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RenAM 500M, for a new era of metal additive manufacturing
Renishaw’s new metal powder bed fusion additive manufacturing system for industrial production, RenAM 500M, features
increased emphasis on automation and reduced operator intervention. The system is the first to be designed and manufactured
in-house by Renishaw, applying over 40 years of cross-sector engineering excellence that spans electrical, mechanical and
optical technologies. Highlights include:
• Renishaw designed and engineered optical system with 500 W laser
• Automated powder sieving and recirculation with SafeChange™ dual filter system
• RESOLUTE™ linear position encoder on Z-axis for high accuracy operation

For more information visit www.renishaw.com/additive
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Small Extraterrestrial Robots
ASTROBOTIC
TECHNOLOGY HAS
a bold business
model: to make
space travel accessible to every
country. The
lunar logistics
company recently took a big step toward
that goal with its work on CubeRovers,
small robotic rovers for extraterrestrial
exploration and experimentation.

MOVING MATTER
AT THE CELLULAR LEVEL

O

PTICAL TWEEZERS are used by researchers to move micro or nanoscale
particles and measure nanometer-scale displacements. But they have
limitations. Yuxiang Liu, assistant professor of mechanical engineering at
Worcester Polytechnic Institute in Massachusetts, uses light emitted from
optical fibers to mechanically “trap” and “interrogate” biological particles, such as cells. This differs from traditional optical tweezers in that they only
require two optical fibers and can detect nanometer displacement without needing
objective lenses. This makes the system more compact and cost-effective.

Solar Aeration for the
Developing World
A new low-cost solar fish pond
aerator is a passive device, created
by a research team at the University
of Toronto in Ontario, that mixes pond
water using heat from the sun. It
requires no electricity, has no moving
parts, and can be manufactured
and maintained locally from readily
available parts, making it ideal for
small farms in developing countries.

Targeting Prostate Cancer
A RESEARCHER
AT WASHINGTON
State University
is developing a
noninvasive
technique and
device to detect
prostate cancer
by capturing exosomes at the nano level.

Making Solar Panels Attractive
PRIVATE FIRMS ARE
USING ADVANCES
in solar panel
manufacturing to produce
panels that aesthetically fit into
home design.

NEXT MONTH ON ASME.ORG
COOKING UP JOBS FOR ROBOTS
The food service industry may be the next big
market for robotics. Developers are creating
robots to prepare, cook, and serve meals.
Robotic waiters are already being deployed
in restaurants.
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A TALE OF TWO CITIES
T
John G. Falcioni
Editor-in-Chief

FEEDBACK
What can
engineers do to help
lobby public policy
toward improving
the crumbling
infrastructure in
the U.S.?
Email me.

falcionij@asme.org

he subway trip from Tiananmen
Square to ASME’s offices in
Beijing’s Chaoyang District was
eye-popping. The train was quiet, clean,
and tech-savvy.
Even the advertisements were
different than what I’m used to, riding
the subways of New York City. Instead
of poster billboards hawking products
plastered inside the train, a hidden
camera projected video commercials
through the fast-moving train’s windows,
onto the dark tunnel walls. The closest
thing I’ve seen to this was the simulation
effects on the Harry Potter-themed
Hogwarts Express ride at Universal
Studios in Orlando, Fla., where you’re
made to feel like you’re onboard a
moving train while the outside scenery
passes you by.
Meanwhile, in New York City the
Metropolitan Transportation Authority’s
system is held up, in part, by signal
equipment that was put in place in the
1930s. It has grown so bad that city
officials announced an $800-million
rescue plan over the summer for the
distressed subway system.
New York’s subway system represents
a stark contrast to the city’s modern
skyline landscape. But the dichotomy
between old and new is no stranger to
Beijing either, a city of 21 million people.
The “shack business” economy, where
mom-and-pop shops sold goods and
services—from hardware supplies to
homemade food—still exists in Beijing.
Yet it is giving way to a government
push to modernize and transform these
ancient alleyways, which are often
around the corner from glimmering
office towers and elegant shopping
centers.
During the early days of China’s
transition to a market economy, the
government encouraged the growth of
small businesses, sometimes erected
by migrants from outside Beijing, as
literal holes in the wall—or, kai qiang da
dong—in homes or vacant spots on alleys

and small streets. In all, there are about
16,000 such hole-in-the-wall shops in
Beijing.
The local government is determined to
transform the overcrowded Beijing into
a futuristic capital of finance, media, and
technology.
By and large, the proud Chinese
nationalists I spoke with on a recent
trip were fully supportive of the ongoing
government efforts. The ultimate goal
is to cap the city’s unwieldy population
at 23 million while expanding nearby
cities, linking them together to create a
megalopolis.
Beyond the crude stores lingering
in the fringes, signs of China’s not-somodern past remain visible despite
government initiatives to show off the
rightful metamorphosis that the city
and most of the rest of the country are
undertaking. And the Chinese, even
those who wonder what life is like
outside the controlled borders of their
censored government walls, support the
push toward modernization.
“We crave technology,” one engineer
I spoke with told me. “The Chinese are
crazy for robotics,” she said. Robots—or,
MÙ qì rén in Chinese, which translates
to “machine people”—are everywhere.
They’re in banks making chit-chat
with customers online; and they’re in
restaurants where they serve as maître
d’s, waiters, and even assistants in the
kitchen.
Some 800 Chinese companies are
involved in robotics and the number is
growing, according to a Beijing-based
robotics industry association.
From a technology perspective, cities
in China represent a tabula rasa for
advanced technology and thus have a leg
up on building state-of-the-art municipal
infrastructure. After all, it’s a lot easier
building a subway system from scratch
than to reinvent one that opened in 1904,
like New York’s. Beijing makes you feel
both like you’re in an old New York, and
in one of the future. ME

LETTERS & COMMENTS
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ing of the living creature, both within
the natural order and each unto its own
intrinsic principle, is lost.
How does this coarsened attitude
toward life not extend to human life
as well?

APRIL 2017
Reader Neff
recalls his work on
designing centrifugal
compressors.

A reader asks whether the
efforts to create biologically
derived machines may cause us to
value humanity less.

WHERE WILL IT END?
To the Editor: The project to build
living machines (“Living Machines” by
Monique Brouillette, June 2017) aims to
artificially keep alive manufactured or
manipulated tissue to perform functions separate from an organism’s

Paul J. Malocha, P.E., Ann Arbor, Mich.

SURGE PROTECTOR

natural intention.
This effort is the latest in a long line
of attempts, inspired by Enlightenment
philosophy, to master life and dis-integrate it into components to be mixed
and matched at will.
Living organisms are viewed simply
as an assembly of pieces. The mean-

To the Editor: Lee S. Langston’s article
on compressor surge (“Out Through the
Intake,” April 2017) was well written
and an enjoyable read.
I was a Cummins Engine turbocharger chief engineer during the 1960s, and
I well remember the challenge of designing turbo centrifugal compressors,
to avoid surge in high-altitude regions
of the U.S.
Joseph J. Neff, Indianapolis

ROBOTIC END - EFFECTORS

Measure all six components of
force and torque in a compact,
rugged sensor.
Interface Structure—high-strength
alloy provides IP60, IP65, and IP68
environmental protection as needed
Low-noise Electronics—interfaces for
Ethernet, PCI, USB, EtherNet/IP, PROFINET,
CAN, EtherCAT, Wireless, and more
Sensing Beams and Flexures—designed
for high stiffness and overload protection

The F/T Sensor outperforms traditional load cells, instantly providing
all loading data in every axis. Engineered for high overload protection
and low noise, it’s the ultimate force/torque sensor. Only from ATI.

www.ati-ia.com/mes
919.772.0115

INJECTION MOLDING
THAT CRUSHES
CONVENTIONAL
MANUFACTURING
WISDOM
•
•
•
•

Aﬀordable tooling
Lower piece-part costs
Mold life guarantee
Inspection reports

GET 10,000+ PRODUCTION-GRADE PARTS IN
AS FAST AS 1 DAY.

YES, REALLY.

FREE CALENDAR
Request your 2018
Cool Parts Calendar at
go.protolabs.com/ME7MC

TECH BUZZ

BIONIC
SKIN

3-D SENSORS MAY ONE
DAY PUT ROBOTS AND
HUMANS MORE IN TOUCH.

A minuscule electronic
device was printed
directly on a curved
model finger.
Image: Shuang-Zhuang Guo

E

ngineers at the University of
Minnesota have developed a oneof-a-kind printer that produces a
tiny swatch of what they call stretchable
electronic fabric. The fabric—a cube
about as big as a peppercorn—is studded
with embedded sensors and may set the
stage for robots with a sense of touch or
humans who have enhanced prosthetics
printed directly on their fingertips.
The research team spent about a year
tinkering with materials and fabrication
before perfecting their printer, which
uses four alternating syringe-like nozzles
to squeeze out strands of specialized
inks in rows the width of human hairs.
The skin consists of a base layer of

silicone, top and bottom electrodes made
of a conducting ink, and a coil-shaped
pressure sensor. A sacrificial layer that
holds the top layer in place while it sets
eventually washes away.
Significantly, the flexible inks are
printed and cured at room temperature,
eliminating a major obstacle to
affixing these tags to the human body.
Conventional 3-D printing is too hot, and
the objects too hard when they set, to be
printed directly onto skin.
“We set out to advance the technology
of 3-D printing,” said Michael McAlpine,
associate professor of mechanical
engineering and leader of the research
team. “3-D printed objects have limited

functionality because they are rigid
plastics. What we can do here is print a
stretchable electronic device
on a curved surface like a
finger. We first 3-D scan a
model finger and conformal
print electronics on the
surface.”
Though they have yet to
use human skin, McAlpine’s
team has printed a device on
the finger of a model human
hand. And one of the tactile
sensors laminated to a
student’s wrist detected and
measured his pulse in real
time as he went running.
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“Because of the versatility of our tools,
you can imagine printing many kinds
of electronic devices all over the body,”
McAlpine said. By exploring a diverse
palette of soft, nanoscale materials,
he envisions printing different types
of sensors on skin for, among other
purposes, health monitoring, or for
soldiers in the field to detect poison gas
or explosives.
One advantage of the team’s innovation
is that “the manufacturing is built into the
process,” McAlpine said.
“Indeed, the 3-D printer is a
manufacturing tool that can be made
portable,” he continued, “and perhaps
be carried around in a backpack, to print
electronics on the fly.”
In the near-term, the team hopes to
use the stretchable devices to conform to
the geometry of robots used in minimally
invasive surgery, giving them a sense of
touch. Currently surgeons rely solely on
cameras.
“In the future it would make the
surgery more precise to have tactile, or
haptic, feedback to these surgical tools,”
McAlpine said, “because right now you’re
basically just looking into a TV screen.” ME

MEREDITH NELSON is a writer based in New York City.

The 3-D printer
applies alternating layers of
electronic ink to
create a device.
Image: ShuangZhuang Guo

SMART GARMENT TAKES
SOME OF THE LOAD
To protect against back pain, a researcher designed an
undergarment that redirects strain.

K

arl Zelik had had it with the darting pain he felt when he lifted his toddler
son. So the assistant professor of mechanical engineering at Vanderbilt
University in Nashville started pondering a wearable tech solution that
would avoid the traditional belts and braces used to address back strain.
“I’m sick of Tony Stark and Bruce Wayne being the only ones with performanceboosting supersuits,” Zelik said. “The difference is that I’m not fighting crime. I’m
fighting the odds that I’ll strain
rain my back this week trying to lift
my 2-year-old.”
Zelik’s team developed an
n undergarment consisting of
two fabric sections made off nylon canvas, Lycra, polyester, and other materials, forr the chest and legs.
The hope is that a support
rt device worn under clothing
may be used more often than
an those that currently strap
on over the outermost layers.
rs.
The sections of the undergarment
rgarment are connected
by sturdy straps across the middle back, with
natural rubber pieces at the
e lower back and
glutes. When engaged via a simple double tap to the shirt during a backexerting activity (or by tapping
ing an
app on a smartphone), some
me
of the force travels through
elastic bands instead of
back muscles. Upon release by another double tap,
p,
the undergarment relaxes to
enable the wearer to return
n to
a normal routine.
During tests, when subjects
ects
leaned forward and lifted weights,
the device reduced activity in the lower
back extensor muscles by between 15
and 45 percent.
The next step is embedding
ing sensors in the
smart clothing to monitor stress on the lower
back, and if it gets too high, automatically
turn on the device. ME
This back-supporting device is thin
enough to fit under street clothes.
Image: Joe Howell/Vanderbilt University

TECH BUZZ

RENEWABLE ENERGY’S EFFICIENCY TOOL

R

enewable energy’s inroads into the
United States and other developed
countries are well-known, but it
also is gaining traction in the developing
world. Renewable energy zones in
southern and eastern Africa, developed
in coordination with the International
Renewable Energy Agency, promote
renewable energy development backed
by the governments of 19 countries.
But identifying the most efficient sites
for generation and transmission to load
centers can be challenging, which is
where a newly developed planning tool
promises to increase efficiencies.
Kenya’s $680-million Lake Turkana
wind project, for instance, will generate
310 MW, making it eastern Africa’s
biggest power project. But the project
suffers from its remoteness. Its 350
Vestas wind turbines are installed and
operational but remain idle because
of delays in construction of a 438 km
transmission line intended to deliver the
electricity to Suswa, near Nairobi. The
government recently announced the line
will not be operational until 2018.
Transmission lines and
interconnections take longer to build
than the turbine farm even without
delays. Such issues may have been
identified early in the planning process
using MapRE, or Multicriteria Analysis
for Planning Renewable Energy, saving
potentially millions of dollars.
“Most renewable energy projects are
developer driven,” said Ranjit Deshmukh,
one of MapRE’s developers and now
a researcher at Lawrence Berkeley
National Laboratory. “If developers are
given the right information, they can
identify ‘hotspots’ of wind and solar
resources.”
Those sweet spots don’t always take
into account other details of the project,
such as the distance from the generating
station to the load center and the time it
takes to build a project’s components. “A
transmission interconnection can take
as long or longer than three to five years

A data-management tool could help more countries develop renewable energy.
Image: MapRE/Getty Images/iStockphoto

to build,” Deshmukh said. “A renewable
energy project can be built within a year.”
Deshmukh pointed out that the ideal
site for a renewable energy project may
not be where the sun or wind is most
consistent. Other multiple criteria should
be considered, including distance to
the load center and population density,
demand, and wind speed. Environmental

better decisions. Deshmukh said he and
co-developer Grace Wu at the University
of California, Berkeley, spent two years
collecting data sets on economic,
environmental, and other issues for
21 African countries participating in
the East African and Southern African
power pools, talking to utilities and other
stakeholders. The tools include items

“A TRANSMISSION INTERCONNECTION CAN TAKE AS LONG OR LONGER
THAN THREE TO FIVE YEARS TO BUILD.”
RANJIT DESHMUKH, LAWRENCE BERKELEY NATIONAL LABORATORY
and a number of social parameters
should be included in decision-making.
A project could be more efficient and
economical if it is built where the sun or
wind is not optimal, but closer to where
the power is needed. “But having the data
is the biggest impediment to such an
exercise,” he said.
MapRE provides the data to make

such as wind speeds, timing, and other
physical factors such as solar insulation.
Used together, planners can identify
what Deshmukh called “no regrets” sites
that are accessible and have low cost
and limited impact. Wu, Deshmukh,
and their colleagues published a
paper in the Proceedings of the National
Academy of Sciences on the African work,
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finding that many countries possess
energy development potential “many
times the projected demand.” They
argue for regional interconnections,
noting the most competitive wind and
solar resources are “spatially uneven.
Regional interconnections planned
around strategic siting opportunities are
crucial for realizing no-regrets wind and
solar energy development that can be
competitive with conventional generation
in African countries.”
In Africa, Deshmukh pointed to
estimates that show current electricity
generation must triple by 2030.
Renewables have a place and even an
advantage in meeting those needs. Using
the tool, he and the paper’s authors
conclude, “Interconnections and selecting
wind sites to match demand reduce the
need for [South African Power Pool]-wide
conventional generation capacity by 9.5
percent in a high-wind scenario, resulting
in a 6–20 percent cost savings, depending
on the avoided conventional technology.”
Zimbabwe, South Africa, and Kenya now
are using MapRE, Deshmukh said, and
it is moving to other regions as well. The
World Bank is using MapRE in Vietnam
to add more solar power to the country’s
grid, and the European Climate Fund is
using it in a study to find alternatives to a
fossil-fuel plant in Bangladesh.
“One of the goals with the World Bank
is to reach out and put tools into the
planning process,” he said. “It has been
geared mainly toward planners, policy
makers, or regulators.”
The developers note that the opensource tool emphasizes utility-level
solar or wind zones, although the spatial
models could be used for off-the-grid
development.
MapRE, while created for use in the
developing world, can also be used
elsewhere. Wu is now working on an
iteration specifically for California where
local regulations promote renewable
power but siting complications show
“a lot of time and money wasted in the
process,” Deshmukh said. ME

JOHN KOSOWATZ is senior editor at ASME.org.

“The helmet I’ve been wearing scored the best (in
tests). Obviously, you want to be as safe as you can
possibly be on the field. It’s football, and nothing’s
guaranteed, but we want to play with the best
equipment possible.”
Houston Texans linebacker Brian Cushing, on wearing a new football helmet
designed to reduce the incidence of concussions, as quoted in
the Houston Chronicle on August 12, 2017.
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TECH BUZZ

A SOLAR DEVICE HOOTS TO PROTECT
FARMS FROM ANIMAL RAIDS
Student engineers from the
Indur Institute of Engineering
and Technology give the
solar hooter, which protects
crops by scaring off animals,
five thumbs up.
Image: Engineering for Change

A

low-cost “solar hooter” may
keep animal intruders at bay
on southern Indian farms. The
device flashes a light and emits loud
sounds periodically to scare off nighttime
invaders.
Monkeys, rats, herons, and other
animals raid farmers’ fields to eat their
crops. Electric fencing keeps them out,
but it is prohibitively expensive for many
farmers, and live wires have been known
to injure people and domestic animals.
Without an assist from technology,
farmers must patrol their fields at night
to protect them.
Student engineers at the Indur
Institute of Engineering and Technology

in Siddipet in the state of Telangana have
developed the hooter as a cost-effective
solution.
Vipin Kumar, a farmer in southern
India, points at a herd of nilgai antelope
that raid crops. The new “solar hooter”
could scare them from the fields.
The device is composed of a controlling
circuit, timer, brushless DC motor, LEDs,
hooters, a battery, and other components
inside a plastic housing, all powered with
a solar panel. The raw materials total
3,000 rupees (about $50), but the device
is not yet available for retail sale.
“It is a pollution-free device that
doesn’t require any power supply from
another source. No need for daily

inspection. It automatically turns on and
turns off. It is economical to farmers
and not harmful to any creature,” said
Donthuraboina Purnachander, one of
the student engineers working on the
project.
The hooter has been tested with
success in a field of maize, said K. Laxmi
Narsimha Rao, assistant professor of
electrical and electronics engineering at
the institute.
The next step may be to arrange for
manufacture, the students say. ME

ROB GOODIER is the managing editor at Engineering
for Change. For more articles on global development
visit www.engineeringforchange.org.
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CICADA WINGS INSPIRE
WATER-SHEDDING SURFACE
Nanoscale texture makes
cicada wings water-repellent.

When it comes to product
design, nobody does it better
than Mother Nature.

Image: Getty Images

A

multidisciplinary research team
m at the
University of Illinois in Urbana-Champaign
-Champa
aign
examined the wings of cicadass to discover
disco
over
how they cause moisture to bead up and roll away—a
a
property known as hydrophobicity—and
and applied
applie
ed their
findings to design artificial surfacess with de-ic
de-icing,
cing, selfcleaning, and anti-fogging abilities..
The group of mechanical engineers,
ers entomologist,
entomo
ologist, materials
scientists, and analytical chemists from the university
niversity
sity and
U.S. Army Corps of Engineers’ Engineer Research
arch and
continued
inued on p.17 »
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EVEN SMALL FACTORIES
CAN GET SMARTER
Making your plant smarter may not be as
daunting or expensive as you think.

S

mart manufacturing uses data to
deliver value the way automation,
mechanical machinery, and labor did
in the past. Yet engineers often worry that
transitioning to smarter factories involves
navigating a deluge of unfamiliar and possibly expensive technologies ranging from
the Internet of Things and Big Data to cloud
computing and machine learning.

Surprisingly, it may not be as daunting
or expensive as you think. When it comes
to making your plant smarter, there is
plenty of low-hanging fruit.
The payoff could be huge, especially for
small- and medium-sized manufacturers
who switch their production mix monthly,
weekly, or even daily.
By capturing the right type of information, engineers and operators might
discover things they might not otherwise notice. Take, for example, machine
utilization. In many small shops, lights
indicate machine status. Yet they do not
show whether the machine is in startup,
cleanup, or making parts and money.
A smart factory can tell you all that
and more by capturing output and quality
data. It can show you quantitative data
about which machines are most productive, what tasks they do best, and
how different operators compare when
running the same piece of equipment. By
replacing coordinate measurement ma-

chines with on-tool sensors, you can use
real-time data to see when quality starts
to drift or a cutting tool begins to dull.
In other words, smart factories give
engineers the quantitative information
they need to make better decisions. And it
costs less than you think.
At NIST’s Smart Manufacturing Systems Test Bed, we’ve demonstrated that
we can build a basic industrial IT network
(including server, router, switches, and
wireless access-points) for about $3,000.
We maintain cybersecurity by not connecting it to the Internet.
Our experience is that most machine
tools built over the past 10-to-15 years already have network ports, and many were
designed to capture data. You may need
to update controllers or software (about
$1,000 per machine if not covered by a
maintenance contract) and buy a license
to stream data (up to $4,000). Even so,
you could upgrade a 10- to 15-machine
shop for only about $15-20,000.
Many vendors and third parties also
provide external networking and sensor
kits to upgrade older machines, even if
they were not designed for connectivity.
Costs run $3,000 to 7,000 per machine,
depending on requirements.
Once you set up a network, collecting
data is surprisingly straightforward. The
key is to use a standards-based data collection protocol, such as MTConnect, that
works with a broad range of industrial
sensors and software. Once installed, it
can immediately begin to capture data on
shop floor utilization and efficiency.
Of course, data is useful only if it tells
a story. Fortunately, several companies
make commercial dashboard tools that

link with MTConnect. These enable plant
managers, engineers, and operators to
visualize machine status, overall equipment effectiveness, key performance
indicators, and a great deal more.
It is sometimes easy to underestimate
the power of these dashboards. Take, for
example, overall equipment effectiveness,
which gauges productivity by measuring
speed, first-pass yield, and downtime. Engineers and plant managers often come
to work early so they can calculate that
data and provide specific goals to machine
operators when they start their shift.
With a dashboard, that information
is immediately visible, and engineers
can see how it changes from morning to
afternoon, or from shift to shift. This not
only helps keep operators on track, but
also gives engineers better insights into
what is happening on the plant floor.
Dashboards do more than display
real-time shop status data. They also use
that information to predict future performance. Engineers and managers can use
this information to plan manufacturing
campaigns and product switchovers, and
to intervene before small issues balloon
into a major crisis.
NIST can help with this transition.
Through our Smart Manufacturing
Systems Test Bed, we’ve tested how to fit
emerging technologies together to reap
big benefits. Our guides and documentation are publicly available at smstestbed.
nist.gov and we welcome your questions
and comments. ME

THOMAS HEDBERG JR. (pictured) and MONEER HELU
are co-coordinators at NIST’s Smart Manufacturing
Systems Test Bed.
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Cicada wings inspire
surface that
sheds water
Development Center-Construction
Engineering Research Lab used highspeed microscopic photography to watch
how the nanoscale texture on the wings
creates open spaces around water
droplets, allowing surface tension to
force the droplets to jump right off.
The hope is that by mimicking the
texture artificially, engineers will be able
to develop surface coatings with such
enhanced properties.
The team collected four different
species—one found in wetlands, one
from forests, one from prairie lands—
all annual cicadas—and one periodic
17-year cicada. Counterintuitive as it
might seem, the study discovered that
the wings of the insects from wetter

“It's clear that opening North Carolina's coast to oil and gas
exploration and drilling would bring unacceptable
risks to our economy, our environment, and our
coastal communities—and for little potential gain. As
governor, I'm here to speak out and take action against
it. I can sum it up in four words: not off our coast."
Roy Cooper, governor of North Carolina,
quoted by U.S. News and World Report on August 10, 2017.

smallmachine
BIGRESULTS
THE TORMACH ®
PCNC 440®
REAL CNC FOR
SHOPS OF ANY SIZE

ENGINEERS HOPE TO DEVELOP
SURFACE COATINGS WITH
ENHANCED PROPERTIES.
climates were not necessarily the
most water-repellent. Other factors
turned out to be better predictors
of superhydrophobicity, including
differences in species life cycles, such
as annual versus perennial varieties, as
well as species relatedness.
Learning about the life cycles and
evolution of different species of cicada
from biologists has been invaluable
to engineers in their ongoing quest
to develop high-tech water-repellent
surfaces for uses such as windshields.
“This is something that we, as
engineers, probably would not have
figured out on our own,” said Junho
Oh, a mechanical engineering graduate
student and study co-author. “Working
with biologists allows us to get a better
understanding of how cicadas live
and evolve, which better informs us of
how to truly bioinspire for mechanical
engineering applications.” ME
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ME: Just how significant?
J.C: Our turbine is recuperated, which means we’re using the
outgoing exhaust gases to preheat the incoming combustion air, to
improve the electrical efficiency. So if you compare our turbine to
other turbines, we’re the most electrically efficient turbine below
4.5 megawatts. But where you really get the benefit is when you can
match that up to a customer who can use the thermal energy. Anytime
you’re using that thermal energy we can see overall efficiencies in the
80-plus percent range.

Q&A
JIM CROUSE
WASTE HEAT IS NOT EXACTLY useless
stuff. But most power plants send a
large proportion of the heat content of
combusted fuel up the chimney due
to the laws of thermodynamics. But
there is another way: cogeneration.
The word means generating both
electricity and process heat from the
single combustion of fuel. Cogeneration
units come in many sizes, from 375MW systems down to those meant for a
single household. This month we talk to
Capstone’s Jim Crouse about how their
microturbines can benefit buildings and
industries that can put heat to use.

ME: So, what exactly is a microturbine
cogeneration unit?
J.C: A microturbine is basically a small, for lack of
a better analogy, jet engine. Ours looks more like a
turbocharger, and is much quieter than a jet engine.
Our core business is to use natural gas, digester,
or landfill gas, and convert that into electrical
energy and thermal energy. In a commercial or
industrial setting, where the customer can use both
the electrical and thermal energy, we are able to
increase the efficiency in a significant way.

ME: What’s keeping every heat-needy industry from turning
to microturbines right now?
J.C: In the U.S. there’s been a lot of talk about larger-scale
cogeneration adoption, but the policies and the barriers to adoption
have not all been removed as they have been in other places in the
world. The rules related to connecting to the grid for cogeneration
tend to be different than they are for renewables like wind and solar.
Cogeneration has some departing load or non-bypassable charges
that remain with the project that consume a significant portion of the
savings that the customer would otherwise realize. Some of those
charges are there for a reason and are reasonable. Some of them are
there almost as a penalty.
For example, in California, charges can take 20 to 40 percent of the
savings. So a project that has a very nice return for the end user ends
up having an unacceptable return simply because of the charges that
the customer has to pay even though he’s not buying the energy from
the utilities. Again, other technologies, such as fuel cells, wind, and
solar, don’t pay those charges.
ME: Where such policies aren’t a hurdle, how dependent are savings
on the price of natural gas?
J.C: The fact that you’re using the thermal energy gives you a hedge
against the rise of natural gas prices. Actually, natural gas prices that
are too low, in some cases, don’t help us as much as you might think.
Some of our better markets are ones where electricity is $0.20 per
kWh and natural gas is $10 per million BTUs. If a customer is using
gas and a boiler and a burner and other thermal applications, the
value of our thermal energy is far greater than a market where, say,
electricity is eight cents and natural gas is two dollars.
ME: In an ideal situation, why wouldn’t a customer go completely
with your microturbines?
J.C: If you look at commercial office buildings, and other types of
businesses, oftentimes that match of electrical and thermal isn’t
exact, so having a connection to the grid, or to the steam system, or
having the boiler, is somewhat essential. ME

MICHAEL ABRAMS is a freelance writer based in Westfield, N.J.
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ULTRASOUND
‘DRILL’ DISPERSES
BLOOD CLOTS
STRAIGHTAWAY

R

esearchers at North
Carolina State
University in Raleigh
and the University of North
Carolina at Chapel Hill
have developed the first
forward-facing tool using
low-frequency intravascular
ultrasound to break down
blood clots that cause deep

vein thrombosis. The tool has
been dubbed the ultrasound
“drill” because doctors can
aim it straight ahead. By
targeting clots more precisely,
it may reduce treatment time
for the ailment significantly.
The technology combines
the benefits of two existing
continued on p.25 »

A more accurate
device for breaking
up blood clots could
shave hours off of
treatment time.
Image: North Carolina
State University
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3-D printing
overcomes the
challenges of
molding titanium
into complex shapes.
Image: Sanford Morton

TITANIUM 3-D PRINTING WITH CLASS
D
uke University’s new productiongrade titanium 3-D printer is
giving students and faculty rare
access to the fastest-growing segment
of the additive manufacturing industry. Two groups of Duke engineering
undergrads have been using the stateof-the-art printer as part of a senior
design project focused on producing ti-

tanium devices for orthopedic surgery.
Although not destined for testing or
use in real patients, the student-made
devices meet the same standards as
the successful, FDA-approved titanium
devices now reaching the market. As
early adopters of a technology not
yet widely available in the academic
world, Duke students are gaining a
Students create
orthopedic
devices to
support and
foster bone
growth.
Image: Sanford
Morton

competitive edge in the job market.
Titanium’s physical properties are
uniquely applicable to orthopedic
devices, and 3-D printing overcomes
the challenges of shaping the
notoriously tricky metal into highly
complex shapes. Both student
groups are taking advantage of those
capabilities in their projects.
One team is developing titanium
spinal fusion cages used to prevent
painful contact between vertebrae
damaged by disc or cartilage
degeneration. The other team is
creating customized titanium scaffolds
to support large bone defects. With
both types of devices, doctors seek
materials and geometries that not
only keep bones in position but also
encourage them to regrow in and
around the implant. Plastic devices
lack strength and don’t promote
maximum bone growth.
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Many other metals, on the other
hand, are too hard and aren’t
compatible with the diagnostic
imaging techniques doctors use to
monitor healing.
“The titanium printer is a really
great opportunity because it lets you
create structures that you couldn’t
make using normal manufacturing
techniques,” said Samantha
Sheppard, a senior in mechanical
engineering. “We’re able to create
porous structures that are better for
bone in-growth and that could really
only be made with this printer.”
Ken Gall, professor and chairman
of mechanical engineering and

“WE’RE ABLE TO CREATE POROUS
STRUCTURES THAT ARE BETTER
FOR BONE IN-GROWTH.”
SAMANTHA SHEPPARD
material science, who headed the
project to acquire the printer, said,
“For the students to actually be
able to make real parts that match
what the doctors want designed and
then to actually test those parts is
something that you would rarely see
at a university.”
The students are working on a
3D Systems ProX DMP320 direct
metal printing machine set up to
print medical-grade titanium parts
in a build area of approximately 10 x
10 x 10 in. In direct-metal printing,
titanium alloy power particles are
deposited into a desired shape and
melted into thin horizontal layers
using a high-precision laser. The
technique is superior to traditional
subtractive or casting technologies
for the production of small, complex
titanium parts with challenging
geometries.
At Duke, the metal printer is used
to produce high-quality finished
parts based on prototypes built on
one of the 60-odd polymer 3-D printers in the university’s Innovation
Co-Lab. Gall said the technology’s
impact will cut across the university.

“It is something for the entire Duke
community, for all students and faculty in all fields of study, to utilize in
designing their next breakthrough.”
The university plans to hold special
print weeks, during which users can
pay to have their designs printed for
only the cost of the titanium power,
currently about $100 per pound.

Because the printer recycles
unused titanium powders after each
job, actual user costs would be based
only on the weight of their finished
objects. ME
MICHAEL MACRAE is an independent technical writer
based in Eugene, Ore. For more on bioengineering visit
AABME.org.
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BIOENGINEERING WITH
NEW MATERIALS

A flexible tissue scaffold.
Photo: Miles Montgomery and
Rick Lu, University of Toronto

NEW MATERIALS CAN HAVE A DRAMATIC
impact on design. This month, we look at
two examples in bioengineering. The first is
an injectable heart patch that uses physical
rather than chemical shape memory
properties to spring into shape.
The second is a micromotor that uses
chemistry rather than mechanical parts to
zip around autonomously in the stomach.

H

eart attacks, stroke, and other medical conditions kill
heart tissue. Researchers want to patch those dead
areas with heart tissue regenerated outside the body.
That would ordinarily involve open heart surgery. A new technology might let them do it with minimally invasive injections.
“We can build beautiful tissues in the lab,” said Milica
Radisic, whose Functional Tissue Engineering Lab developed
the technology. “But no one will use them if they cannot deliver them that way.”
Radisic and surgeons at Toronto’s Hospital for Sick Children
have shown that the patches improved rat heart function after
heart attacks. They also showed that they could apply patches
to the heart, aorta, and liver of pigs.
First, they squeeze the 10-mm x 10-mm bandage-shaped
patch into a tapered needle. Surgeons insert the needle into

INJECTING HEART PATCHES

THE LAB Laboratory for Functional Tissue Engineering, University of Toronto.
Milica Radisic, director.
OBJECTIVE Use semiconductor fabrication technology to make complex scaffolds to grow heart, liver, lung, and other tissues.
DEVELOPMENT An expandable patch of regenerative tissue that can be applied to a damaged heart by minimally invasive surgery.

the chest through a small incision called a keyhole. As soon
as the patch exits the needle’s 1-mm-diameter opening, it
deploys to full size.
Radisic originally planned to suture the patch onto the
heart, but the keyhole was too small. “It was not a super
user-friendly procedure,” she said.
Instead, her team coats the heart with glue derived from
fibrin, a blood-clotting protein and the patch with thrombin,
an enzyme that promotes clotting. When the two meet, they
cross-link to form a strong bond.
Everything depends on the patch material. It must be biocompatible and biodegradable, so it disappears as the cells
regenerate heart muscle. It must also have enough elasticity
to deform with a beating heart. A polymer Radisic had previously developed, poly(octamethylene maleate (anhydride)
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citrate), meets those criteria.
Her team then built a polymer scaffold on which
to grow cells.
They created a tiny, intricate, three-dimensional structure
by using semiconductor technology to fabricate those patterns on silicon, then using the wafer to mold the polymer.
Radisic wanted to squeeze the 100-square-millimeter
scaffold through 1-mm-diameter needle opening and have it
pop open. Shape memory polymers, whose chemistry causes
them to shift shape when temperatures change, can do this,
but they did not have the other properties she needed.
Instead, her team developed a way to do this physically.
She built a diamond-shaped lattice that stores energy like a
spring when compressed into the scaffold. Coating the cells

with collagen, a protein found in connective tissue, enabled
them to survive their journey through the needle.
Radisic’s approach to injectable scaffolds—shape memory
properties without shape memory chemistry—could revolutionize how physicians deliver regenerated tissue for body
repair. Her lab has applied for patents on the invention, and
plans to test the patch on the liver and other organs.
The lab is also developing other technologies, including
the AngioChip, a 3-D scaffold that includes blood vessels
fabricated from a silicon mold. When seeded with heart
cells, it organizes into a beating mini-heart that physicians
can use to test new types of heart drugs. Radisic has
founded a company, TARA Biosystems, to commercialize the
technology. ME

FANTASTIC VOYAGE FOR DRUGS

THE LAB Laboratory for Nanobioelectronics, University of California, San Diego. Joseph Wang, director.
Berta Esteban Fernandez de Avila, post-doc researcher.
OBJECTIVE Apply electrochemistry to drug delivery
systems, nanomachines, and wearable sensors.
DEVELOPMENT A coated particle that propels itself
by reacting with stomach acid and implants itself on
the stomach to deliver medicine.

A coated particle that delivers medicine directly to the stomach lining.
Photo: Laboratory for Nanobioelectronics at UC San Diego

J

oseph Wang, director of UC San Diego’s Laboratory for
Nanobioelectronics, refers to the 1966 movie Fantastic
Voyage in his presentations. While he cannot shrink a
submarine to navigate the bloodstream, he has created micromotors that deliver medicine directly to the stomach lining.
Wang worked with UCSD’s Liangfang Zhang to develop the
micromotors. Post-doctoral researcher Berta Esteban Fernandez de Avila then showed that micromotors could reduce
infections by an ulcer-causing bacterium, Helicobacter pylori,
in rats slightly better than conventional therapy.
Conventional drugs to treat H. pylori infections don’t work in
the stomach’s acid environment. Doctors typically give patients
proton pump inhibitors to reduce acidity, but they can cause
headaches, diarrhea, fatigue, and even anxiety or depression.
The micromotors solve the problem by neutralizing stomach
acid and delivering drugs directly to the bacteria that line the
stomach, Esteban said.
The micromotors start as magnesium particles on a glass
tray. Esteban uses atomic layer deposition to coat millions of
particles at a time with titanium dioxide. About 20 percent of
the particle’s surface facing the tray remains uncoated. She

then chemically coats the particles with an antibiotic mixed
with chitosan, a natural sugar. The final micromotor is half
as wide as a strand of human hair.
When a micromotor enters the stomach, the exposed
magnesium reacts with gastric acid to release hydrogen. This
propels it around the stomach while the reaction neutralizes
the acid. As acidity falls, the stomach lining becomes more
negatively charged. This attracts the positively-charged chitosan, which binds to the stomach wall to deliver its medicine.
While atomic layer deposition is relatively expensive, it
produces many doses at a time. Esteban’s next steps are
to optimize the system and compare it against standard
ulcer therapies. She also plans to test drug combinations
that treat several diseases at once in both the stomach and
intestinal tract.
Meanwhile, the lab is developing diagnostic micromotors
that work in the body and detect poisons on marshy ground.
It has also developed ultrasound-activated motors that can
break up blood clots. ME
ALAN S. BROWN

TECH BUZZ

Electrical connections
on the minuscule
Piccolissimo receive a
touch-up.
Image: Univ. of Pennsylvania

This robotic gripping device was
designed to work in orbit.
Image: Stanford University

ROBOTIC GRIPPER COULD
CLEAN UP SPACE DEBRIS

E

between the feet and the surface being climbed. (This Van der
arth’s backyard is a mess. About 500,000 pieces of
Waals force is a weak intermolecular attraction that results from
human-made junk—solar panels, rocket parts, and other
subtle differences in the positions of electrons on the outsides of
space clutter—orbit our planet at speeds up to 17,500
molecules.)
miles per hour, creating hazardous conditions for satellites,
Like a gecko’s foot, the flaps on the researchers’ gripper are
space vehicles, and astronauts.
only sticky if the flaps are pushed in a specific direction. Making
To tidy up this challenging environment, engineers from Stanford University and NASA’s Jet Propulsion Laboratory have devel- it stick only requires a light push, so it’s particularly useful in
space. The pads unlock with a similarly
oped a robot gripper that uses an adhesive
THE GRIPPING MATERIAL IS A MUCH gentle movement.
inspired by the pads on gecko feet that
The gripper features a grid of geckoenable the lizards to scamper up walls.
SIMPLER VERSION OF THE FLAPS
inspired
adhesive squares on the front and
Conventional gripping strategies are
ON THE BOTTOM OF GECKO FEET.
arms with thin adhesive strips that can
fairly ineffective in low Earth orbit. Without
surrounding air pressure, suction cups are useless, and the
fold out and move toward the middle of the robot from either
chemicals in conventional sticky substances like tape can’t
side, as if it is hugging the object.
withstand extreme temperature swings. Many aerospace materiThe proof-of-concept prototype has been successfully tested
in zero-gravity environments, including the JPL’s Robodome and
als don’t succumb to magnetic attraction, and debris harpoons
on a parabolic airplane flight. The team even developed a small
require or cause forceful interaction that can nudge the debris in
gripper that went up to the International Space Station.
unintended, unpredictable directions.
The next step is to toughen up the gripper’s materials so it
The space-qualified gripping material developed by Mark
can go on a robot’s arm in space not only for picking up orbiting
Cutkosky, a mechanical engineering professor at Stanford, and
recyclables but also for robots that climb around structures in
his colleagues is a much simpler version of the microscopic flaps
space to do maintenance and repair. ME
found on the bottom of gecko feet that create an adhesive force
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ULTRASOUND ‘DRILL’
DISPERSES CLOTS
treatment options. Current ultrasound
tools for clearing clots emit ultrasound
waves laterally, which makes it harder to
target just the clots, so the ultrasound
can also damage surrounding blood
vessels. However, ultrasound breaks the
clots into very small pieces, eliminating
the need for large doses of blood thinner
to dissolve the clot remnants.
In another approach, doctors use a
diamond-tipped drill to effectively chew
through clots. This is more targeted,
posing less risk to blood vessels.
However, the technique breaks the clot
into relatively large pieces, requiring
higher doses of blood-thinning drugs
that pose risks.
The ultrasound drill targets the clots
and breaks them down into very fine
particles, an approach that improves

THE ULTRASOUND DRILL TARGETS
AND BREAKS DOWN CLOTS INTO
VERY FINE PARTICLES.
accuracy without relying on high
doses of blood thinners. The tool also
incorporates an injection tube that
allows users to shoot microbubbles
at the site of the clot, making the
ultrasound waves more effective at
breaking it down.
“Our approach improves accuracy
without relying on high doses of blood
thinners, which we hope will reduce
risks across the board,” said Xiaoning
Jiang, a professor of mechanical and
aerospace engineering at NC State
and corresponding author of a paper
describing the work.
Testing a prototype of the device in a
synthetic blood vessel using cow’s blood,
researchers dissolved 90 percent of a
clot in 3.5 to 4 hours without using any
blood thinners.
A combination of ultrasound tools and
blood thinners generally takes about 10
hours. ME

BIG NUMBER

5,250

Planned net reduction in nuclear power
capacity by 2025, in MW
WHEN THE SOUTH CAROLINA ELECTRIC & GAS COMPANY and the South Carolina Public
Service Authority announced in July that they were halting construction of two new
nuclear reactors at the V.C. Summer nuclear power plant, there were only two reactors under construction in the U.S., both at the Vogtle power plant site in Georgia.
Coupled with the planned retirement of eight other reactors between now and 2025,
the net loss of nuclear power capacity will be 5,250 MW. At present, the nameplate
capacity of the U.S. nuclear fleet is 104,628 MW.
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All hands attend
the commissioning
ceremony of the
U.S. Navy’s newest
destroyer.
Image: U.S. Navy

NAVY DESTROYER POWERED
WITH GAS TURBINES

T

he Navy has launched the USS Rafael Peralta, a destroyer powered
by four of General Electric’s
LM2500 marine gas turbines. Commissioned at its homeport of San Diego last
summer, the combat ship’s gas turbines
are designed to operate in some of the
most arduous conditions, in temperatures ranging from -40 to 120 °F (-40 to
48 °C).
“This sophisticated new Arleigh
Burke-class destroyer is part of the U.S.

Navy’s Flight IIA for the DDG 51 and
it is powered by on our LM2500—in a
combined gas turbine and gas turbine or
COGAG configuration,” said Brien Bolsinger, GE’s vice president and general
manager of marine operations in Evendale, Ohio. “The U.S. Navy is our largest
marine gas turbine customer, having
taken delivery of over 700 LM2500 engines operating aboard surface combatants such as frigates and destroyers,”
Bolsinger added.

The USS Rafael Peralta is the first in
this flight to be built by General Dynamics/Bath Iron Works in Bath, Maine.
Worldwide, more than 1,450 GE gas
turbines, ranging from 6,000 to 70,275
shaft horsepower/4.5 to 52 megawatts,
log over 15 million hours serving 35
navies on 600 naval ships for 100 military
ship programs ranging from cruisers,
patrol boats, and corvettes to frigates,
amphibious ships, and aircraft
carriers. ME
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ENERGY-RECYCLING STAIRS GIVE USERS A LEG UP
R

esearchers at Georgia Tech and
Emory University in Atlanta have built
energy-recycling steps that store a user’s
energy during descent and then return it
during ascent. The intent is to make stair
climbing easier and potentially less painful for physically challenged individuals.
The spring-loaded stairs compress
when someone comes down them, saving energy otherwise dissipated through
impact. When going up, the stairs provide
a boost by releasing the stored energy,
making it 37 percent easier on the knee
than conventional stairs.
“Unlike normal walking where each
heel strike dissipates energy that can be
potentially restored, stair ascent is actually very energy efficient; most energy you
put in goes into potential energy to lift you
up,” said Karen Liu, an associate professor in Georgia Tech’s School of Interactive
Computing. “But then I realized that going
downstairs is quite wasteful. You dissipate
energy to stop yourself from falling, and I
thought it would be great if we could store
the energy wasted during descent and
return it to the user during ascent.”
Each stair is tethered by springs and
equipped with pressure sensors. When a
person walks downstairs, each step slowly
sinks until it locks into place and is level
with the next step, storing energy generated by the user. There it stays until someone walks upstairs. By stepping upon the
sensor on the next tread up, the latch on
the lower step releases. The stored energy
in the spring is also released, lifting up the
back leg.
The stairs actually ease the impact of
going downstairs, an unexpected bonus
for designers. “The spring in the stairs,
instead of the ankle, acts as a cushion and
brake,” said Yun Seong Song, who built
the device as a postdoctoral researcher at
Georgia Tech.
Unlike elevators and stair lifts, these
easily installed assistive stairs can be
placed on existing staircases and can be
temporarily installed to aid convalescing
patients or pregnant women. ME

Energy from
descending
helps users up
these stairs.
Image: Georgia Tech
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NEW CAREER PATHS
IN ENGINEERING

APPLICATIONS OF SOLAR ENERGY

MECHANICAL ENGINEERING | OCTOBER 2017 | P.28

LOOKING BACK
The economic potential of solar
power applications was being
explored when this article was
published in October 1977.

Lloyd O. Herwig, U.S. Energy Research and Development Administration

As part of a series on up-and-coming technology,
an energy researcher described the economic
potential of solar power applications.

I

n addition to early economic viability of low-temperature thermal systems
in the U.S., solar energy systems based upon wind energy conversion
and upon biomass conversion are expected to become economically
viable earlier than other technologies. Resource studies show that substantial energy impacts can be obtained with the development and use of wind
energy systems in the higher average wind regions of the U.S. It is expected
that practical wind systems for producing electricity and mechanical power
can be economically justified by the early 1980s. In this same time period, it is
expected that biomass energy systems based upon conversion of urban, agricultural, animal, industrial, and forestry wastes can be economically viable,
where these wastes are already aggregated.
The economic viability of other solar electric systems for large-scale electric utility applications is being projected for the early 1990s. Solar thermal
and photovoltaic systems for electric utility peaking and intermediate load
applications are projected to become economically viable in the early 1990s,
based upon current projections of technology development and competing alternative fossil and nuclear-fueled plants. Baseload, stand-alone applications
of solar thermal and photovoltaic power systems cannot now be projected as
feasible at all. Longer-range deployment of floating deep-water ocean thermal systems for baseload power production in the 1990s might be preceded
by earlier systems located onshore, or near the shore, adjacent to deep-water
trenches. The economic viability of space satellite solar power systems for
baseload power production probably cannot be established until after the year
2000, based on present efforts.
Smaller-scale applications of solar thermal and photovoltaic systems are
much nearer readiness for specialized and remote energy needs. For example, solar thermal systems for production of industrial process heat needs, or
potentially for irrigation pumping, where the desired temperatures are of the
order of 600 °F (315 °C) or lower, might become economical in the mid-1980s.
Although the projection of economic viability of photovoltaic systems for peakor intermediate-load applications in central power stations is for the 1990s,
there are even now increasing applications where small systems in areas not
served by an electric utility grid are economically justifiable, e.g., communication stations, ocean buoy signal lights, and pipeline galvanic protection.
Passive system technology for heating and cooling buildings is one of the

THE TURBOENCABULATOR
When Herwig’s article on solar power was
published, another technology was getting a
spotlighted in a short film. First described in
detail by John Hellins Quick in Students' Quarterly
Journal in 1944, the turboencabulator was soon
written up in Time magazine, which described a
machine that “would not only supply inverse reactive current for use in unilateral phase detractors, but would also be capable of automatically
synchronizing cardinal grammeters.” In 1977,
Bud Haggart, a veteran actor in industrial training films, convinced a crew to stay after hours
to shoot a two-minute adaptation of Quick’s
write-up. Haggart’s professional delivery hid the
utter absurdity of the satirical film, which can
now be seen on YouTube.

Bud Haggart calls out a diagram of the
turboencabulator in a short film.

most practical approaches to solar energy
utilization in broad areas of the U.S. It has
been used in man's dwellings for thousands of years, e.g., the early cave-dwellers
in Arizona have left extensive evidence of
their knowledge in utilizing and storing the
sun's energy through their architecture and
construction techniques. Modern building
design principles include extensive attention
to environmental factors. ME
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BY THE NUMBERS:

ALUMINUM’S DEGLO
The growing production capacity
of China has turned a global
industry into one dominated
by one country.

I

t doesn’t take a lot of special resources to make
aluminum. Bauxite ore is found in many places
around the world, and the other main input is
electricity—a lot of it—which can be easily tapped
from hydroelectric dams. The economics of aluminum can make for some strange resource flows: at
one time, Jamaican bauxite was shipped to Ghana
for smelting, while Ghanaian ore sat unmined.
As recently as 2000, primary aluminum production
was fairly well distributed around the world. According
to the International Aluminium Institute, a trade organization based in London (hence the British spelling of
the word), around 2 million metric tons of aluminum
was produced globally in the month of January 2000,
with some 532,000 tons produced in North America.

Fast-forward to June 2017, the month with the
most recent data at press time, and North American
production had declined to 323,000 tons. In the meantime, global aluminum production had soared to 5.2
million tons.
Where is all this new aluminum coming from?
European production has been steady over the last
17 years, going from 631,000 tons to 635,000 tons.
African production has increased a bit and South
American production has declined some.
The real story is China. In January 2000, China’s
primary aluminum production was 212,000 tons,
making it a major producer among many. By 2003, its
monthly production had doubled. By 2007, it had more
than doubled again. As of June 2017, China produced
2,931,000 tons of the metal, more than the entire
global production in 2000 and some 56 percent of the
world industry today.
In a real sense, the aluminum industry is China,
with other countries producing around the edges.
The Chinese industry is noted for its scale and
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The Ford F-150
pickup truck
(manufactured
at left and
right) is now
made with
an aluminum
body.

WORLD ALUMINUM PRODUCTION
IN METRIC TONS
JANUARY 2000
Total world production was 2,064,000 metric tons

Photos
courtesy:
The Ford
Motor
Company

CHINA

212,000

Aluminum smelting
requires large amounts
of electricity.

THE REST
OF THE WORLD

1,320,000

NORTH AMERICA

532,000

Photo: Getty Images/
iStockphoto

JANUARY 2008
Total world production was 3,374,000 metric tons

CHINA

BALIZATION
insatiable need for raw material, so it makes sense
that primary metal production would gravitate toward
it. (Crude steel production is similarly dominated by
China, as noted in the May 2016 Trending.) But China
has something else going for it: efficiency.
Because of the large amount of clean power needed
in aluminum smelting, the metal has been called
“solidified electricity.” And according to data from the
International Aluminium Institute, the electricity inputs per ton of aluminum are remarkably consistent,
between 14,600 and 15,800 kWh. The energy intensity
in the Chinese aluminum industry is only 13,600 kWh.
That difference, spread out over nearly 36 million tons
per year, adds up to the output of between four and
nine gigawatt-scale power plants.
There are certainly other factors involved, but the
energy savings from Chinese production is one positive outcome of the deglobalization of the aluminum
industry. ME
JEFFREY WINTERS
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Digital twins compare
manufacturing
process to models to
find problems early.
Photo: Courtesy of Siemens

o understand why manufacturers are fascinated by
digital twins—exact digital replicas of products, machines, processes, or even entire factories—consider
a packaging line that engineering software provider
Maplesoft helped create.
Nondisclosure agreements prevent Paul Goossens, Maplesoft’s vice president of engineering solutions, from mentioning the machine’s creator, but he
cannot stop talking about what makes it unusual.
“Packaging machines are amazing,” he explained. “They’re complex machines that pick up and cut pieces of cardboard, ﬁll them, and
seal them off. This is all done traditionally with complex mechanisms
driven by a single motor.”
Robots are replacing those motor-drive-gear-operated systems,
Goossens said. The robots perform the same cutting, bending, and
sealing tasks, but their arms are driven by independently controlled
servomotors.
“The old machines are much cheaper to build,” he said, “but they can
only do one thing. So, if you had a new package, you either had to reengineer your machine or scrap it. With robots, it’s simply a matter of
changing the packaging proﬁles and the software parameters.”
Still, reprogramming robots takes time. In the past, an engineer
might have used software to simulate how the line would handle the
new packaging, but eventually he or she would have to pull those
robots off the line. Then the engineer would test and tweak the movement of cardboard through the machine and the ability of the robotic
arms to make and package containers, all the while trying to whittle
fractions of seconds off each cycle.
A digital twin goes one step beyond conventional models. It models
the robotic line with such high ﬁdelity, the engineer can do all this in
the virtual world. After adjusting the model’s proﬁles and operating

Digital World Spawns

IDENTICAL
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TWINS

Why stop at simulating a
virtual product? Simulating
the factory floor—creating
a digital twin—can speed
and customize production
and make for a more
perfect product.
BY JEAN THILMANY
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parameters, the engineer simply exports the proﬁles
and parameters to the control system of the physical equipment. Theoretically, at least, it should run
perfectly the ﬁrst time.
“That alone will certainly disrupt the packaging
machine industry,” Goossens said. “That’s the future,
and it’s certainly where digital twins for large machines will end up.”
Yet this is clearly not the end for digital twin
technology. In fact, simulating individual machines
is only the beginning. Because the real power of a
digital twin is not that it optimizes a single machine,
but that it interacts with the digital twins of every
piece of equipment in a factory and the digital twin
of every product those machines make.
Nor is it limited to optimizing those production
processes in the virtual world. Digital twins run in
tandem with their highly instrumented physical
twins, fed by data by from actual operations. By comparing the output of the digital and physical systems,
engineers can quickly spot problems before they
arise, avoid bottlenecks, and ﬁnd new ways to boost
throughput and reduce costs.
In short, digital twins are the foundation of tomorrow’s smarter workplace.

CHEAP BYTES
Digital twins may seem like the buzzword du jour,
but the concept dates back 15 years, to John Vickers,

Digital twins let engineers
test production strategies
before committing.
Photo: Courtesy of General Electric

NASA principal technologist in advanced manufacturing, and Michael Grieves, now executive director of Florida Institute of Technology’s Center for
Advanced Manufacturing and Innovative Design.
Their premise was simple: A digitally modeled
system is really composed of two systems, a physical
system and a virtual system that contains all the information about the physical system. They can exist
for products and for processes.
Engineers have used product models for decades,
but only recently have they achieved the extraordinary ﬁdelity needed for digital twins. “In industries
like automotive, we can deﬁne a big chunk of our
products geometrically such that it is almost impossible to determine whether a representation is
virtual or physical,” Grieves said.
Product models slash development time by letting engineers build and test virtual prototypes to
optimize design and cost. In 2002, Grieves proposed
applying the same approach to manufacturing processes.
“I think the original concept of the digital twin is
one of moving from trial and error on the physical
side to doing as many things as you can with bytes,”
Grieves said. “The key is trading off expensive atoms
for cheap bytes to the extent you can, so you can
manufacture the product more efficiently and less
expensively.”
Conceptually, it is not much of a jump from
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testing product designs to simulating manufacturing processes. In fact, many software programs do
something similar today. What makes digital twins
different is their ﬁdelity and their ability to handle
large amounts of data in real time.
Even modest factories are complex, and they have
far fewer constraints than any complex product
designed to operate in a speciﬁc way. In a factory,
operating procedures are always changing. Even
a simple drill press might bore aluminum one day,
then switch bits, speed, and coolant for steel the
next. A modern factory might make many products,
and the ﬂow of materials from machines through assembly stations will change with them.
A factory’s digital twin must be robust enough to
capture those changes, plus all relevant data from
each operation. That takes massive IT horsepower.
Fortunately, networked PC’s have grown more
powerful and manufacturers can now tap the cloud
to store and analyze factory data using cognitive
computing programs.
Modeling tools have also advanced, especially
their ability to generate “lightweight” models. “We
can select the geometry, characteristics, and attributes we require without carrying around unnecessary details,” Grieves explained in a 2014 paper.
“This dramatically reduces the size of the models
and allows for faster processing.”
Reducing data requirements lets digital twins visu-

alize and simulate complex systems without drowning in a ﬂood of extraneous real-time data.
It takes highly instrumented equipment to supply
that data. While manufacturers have been adding
sensors to the shop ﬂoor for decades, the Internet of
Things is making it cheaper and easier to collect upto-the-minute factory data for performance analysis, said Matt Nielsen. He is a principal engineer at
General Electric.
GE’s “Brilliant Factory” is based on digital twins
and the IoT data and cloud analytics needed to feed
those models. “Plants are always changing, people
are moving around, machines break and lines slow
down,” Nielsen said. “The digital twin will only work
if it reﬂects the reality of the shop ﬂoor.”

OPTIMIZED PROCESSES
Smart factories, like GE’s Brilliant Factory and
Siemens’ competing Industrie 4.0, need both types of
digital twins—product and process—to work.
Digital product models contain each component
that goes into a product, from screws and welds to
plastic shapes and machined metals. The digital
twins that drive a factory have an associated bill of
process for each of those components. This “instruction manual” describes the steps needed to produce and assemble those components into the ﬁnal
product, Alastair Orchard, vice president of digital
enterprise for Siemens PLM, explained. Product and

The digital twin
will only work if
it reflects
the reality of the
shop floor.
—Matt Nielsen,
principal engineer at
General Electric

Technology now lets engineers
model entire factories.
Photo: Courtesy of General Electric
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Digital twins also support greater automation,
Orchard said. As orders come in, the system will make
sure the proper parts are in inventory, schedule machine time, and route components from workstation
to workstation with only minimal human intervention.
Each step of the way, the plant would autonomously
check product and machine specs against their digital
twins to ensure each operation is carried out correctly
and that no equipment is drifting out of tolerance.

PEDAL TO THE METAL

Digital twins will make it easier to evaluate
production options.
Photo: Courtesy of Maplesoft

process twins work together.
“The digital twin can provide the manufacturing
execution system with step-by-step instructions
for making that product,” Orchard said. “Our MES
system can reference that instruction manual and
perform all the coordination tasks to guide the product through the factory, setting up machines on the
ﬂy, and check that each step is done correctly.”
The twins let engineers test-drive new processes.
They could, for example, add a new machine to their
virtual line and see how it affects output of speciﬁc
products, or test whether relocating equipment or
readjusting workﬂow between machines improves
output. The result is not just an optimized machine,
but an optimized process, Maplesoft's Goossens said.
He envisions laser-scanning an entire factory to model
its infrastructure, then dropping digital twins of machinery and logistics systems into it.
“We’ll do thousands of virtual production runs to
see if we really did design this product with manufacturing in mind,” he said. “We can run a simulation
where we put gloves on the employees and see if they
can still assemble the product, or create assembly cells
that combine collaborative robots and people and see
if that helps.”
Once the physical line is up and running, its sensors
will send operating and inspection data to the factory’s
digital twins. These models provide a detailed view of
factory operations. By looking for unexpected variances between actual and simulated data, engineers
can probe for potential problems that might reduce
operating rates or quality.

That’s the theory, anyway. The fully connected factory of digital twins linked with IoT sensors and cloud
analytics is still a work in progress. Yet this has not
stopped engineers and manufacturers from simulating some operations with existing tools.
Italian carmaker Maserati, for example, created a
virtual model of the production line that would build
its new sports sedan, the Ghibli—while still designing
the car digitally.
This interplay between product and process digital
twins ensured Maserati that its factory could produce
and assemble the parts its designers had envisioned,
said Massimo Anfosso, Maserati’s manufacturing,
engineering, and general assembly project manager.
It also helped Anfosso work out problems before
production. This was no small feat. Maserati offers
highly customized cars, and the Ghibli comes in 27
versions, 13 colors, and 205 different conﬁgurations.
The virtual factory Maserati devised had to be ﬂexible
enough to create the parts needed for each combination without slowing down.
There was also a second complication: Maserati
planned to make the Ghibli at its Grugliasco factory,
which already produced Maserati’s Quattroporte
luxury sedan.
“The challenge,” Anfosso said, “was to integrate two
new assembly lines into an existing facility.
facility.”
Maserati designed
its factory while still
designing its new Ghibli.
Photo: Courtesy of Maserati
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To be able to introduce the new models to the market
as quickly as possible, engineers laid out the new lines
while the Ghibli was still on the drawing board.
“Our design engineers rapidly went through different modiﬁcation scenarios of the new models over and
over again. Accordingly, we had to continuously adjust
the production facilities,” Anfosso said.
Fortunately, software tools are rapidly rising to the
challenge of concurrently building and integrating digital twins. Anfosso’s team, for example, used Siemens’
Tecnomatix to analyze how car design changes affected
production, so they knew where to focus their attention.
As the technology evolves, those tools will grow more
powerful and sophisticated, and IoT-enabled digital
twins will become more tightly integrated into a plant’s
production processes, and far more capable.
They will also become smarter, using machine
learning programs, a type of artiﬁcial intelligence, to
learn more about a factory’s machines and improve
the ability of digital twins to simulate and predict their
behavior.
“At the outset, you have a good idea of what operating parameters should be, but you can improve your
prediction capabilities by incorporating data as the
machine is operating, and learn from that data,” Goossens said.
As AI systems learn more about speciﬁc machines,
they will use their digital twins to help engineers run
plants more efficiently. An odd sound coming from a
machine? AI can analyze it to see if a screw is loose or
a bearing is starting to fail. The better the AI knows the
machine, the more accurately it can predict when that
failure is likely to happen. And the more options—ﬁx
it now, run the machine to maintenance, or readjust
production schedules and take the machine offline—it
can offer a plant manager.
Digital twins are evolving rapidly. Where will it end

up? More economical manufacturing of small lots, or
even lots of one? Maybe. Hyper-customized products?
Perhaps. Fully programmed and optimized production
lines that need only a few hours of shakedown before
startup? Hopefully.
Machines managing and controlling other machines?
Closer than we think. That is what Siemens is demonstrating in an Industrie 4.0 plant in Amberg, Germany.
It churns out 12 million programmable logic controllers (used to automate machinery) each year, and uses
extensive digital product and process twins to keep
everything on track.
The results are stunning. By using digital instruction
manuals and robots to ferry parts from one workstation to the next, it can produce any one of Siemens’
extremely broad range of PLCs in just 24 hours.
It takes almost no human intervention. Each day,
Amberg’s software, machines, logistics robots, and
digital twins exchange 50 million discrete communications. These interactions determine which machines
manufacture what components, and how each workpiece ﬂows along the factory ﬂoor.
They also compare digital twin simulations to physical machine and product data, so the factory can tune
and retune its equipment. This achieves remarkable
levels of quality: only one out of every 100,000 ﬁnished
products has a defect—despite churning out hundreds
and even thousands of different products every day.
This is very much what mass customization looks
like. One day, Orchard said, similar plants may churn
out customized products nearly as inexpensively as
factories that make mass-produced models.
Digital twins will make that possible, as well as a
whole lot more. Their future is still being written. ME
JEAN THILMANY is a technology writer based St. Paul, Minn.

Our design engineers rapidly went
through different modification
scenarios of the new models over
and over again. Accordingly,
we had to continuously adjust
the production facilities.
—Massimo Anfosso, Maserati’s manufacturing, engineering,
and general assembly project manager
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AI AND THE FUTURE OF

MACHINE DESIGN
Artificially intelligent systems are learning how to develop new products and
designs. What does that leave engineers to do?
BY AHMED K. NOOR

N

ot all that long ago, engineering was
a profession conducted with pencils
and paper. Calculations were done
by hand and designs were sketched out on
large sheets. From actual blueprints, physical models would be made to work out how
the final product should look and be made.
Today, of course, engineering is a discipline intensely involved with computational
and software tools. Computer-assisted
design, computational fluid dynamics, and
finite-element analysis applications are
some of the basic tools that engineers
deploy when creating new product designs.
When physical models must be tested,
prototypes can be printed directly from the
computer files.
Although these tools have enhanced the
powers of engineers, the engineer is still
clearly in control of the design process.
But that control is now in question. There
is increasing interest in using new artificial
intelligence and other technologies to reach
higher levels of product automation and accelerate innovation of new products. Advances in AI, combined synergistically with other

technologies such as cognitive computing,
Internet of Things, 3-D (or even 4-D) printing, advanced robotics, virtual and mixed
reality, and human machine interfaces, are
transforming what, where, and how products
are designed, manufactured, assembled,
distributed, serviced, and upgraded.
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AI systems may soon
design innovative
new airframes and
modular swappable
interiors that can
be customized to
fit the needs of
each flight.
Photo copyright:
Airbus S.A.S.

This revolution will enable a new type
of design process, one where AI-enabled
programs iterate and optimize with little
human intervention. The resulting designs
seem impossibly complex, but thanks to
advanced manufacturing technology, they
are no more difficult to print than conventional designs. Already, parts that are the
result of this generative design process
are being readied for use in commercial
aircraft and other critical systems.
The transition from drafting boards to
CAD was disruptive to engineering. The
next transformation to generative design
is expected to be more disruptive.
Artificial intelligence is a concept that
encompasses a wide spectrum of technologies, and some types of AI have been
applied to engineering systems for some
time. Knowledge-based systems and AI
rule-based expert systems were first used

in the 1980s to automate many of the mundane tasks for engineers. The intelligent
agent paradigm was introduced in 1990s
and provided a common language to describe problems and share their solutions.
Those applications are considered to be
“weak” AI.
In contrast, “strong” AI would behave
more like general intelligence and be
capable of sensing, perceiving, learning
from, and responding to the environment and users. Strong AI, also known as
artificial general intelligence (AGI), refers
to machine intelligence and deep learning, systems that show complex behavior
similar to living systems like swarms, ant
colonies, and neural systems. These systems will have the ability to adapt to most
situations.
Artificial intelligence is moving forward
in leaps and bounds (indeed, some
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The chassis of La Bandita Speedster was generatively designed to support a shape sculpted in virtual reality.
Photo: Hack Rod

researchers now speak of developing artiﬁcial superintelligence—ASI) and much of the
excitement about AI is directed toward applications where computer systems will operate
with great autonomy. The self-driving car is the
poster child for AI, but there are a number of
intriguing applications—from robotic clinicians
who will be able to diagnose illnesses more accurately than any human doctor to AI-directed
corporations that can orchestrate company activities without ﬂesh-and-blood management.
The product-design process has already been
affected by existing artiﬁcial intelligence, and
AI will change the way we embed connected
sensors and employ mixed or augmented reality
headsets going forward. Based on the current
trajectory, it is likely we will see AI impact
product design and the creation of engineering
systems in three distinct stages in the coming
decade.
First, artiﬁcially intelligent systems will ease
the laborious tasks that designers face, such as
having to continually search for appropriate
content, ﬁx errors, determine optimal solutions,
communicate changes, and monitor for design
failure. Machine learning will be able to take on
those jobs and do them much, much faster.
Next, AI will be able to assist in the creation
of sophisticated designs. Intelligent systems

will work at the designer’s elbow, suggesting alternatives, incorporating sensor-based
data, generating design precursors, optimizing
supply-chain processes, and then delivering the
designs to intelligent manufacturing facilities.

Acting on Intention
The ﬁnal stage would have more profound
implications. Engineering systems that incorporate stronger AI will be able to function more
like human assistants during the design and
creation process. Actual human designers will
be able to “design” merely by expressing intent
and curating results, while intelligent systems
and machines will act on these intentions to
create new design iterations for review.
The AI would not approach the project the
way a human designer would, however. Instead,
the computing power would be harnessed to
mimic Nature’s evolutionary approach—taking the best existing solution to a problem and
iterating to optimize performance in a given
environment. In this way, the AI would explore
the variants of a design beyond what is currently possible using the traditional design process.
This approach is called generative design.
Although much of the generative design
process is conducted autonomously, the process
starts with choices made by a human. That
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engineer or industrial designer sets high-level
design goals, along with design parameters and
constraints, including material type, manufacturing capability, and price points.
With the boundaries of the design problem
established, the AI generative design system,
such as Autodesk’s Dreamcatcher, explores
permutation of a design solution, quickly
cycling through thousands—or even millions—
of design choices and running performance
analyses for each design. For the most intensive
calculations, the system can tap available cloud
computing processing power.
One key component of a generative design
system is its machine-learning algorithm. That
algorithm detects patterns inherent in millions
of 3-D models and generates taxonomies without human direction or intervention. Using that
capability, generative design software can learn
what all of the components of a complex system
are, identify how they relate to each other, and
determine what they do. It can then serve up

PROJECT DREAMCATCHER

D

reamcatcher is an experimental platform being built
by Autodesk to explore the potential of AI techniques and generative design tools in product creation
from conceptual design all the way to fabrication.
THE AUTODESK DREAMCATCHER INCLUDES:

h Tools for designers to describe design problems.

Through pattern-based description, solutions become
modular and accretive, thereby expanding the quality
and number of alternatives that are searched in each
design session.
h Tools for shape synthesis, including several,
purpose-built methods that algorithmically generate
designs of different types from a broad set of input
criteria.
h Tools for exploration, presenting designers with a set
of possible solutions and their associated solution
strategies. These tools help designers in building a mental model of which alternatives are high
performing relative to all others in the set.
Once the design space has been explored to satisfaction, the designer is able to output the design to
fabrication tools, or export the resulting geometry for
use in other software tools.

dozens of different design options for a speciﬁc
dimension of a component and provide them as
components for the next design.
Once new designs have been generated by
the AI system, the human reenters the process.
He will study different options based on the
multiple choices of designs provided by the
generative design system, and then modify the
design goals and constraints to narrow down
the options and reﬁne the available ones. Using
that input, the generative design system will
then iterate another set of designs.
Over the course of several of these cycles, the
most relevant solution will be selected through
a combination of artiﬁcial intelligence and human intuition.
Generative design techniques are not especially new, but combining these deep reinforcement machine learning algorithms with cloud
computing has produced new excitement.

Evolving an Answer
The generative design process may sound like
something for the distant future, but recently it
was applied to a real-world challenge involving
a component for one of the most high-proﬁle
and expensive products in the world, the Airbus A320 aircraft.
The part was a partition that separates the
passenger compartment from the galley of the
plane and supports a ﬂip-down seat for ﬂight
attendants during takeoff and landing. Airbus
engineers were looking for ways to reduce the
partition’s weight and volume while retaining
enough strength to bear the loads of ﬂight attendants. It also had to hold up under the force
of 16 g in the event of a crash landing.
A group of Airbus designers turned to Autodesk and other partners to see if they could
come up with an improved partition through a
combination of generative design, biomimicry
concepts for material and structural design, and
additive manufacturing.
The generative design process the team used
employed two algorithms derived from biological models. The ﬁrst drew from the adaptive
networks of slime mold: a single-celled organism that can grow, stretch, and aggregate to
form multicellular structures, with the minimum number of lines. These structures have
a built-in redundancy to retain connectivity
within the network, in case a line fails. This

DIGITAL DESIGN & MANUFACTURING

algorithm was used to inform the design of the
bracing for the overall partition.
A second algorithm, derived from the microscale structure of mammal bones, was used
to build the lattice that makes up each member.
Several different load cases were considered,
some requiring more than 66,000 micro-lattice
bars in the partition.
Once the design parameters were set, the
generative design software (in this case Autodesk Within) cycled through thousands of
design variants. The human design team digitally mapped the different generated options
against weight, stress, and strength parameters
to decide which to prototype.
The resulting design is a latticed structure
that looks random but is based on mammal
bone growth. Like natural bone, the partition
is dense at points of stress but lightweight
everywhere else. The design, which Airbus and
Autodesk call the bionic partition, is 45 percent lighter than the conventionally designed

THE AI CONTINUUM

A

rtificial intelligence is embedded in products
ranging from smart gadgets and devices to drones,
robots, and autonomous vehicles. Currently, the AI
continuum can be divided into three general areas according to complexity:
h ASSISTED INTELLIGENCE: AI automates basic re-

petitive and standardized tasks, working from clearly
defined rules. Humans are still making the key
decisions. Examples include automated assemblyline robots as well as software-based agents that
simulate the online activities of humans.
h AUGMENTED INTELLIGENCE: AI enhances the ability

of humans to accomplish tasks, and humans and
machines learn from each other. Examples include
intelligent virtual assistants, some of generative
design systems, and systems that can bring unusual
or noteworthy events to human attention.
h AUTONOMOUS INTELLIGENCE: AI takes over some

decision-making, but only after a human fully trusts
the machine or becomes a liability to the prompt
accomplishment of a task. Self-driving vehicles, currently in development by over 30 companies, are just
one example of autonomous intelligence.

compartment divider found on existing aircraft.
Fabricated using additive manufacturing, the
ﬁnished product requires just one-twentieth
the raw material compared with a partition
built using traditional design processes.
More than 100 separate pieces, made of a
high-strength metal alloy developed by Airbus,
were 3-D printed and then assembled. The
resulting partition is the world’s largest 3-D
printed aircraft cabin component, and it more
than satisﬁes the Airbus team’s requirements.
It is thinner and stronger than the component
it will replace, and because it is 30 kg lighter,
each bionic partition will save approximately
3,180 kg of fuel per plane per year.
The partition is undergoing ﬁnal testing and
approval. Once complete, the ﬁnal design could
be used in A320 aircraft next year.
The lessons Airbus learned in designing
the bionic partition pave the way for changing how an entire aircraft is conceived and
manufactured. The next generation of Airbus
planes will be made up of components based on
generative design, built by 3-D printing, using
innovative materials. Airbus plans to evolve its
methods for producing larger structures inside
a plane: for example, the cockpit wall, which is
twice the size of the bionic partition and needs
to be bulletproof to protect the pilots, or the
structure that houses the galley for food and
beverage service.
Autodesk has also applied its generative
design and AI tools to other high-proﬁle projects. Autodesk collaborated with the digital
industrial engineering company Hack Rod to
design the chassis of a race car. The company
also is involved with the MX3D bridge project in Amsterdam—not only will the bridge be
generatively designed but it will also be printed
on-site by multi-axis industrial robots.
The generative design tools developed by
Autodesk and other ﬁrms are only the beginning of a revolution in engineering, one that
will change the way we think about it.
Considering the power of generative design tools—and the near-omniscient artiﬁcial
general intelligence that will soon undergird
it—some may wonder if the human designer
and engineer will be made redundant. I think
that is the wrong way to look at the contribution of artiﬁcial intelligence. Instead, through
these technologies, designers’ creativity will
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amplify and their productivity will dramatically
increase.
For instance, using a system tied to a powerful voice recognition system, a designer will
be able to start a conversation with a cognitive
design assistant. “Let’s design an autonomous
vehicle,” he begins. A number of different categories of vehicles appear. The designer selects a
category, identiﬁes high-level design goals and
constraints, and the design activities proceed
with the cognitive assistant doing most of the
work, and generating several options beyond
what current generative design systems can
do. The cognitive assistant will also help the
designer in evaluating the different options and
making the ﬁnal decision. It will even use the
new explainable AI (XAI) tools to clarify to the
designer the rationale of the options selected.
After ﬁnishing the design of a complex system,
the cognitive assistant will automatically send
the ﬁles to an automated additive manufacturing facility to have a prototype made for the
system.
It won’t only be the designs that undergo
biologically inspired iterative processes. Future
complex systems will become self-evolving,
rebuilding or even redesigning themselves as
needed.
An example is provided by the recent research by a team in the department of informatics at the University of Oslo in Norway. The
research team, led by Kyrre Glette, discovered
a way for robots to design, evolve, and manufacture themselves using generative design
software. The robots are built in a virtual environment and their movements simulated. The
researchers then introduce certain parameters,
such as getting from one side of the room to the
other, and the AI tests each generatively created design against those goals. The best results
spawn new iterations, and then the ﬁnal design
is automatically printed.
The intent is to develop self-evolving robots.
The only human intervention is in the assembly
of the printed parts.
This research and related activities may ultimately result in the development of self-repairing, self-healing, self-adaptive, self-reconﬁguring systems—and products that “operationally
improve” themselves. Instead of depreciating
in value and capability, such products could
improve over time.

The bionic
partition is
stronger and
lighter than
the humandesigned part
it will replace.
Photo: Autodesk

In time, the role of the human engineer may
be that of a director rather than of a producer.
Humans may not be the ones executing the
tasks, but we will be choosing the direction we
want the machine to take and we will be providing the most critical feedback: whether we
are satisﬁed with the results.
Much of the technical aspect of engineering
will be moved to the machine-based design
system, just as one need not be able to operate a
slide rule or complete an isometric drawing to
be a successful engineer today. To a certain extent, the engineer will become someone adept
at translating the inchoate human desires—for
products with a more elegant shape or which
use less energy or which perform more efﬁciently—into a working relationship with an
artiﬁcial intelligence that will ﬁnd the solution
as long as it knows what the problem is.
Once machines know how to design—even
how to design themselves—engineering will
be changed, but engineers will still be highly
skilled. They will be augmented cognitively,
physically, and perceptually by AI technologies. And therefore, they will simply need to
build their capacity with a different set of skills,
including teaching the AI systems how to innovate and become effective partners in future
human-AI organizations. ME
AHMED K. NOOR is an eminent scholar emeritus and professor
emeritus of modeling, simulation, and visualization engineering at
Old Dominion University in Norfolk, Va.

TO LEARN MORE
For more information
on artificial
intelligence and
generative design, the
author has created
a website as
a companion
to this article:
http://www.aee.odu.
edu/proddesign/.
The site contains
links to online
material related to a
variety of aspects of
artificial intelligence,
generative design, and
other AI engineering
applications. The site
also includes a daily
news feed for up-todate information on
related subjects.

HOW PRACTICAL IS
3-D printing is rapidly establishing itself in aerospace,
medicine, and dental implants. Is it ready to go to
work in more cost-sensitive industries like consumer
products or power systems?
BY PAUL SHARKE
ow that the fundamentall patents for many 3-D metal printing technologies have expired,
pired, the ﬁeld is undergoing a
rapid increase in competitors,
titors, innovations, and interest.
Yet search for everyday examples of 3-D metal printing and
you are likely ﬁnd example after example of aerospace, medical, and
dental applications.
So, the question is: What does 3-D
-D metal printing offer
rank-and-ﬁle engineers who are not working with
these popular applications?
The answer, according to Greg Thompson,
global product manager of 3-D printing
inting
at Minneapolis-based Proto Labs, is a
resounding, “Plenty.”
“If something is hard to make, it’s
t’s
a good candidate for DMLS,” he
said. “If something is impossible to
o
make, it’s a great candidate.”

KEY ADVANTAGES
Metal printing offers advantages to manufacturers in almost every industry, Thompson
argues. Many are well-known
to anyone with even a passing
familiarity with the technology.
They include the ability to reducee
parts count, assembly time, and weight
while creating complex internal and exter-
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Renishaw and
Empire Cycles 3-D
printed a bicycle
frame in titanium.
Right: They fabricated the entire assembly on a single
build plate in one
pass. Image: Courtesy
of Renishaw

nal geometries that could not be made any other way. These clearly
beneﬁt aerospace companies, where every ounce
shaved off a part saves fuel over decades
of ﬂight.
3-D design also makes it possible to
customize medical and dental implants
for each patient.
Aerospace, medical, and dental
are what retailers call “the carriage
trade,” industries where margins
are high and manufacturing costs
are often a secondary consideration.
These industries can afford 3-D metal
printing because they already charge a
premium price for their products.
For more price-sensitive industries,
3-D printing is a harder sell.
While it may never achieve the high volume and low piece cost of traditional manufacturing, it has the potential to deliver value in
ways that are not always considered by conventional means of estimating product costs, Thompson
said. For example, 3-D printing can unlock new product
development processes, he said. By slicing time needed to
create functional prototypes, it helps companies rapidly bring
products to market, respond to customer feedback, and improve
their designs. It also helps companies do this without investing in
full production.

A 3-D printed metal
hydraulic block
eliminates leaks
caused by pressure
buildup when fluid
channels take
90-degree turns.
Photo: VTT Technical
Research Center of Finland

metal printing can simplify supply chains. By
consolidating parts into a
single structure, engineers can whittle away at component manufacturing, sourcing, and assembly expenses.
Consolidation may also eliminate failure points
in assemblies, improving reliability and reducing warranty costs.
Optisys, a Grapevine, Texas, company that
makes military and aerospace microantennas,
did just that with a demonstration directional
tracking antenna array that consolidated 100 discrete parts into a single, palm-sized 3-D printed
assembly. The design shaved weight by 95 percent and cut production costs by 20-25 percent.
The array was an outlier. 3-D parts will
nearly always cost more than their conventionally machined equivalents. Yet soft cost savings
may make them competitive.
Finally, 3-D metal printing gives engineers
nearly unlimited freedom to improve products,
since it can create parts that are impossible to
manufacture by any other technology. This allows engineers to go far beyond a part’s existing
architecture to create something better that
may look nothing like the piece it replaces.
One industrial-strength
ength example is VTT
Technical Research Center of Finland’s
redesign of a hydraulic
ic valve block
with Nurmi Cylinders.
s. The block
controls the loads applied
plied
by ﬂuid to cylinders
in hydraulic systems.
Manufacturers currently make blocks byy
drilling straight holess
into a solid block of
metal and connectingg
them by drilling crosss
channels.
This yields a system
m
of passages connected
d
at 90 degrees, some
plugged at the ends to
o
prevent leaking. The 90
degree turns reduce the eff
ﬁciency of ﬂuid ﬂow by boosting
pressure, which sometimes
etimes causes the
plugs to leak.

3-D printing eliminates the need for any
cross channels. Instead, the engineers build
more efficient channels with graceful bends
and no plugged openings to leak. The resulting
block is one-third the size of the original.
The VTT design looks like a win, yet Nurmi
is not rushing its new design into production.
It still takes a lot of work to bridge the gap
between a CAD model, a 3-D prototype, and
an affordable part that is ready for prime time.
Which is why, for now, engineers have given
3-D printing a mixed reception.

TAKING IT TO THE STREET
Jamie White of Metier Velo in Salt Lake City
overcame that hurdle when he set about to
build a better custom bicycle.
Although he makes bikes, White thinks of
himself as a service provider. His service is
ﬁtting a high-end carbon ﬁber bicycle frame to
the dimensions of an individual rider.
His high-end bicycles use carbon composite frame tubes, whose low mass and greater
stiffness transmit pedal power to the bike more
efficiently than steel or aluminum.
But carbon has two disadvantages. First,
carbon tubes are made in molds, and building
a custom mold for each rider
ride is uneconomical.
This is why many companies
customize
comp
bikes by joining carb
carbon tubes with eilugs or ﬁllet
ther carbon composite
com
while carbon tubes
wrap. Second, w
are strong, they
the crack rather than
dent in accide
accidents.
White solved
solve both problems at
once by opting for 3-D printed
titanium lugs.
lugs The titanium lugs
are strong and
a light. Unlike
carbon ﬁttings,
they let him
ﬁt
replace damaged tubes. It
took White about one
year
yea to ﬁnd a production
tio partner that
could
make the lugs
co
at a “doable” price.
It was worth the
wait.
wa Metier Velo’s
bikes look like nothing else on
o the road. They
capture an Old-World
aesthetic that
Old-W
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Metier Velo’s 3-D
titanium lugs are
strong, lightweight,
and make it easy
to replace broken
carbon composite
frame tubes.
Photo: Metier Velo

reﬂects 100 years of metal bicycle engineering
evolution. Riders can also customize their lug
design, so every bicycle is truly customized.
Metier Velo is not the only company 3-D
printing high-end bicycle parts. Britain’s
Empire Cycles teamed with 3-D producer
Renishaw to redesign an aluminum bicycle
seat post bracket for 3-D titanium. Although
titanium alloys weigh 30 percent more than
aluminum, the redesigned bracket shaved 44
percent off the aluminum part’s weight.
Empire and Renishaw did this by taking
advantage of titanium’s superior strength. They
hollowed out some supports, and used Altair’s
solidThinking Inspire software to automatically remove material from the CAD model’s
non-load-bearing sections. This sliced weight
to 200 g, from 360 g for aluminum.
The two companies then built an entire 3-D
bike frame in sections, which they bonded
together. The resulting bike is extremely rugged, but far too expensive for production. It
cost $26,000, but Chris Williams, Empire’s

founder, says that the project opened his eyes
to the ﬂexibility and beneﬁts 3-D metal brings
to design.

BRIDGING THE GAP
Startups often turn to 3-D printing to launch
new products without investing in conventional production. Yet even though they start
with 3-D, they may end up elsewhere.
That is what happened to SolePower, a
Pittsburgh startup that used 3-D printing to
develop a shoe-based device that generates
electrical power as the wearer walks. It could
power lights, sensors, and communications
and GPS systems for hikers, soldiers, or
ﬁrst responders working under hazardous
conditions.
The kinetic generator is a mechanical device
about the size of a deck of cards, SolePower
project manager Davit Davitian explained. It
relies on a gear train and series of links to turn
vertical forces generated by walking into horizontal forces that turn the generator.

Kappius
Components
originally made key
components of its
bicycle hub with 3-D
metal (black hub),
but switched to
electrical discharge
machining (red
hubs) when orders
started to rise.
Photo: Kappius Components

avitian likens it to the gear train a in
watch, only stout enough to withstand
higher forces and millions of cycles.
His team used both plastic and metal
printing to prototype the gear ratios, relying
on the quick turnaround of 3-D printing to run
through several iterations. They used the metal
printed gears for treadmill and other trials,
Davitian said.
Because the application applied high stresses
to precision gears, 3-D metal parts did not offer
the ideal material properties and surface ﬁnish
for the application. Still, they enabled SolePower to move its technology forward.
“The links are now made with metal injection
molding,” Davitian said, “but that’s only because
we found a good vendor in India. In the States,
tooling would have cost us $15,000 per link.”
Nor did vendors want to deal with his small
quantities. “3-D metal printing was the only
practical and cost-efficient method for us to
make the links during the four years of development,” Davitian said.
Brady Kappius, president of Kappius Components in Boulder, Co., had a similar experience.
While earning his master’s degree in mechanical

engineering from the University of Colorado,
Kappius and his father, Russ, a winner of six
bicycling racing Masters titles, began designing a
revolutionary drive system for mountain bicycles.
The Kappius hub is twice the diameter of
standard hubs. Inside, the drive assembly consists of an outer drive ring, an inner ring with 60
teeth, and eight pawls that engage two at a time
with the teeth on the inner ring. This gave the
power train 240 points of engagement, compared to 18 to 36 in standard drives. It enables
the rider to engage the gear 1.5 degrees, and
transfer power to the wheels faster when racing
or executing tight maneuvers.
It took only a few months to go from design to
production, shipping 100 hubs their ﬁrst year.
Even while they were sending hubs to early
adapters, they were modifying the design to
keep ahead of competitors.
“3-D printing was a great resource,” Brady
Kappius said. “When we were small, it let us
make design changes and develop new models
quickly.”
Yet 3-D production was unsustainable. It took
two builds and 50 hours to print 10 sets of 10
outer rings and 80 pawls. Then Kappius had to
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remove the support struts on a CNC machine and
heat treat the ﬁnal parts to harden them.
As orders began to rise, they turned to an
Asian manufacturer that could make the rings
and pawls for less money using wire electrical
discharge machining.

INDUSTRY OUTLOOK
3-D metal parts are making headway in industry, especially when innovative designs can save
time or money. Take, for example, the plastic
chains of a bakery conveyor. They get clogged
with crumbs and oil, and technicians must
periodically shut down the line to replace them.
Engineers tried cleaning the chains by shooting pressurized steam from a ﬁxture above their
track, but it took several passes and did not fully
clean the links.
Industrial product designer Keith Handy used
the ﬂexibility of 3-D printing to redesign the
system. Instead of putting the device above the
chain, he built a tunnel-like part that the chain
could pass through. As it did, 10 jets blasted it
from different angles with 145 psi steam. Handy’s
ﬁrst design removed 85 percent of the gunk. An
improved redesign got it all.
The ﬁnal part was less than 2 in. on a side.
Handy integrated it into the line and has since
sold the device to many bakeries.
“I did not have to worry about parting lines,
assembly techniques, or post-ﬁnishing for this
application,” he said. “In effect, I was designing something that was otherwise impossible to
manufacture. It was like being back at college.”
The same type of innovation shows up in a
micro-burner that can handle both gaseous and
liquid fuels. While gaseous fuels mix easily with
air before burning, combustors must pressurize
and spray a ﬁne mist of liquids into air before
combustion.
Euro-K, a Berlin-based ﬁrm that develops small
energy converters, created a burner that could do
both. 3-D printing enabled Euro-K to optimize
the burner’s geometry to handle gaseous fuels and
difficult-to-burn liquids like fusel oils, a byproduct
of alcohol distillation, while reducing size.
Euro-K designed the new combustor for Bilﬁnger, which provides microturbines for factories
and waste sites.

“We are able to guarantee our customers the
freedom of choice in terms of fuel, and switching
to other fuels after the plant has been purchased
can be easily arranged,” said Frieder Neumann,
Bilﬁnger’s deputy head of micro-gas turbine
development.
He also added that the technology is priced
attractively. That is not always the case for 3-D
printed parts. Clearly, many applications are
simply uneconomical. Yet as Neumann’s and
Handy’s experiences show, there are cases where
innovative design unlocks a beneﬁt that makes a
larger product, in this case, a microturbine, more
attractive.
That is going to be happening more and more
often in the future. As new competitors enter
the 3-D printing arena, systems will grow better,
faster, and less expensive. And, most important
of all, engineers will be standing by with lots of
new and surprising ways to take advantage of 3-D
metal technology. ME
PAUL SHARKE is a technology writer based in Little Silver, N.J.

A 3-D printed open
manifold steams
off flour and oil
from bakery convey
chains in a single
pass. Photo: 3D Systems

Euro-K 3-D metal
printed the complex
geometry of a
micro-burner that
can handle both
gaseous and liquid
fuels. Photo: Euro-K
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Early Power and Transport: Young
Engineer’s Guide to Various and
Ingenious Machines, Volume 1
BRYAN LAWTON

ASME Press Books, Two Park Avenue, New York, NY 10016-5990. 2017

F

or his magisterial Various and Ingenious Machines, Lawton
received ASME’s Engineering-Historian Award in 2016.
But that history of mechanical engineering, stretching from
prehistory to roughly the beginnings of industrialization, is
a daunting 1,300 pages. This volume is the ﬁrst of a series
of abbreviated and more accessible books intended to serve as
a guide to the larger work. It is pitched toward readers with an
undergraduate engineering education, and while it provides an
adequate mathematical treatment for each topic, the mathematical explanations are tucked in the appendices at the end of most
chapters. Volume 1 covers early power generation and transportation, including animal and human power, water and windmills, and
transport across land, water, and air.

175 PAGES. $29; ASME MEMBERS, $23. ISBN: 978-0-7918-6141-7

ROBOT-PROOF: HIGHER EDUCATION IN THE AGE
OF ARTIFICIAL INTELLIGENCE

3D PRINTING IN MEDICINE: A PRACTICAL GUIDE
FOR MEDICAL PROFESSIONALS

Joseph E. Aoun
MIT Press, One Rogers St.,
Cambridge, MA 02142-1209. 2017

Arank J. Rybicki and Gerald T. Grant, editors
Springer International Publishing,
Picassoplatz 4, 4052 Basel, Switzerland. 2017

Machine intelligence is flooding the market and looks
poised to transform the society. Dozens of companies are
making a bet that the technology for self-driving cars will be perfected in the
next decade, and software is designing products, analyzing stocks, and beating
humans in games from Jeopardy to Go. Can higher education prepare students
for lives as professionals when many professions look threatened by AI? Aoun,
the president of Northeastern University in Boston, proposes reorienting colleges
to prepare students to fill needs in society that even the most sophisticated
artificial intelligence agent cannot, instilling a creative mindset and mental
flexibility. Literacy is still critically important, Aoun says, but it is data literacy,
technological literacy, and human literacy that matter.

Rybicki and Grant, both professors at North American medical
schools, bring together chapters that describe the fundamentals of 3-D printing and address the practical aspects of establishing an additive
manufacturing service in a medical facility. The authors see a great potential
value in rendering images as 3-D printed models capable of providing tactile feedback and tangible information on both anatomic and pathologic states. Challenges
related to training, materials and equipment, and guidelines are explored, and the
overall costs of a 3-D printing lab is balanced against clinical benefits. The book
is intended for radiologists, surgeons, and other physicians, but it also highlights
the opportunities available in the biomedical field for engineers who understand
additive manufacturing better than anyone.

216 PAGES. $24.95. ISBN: 978-0-2620-3728-0

170 PAGES. $109. ISBN: 978-3-3196-1924-8
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TANK INVENTORY
ENDRESS+HAUSER, GREENWOOD, IND.

S

upplyCare 3.0, an update to the company’s IIoT
application for tank inventory management,
provides a complete overview of levels and
product inventory in a company’s tanks and silos
worldwide. Enhancements include hardware
and software options allowing level, ﬂow, and pressure
data to be displayed at a desk or handheld device
regardless of location—and advanced inventory tools
for forecasting, reporting, stock analysis, and other
functions. SupplyCare Enterprise runs by default
in Apache Tomcat on an application server as a
service under Microsoft Windows. Operators and
administrators can create easily shared reports in
various formats including Excel, PDF, CSV, and XML.

BIM SIMULATION
4M, ATHENS, GREECE

FineGREEN is a building information modeling (BIM)
simulation that combines the user-friendliness of the
3-D building interface with the accuracy and reliability
of the latest version of the EnergyPlus calculation
engine. FineGREEN’s smart energy solution allows
for easy determination of the best energy-efficient
building design, from the initial architectural concept
through the HVAC design and the entire project
completion. Simulation results are organized in detailed output tables, charts, and graphical representation forms, to simplify the comparative evaluation of
the alternative solutions.

RENDER MANAGEMENT SYSTEM
THINKBOX SOFTWARE, WINNIPEG, CANADA

This scalable high-volume compute management
solution strengthens the security of your Deadline
render farm. The Deadline 9.0 repository installs an
SSL-enabled version of the MongoDB database, and
configures Deadline by default to connect to the
database using SSL certificates that can be optionally password-protected. Remote commands are
encrypted, and validation checks confirm that the

commands originated from the sender, and that the
sender is connected to the same repository. Remote
command redirection is also supported via Deadline
Pulse, allowing remote commands to be securely
sent across different subnets. A common interface
covers all submitters for Draft—Deadline’s plug-in
for automating deliverables—and for project management applications including Autodesk Shotgun,
ftrack, and NIM.

3-D DATA TRANSLATION
ELYSIUM, HAMAMATSU, JAPAN

Elysium partnered with computational fluid and
structure dynamics expert LEMMA to create LEMMA
CADdoctor, a tailored version of Elysium’s standard
CADdoctor, an application for 3-D data translation
and optimization. It helps users of LEMMA solutions,
including ANAMESH, ANANAS, and ANASLOSH, in data
preparation for CAE analysis, reduces lead time, and
increases accuracy. Key features include a smooth
path from multiple CAD formats to LEMMA solutions
by powerful and robust 3-D data translation and
healing; first-time success in mesh generation and
accurate CAE analysis by geometry simplification,
solid enveloping, and polygon repair; and easyto-use software to assist users and increase job
efficiency.

CABLE SIMULATION
SIEMENS, MUNICH

Kineo 5.0 focuses on applications in robotics. The
cables that power articulated robot systems are
prone to failure from repeated stress and collisions
in the operating environment. These risks are minimized by optimizing dynamic cable performance and
reducing material stresses in a virtual prototype.
Kineo Flexible Cables is the company’s solution
for modeling deformable cables during motion
simulation. KineoWorks Interact is a graphical user
interface for developing Kineo-enabled applications
quickly and easily. KineoWorks is an integrated
tool for computing an envelope around static and
moving parts. Kineo Collision Detector provides
direct support for collision and clearance analysis
on point clouds, with no need to convert the point
cloud data.

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.
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READERS
SIEMENS, MUNICH

S

iemens has modernized its Simatic RF300
RFID system by adding three new
readers: RF310R, RF340R, and
RF350R. They are integrated into the
Simatic Step 7 engineering systems
and the TIA Portal to make commissioning
easy. The new readers offer an additional
transponder protocol (air interface) for
MOBY E transponders (MIFARE classic, ISO
14443 A) and automatic recognition of various types of transponder (RF300, ISO 15693,
MIFARE classic). This makes migration from
old systems easier and opens the way for new
applications. The compact system is designed
for controlling and optimizing the material
ﬂow in industrial production, above all in
closely packed assembly lines and workpiece
holder systems.

PRESSURE CONTROL

TOOTH BRAKE

ASCO, FLORHAM PARK, N.J

SEPAC, ELMIRA, N.Y.

The Numatics 617 Series Sentronic proportional electronic regulator for accurate pneumatic pressure control in applications with limited power supplies us
uses advanced DaS software. With
hysteresis of less than 1 percent,
hys
excellent linearity and repeatability,
exce
and stable control under flowing
conditions, the high-performance
con
proportional valve is designed for
prop
applications where precise pressure
appl
ccontrol is required, including in
the automotive and tire, food
and beverage, and packaging
industries. Available in three
sizes—1/4 in. (4 mm), 3/8 in. (8
mm), and 1/2 in. (15 mm)—to
cover a wide range of flow
requirements, it is versatile,
compact, lightweight, and easy
to
t operate. The 1/2-inch model’s
5,200
5,2 Nl/min. flow rate is the highest in its class.

SEPAC designed the
SETB electromagnetic
spring-engaged tooth
brake to deliver
reliable, consistent
operation within
medical applications.
This power-off brake
offers large bore
sizes, less than 0.5
degrees backlash,
high torque-to-size
ratio, a high number
of index positions,
positive engagement,
and a reliable coil with custom voltages available. These features make it well-suited
for medical applications such as robotics, scanning equipment, and treatment tables.
It also offers high-temperature Class H insulation, fully potted coil rated for 180 °C,
and typically a 2:1 reduction in size when compared with a friction-style brake with
similar torque ratings. Lead wires can also be routed through the bore or the rear of
the magnet body.
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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.

STRAIN PROBE
BAUMER, FRAUENFELD, SWITZERLAND.

BACKPLANE CONNECTOR
MOLEX, LISLE, ILL.

The Impulse orthogonal direct backplane connector system, designed for highdensity data center applications, supports data rates of 56 Gbps NRZ and 112
Gbps PAM4 with superior signal integrity. The 2 mm column-to-column pitch
of the Impulse system delivers high-speed connectivity in a compact size.
The innovative signal interface improves insertion loss over traditional in-line
interface, pushing resonance beyond 35 GHz. The system is built to deliver
ever-faster data rates while avoiding the problems with insertion loss and ICR
margin that come with increased speed by eliminating the need to build and
install mid-plane connections. All signal contacts are preloaded, positioned,
and protected in individual slots. Robust guiding features ensure proper connector alignment and mating.

DC MOTOR
ALLIED MOTION TECHNOLOGIES, AMHERST, N.Y.

The KinetiMax 42 EB, a 42-mm diameter outer rotor, brushless
hless DC motor
with an integrated drive is extremely compact. It has a robust
bust bearing
system capable of handling high side loads, a minimum operating
perating life
of 20,000 hours, and an integrated speed-control loop with
th speed-set
input to adjust motor speed from 150 to 5000 rpm. The external
ternal rotor
and iron-core stator minimize cogging and maximize output
ut torque.
The higher inertia of the outer rotor design enables a smoother
other
running motor even at low speed. Equipped as standard with
ith thermal
overload protection and automatic recovery and reverse supply
upply voltage
protection, its applications include smaller-capacity pumps,
ps, fans and
blowers, scanners, and similar devices that require smooth
th fixed or variable
speed control.

The DSKR strain probe uses the glued strain gauge principle to provide strong
installation in tie-bar strain measurement. The resilient stainless steel measuring
head is highly resistant to impacts and guarantees repeatability and long-term
stability. Containing no elastomers, it can be used even at high ambient temperatures up to 85 °C, and does not require subsequent recalibrations due to age,
increasing productivity. The measuring head geometry, including a stable tension
mechanism, simplifies installation and limits damage risk. The strain probe is
available in 16-mm and 20-mm diameter and lengths of 240 to 2,000 mm. All
options are available with 0 to 10 V or 4 to 20 mA output
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RESOURCEFILE
Instrumentation & Control
Power Transmission
& Motion Control
Fluid Handling
Materials & Assembly
Engineering Tools

A bimonthly listing of
the industry’s latest
technical literature and
product information
available FREE to
Mechanical Engineering
readers.

Other Products & Services

DO YOU NEED
AN ULTRA-PRECISE SHAFT
TORQUE TRANSDUCER?
Achieve extreme measurement accuracy with
fast installed response, high mechanical overloads and electrical overrange with the Series
MCRT ® 48800V and 49800V Series Digital
Torque Transducers.

B-STAGED FILM FOR
Bonding & Sealing

• Available capacities: From
2.8 to 42,000 Nm

FLM36

• Accuracy grades: ±0.04%
and ±0.02% of full scale
combined non-linearity
and Hysteresis
• Mechanical overloads of
200% or 400%

Contact us today for more details
and to speak with one of our experts.

Model:
MCRT ®48800V

+1.201.343.8983 • main@masterbond.com
www.himmelstein.com

800-632-7873

S. HIMMELSTEIN & CO.

www.masterbond.com

& COMPANY

MASTERBOND

COMSOL

For more event information:
TORMACHTECHDAYS.COM

HANDS-ON
CLASSES

ACCUMOLD

TORMACH

CNC
EXHIBITION

PROTO LABS






dŚĞ ĞƉĂƌƚŵĞŶƚ ŽĨ DĞĐŚĂŶŝĐĂů ŶŐŝŶĞĞƌŝŶŐ ŝŶǀŝƚĞƐ ĂƉƉůŝĐĂƚŝŽŶƐ ĨŽƌ Ă
ĨƵůůͲƚŝŵĞ͕ ƚĞŶƵƌĞͲƚƌĂĐŬ ĨĂĐƵůƚǇ ƉŽƐŝƚŝŽŶ Ăƚ ƚŚĞ ůĞǀĞů ŽĨ ƐƐŝƐƚĂŶƚ
WƌŽĨĞƐƐŽƌŝŶƚŚĞĂƌĞĂŽĨŵĂƚĞƌŝĂůƐĂŶĚŵĂŶƵĨĂĐƚƵƌŝŶŐ͕ĐŽŵŵĞŶĐŝŶŐĨĂůů
ϮϬϭϴ͘  dŚĞ ĚĞƉĂƌƚŵĞŶƚ ŝƐ ƐĞĞŬŝŶŐ Ă ĚǇŶĂŵŝĐ ŝŶĚŝǀŝĚƵĂů ǁŝƚŚ Ă
ďĂĐŬŐƌŽƵŶĚŝŶŵĂƚĞƌŝĂůƐĂŶĚŵĂŶƵĨĂĐƚƵƌŝŶŐ͘/ŶĚŝǀŝĚƵĂůƐǁŝƚŚĞǆƉĞƌƚŝƐĞ
ŝŶĐŽŵƉƵƚĂƚŝŽŶĂůŵĂƚĞƌŝĂůƐƐĐŝĞŶĐĞ͕ŵƵůƚŝƐĐĂůĞŵŽĚĞůŝŶŐ͕ďŝŽŵĂƚĞƌŝĂůƐ͕
ĞǆƚƌĂĐƚŝǀĞ ƉƌŽĐĞƐƐĞƐ͕ ŵĞƐŽŵĂŶƵĨĂĐƚƵƌŝŶŐ͕ ĂĚĚŝƚŝǀĞ ŵĂŶƵĨĂĐƚƵƌŝŶŐ͕
ŵĂŶƵĨĂĐƚƵƌŝŶŐ ƐǇƐƚĞŵƐ͕ ŶĂŶŽƚĞĐŚŶŽůŽŐŝĞƐ ĂŶĚ ŐƌĞĞŶ ŵĂŶƵĨĂĐƚƵƌŝŶŐ
ĂƌĞ ĞŶĐŽƵƌĂŐĞĚ ƚŽ ĂƉƉůǇ͘  ƉƉůŝĐĂŶƚƐ ƐŚŽƵůĚ ĂůƐŽ ŚĂǀĞ ůĂďŽƌĂƚŽƌǇ
ĞǆƉĞƌŝĞŶĐĞ ŝŶ ŵĂƚĞƌŝĂůƐ ƚĞƐƚŝŶŐ͕ ǁĞƚ ĐŚĞŵŝƐƚƌǇ ĂŶĚ ŵĂŶƵĨĂĐƚƵƌŝŶŐ͘
ZĞƋƵŝƌĞĚƋƵĂůŝĨŝĐĂƚŝŽŶ͗WŚ͘͘ŝŶDĞĐŚĂŶŝĐĂůŶŐŝŶĞĞƌŝŶŐ͕ŽƌŝŶĂĐůŽƐĞůǇ
ƌĞůĂƚĞĚƚĞĐŚŶŝĐĂůĨŝĞůĚ͕ƐƉĞĐŝĂůŝǌŝŶŐŝŶŵĂƚĞƌŝĂůƐĂŶĚͬŽƌŵĂŶƵĨĂĐƚƵƌŝŶŐ͘
ĞƐŝƌĞĚ ƋƵĂůŝĨŝĐĂƚŝŽŶƐ͗  W͘͘ ůŝĐĞŶƐĞ͖ ƌĞůĞǀĂŶƚ ƚĞĂĐŚŝŶŐ ĞǆƉĞƌŝĞŶĐĞ͖
ůĂďŽƌĂƚŽƌǇ ĞǆƉĞƌƚŝƐĞ͖ ĂŶĚ ĞŶŐŝŶĞĞƌŝŶŐ ĞǆƉĞƌŝĞŶĐĞ ŝŶ Ă ŵĂŶƵĨĂĐƚƵƌŝŶŐ
ĞŶǀŝƌŽŶŵĞŶƚ͘

dŽ ĂƉƉůǇ Žƌ ǀŝĞǁ ƚŚĞ ĐŽŵƉůĞƚĞ ƉŽƐŝƚŝŽŶ ĚĞƐĐƌŝƉƚŝŽŶ͕ ƉůĞĂƐĞ ǀŝƐŝƚ ŽƵƌ
ǁĞďƐŝƚĞ Ăƚ ǁǁǁ͘ŐŽŶǌĂŐĂ͘ĞĚƵͬũŽďƐ͘ ƉƉůŝĐĂŶƚƐ ĂƌĞ ƌĞƋƵŝƌĞĚ ƚŽ
ĐŽŵƉůĞƚĞĂŶŽŶůŝŶĞĂƉƉůŝĐĂƚŝŽŶ͘YƵĞƐƚŝŽŶƐĂďŽƵƚƚŚŝƐƉŽƐŝƚŝŽŶŵĂǇďĞ
ĚŝƌĞĐƚĞĚ ǀŝĂ ĞŵĂŝů ƚŽ ƌ͘ DĂƐƐŝŵŽ ͞DĂǆ͟ ĂƉŽďŝĂŶĐŚŝ͕
ĐĂƉŽďŝĂŶĐŚŝΛŐŽŶǌĂŐĂ͘ĞĚƵ͘dŚĞƉŽƐŝƚŝŽŶĐůŽƐĞƐĞĐĞŵďĞƌϭƐƚ͕ϮϬϭϳ͕Ăƚ
ŵŝĚŶŝŐŚƚ͕W^d͘&ŽƌĂƐƐŝƐƚĂŶĐĞǁŝƚŚǇŽƵƌŽŶůŝŶĞĂƉƉůŝĐĂƚŝŽŶ͕ĐĂůů
ϱϬϵͲϯϭϯͲϱϵϵϲ͘

'ŽŶǌĂŐĂhŶŝǀĞƌƐŝƚǇŝƐĂ:ĞƐƵŝƚ͕ĂƚŚŽůŝĐ͕ŚƵŵĂŶŝƐƚŝĐŝŶƐƚŝƚƵƚŝŽŶ͕ĂŶĚŝƐ
ƚŚĞƌĞĨŽƌĞŝŶƚĞƌĞƐƚĞĚŝŶĐĂŶĚŝĚĂƚĞƐǁŚŽǁŝůůĐŽŶƚƌŝďƵƚĞƚŽŝƚƐĚŝƐƚŝŶĐƚŝǀĞ
ŵŝƐƐŝŽŶ͘ 'ŽŶǌĂŐĂ hŶŝǀĞƌƐŝƚǇ ŝƐ Ă ĐŽŵŵŝƚƚĞĚ Kͬ ĞŵƉůŽǇĞƌ ĂŶĚ
ĚŝǀĞƌƐŝƚǇĐĂŶĚŝĚĂƚĞƐĂƌĞĞŶĐŽƵƌĂŐĞĚƚŽĂƉƉůǇ͘ůůƋƵĂůŝĨŝĞĚĂƉƉůŝĐĂŶƚƐ
ǁŝůů ƌĞĐĞŝǀĞ ĐŽŶƐŝĚĞƌĂƚŝŽŶ ĨŽƌ ĞŵƉůŽǇŵĞŶƚ ǁŝƚŚŽƵƚ ƌĞŐĂƌĚ ƚŽ ƚŚĞŝƌ
ĚŝƐĂďŝůŝƚǇƐƚĂƚƵƐĂŶĚͬŽƌƉƌŽƚĞĐƚĞĚǀĞƚĞƌĂŶƐƚĂƚƵƐ͘






dŚĞ ĞƉĂƌƚŵĞŶƚ ŽĨ DĞĐŚĂŶŝĐĂů ŶŐŝŶĞĞƌŝŶŐ ŝŶǀŝƚĞƐ ĂƉƉůŝĐĂƚŝŽŶƐ ĨŽƌ Ă
ĨƵůůͲƚŝŵĞ͕ ƚĞŶƵƌĞͲƚƌĂĐŬ ĨĂĐƵůƚǇ ƉŽƐŝƚŝŽŶ Ăƚ ƚŚĞ ůĞǀĞů ŽĨ ƐƐŝƐƚĂŶƚ
WƌŽĨĞƐƐŽƌĐŽŵŵĞŶĐŝŶŐŝŶĨĂůůϮϬϭϴ͘dŚĞƐƵĐĐĞƐƐĨƵůĐĂŶĚŝĚĂƚĞǁŝůůďĞĂ
ĚǇŶĂŵŝĐŝŶĚŝǀŝĚƵĂůǁŝƚŚďĂĐŬŐƌŽƵŶĚŝŶĞŝƚŚĞƌƌŽďŽƚŝĐƐŽƌŵĞĐŚĂƚƌŽŶŝĐƐ͕
ĂůƚŚŽƵŐŚ ŽƚŚĞƌ ƐƉĞĐŝĂůƚǇ ĂƌĞĂƐ͕ ƐƵĐŚ ĂƐ ďŝŽĞŶŐŝŶĞĞƌŝŶŐ͕ ŵĂǇ ĂůƐŽ ďĞ
ĐŽŶƐŝĚĞƌĞĚ͘&ƵƌƚŚĞƌŵŽƌĞ͕ƚŚĞǇǁŝůůŚĂǀĞďƌŽĂĚůĂďŽƌĂƚŽƌǇĞǆƉĞƌƚŝƐĞŝŶ
ŵĞĂƐƵƌĞŵĞŶƚ ƚĞĐŚŶŝƋƵĞƐ ĂŶĚ ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ ƵƐĞĚ ŝŶ Ăůů ĂƌĞĂƐ ŽĨ
ŵĞĐŚĂŶŝĐĂůĞŶŐŝŶĞĞƌŝŶŐ͘ZĞƋƵŝƌĞĚƋƵĂůŝĨŝĐĂƚŝŽŶƐ͗WŚ͘͘ŝŶDĞĐŚĂŶŝĐĂů
ŶŐŝŶĞĞƌŝŶŐ͕ Žƌ ŝŶ Ă ĐůŽƐĞůǇ ƌĞůĂƚĞĚ ƚĞĐŚŶŝĐĂů ĨŝĞůĚ͕ ƐƉĞĐŝĂůŝǌŝŶŐ ŝŶ
ƌŽďŽƚŝĐƐ Žƌ ŵĞĐŚĂƚƌŽŶŝĐƐ͕ Žƌ ŝŶ ƐŽŵĞ ŽƚŚĞƌ ƐƉĞĐŝĂůƚǇ ĂƌĞĂ ǁŝƚŚŝŶ ƚŚĞ
ĚŝƐĐŝƉůŝŶĞ͕ĂŶĚĚĞŵŽŶƐƚƌĂƚĞĚďƌŽĂĚůĂďŽƌĂƚŽƌǇĞǆƉĞƌƚŝƐĞŝŶƚĞĐŚŶŝƋƵĞƐ
ĂŶĚ ŝŶƐƚƌƵŵĞŶƚĂƚŝŽŶ ƵƐĞĚ ŝŶ Ăůů ĂƌĞĂƐ ŽĨ ŵĞĐŚĂŶŝĐĂů ĞŶŐŝŶĞĞƌŝŶŐ͘
ĞƐŝƌĞĚƋƵĂůŝĨŝĐĂƚŝŽŶƐ͗W͘͘ůŝĐĞŶƐĞ͖ƌĞůĞǀĂŶƚƚĞĂĐŚŝŶŐĞǆƉĞƌŝĞŶĐĞ͖ĂŶĚ
ĞŶŐŝŶĞĞƌŝŶŐĞǆƉĞƌŝĞŶĐĞŝŶŝŶĚƵƐƚƌǇ͘

dŽ ĂƉƉůǇ Žƌ ǀŝĞǁ ƚŚĞ ĐŽŵƉůĞƚĞ ƉŽƐŝƚŝŽŶ ĚĞƐĐƌŝƉƚŝŽŶ͕ ƉůĞĂƐĞ ǀŝƐŝƚ ŽƵƌ
ǁĞďƐŝƚĞ Ăƚ ǁǁǁ͘ŐŽŶǌĂŐĂ͘ĞĚƵͬũŽďƐ͘ ƉƉůŝĐĂŶƚƐ ĂƌĞ ƌĞƋƵŝƌĞĚ ƚŽ
ĐŽŵƉůĞƚĞĂŶŽŶůŝŶĞĂƉƉůŝĐĂƚŝŽŶ͘YƵĞƐƚŝŽŶƐĂďŽƵƚƚŚŝƐƉŽƐŝƚŝŽŶŵĂǇďĞ
ĚŝƌĞĐƚĞĚ ǀŝĂ ĞŵĂŝů ƚŽ ƌ͘ DĂƐƐŝŵŽ ͞DĂǆ͟ ĂƉŽďŝĂŶĐŚŝ͕
ĐĂƉŽďŝĂŶĐŚŝΛŐŽŶǌĂŐĂ͘ĞĚƵ͘dŚĞƉŽƐŝƚŝŽŶĐůŽƐĞƐĞĐĞŵďĞƌϭƐƚ͕ϮϬϭϳ͕Ăƚ
ŵŝĚŶŝŐŚƚ͕ W^d͘  &Žƌ ĂƐƐŝƐƚĂŶĐĞ ǁŝƚŚ ǇŽƵƌ ŽŶůŝŶĞ ĂƉƉůŝĐĂƚŝŽŶ͕ ĐĂůů ϱϬϵͲ
ϯϭϯͲϱϵϵϲ͘

'ŽŶǌĂŐĂhŶŝǀĞƌƐŝƚǇŝƐĂ:ĞƐƵŝƚ͕ĂƚŚŽůŝĐ͕ŚƵŵĂŶŝƐƚŝĐŝŶƐƚŝƚƵƚŝŽŶ͕ĂŶĚŝƐ
ƚŚĞƌĞĨŽƌĞŝŶƚĞƌĞƐƚĞĚŝŶĐĂŶĚŝĚĂƚĞƐǁŚŽǁŝůůĐŽŶƚƌŝďƵƚĞƚŽŝƚƐ
ĚŝƐƚŝŶĐƚŝǀĞŵŝƐƐŝŽŶ͘'ŽŶǌĂŐĂhŶŝǀĞƌƐŝƚǇŝƐĂĐŽŵŵŝƚƚĞĚKͬ
ĞŵƉůŽǇĞƌĂŶĚĚŝǀĞƌƐŝƚǇĐĂŶĚŝĚĂƚĞƐĂƌĞĞŶĐŽƵƌĂŐĞĚƚŽĂƉƉůǇ͘ůů
ƋƵĂůŝĨŝĞĚĂƉƉůŝĐĂŶƚƐǁŝůůƌĞĐĞŝǀĞĐŽŶƐŝĚĞƌĂƚŝŽŶĨŽƌĞŵƉůŽǇŵĞŶƚ
ǁŝƚŚŽƵƚƌĞŐĂƌĚƚŽƚŚĞŝƌĚŝƐĂďŝůŝƚǇƐƚĂƚƵƐĂŶĚͬŽƌƉƌŽƚĞĐƚĞĚǀĞƚĞƌĂŶ
ƐƚĂƚƵƐ͘

University of Illinois at Chicago
FACULTY POSITION IN
MULTISCALE MODELING
OF MULTIPHASE FLOWS
The Department of Mechanical Engineering seeks to ﬁll a tenure-track position
at the Assistant Professor level in the area of computational multiscale modeling
of multiphase ﬂows and transport starting Fall 2018. Candidates with expertise in
applications to porous media ﬂows, energy recovery, and biological applications are
especially invited to apply. Mechanical Engineering is one of the four departments
in the College of Engineering at San Diego State University. It offers an EAC ABETaccredited B.S. degree program, as well as M.S. and joint Ph.D. programs. The
department has internationally recognized programs in energy and thermoﬂuids,
bioengineering, material science and processing, mechanics, MEMS, NEMS, sensors,
robotics, dynamic systems and control. It is anticipated that the person will develop
synergies with areas of existing research strength and exploit emerging areas of
research by developing a vigorous externally funded research program in the general
area of multiscale modeling of multiphase ﬂows and transport. A demonstrated ability
to collaborate across disciplinary boundaries is essential. The department shares with
the College of Engineering and the University a strong commitment to excellence in
undergraduate and graduate education. The successful hire is expected to supervise
teams of undergraduate as well as graduate students. Applicants must have a
demonstrated ability to teach undergraduate and graduate level classes in ﬂuid and
thermal sciences, and other related areas of mechanical engineering.
For more information about the department, college and university, please visit:
http://mechanical.sdsu.edu, http://engineering.sdsu.edu, and http://www.sdsu.edu.
Applicants must have an earned Ph.D. degree in mechanical engineering or
a closely related discipline. Applications must be received by November 1,
2017 to receive full consideration; the position will remain open until ﬁlled.
Candidates must apply via Interfolio at http://apply.interfolio.com/42863.
Questions may be directed to the Search Committee Chair at MMMFsearch@
engineering.sdsu.edu.
SDSU is a Title IX, equal opportunity employer.

Department of Mechanical and Industrial Engineering
Assistant/Associate/Full Professor
Mechanical Engineering
The Department of Mechanical and Industrial Engineering at the
University of Illinois at Chicago invites applications for several tenure-track
faculty positions in various areas of Mechanical Engineering. Individuals
will also be considered at associate or full professor rank if they possess
outstanding qualiﬁcations commensurate with the rank. Successful
applicants are required to have an earned PhD in Mechanical Engineering
or a related ﬁeld, and are expected to develop and maintain an active,
externally-funded research program as well as teach courses at both the
undergraduate and graduate levels.
The Department offers BS, MS, and PhD degrees in Mechanical
Engineering, and Industrial Engineering and Operations Research; and
currently has an undergraduate enrollment of about 770 and a graduate
enrollment of about 500. More information about the Department can be
found at http://www.mie.uic.edu. Applicants are required to send a letter
of application indicating their qualiﬁcations, an up-to-date CV including
the names and contact information of three references, and separate
one-page statements outlining their future teaching and research plans.
For fullest consideration, applications must be submitted online at
http://jobs.uic.edu/job-board/job-details?jobID=82503 by December 1, 2017.
Applications will be accepted until the positions are ﬁlled.
Expected starting date is August 2018.
The University of Illinois at Chicago is an afﬁrmative action, equal opportunity employer,
dedicated to the goal of building a culturally diverse and pluralistic faculty and staff committed
to teaching and working in a multicultural
environment. We strongly encourage applications
from women, minorities, individuals with disabilities
and covered veterans.
The University of Illinois conducts background checks
on all job candidates upon acceptance of contingent
offer of employment. Background checks will be
performed in compliance with the Fair Credit
Reporting Act.

DEPARTMENT HEAD
UA DEPARTMENT OF AEROSPACE AND MECHANICAL ENGINEERING
We seek an engaging and articulate leader to guide this successful department as it secures additional faculty appointments and expands and enhances its undergraduate and graduate programs,
research impact and visibility, and industrial partnerships.
The successful candidate will have a proven record of transparent, collaborative and effective
strategic planning, communication and resource management. A distinguished record of achievement in scholarship, research and/or professional practice commensurate with an appointment at
the rank of professor with tenure is required. Full posting (#F20856) and application instructions are
at https://uacareers.com/postings/16156.
The department is dedicated to innovative interdisciplinary research and teaching in both
aerospace and mechanical engineering. The department’s research specialties include active ﬂow
control, aerospace guidance navigation and control, astrodynamics, biomechanics, computational
and experimental ﬂuid and solid mechanics, mechatronics, multibody dynamics, nanotechnology
and renewable energy.
Research at the University of Arizona is strongly multidisciplinary and the department works
extensively with, among others, the UA Department of Planetary Sciences, Arizona Health Sciences
Center, BIO5 Institute for Collaborative Bioresearch, College of Optical Sciences and the Program in
Applied Mathematics, all of which enjoy international recognition as centers for world-class academic programs and research.
The University of Arizona is located in Tucson, which has a vibrant, multicultural community – in
2016 UNESCO named it a World City of Gastronomy – and is home to a thriving industrial sector that
includes Raytheon, Rincon Research, Paragon Space Development and Vector Space Systems.

The Department of Mechanical and Industrial
Engineering at The University of Iowa invites
applications and nominations for
two full-time tenured or tenure-track
open-rank faculty positions in all
areas of Mechanical Engineering, to
start in Fall 2018. Particular areas of
interest are mechatronics, robotics and
autonomous systems, sensing and control,
manufacturing automation, smart product
design & optimization, machine learning,
artificial intelligence, and other emerging
application areas. An earned doctorate
in mechanical engineering or a related
discipline is required. The department offers
excellent opportunities for multidisciplinary
collaboration at research centers with
established global reputations and with
the University of Iowa Hospitals & Clinics,
a world-renowned research and teaching
hospital. Interested candidates should apply
electronically to Requisition #71440 at
http://jobs.uiowa.edu/faculty/, where
details are available. The University of
Iowa is an equal opportunity/affirmative
action employer. All qualified applicants
are encouraged to apply and will receive
consideration for employment free from
discrimination on the basis of race, creed,
color, national origin, age, sex, pregnancy,
sexual orientation, gender identity,
genetic information, religion, associational
preference, status as a qualified individual
with a disability, or status as a protected
veteran.

FACULTY POSITION IN
ENERGY STORAGE
The Department of Mechanical Engineering seeks to ﬁll a tenure-track position
at the Assistant Professor level in the area of thermal and electrochemical energy
storage starting Fall 2018. Candidates with expertise in hybrid storage systems
and system level integration are especially encouraged to apply, but demonstrated
strength in one or more core areas of mechanical engineering is essential.
Mechanical Engineering is one of the four departments in the College of Engineering
at San Diego State University. It offers an EAC ABET-accredited B.S. degree program,
as well as M.S. and joint Ph.D. programs. The department has internationally
recognized programs in energy and thermoﬂuids, material science and processing,
bioengineering, mechanics, MEMS, NEMS, sensors, robotics, dynamic systems
and control. It is anticipated that the person will develop synergies with areas of
existing research strength and exploit emerging areas of research by developing a
vigorous externally funded research program in the general area of energy storage.
A demonstrated ability to collaborate across disciplinary boundaries is essential.
The department shares with the College of Engineering and the University a strong
commitment to excellence in undergraduate and graduate education. He or she
is expected to supervise teams of undergraduate as well as graduate students.
Applicants must have a demonstrated ability to teach undergraduate and graduate
level classes in one or more core areas of mechanical engineering.
For more information about the department, college and university, please visit:
http://mechanical.sdsu.edu, http://engineering.sdsu.edu, and http://www.sdsu.edu.
Applicants must have an earned Ph.D. degree in mechanical engineering or
a closely related discipline. Applications must be received by November 1,
2017 to receive full consideration; the position will remain open until ﬁlled.
Candidates must apply via Interfolio at http://apply.interfolio.com/42865.
Questions may be directed to the Search Committee Chair at TEESsearch@
engineering.sdsu.edu.
SDSU is a Title IX, equal opportunity employer.

Texas A&M University- College of Engineering
Assistant, Associate or Full Professor – Multidisciplinary
Engineering Technology Program
The Department of Engineering Technology and Industrial Distribution at Texas
A&M University invites applications for a tenured or tenure-track faculty position
at the assistant, associate, or full professor level with expertise in one or more
of the following areas: Mechatronics, Industrial and Mobile Robots, Automation,
Product Design, Industrial Internet of Things (IIoT), Cyber-Physical Systems, and
Embedded Systems. The successful applicant will be required to teach; advise
and mentor undergraduate and graduate students; develop an independent,
externally funded research program; participate in all aspects of the department’s
activities; and serve the profession. Strong written and verbal communication
skills are required. Applicants should consult the department’s website to review
our academic and research programs (https://engineering.tamu.edu/etid).
Applicants must have an earned doctorate in an appropriate engineering ﬁeld and
or a closely related engineering or science discipline.
Applicants should submit a cover letter, curriculum vitae, teaching statement,
research statement, and a list of 4 (can be between 3 – 5) references (including
postal addresses, phone numbers and email addresses) by applying for this
speciﬁc position at www.tamengineeringjobs.com. Full consideration will be
given to applications received by December 15, 2017. Applications received
after that date may be considered until positions are ﬁlled. It is anticipated the
appointment will begin fall 2018.
The members of Texas A&M Engineering are all Equal Opportunity/Afﬁrmative
Action/Veterans/Disability employers committed to diversity. It is the policy of
these members to recruit, hire, train and promote without regard to race, color,
sex, religion, national origin, age, disability, genetic information, veteran status,
sexual orientation or gender identity.

The Department of Mechanical Engineering at The University of Alabama invites
applications for two new tenure-track faculty positions at the Assistant or Associate
Professor level in the area of vehicle engineering starting as early as Spring 2018.
Applicants must have a PhD degree in mechanical engineering or a closely related
ﬁeld by the date of appointment. Industrial experience is highly desirable and collaboration with colleagues in Electrical and Computer Engineering and Computer Science
departments is expected. Applicants must show the potential to establish a quality
research program, collaborate effectively with other faculty, and excel in teaching
at both the graduate and undergraduate levels. For consideration at the Associate
Professor level, applicants must demonstrate strong records in external funding and
publication and a PhD graduation rate commensurate with this level of appointment.

in the summer of 2013. The department offers the BS, MS, and PhD degrees in
mechanical engineering. Established in 1831, the University of Alabama currently
serves over 37,000 students. More information on The University of Alabama can
be found at http://www.ua.edu.

The two open positions are:

Applicants should apply online at http://facultyjobs.ua.edu . Required application documents include: resume/curriculum vitae, cover letter, and names of
three references. Review of applications will begin immediately. For additional
information, please contact: Dr. Bharat Balasubramanian Department of Mechanical Engineering, The University of Alabama, Box 870276, Tuscaloosa, Alabama
35487-0276 Phone: (205) 348-4319, E-mail: bharat@eng.ua.edu.

AUTONOMOUS VEHICLE DYNAMICS AND CONTROL (ONE POSITION)
Expertise is sought in the area of sensors, vision/imaging systems and data
processing applied to vehicle dynamics and control. This includes basic knowledge
of the operational principles of commonly used sensors such as short-, mediumand long-range radar, cameras, and LIDAR. An understanding of systematic testing
of vehicle-intrinsic sensors and vehicle dynamics in the context of software-in-theloop (SIL), hardware-in-the-loop (HIL), bench testing, and road testing is necessary.
Proﬁciency in multi-vehicle simulation and interaction of vehicles equipped with
autonomous driving technology is highly desirable.
VEHICLE DYNAMICS BASED ON V2X TECHNOLOGY (ONE POSITION)
Expertise in optimization of multi-vehicle dynamics in the context of safety, fuel efﬁciency, and trafﬁc ﬂow through V2X technologies is sought. Knowledge in the mechanical engineering aspects of vehicle dynamics and control-based on vehicle-to-vehicle,
vehicle-to-infrastructure and vehicle-to-Internet communication is necessary.
The College of Engineering is experiencing unparalleled growth and prosperity,
having completed the $330M, four building, Shelby Engineering and Science Quad

The University is located on a beautiful 1,168-acre residential campus in Tuscaloosa, a dynamic and resilient community of over 150,000 in central Alabama. The
Tuscaloosa community provides rich cultural, educational, and athletic activities
for a broad range of lifestyles. Moreover, the state of Alabama is home to a growing and highly successful automotive industry spearheaded by Mercedes-Benz,
Honda, Hyundai, and Toyota Powertrains. Numerous automotive suppliers are
located in and around the region, as well, including ZF, Lear, Brose, and Faurecia.

The University of Alabama is an Equal Employment/Equal Educational Opportunity Institution. All qualiﬁed applicants will receive consideration for employment
without regard to race, color, religion, national origin, sex, sexual orientation,
gender identity, gender expression, age, genetic information, disability, or
protected veteran status, and will not be discriminated against because of their
protected status. Applicants to and employees of this institution are protected
under Federal law from discrimination on several bases. Follow the link below to
ﬁnd out more.
“EEO is the Law” http://www1.eeoc.gov/employers/upload/eeocselfprint_poster.pdf“
EEO is the Law” Poster Supplement http://www.dol.gov/ofccp/regs/compliance/posters/pdf/OFCCPEEOSupplementFinalJRFQA508c.pdf

University of Illinois at Chicago

Department of Mechanical and Industrial Engineering
Assistant/Associate/Full Professor
Industrial Engineering
The Department of Mechanical and Industrial Engineering at the
University of Illinois at Chicago (UIC) invites applications for a tenuretrack faculty position in Industrial Engineering. Individuals will also be
considered at associate or full professor rank if they possess outstanding
qualiﬁcations commensurate with the rank. Successful applicants
are required to have an earned PhD in Industrial Engineering or a
related ﬁeld, and are expected to develop and maintain an active,
externally-funded research program as well as teach courses at both the
undergraduate and graduate levels.
The Department offers BS, MS, and PhD degrees in Mechanical
Engineering, and Industrial Engineering and Operations Research, and
currently has an undergraduate enrollment of about 770 and a graduate
enrollment of about 500. More information about the Department can be
found at http://www.mie.uic.edu. Applicants are required to send a letter
of application indicating their qualiﬁcations, an up-to-date CV including
the names and contact information of three references, and separate
one-page statements outlining their future teaching and research plans.
For fullest consideration, applications must be submitted online at http://
jobs.uic.edu/job-board/job-details?jobID=82505 by December 1, 2017.
Applications will be accepted until the position is ﬁlled. Expected starting
date is August 2018.
UIC is deeply committed to a community of excellence, equity, and diversity and welcomes
applications from women, underrepresented minorities, persons with disabilities, sexual minority
groups, and other candidates who will contribute
to the diversiﬁcation and enrichment of ideas and
perspectives. An AA/EO employer.
The University of Illinois conducts background
checks on all job candidates upon acceptance of
contingent offer of employment. Background checks
will be performed in compliance with the Fair Credit
Reporting Act.

FACULTY POSITION IN
BIOMEDICAL SENSORS
AND NANOTECHNOLOGY
The Department of Mechanical Engineering seeks to ﬁll a tenure-track position
at the Assistant or Associate Professor level in the area of biomedical sensors
and nanotechnology starting Fall 2018. Mechanical Engineering is one of the four
departments in the College of Engineering at San Diego State University. It offers an
EAC ABET-accredited B.S. degree program in Mechanical Engineering, as well as
M.S. and Ph.D. programs in Mechanical and Bioengineering. This faculty member
will work collaboratively on research projects with engineering, science, and
rehabilitation faculty in the Smart Health (sHealth) Institute, a newly established
Area of Excellence at San Diego State University. The ideal candidate will have
strengths working with and building relationships with and collaborations among
engineering, science and biomedical research faculty. This faculty member would
spearhead and support translational research with biomedical sensor technologies.
The research program would ideally focus on medical, biological and environmental
nanosensors or micro/nanofabrication technology. The department shares with the
College of Engineering and the University a strong commitment to excellence in
undergraduate and graduate education. He or she is expected to supervise teams
of undergraduate as well as graduate students in our M.S. and Ph.D. programs.
Applicants must have a demonstrated ability to teach undergraduate and graduate
level classes in the department.
For more information about the department, college and university, please visit:
http://mechanical.sdsu.edu, http://engineering.sdsu.edu, and http://www.sdsu.edu.
Applicants must have an earned Ph.D. degree in mechanical engineering or
a closely related discipline. Applications must be received by November 1,
2017 to receive full consideration; the position will remain open until ﬁlled.
Candidates must apply via Interfolio at http://apply.interfolio.com/42870.
Questions may be directed to the Search Committee Chair at MESHsearch@
engineering.sdsu.edu.
SDSU is a Title IX, equal opportunity employer.

POSITIONSOPEN
Assistant/Associate/Full Professors - Mechanical
Engineering University Of Massachusetts Lowell
The Department of Mechanical Engineering
at the University of Massachusetts Lowell is
seeking to hire several full-time tenure-track
faculty at the ranks of Assistant or Associate
Professor; applications for Full Professor will
also be considered for exceptional candidates.
Applicants must have earned Doctoral
degrees in mechanical engineering, or closely
related disciplines, and are required to have
a record of quality teaching and scholarship.
Successful applicants will collaborate with
existing faculty members, teach classes to
support the undergraduate and graduate
programs, develop new courses, advise and
recruit graduate students, and are expected to
develop a robust, externally funded research
program in one of the following areas:
(1) Computational Transport Phenomena:
including multi-physics, multi-scale, multiphase, and/or reaction kinetics with a specific
focus on energy applications such as combustion,
plasma processes, solar thermal and photothermochemical, electrochemical, and biomass
energy systems, as well those related to the
food-energy-water nexus. (2) Robotics and
Autonomous Systems: biomechanics, soft
robotics, compliant robots for manufacturing,
advanced networked control systems, multiagent dynamic systems, cooperative robotics,
cyber-physical systems, exoskeletons, and
manipulation to support robotic programs
with a strong applied complement. Faculty
will have the opportunity to work with the
NERVE Center, a 10,000 sq. ft. robot testing
facility, as well as the NASA Valkyrie humanoid
continued on p.61 »

MECHANICAL ENGINEERING FACULTY
Washington State University Vancouver invites applications for a full-time tenure-track position at the assistant
professor level beginning 8/16/2018. Candidates are sought with expertise in thermal sciences, renewable energy,
thermal energy systems, thermal management or thermal transport in micro/nano devices.
Requirements: Ph.D. in Mechanical Engineering by employment start date and demonstrated ability to (1) develop
a funded research program, (2) establish industrial collaborations, (3) teach undergraduate/graduate courses, (4)
have published promising scholarly work in the ﬁeld and (5) contribute to our campus diversity goals (e.g. incorporate issues of diversity into mentoring, curriculum, service or research).
Duties: (1) Teach undergraduate and graduate courses on topics of thermodynamics, ﬂuid mechanics, heat transfer, thermal systems and/or renewable energy; (2) Conduct research in at least one of the expertise areas listed
above; (3) Secure external funding for research; and (4) Participate in service to the department and university
through committee work, recruitment, and interaction with industry.
WSU Vancouver serves about 3,400 graduate and undergraduate students and is ﬁfteen miles north of Portland,
Oregon. The rapidly growing School of Engineering and Computer Science (ENCS) equally values both research
and teaching. WSU is Washington’s land grant university with faculty and programs on four campuses. For more information: http://ecs.vancouver.wsu.edu. WSU Vancouver is committed to building a culturally diverse educational
environment.
Application: Please visit www.wsujobs.com and search postings by location. Applications must include: (1) cover
letter with a clear description of experience relevant to each of the required and preferred qualiﬁcations; (2) vita
including a list of at least three references, and (3) A statement (two-page total) of how candidate’s research will
expand/complement the current research in ENCS and a list of the existing ENCS courses the candidate can teach
and any new courses the candidate proposes to develop. Application deadline is December 10, 2017.
WASHINGTON STATE UNIVERSITY IS AN EQUAL OPPORTUNITY/AFFIRMATIVE ACTION EDUCATOR AND EMPLOYER.
Members of ethnic minorities, women, special disabled veterans, veterans of the Vietnam-era, recently separated
veterans, and other protected veterans, persons of disability and/or persons age 40 and over are encouraged to
apply. WSU employs only U.S. citizens and lawfully authorized non-U.S. citizens.

Chair of the Department of
Mechanical Engineering
The College of Engineering and Information Technology (COEIT) at the University of
Maryland, Baltimore County (UMBC), invites
applications for Chair of the Department of
Mechanical Engineering. The successful
candidate will be a dynamic and accomplished
leader who can bring a vision for invigorating
and expanding the educational, research, and
service efforts of the department, striving to
substantially expand the external funding,
publication rate, and national visibility of the
department’s research activities. Candidates
must have an earned PhD in Mechanical
Engineering or a closely related discipline
from an accredited university, and a record
of scholarship and educational accomplishments commensurate with an appointment as
full professor with tenure in a public research
university. The ﬁnal candidate must have
demonstrated administrative experience,
strong interpersonal and communication skills,
the ability to mentor and support faculty and
staff, and a strong commitment to diversity,
equity, and inclusive excellence.
Our ABET accredited Mechanical Engineering undergraduate program links hands-on
experiences and design with theoretical,
experimental and numerical analyses. Building
on our existing foundation, the new chair will
ensure continued investment in and emphasis
on a strong academic foundation coupled with
hands-on practical experiences to best prepare
our undergraduate students for either professional practice or graduate study.
Founded in 1966, the University of Maryland,
Baltimore County, is a mid-sized public research university in the Baltimore-Washington
corridor. UMBC is particularly known for its
commitment to diversity, the quality of its undergraduate education, and its rapidly increasing prominence as a cutting-edge research
university. The Center for Women in Technology, housed within the College of Engineering
and Information Technology, provides a range
of programs and services designed to increase
gender diversity in computing and engineering.
UMBC’s Meyerhoff Program is a national model
for preparing students from underrepresented
groups for graduate programs in STEM. UMBC
has been in the top ﬁve U.S. News & World
Report “Most Innovative Schools” both years
that the list was published, and has been in the
top 20 for their “Best Undergraduate Teaching”
for the last eight years. The Chronicle of Higher
Education has recognized UMBC as a “great
college to work for” for seven consecutive
years.
For a complete job description, application procedures, and more information about the Mechanical Engineering Department and UMBC,
please visit http://me.umbc.edu/Chairsearch.
To receive full consideration, please submit
your application by November 15, 2017. A
start date of January 2018 is anticipated, but
a later start date, up to August 2018, may be
negotiated. UMBC is an Afﬁrmative Action/EEO
Employer and highly encourages applications from veterans, minorities, women, and
individuals with disabilities.

Chair of Mechanical Engineering
Cleveland State University is searching for active, culturally and academically diverse
IDFXOW\RIWKHKLJKHVWFDOLEHU
7KH:DVKNHZLF]&ROOHJHRI(QJLQHHULQJDW&OHYHODQG6WDWH8QLYHUVLW\LQYLWHVDSSOLFDWLRQV
IRUWKHSRVLWLRQRI&KDLUPDQRIWKH0HFKDQLFDO(QJLQHHULQJ'HSDUWPHQW
7KHGHSDUWPHQWKDVH[SHULHQFHGUHPDUNDEOHJURZWKLQXQGHUJUDGXDWHHQUROOPHQWZLWKD
SHUFHQWLQFUHDVHIURPWRDQGPRUHWKDQVHQLRUVHQUROOHGLQ
,QGXVWULDO VSRQVRUVKLS RI VWXGHQW SURMHFWV LV VWURQJ ZLWK SDUWLFLSDWLRQ IURP FRPSDQLHV
VXFKDV3DUNHU+DQQL¿Q/XEUL]RO/LQFROQ(OHFWULF1$6$*OHQQ5HVHDUFK&HQWHU'DQ
T. Moore Companies and others. Extramural research involving Mechanical Engineering
IDFXOW\PHPEHUVKDVDOVREHHQVKDUSO\LQFUHDVLQJ6LQFHWKHGHSDUWPHQWKDVDGGHG
VHYHQQHZIXOOWLPHIDFXOW\SRVLWLRQV
:HVHHNDQHZFKDLUSHUVRQZKRZLOOOHDGRXUGHSDUWPHQWLQWRDQHZSKDVHRIJURZWKZLWK
particular emphasis on strengthening and enhancing our educational offerings, graduate
program, and research efforts. The candidate should have a solid research and education
EDFNJURXQGLQWKHFRUQHUVWRQHGLVFLSOLQHVRIPHFKDQLFDOHQJLQHHULQJDVZHOODVDEURDG
YLVLRQRILWVQHZIURQWLHUVDQGLQWHUGLVFLSOLQDU\DVSHFWV
7KHFDQGLGDWHLVH[SHFWHGWRTXDOLI\IRUDWHQXUHGSRVLWLRQLQWKHGHSDUWPHQWDWWKHUDQN
RI 3URIHVVRU DOWKRXJK H[FHSWLRQDOO\ ZHOOTXDOL¿HG FDQGLGDWHV DW WKH UDQN RI$VVRFLDWH
3URIHVVRUZLOOEHFRQVLGHUHG$WDPLQLPXPWKHFDQGLGDWHPXVWKDYHDQHDUQHGGRFWRUDO
GHJUHH LQ 0HFKDQLFDO (QJLQHHULQJ RU FORVHO\UHODWHG ¿HOG DQG D EDFKHORU¶V GHJUHH LQ
0HFKDQLFDO(QJLQHHULQJ0RUHRYHUZHH[SHFWDWOHDVWVHYHQ\HDUVRIH[SHULHQFHLQKLJKHU
education, including teaching, research and academic administration.
,QDGGLWLRQFDQGLGDWHVPXVWKDYHVWURQJHYLGHQFHRIH[FHOOHQFHLQLQWHUSHUVRQDOVNLOOV
OHDGHUVKLSFRPPXQLFDWLRQDQGDGPLQLVWUDWLYHFDSDELOLWLHVDQGDELOLW\WRHQJDJHZLWKORFDO
industry and community partners.
3UHIHUUHG TXDOL¿FDWLRQV LQFOXGH D WUDFN UHFRUG RI VFKRODUVKLS DQG UHVHDUFK IXQGLQJ
HYLGHQFHRIOHDGHUVKLSDQGVLJQL¿FDQWH[SHULHQFHLQDFDGHPLFDGPLQLVWUDWLRQLQFOXGLQJ
accomplishments in graduate program improvement, promoting faculty research and
DJRRGWUDFNUHFRUGRIXQLYHUVLW\LQGXVWU\FROODERUDWLRQDELOLW\WRFRQWULEXWHWKURXJK
WHDFKLQJ DQGRU VHUYLFH WR WKH GLYHUVLW\ FXOWXUDO VHQVLWLYLW\ DQG H[FHOOHQFH RI WKH
academic community.
7KH&ROOHJH¶VHQUROOPHQWKDVLQFUHDVHGE\RYHUWKHODVW\HDUV,WQRZKDVDERXW
XQGHUJUDGXDWHDQGJUDGXDWHVWXGHQWV$QDGGLWLRQDOVTIWHQJLQHHULQJ
EXLOGLQJLVXQGHUFRQVWUXFWLRQZLWKWKH¿UVWSKDVHRSHQLQJLQODWH7KHEXLOGLQJZLOO
LQFOXGHDVWDWHRIWKHDUWPDNHUVSDFHIUHVKPDQGHVLJQODELQVWUXFWLRQDOODEVDPRWLRQ
FRQWUROODERUDWRU\DGGLWLYHPDQXIDFWXULQJIDFLOLWLHVDVZHOODVUHVHDUFKIDFLOLWLHV
&OHYHODQG6WDWH8QLYHUVLW\LVORFDWHGLQGRZQWRZQ&OHYHODQGDFLW\WKDWKDVXQGHUJRQH
UHPDUNDEOHUHQHZDODQGUHYLWDOL]DWLRQ7KLVLQFOXGHVGRZQWRZQOLYLQJZLWKUHVWDXUDQWV
and shopping in a family friendly environment, professional teams in major sports and
DZRUOGFODVVV\PSKRQ\RUFKHVWUD
$SSOLFDWLRQV UHFHLYHG E\ 'HFHPEHU   ZLOO UHFHLYH IXOO FRQVLGHUDWLRQ +RZHYHU
WKH SRVLWLRQ ZLOO UHPDLQ RSHQ XQWLO ¿OOHG $SSOLFDWLRQ PDWHULDOV PXVW EH VXEPLWWHG
RQOLQH WKURXJK WKH +XPDQ 5HVRXUFHV ZHEVLWH DW &OHYHODQG 6WDWH 8QLYHUVLW\
http://hrjobs.csuohio.edu/postings/7949DQGLQFOXGHDFRYHUOHWWHUDGGUHVVLQJKRZWKH
FDQGLGDWH¶VH[SHULHQFHPDWFKWKHSRVLWLRQUHTXLUHPHQWVDFXUULFXOXPYLWDHDQGFRQWDFW
LQIRUPDWLRQIRUDWOHDVW¿YHUHIHUHQFHV
Hiring is contingent on maintaining existing levels of funding from the state of Ohio.
Offer of employment is contingent on satisfactory completion of the University’s
YHUL¿FDWLRQRIFUHGHQWLDOVDQGRWKHULQIRUPDWLRQUHTXLUHGE\ODZDQGRU8QLYHUVLW\
SROLFLHVRUSUDFWLFHVLQFOXGLQJEXWQRWOLPLWHGWRDFULPLQDOEDFNJURXQGFKHFN
$Q(TXDO2SSRUWXQLW\(PSOR\HU'LVDEOHG3URWHFWHG9HWHUDQV

Assistant/Associate Professor in Design/Robotics

Located in Easton, Pennsylvania, about one and a half
hours from both New York City and Philadelphia, Lafayette
College is a selective, private liberal arts college of 2,400
undergraduates, offering degrees in the liberal arts and
engineering.

Assistant Professor of
Mechanical Engineering
The Mechanical Engineering Department of Lafayette
College in Easton, Pennsylvania, invites applications for a
tenure-track Assistant Professor, to begin in July 2018. The
Department seeks a colleague who possesses an enthusiasm
for teaching and has the ability to communicate complex
technical topics to undergraduate students. Candidates
from any of the mechanical engineering sub-disciplines will
be considered. Preference will be given to candidates who
can teach a broad range of subjects, who have the potential
to instruct in hands-on laboratory environments and/or
who demonstrate a willingness to lead cornerstone and
capstone design projects. In addition to providing effective
and engaging undergraduate instruction, candidates must
demonstrate the ability to establish a research program
that will result in published scholarly work in peer-reviewed
venues, and the desire to contribute to the College through
various forms of service. Applicants must have a Ph.D. in
mechanical engineering or a closely related ﬁeld.
Lafayette College is a small, private, undergraduate-only
institution emphasizing superior education in engineering
and the liberal arts. The College, founded in 1826, is located
in eastern Pennsylvania, 70 miles from both New York City
and Philadelphia. The Mechanical Engineering Department
has a total of approximately 250 majors in all four classes.
In your application letter, please address how your
scholarship, teaching, mentoring and/or community service
might support Lafayette’s commitment to diversity and
inclusion articulated in the College’s diversity statement
(http://www.lafayette.edu/about/diversity-statement/).
Lafayette College is an equal opportunity employer and
encourages applications from women and minorities.
An application letter, statement of teaching interests,
description of research area and direction, and a curriculum
vitae should be addressed to: Dr. Jeffrey Helm, Search
Committee Chair, Dept. of Mechanical Engineering, Lafayette
College. Please submit your application via Interfolio at
apply.interfolio.com/43979. Review of applications will begin
October 16, 2017, and will continue until the position is ﬁlled.
Review of applications will begin October 16, 2017,
and will continue until the position is ﬁlled.
Lafayette College is committed to creating a diverse community:
one that is inclusive and responsive, and is supportive of each and
all of its faculty, students, and staff. All members of the College
community share a responsibility for creating, maintaining, and
developing a learning environment in which difference is valued,
equity is sought, and inclusiveness is practiced. Lafayette College is
an equal opportunity employer and encourages applications from
women and minorities.

Tufts University Department of Mechanical Engineering is searching for a
faculty member at the assistant or associate level (tenure track) in design,
with a complementary focus on controls/robotics applications. Exceptional
senior candidates may be considered. The candidate would have a role in two
of the four core disciplines of the department (design and controls/robotics)
and should be capable of teaching undergraduate and graduate courses in
both areas (e.g., courses in design methodology, machine design, controls, and
robotics). Research thrusts may include those tied to product design, human
factors, and/or robotics, including soft robotics. Additional information
about the department is found at http://engineering.tufts.edu/me.
The successful candidate will join an active department that offers B.S., M.S.,
and Ph.D. programs, and thus must demonstrate excellence in teaching as
well as the potential to develop an internationally recognized research
program. Teaching responsibilities will include graduate and undergraduate
courses. While a doctorate is required, industrial experience is desirable. All
candidates must have extensive knowledge in the design process and should
have demonstrable experiences and expertise in the two areas of design and
controls/robotics (submission of an electronic portfolio of design work is
encouraged). Candidates should submit a clear statement explaining why
they are interested in Tufts and how their skillset will fit well into the
department ecosystem and fulfill the needs outlined in this job opening
description. Candidates are encouraged to demonstrate attention to diversity
and inclusion as it relates to teaching, research, and scholarship throughout
their application.
Questions about the position should be addressed to Dr. Gary Leisk, search
committee chair, at gary.leisk@tufts.edu. Candidates should submit their
application, including a cover letter, curriculum vitae, statement of research
and teaching interests and objectives, and contact information for three
references online through Interfolio at https://apply.interfolio.com/43815.
Evaluation of the candidates will start at the end of October 2017 and
continue until the position is filled.
Tufts University is an Affirmative Action/Equal Opportunity employer. We are
committed to increasing the diversity of our faculty, and thus, women and
members of underrepresented groups are strongly encouraged to apply.

continued from p.58 »

POSITIONSOPEN
robot. (3) Structural Dynamics and Dynamic Systems: Development of
advanced structural dynamic modeling techniques using analytical and
experimental approaches (conventional finite element and experimental
modal analysis complimented with advanced hybrid system modeling
and reduced order modeling for linear and nonlinear systems).
Modeling and analysis of structural dynamic systems with applications
to wind energy, aerospace, vehicle, robotic, energy or other systems.
UMass Lowell is a Carnegie Doctoral High Research (RU/H) university
ranked in the top tier of US News' National Universities, and is strategically
located 30 miles northwest of Boston in the northeast Massachusetts
high-tech region. The department has over 900 undergraduate
students and 150 graduate students. An optional co-op program is
available to undergraduates. The undergraduate engineering program
is based on a design-build-test methodology and is ABET accredited.
The University of Massachusetts Lowell is committed to increasing
diversity in its faculty, staff, and student populations, as well as curriculum
and support programs, while promoting an inclusive environment.
We seek candidates who can contribute to that goal and encourage
candidates to apply and to identify their strengths in these areas.
Note: In cases of demonstrated outstanding research productivity
and scholarship, an appointment with tenure may be considered.
To apply, visit: http://explorejobs.uml.edu. Applications received
by December 15, 2017 will be considered in the first review of
candidates. However, later applications may be considered for these
positions. Each position will close after an adequate number of
qualified applications is received. The University of Massachusetts
Lowell is an Equal Opportunity/Affirmative Action, Title IX employer.
All qualified applicants will receive consideration for employment
without regard to race, sex, color, religion, national origin, ancestry,
age over 40, protected veteran status, disability, sexual orientation,
gender identity/expression, marital status, or other protected class.
Materials Engineer: min Bachelors degree to design solutions to plan,
coordinate & perform materials engineering work (e.g: metallurgy, heat
treat, casting, etc) for a complete product or project of broad scope, new
products, sales orders, or customer quality requirements. Send ad/resume
attn: Maria Robles to TST, Inc., 13428 Benson Ave. Chino, CA 91710
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Chair of the Department of Mechanical Engineering

For all recruitment
advertising opportunities,
contact:

The College of Engineering at Embry-Riddle Aeronautical University in Daytona Beach Campus invites
applications and nominations for the position of Chair of the Department of Mechanical Engineering. The
College seeks a dynamic, nationally recognized academic leader who will partner with the faculty to promote
growth of the graduate programs, including the nascent PhD program, and set the research direction and
priorities while maintaining the tradition of teaching excellence, the hands-on character of the program,
and expanding the co-curricular and internship opportunities. The Mechanical Engineering Department has
small class sizes and places a large emphasis on student projects. The department conducts research
in areas including biomechanics, robotics / unmanned systems, automotive engineering, computational
fluid dynamics, energy systems, and manufacturing. In addition to the facilities and labs in the Lehman
Engineering and Technology Center, a new 50,000 square foot Engineering Center, featuring state-of-the-art
engineering research labs, incubation, and accelerator spaces as an anchor building for University’s
research park.

JAMES PE R O
peroj@asme.org (212) 591-7783
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Reporting to the Dean, the Department Chair is responsible for ensuring the quality, integrity, and innovation
of the ME programs, accreditation, exercising continuous quality improvement, promoting and building
research, and managing the Department budget. The Candidate must have a PhD in Mechanical Engineering
or closely related field and a proven track record of scholarship and funded research and publication.
Consideration of applications will begin August 15, 2017 and will continue until the position is filled; the
expected start date is August 2018. Applications should include CV and a detailed letter discussing: vision,
administrative experience (mentoring experience for both students and faculty), academic qualifications and
background that demonstrate a fit with the college mission and vision found at https://daytonabeach.erau.
edu/college-engineering/administration/index.html. Please submit your application materials through
our website http://careers.erau.edu/.

Tech

nolo

gy

that

mov

es

the

No.

wo

rld

MAGAZ THE
OF ASMINE
E

03
137

M

THE DIGITAL HE
HEART

ENGechanical
INE
ERI

Taking
Hydr thE hydr
aulic o Ou
Fractu utt of
o
urririnng
ng

TR
AN
ADVANCED
SIMUL ATIONS
PA
SFOR
GE
36
AND IMPRO S PROMISE SAFER
MER
VED MEDICAL SAF SURGERY
S RE
DEVICE
DEVI S.
GL
OB
SH
AL
PA
OR
GE
ED
GA
TRACKING
47
S TU
THE SOLA
PAGE 28
R IMPULSE
RB
DY
YN
INE
NAM
PA
NEW
GE
57 IC SY
WEAPONS
S
STEM
TO INFIL
PAGE 36
TRATE CANC
S&
ER
CO
NTR
WATER AND
OL
THE “ICK”
PAGE 44
FACTOR
AS

ASME.O
ORG
RG

ME

.O
.OR

G

APRIL 2015

MA

PL

PA
GE

SM

PA
GE
G

ED

PA
GE

IS

UG

10
10

GIN

AR

40 T R
O

O
46 N A
S

M

AD

AN

G

TE

A

NU

ST

AG

S

CL

FU

EA

TU

R

LE

RC

H 20

15

AK

RE

ADVERTISERINDEX

To purchase or receive information from our advertisers, visit the advertiser’s website, or call the number listed below.
PAGE

WEBSITE

Accu-Mold, LLC

54

accu-mold.com

Aleph Objects, Inc.

15

LulzBot.com/printers

Altair Engineering

C4

altair.com/robotbike

ATI Industrial Automation 8

ati-ia.com/mes

Bluebeam Software, Inc. 7

bluebe.am/trust

Computer Engineering Inc. 25

thinkcei.com/dc

COMSOL, Inc.

Renishaw, Inc.
970-377-1111

919-772-0115

800-473-1976

5, 54 comsol.com
comsol.com/showcase/mechanical

Dynatect Manufacturing 27

dynatect.com/LSI

800-298-2066

Forest City Gear Co.

21

forestcitygear.com

815-623-2168

S. Himmelstein

54

himmelstein.com

800-632-7873

Master Bond, Inc.

54

masterbond.com

201-343-8983

Origin Lab Corporation

13

originlab.com/demo

Proto Labs, Inc.

9, 54

PAGE

PHONE

go.protolabs.com/ME7MC
go.protolabs.com/ME7SQ

C2

WEBSITE

renishaw.com

Siemens PLM
C3
siemens.com/plm/academic
Software Global Academic Program
Tormach

17, 54

tormach.com

Xcentric Mold
& Engineering

19

xcentricmold.com

586-598-4636

RECRUITMENT

Cleveland State University ......................................................................................... 59
Embry Riddle Aeronautical University ......................................................................... 61
Gonzaga University .................................................................................................... 55
Lafayette College ...................................................................................................... 60
San Diego State University .............................................................................56, 57 & 58
Texas A&M University ................................................................................................ 57
Tufts University ......................................................................................................... 60
University of Alabama ................................................................................................ 57
University of Arizona.................................................................................................. 56
University of Illinois At Chicago ...........................................................................56 & 58
University of Iowa ...................................................................................................... 56
University of Maryland, Baltimore County ................................................................... 59
Washington State University Vancouver...................................................................... 58

ASME NEWS
ASME Past
President J.
Robert Sims
(left) presenting
the ASME
landmark
plaque to
Charles Hull of
3D Systems.

3-D PRINTING INNOVATOR
CHARLES HULL TO DELIVER IMECE
OPENING KEYNOTE
A

dditive manufacturing pioneer
Charles W. Hull, co-founder
and chief technology officer of
3D Systems, has been selected as the
speaker for the Opening Keynote at
the ASME 2017 International Mechanical Engineering Congress and Exposition (IMECE). IMECE 2017 will take
place from Nov. 3 to 9 at the Tampa
Convention Center in Tampa, Fla.
The Opening Keynote, titled “Then
and Now: What It Takes to Innovate,”
will offer attendees a historical overview of additive manufacturing as well
as a look at trends that are shaping the
future of the ﬁeld, including the shift
to make 3-D production a reality, precision metals in industries such as aerospace and medical device manufacturing, and additive manufacturing’s
potential impact on society through
applications such as bioprinting.
The session will take place Monday,
Nov. 6, from 8:00 a.m. to 9:45 a.m.
The creator of stereolithography,

the ﬁrst commercial 3-D printing
technology, Hull originated the 3-D
printing industry when he founded 3D
Systems in 1986, and remains a leader
in the areas of precision health care
and medical 3-D printing, on-demand
parts manufacturing, and digital design tools.
Introduced in 1987, 3D System’s
SLA-1, the ﬁrst commercial 3-D
printer, was designated as an ASME
Historic Mechanical Engineering
Landmark in 2016.
Before starting 3D Systems, Hull
served as vice president of engineering at the systems manufacturing ﬁrm
UVP Inc., engineering manager of the
Photo Products Division at DuPont,
and senior engineer at Bell & Howell.
The owner of 85 U.S. patents and
numerous international patents in the
ﬁelds of ion optics and 3-D printing,
Hull was inducted into the National
Inventors Hall of Fame at the U.S. Patent and Trademark Office in 2014.

He also received the Manufacturing Leadership Lifetime Achievement
Award from Frost & Sullivan’s Manufacturing Leadership Council in 2016,
the European Patent Office’s European Inventor Award in 2014, and The
Economist’s Innovation Award in 2013.
Hull, who earned a bachelor’s
degree in engineering physics from
the University of Colorado in 1961,
received an honorary doctorate in
engineering from Loughborough
University in the United Kingdom in
2005 and an honorary doctorate in science from the University of Colorado
in 2016.
The Opening Keynote is just part of
a IMECE 2017 program that includes
more than 450 technical sessions and
200 social and networking activities.
For more information on the ASME
2017 International Mechanical Engineering Congress and Exposition, or to
register, visit www.asme.org/events/
imece. ME
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ASME CONGRESSIONAL
BRIEFING HIGHLIGHTS THE
DOD’S GRANT PROGRAM

ASME TO LAUNCH
NEW MEDICAL
DIAGNOSTICS AND
THERAPY JOURNAL

O

A

n July 25, more than 120 Congressional staff and industry
stakeholders convened at the
Capitol Visitor Center in Washington,
D.C., for an ASME-sponsored Congressional Brieﬁng focusing on the Department of Defense’s Manufacturing Engineering Education Grant Program. The
panel discussion, which was hosted by
the House and Senate Manufacturing
Caucuses, featured a group of subject
matter experts who discussed how the
grant program will help strengthen the
U.S. economy and national security,
while safeguarding the competitiveness
of the U.S. manufacturing sector.
ASME President-Nominee Said
Jahanmir, Senior Legislative Fellow in
the Office of Congressman Tim Ryan
of Ohio, provided welcoming remarks
for the brieﬁng, which was moderated
by Thomas Kurfess, professor and
HUSCO/Ramirez Distinguished Chair
in Fluid Power and Motion Control at
the Georgia Institute of Technology
and co-chair of the ASME Manufacturing Public Policy Task Force. Panelists
included Brennan Grignon, program

director in the Office of the Deputy Assistant Secretary of Defense for Manufacturing and Industrial Base Policy,
Department of Defense; Laurie Leshin,
president of Worcester Polytechnic
Institute; Laine Mears, professor and
BMW SmartState Chair of Automotive
Manufacturing at Clemson University;
Stephen Ezell, director of global innovation policy for the Information Technology and Innovation Foundation;
and Denise Peppard, corporate vice
president and chief human resources
officer at Northrop Grumman Corp.
The Manufacturing Engineering
Education Grant Program was signed
into law in December 2016 as part of
the 2017 National Defense Authorization Act, which authorized the Department of Defense to support industryrelevant, manufacturing-focused,
engineering training at U.S. institutions of higher education, universities,
industry, and not-for-proﬁt institutions.
Grant recipients are selected through a
competitive process based on the merits of better aligning their educational
offerings with national priorities. ME

ASME President-Nominee Said Jahanmir (far right) welcomed
attendees to the ASME Congressional Briefing panel
discussion. Also pictured are (left to right) panelists Laurie
Leshin and Brennan Grignon and moderator Thomas Kurfess,
co-chair of the ASME Manufacturing Public Policy Task Force.

SME is currently accepting paper submissions for a new journal launching in 2018.
The ASME Journal of Engineering and Science in
Medical Diagnostics and Therapy will provide engineers, scientists, and medical researchers in the
clinical health care community a forum to share
their work and promote biomedical innovation,
trial, and commercialization.
The new journal will complement the Society’s
new Alliance of Advancedd
Biomedical Engineering website (AABME.
org), which aims to
engage members of
the multidisciplinary
biomedical engineering
arena across industry,
research, academia,
and government and
achieve collaboration
and information sharing across disciplines.
Instead of focusing on basic, theoretical, or
experimental bioengineering research, the journal
will concentrate on lab-proven biomedical and
biotechnology applications that contribute to
achieving T1 translational research objectives. The
editor of the journal is Ahmed Al-Jumaily, professor of biomechanical engineering and director of
the Institute of Biomedical Technologies at the
Auckland University of Technology in New Zealand.
The journal will cover a variety of subjects
including chemical processes and pharmaceuticals; micro- and nanotechnology in medicine; cell
physiology and applied mechanics; computers
in medicine and biotechnology; drug and gene
delivery science and biopharmaceuticals; cancer
diagnostics and treatments; mechanopharmacology and mechanobiochemistry; clinical system
dynamics and control; and engineering and
science in clinical applications.
The journal is open for submissions and accepted papers will immediately publish online in
advance of the inaugural issue that will officially
launch in 2018. ME
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Model and disability activist
Kelly Knox shows off
“Synchronised.”
Photo: Omkaar Kotedia

CHIC PROSTHETICS
W

ho says your prosthetic arm can’t be as fabulous
as your Gucci bag?
Certainly not Danielle Clode, a New Zealander
living in London and a unique product designer whose
desire to understand prosthetics led her to perceive the
artiﬁcial limb as an all too human means of self-expression,
reﬂecting one’s personality.
In short, a fashion statement.
In collaboration with Sophie de Oliveira Barata, founder
of the Alternative Limb Project, which turns prosthetic
arms and legs into art, Clode created “Synchronised,”
displayed last summer in Artful Innovation: Inclusive
Design and Technology, an exhibition at the Kennedy
Center in Washington, D.C.
The two designed the “reimagining of the prosthetic
arm as a piece of jewelry: a gestural, kinetic addition to the
body” for model Kelly Knox, born without a
forearm, who is also a performance artist
and advocate for diversity in fashion.
The arm’s electroplated gold carbon
ﬁber transitions into clear acrylic layers
that reﬂect a mirrored form of Knox’s
right arm. One layer of acrylic in the wristt
ticks in time to her heartbeat; internal
d
electronics take a reading of her pulse and
akes
can continue to express it even after she takes
the arm off.
ects to
The wrist’s puzzle-piece-like end connects
nd one
two interchangeable hands, one in clear and
in blue resin.

Clode has also elevated human augmentation and body
diversity with her Third Thumb. The prosthetic device
that gives the lie to the term “all thumbs” won her this
year’s Helen Hamlyn Design Award for Creativity at the
Royal College of Art, where she earned her master’s in
product design.
The device exploits the innate coordination between our
hands and feet, found for example in driving a car, using
a sewing machine, and playing the piano, via a Bluetooth
connection between the 3-D printed parts and sensors
underneath the user’s big toes. Adding an extra of our most
dynamic digit creates a hand with two thumbs opposable
to each other.
“The way people interact with prosthetics is so unlike
any other product,” Clode said. Captured in a viral video,
she tested her prototype, in homes and a pub, on subjects
giddy with their newfound dexterity, engaged in such tasks
as carrying wineglasses,
win
dealing cards, stacking building
blocks, squeezing
squ
a lemon, and even playing the guitar.
By stayi
staying true to the etymology of “prosthesis,”
to add
add, put onto—not ﬁx or replace—Clode
repr
represents a generation of revolutionary
d
de
designers whose individualized prosthetics
ex
extend the reach of humanity, each with an
ae
aesthetic of its own.
Here success is measured not by more
eup
euphemisms for the word disability, but by
redeﬁ
redeﬁning ability itself. ME
MEREDITH NELSON is a writer based in New York City.
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Joining Composites. Refined.
Altair helped Robot Bike Co. combine carbon fiber and 3D printing technologies to develop a fully customizable, lightweight,
and high strength mountain bike. We teamed up with HiETA Technologies and Renishaw to make a ground-breaking entry
to the market using the very latest design and manufacturing techniques.
We ask you to not just design something. We ask you to DESIGN THE DIFFERENCE™

altair.com/robotbike

