn’t shy away from introducing the
essential mathematical tools students need to explore more deeply in later
courses.

314 PAGES. $39.99. ISBN: 978-3-3196-8242-6

608 PAGES. $95. ISBN: 978-0-1987-1987-8
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Design Competitions:
Learning by Doing

T

his issue of the magazine shines a spotlight on design
competitions, with a focus on control and robotics. Based
on a suggestion at a recent Dynamic Systems and Control
Conference, the intent of this issue is to introduce readers to several
student design competitions. In general, these contests serve to excite
students with real-life challenges that help students to apply lessons
learned in their courses. The competitive spirit fostered by these contests
also helps encourage students to go beyond what seems possible and to
give them the opportunity to savor the sweet taste of victory.
Although the emphasis is on student experiences, the hope is that
these vignettes also serve to illustrate the rich vein of possibility for
researchers and potential sponsors, who might well consider getting
involved in future competitions.
The articles selected for this issue demonstrate the full
variety of available experiences. The ¿rst article, by Diane
Peters from Kettering University, describes the AutoDrive
competition, sponsored by GM and SAE, a contest primarily
for undergraduate students, but with help from graduate
students. The aim of this three-year competition is to develop
a fully-autonomous vehicle capable of handling a wide variety of
driving challenges. The second article, by Steve Florence, Nikhil
Bajaj and George Chiu from Purdue University, highlights the FIRST
robotics competition, a set of challenges primarily for K-12 students,
but with signi¿cant input from College students. The third article, by
Taskin Padir from Northeastern University, focuses on two research
competitions on humanoid robots, sponsored by DARPA. Here, the
aim is primarily graduate students focusing on cutting-edge research.
I hope you enjoy these articles and, as always, I welcome your
suggestions for topics for future issues.
Peter Meckl
Editor, DSC Magazine

COVER IMAGES: DARPA, KETTERING UNIVERSITY, NORTHEASTERN UNVIERSITY, AND PURDUE UNIVERSITY.
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MECHATRONICS EDUCATION
INNOVATION WORKSHOP:
A SUMMARY REPORT
BY VIKRAM KAPILA

T

he Internet of Things, robotics, and smart systems are beginning to
make demands on academic programs to deliver a more modern
and complete treatment of the necessary skills, methodologies, and
technologies to meet the requirements of industry. Mechatronics,
with its inherent interdisciplinary character, offers a vehicle to address
these challenges and opportunities. Mechatronics education programs can
modernize engineering curricula offerings, make them relevant to students’
interest, and address workforce demands for graduates who have broad
interdisciplinary training and practical experience with project work.

Even as academic institutions design and implement
mechatronics programs that impart students real-world
experiences, there is a need to determine if, and how
students’ education, training, and hands-on project
skills are applicable in the workplace. In response,
on November 14-15, 2016, NYU Tandon School of
Engineering and Quanser, with generous support from the
National Science Foundation, organized a workshop on
Mechatronics Education Innovation. The event brought
together more than 70 academics and representatives of
industry from US, Canada, UK, and Denmark, as well as
diverse perspectives on important educational paradigms,

NYU TANDON
PROFESSOR OF MECHANICAL
AND AEROSPACE ENGINEERING

TOM LEE
QUANSER
CHIEF BUSINESS
DEVELOPMENT OFFICER

innovations, and best practices.
The workshop opened with the Industry Panel, chaired
by Dr. Tom Lee from Quanser. The discussion focused on
three main themes: business and societal drivers, key needs
of industry, and ĕective relationships with academia.
Alex Catalan (Fiat Chrysler), Jeannie Falcon (National
Instruments), Jean-Philippe Laguerre (Dassault Systems),
David Mittelman (4th Law), and Paul Karam (Quanser)
agreed that mechatronics programs should prepare
graduates who are able to learn new skills throughout their
careers, apply critical thinking, and work with real-life
constraints of deadlines, resources and requirement trade-

Participants of the Mechatronics Education Innovation Workshop.
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ŏs. From the technical point of view, graduates need to be
able to understand, simplify, and optimize complex systems.
The mechatronics programs should focus on building strong
fundamentals in sensors, actuators, interfacing, embedded
control, multi-domain modeling, and real-time computing
among others, and provide students with hands-on, projectbased learning experiences.
The Academic Panel, chaired by Dr.9ikram Kapila from
NYU Tandon, introduced the workshop participants to some
of the successful mechatronics programs. Dr. George Panoutsos (University of Shėeld), Dr. Mathew Feemster (US
Naval Academy), Dr. David Auslander (University of California, Berkeley), Dr. 9ladimir 9antsevich (University of Alabama, Birmingham), and Dr. Michael Gennert (:orcester
Polytechnic Institute) described the key components of their
programs’ design and curricula, and discussed the successes
and challenges of building and maintaining mechatronics
programs at their institutions. In the following open discussion, the workshop participants addressed the challenges
of curriculum modernization. The general opinion was that
integrating electrical, mechanical and computer engineering
was more feasible when developing a new, stand-alone mechatronics programs, than when incorporating mechatronics
as a specialization or thrust within traditional mechanical
or other engineering programs. The other major challenge
mentioned was the resource-intensive character of mechatronics courses, including both hardware costs and load on
the faculty, as well as the need to ¿nd new and more ĕective
teaching approaches in order to ¿t traditional engineering
subjects, new emerging concepts and project-based experiences into the curricula. This proved to be especially di̇cult
at the undergraduate level, while the graduate-level curriculum could be more Àexible. The workshop participants
also discussed the roles of two-and four-year colleges and
their graduates in the industry, and how to enable college
students to transfer to university-level programs.
The Best Practices Panel provided an opportunity to
delve deeper into the µnuts and bolts’ of some exemplary
mechatronics education programs and their outcomes. The
presenters included Dr. Sunil Agrawal (Columbia University), Dr. Sabri Cetinkut (University of Illinois, Chicago), Dr.
Mark Colton (Brigham Young University), Dr. 9enkat Krovi
(Clemson University), and Dr. James Mynderse (Lawrence
Technological University).
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Following the panel presentations and discussions, the
participants worked in small breakout groups to identify
needs and challenges for mechatronics education programs.
The following themes emerged from the discussions and
report-out session.
O The industry wants academic institutions to
deliver fundamentally sound ³educational´ programs
instead of ³training´ programs, with a careful
balance between abstract theoretical concepts and
industry-relevant applications.
O :ith the emerging transition from automationfocused to intelligent mechatronic systems, there is
an urgent need to integrate an array of new concepts
in mechatronics education programs.
O The faculty is often challenged by a lack of
ĕective resources for mechatronics instructional
materials, dedicated laboratory space, and
availability of experienced teaching assistants.
:ith the accelerating pace of technology,
mechatronics courses also need to be frequently
revamped to stay current.
These themes were highlighted in the workshop wrapup, delivered by Dr. Kapila. Building on the workshop
discussions, he highlighted several areas, such as
autonomous and electric vehicles, space robotics, and IoT,
where the most exciting applications of mechatronics and
robotics are expected to come over the next 10 years.
The role of industry input to academia remained
undisputed, however the educators stressed the need
to balance the industry inÀuence with their educational
goals. Some of the practical aspects where industry could
help enhance the education included ŏering real-world
applications for student projects, internship opportunities
for students and faculty, and direct interactions as adjunct
faculty and industry advisory board members.
:hile the two-day workshop could not address and
¿nd solutions to all the challenges, it served as a catalyst
for creating an online space where the conversations and
discussion could continue. :ith the support of Quanser, and
moderated by Dr. Lot¿ from the Southern Illinois University
Edwardsville, mechatronicseducation.org, a community site
for mechatronics educators, was launched in March 2017. As
of June 2017, the community has more than 100 members.
The important discussions also continued through additional live events inspired by the Mechatronics Education
Innovation :orkshop. :ith the support of Quanser as a
main industrial partner, similar events were organized globally throughout 2017 at the University of Sharjah (UAE), in
Austin, Texas, and at the Technical University of Denmark.
Additional mechatronics education-focused workshops will
be held later in 2017 in Mexico and Malaysia. Q
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We would like to take this opportunity to celebrate
the achievements of our ASME DSCD members!
Q IMPROVEMENTS TO 3D PRINTING
In a recent case study, Associate Professor Chinedum
Okwudire, and his students Molong Duan and Deokkyun
Yoon, from the University of Michigan’s Smart and
Sustainable Automation Research Laboratory reduced 3D
printing times in half. Their work has garnered recognition
by the Discovery Channel™ Canada, dSPACE Magazine, NASA
Tech Briefs, and many other technical outlets. To reduce
structural vibrations associated with acceleration, they
implement feedforward control using filtered basis functions.
With a technique coined the “limited-preview filtered B-spline
approach” they are tracking motor position more accurately
with lower computational cost.
Q LEADING NSF ENGINEERING DIRECTORATE
Dawn Tilbury, Professor of Mechanical
Engineering and Associate Dean for
Research at the University of Michigan,
has begun her new appointment to lead
the NSF Engineering Directorate. In this
role, Tilbury will oversee roughly 1∕3 of
the federal funding given to academic
institutions for fundamental engineering
Dawn Tilbury to lead research. With a background in
the NSF Engineering manufacturing and robotics that naturally
Directorate; photo
intersects with systems and controls,
by Joseph Xu 2017.
Tilbury will extend her wide reaching
expertise to help researchers develop new approaches to
energy conversion and distribution, transportation, public
health and other national challenges.
Q MCITY–AUTONOMOUS VEHICLE TESTING GROUNDS
A 32 acre test facility named Mcity, launched in 2015, is being
directed by Huei Peng, a Professor of Mechanical Engineering
at the University of Michigan. By creating a controlled and safe
physical environment for testing driverless vehicles, the facility enables testing under
real-world disturbances that
arise from multi-use lanes,
bumpy roads and blind
spots. The site features 16
acres of transportation infrastructure expected in both
Mcity, an autonomous vehicle testing
urban and suburban settings along with a wide va- facility at the University of Michigan;
photo by the University of Michigan
riety of weather conditions.
With industry partners that span from Honda, Toyota, General
Motors, and Ford Motor Company, to non-car companies such
as Verizon, LG and Intel, this facility is well poised to help take
vehicle connectivity and automation to the next level.

Awards
In recognition of their outstanding engineering
achievements, the following members of our DSCD
community have been named as Fellows to the ASME:
+DVKHP$VKUD¿XRQ, Professor and Director of the
Center for Nonlinear Dynamics and Control at Villanova
University; and $QGUHDV0DOLNRSRXORV, Associate
Professor of Mechanical Engineering at the University of
Delaware.
0DUFLD2¶0DOOH\, Director of the Mechatronics and
Haptic Interfaces Lab at Rice University and Director of
Rehabilitation Engineering at TIRR-Memorial Hermann
Hospital, has been named as the Stanley C. Moore
Professor of Mechanical Engineering. O’ Malley is a fellow
of the ASME and a senior member of the IEEE.
The ASME DSCD recently awarded
.LUD%DUWRQ the biannual Young
Investigator Award. Barton is an
Associate Professor of Mechanical
Engineering at the University
of Michigan. She also recently
received the Miller Faculty Scholar
endowed position for junior
faculty. Her work in sensing,
Kira Barton receives
controls and manufacturing has
the ASME DSCD
Young Investigator
been applied to a range of areas
Award
including the development of highresolution DNA sensors and rehabilitation robotics.
UNIVERSITY OF MICHIGAN

AWARDS AND ANNOUNCEMENTS

UPCOMING CONFERENCES
THE 2018 AMERICAN CONTROL CONFERENCE (ACC)
Milwaukee, WI. Wisconsin Center
June 27-29, 2018
THE ASME CONFERENCE ON SMART MATERIALS, ADAPTIVE
STRUCTURES AND INTELLIGENT SYSTEMS (SMASIS)
San Antonio, Texas Grand Hyatt San Antonio
September 10-12, 2018
THE 2018 DYNAMIC SYSTEMS AND CONTROL (DSC)
CONFERENCE
Atlanta, Georgia Hyatt Regency
September 30-October 3, 2018
THE 2018 ASME INTERNATIONAL MECHANICAL
ENGINEERING CONGRESS AND EXPOSITION (IMECE)
Pittsburgh, Pennsylvania David L. Lawrence Convention Center
November 9-15, 2018
THE 57TH IEEE CONFERENCE ON DECISION AND
CONTROL (CDC)
Miami Beach, Florida
December 17-19, 2018
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STUDENTS WORKING

T

he idea of a car driving itself isn’t really new
– news stories back in the 1950’s predicted
that sometime soon we’d be seeing cars drive
themselves. “Soon” wasn’t nearly as close as
they thought, though, and for a long time selfdriving cars have been seen as the subject
of science fiction. Many people watched the 1980’s TV
show “Knight Rider”, and even wished we could have a
car like KITT, the nearly indestructible self-aware black
TransAm, but it wasn’t seen as a practical possibility.
While the concept of autonomous vehicles has been
around for quite some time, it’s gotten a lot of new
attention recently. As technology has advanced, it’s
started to seem feasible that we may actually get cars
that can drive themselves. Just about every automaker has people working on driver assist and autonomous systems, and many students in engineering and
computer science are intensely interested in working
in this area. Faculty members are pursuing research in
different aspects of autonomous systems, and companies in automotive-related areas are looking for
ways to get into autonomous systems and trying to
hire engineering and computer science graduates who
are ready to work on these things. The Society of Automotive Engineers (SAE) has defined different levels
of autonomy (SAE J3016 standard), to describe how
automated a vehicle is, which have also been adopted
by the U.S. Department of Transportation.

MULTIPLE LEVELS OF VEHICLE AUTONOMY
n the SAE classification, there are six levels, starting
with level 0 and going up through 5. At Level 0,
there is no automation at all, and everything is done
by the human driver. There may be warning systems,
as we see with backup cameras and lane-departure
warnings, but it’s still the driver who has to take the
information from the warning, consider what it’s telling
him or her, and do everything required to drive the car.

I

The next two levels begin to turn tasks
over to the car itself, but the human
driver monitors conditions to determine
when the automation can be used. In
Level 1, there are driver assistance technologies present; steering and accelerating or decelerating could be done at times
by the system, but the human has to
monitor the environment and ultimately
is responsible for every task. In Level 2,
partial automation, the automated system does the steering and accelerating/
decelerating, but the human driver has
to monitor conditions and take control
when necessary. In Level 3 (conditional
automation), a transition takes place to
the automated system monitoring the environment; the system does the steering
and accelerating/decelerating, and it also
monitors conditions to determine when
to turn control back over to the human
driver. The human is then responsible
for taking over and driving the car. The
second-highest level, Level 4, is high automation; the automated system does everything, but only in some driving modes.
There are some conditions–perhaps a
snowstorm, or icy roads, or reduced visibility–when the automated system isn’t
able to be used. Finally, in Level 5, those
restrictions are removed. The system
does everything, and in all conditions.
The ultimate goal is to get to Level 5.
Right now, there are Level 1 and Level 2
systems, and there is debate over Level 3.
Some automakers want to leapfrog over
it to Level 4 and Level 5, as they consider
the di̇culty of making sure the handŏ
to the human happens properly. A common concern is that, if the automated
system is working well for long periods
of time, the human driver will not be
attentive and not notice when the system
needs him or her to take over. If there is
a hazard that needs to be handled, the
driver might not realize right away what
it is, which could also be a problem.
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ROBOTIC
CHAUFFEURS:

TOWARDS

THE SAE/GM AUTODRIVE
CHALLENGE
BY DIANE L. PETERS
ASSISTANT PROFESSOR
KETTERING UNIVERSITY

SOCIETY OF AUTOMOTIVE ENGINEERS

CHEVY BOLT - the competition vehicle.

REPRESENTATIVES of all eight universities at the announcement, April 2017.
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KETTERING STUDENTS learning to interface the LIDAR.

GENESIS OF THE SAE/GM AUTODRIVE CHALLENGE
ll of this leads up to a new collegiate student competition, the SAE/
GM AutoDrive Challenge. In 2016, SAE issued a Request for Proposals for this challenge; interested universities had to prepare a proposal
explaining how they would recruit and manage their team, which faculty
member(s) would advise the students, and what educational and physical
resources the university could commit to the ĕort. In April 2017, at the
SAE :orld Congress, the eight schools chosen to participate in the Challenge were announced–Kettering University, Michigan State University,
Michigan Technological University, Virginia Tech, North Carolina A T,
Texas A M, the University of :aterloo, and the University of Toronto.
The goal of each team is to reach Level 4 automation by the end of the
third and ¿nal year; the car needs to be able to drive itself in a complex
environment, handling all the driving tasks itself–speed control, lane
keeping, switching lanes to avoid hitting obstacles, and reacting appropriately to signs and signals. However, the competition won’t require this to
happen in any and all driving conditions. For example, there won’t be a
fog machine there to arti¿cially reduce visibility, or icy roads to cope with,
or snow machines creating arti¿cial blizzards.
Creating a new collegiate competition is a major undertaking, which requires a strong motivation on the part of the organizers. According to SAE,
the purpose of SAE International (SAE) and General Motors (GM) designing and implementing this ³hands-on engineering design and technology
focused collegiate competition with emphasis on autonomous driving and
the associated technologies´ is to provide ³a professional development and
educational experience for undergraduate and graduate students enrolled
at selected universities.´ They state that the goals of the competition are:

A

O Providing a hands on engineering collegiate competition for
university students to demonstrate a wide range of exciting and
challenging opportunities in the rapidly expanding ¿eld of engineering systems for automated driving.
O Building and implementing a STEM compatible competition that facilitates university student teams to demonstrate full
autonomous driving through a phased approach including areas
such as object detection (perception), categorization (classi¿cation) and full autonomous operation.
According to SAE, one of the ³coolest´ elements of the Challenge is that
³no competition like this exists in the autonomous space. By joining the
SAE Collegiate Design Series we get to facilitate connections between
industry and education by providing experiential learning for engineers.´
8 MARCH 2018

Each of the eight teams is receiving
¿nancial support, hardware, and software
products to help in the development of
their autonomous vehicle. Part of the
¿nancial support is designated to pay
a dedicated graduate student at each
university, with the idea that this will be
that student’s graduate research project.
The largest single donation item is the
car itself; each team has received a Chevy
Bolt from GM, which will be modi¿ed
towards the goal of Level 4 autonomy by
the end of the third and ¿nal year of the
Challenge. Teams have also received a
powerful computing platform from Intel,
which will be the ³brains´ of their car.
Other major donations that were announced early in the competition include
long-range radar units from Continental
and LiDAR from Velodyne. In the ¿rst
year of the competition, other sponsors
have signed on to provide discounted
or free hardware and software, including Altair Engineering, DS Solidworks
Corporation, HERE Technologies, Kistler
Instrument Corporation, MSC Software
Corporation, Math:orks Inc., Novatel
Inc., On Semiconductor, Oxford Technical Solutions Ltd., and =F.
In addition to all of these supplies, SAE
and its sponsors are supporting the competition with training and mentoring. In
the early stages of the competition, each
team sent several people to a two-day
workshop at SAE Headquarters in Pennsylvania covering a broad overview of the
competition. Later, SAE hosted a two-day
training course on Highly Automated
Vehicles for representatives of each team,
and GM sponsored driver’s training for
the teams; each of the eight schools chose
one faculty member and four students to
be trained as a driver of an autonomous

KETTERING UNIVERSITY

KETTERING STUDENTS revealing the car we received.
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vehicle. On the face of it, the concept of a
driver for an autonomous vehicle seems
contradictory. However, it’s very important to have a trained person sitting in the
driver’s seat during testing. If all goes well,
he or she doesn’t have to do anything but
put the vehicle in autonomous mode, and
then return it to the garage after testing. If
things go wrong, though, the driver needs
to recognize a problem and take control,
and that was the focus of the driver’s
training. Intel also held a training session,
where each team learned more about the
computing platform, and had the opportunity for hands-on experience with some
of the things they would need to do in the
competition. The MathWorks assigned
a mentor to each team, to help with any
issues involving their software, and several
of the sponsors have held webinars or offered to provide phone consultations with
teams if they need advice on how to use
their products.

FUN FACTS

T

eams have gotten creative with
their names; a few of the names
chosen and shared with SAE are Bulldog
Bolt (Kettering University), Prometheus
Borealis (Michigan Tech), aUToronto
(University of Toronto), WATonomous
(University of Waterloo), A3 – Aggies’
Autonomous Auto (North Carolina A&T),
and Victor Tango (Virginia Tech).
Teams are establishing social media
accounts to share what they’re doing
with the public. Four teams have
publicized their Twitter accounts and five
have public Facebook pages.
The Twitter accounts are:
@bulldog_bolt
@MTUAutoDrive
@AutoDriveVT
@a_UToronto

The Facebook pages are:
https://www.facebook.com/BulldogBolt/
https://www.facebook.com/MTUAutoDrive/
https://www.facebook.com/aUToronto/
https://www.facebook.com/WATonomous
https://www.facebook.com/AutoDriveVT/

FIRST YEAR CHALLENGE EVENTS
o, with all these resources and training, what exactly do the teams
have to do? SAE’s AutoDrive Challenge™ Rules Committee has set
out a basic set of goals for the three years of the Challenge, with the
expectation that technology will be changing over the next three years,
so they will be issuing the detailed rules on a year-by-year basis. The
¿rst year will focus on architecture de¿nition, the second on algorithm
development, and the third on validating the design. Each year will
have both static and dynamic events, so students will have a number of
opportunities to showcase their work. Static events will include documentation, reports, and presentations–key skills for any engineer, since
no matter how great the design is, if no one can understand it, maintain
it, or duplicate it, there will be problems. On the dynamic side, the car
will initially need to successfully complete tasks that we, as human drivers, consider to be simple–keeping to a given speed limit, staying in its
lane, stopping appropriately at stop signs, and basic obstacle avoidance.
(Of course, everyone with signi¿cant driving experience can think of at
least a few human drivers we’ve seen who found those simple tasks to
be beyond them.) In late April and early May of 2018, the teams will all
gather in Yuma, Arizona for the ¿rst year’s competition, and will all see
how they and their competitors are doing. The teams are from a diverse
range of institutions, and are far from uniform. SAE notes that “From
the number of people to their internal structure of graduate versus undergraduate students and the colleges or disciplines that they pull team
members from is an interesting item to watch.”
One of the other interesting features of this competition is that, unlike
so many other collegiate competitions, it focuses not on the physical car
but on the control of the car. SAE and GM expect that students will learn
a wide range of skills connected to the dynamic systems and controls
area, with the list including:

S

Q
Q
Q
Q
Q
Q
Q
Q

Sensor Mounting and Wiring
Basic Controls–Brakes, Steering, Propulsion
Sensor/Computer Integration
Map Database Operation
Complex Algorithm Development
Data fusion from sensor set
Performance Development
Performance Validation

The controls knowledge students need to learn and implement covers
several dĭerent areas. To start with, there is classical control theory;
if you know that the steering angle should be a certain value, a simple
feedback loop could be used. Many automotive-focused controls faculty
probably have similar examples in their classes. Of course, since all
of this is being implemented on a digital computer, digital control is
relevant. Discrete-event control comes into play as well. If the sensors
detect a stop sign, then the car needs to change from simply maintaining
its speed and staying in the lane to a state where it slows and comes to a
stop. This is a lot more complex than simply “stomping on the brakes”,
as the goal is to get the car to stop as close as possible to the line on the
pavement without exceeding given limits on deceleration. The rules also
indicate that teams should try to complete the course in the minimum
possible time, so a team that decides to play it extremely safe and begin
stopping long before reaching the sign may not do as well.
There are a lot of complex issues involved in achieving these goals.
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Some of them have to do with imperfect information; in a textbook
problem, you typically have better de¿ned problems than teams see
in this Challenge. In real life, we don’t know exactly what the dynamic
model of the car is, or exactly how the tires interact with the pavement.
Students need to work with models that are limited in information, and
they may not be accurate in all conditions. This means a controller could
be designed using a model to be feasible and “pretty close”, but the ¿nal
tuning of the controller can’t be accomplished purely through modeling.
Other issues have to do with strategy; if you’re approaching an obstacle
in the right lane of a three-lane road, there is only one choice–move to
the middle lane to avoid it. But if you’re in the middle lane and see an
obstacle, you could move to either the right or the left. Which do you
choose? Do you always move to the right? Always to the left? Or perhaps
Àip a coin (or the computational equivalent, which would involve a
random number generator)? In theory, if you had perfect knowledge
of everything ahead, you could simulate and ¿gure out some “optimal”
choice–for example, the one that would have the fewest number of lane
changes. That isn’t always possible, though, as any person who’s chosen
a lane when driving on a crowded road and later cursed the choice knows.
We don’t know what’s ahead in enough detail to be able to determine the
optimal choices for a trip. And of course, once the overall strategy has
been decided and a controller designed, there are issues of tuning gains,
programming the controller, and testing it out. One of the big challenges
early on in the ĕort is interfacing with the car–making sure that the
computer gives the proper signals in a form the car can “understand”, so
that it will do what’s intended. That’s one of the key things that has to be
done right before any other goals can be met. As the competition goes on,
no one can say for sure what the biggest hurdles will be in future years–
especially since no team knows exactly what the rules will be or what tasks
the car will have to execute. It’s reasonably certain, though, that in one
of those future years, moving obstacles will be added to the course. What
else could be present? Perhaps dĭerent types of signs that the car has to
respond to, or trȧc cones, or stoplights. A quick look at all the dĭerent
things a typical driver encounters every day gives plenty of ideas for what
might be incorporated.

LINKS TO UNDERGRADUATE ENGINEERING EDUCATION
tudents are also learning how to work in interdisciplinary teams,
which has its own issues. Dĭerent academic disciplines approach
problems dĭerently, use dĭerent techniques, and sometimes even
seem to speak a dĭerent language. As students either go on to
industrial careers, further study, or academia, they’ll need to work with
people from dĭerent disciplines, and the Challenge gives them critical
experience in doing this. Another great thing about the Challenge is that
it lets them see how their courses impact real engineering problems.
Students taking a controls course see plenty of Laplace transforms
and all sorts of plots–root-locus plots, perhaps Nyquist plots or Bode
plots, time domain response plots–but they may not always realize
how this links up to real life. Lab exercises can help, but the ability to
deploy a controller on a car and then watch it “do its thing” is a really
powerful demonstration of the importance and applicability of the
material. Classes in many dĭerent disciplines, both undergraduate and
graduate, link up to the Challenge, as do automotive-focused classes
and more general engineering courses. At the undergraduate level,
there are ties to dynamic modeling and controls courses, mechatronics,
signals and systems courses, programming of all types, signal

KETTERING STUDENTS working on
different aspects of AutoDrive.
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processing, embedded systems, virtual
reality, and network security. At a
higher level, some of the courses that are
linked are arti¿cial intelligence, vehicle
dynamics, automotive controls, and
haptic systems. One of the other goals
of the Challenge, which teams needed
to address in their original proposals to
join the Challenge, is to develop relevant
classes that don’t yet exist. These could
include courses in active safety, radar,
LIDAR, or image processing, as well
as more advanced controls courses.
Students could also get independent
study credit in some cases, and graduate
students could easily get an entire thesis
out of their work on the Challenge.
Non-engineering and non-computer
science courses are also relevant.
Everything that engineers and
programmers do, all the products that
we design and produce, exist in a larger
context, and the Challenge includes
this as well. All of the teams have to
produce a Social Responsibility report
and give a presentation on it. In this
report, they need to discuss some of the
issues raised by autonomous vehicles
in society. These could be economic
in nature, or social and ethical; so
economics, philosophy, ethics, and
various liberal arts courses could be
relevant. Autonomous vehicles, for
example, will give people who currently
can’t drive control over their own
mobility–the blind or vision-impaired,
elderly, or people with conditions like
uncontrolled epilepsy will be able to
transport themselves. However, they
will eliminate some jobs–cab drivers
could become a thing of the past, as
could truck drivers. The economics

KETTERING STUDENTS working on AutoDrive.

of paid parking will totally change, as paying more for close parking
doesn’t really make sense when the car can drop you ŏ and go park
itself. The economics of who wants or needs to own cars, and how many
per household, could change. Some people will really want or need
autonomous vehicles, but others may resist them for various reasons.
And, of course, there’s the famous “trolley problem” in ethics. If you’re
programming a car to deal with situations where someone is going to
be injured or killed, how do you decide who it will be? If the car could
hit three people or ten, without any other information you would likely
say to hit the smaller number of people, but there are a lot of dĭerent
variations of this scenario. One of them focuses on whether to hit a
pedestrian, who will be almost certain to die in some circumstances,
or hit a tree and risk killing the driver. Of course, all of these types of
scenarios assume that enough information is available to quickly know
what the probable deaths are and to make any necessary calculations or
decisions fast enough.
Over the next few years, the dynamic systems and control community
is likely to hear a lot more about this particular competition. Some
of the students will be joining our dynamic systems and control
community, and we may very well ¿nd ourselves as passengers in cars
they help to design. Q
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IRST (For Inspiration and
Recognition of Science and
Technology) is a nonprofit
organization dedicated
to motivating the next
generation to understand,
use, and enjoy science and
technology. Founded in 1989 by
inventor and entrepreneur, Dean
Kamen, the organization designs
accessible, innovative programs
that engage kids in kindergarten
through high school in exciting,
mentor-based, research and
robotics programs that motivate
them to pursue education
and career opportunities in
STEM fields and help them
become science and technology
leaders, as well as well-rounded
contributors to society.
Since its first competition in
1992 with 28 teams in a New
Hampshire high-school gym,
today FIRST impacts more
than 400,000 young people
each year with four different
types of challenges leveraging
appropriate technologies
and program style to engage
students and mentors:
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O FIRST Robotic Competition (FRC)–FRC combines the

excitement of sports with science and technology. With strict
rules and limited resources, teams of high-school students
have six weeks to raise funds, establish a team “brand”,
and develop teamwork skills to design, build, and program
industrial-sized robots from a kit of parts to play a competitive
¿eld game with like-minded competitors in an alliance format.
It is as close to real-world engineering as a high-school student
(age 14-18, grade 9-12) can get. Mentors volunteer their time
and experience to guide each team. Teams go through regional
and sectional competitions around the world to compete for
a spot in the FIRST Championship that has the excitement,
thrills and team spirit of a professional sports event.
O FIRST Tech Challenge (FTC)–FTC is designed for teams
of middle and high school students (age 12-18, grade 7-12). The
teams are challenged to raise funds, establish a team “brand”,
do community outreach and design, build, program, and
operate robots in a head-to-head alliance-style competition.
Compared with the FRC, the FTC robots are smaller with more
reusable parts and more Àexible programming options. In
addition, FTC teams require less ¿nancial resources than FRC
teams. Similar to FRC, FTC teams go through regional and
super regional competitions around the world to compete for a
spot in the same exciting FIRST Championship.
O FIRST Lego League (FLL)–FLL is designed for teams
of elementary and middle school students (age 9-14, grade
4-8). FLL Teams and their adult coaches have 8 weeks
to research a real-world problem, then create an original
solution for that problem, plus design and build a robot
using a LEGO® MINDSTORMS® kit within a common set of
rules to accomplish “missions” on a table-top playing ¿eld.
The theme/problem changes each season. Each FLL season
culminates with regional tournaments and championships
where teams show ŏ their accomplishments. Some teams
earn invitations to the FLL World Festival as part of the
FIRST Championship, where teams from all around the world
meet and compete.
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INSPIRING FUTURE GENERATIONS IN
STEM FIELD THROUGH ROBOTICS
COMPETITION: A COLLEGE STUDENT
MENTORING APPROACH

FIRST IS MORE THAN
“ROBOTS.
THE ROBOTS
ARE A VEHICLE FOR
STUDENTS TO LEARN
IMPORTANT LIFE SKILLS.
•••

”

DEAN KAMEN, FOUNDER

O FIRST Lego League Jr. (FLL Jr)–FLL Jr is
designed to introduce STEM concepts to children aged 6
to 10 (grade K-4). Challenged with a real-world problem,
FLL Jr students and their adult coaches are asked to
research the program and create a Show Me poster and
working LEGO model from LEGO® Education WeDo kits

of what they learned. The FLL Jr. season culminates
with Expos where teams show ŏ what they learned and
created. Some teams are invited to showcase their work
at the FIRST LEGO League Jr. World Festival Expos,
where teams from all over the world meet, share ideas,
and have fun.
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demographics–across racial, gender, income, and
urban/rural communities.
O Initial data on students in their ¿rst year of college
indicates that FIRST’s positive impacts continue into
postsecondary education, with FIRST alumni continuing to show impacts on STEM-related attitudes,
as well as impacts on interest in engineering and
technology-related majors, engineering course-taking, and STEM-related internships and summer jobs.
FIGURE 1 Projected 2016-17 Reach and Impact of FIRST.

One unique aspect of the FIRST experience is that
the reward and recognition for achievements are not
necessarily gained on the ¿eld of play–excellence in design,
demonstrated team spirit, Gracious Professionalism®,
community outreach, and more are recognized with
awards. In FIRST, winning is always secondary to the
quality of the overall experience. As an example, the most
prestigious award in FIRST, the Chairman’s Award, does
not have any competition performance requirement. It
focuses on demonstrated and sustained excellence and
impact on promoting the ultimate goal of transforming the
culture in ways that will inspire greater levels of respect
and honor for science and technology.

IMPACT
igure 1 shows the global reach and impact of FIRST.
Few researchers have studied the impact of FIRST.
Most reported studies con¿rm the correlation of the FIRST
experience with improved attitude and engagement with
STEM ¿elds >1-5@. From a survey of FIRST alumni in 2015,
over 75 of FIRST alumni are in a STEM ¿eld as a student
or professional. In 2011, FIRST contracted with the Center
for Youth and Communities at Brandeis University’s Heller
School for Social Policy and Management to conduct a
multi-year longitudinal study of FIRST’s middle and high
school programs. Recent ¿ndings (2017) of that study >6@
showed the following:

F

THE PURDUE UNIVERSITY APPROACH/EXPERIENCE
he FIRST model has also impacted some college
curricula >7@. For example, the dual-level ME 58800
Mechatronics course at Purdue University has adopted
the FRC-type completion as its course project. The
student responses were overwhelmingly positive and the
¿nal project competition/demonstration have always
been the highlight of the ¿nal week of class that attract
faculty, students and their families. A similar model is
now common for all Purdue Mechanical Engineering
undergraduate core system, measurement and control
courses.
The focus of organized FIRST programs is pre-college
students. At the college level, there are no formal FIRST
programs, except for FIRST-related scholarships.
However, as shown in the longitudinal study, the impact
of FIRST carries into postsecondary education. There are
many dĭerent types of FIRST-related organizations and
models at the college level. Almost all of the college-level
activities are student-led and involve college student
volunteers as mentors for their local FIRST teams at
dĭerent levels. Dĭerent institutions provide dĭerent
levels of stă and/or ¿nancial support for their FIRSTrelated activities.
At Purdue University, Purdue FIRST Programs (PFP)
was founded in 1999 as an engineering student outreach
activity under the Purdue Student Engineering Foundation and spun ŏ to its own organization in 2002. It is
a group composed of approximately 60-90 college-age

T

O FIRST has a positive impact on participants on
STEM-related measures (interests, involvement,
identity and future career interest)–FIRST team members are 2.3 to 3.7 times more likely to show gains on
STEM-related outcomes than the control group.
O FIRST experience also has signi¿cantly greater impact on girls than their male counterparts on all of the
STEM-related measures–while all of the dĭerences
between FIRST participants and control group are
signi¿cant, the impacts for girls in FIRST on each measure are also signi¿cantly larger than those for boys.
O STEM-related impacts of FIRST are evident
across all major population groups and
14 MARCH 2018

HANDS-ON: A student installs an ultrasonic rangefinder.
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students from engineering, technology, science, education
and management schools, who work together to support the mission and vision of FIRST, primarily through
fundraising and mentoring students in the surrounding
Lafayette and West Lafayette communities and hosting
dĭerent levels of in-season and ŏ-season FIRST events.
Currently, Purdue FIRST Programs supports around 20
elementary and middle school FLL teams, 4 FTC teams
and 4 FRC teams from the local high schools. PFP also
hosts one of the Indiana FLL qualifying tournaments, an
FTC competition and an ŏ-season FRC event. In addition,
PFP also participates in outreach events throughout the
year on campus and in the community. One such event is
the Indiana FIRST Forum, where a one-day workshop-type
event is organized in the Fall semester to provide technical, logistics and mentoring training for FIRST teams at all
levels around Indiana. PFP members are also volunteers
for the FIRST events throughout Indiana as well nationally.
One unique aspect of Purdue FIRST Programs that distinguishes it from other college-level FIRST programs is
the accompanied ME29700 FIRST Leadership course. It
is a 2-credit hour course that is required for all PFP mem-

bers. It can be taken multiple times and many departments will consider it as elective credits. The course was
developed in response to the unique focus of PFP, which
is to develop mentorship and leadership skills of college
students to be successful professionals and future leaders
and mentors in promoting and inspiring future STEM
professionals. It serves the following purposes:
Odevelops leadership and mentoring skills for
college students in an engaging, hands-on way,
Oprovides structure and accountability for PFP
students when interacting with FIRST students, and
Oacknowledges the time and ĕort PFP students put
into mentoring FIRST students.
During the course of the semester, a sequence of team
building, mentoring, project management, fundraising
and FIRST robot design topics are given by faculty, senior
FIRST mentors, and professional engineers. The topics
for each semester are determined collaboratively with the
MARCH 2018 15
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PFP ȯcers and the faculty and stă advisors. PFP college
student then practice what they learned in class during
their season-long mentoring of FIRST students. PFP
student performance is evaluated based on bidirectional
performance evaluations from their supervisors in PFP
and their peers as well as self-evaluations combined with
class/PFP participation. For the PFP ȯcers, the course
becomes a ¿rst-hand experiential learning experience
for them to practice their leadership skills. The PFP
ȯcers’ performances are evaluated by the faculty and
stă advisors.
Over the past 15 years, the course has gone through
many dĭerent formats. All of them ¿t the operation of
the PFP at the time. As an example, a µcurriculum’ styled
course organization was ŏered for several years between
2009-2011. Each PFP student was required to attend 5
core classes and select 5 elective topics (based on their
role in PFP) for the semester. Many of the PFP alumni
are in graduate schools or are experienced practicing
engineers where they can provide the technical and
operational leadership/resource for training new and
existing PFP college students. Since its inception in the
spring semester of 2002, more than 500 college students
have participated in PFP and taken the course.

PERSONAL EXPERIENCE OF A FIRST AND PURDUE FIRST
PROGRAMS ALUM NIKHIL BAJAJ
rom my perspective, the core of the FIRST
experience is inspiring passion, personal growth, and
determination (in addition to interest in STEM). In high
school, I joined the FIRST robotics team at our school
largely because I saw the intense passion it inspired in
one of my good friends. I was motivated to get involved
when week after week he would show me all his drawings
and ideas for a telescoping lift system with a gripping
end-ĕector on it that the team was designing (and would
not stop talking about it). FIRST exposed me to technical
concepts, relating physics and math courses to the design
of electromechanical systems, and learning about the
relationship between hardware and the software that
controls it. Just as importantly, it taught me how much
I could enjoy working hard on di̇cult problems with
a team of motivated and diverse people²high school
teachers, college student and professional mentors, and
high school students.
One of the things that I most appreciate about my
experience is the keen interest of the mentoring team
in making sure students had roles that they could grow
into naturally but that would also challenge the student.
After I had been on the team for a little while and seen
how the design process was run, they told me that I
would henceforth be an important part of the CAD team
(we used Autodesk Inventor software to model the robot
subassemblies before manufacturing). I had not used any
CAD software before, and they challenged me to learn it

F
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well enough to take up the role of a mechanical designer
on the team moving forward.
These experiences helped me to decide to pursue
mechanical engineering for my undergraduate degree,
and taught me the value of mentorship and “paying it
forward”, so I joined Purdue FIRST Programs to do so
once I was in college. As I transitioned into a mentorship
role, my eyes were opened to higher-level questions and
responsibilities. What did it mean to lead a design team?
How should meetings and tasks be structured to help
make sure students got the most out of the program?
I was fortunate to be selected to lead a robot design
ĕort as a technical coordinator and participate in
leadership-building activities. I learned a lot about time

management, prioritization, and understanding your
assets and limitations (e.g., developing feasible solutions
under constraints)!
Even after graduating, I have continued to stay
involved, which is a testament to the FIRST programs.
I have continued to “consult” and help mentor local
teams with technical issues, and have been working at
an organizational level, helping to coordinate events
and volunteering as a judge and robot inspector. Finally,
in my professional life, FIRST has helped me to meet
interesting people (for example, engineers who mentor
other teams, and teachers from all dĭerent types of
schools) who share the passion of educating our next
generation of STEM leaders. Q

HIGH SCHOOL STUDENTS and a Purdue FIRST coach watch their robot in action.
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TOWARDS REALIZING

B

ipedal humanoid robots, such as Atlas by Boston Dynamics and Valkyrie by
NASA’s Johnson Space Center (Figure 1), have great potential to perform a
variety of complex human-like mobility and manipulation tasks, for example,
climbing, crawling, traversing over rough terrain and reaching behind obstacles,
when compared to their wheeled or tracked counterparts. This makes them
applicable in operations in cluttered and dynamic environments that typically
require making contacts with the surroundings, such as manipulation inside science glove
boxes commonly found in nuclear energy facilities; in spaces specifically designed for
humans, such as habitats to support future manned space missions; in operating human
tools such as hand drills; and utilizing human interfaces such as switches, plugs, and door
handles. The trade-off, however, is the complexity that comes with the high degrees
of freedom. For example, the well-studied 2D navigation problem for a mobile robot
becomes a multi-faceted research and development effort incorporating path planning,
step-planning, balancing and locomotion control. How might we design and develop
humanoid robots with human-like locomotion and manipulation capabilities?

BY TASKIN PADIR
ASSOCIATE PROFESSOR
NORTHEASTERN
UNIVERSITY

In order to accelerate the research and development of humanoid
robots, the robotics community has recently participated in two
challenges, namely the NASA Space Robotics Challenge (SRC) in 2017
preceded by the DARPA Robotics Challenge (DRC) held from 2012-2015.
With signi¿cant investments in funding the teams and providing prize
money, these challenges mobilized hundreds of researchers, technologists
and citizen scientists to develop solutions towards realizing practical
humanoid robots in real-world environments. This article is aimed at
providing an overview of both the DRC from a participant point of view
and the SRC from a host team perspective. We will share our experiences
from both of these challenges and point out future research and
development directions.

THE DARPA ROBOTICS CHALLENGE, 2012-2015
n April 24, 2015, about 20 U.S. roboticists boarded the train
from Tokyo’s Ueno train station for a day-long visit to TEPCO’s
Fukushima Daiichi Nuclear Power Plant to observe the cleanup operations
at the disabled facility as a result of the nuclear accident caused by the
tsunami following the TŮhoku earthquake on March 11, 2011. The trip,
co-organized by DARPA (Defense Advanced Research Projects Agency)
and METI (Ministry of Economy, Trade and Industry), provided the DRC
¿nalists an opportunity to better understand the challenges in deploying
practical robots to respond to man-made or natural disasters. The
observations included many human workers in full personal protective
equipment working all around the site, full body radiation scanners at

O
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FIGURE 1 (Left to right) Humanoid
robots Atlas by Boston Dynamics,
Valkyrie by NASA Johnson Space
Center, and recently announced
T-HR3 by Toyota.

frequent locations and operators controlling teleoperated
robots being used for the clean-up.
The DRC tasks were motivated by the pressing need
to respond to calamities that follow natural and manmade disasters such as the hydrogen explosions in the
Fukushima Daiichi Nuclear Power Plant that happened
within the ¿rst 24 hours after a tsunami triggered by the
Great East Japan earthquake in 2011. From 2012-2015,
hundreds of robotics researchers, practitioners and
citizen scientists worked towards developing capabilities
for human-robot teams to complete tasks relevant to
disaster response missions such as traversing doors,

operating a drill to cut a hole on a wall, Àipping electric
switches, turning valves, traversing uneven terrain,
climbing stairs, and driving and egressing a vehicle.
The DRC Finals were held on June 5-6, 2015 with the
participation of 23 quali¿ed teams from around the
world to demonstrate performance of humanoid robothuman operator teams in a disaster mission scenario.
In a simulated environment, robots performed a variety
MARCH 2018 19

of manipulation and mobility tasks under human
supervision with a 1-hour mission completion time.
For greater realism, the communications between the
operator(s) and robot were degraded during parts of the
mission.
Through our involvement in the DRC Finals, we have
learned valuable lessons on the theory and practice of
humanoid robots for disaster response. We report a
summary of our ¿ndings >1@: (i) It is a fact that robots
experience downtimes caused by various reasons
including upgrades, failures caused by degradation of
hardware and failures caused by operator errors. To
provide practical robot systems for realistic operations
at disaster sites, it is essential to have reliable robot
hardware. This includes powerful and robust universal
grippers that can perform manipulation tasks. One way
to mitigate hardware failures in the real world would be
to design with redundancy both in terms of hardware
and in terms of behaviors. Furthermore, exploring the
design space to develop hybrid systems will help achieve
practical humanoids. For example, the DRC ¿rst-place
20 MARCH 2018

winner KAIST developed a robot that could perform both
bipedal walking and kneel and drive based on the task.
(ii) Even though we strive for best practices in software
development, the number of developers with varied
backgrounds working in a large team setting makes it
di̇cult to achieve consistency and reliability in software
systems. A robot operating in challenging environments
needs to be programmed to have persistent behaviors
to complete practical tasks. It is also critical to equip
robots with safety software. Testing early and often is also
important in reliable software development. On day 1 of
the DRC Finals, Team WPI-CMU’s Atlas robot dropped
the drill after successfully picking it up and turning it on
when the robot gripper was sent an open signal by the
¿rst occurrence of a software bug.
(iii) Factoring tasks to maximize the utility of the
human-robot team is essential. It is critical to pursue
more autonomy in the development of robots for
routine and emergency operations. The real scenes
will be much more unstructured and chaotic than the
simulated environments we currently use in robot
testing and validation. However, current state-of-theart only allows for short-term and partial autonomy.
Models of computation can incorporate methods to
improve the percentage and speed (time) of successful
task completion by providing capabilities to the

DARPA

FIGURE 2 Team WPI-CMU’s Atlas robot climbing the stairs
during the DRC Finals using the human-supervised autonomy
framework developed by the team.
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human operator to intervene with
robot decisions at key steps. Most
DARPA-funded DRC teams automated
many subtasks and tasks during the
development period between the trials
in 2013 and ¿nals. (iv) A rigorous
validation strategy and operator training
are essential. Executing a rigorous
validation plan improved performance
of the teams. Construction of realistic
testbeds for validation and operator
training will contribute new know-how
to identify opportunities to speed up
the task completion. Unifying multiple
tasks and developing recovery behaviors
will enhance the reliability of a robot
by an order of magnitude through a
rigorous validation strategy. Top DRC
Finals teams spent the ¿nal months of
their development timeline outdoors
in their testbeds to run their methods
repeatedly and train their operators.
(v) Operators prefer to control the
robot at many levels, and they want to
rapidly and conveniently switch between
control modalities to: command joint
velocities or changes in positions to
recover from failure events such as
the drill tool getting stuck on the wall,
command Cartesian velocities or changes
in positions to nudge the robot actions
to provide adjustments such as to align
the robot hand with the door handle
for better grasping, designate end
ĕector targets such as desired grasps
or footsteps, provide task parameters
such as speed, and select tasks or
subtasks to perform. (vi) Human-robot
interaction with humanoid robots is a
challenging research and development
problem due to the complexity of the
system. Supervised autonomy at the
DRC (Figure 2) was only possible by
operators who had extensively practiced
for months, and even then errors were
made. For example, operator errors were
the main cause of falls by several Atlas
robots during the Finals.
For many, the DRC pushed the
limits of humanoid robotics research
ĕorts to new fronts from motion
planning and control to perception to
human-robot interaction. The DRC
Finals demonstrated that state-of-theart humanoid robots are slower than

humans by an order of magnitude in performing tasks such as turning
valves, using hand drills and Àipping electric switches. Furthermore, the
DRC robots relied heavily on pre-scripted motions and hence lacked true
autonomy, a critical capability especially in performing practical tasks
with complex humanoid robots, to carry out simulated tasks relevant to
disaster response. We also learned that reliability in completing tasks is
prohibitively low to make robots practical even for an overly simpli¿ed
set of tasks. As a result, the DRC outcomes once again emphasized the
need to develop new control paradigms for humanoid robots with tightly
coupled perception and action loops for reliable and su̇ciently rapid
robot capabilities to perform tasks in dangerous, distant and daring
environments.

THE NASA SPACE ROBOTICS CHALLENGE, 2016-2017
he DRC Finals concluded by a post-event workshop during which a
new challenge and call for proposals was announced by NASA. The
program was designed to award two Valkyrie humanoid robots designed

T

FIGURE 3 NASA’s Valkyrie robot completing a box pick-up task fully
autonomously using the full-body motion planning and control.
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and developed by NASA’s Johnson Space Center, originally for the DARPA Robotics Challenge, to be hosted by two DRC participant teams in conjunction with
the announcement of the Space Robotics Challenge (SRC). The SRC was a NASA
Centennial Challenge requiring teams to integrate mobility, manipulation, and
perception to accomplish several space exploration tasks such as alignment of a
communications dish, repair of a solar array, and ¿nding/repairing an air leak in
a habitat. The SRC was motivated by the need to better understand the challenges
on the path towards enabling the next generation robotic space missions using
humanoid robots by leveraging the momentum in the research and development
community triggered by the DRC. It is also envisioned that humanoid robots could
be part of the pre-deployment missions to Mars and maintain and repair equipment and supplies to be sent in advance of the manned missions.
As one of the two host teams, the SRC provided our team not only the Valkyrie
hardware platform to validate the SRC tasks but also the opportunity to expand our
work on motion planning control framework from the DRC to incorporate new capabilities. In this framework, we can calculate a sequence of collision-free robot con¿gurations ėciently by solving a trajectory optimization problem which is constrained
by the kinematics requirements of the task and the collision avoidance conditions [2].
The objective of the motion planning problem, which contains a sequence of
T joint con¿gurations representing motion trajectory of a K degree-of-freedom
humanoid robot system as decision variables q1:T where qt D ബ K describes the robot
joint con¿guration at the t-th time step, has the following form:
T

f (q1:T ) =

 ((q
t=1

íqt ) T Q 1 (qt+1íqt )+(qt íqnom ) T Q 2 (qt íqnom )+¨d(qt ) T Q 3 ¨d(qt )

t+1

where Q 1 , Q 2 , Q 3 > 0 are weight matrices, qnom represents a nominal posture, and
¨d(qt ) is the Cartesian deviation between a link’s pose at the robot state qt and its
desired posture. These quadratic cost terms represent penalizations of the weighted
sum on the joint displacements between the waypoints, joint con¿guration
deviation from a nominal posture and Cartesian displacement from a link frame
to a desired target frame. The ¿rst term can limit the movement of the robot and
smooth the trajectory. The second term is used to push the joints to the nominal
con¿guration when all the constraints have been met. Similarly, the third term is
used to push links to speci¿c positions and orientations.
Many constraints can be speci¿ed on the robot’s motion, which range from simple
joint limits, to position/orientation constraints of the robot’s links, to collision avoidance constraints, to constraints on keeping the horizontal projection of center of
mass on the support polygon. The Cartesian posture constraint plays an important
role for generating a motion solution. The hardware implementation on Valkyrie
requires a variety of costs and constraints to be set to generate a feasible motion solution. There are a number of general costs and constraints, such as joint displacement
costs using a normal standing pose as the nominal pose, pelvis height and orientation
costs, torso orientation costs, joint limit constraints, end-ĕector target constraints,
collision avoidance constraints, and center-of-mass constraints. Figure 3 depicts a
sequence of tasks while performing a simple box pick task with Valkyrie.
The SRC ¿nals took place in June 2017 and the details of the approaches that
20 dĭerent teams used to solve the challenge tasks virtually using the Gazebo
simulation environment have been revealed. The two host teams provided access to
the robot, and assisted the virtual challenge winners in implementing and testing
their code on the actual hardware robot.
Figure 4 presents four dĭerent approaches the SRC teams adopted to solve
the ¿rst task virtually. The ¿rst SRC task involves aligning a communications dish
and it requires both dexterous manipulation and constrained motion planning.
Motivated by the approaches SRC teams used, our team implemented and successfully completed this task on the actual robot hardware fully autonomously using a
22 MARCH 2018
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power grasp on the knob attached to the wheel (Figure
4). To generate the motion to turn the wheel, we utilized
our motion template library that is capable of storing constraints to be used by our whole body trajectory
optimization motion planner. We solve the optimization
problem by dissembling it into two subproblems and
then solving them hierarchically. The ¿rst problem is a
simpli¿ed optimization problem consisting of kinematic
constraints and collision constraints. The second problem
is to interpolate the kinematically-feasible path by taking
dynamics constraints and smoothness into account. With
this hierarchical motion planning approach, a feasible
and collision-free trajectory can be generated in a reasonable time, on the order of seconds. As a host team, we
provided the SRC ¿rst-prize winner, Coordinated Robotics from Newbury Park, CA, with access to Valkyrie and
successfully implemented the team’s approach to task 1
on the actual hardware. This ĕort also demonstrated the
capabilities of the current state of robot simulation environments (namely Gazebo from Open Robotics) to bridge
the gap from simulation to hardware implementation.
It is evident that most algorithms developed in virtual
environments can be validated on hardware platforms
successfully with little ĕort and this is another useful
outcome of the DRC and SRC to advance the emerging
¿eld of humanoid robotics.

FIGURE 4 (NASA’s Valkyrie completing the SRC task 1 both
in simulation (by the SRC participants) and on hardware (by
Northeastern University research team).

CONCLUSION
e envision that humanoid robots will ¿nd
numerous practical applications as pre-deployed
space exploration assets, personal assistants in the home,
nursing assistants in hospitals, and ¿rst-responders in
disaster relief. The DRC and NASA SRC provided the
research community with a charge to take bold steps
towards realizing practical humanoid robots. The next
challenge, yet to be announced, will bring this vision one
step closer to reality. Q
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2018 AMERICAN CONTROL
CONFERENCE
MILWAUKEE,WI
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The 2018 AMERICAN CONTROL CONFERENCE will be
held Wednesday through Friday, June 27-29, at the
Hilton Milwaukee City Center Hotel in the heart of
Milwaukee, Wisconsin – mere steps from the Lake
Michigan shoreline. The conference venue is near
nightlife, restaurants, shopping, and entertainment,
including the Henry Meir Festival Grounds - host to
l`]ogjd\kdYj_]klemka[^]klanYd$Kmee]j>]kl$o`a[`
will celebrate its opening day alongside the ACC.

The ACC is the annual conference of the American Automatic Control Council (AACC),
the U.S. national member organization of the International Federation for Automatic Control
(IFAC). National and international society co-sponsors of ACC include American Institute of
Aeronautics and Astronautics (AIAA), American Institute of Chemical Engineers (AIChE),
Applied Probability Society (APS), American Society of Civil Engineering (ASCE),
American Society of Mechanical Engineers (ASME), IEEE Control Systems Society
(IEEE-CSS), International Society of Automation (ISA), Society for Modeling & Simulation
International (SCS), and Society for Industrial & Applied Mathematics (SIAM).
The 2018 ACC technical program will comprise several types of presentations in regular and
invited sessions, tutorial sessions, and special sessions along with workshops and exhibits.
Submissions are encouraged in all areas of the theory and practice of automatic control.
Photographs courtesy of VISIT Milwaukee
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The DSC
conference is the
showcase technical
forum of the ASME Dynamic
Systems and Control Division. It
provides a focused and intimate setting
for dissemination and discussion of the state
of the art in dynamic systems and control research,
with a mechanical engineering focus. The 2018 DSC
Conference Technical Program will consist of sessions in all
of the usual areas of interest to the Division that include,
but are not limited to, automotive and transportation
systems, bio-systems and health care, energy systems,
mechatronics, modeling, identification, intelligent systems,
robotics, vibrations, and smart structures.
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Keynote Panel: MRO in the
Light of Digitalization
Monday, June 11 | 10:15 am – 12:15 pm
Join the best and brightest experts from around the
world at the 2018 must-attend event bringing together
business leaders, technology experts and authorities in
the ﬁeld of turbomachinery. It is an ideal opportunity
to network, learn about the latest trends and open new
chapters in turbomachinery. Targeted Maintenance,
Repair and Overhaul (MRO) at the right time is key to
ensuring eﬃcient, reliable and aﬀordable operation of
turbomachines throughout their lifetime. Digitalization
thereby provides unprecedented opportunities to
deﬁne targeted MRO measures, learn valuable lessons
from digital twins and optimize processes. In other
words, digitalization is about to revolutionize the way
of designing, manufacturing, operating and servicing
turbomachines. But which are the challenges and
opportunities that OEMs are facing in this respect? And
how do operators deal with these new trends? What are
the views of insurers and certiﬁcation institutes on this?
To learn about these aspects, join your peers and attend the
ASME Turbo Expo 2018 Keynote Session on Maintenance,
Repair and Overhaul in the Light of Digitalization. Two
prominent experts from OEMs, Mr. Paul Stein (RTO RollsRoyce) and Dr. Zuo Zhi Zhao (CTO Power & Gas Siemens),
will share their views on this thrilling subject and discuss
it with a panel of specialists from the airline industry, oil
& gas industry and insurance/certiﬁcation industry. The

Keynote is held in conjunction with the annual ASME IGTI
Honors & Awards program honoring individuals who have
made signiﬁcant contributions to the advancement of the
turbomachinery technology.

“Digitalization is about to
revolutionize the way of
designing, manufacturing,
operating and servicing
turbomachines”
Keynote Moderators
Pascal Decoussemaeker, GE Power Services
Prof. Damian Vogt, Conference Chair, University of Stuttgart

Plenaries
Additive Manufacturing in MRO
Tuesday, June 12 | 10:15 – 11:10 am
Big Data in MRO
Wednesday, June 13 | 10:15 – 11:10 am

Keynote Panelists
Mr. Paul Stein is currently Research
& Technology Director at RollsRoyce. He joined the company in
2010 as Chief Scientiﬁc Oﬃcer.
Previously he was Director General,
Science and Technology at the UK
Ministry of Defence, responsible
for national investment in defence
science and technology. Prior to that role, Paul was
Managing Director of Roke Manor Research, at that time
owned by Siemens and was a member of the Siemens UK
executive management board, leading on technology and
contributing to business strategy.
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Dr. Zuo Zhi Zhao is currently
Chief Technology Oﬃcer in the
Power & Gas division at Siemens.
He joined the company in 2009
at its Chinese hub in Shanghai as
Program Manager of Gas Turbine
Technology Development and
held the positions of Engineering
Manager of Gas Turbine Shanghai Engineering Hub,
General Manager of Gas Turbine Business Operation and
General Manager of Gas Turbine Business Unit. Previously
he was a Project Leader on aircraft engine research and
development at GE Global Research in Niskayuna, NY, USA.

Digitalization and MRO
at ASME Turbo Expo 2018
Shawn J. Gregg, GM, Propulsion Engineering, Delta Air Lines
Inputs, outputs. Factors, responses. Correlations
awaiting discovery. Whether applied to design, operation, or
restoration such data can yield intelligence to reduce costs and
increase performance in every phase of a product’s lifecycle.
The advent of data analytics and the concepts of digital thread
and digital twin are giving Operators and Maintenance, Repair,
and Overhaul (MRO) providers capabilities that once resided
only with Original Equipment Manufacturers (OEMs). The
digital revolution has arrived in the MRO world and now
Digital and MRO are coming to ASME Turbo Expo 2018.

Manufacturing

Design &
Development

Operation
Data
Analytics

Maintenance,
Repair,
Overhaul

Monitoring &
Inspection

Figure 1. How Digital technology leverages data to disrupt the
traditional product lifecycle.

OEMs, Operators, and MRO providers are all looking to capitalize
on digital technologies. OEMs, owning the intellectual property
for their designs, are weaving together digital threads to develop
digital twins via a combination of physics-based and empirical
modeling approaches. These digital twins oﬀer Operators the
ability to monitor, forecast, and optimize product performance.
Data is generated throughout a product’s life oﬀering MRO
providers the operational insight required to forecast restoration
cost. Once in the shop, part condition is assessed and fed back
to the digital twin to improve part liﬁng and performance
modeling. The data lifecycle is now just as important as the
product lifecycle.

The Digital impact begins at the OEM where analytical
experiments assess the impact of geometry and boundary
conditions on part life/performance. Performance
characteristics taken from operational data are integrated
with physical characteristics taken from the MRO
environment to model and predict new part performance
in existing turbomachinery and applied to the design and
development of new turbomachinery.
Operational data is now incredibly valuable, but how is
it obtained? As turbomachinery graduated from hydromechanical to digital-electronic based control philosophy,
sensors became a necessity. These sensors were largely placed
and monitored for control purposes with limited diagnostic
intent. Today, OEMs and Operators are adding diagnostic
sensors – with no intrinsic controls functions – to better model
and forecast turbomachinery life and performance. As such,
sensing technologies from other industries are inﬁltrating the
power generation and aviation industries. Acoustic imaging
is being used to identify issues with rotating turbomachinery
components. Machine olfaction technologies are monitoring
emissions and guiding smoke and fume troubleshooting.
Wireless sensing technologies, with their simple and costeﬀective implementations, are providing OEMs and Operators
with previously inaccessible parameters on both new and
legacy products. New technologies like these paired with
traditional pressure and temperature sensors are providing a
more complete turbomachinery picture.
The MRO environment also provides a wealth of data. The
physical condition of the engine-run part is the tangible
embodiment of all the part has experienced; and each part
can tell its own story. The challenge has not been recognition
of this data; rather, it is the data collection. Historically,
collecting geometry or physical condition speciﬁc data
(e.g. distress maps) was a labor intensive eﬀort making it a
challenging business case. Today, this can be accomplished
with 3D scanning technologies. Paired either with design or
measured-new-part geometry one can quickly determine how,
and how much, a part has degraded. Part conditions combined
with ﬁnancial models and operational characteristics can
produce trade studies that allow MRO providers to optimize
maintenance costs, balancing engine run-times with part
repair and replacement costs.
As Operators and MROs look to minimize maintenance costs,
they are turning to data analytics to interrogate operational
...Continued on pg. 56
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A Useful Equation for Gas
Turbine Design
“The essence of mathematics is not to make simple things complicated, but to
make complicated things simple.” [1]. Certainly we as engineers know this to
be the case!
With this clear statement in mind, I would like to go over a simple
mathematical equation that explains some gas turbine phenomena and
design in a straightforward and elegant way. This equation is written in
terms of the variables X1, X2 and X12, where 0≤X≤1.0 and X12 is given by
X12 = X1 + X2 – X1X2

(1)

I have come to call (1) a nonlinear superposition expression, since it is
composed of a sum of X1 and X2 (superpositioning) minus the nonlinear
product X1X2. A plot of X12 yields a segment of the surface of a hyperbolic
paraboloid, bounded by 0≤X≤1.0.

Combined Cycle Powerplant
Eﬃciency
Lee S. Langston, Professor Emeritus
University of Connecticut
Mechanical Engineering Dept.

One practical use of Eq. (1) results in an expression for the eﬃciency of a
combined cycle gas turbine/steam powerplant. The sketch in Fig. 1 shows a
schematic of a combined cycle powerplant consisting of a Brayton cycle (gas
turbine) whose exhaust provides energy to a Rankine cycle (steam turbine).
Using just the First Law of Thermodynamics and the deﬁnition of thermal
eﬃciency (useful energy output/costly energy input), the combined cycle
eﬃciency, ηcc, becomes (Horlock [2])
ηcc = ηB + ηR - ηBηR

(2)

Where ηB = WB/Qin and ηR = WR/QBR are the thermal eﬃciencies of the Brayton
and Rankine cycles respectively. Thus ηcc is directly analogous to the general
nonlinear superposition equation given in (1).
Taking ηB = 40% and ηR = 30%, the sum minus the product in Eq. (2) yields ηcc =
58%, a value of combined cycle eﬃciency greater than either of the individual
eﬃciencies - - which is the secret of success of this modern power plant.

Film Cooling Eﬀectiveness
Since at least the 1960s, ﬁlm cooling, the use of air ﬁlms bled from the
compressor and directed onto the external surfaces of superalloy turbine
airfoils and combustion liners, have been utilized by gas turbine designers.
This has allowed thermal eﬃciency enhancing turbine temperatures to be
dramatically increased, far above superalloy melting points.
The non-dimensional heat transfer variable e, (where 0≤e≤1.0) is called
the ﬁlm cooling eﬀectiveness. It is used by gas turbine designers to deﬁne
heat transfer coeﬃcients for ﬁlm cooling heat load calculations that are
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Engine Component Heat
Transfer Estimates

Source

Qin
Gas Turbine

WB

ηB

Frequently, one can use simple but exact one-dimensional
(1-D) heat conduction solutions to estimate the heat
loss or gain of gas turbine components under transient
conditions. These easy-to-use solutions are found in most
undergraduate heat transfer texts.

QBR Hot Exhaust
Combined
Cycle
Eﬃciency

ηcc

As an example, consider the case of estimating the amount
of heat transfer per unit span, Q, that occurs to a high
pressure compressor blade during an engine surge, relative
to its stored internal energy Qo (based on the surge gas
temperature, T∞). (A surge is the sudden reversal of ﬂow in
the compressor, accompanied by a sudden rise in compressor
gas path temperatures [4].).

Heat Exchanger

Steam

Steam Turbine

WR

ηR

Qout

Sink

Figure 1: Schematic for a combined cycle gas turbine Powerplant

independent of gas temperature diﬀerences. In practice,
values of e start at 1.0 at the injection site, and decrease
rapidly downstream of coolant slots or rows of holes, due to
the strong turbulent dispersion of the ﬁlm.
Thus, multiple ﬁlm cooling rows, introduced by slots or rows
of holes mounted sequentially in a stream-wise direction may
be required. An additive method, ﬁrst developed by Sellers [3]
has been widely used to account for values of e downstream
of multiple cooling ﬁlm injections, treating the coolant as
conﬁned stratiﬁed layers. Using the Sellers model, the

Heat load (reduced by ﬁlm cooling)

We consider a low cambered high compressor blade to be
modeled as a rectangular bar, with a chord of 2L1 and an
average thickness of 2L2 . The transient temperatures in this
2-D bar is then given by the product of the exact 1-D solutions
[5] of transient conditions in two inﬁnite plates of thickness
2L1 and 2L2.
It follows [5] that the per unit span heat transfer to the
compressor blade, Q, is then given by
Q
Q0

=

Q1 Q2 Q1 Q2
+
Q01 Q02 Q01 Q02

(4)

where the subscripts 1 and 2 refer to the 1-D exact solutions
for the two inﬁnite plates. Again, (4) has the same form as (1).

Conclusion
In summary, we see that three widely diﬀerent gas turbine
phenomena and design cases given by Equs. (2), (3) and (4),
all have the simple, nonlinear superposition form, given by
Equ. (1). The reader might try to ﬁnd other situations that are
described by Equ. (1), assuredly making complicated things
simple, by mathematics!
References

1

2

Figure 2: Two cooling ﬁlms injected into a turbine airfoil ﬂow.

resulting ﬁlm cooling eﬀectiveness, e12 of two rows of slots or
holes (see Fig. 2) is given by
e12 = e1 + e2 – e1e2

(3)
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where e1 and e2 are the values of e for each row individually.
The eﬀect of a third row, e3, can be additively accounted by
treating (3) as one row and obtaining a like expression for e123,
and so on, for additional rows.
Thus, we see that (3), for gas turbine ﬁlm cooling, has the
same nonlinear superposition form as Equ. (1).
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New Mobile Gas Turbine With A
Wide Range Of Applications
Uwe Schütz, Siemens Schweiz AG

The energy industry is
undergoing a rapid process
of change.
In many regions, the infrastructure necessary for power
supply is coming under pressure due to the constant
growth in demand for electricity. By 2040, according to the
International Energy Agency, global energy requirements
could increase by 30 percent, while there are still more
than a billion people without electrical power. At the same
time, renewable energies are playing an important role but
continue to require backup due to the ﬂuctuating power
supply. In this situation, mobile units that can provide fast,
ﬂexible, reliable electricity are growing in signiﬁcance.
Typical Integrated Solar Combined Cycle (ISCC) schematic

Electricity

Flue gas

The market for mobile gas turbines is continuously
growing. The bulk of this market is currently served by
products in the 30 MW class based on technology from the
aircraft industry. They oﬀer a range of features that suit
for the applications described above:

Steam turbine
generating set

High pressure steam

Fuel

A range of economic, environmental, and technological
factors have led to an expansion in decentralized,
distributed electricity generation. These factors were
based on economic growth in developing regions, as
well as diﬃculties in ﬁnancing, approval, and operation
of large, central power stations. Power plants based on
mobile gas turbine technology have beneﬁted from these
developments. They can be installed quickly and can thus
be connected to the grid swiftly. Their growth was driven
by the increase in the requirement for electriﬁcation in
parts of the world experiencing rapid development. This
is where mobile gas turbines oﬀer an attractive solution
thanks to their “plug-and-play” design that lets them start
feeding electricity into the grid in just a few weeks. Mobile
gas turbines therefore serve as a bridging technology that
brings the set-up times needed for higher capacities into
line with the high level of demand.

Electricity

Gas turbine generating set
Waste heat
recovery system
Condenser

•
•

Solar field
Solar steam
generator
Pump

Deaerator
Expansion
vessel
Feedwater

Pump

Low pressure
preheater

That’s why, since about 2010 more and more uses have
been found for mobile gas turbines, whose ability to make
electricity available as quickly as possible is a critical
advantage.
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•
•
•
•

High power density;
Compact unit construction, minimal installation
requirements;
Operation using gas and liquid fuel;
Particularly ﬂexible operation;
Suitability for 50 or 60-Hz frequencies with minimal
adjustment to conﬁguration;
Ability to operate under tough conditions.

In recent years, the market for mobile gas turbines in the
30 MW class using technology from the aircraft industry
has averaged over $1 billion p.a. for new units alone. That
represents around 40% of the total market for gas turbines
in this capacity range.

Many factors behind
increased demand for mobile
gas turbines
Many factors are contributing to the urgent demand for
electricity. These include economic growth; damaged
or unreliable infrastructure; market changes through
liberalization and the expansion of renewables; and
short-term needs for additional electricity. A growing
population, higher standards of living, and development
of the industrial sector are drivers of increased demand
for electricity. Mobile units are an ideal solution in cases
like these, when large volumes of electricity have to be
supplied in a short period.
An unplanned outage at a power station can signiﬁcantly
impact on the power supply, and in a worst-case scenario
can lead to electricity outages. In these cases, too,
establishing a replacement supply is an urgent necessity.
The necessary corrective action must often be performed
in locations that are quite diﬃcult to access – and since
mobile gas turbines can provide rapid grid support in
multiple locations, they provide a solution here and can
also help cover seasonal peaks.

for the largest market share for mobile gas turbines (35%),
followed by Latin America (21%) and Asia-Paciﬁc (18%).
In the shorter term, regions like sub-Saharan Africa and
additional parts of Asia-Paciﬁc will follow this trend.
This is the situation in which Siemens has developed its
new SGT-A45 mobile gas turbine unit, which provides a
generating capacity of up to 44 MWel, is suited for 50 and
60-Hz networks, and can run on gas or liquid fuels. The
turbine is based on Rolls-Royce Aero-Engine technology
and achieves eﬃciency levels of up to 40.4%. It has a
higher generating capacity than any other gas turbine in
its class, while being highly eﬃcient and ﬂexible. It also
has all the properties for swift delivery and installation in
just two weeks or less. Its compact design makes it easier
to transport quickly – whether to its ﬁrst installation
site or to a new location. The turbine and its auxiliary
units are mounted on three trailers to ensure optimized
mobility: dimensions, weight and the connections between
the trailers are reduced to a minimum. Most of the
commissioning work is done before the unit leaves the
factory, which reduces the time and cost of installation
on-site.
Net Power Plant Efficiency (%)
SGT-A65 1x1 ORC
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SGT-A65 1x1 ORC
(Direct Exchange)
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SGT-750 2x1 Steam
SGT-400-12.9 3x1 Steam

48

SGT-750 2x1 ORC
(Direct Exchange)
SGT-300-2S 3x1 Steam

46

SGT-300-2S 3x1 ORC
SGT-300-1S 3x1 Steam

44

Underdeveloped
infrastructure and economic
growth drive the demand.

3 x Wartsila 18V50SG
6 x Wartsila 20V34SG

SGT-400 4x1 ORC
(Direct Exchange)

9 x Wartsila 20V

42
SGT-300-1S 3x1 ORC
8 x Wartsila 20V34LPG

4 x Wartsila 20V34LPG

40

30

The transformation towards renewables necessitates a
greater level of ﬂexibility in implementing the mobile
design of gas turbines and their ability to adapt to aspects
such as operating cycles, fuel supplies, and environmental
conditions. Mobile units are also an ideal choice when
it comes to making large power capacities available
on a short-term basis, e.g. for major events, prolonged
downtimes at other power stations, or power-intensive
applications such as mining or shale gas extraction.

SGT-400-12.9 3x1 ORC

40

50

60

70

80

Net Power Plant Output (MW)
Net power output and net plant efficiency comparison for various steam and ORC combined cycle configurations,
along with the competing Wartsila reciprocating engine alternatives (data at 25°C, sea level except the SGT-A45 TR

If the electricity requirements exceed the level that can
normally be demanded of a mobile application, an SGT-A45
installation can be modiﬁed to form a combined-cycle
power plant to further improve its eﬃciency. In remote
locations, this can be achieved using an Organic Rankine
Cycle (ORC), to eliminate the need for water and water
treatment systems, and to optimize energy recovery from
the SGT-A45 oﬀ-gas stream at a relatively low temperature.
The use of a direct heat exchanger in which the ORC
working ﬂuid is evaporated by the oﬀ-gas stream from the
gas turbine can boost the system’s output capacity by more
than 20%.

In view of the requirements described above, the market
for mobile gas turbines has been concentrated mainly
in regions with a less developed infrastructure or
experiencing rapid economic growth. From 1999 to 2016,
therefore, the Middle East and North Africa accounted
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...Continued from pg. 51
data and identify correlations between sensed parameters
and part life and/or failure. Most OEMs today oﬀer an asset
monitoring solution based on predictive analytics for their
products. Operators and MROs looking for a more universal
solution are reaching out to third parties or developing
their own asset monitoring systems. Maintenance actions
and shop ﬁndings are fed back to the asset monitoring
solution to provide real time troubleshooting and repair
workscoping, saving valuable time in the operational and MRO
environments. As with sensing technologies, the inﬂuence of
other industries is ever-present. Data analytics methods taken
from the ﬁnancial industry to the medical records industry are
now being applied to turbomachinery.
The technologies making all this possible are equally
available to OEMs, Operators, and MRO providers. Data is
the diﬀerentiator with each owning a diﬀerent data stream:
OEMs – design data, Operators – operational data, MRO
providers – part condition data. OEMs and Operators with an
MRO business have access to two of the three streams while
independent MROs have only the part condition data. The
challenge for unlocking Digital’s full potential is accessing and
aggregating all three data streams.

ASME Turbo Expo 2018 will explore
the application and impact of
Digital technologies across the
turbomachinery industry with a
special focus on MRO.
It is an exciting time as technologies historically focused
on turbomachinery design and analysis as well as other
industries are brought to bear in the operational and MRO
environments. Listen, interact, and learn how academia
and industry are researching, developing, and maturing the
systems and methods today that will fully leverage Digital
technologies across the turbomachinery lifecycle tomorrow.

Register Today for Turbo Expo 2018!
http://www.asme.org/events/turbo-expo/register

Gas Turbine India 2017
In its ﬁfth year, the ASME 2017 Gas Turbine India
Conference succeeded in bringing together the gas turbine
professionals from academia, industry, and government,
including engineering students in India to the Sheraton
Grand in Bangalore, India. Bengaluru is the Aerospace
Capital of India with existence of important national
and international gas turbine research, engineering
& development organizations. The conference theme
“Energy & Propulsion Technologies for a Digital Future”
was chosen with an objective to provide the conference
participants a glimpse of emerging digital trends in the

modern gas turbine research and technology domain.
Over 300 attendees from 14 countries shared knowledge,
experience, and challenges in the ﬁeld of turbomachinery.
We would like to thank our platinum sponsors, GE and
Rolls-Royce, our bronze sponsor, QUEST, and our lanyard
sponsor, TURBOCAM, for supporting this conference.
We also recognize the Gas Turbine India Conference
Committee for the wholehearted and selﬂess volunteer
hours that they collectively dedicated toward the
successful technical program of the conference.

ASME Gas Turbine Segment Leader for 2018
ASME Gas Turbine Segment is pleased to announce Jaroslaw Szwedowicz, as the Segment Leader for
ﬁscal year 2018. He is the R&D Senior Key Expert at Siemens Power and Gas and has over 25 years of
industry and academic experience in lifetime methodologies, friction- & piezo-damping technology,
ﬂuid-structure interaction, acoustics, blade dynamics, testing and digitalization for GT. Jaroslaw has
authored over 50 publications and holds 5 patents with over 14 patent applications. His skills and experiences have a
proven track record in innovation based projects, technology roadmaps, and successfully leading international teams
for various products. Jaroslaw acted as an AE in the ASME Journal of Engineering for GT & Power. Now he is an AE
in IMechE Journal of Mechanical Engineering Science. He currently chairs the ASME Swiss Section and is a Reader at
ZHAW as an academic part-time job.
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OCEAN OFFSHORE & ARCTIC
ENGINEERING NEWSBRIEF
Welcome Message from the Division Chair

A

majority of the earth’s surface is
covered by oceans, and human
activity across and within
the waters of the world’s oceans have
persisted for centuries. The
OOAE Division members
maNe siJniÀcant contributions
to ongoing research and
development activities
relating to the oceans,
including oͿshore oil and
gas drilling and production,
petroleum engineering,
coastal and ocean engineering,
design and development
of oͿshore structures, their safety and
reliability. There is even a special interest
group focused on ice-laden cold waters of
the Arctic. In the past decade, the Division

has diversiÀed its interest into all forms
of ocean space utilization, including
marine renewable energy, aquaculture
and geotechnical engineering. Altogether,
the OOAED is comprised
of an amazing group of
individuals, who silently
contribute signiÀcantly
to safe and sustainable
production and harvest of
ocean resources for human
consumption. Many of the
activities of our members are
showcased in our Áagship
annual Ocean OͿshore and
Arctic Engineering (OMAE) conference!
Increased intensity of natural events
are reshaping our thought processes.
The hurricanes and tsunamis are getting

Àercer causing signiÀcant damage to
coastal and island communities. These
bring to light the importance of the work
we do, particularly with respect to safe
and reliable oͿshore structures and
development of oͿshore wind energy.
With this in mind, the Division along with
the support of other interested ASME
Divisions is initiating the International
OͿshore Wind Technical &onference
starting in 2018.
I welcome you to peruse the next few
pages of the OOAED news brief, and
please get in touch if you would like to
become a member of the Division.
KRISH THIAGARAJAN
University of Massachusetts Amherst
email: kthiagarajan@umass.edu

OMAE 2017 was a Great Success!

O

MAE 2017 was organized in Trondheim, Norway, June 25–30. This is the third
time that Norway hosts the OMAE conference. Local hosts for this year's
conference were The Norwegian University of Science
and Technology (NTNU) and SINTEF Ocean (former MARINTEK).
The participation at the conference was very good with almost
1100 registrants. Approximately 1000 papers were presented in 12
parallel sessions. Two of the sessions were honoring symposia to
Prof. Carl Martin Larsen (NTNU) and Prof. Owen Oakley (Chevron),
and Prof. Torgeir Moan (NTNU), respectively. As a new feature, a
lecture series in hydrodynamics was also introduced at the end
of the conference days. Lecturers were Prof. Odd Magnus
Faltinsen (NTNU), Prof. Bernard Molin (Ecole Centrale de
Marseille) and Prof Ronald W. Yeung (University of California
at Berkley). All well known capacities in hydrodynamics.
The day after closing the conference, a technical tour
was organized to Statoil Research Centre and the Marine
Technology Centre in Trondheim with 120 participants.
This tour was so popular that there was even a waiting list
for participation.
As part of the conference, cultural performances for each
day giving some ﬂavors of Norwegian culture were accomplished. Feedback from the
participants conﬁrms that they really enjoyed it. As local organizers, we are very pleased that
so many of our friends around the world came to Trondheim, Norway, to take part in OMAE 2017.
We are proud to be a part of the family.

DR. BERNT J. LEIRA
(above) Conference Chair,
OMAE 2017, Professor,
Department of Marine
Technology, Norwegian
University of Science and
Technology – NTNU.

DR. ATLE MINSAAS
(Not shown) Conference
Co-Chair, OMAE 2017,
Special Adviser,
SINTEF Ocean.
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OMAE 2018

I

(I+&antabria) and Universitat Rovira i
9irgili (UR9) look forward to this great
event. A number of interesting outings will
be arranged during OMAE 2018, among
them a gala dinner in the gardens of a
;9III century palace, oͿering a wide range
of Spanish dishes, followed by musical
performances and a party. A technical visit
to I1TA-&E+I3AR ocean basin
(www.cehipar.es), one of the
largest in the world, will be also
organized.
U3M is the oldest and largest
IHCANTABRIA,
Spanish technical university,
UNIVERSIDAD
CEHINAV,
with ,000 faculty members
DE CANTABRIA
ETSIN, UPM
and ,000 students.
Its marine engineering
faculty (ETSI1), with
over 00 students, is
amongst the largest
in Europe. &E+I1A9
URV WIND
CEHIPAR CENTRO DE EXPERIENCIAS
model basin research
TUNNEL
HIDRODINÁMICAS DE EL PARDO
group is the actual U3M
responsible for OMAE organization (canal.
8niversidad 3olitpcnica de Madrid (83M),
etsin.upm.es). The University of &antabria,
Environmental +ydraulics Institute of
located in Santander in the north coast of
&antabria - 8niversidad de &antabria
n recent years a substantial increase
of the presence of Spanish companies
in the oͿshore sector, both oil and
gas and renewables, has taken place. As a
reÁection of this impulse, 2018 will be the
Àrst time the International Conference on
2cean 2;VKore anG $rctic (nJineerinJ
20$( visits Spain. As your hosts,

CONFERENCE CHAIRS, OMAE 2018: (left to right)
ANTONIO SOUTO-IGLESIAS, Ph.D. Associate Professor, CEHINAV, DMFPA, ETSIN, Universidad Politécnica
de Madrid. RAÚL GUANCHE GARCÍA, Ph.D. Head of
Offshore Engineering and Ocean Energy Group. Environmental Hydraulics Institute of Cantabria–IHCantabria, Universidad de Cantabria. FRANCISCO HUERAHUARTE, DIC, Ph.D. Associate Professor Mechanical
Engineering Dpt. Universitat Rovira i Virgili.

Spain, is one of the three universities that
has been in the top 10 list of the main Spanish rankings both in education and research
quality. I+&antabria, one of its centres, is
the leading research centre in coastal and
ocean engineering in the country, with more
than 10 researchers and scientists focused
on a wide range engineering challenges
(httpwww.ihcantabria.comen). It also
manages a unique set of experimental facilities specialized on ocean engineering issues.
UR9, based in Tarragona, has been ranked
in the recent years among the top 100 young
universities in the world. Its Mechanical
Engineering Department is the URV responsible for OMAE 2018 (www.etse.urv.cat).

37th International Conference
on Ocean, Offshore and
Arctic Engineering
Madrid, Spain, June 17–22, 2018
Over 900 technical papers expected to be presented in the following symposia:
SYMP 1 - Offshore Technology
SYMP 2 - Structures, Safety and Reliability
SYMP 3 - Materials Technology
SYMP 4 - Pipelines, Risers, and Subsea Systems
SYMP 5 - Ocean Space Utilization
SYMP 6 - Ocean Engineering
SYMP 7 - Polar and Arctic Sciences and
Technology
SYMP 8 - Computational Fluid Dynamics and
Fluid Structure Interaction
SYMP 9 - Ocean Renewable Energy

SYMP 10 - Offshore Geotechnics
SYMP 11 - Petroleum Technology
SYMP 12 - Honoring Symposium for
Professor Carlos Guedes
Soares on Marine
Technology and Ocean
Engineering
SYMP 13 - Honoring Symposium for
Professor Bernard Molin
on Marine and Offshore
Hydrodynamics

OMAE 2018 also features pre-conference short courses, Afternoon Lecture Series,
social events, an Outreach for Engineers Specialty Forum and a post-conference tour at
a technical facility. Visit www.omae2018.com for more information.

Early Bird Registration Deadline: Monday, March 26, 2018

omae2018.com
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Exploring the
Arctic Frontiers

I

t is estimated that the Arctic contains more
than one third of the world's undiscovered
oil and gas. Although some development has
already occurred, the region remains one of the
last energy frontiers. But the region is also one of
the most dicult areas in the world to work in,
due to its remoteness, the extreme cold, dangerous
sea ice, and its vulnerable environment.
ICEBREAKER
URHO
navigating
the ice in the
Baltic Sea.
Urho was built
in 1975 with a
shaft power
of 16.2 MW,
being Finland’s largest
and most powerful
icebreaker at the time.
Photograph of the view
from deck taken during a
PhD workshop organized
by Aalto University.

A key challenge will be developing and
deploying solutions, which are currently at the
cutting edge of technology. Transportation of
gas and oil from such remote parts of the globe
are also a huge challenge to the energy industry
with high technology demands on structures,
vessels and pipelines. The Polar and Arctic
Sciences and Technology Symposium promotes
the understanding of the cold regions of the earth
through environmentally compatible design and
construction, safe operation, maintenance, and
integrity of both oͿ-shore and onshore structures
in these fragile regions. Going into the Arctic is
one of the most challenging and fascinating topic
for engineers, researchers and environmentalists
of various disciplines. Not alone, but only together
we can make this happen.
Participate in the OMAE Symposium with
interest or contributions in: Arctic Frontier
Regions, Arctic Sea Transportation, Structures in
Ice, Vessels in Ice including Maneuvering, Full
Scale Measurements and Ice Model Tests, Ice
Management and Operations in Ice Evacuation
in Ice, Oil Spill Prevention/Recovery, Evacuation
and Rescue in Ice and Numerical Ice Modeling
including Structure-Ice-Interactions.
SYMPOSIUM
COORDINATOR: (left )
WALTER L. KUEHNLEIN,
SEA2ICE Ltd. & Co. Email:
walter.kuehnlein@
sea2ice.com. SYMPOSIUM
CO-COORDINATOR: (right)
SÖREN EHLERS, Hamburg
University of Technology
Email: Ehlers@tuhh.de.

SYMP 12 Honoring Symposium for
PROFESSOR CARLOS GUEDES SOARES on
Marine Technology and Ocean Engineering

T

he 37th International Conference on Ocean,
Offshore and Arctic Engineering (OMAE 2018) is
proud to dedicate a Special Symposium in honor of
Professor Carlos Guedes Soares of Instituto Superior Técnico, University
of Lisbon, Portugal.
Professor Guedes Soares graduated from the Portuguese Naval Academy in 1971, and completed his Masters in Naval Architecture and Marine
Engineering and in Civil Engineering at the Massachusetts Institute of
Technology. He received his Ph.D. from the University of Trondheim in
1984 and Doctor of Science from the Technical University of Lisbon in 1991,
where he joined as Lecturer in 1980.
Professor Guedes Soares has been a Professor and Coordinator of the
Naval Architecture and Marine Engineering area and the Scientiﬁc Coordinator of the Center for Marine Technology and Ocean Engineering (CENTEC) at the Instituto Superior Técnico, University of Lisbon, since 2000
and 1994, respectively. He has performed a diversiﬁed set of international
functions, including: President of IMAM (International Maritime Association of the Mediterranean) from 2005-2011; Founding Member, Secretary,
Vice-President and President of ESRA (European Safety and Reliability
Association) from 1987-2004; and Chairman of the International Ship and
Offshore Structures Congress from 2012-2015.
He has coordinated a large number of national and international
research projects focused on the marine environment, ship dynamics and
hydrodynamics, marine structures and safety, reliability and maintenance.

SYMP 13 Honoring Symposium for
PROFESSOR BERNARD MOLIN on
Marine and Offshore Hydrodynamics

T

he 37th International Conference on Ocean,
Offshore and Arctic Engineering (OMAE 2018) is
proud to dedicate an Honoring Symposium on Marine
and Offshore Hydrodynamics to Professor Bernard Molin from Ecole
Centrale Marseille/IRPHE.
Professor Bernard Molin graduated from Ecole Polytechnique of Paris in
1974, obtained his Master of Science in Naval Architecture from University
of California – Berkeley in 1975, and his Doctor of Engineering from ENSM
Nantes in 1981. He was awarded the 'Habilitation à Diriger les Recherches'
by Aix-Marseille University in 1996. Bernard Molin was a research engineer at Institut Francais du Petrole (IFP) from 1975 to 1994. He has been a
professor at Ecole Centrale Marseille/IRPHE since 1994.
Professor Molin’s research activities have been mainly concerned with
nonlinear hydrodynamics (drift forces, slow drift motion, high frequency
loads and response), and development of computer models for the French
offshore industry. Recent involvement has included hydrodynamics of
perforated structures, Vortex Induced Vibrations, slamming, moon-pool
resonances, hydroelastic responses, sloshing in tanks and motion coupling, third-order run-up effects and slow-drift excitation. He was 22nd
Georg Weinblum Memorial Lecturer (1999-2000).
Professor Molin has authored over 150 journal and conference papers.
He is the author of one book 'Hydrodynamique des Structures Offshore'
published in French and in Chinese.
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Introducing the New Editor of JOMAE

I

earlier served as an Associcreased the number of annun December 2017, Dr. Solomon Yim,
Fellow of ASME and the GW Holate Editor of JOMAE for seval publication pages of the
journal from 450 to 780. To
eral years and has been an
comb Professor of Structural Enensure quality handling of
author of numerous articles
gineering at Oregon State Universithe manuscripts and keep a
in this journal. He has been
ty, completed his second ﬁve-year term
balanced load for the associinvolved in Ocean, Offshore
and rotated out as the Editor-in-Chief of
and Arctic Engineering
the ASME Journal of Offshore Mechanate editors, with the help of
(OOAE) Division activities for
the incoming editor, he reics and Arctic Engineering (JOMAE). Primany years, mostly through
cently recruited and more
or to serving as the editor, Solomon was
his efforts with two technithan doubled the
a reviewer for many years
DR. LANCE MANUEL
number of assoand an associate editor since
cal committees—(i) Ocean
2000. In his ten-plus years as
Renewable Energy; and (ii) Structures,
ciate editors from around 20
editor, Solomon worked dilSafety and Reliability. He recently
to approximately 40. Solobegan serving on the Executive Commitmon currently serves as the
igently to improve the qualTechnical Program Chair of
tee of the ASME OOAE Division. A past
ity of the journal, increase
the OMAE-2018 Conference in
ASME Conference Paper awardee, Lance
the readership and raise the
Madrid, Spain, and will conwas also recognized with an OOAE
impact factor of the jourDivision Special Appreciation & Service
tinue to serve the Division as
nal. Under his watch, manuaward in 2014 and was elected an ASME
an Extended Executive Comscript submission submitted
DR. SOLOMON YIM
Fellow in 2012. He looks forward to the
increased from approximatemittee member in the future.
opportunities and challenges in his new
In January 2018, Dr. Lance Manuel,
ly 60 to over 200 per year; the number
role as JOMAE Editor.
the T U Taylor Professor of Engineering
of subscriptions from about 800 to conOn behalf of all the members, the Diat the University of Texas at Austin,
sistently over 1,200; and the impact factook over as the new Editor-in-Chief of
vision Executive wishes the new editor
tor from under 0.300 to 0.993. He worked
and his editorial board success with the
the ASME Journal of Offshore Mechanics
with the journal management team at
Journal in the years to come.
and Arctic Engineering (JOMAE). Lance
ASME Headquarters and successfully in-

SAVE THE DATE! NOVEMBER 4–7, 2018
Sheraton Fisherman’s Wharf, San Francisco

International Oﬀshore Wind
Technical Conference (IOWTC 2018)
ASME presents a new 3-day conference, focusing on
the technical aspects of Offshore Wind
SCIENTIFIC TRACK
New Fixed Offshore Concepts
New Floating Concepts
Mooring & Foundations
Offshore Turbines Modeling
Aero-Hydro modeling
Structural Analysis
Metocean
Model Testing
Field Data
Farms / Layouts

PROJECT DEVELOPMENT TRACK
Permits
Environmental Issues
Fabrication & Industrialization
Installation / Commissioning
O&M
Decommissioning
Asian Projects
American Projects
European Projects
Financing Challenges & PPAs

Submit your paper by May 7, 2018!
Conference
Co-chairs:

Dominique Roddier, Ph.D., CTO, Principle Power
Krish Thiagarajan, Ph.D., University of Massachusetts Amherst

Email: iowtc@seatoskymeetings.com
Website: www.iowtc2018.com
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SMALL
PARTS
PICKING

KARDEX REMSTAR, WESTBROOK, MAINE

T

he LR 35 storage and retrieval unit
specializes in fast delivery when picking
small parts in order to meet the demand for
greater ﬂexibility, ergonomics, and energy
efficiency in intralogistics. Responding to
the trend toward wider product ranges, smaller
batch sizes, and 24-hour service support, the LR 35
storage system, from the company’s Vertical Buffer
Module product family, is a solution for picking
small parts from bins, totes, and trays in small and
medium-sized warehouses. The unit’s design
consists of a shelf system with automatic bin
handling, picking stations, and its own logistics
software for companies involved in handling singlepart or small-volume orders.

SUPPORT AND GUIDING ROLLERS
FAIGLE, HARD, AUSTRIA

The Austrian manufacturer and plastics specialist vows these rollers will deliver
“15 to 20 years of tough continuous operation with performances of over 65,000
km—even under harsh operating conditions.” Made from durable thermoplastic
polyurethane resistant to hydrolysis (the decay of plastic by water molecules)
as well as grease, humidity, and other climatic conditions, the design, material,
ball bearings, and high-precision
precision manufacturing technique are specially
ally selected
to achieve maximum vibration
ration
dampening along with quiet
uiet
and smooth operation. An
extensive pool of tests
for concentricity, resistance to hydrolysis,
startup and roll resistance, and flattening
tendency provide data onn
the product’s suitability for
the intended applicationn and
service life.

MEASUREMENT
CREAFORM, QUEBEC, CANADA

An optical coordinate measuring system, MaxSHOT Next, with its live go/no-go guidance feature, is designed to help quality control and development specialists from
the aerospace, automotive, transportation, and heavy industries with their largescale metrology projects. An alternative to laser trackers for many applications, it
autonomously guides users to the right measurements within VXelements and can
be used as a stand-alone measurement device or in combination with Creaform’s 3-D
scanners and portable coordinate measuring machines. Highlights include volumetric
accuracy of up to 0.015 mm/m and visual projections with live go/no-go feedback
directly on the part guiding the user to the correct position to take the shot.

HARDWARE
SPREADER BEAM
MODULIFT, POOLE, U.K.

This huge spreader beam, popular in the
marine and offshore industries, can lift
a staggering 1,500 tons at a span of 20
meters. The MOD 800X/1500, with 1,000
t/800 t, top/bottom wide-body shackles at
each end, received DNV Design Approval and
DNV GL CG3 certification; the latter certifies
that DNV carried out a full survey during
the manufacturing and testing process,
as well as approving the design. The beam
took eight weeks to manufacture and test
in a purpose-built compression test rig. The
rig had to be upgraded so Modulift could
apply a proof load of 1,650 t (working load
limit [WLL] x 1.1) to the spreader beam. The
company specializes in orders for customers
who are looking for efficiency, flexibility, and
high-tech engineering to support activities
related to super-heavy lifts.

PHARMA EQUIPMENT DRYER
JETAIR, VENTURA, CALIF.

PHOTO ETCHING
TECH-ETCH, PLYMOUTH, MASS.

Tech-Etch photo etches custom screens, filters, and filter supports for diverse uses,
including medical devices, hydraulic valve screens, laser light filters, fuel filters, extruding screens, liquid filtration, particle separation, and sizing. Photo etching enables
designers to specify a straight hole or a tapered hole, which facilitates liquid filtration
and backflow cleaning. Hole sizes range from .003-in. and up. Unlike stamping, photo
etching yields a burr-free product resulting in cleaner, more efficient screens with
greater material integrity. Photo-etched screens feature a tighter tolerance on hole
sizes and greater dimensional stability than woven wire mesh, making them suited to
applications requiring frequent cleaning or devices where there is mechanical contact.
Unlike woven wire mesh screens, the fixed photo-etched openings will not change
through use.

JetAir Technologies released PharmaDry, a portable system engineered to dry large
blenders and tanks quickly, with an eye toward helping those in the pharmaceuticals
industry avoid the long wait times—hours or even days—associated with traditional
drying. As the industry innovates new health solutions, the need to produce multiple
products on the same equipment increases. Quick and thorough changeover is critical.
Cleaning and sanitizing stainless steel tanks and blenders between products using
traditional methods (i.e., air drying) is time-consuming. The high-efficiency blower
drives in this system use forced air to dry blenders and tanks up to 2,300 gallons (150
cu. ft.) in 30 minutes or less with minimal operator attention. It can also dry parts,
tank exteriors, walls, and floors.
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MASS FLOW, PRESSURE CONTROL
ALICAT, TUSCON, ARIZ.

Modbus TCP/IP compatibility allows PLCs running
the Modbus industrial automation protocol to
connect to Alicat instruments over Ethernet cable.
Alicat instruments rapidly and precisely monitor
and control critical process parameters in chemical,
medical, manufacturing, and power industries. All
the mass flow or pressure controller’s data, including
mass flow, volumetric flow, pressure, temperature,
selected gas calibration, set point, and totalized flow
can be output to a central PLC running a compatible
automation protocol. Users may also change set
point or gas selection, and issue other commands
remotely. These capabilities are available in a
Modbus intranet or Internet environment, using the
TCP/IP protocol. In addition, Alicat offers standard
Modbus-RTU, Ethernet/IP, DeviceNet, and PROFIBUS
communication options to fit new or existing
systems.

smallmachine

BIG RESULTS
Real CNC

RESPIRATORY PROTECTION MASK

for shops of all sizes
SCOTT SAFETY, LANCASHIRE, U.K.

With breathing and lung
problems a concerning
workplace hazard, the
AVIVA half mask is
designed with
workers’
well-being
and
comfort
in mind.
Its lowprofile head
harness is compatible with safety helmets and
eye protection. The half mask, available in small,
medium, and large, is silicone-free but designed with
silicone-like comfort. A reflex seal allows the wearer
added movement and flexibility, and a positive fit
check button built into the device guarantees a
secure fit. Enhanced voice intelligibility enables
the wearer to be clearly heard by those around. The
AVIVA half mask is compatible with a wide range of
filters, permitting use in a variety of applications
and industrial situations, such as asbestos removal,
manufacturing, welding, and pharmaceuticals.

Tormach machine tools are fully
capable of cutting aluminum,
plastics, and steel, giving you the
ability to bring all your prototyping
and light manufacturing in-house.

g at

Startin

$ 4950

TORMACH.COM

HARDWARE

PRESSURE SENSOR
PCB PIEZOTRONICS, DEPEW, N.Y.

SENSOR SYSTEM FOR AUTOMATION
The micro ICP pressure sensor, model 132B38, is suited for wind tunnel applications
that require very small test sensors and very high frequency response. It features a
centered sensing element that improves accuracy of time of arrival, targeting, sniper/
projectile detection systems, and aerodynamic testing in high-speed wind tunnels.
This model measures shock waves above 11 kHz and up to 1 MHz. With a measurement range of 50 psi and a resolution of 0.001 psi, it is sensitive enough to measure
standing waves associated with boundary-layer transitions and the bow and stern
of shock waves created by projectiles. It has a stainless steel housing and a 10-foot
integral cable that terminates in a 10-32 coaxial jack.

HARDY PROCESS SOLUTIONS, SAN DIEGO, CALIF.

The HI 6600 Modular Sensor Systems for PROFIBUS-DP are sensor control systems
for weight processing modules, and it collects and dispatches data important to
industrial automation. It is used in applications like packaging, filling supplies, and
inventory management. The data collected blends into information collected by other
sensor systems. It is more of a centralized controller, and 28 channels of processed
weight can be configured over a single connection. It is designed for the food
processing, chemical, and the packaged goods industries, and provides high levels of
accuracy. The HI 6600 delivers stable processed weight with a resolution of 1:10:000
and with up to 110 updates per second. A web interface package that comes with the
sensor system provides access to data from anywhere.

FORCE TESTING
TA INSTRUMENTS, NEW CASTLE, DEL.

Mechanical devices are expected to have a long life, and there are instruments available to test
their durability. TA Instruments' ElectroForce DMA 3200 is one such instrument, combining fatigue
and dynamic mechanical analysis (DMA) technologies into a mechanical testing platform. It is applicable to industries like automotive, aerospace and medical devices, and also tests for polymers,
elastomers, and composites. The frictionless motor can run DMA tests on large and small loads,
and run billions of cycles. The system is available with multiple furnace and cooling options. It also
comes with TRIOS software for data analysis.
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MASS CALIBRATION
METTLER TOLEDO, GREIFENSEE, SWITZERLAND

The XPR6U ultra-microcomparator balance comes with free MC Link software and is
designed to deliver highly accurate and secure mass calibration. Readability of 0.1
μg coupled with fast stabilization time and improved repeatability is provided by the
Active Temperature Control technology, which draws heat away from the weighing
cell. The software guides users through the calibration process all the way to the
printed certificate in just a few clicks, while ensuring fully traceable and secure data
for weights, weight sets, uncertainty analyses, and customers. Once activated, the
GWP-approved function built into the comparator monitors its status regarding tests,
adjustments, leveling, and settings, and ensures that mass comparison takes place
within the safe weighing range of the comparator.

THREADED CONVEYORS
EXAIR, CINCINNATI

These aluminum 2-1/2 NPT and 3 NPT threaded Line Vac air-operated conveyors
convert ordinary pipe into a powerful, high-volume conveying system for parts, scrap,
trim, and other bulk materials. Their larger size makes them suitable for conveying
bigger parts and large volumes of material over long distances. The threaded Line
Vac is designed to attach to standard plumbing pipe couplers, making it easy to build
a complete system using pipe and fittings available from any home center, hardware
store, or plumbing supply outlet. The conveyors eject a small amount of compressed
air to produce a vacuum on one end with high output flows on the other. Response is
instantaneous and regulating the compressed air pressure provides complete control
of the conveying rate.

WAVE TRANSMITTER
PASTERNACK, IRVINE, CALIF.

The PEM010, a millimeter wave transmitter module, is used in the development
of multi-gigabit, high-speed, point-to-point wireless communication links. These
links provide low-cost, gigabit wireless throughput for a variety of applications
involving telecommunications “last kilometer” distribution, telecommunications
cellular backhaul, millimeter wave wireless gigabit Ethernet data communications,
building-to-building high-speed networks, and mesh-based LAN infrastructures.
The highly integrated millimeter wave transmitter (Tx) module operates in the
global unlicensed frequency spectrum from 57.0 to 64.8 GHz. It also supports
IEEE 802.11ad and 802.11aj Wi-Fi protocols for wireless, multi-gigabit, high-speed
networking. It incorporates a silicon germanium (SiGe) MMIC-based frequency
synthesizer and power amplifier and features a complete waveguide interface with
low-loss transition between the chip and WR-15 waveguide port.

HARDWARE
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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.

TEST FOR PHOSPOROUS
ENDRESS+HAUSER, REINACH,
SWITZERLAND

If don't want to send water to a lab
for phosphorous testing, the Liquiline
CA80TP analyzer will do it for you
in-house. The instrument, mostly
targeted at industrial and wastewater
plants, can take a small sample of
water and in no time calculate the
phosphorus range. The analyzer uses
thermal digestion technique along
with colorimetric analysis. Phosphorus
occurs in water as phosphate, and
enters through multiple means such
as fertilizers and industrial waste.
Phosphate can result in an excessive
number of aquatic plants growing in the
water, in turn leading to more biomass,
which increases the rate of oxygen
consumption. The analyzer helps to
quickly put diagnostics in place to
remedy issues.

COMPLIANCE COMPENSATOR
ATI, APEX, NORTH CAROLINA

ATI Industrial Automation’s U1-050 Universal Compliance Compensator combines a variety of features to
achieve the highest level of adaptability in tasks such as automated assembly, bin picking, loading and
unload
unloading machines, robotic finishing, and more. The U1-050
UCC complies
c
in many directions to overcome misalignment
between the tool and the workpiece. The patented
mechanism is ideal for demanding high-endurance
applications and offers simultaneous X-Y lateral
compliance, X-Y-Z axis rotation, and Z compression.
The pressurized internal reset piston returns
the device to a repeatable center. The stiffness can
be tuned
tun for specific payloads by varying the pneumatic
pressure. ATI’s UCC can be configured for either a PNP or
pressu
compliance sensor and has an option for environmental
NPN co
protection if it is needed. The UCC comes with a standard 50
protect
mm ISO mounting pattern which, in many cases, eliminates
the need
nee for interface plates.

The Department of Mechanical Engineering (ME) at The University of Alabama
(UA) seeks applications for Department Head.
UA has experienced unprecedented growth over the last decade, including signiﬁcant increases in
undergraduate enrollment. The Department of Mechanical Engineering offers B.S., M.S., and Ph.D. degrees.
The department has 28 full-time faculty with active funded research and one faculty shared with Electrical
and Computer Engineering. The department enrolls nearly 1800 undergraduate and 100 graduate students,
and has a strong history of research and teaching. More information about ME can be found at
http://me.eng.ua.edu/.
Applicants must have: (i) relevant earned doctoral degrees; (ii) academic achievements commensurate with
a tenured appointment of Full Professor; (iii) a strong record of excellence in research, including extramural
funding, and an appreciation of an academic research culture; and (iv) a commitment to diversity and
inclusiveness.
The Department Head will be expected to provide visionary leadership. Desirable attributes include the
ability to (i) promote sponsored research programs; (ii) catalyze new research initiatives that mesh with the
goals of the College of Engineering; (iii) recruit, develop, and mentor faculty and students; (iv) leverage the
multidisciplinary culture of the Department, College and University; (v) lead curricular design and accreditation
efforts, and (vi) interact with government, industry, and alumni to foster economic development.
Review of applications will begin immediately, and applications will be accepted and reviewed continuously
until this position is ﬁlled. Applicants must submit a cover letter, complete curriculum vitae, a vision
statement of mechanical engineering in today’s comprehensive university, and a list of three references with
contact information. Applications must be submitted electronically at http://facultyjobs.ua.edu, requisition #
0811017. For more information or to provide a nomination, please contact:
Dr. Beth A. Todd, Associate Professor
Chair of Search Committee
Department of Mechanical Engineering
Email: btodd@eng.ua.edu
Txt: 205-799-6656

Belk-Woodward Distinguished Professor of Engineering
The William States Lee College of Engineering at the University of North Carolina at Charlotte invites
applications for the Belk-Woodward Distinguished Professor in Engineering. Income from a $1M endowment
is available to the Belk-Woodward Professor as supplemental support to their research and educational
programs. An experienced, dynamic candidate who can collaboratively lead the College’s pursuit of
excellence in funded research is desired. The successful candidate will have credentials and experience
appropriate for appointment at the rank of Professor in one of the ﬁve departments in the College of
Engineering (Civil and Environmental Engineering, Electrical and Computer Engineering, Engineering
Technology and Construction Management, Mechanical Engineering and Engineering Science, and Systems
Engineering and Engineering Management). Candidates should have an outstanding record of scholarly
accomplishments and funded research, a demonstrated ability to work across disciplines to build and lead
a collaborative research enterprise, and a strategic vision for a transformative research area to be housed
within the College of Engineering.
Applications must be submitted electronically at https://jobs.uncc.edu (Position # 4504). Candidates should
provide a cover letter, a detailed CV, and names and contact information of at least three references. Review
of applications will begin immediately and continue until the position is ﬁlled. UNC Charlotte is an Equal
Opportunity, Afﬁrmative Action employer and an ADVANCE institution and strongly encourages applications
from all underrepresented groups.
The Williams States Lee College of Engineering has approximately 4000 students and prides itself on its
excellence in undergraduate and graduate education. It is home to several interdisciplinary research centers:
the Energy Production Infrastructure Center (EPIC), the Center for Biomedical Engineering Systems (CBES),
the Center for Precision Metrology (CPM), the Infrastructure, Design, Environment and Sustainability Center
(IDEAS), the NC Motorsports and Automotive Research Center (NCMARC), the Asset and Infrastructure
Management (AIM) Center, and the Center for Advanced Multimodal Mobility Solutions and Education
(CAMMSE). For additional information see http://engr.uncc.edu.

Faculty Positions in Mechanical
and Energy Engineering
The Department of Mechanical and
Energy Engineering (MEE) at Southern
University of Science and Technology
(SUSTech) in Shenzhen, China is pleased
to invite applications for tenure-track or
tenured faculty positions at all ranks. The
department is newly established with
three main research directions: robotics
and automation, innovative design and
advanced manufacturing, and energy
engineering. Successful applicants will have
the opportunities to develop an innovative
research program and collaborate with
academic/industrial organizations worldwide.
The department will consider all areas in the
mechanical engineering discipline; however,
a particular emphasis will be placed on
robotics, additive manufacturing, innovative
design, bioscience and medical science
associated mechanical engineering, energy
engineering with an emphasis on batteries.
SUSTech is a publically funded institution
located in Shenzhen, next to Hong Kong.
Since its inception, SUSTech’s mission
has been to reform higher education in
China and become a world-class institution
with a strong emphasis on innovation
and entrepreneurship. Due to its location,
SUSTech is exposed to the some of the
leading high-tech and manufacturing
industries in China and is part of Shenzhen’s
plan to create a world-class economic and
innovation center. Shenzhen is the top four
most prosperous cities in China and has
been consistently referred to as the leader in
technological developments.
Candidates must hold a doctoral degree and
strong research and teaching credentials.
Successful candidates will be expected to
establish independent research programs
in line with the aforementioned research
directions; Interdisciplinary research
programs that can bridge the gap between
traditional mechanical engineering areas
with other STEM ﬁelds will be encouraged.
To establish an international standard,
candidates will be encouraged to participate
in international communities and to establish
transnational research collaborations. Senior
candidates are expected to play leadership
roles in research and education. Globally
competitive salaries and start-up packages
will be provided.
Application Instructions:
Those who are interested are invited to
apply through the website at http://mee.
sustc.edu.cn/en/employment/zhaopin1/
or submit the following information
electronically to meehire@sustc.edu.
cn: 1) Curriculum Vitae (with a complete
list of publications); 2) Statement of
research interests; 3) Statement of teaching
philosophy; 4) Selected reprints of three
recent papers; and 5) Names and contact
information of ﬁve references. Review of
applications will begin immediately and
continue until the positions are ﬁlled.
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right) and her students
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Charlotte, N.C.
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ASME INSPIRE:
BIGGER IMPACT AND DREAMS

T

he fourth year of the ASME INSPIRE digital STEM course for
middle and high school students
features new and enhanced program
content together with a record number
of schools incorporating the course in
their curricula.
During the 2016-2017 academic year,
ASME INSPIRE’s hallmark program
—“INSPIRE STEM Readiness”—was
used in more than 1,000 schools across
48 states.
Over the past three years, this awardwinning online, in-class student experience of using early algebra and coding
skills to successfully complete 16 missions has engaged more than 100,000
middle in high school students.
As every engineer knows, with proof
of concept comes opportunities. Enter
“ASME INSPIRE Career Readiness,” a
new program that allows middle school
students to explore real careers and
gain applicable skills.
Based on their personalized journey
through these career paths, students

develop a personalized portfolio of
exciting opportunities and proﬁles
speciﬁc to their interests.
And the impact of this new experience? As of December 2017, ASME
INSPIRE programs were already in
use in 897 schools by more than 45,000
students, an astonishing 114 percent
increase over the same timeframe last
academic year.
INSPIRE Classroom Connects
school visits are already in full swing,
with a Nov. 7 visit to INSPIRE scholars
at Alexander Graham Middle School in
Charlotte, N.C.
Led by their teacher, Air Force veteran April Carpenter, these eighth-grade
INSPIRE champions have already completed the INSPIRE Career Readiness
program and have started INSPIRE
STEM Readiness.
Following a 17-year military career,
Carpenter has spent over a decade
teaching Career and Technological
Education (CTE) in Charlotte Mecklenburg Schools.

This is her fourth year integrating
ASME INSPIRE into her classroom
experience, ﬁnding it an invaluable tool
in supporting her success and primary
goal as a CTE teacher, which is to promote college and career readiness.
“Using INSPIRE within our curriculum opens the doorway to opportunities and gets students thinking,”
Carpenter said. “It’s real-world and
the software itself is encouraging and
motivational. It gets them talking about
college and a career direction that they
may not have ever considered.”
Additionally Carpenter shared that
using ASME INSPIRE—with its handson and self-guided approach—helps students discover exciting possibilities and
illuminates a path toward a fulﬁlling
and important career in engineering.
“Some students may not hear that
they can go to college, but we support
that dream and the pursuit of STEM
career ﬁelds,” she said. “These students
will make an impact in
the world.” ME
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ASME BRIEFING ON
CAPITOL HILL HIGHLIGHTS
CUTTING-EDGE LASERS

A

SME convened a congressional
staff brieﬁng titled, “Lasers for
America: Driving Advancements
in Science, National Security, Manufacturing, Health, and U.S. Competitiveness.” The brieﬁng, which was held
Dec. 12, 2017, followed the release of a
National Academies of Sciences (NAS)
study, titled “Opportunities in Intense
Ultrafast Lasers: Reaching for the
Brightest Light.”
The NAS study, which was conducted at the request of the Department of
Energy, the Office of Naval Research,
and the Air Force Office of Scientiﬁc
Research, evaluated the current state of
high-intensity, ultrafast lasers and laser
technologies, and assessed the value
of future high-intensity laser science
programs and facilities in the United
States and around the world.
The United States’ early lead in this
technology is at risk, the report stated.
According to the NAS study, countries
in Europe and Asia are investing heavily in this foundational technology and
plan to overtake the U.S.
At the same time, U.S. federal invest-

Rep. Louise Slaughter (foreground)
stands with other policymakers at
Image: ASME
the ASME briefing.

ment in the research and development
of high-peak power lasers has been declining signiﬁcantly, leaving American
researchers and companies vulnerable
to international competition.
ASME partnered with internationally recognized scientists and representatives from American industry for
the Dec. 12 brieﬁng to provide insights
to policymakers on the current state of
laser science and technology development.
Panelists discussed the key role that
lasers play in U.S. innovation and economic competitiveness, and how the
nation can maintain preeminence in
laser technology. ME

FIFTH EDITION OF BOILER CODE
COMPANION GUIDE NOW AVAILABLE
ASME Press has issued the fifth edition of the
classic reference manual, Companion Guide
to the ASME Boiler & Pressure Vessel (B&PV)
Codes. The two-volume set, which was edited
by K.R. Rao, has been completely updated
to address the 2015 B&PV Code, as well as
topics pertinent to the most recent edition of
the B&PV Code, released in 2017.
The new 1,800-page guide encompasses
40 chapters—many of which are entirely new
or extensively rewritten—that cover the 12
sections of the ASME B&PV code, as well as

relevant piping codes. Each volume features
a concise introduction outlining the contents
of that volume. The guide also includes
two special chapters addressing expected
trends, an index of 8,000 Code-related items,
and biographical data for the 51 B&PV Code
experts who contributed to the handbook.
ASME members can purchase a print edition
of the Companion Guide for $499 — a savings
of $130 off the list price. They can also order
each volume of the set separately, in either
print or eBook format, for $299 apiece. ME

SPECIAL JOURNAL ISSUE
FOCUSES ON THE FUTURE
OF MUSCULOSKELETAL
BIOMECHANICS

T

he ASME Journal
of Biomechanical
Engineering recently
published a special issue,
“Spotlight on the Future
of Musculoskeletal
Biomechanics: Frontiers
and Challenges in
Musculoskeletal Biomechanics,” which
highlighted the work of young investigators and
their scientific contributions to emerging challenges in musculoskeletal biomechanics.
The new issue concentrated specifically on
key areas for musculoskeletal biomechanics, including advances in assessment of tissue function in vivo; integrating physiological processes
and systems within the context of mechanical
function; and emerging uses of rodent models to
study musculoskeletal systems.
In addition to the review article “Primary and
Secondary Consequences of Rotator Cuff Injury
on Joint Stabilizing Tissues in the Shoulder,”
the special issue also featured seven research
papers: “A Novel Method for Repeatable Failure
Testing of Annulus Fibrosus,” “Noninvasive
Assessment of Biochemical and Mechanical
Properties of Lumbar Discs Through Quantitative
Magnetic Resonance Imaging in Asymptomatic
Volunteers,” “Functionally Distinct Tendons
From Elastin Haploinsufficient Mice Exhibit
Mild Stiffening and Tendon-Specific Structural
Alteration,” “Wireless Implantable Sensor for
Noninvasive, Longitudinal Quantification of Axial
Strain Across Rodent Long Bone Defects,” “The
Functional Roles of Muscles, Passive Prostheses,
and Powered Prostheses During Sloped Walking
in People With a Transtibial Amputation,” “Reproduction Differentially Affects Trabecular Bone
Depending on Its Mechanical Versus Metabolic
Role,” and “Strain Distribution of Intact Rat
Rotator Cuff Tendon-to-Bone Attachments and
Attachments With Defects.”
The guest editors were Dawn M. Elliott of the
department of biomedical engineering at the
University of Delaware in Newark, and Kyle Allen
of the department of biomedical engineering at
the University of Florida in Gainesville. ME

INPUT OUTPUT

MECHANICAL ENGINEERING | MARCH 2018 | P.72

CLEAN CLOTHES GREEN
A hand-cranked washing machine promies to save time, money, and electricity.

A

dvances in technology usually involve replacing manual
drudgery with mechanization.
The Gentlewasher bucks that trend.
That new washing machine has been
engineered to launder clothes in a few
minutes while using less water than
conventional machines and no electricity. But it requires a human to turn
a crank.
“We wanted to make a washing
device for the 5 billion who currently
don’t have a washing machine,” said
Coen Vermeer, founder of Gentlewasher. “Helping people across the world
save time on washing each day was our
motivation.”
Basic washing machine design
hasn’t changed in decades. To keep the
Gentlewasher’s design simple, it drew
elements from both hand and machine
wash. Users put clothes inside a circular honeycomb drum, load water, and
drop in detergent. The user then turns
a hand crank for two minutes to wash
and two more minutes to rinse.
The interior surface area of the honeycomb drum produces multidirectional ﬂows, leading to effective mixing
of the detergent, water, and clothes,
Vermeer said.
The machine is small—it can hold
around six pounds of clothes—and uses
about 4.7 gallons of water per load,
compared to 13 gallons of water required by a standard Energy Star-rated
washing machine.
One challenge in designing the product was balancing simplicity against
adding features. Every addition affected
other parts of the design. “How other
parts get impacted, you’ll most often
only realize when you built another
prototype,” Vermeer said. “And then
you’re cursing yourself for not being
able to foresee a new problem arising

A washing machine
small enough to put on
a countertop.
Photo: Gentlewasher

because of the choices you made.”
Creating the drum and sizing the
machine was the biggest challenge for
Vermeer and co-founder Kathak Mehta.
“Changing the size of the drum also
impacts the effort, including the distance from handle to middle-point and
thus handle size, cleanliness and drop
distance of clothes, and size of the body
and total weight.”
“A washing machine by itself does
not clean, it merely facilitates,” Vermeer
said. “Since Gentlewasher is manual, it
had to give great results in a mere four
to ﬁve minutes.”
The team also faced choices about
different production methods ranging
from “low upfront investment and high
product cost” to “high upfront investment and low product cost,” Vermeer
said. The choices included making prototypes from scrap via fabricated metal

parts, creating ﬁberglass reinforced
plastic for the body, vacuumforming, CNC machined prototyping, and
creating two prototypes into injection
moulding. The company settled for a
high upfront investment, and today
has nine moulds, with the biggest one
weighing 6,000 kg.
At 23 pounds, the Gentlewasher
is small enough to put on a countertop and can wash all types of clothes.
That’s especially convenient for small
apartments or remote locations where
electricity isn’t readily available.
But at $269, the Gentlewasher is
priced more for a New York City
apartment dweller than for the rural
villager. But once the product is well
established, Vermeer said, less expensive versions will be offered. ME
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Life moves quickly

When was the last time you reevaluated
your life insurance coverage?
Have there been changes in your life?
That’s where your ASME membership can help. With four group
life insurance plans to choose from—ASME has options that you
can take advantage of—whether you need to add to your current
coverage or begin new coverage.
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Ave., New York, NY 10010 on Policy Form GMR.
Coverage may not be available in all states.
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