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Cutting a Square Hole

Image: ASME.org

DO ROBOTS DESERVE
LEGAL RIGHTS?

T

HERE IS A GROWING LIST OF VOICES ARGUING BOTH FOR AND AGAINST the

creation of a set of “rights” for robots, based on a variety of concerns.
Is robotics beginning to outpace our existing system of ethics and
regulations that require a new system to deal with these issues before
they surpass what we can control?

Protecting a New World of
3-D-Printed Products
The number of 3-D-printed,
critical components grows
each day. They make
their way into vehicles,
aircraft, medical devices,
prostheses, human bodies,
and military applications.
With that increase comes
more opportunities for bad
actors to hack the additive
manufacturing industry,
potentially jeopardizing the
products meant to improve
our health and safety.
Image: ASME.org

GROWING UP IN HIS VILLAGE in the African
country of Eritrea, Michael Sebhatu was
exposed to many products that gave him
an appreciation for engineering. That
laid the groundwork for creating the
“QUADSAW,” touted as the world’s first
tool that can drill a truly square hole. It
cuts up to 35 mm deep, for drywall, and
new blades for different types of wood
and cement-type
boards are in
development.
The saw has
won the Industry
Times Tool of the
Year award.

Using AI to Manage the Grid
THE DEPARTMENT OF ENERGY IS moving
on a plan to
use artificial
intelligence
and machine
learning to
develop an
autonomous
Image: ASME.org
grid. The Grid
Resilience and Intelligence Project, or
GRIP, is a $6-million DOE effort and one of
seven projects addressing grid resiliency
and security.

NEXT MONTH ON ASME.ORG
VIDEO: BIONIC ARMS FOR CHILDREN
WITH DISABILITIES
Albert Manero, president of
Limbitless Solutions, describes
the groundbreaking work he and his team
are doing in the fields of prosthetics and
bionics, work which has included a brush
with fame in the form of a certain Marvel
superhero.
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This month, two Hot Labs
are pushing robots to
learn rapidly from their
environment.

LittleBits' CEO Ayah
Bdeir offers inspiration
to the next generation
of innovators.

BY ALAN S. BROWN

BY CHITRA SETHI

MECHANICAL ENGINEERING | APRIL 2018 | P.03

38

Therapeutic Simulation
The battleground in the fight against
cancer has moved from the Petri dish
to the computer model.
BY JEAN THILMANY

DEpartments
6 Editorial
8 Letters
10 Tech Buzz
16 Energy

44

26 Vault

gig engineering is
here to stay

An increasing number of mechanical engineers
are working as freelancers. Some even like it.
BY KAYT SUKEL

28 Trending
50 Bookshelf
51 Software
54 Hardware
60 Positions Open
61

Ad Index

62 ASME News

64

From Pond to
Production
Dutch designers convert
algae into bioplastic for
3-D printing.
BY AGAM SHAH

MECHANICAL ENGINEERING | APRIL 2018 | P.04

Editor-in-Chief and Publisher
John G. Falcioni
Managing Editor
Chitra Sethi
Senior Editors
Alan S. Brown, Jeffrey Winters
Associate Editor
Agam Shah
Art and Production Designer
Frank Maiocco
Contributing Writers
Michael Abrams, Benedict Bahner,
Mark Crawford, Tom Gibson, Rob Goodier,
Lee Langston, Bridget Mintz Testa,
Jeff O’Heir, Ronald A.L. Rorrer,
R.P. Siegel, James G. Skakoon, Kirk Teska,
Jean Thilmany, Evan Thomas,
Jack Thornton, Michael Webber,
Frank Wicks, Robert O. Woods
Design Consultant
Bates Creative Group

DIGITAL
Editor, ASME.org
David Walsh
Senior Content Manager
Jeff O'Heir
Senior Editor
John Kosowatz
SALES
Integrated Media Sales Manager
Greg Valero
Integrated Media Services Manager
Kara Dress
Circulation Coordinator
Marni Rice
Advertising and Sponsorship
Sales Representative
James Pero
Classified and Mailing List
212.591.7783
ADVERTISING SALES OFFICES
Mid-Atlantic
Michael Reier
reierm@asme.org
p. 410.893.8003 f. 410.893.8004
900-A South Main Street, Suite 103;
Bel Air, MD 21014
Southeast
Bill Bell
adinfo.asm@foxrep.com
p. (248) 626-0511 f. (312) 644-8718
116 W. Kinzie Street
Chicago, IL 60654-4655
Northeast
Jonathan Sismey
sismeyj@asme.org
p. 845.987.8128 c. 646.220.2645
347 Nelson Road, Monroe, NY 10950

Central
Thomas McNulty
mcnultyt@asme.org
p. 847.842.9429 f. 847.842.9583
P.O. Box 623; Barrington, IL 60011
West and Southwest
Kristen Riley
rileyk@asme.org
p. 212-268-3344
Huson International Media
625 Broadway, Floor 3
New York, NY 10012
UK/Europe
Christian Hoelscher
christian.hoelscher@husonmedia.com
p. +49 89.9500.2778 f. 49 89.9500.2779
Huson International Media
Agilolfingerstrasse 2a, 85609
Aschheim/Munich, Germany
James Rhoades-Brown
james.rhoadesbrown@husonmedia.com
p. +44 (0) 1932.564999 f. +44 (0) 1932.564998
Huson European Media
Cambridge House, Gogmore Lane, Chertsey,
Surrey, KT16 9AP, England
Rachel Di Santo
rachel.disanto@husonmedia.com
p. +44 1625.876622
m. +44 7941 676014
Huson European Media
Cambridge House, Gogmore Lane, Chertsey,
Surrey, KT16 9AP, England
Managing Director, Marketing
Josh Heitsenrether
Chief Operating Officer
Jeff Patterson

President: Charla K. Wise
President Elect: Said Jahanmir
Past President: K. Keith Roe
Governors
Stuart W. Cameron, Bryan A. Erler,
Caecilia Gotama, Robert E. Grimes,
Mahantesh S. Hiremath, Karen J. Ohland,
Mary Lynn Realff, Sriram Somasundaram,
William J. Wepfer
Interim Executive Director Phil Hamilton
Secretary and Treasurer James W. Coaker
Assistant Secretary John Delli Venneri
Assistant Treasurer William Garofalo
Senior Vice Presidents
Standards & Certification Samuel J. Korellis
Technical Events & Content Richard C. Marboe
Public Affairs & Outreach Timothy Wei
Student & Early Career Development
Paul D. Stevenson
Mechanical Engineering Advisory Board
Harry Armen; Leroy S. Fletcher;
Richard J. Goldstein

ASME offices
HEADQUARTERS
Two Park Avenue, New York, NY 10016
p. 212.591.7722 f. 212.591.7674

Contact us

WASHINGTON CENTER

MECHANICAL ENGINEERING

1828 L Street, N.W., Suite 810, Washington, DC 20036-5104
202.785.3756

memag@asme.org
p. 212.591.7783 f. 212.591.7841
Two Park Avenue, New York, NY 10016

INT’L GAS TURBINE INSTITUTE – igti.asme.org
INT’L PETROLEUM TECH. INSTITUTE – asme-ipti.org

For reprints contact Jill Kaletha
jillk@fosterprinting.com
219.878.6068

11757 Katy Freeway, Suite 380, Houston, TX 77079-1733
p. 281.493.3491 f. 281.493.3493

asme.org
on.fb.me/MEMAGAZINE
memagazineblog.org

Avenue De Tervueren, 300, 1150 Brussels, Belgium
p. +32.2.743.1543 f +32.2.743.1550
dogrum@asme.org

Published since 1880 by The American Society of Mechanical
Engineers (ASME). Mechanical Engineering identifies emerging
technologies and trends and provides a perspective on the role
of engineering and technology advances in the world and on
our lives. Opinions expressed in Mechanical Engineering do not
necessarily reflect the views of ASME.

Give me the place to
stand, and I shall
move the earth
—Archimedes

EUROPE OFFICE

ASIA PACIFIC LLC
Unit 09A, EF Floor, East Tower of Twin Towers;
No. B12, JianGuo MenWai DaJie; ChaoYang District;
Bejing, 100022 People's Republic of China
p. +86.10.5109.6032 f. +86.10.5109.6039

INDIA OFFICE
c/o Tecnova India Pvt.Ltd.; 335, Udyog Vihar, Phase IV;
Gurgaon 122 015 (Haryana)
p. +91.124.430.8413 f. +91.124.430.8207

CUSTOMER SERVICE
150 Clove Road, 6th floor, Little Falls, NJ 07424-2139
In U.S., Mexico & Canada toll-free
1-800-THE-ASME (1-800-843-2763) f. 973-882-5155
International 646-616-3100
e-mail: CustomerCare@asme.org

Mechanical Engineering (ISSN 0025-6501) is published monthly by The American Society of Mechanical Engineers, Two Park Avenue, New York, NY 10016-5990. Periodicals postage paid
at New York, N.Y., and additional mailing offices. POSTMASTER: Send address changes to Mechanical Engineering, c/o The American Society of Mechanical Engineers, 150 Clove Road,
6th Floor, Little Falls, NJ 07424-2139. Return Canadian undeliverable addresses to P.O. BOX 1051, Fort Erie, On, L2A 6C7. PRICES: To members, annually $38 for initial membership
subscription, single copy $13; subscription price to nonmembers available upon request. COPYRIGHT © 2018 by The American Society of Mechanical Engineers. Canadian Goods & Services
Tax Registration #126148048. Printed in U.S.A. Authorization to photocopy material for internal or personal use under circumstances not falling within the fair use provisions of the Copyright
Act is granted by ASME to libraries and other users registered with the Copyright Clearance Center Transactional Reporting Service, 222 Rosewood Drive, Danvers,MA 01923. Request for
special permission or bulk copying should be addressed to Reprints/Permissions Department. Mechanical Engineering is a registered trademark of The American Society of Mechanical Engineers.

FROM THE EDITOR
// FOLLOW @JOHNFALCIONI

MECHANICAL ENGINEERING | APRIL 2018 | P.06

IGNITING OUR
SPECIAL REPORTS
W
John G. Falcioni
Editor-in-Chief

FEEDBACK
What do you
think of our first
special report on
bioengineering?
Email me

falcionij@asme.org

hen the editorial team gets
together to talk about content
themes and approaches to upcoming articles in print and on ASME.org,
the energy in the room is combustible. The
words can get heated and sparks fly.
That’s the way it should be. Everyone
wants to get it right.
Last year, we met to bounce different
ideas off each other on how to bring you
deeper insights and broader context to
technologies that are shaping our world.
After the heat, some great ideas came
to light.
You saw the implementation of one of
those conversations in December when—
after 138 years—we introduced our firstever Mechanical Engineering magazine
Emerging Technology Awards. We devoted
much of that month’s issue of the magazine to showcase five ascending technologies we believe will help transform the
way we live.
If you missed it, I invite you to visit
http://bit.ly/MEmagAwards and view the
videos we produced and read the magazine articles that accompany each technology selected.
Motivated by an eagerness to dig deeper
than we already do into technologies and
topics that matter, this month we are
launching the first in a series of multimedia in-depth special reports. This month’s
inaugural special report focuses on the
remarkable computing advances that are
impacting the bioengineering space and
are providing, literally, a new lease on life
to patients undergoing procedures from
heart implants to knee replacements.
This one hits home for many of us, as
we all have family members and friends
whose medical conditions were improved

because of the advanced treatments
that were made possible by engineering.
[In addition to our special report, the
Alliance of Advanced BioMedical Engineering, at aabme.asme.org, has more articles
and other content related to bioengineering. AABME is a community uniting various
stakeholders around the biomedical
engineering community.]
Each special report is comprised of
a cover story in Mechanical Engineering
magazine, a multipart video we produced,
and a related white paper available for
download at go.asme.org/MEmagazinespecial-reports.
Look for our next special report on
clean energy in June. We focus on robotics in August, and in October we turn our
attention to manufacturing. Those four
areas, along with pressure technology,
coincide with an ASME Board of Governors
endorsement of a strategy focus on these
technologies.
Pulling these special reports off
successfully takes a team, and I can’t
help but brag about the great one we
have. This includes individuals from other
parts of the organization who rolled up
their sleeves and worked on the initiative,
especially the video component. I would
be remiss if I didn’t add a word of thanks
to our supporter of this special report,
COMSOL.
So while the triggers that inspire creativity vary greatly—whether it’s spirited
conversations over content that goes into
a magazine and website, or the deep,
quiet analysis of engineers and medical
technologists designing life-enhancing
best-in-class products—the motivation is
always the same: Get it right. We hope you
agree that we succeeded. ME

LETTERS & COMMENTS
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DECEMBER 2017
Reader Fisher
says that imports should
count as part of the national pollution footprint.

One reader makes the case that
consumers should be responsible
for the pollution of production. And
another writes about the rising seas.

A DESERVED SALUTE
To the Editor: Thanks for taking the
initiative to salute the past Executive
Director, Tom Loughlin, on his long and
distinguished service to ASME and his
farewell (From the Editor, January 2018).
Your words reflect the sentiments of
many of us who had the opportunity to
know and work with Tom.
Well said and well crafted.

If we insisted that all imported goods
be produced with the same environmental standards that they would need if
manufactured within the United States,
then we could reduce pollution worldwide—and possibly make U.S. production
more competitive by leveling the manufacturing playing field.
Kenneth Fisher, Schenectady, N.Y.

Mahantesh Hiremath, Palo Alto, Calif.
Hiremath is a member of the ASME Board
of Governors.

PLAYING BY THE SAME RULES
To the Editor: I believe the December
2017 Trending column (“Wealth Outpaces
Pollution” by Jeffrey Winters) gives a
bit of a false picture on the connection
between wealth and pollution.
I think the consuming location should
be credited with the pollutants of production. By that I mean the reduction in
locally produced pollution is only part
of what the wealthy countries should
be credited with. The United States, as
detailed in the article, has reduced its
pollution, most certainly, but we have also
moved much of our industrial production
to other countries. Countries such as
China are choking on pollution caused,
in a large part, to make products that are
then exported to the richer countries.
Performing the consumption credit
part of the calculation for pollution might
show the true reduction of pollution for
the richer countries.

UPS AND DOWNS
To the Editor: Adam Joselson’s letter
(January 2018) promises that elimination
of fossil fuel use will “stop the advance
of climate change.” Consideration of
historical sea level charts casts doubt on
this claim.
A map in the August 2010 issue of
National Geographic magazine depicts the
most recent 425 millennia of sea level
changes. There were four prior extreme
sea level excursions that are similar to
the one we currently are experiencing.
All start from a very low level and rise
rapidly, geologically speaking. Three of
these four exceeded current sea level by
substantial amounts.

The current event started about
14.5 millennia ago. Fourteen millennia
ago the North and Irish seas did not
exist; one could walk from Dublin to
Amsterdam without coming near salt
water. Five hundred years ago, the Dutch
had already started building dikes.
Elimination of fossil fuel usage may slow
climate change, but stopping, much
less reversing, it is not by any means
guaranteed.
The chart also shows the unlikelihood
of sea level stabilization; it is almost
always either rising or falling. Inflections
are usually quite sharp, with little, if any,
dwell time at either high or low elevation.
Theories abound, but I have seen no
widely accepted explanation for these
prior peaks and valleys, nor for the first
14 millennia of the current one. Perhaps
the enormous expenditure of political,
intellectual, and monetary capital aimed
at fossil fuel elimination might better be
spent moving vulnerable populations and
infrastructure to higher ground. Bangladesh, Florida, and Houston come to mind.
James Thompson, P.E., Phoenix, Ariz.

FEEDBACK Send us your letters and
comments via hard copy or e-mail
memag@asme.org (subject line "Letters
and Comments"). Please include full
name, address, and phone number.
We reserve the right to edit for
clarity, style, and length. We regret
that unpublished letters cannot be
acknowledged or returned.
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TECH BUZZ

The 128 flexible thin-film
solar panels are capable of generating 6.4 kW of electricity.
Image: Byron Bay Railroad Company

SUN TRAIN
T

he Byron Bay Train is an excursion
line that runs on a 1.8-mile stretch
of track along the Australian coast
near Sydney. Byron Bay is known for
its beaches, surf, and wildlife, and now
the train—which is on an 82-mile line
that was originally active from 1894 to
2004, is known for something else: The
vintage train has been retrofitted to run
entirely off of solar power.
From the ground, the 100-passenger,
two-car train is a charming throwback,
looking much like it did when it was
first built in 1949. The 128 flexible thin
film solar panels, capable of generating
6.4 kW, have been incorporated into the
roof of the cars.
The panels recharge a battery pack
that enables the train to travel 50 kilometers on level terrain at speeds of up
to 60 km per hour.

The batteries can also draw from
a 30 kW photovoltaic array mounted
on the railcar shed roof at the main
station. That array can recharge the
electric train battery pack in less than
30 minutes.
When the train isn’t being recharged,
the solar panels feed electricity to
the grid, said Tim Elderton, managing
director for Lithgow Railway Workshop,
which was contracted by Byron Bay
Railroad Company for the train’s solar
power conversion. A local green energy
provider pays the railroad for the excess
electricity.
“Even when the sun is hidden behind
clouds, the inverter is showing that
we are still exporting at 17 kW into the
grid,” Elderton said. “For me being a career railway mechanical engineer, I still
find it astounding that a railway com-

WORLD’S FIRST
FULLY SOLARPOWERED TRAIN
ON TRACK.

pany can make money from exporting
power generated by solar power, rather
than the more conventional situation of
spending money on diesel fuel to power
trains.”
The train previously had 300-horsepower Cummins diesel engines; one
was ripped out and replaced with an
electric drive unit, while the other was
retained for ballast weight for wheel
traction.
“The other engine can be used should
something ever go wrong with the electric drive unit or solar charging system,”
Elderton said.
There were challenges in the conversion, especially when installing the engine, transmission, piping, and cabling.
The total conversion cost roughly U.S.
$650,000, and included modifications
like installing electric air compressors
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DRONES REACH NEW LOW

D

The Byron Bay Train runs on a 1.8-mile stretch
of track along the Australian coast.
Image: Byron Bay Railroad Company

to operate the air brakes, and replacing
all lighting with LEDs to reduce power
consumption.
The vintage train is off to a successful
start, with more than 10,000 passengers
in its first 20 days.
A restoration project of a museum
piece suddenly has turned into a business opportunity for Lithgow Railway
Workshop and Byron Bay Railroad,
which are receiving inquiries for solarpowered trains. The two companies
are planning to form a joint venture to
manufacture and export the technology.
The Byron Bay train is still new and
runs a short distance, but with batterypowered cars and freight trucks on their
way, solar panels could play a role in
modernizing trains. ME
AGAM SHAH

o you like the idea of drones hissing around you, zooming around
like supersized houseflies? A new artificial intelligence tool brings
drones closer to the ground, helping them navigate streets and
indoors without bumping into objects, cars, and pedestrians.
University of Zurich researchers believe an algorithm, called DroNet, will
allow drones to make door-to-door delivery of packages in crowded cities
and zoom around flawlessly on the ground during emergency missions.
Think of drones flying autonomously around malls and streets in perfect
harmony with walking humans, with no crashes.
Drones are mostly relegated to the sky, operating a safe distance from
humans. DroNet, which is specifically an image classification neural network, solves some fundamental street-level navigation problems so drones
recognize objects in a snap and make prompt steering decisions. Speed is
an important consideration in DroNet, as it is imperative for drones to react
quickly to avoid collisions or accidents.
The researchers relied on typical human reactions when driving or biking
like respecting stop signs, following lanes, and to stop after spotting blockages, pedestrians, and other vehicles. A camera would take an image, send
it to DroNet, where multiple layers will evaluate every pixel and unpeel a
better understanding of the surroundings and situation. With that, DroNet
will also help the drone make steering decisions. Deep-learning models
can be tweaked to fit the right situation.
There are other convolutional neural networks for image classification
like AlexNet and ResNet, which are popular among researchers and being
used for applications like autonomous car navigation. The DroNet convolutional neural network is tuned for UAVs. ME
The DroNet algorithm
teaches drones to navigate
city streets like cars.
Image: DroNet

TECH BUZZ

Donald Dansereau
demonstrating
his research on
depth perception
and autonomous
vehicles.
Photo:Linda A. Cicero /
Stanford News Service

AUTONOMOUS VEHICLES
WITH DEPTH PERCEPTION

W

hen humans look at something, we see a quite a bit
more than the object we’re
focusing on thanks to our peripheral
vision. And we can immediately and
intuitively tell how far away that something is.
Not so with robots.
While imaging systems that include
cameras and software allow robots
to “see,” they need quite complicated
and involved vision systems to see with
panoramic vision and to perceive depth.
But the wide-screen views and depth
perception they typically lack would
give robots, such as drones and selfdriving cars, much more feedback to
use as they navigate their worlds, said
Donald Dansereau, a Stanford University postdoctoral fellow in electrical
engineering.
Dansearu was part of a research

team at two California universities that
developed a 4-D camera that includes
capabilities unseen in robotic-vision,
single-lens image-capture systems.
The single-lens panoramic, lightfield camera gives robots a 138-degree
field of view and can quickly calculate the distance to objects—lending

THE SINGLE-LENS PANORAMIC
CAMERA GIVES ROBOTS A
138-DEGREE FIELD OF VIEW.
depth perception to robotic sight, say
researchers at Stanford University
and at the University of California,
San Diego, who teamed for the project.
“As autonomous cars take to the
streets and delivery drones to the skies,
it’s crucial that we endow them with
truly reliable vision,” Dansereau said.

Current robots have to move and
shift through their environment while
their on-board imaging systems
gather different images and pieces
them together to create an entire view
gleaned from separate perspectives,
he added.
With the newly developed 4-D
camera robots could gather the same
information from a single image, said
Gordon Wetzstein, Stanford assistant
professor of electrical engineering.
Wetzstein’s lab collaborated with
University of San Diego’s electrical
engineering professor Joseph Ford’s
lab on the project.
Humans typically have about a
135-degree vertical and a 155-degree
horizontal field of visual view. Those
numbers refer to the total area across
which humans can see objects with
continued on p.17 »
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TECH BUZZ

Remote monitoring devices enable
owners to keep track of their tractors.
Photos: Hello Tractor

SMART TRACKING TRACTORS

B

y September 2016, an agricultural technology startup called
Hello Tractor had built and sold
55 “smart” tractors in Nigeria. The tractors are considered smart because they
are connected to the internet to monitor
their performance and allow their owners to rent them out to
smallholder farmers
as a business.
Hello Tractor produced 15-horsepower
machines that met the
challenges of a farm
as if they were tractorsized Swiss Army
knives. An array of
attachments customize the tractors to work
with crops on Nigerian
farms. Those include
a disc plow, a tiller,
a water pump and
sprinkler, a harvester,
and others.

But just a few months later in early
2017, Hello Tractor stopped taking new
orders for its tractors and began the
process of closing down its manufacturing operation. The move was part
of strategic shift away from hardware.
Instead, the company decided to fully
embrace the software aspect of its “smart” tractor.
“We made that decision
because hardware is
difficult. It’s capital
intensive, low-margin
and difficult to scale
geographically,” said
Jehiel Oliver, Hello
Tractor’s founder. The
company was bleeding
money while trying to
compete with global
brands making farm
equipment.
Tractor owners can keep tab
using a smartphone app.
Photos: Hello Tractor

One of the several obstacles the
company faced was a wildly changing
currency exchange in Nigeria and other
African countries.
“Volatility makes it extremely difficult
for customers. When currency weakens, the cost of your good effectively
increases. Our product doubled in price
in an eight-month period. Imagine if you
were planning to buy a car for $20,000
and it took you six months to raise that
money, at the end of that six months it
now costs $40,000,” Oliver said.
But hardware and market woes were
not the only reason for the change. They
may not even be the main reason. When
Oliver and his team paused to take
stock of their progress, they realized
that they had created something different, something few, or maybe even no
other companies had done before. And
it wasn’t the tractor.
“The hardware wasn’t a niche for us.
It wasn’t something that was unique.
A bunch of folks know how to manu-
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facture tractors, but the software was
new,” Oliver said.
Now Hello Tractor sells remote
monitoring devices for installation in
tractors built by other manufacturers.
The devices facilitate a constellation
of services that include financial assistance, tractor maintenance, online
tractor booking, and others.
The company has been called the
“Uber of tractors” for its online rental
service, but in Oliver’s opinion, Hello
Tractor is more like a customer relationship management (CRM) platform.
“We provide a fleet management solution, put a monitoring device on your
tractor, then we have apps that give
you visibility into your tractor’s activity,” Oliver said. “We provide bespoke
solutions for tractor manufacturers and
dealers—things like spare parts, inventory management, and vendor financing
tools.”

Now the company installs its devices
in 75 percent of new tractors sold in
Nigeria. Branching out from that base,
Hello Tractor has made forays into six
other countries: Kenya, Senegal, South
Afica, Tanzania, Mozambique, and
Bangladesh.
“We typically start off with a small
pilot, 100 or so devices. Then we work
through partners, like dealers and
large tractor fleet owners. That’s the
approach. Over the short- to mediumterm, we hope to aggressively grow
those markets,” Oliver said.
One thing that hasn’t changed is the
company’s structure and approach to
its work. “We really want to do good,
but do it in a commercial way that can
scale. There’s a variety of ways you can
do good, but I’m really interested in how
business can be a mechanism for positive changes. We think there’s a lot of
untapped value in agriculture in emerg-

ing markets. If we can untap some of
that value, then it’s a win-win,” he said.
The journey from manufacturer to
CRM platform has offered lessons
that could benefit other startups. One
important lesson Oliver learned is to
act decisively to shed dead weight and
refocus.
“Once you come to the decision that
something isn’t working, if you’re facing
challenges outside of your control—in
our case it was macro-economic issues—once you make that decision, you
have to be almost sociopathic. We love
tractors and took a lot of time to make
a machine for our customers. But my
advice is once you make that decision,
cut your losses and move forward. Don’t
look back. Truly pivot,” Oliver said. ME

ROB GOODIER is managing editor at Engineering
for Change. For more articles on global development
visit www.engineeringforchange.org

SOLAR-WIND HYBRID PROJECT FOR INDIAN STATE

T

he government of Andhra
Pradesh state has announced
plans to build a 160 MW renewable energy plant on an 800-acre
site in southeast India.
The facility will feature 120 MW
of solar panels, 40 MW of wind
turbines, and a 40 MWh battery
back-up. The hybrid plant is the
first of its kind in India, according
to The Hindu Business Line.
Representatives of the Solar
Energy Corporation of India were
quoted suggesting that the company will provide some investment, along with backing from
the World Bank. The plant will be
located inside a new solar park in
Anantpur.
Andhra Pradesh is seen as a
key location for this sort of hybrid
facility. It gets plenty of sunshine
and areas along the Eastern
Ghats mountain range are subject
to strong winds during parts of
the year. ME

A renewable energy plant in Andhra Pradesh, India, will feature 120 MW of solar panels, 40 MW
of wind turbines, and a 40 MWh battery back-up.
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RENAISSANCE
AND REVOLUTION
Nuclear power’s long-delayed revival
is a victim of the rise of shale gas.

G

lobal power markets are in flux,
reacting to such forces as the rise
of renewables, smarter grids,
worries about cyberattacks, needs for
resilience in the face of more extreme
weather, and energy sector decarbonization. Missing from the headlines, unfortunately, is the fate of nuclear power.
Nuclear energy is a large source of
carbon-free power, but it’s being battered from multiple directions. Variable
renewables like wind and solar are
making the grid more dynamic on top of
already-wide swings in demand due to
weather. That means nuclear is being
asked to be something it was never designed to be: flexible, nimble, and fast. In
some places, nuclear power plants are
being shut down in favor of fossil-fueled
plants—a step backwards from an emissions perspective.
As nuclear struggles to find its place
in competitive markets, we might look to
the Shale Revolution for answers.
The rapid rise in economical extraction of oil and gas from shale formations
is the most important story in energy
geopolitics from the last decade. In the
United States, this development has
shifted the conversation from how to
finance ever-growing imports of crude
oil and liquefied natural gas to debates
weighing the opportunities and disadvantages of becoming a net energy exporter.

The Shale Revolution is the outcome
of three converging factors. First, a
decades-long partnership between the
U.S. Department of Energy and shale
pioneer George Mitchell provided a
stable policy environment that allowed
the freedom of experimentation to find
a solution that would work. Then, the
Energy Policy Act of 2005 affirmed that
hydraulic fracturing would not be regulated the same as wastewater injection,
which opened up the floodgates of capital from investors who had been wary
of regulatory and permitting authority
uncertainty.
The second factor was technological.
It took a novel combination of advanced
technologies—primarily horizontal
drilling and hydraulic fracturing—to
make production from shale formations
economical.
Those two aspects—policy stability
and technological advancements—were
critical but not sufficient. Market forces
provided the third ingredient. Soaring
natural gas prices in the 2000s along
with growing demand for energy sent a
market signal to producers to increase
supply. And so they turned to shale. Today, oil and gas production continues to
rise despite lower global prices for both,
and the repercussions are being felt.
Could we replicate that playbook for
nuclear power?
U.S. nuclear policy has been supportive for decades. A significant fraction of
the U.S. Department of Energy’s annual
R&D budget goes to nuclear energy, the
government provides tens of billions
of dollars in loan guarantees, and the
Price-Anderson Act of 1957 reduces the

financial risk to operators from accidents at nuclear power plants.
The nuclear industry is also enjoying a technical revolution: The advent of
small modular reactors, with their selfcontained cooling system, dry cooling (to
avoid water requirements), and smaller
size simplifies permitting and reduces
the total system cost.
If nuclear is following the Shale
Revolution playbook by integrating pronuclear policies with nuclear technology
advancement, why hasn’t the Nuclear
Renaissance begun? The answer is
because it’s missing the third element:
market signals that prompt stakeholders to act. Instead, the market signals—
comprised primarily of stubbornly low
electricity prices—are pointed toward the
wrong direction.
While the shale revolution lays out
the blueprint for success, it is also the
reason why the nuclear revolution hasn’t
yet begun. The exploitation of shale formations has yielded an ocean of cheap
natural gas, which has depressed the
prices that electric generating assets
can charge.
Nuclear power plants will struggle
until we send robust, pro-nuclear market signals, such as increasing natural
gas prices or putting a price on carbon,
which would make nuclear power’s
competitors more expensive. Until the
markets can align with the technologies and policies, nuclear power will just
sputter along. The stakes are high, so it’s
time we figured this out. ME

MICHAEL E. WEBBER is deputy director of the Energy
Institute at the University of Texas at Austin.

MECHANICAL ENGINEERING | APRIL 2018 | P.17

continued from p.12 »

DEPTH PERCEPTION
4-D CAMERA
their peripheral vision as they focus on
a central point, according to Stanford.
For a robot, the difference between
the new lens and a typically used
lens compares to the difference
when looking through a window or a
peephole, Dansereau said.
Researchers in Ford’s lab designed
the new camera’s spherical lens, which
gives the camera a sightline of nearly
one third of the circle around itself.
The camera no longer needs the fiber
bundles used for a previous version of
camera that the lab developed earlier.
Instead, the new lens calls upon several
smaller lenses nested behind it and
also uses digital signal processing
technology.
To add depth perception and
refocusing capabilities, researchers
used a technology called light field
photography, which had been previously
developed at Stanford. The technique

“Unfortunately, we are already seeing a negative near-term
impact from the ruling as the increased cost due
to import tariffs have delayed certain 2018 projects
and made other projects uneconomical.”
Thomas Werner, CEO of San Jose-based solar panel manufacturer SunPower,
as quoted by Reuters on February 14, 2018.

Where MEDICAL Finds a

CURE

INSIDE THE CAMERA IS A SET
OF LENSLET ARRAYS WITH
MICRO-SCALE LENSES.
captures the two-axis direction of the
light hitting the lens and combines it
with the 2-D image to give depth.
Inside the camera is a set of lenslet
arrays. Each of these has hundreds
of thousands of micro-scale lenses,
and together they transform the main,
spherical lens into a light-field camera,
Dansereau said.
These capabilities help robots
navigate across landscapes semiobscured by rain, snow, or fog and
through crowded areas. Needless
to say, that’s a boon to self-driving
vehicles driving around pedestrians
and other cars while on a snowy day,
Wetstein said. ME

Medical is always looking for new ideas. We’re at the
forefront of medical gear production, helping ﬁnd new ways
to make gears smaller, lighter, faster and more reliable. All from
our unparalleled precision gear facility –
ISO 13485 certiﬁed for medical.
Your medical gear
production just got better –
with Forest City Gear.
Excellence Without Exception

JEAN THILMANY is a writer who lives in St. Paul,
Minn., and writes about engineering technology. For
more articles on robotics visit www.asme.org.
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Q&A
AYAH BDEIR
ME: Did your education and experience at the MIT Media Lab help in
building your own company?
AB: littleBits is very much a reaction to my own educational experience.
I originally wanted to be an architect, but my parents and teachers said
I owed it to myself to be an engineer because I was good at math and
science. I did my undergrad in engineering but I found it dry and boring.
Then after attending the MIT Media Lab for graduate school, I realized you
could combine engineering with art and design and prototyping tools to
create really amazing things. I created the prototypes for littleBits while
I was making my own interactive art with electronics to help me iterate
faster, and right away I started seeing interest from fellow designers.
I realized that it could be a really powerful way to make electronics and
complex technology fun and accessible to anyone—without needing
an engineering degree.
ME: The early versions of littleBits were developed as part of a project to
help industrial designers improve their prototyping process. How did they
evolve into a STEM kit for kids?
AB: As I started demoing littleBits, kids, parents, and teachers showed
enormous excitement and ideas to use littleBits in ways I had never anticipated. I realized there was an opportunity to change the way kids learn
about technology and to change their relationship with technology from
passive consumers to creative problem-solvers.
ME: A part of your mission is to get more girls into science and technology. Why do you think we need more girls in STEM?
AB: This is honestly a “hidden mission” for littleBits because we don’t offer
kits targeted specifically at girls, but focus more on keeping our designs
gender neutral. The drop-off in kids’ interest in STEM subjects begins in
elementary school and hits girls especially hard, which is why we’re dedicated to successfully bridging the gender gap by inspiring young girls and
boys to unleash their creativity and embrace STEAM through the invention
cycle. Gender neutrality is a design principle we hold at the heart of our
products: in how we showcase inventions, in our partnerships, and in our
message.
ME: What’s been the biggest life lesson you have learned in your entrepreneurial journey so far?
AB: Success doesn’t happen overnight. Developing a new category, inventing something that never existed before, it takes real time. You will make
progress and when you get close to something happening you will feel it
and become so energized you won’t be able to stop. I’ve also realized that
it’s important to keep inspiration close at hand. There are always going
to be highs and lows, so you need to really celebrate the highs and create
reminders of them, so that you can push through the lows.

MIT MEDIA LAB ALUM AND TED SENIOR
Fellow Ayah Bdeir is considered one of
the leaders of the Maker Movement. Bdeir
received her masters of science degree
from MIT and undergraduate degrees in
computer engineering and sociology from
the American University of Beirut. In 2010,
Bdeir was granted a fellowship with
Creative Commons for her work in open
hardware. In 2011, Bdeir launched littleBits
Electronics, a New York-based startup with
the goal to “put the power of electronics in
the hands of everyone, and to break down
complex technologies so that anyone can
build, prototype, and invent.”

ME: What’s your opinion on the intersection of engineering and design?
AB: After engineering school, I did my graduate studies at the MIT Media Lab, where I started developing my own artwork and interactive installations
with electronics. It was so empowering to be able to
express myself in light, sound, sensors, and spaces.
More often than not, in developing a new product, the
engineers have at it first, then the designers come in
and the design process becomes about just beautifying. I felt like that was a very inorganic and inefficient
process, and made for badly designed products.
littleBits allowed designers to brainstorm using their
regular materials in addition to the material of “interaction” and enabled the designers to iterate. ME
CHITRA SETHI
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The Falcon Heavy
rocket blasted off with
a Tesla on top. The
synchronized landing
of the boosters was
a dramatic moment
(bottom right).
Photo: SpaceX

A BIGGER BIRD

S

paceX, the private launch company, successfully tested
its Falcon Heavy rocket in February. The rocket was
comprised of the company’s Falcon 9 rocket—which
has had 28 successful launches since 2015—supported by two
booster rockets (the two boosters returned to the launch site
for reuse). With a total thrust of more than 5 million pounds at
launch, the Falcon Heavy is capable of placing a 64-ton payload in orbit or sending a spacecraft to other planets. To show
off the capability of the rocket, the test launch was designed
to send a Tesla Roadster automobile—manufactured by Elon
Musk’s other transportation company—on a trajectory that
would take it past Mars. ME
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ELECTRIC CARS
CHALLENGE
THE GRID

C

onsumers are warming up to electric vehicles, and many are citing
their potential to be more environmentally friendly than gas guzzlers. But
the net effect of their growing popularity
could put a strain on the nation’s grid and
electricity infrastructure.
Residential electricity demand could go
up with EVs, according to a simulation conducted by the U.S. Department of Energy’s
National Renewable Energy Laboratory.
That will require a rethinking of electricity
infrastructure at a local level, as peak
demand for power in certain neighborhoods could go up manyfold.
About 600,000 electric and plug-in
hybrid electric vehicles were cruising
American streets at the end of 2016. The
NREL researchers concluded that the grid
could handle recharging around 7.5 million
EVs—or about 3 percent of the U.S. automobile market share—without a significant impact. But if the upward trend of EV
adoption continues, power transmission
and distribution will need to be rethought.
For instance, the concentration of car
charging to specific localities may require
upgrades to electricity infrastructure in
those areas, the study noted. The strain
could increase as more charging options
are added in a neighborhood.
It’s also important to understand
consumer behavior in EV charging than
assuming the popular belief that utilities can control when and where cars can
be charged, said NREL engineer Matteo
Muratori, the author of the study.
“Realizing the full benefits of vehicle
electrification will necessitate a systemslevel approach that treats vehicles, buildings, and the grid as an integrated network,” said Johney Green, Jr., the associate
director at NREL’s Mechanical and Thermal
Engineering Sciences laboratory. ME
AGAM SHAH

Utilities may need to adapt
to handle the wider adoption
of electric vehicles.
Photo: NREL
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Professor Peter Stone
uses reinforcement
learning to train
robots.
Photo: Vivian Abagiu,
University of Texas
at Austin

ROBOTS BECOME ADAPTIVE
ROBOTS HAVE GROWN MORE AWARE OF
their environment, but they cannot interact
fluidly with humans. This month, we look
at two researchers who are encouraging
their robots to experience the world
around them—and learn rapidly from their
environment and the people in it.

R

obots roam freely in the hallways of University of
Texas’ Computer Science building and will stop what
they are doing if you look like you need assistance.
The robots are the work of Peter Stone’s Learning Agents
Research Group. Stone is a founder of RoboCup, a global
robot soccer competition. In RoboCup, humans only get
in the way.

ROBOTS IN THE HALLS

THE LAB Learning Agents Research Group, University of Texas, Austin. Peter
Stone, director and professor of computer science.
OBJECTIVE Improve the performance of autonomous robots so they can
work seamlessly with humans.
DEVELOPMENT Creating robots that may ultimately become part of a
building’s infrastructure and social fabric.
Yet Stone has had a change of heart: “To be useful, robots
must learn to work with people.”
Robots often learn to do that by supervised learning,
where humans label data for robots to learn from. To speed
up the process, Stone turned to reinforcement learning. It
works the way people train dogs: Robots act and humans
tell them whether they got it right or not.
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Stone’s approach, training an agent manually via evaluative reinforcement (TAMER), is fast. When applied to an Atari
bowling video game, TAMER achieved superhuman performance within 15 minutes. In Tetris, it was clearing hundreds
of lines after only three games with positive and negative
reinforcement.
Stone’s building robots learn by interacting with thousands of students and visitors. While the robots cannot read
facial expressions, they can tell if someone wants to interact
by whether he or she is facing or walking towards them.
“It noticed when people waved, walked by, or sat down,”
Stone said. “Often, this depended on location. They could
predict that if a human was walking fast at them, they
should get out of way.”

The robots teamed up to direct visitors to their
destinations while minimizing the time they spent away
from cleaning, deliveries, or other assigned tasks.
The robots directed humans down straight halls to
the next robot at an intersection or stairway, who gave
them further directions.
“To do this, the robots must reason about people
strengths and weaknesses and where likely to get lost,”
Stone said.
Stone also uses voice recognition to interact with humans,
but the robots ask questions to clarify what people mean.
“By end of the week, the dialogues are shorter, and there is
a higher probability that the robot solved the command and
the people are less frustrated,” he said. ME

ROBOTS TEAM WITH PEOPLE

THE LAB Interactive Robotics Group, Computer Science and Artificial
Intelligence Lab, Massachusetts Institute of Technology, Cambridge.
Julie Shah, lead investigator and associate professor of aeronautics and
astronautics.
OBJECTIVE Develop methods to enable fluid human-robot interactions and
accomplish tasks that neither could do alone.
DEVELOPMENT Attempting to cross-train robots to improve their ability to
anticipate what human partners will do next.
Robots complete a task of applying
adhesive on a board.
Photo: MIT

R

obots work in many factories, but rarely do they
cooperate with humans. Julie Shah’s goal is to teach
robots to work with us like football teams or doctors
and nurses in an operating room.
This is a difficult goal. To become a teammate, a robot
must translate a team’s general plan into a series of specific
actions. This involves three steps, Shah explained: inferring
what humans are thinking, anticipating what to do next, and
reacting quickly when humans change their strategies as
conditions evolve.
Robots cannot do this passively, Shah argues. Instead, they
must work as apprentices: observing, drawing lessons from
what they see, acting, and learning from human response.
Apprenticeship learning helped robots learn to schedule 10
nurses in a hospital labor ward with 20 patients and 20 rooms.
The robots learned to balance medical factors—labor’s start,
estimated length, and need for medication and surgery—
while assigning nurses, technicians, patients, and beds. The
possibilities were greater than atoms in the universe.
During their apprenticeship, robots observed nurses create
schedules. They drew conclusions from what they saw and
compared nurse choices to other potential courses of action.

Nurses accepted the robots’ recommendations 90 percent of
the time and rejected 90 percent of the robots’ deliberately
bad recommendations.
Scheduling is difficult to teach. The ability of robots to
learn it suggests that they may find broader application in
other industries.
Shah, like Stone, is experimenting with reinforcement
learning. She created a task where a human placed
fasteners on a board and a robot applied adhesive. As the
person gave verbal feedback, the human-robot interaction
grew faster and more fluid.
For more complex tasks, she has embraced a model of
how humans learn complex tasks called cross-training.
“In cross-training, we take someone else’s role and learn
what we need to do their job successfully,” Shah said. “Then
we take that back to our job and change our behavior to
better support them.”
Her goal, she said, is to cross-train robots to draw better
conclusions about how to support their human counterpart.
Think of it as seeing the human point of view. ME
ALAN S. BROWN
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A SURGICAL ROBOT WITH AMBITIONS

R

obots in the operating room are on
the rise. Led by the Da Vinci surgical robot, these machines improve
surgeons’ dexterity in such intricate tasks
as separating tumors from the voice box
or removing the prostate. But Mohammad Abedin-Nasab, an assistant professor of biomedical engineering at Rowan
University, is working on a different kind
of surgery. His robot, called Robossis,
could help surgeons perform the tricky
operation of realigning a broken femur,
the bone between the knee and the hip.
When a patient arrives at the hospital
with a broken femur, surgeons must
straighten and stabilize the largest bone
in the body. Sizeable muscles surround
the femur, resisting and obstructing a
surgeon’s ability to adjust the broken
bone.
This physically demanding operation
also calls for considerable accuracy. To
align the bone properly, surgeons typically use X-Rays or fluoroscopy to check
the bone’s position visually. But they usu-

ally need dozens of X-Rays, or around two
minutes of fluoroscopy, and each image
exposes the patient and the operating
room staff to radiation.
An ideal solution would help surgeons
align the broken bone and minimize
imaging during and after surgery. So
Abedin-Nasab and his students are
creating a two-part technology: a robot to
manipulate bone fragments and imageprocessing software to guide alignment
without repeated radioimaging.
The Robossis robot consists of two Crings connected to one another by three
long actuators. Both C-rings fit over the
leg. One ring is stationary while the other
is mobile, and each ring attaches to the
leg bone using a series of pins. In an operation, a surgeon would guide both rings
over a patient’s leg, and pin each ring to
one fragment of the broken femur. He or
she would then adjust the three actuators
independently to position the mobile ring
with in three-dimensional space. This
would enable the surgeon to pull, align,

and set the bone for healing.
The idea for the device grew out of the
Gough-Stewart platform, the mechanism
that professional flight simulators use to
impart three-dimensional motion to the
platform containing the pilot and training
cockpit. The platform’s surface rests on
six piston-style legs, each capable of
single-axis motion along its length. As
the spidery legs lengthen and shorten
in various combinations, the platform
pitches, rolls, and yaws with six degrees
of freedom.
When Abedin-Nasab looked at the
Gough-Stewart platform, he realized that
while it readily manipulated objects above
a surface, its many legs limit the available motion below that surface. “If you
reduce the number of legs, you will be
much more flexible in moving the main
platform,” he said, referring to motion
possible between the Gough-Stewart
platform and its base.
His design turns the Gough-Stewart
platform on its side and uses three legs
Professor Abedin-Nasab
with his Robossis robot.
Photo: Rowan University,
Craig Terry
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rather than six to manipulate the position
of the moveable C-ring. Since using only
three piston-style legs gave him only
three degrees of freedom, Abedin-Nasab
added an active, controllable rotary joint
to each leg to maintain capabilities in six
directions.
Abedin-Nasab did not start working on
the robot with an application in mind. As
his work progressed, however, he began
visiting surgeries to see how he could put
it to use. Femur surgeries jumped out at
him as one area where the robot could
make an impact.
To complement the physical device,
Abedin-Nasab and his team are developing software to plan a path for bone positioning, informing a surgeon’s choices.
The software starts after surgeons take
two orthogonal X-rays of the broken
bone.
For patients with a single broken bone,
the software uses an image of the unbroken femur in the other leg as a template
to determine optimal alignment of the
fracture. For more complex fractures or
fractures of both legs, the software will
compare the images of the broken bones

with a library of bone shapes to find a
template to guide reconstruction.
Abedin-Nasab and his students continue to improve the robot and he points
out that Robossis is not intended to
replace surgeons. Its role will be to assist
surgeons, who will still need to insert the
nail that joins bone fragments. Yet he is

hopeful that one day, this technology will
join the ranks of robots making surgeries
faster and safer for patients and surgeons alike. ME

MENAKA WILHELM is an independent technical
writer. For more articles on bioengineering, visit
www.AABME.org.
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1,441 grams
The carbon emission from a typical
ready-made breakfast sandwich.
FOR MANY OF US, THE MORNING BEGINS
with a short drive to pick up a readymade breakfast McSandwich. But
according to a study conducted by
researchers at the University of
Manchester in England, the carbon
footprint of that sandwich run is far
greater than the gas burning in the
car’s engine. The research, which
looked at the environmental impact
of 40 different sandwich types, found
that the most carbon-intensive was
a breakfast sandwich including egg,
bacon, and sausage. The ingredients
and preparation of such a sandwich
produced 1,441 g of CO2, the equivalent of driving a car 12 miles.
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THE CASE FOR A UNITED
ENGINEERING SOCIETY
Brian G. Boden, P.E., Madison, N.J.

LOOKING BACK
Engineering societies were examining their ongoing relevance when
this article was first published in
April 1978.

A member of ASME argued that the profession would
proﬁt from speaking with a single voice.

M

any engineers reject unity. One of their reasons is that they don't
see any problems: Everything is really very nice as is, thank you.
Such persons are usually in well-paid management positions or
are the type of engineers that consider analyzing a piping stress problem the
end-all in professionalism and a marvelously good time to boot. Drones like
this are genuinely necessary to do rote calculations and such, but deliver us
from such myopic monoliths!
Detractors fear, for example, that a unity society might announce a
stand on an issue that is not in accordance with all, or even a majority
of the members.
Some people feel that no one society can effectively handle both technical
and nontechnical interests. This is true if the same people and organization
do both. However, that is no reason to annoy members with having to join
two societies, nor to erode the clout of both by having two groups. It is highly
desirable to weld our technical value to other values in our pursuit of professionalism. A single society could do this by delegating the two approaches to
different arms within itself.
Another rationale against unity rests more with human nature than with
reason. No existing society wants to give up whatever tradition, respect, power, resources, adulation, or prerogatives it now commands. This is perfectly
understandable, if destructive. However, if we share common goals, trust
one another, are willing to compromise a bit, and give a little here and there
for the major gain for all, differences can be mitigated or overcome.
We can continue to bicker like children, or we can do something. Everyone
is smart enough to realize this and people often speak of it, but few people
can bring themselves to practice it when the time comes. It is this fatal flaw
that has killed almost every previous attempt at unity. Yet, the potential gains
for individual engineers, the profession, private industry, and the country are
all so great, that it should still be pursued. (Masochism also helps.) All engineers should be screaming for unity, but, unless they are literally at Death's
door, they are too apathetic to show any interest beyond some harmless griping in the restrooms.
Having a single organization should not be confused with lining up on Sunday to all go to the same church. There can indeed be diversity and a myriad
of interests within a single group. But unity does have clear advantages that
diversity simply cannot achieve.
The more we accentuate our disunity, the weaker we appear to power
groups, the more we destroy our image (if any), the more confusing we
get, and the more stupid we look. We also duplicate other activities, fund
duplicate committees, issue conflicting codes and standards, publish at least
partially redundant magazines, duplicate officers and hierarchies and staffs,

CONNECTIONS
The late 1970s was a time when all sorts of
divisions were being reevaluated. One example
was a television series that would be first
broadcast later in 1978. Connections, hosted
by historian James Burke, examined the long
and sometimes unlikely chain of events and
innovations that led from simple devices to
advanced technology. In one episode, for
instance, Burke linked the invention of the
chimney through to the steam engine, cannon
boring, and marsh gas detectors finally to the
petroleum-powered airplane. Burke’s histories
explored the idea that innovations we think
of as discrete actually are part of a larger,
interconnected web. The long-term social and
technological implications of any given innovation, Burke said, were impossible to predict.

James Burke discusses an 18th century
military problem. Image: BBC

and so on ad nauseam. The waste is needless and of great magnitude. The logic and
sense of unity is clear and compelling, the
drawbacks minimal to nonexistent. Unity is
not perfection or the answer to everything,
but it would work several times better than
the present situation. ME
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HIGHER PROFILE HYDROGEN CITY FOR CENTRAL CHINA
FOR BIOFUELS T

L

and vehicles may be moving toward electric power, but airplanes
will likely need jet fuel for the
foreseeable future. Developing a more
sustainable replacement for fossil-fuel
derived kerosene has been the focus of
an ongoing effort.
Late last year, that effort got a boost
when Dallas-based American Airlines
entered into an agreement with the
Finnish company Neste, which produces
a proprietary form of biofuel for aircrafts.
The two companies agreed to
explore new ways to promote the use of
sustainable fuel on American Airlines
jets. American and Neste are also
trying to speed up the acceptance and
commercialization of a type of renewable
jet fuel called High Freeze Point HEFA
(hydroprocessed esters and fatty acids),
under consideration for approval by an
international standards body.
Current options for sustainable aviation
fuel range from biofuel generated by
plants to processed waste cooking oil.
One challenge for renewable jet fuel is
that it must not solidify at high altitude,
where temperatures can reach -50 °C. A
common way to do that is by blending the
heavier biofuels with kerosene. In 2009,
Continental Airlines (now merged with
United) ran a 90-minute flight with half
traditional jet fuel and the other half a
mix of biofuel derived from the jatropha
plant and algae. Later this year, Qantas
will operate a flight from Los Angeles
to Melbourne with 85 percent aviation
fuel and 15 percent biofuel derived from
mustard seed.
Biofuel companies must, however,
develop an infrastructure to support
biofuels. Neste has set up a station to
supply its renewable fuel at the Oslo
airport, with more coming at Geneva,
Hamburg, Stuttgart, and Helsinki
airports. The collaboration with American
Airlines may enable such stations to pop
up at airports in North America. ME

he city of Wuhan in China
announced in January
plans to develop infrastructure
capable of supporting hydrogen
fuel cell vehicles.
As a first step, the city will
build 20 hydrogen fueling stations by 2020, enough to support 3,000 fuel cell cars. The
city also is working to develop
a hydrogen energy industrial park that will be home to more than 100 fuel cell
automakers and related enterprises.
The plan, first reported by the Xinhua news agency, calls for 30 to 100 fueling
stations and the establishment of several hydrogen fuel cell production facilities by 2025. According to the plan, the value of production for these fuel cells
will exceed $15 billion.
Wuhan is already the home of several automobile manufacturers, including
Dongfeng Motor Corp. The central government in China declared its intent to
move away from gasoline-powered vehicles, and the development of fuel cell
power trains may compete with battery electric vehicles in certain markets. ME
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BY THE NUMBERS:

GRID ENERGY STORAGE
GETS CHEAPER
One of the drawbacks to renewable power is its
intermittency. New battery technologies are coming
on line to fill in the gaps.

A 31.5-MW
lithium-ion
battery system
supports
a wind farm
in Marseilles, Ill.
Image: Invenergy
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A

nyone who has dealt with renewable power skeptics
can likely repeat the phrase “when the sun doesn’t
shine and the wind doesn’t blow” in their sleep. To
be sure, the variability of solar and wind power—minute-tominute, day-to-day, and season-to-season—is a headache
for grid operators, especially those who cut their teeth on
more dependable baseload power. But there are ways of
handling intermittency. Shedding demand or adding power
from gas turbines are two of the most common.
Perhaps the ultimate way of meeting the intermittency
challenge would be to store excess renewable power when
it’s made and tapping that cache when it’s needed. That’s
why grid-scale energy storage is such a hot R&D topic today.
Recently, the New York investment firm Lazard released
an analysis of energy storage technologies, based on the
levelized cost. These costs include not only the money
needed to finance the purchase, but also the operational
costs, such as maintenance and the cost of the electricity
that charges the system, and expenses like taxes and
insurance. Lazard also focused on a subset of commercially
available technologies capable of being deployed in a variety
of settings, which ruled out pumped hydroelectric and
compressed air storage due to their dependence on specific
geologies.
Instead, the analysis looked at two different common
battery chemistries—lithium-ion and lead-acid—as well as
flow batteries. Flow batteries work a bit like fuel cells, but
with a liquid electrolyte such as vanadium oxide undergoing
a chemical change as it flows past a membrane; the charged

electrolyte can be stored in large tanks for long periods of
time, then discharged by returning the electrolyte to the
membrane.
For grid-scale applications, Lazard found, no technology
looked to be a clear winner. Lithium-ion batteries had a
levelized cost of storage capacity of between $282 and $347
per MWh when replacing a peak power generating asset, and
were slightly more expensive in microgrid applications. Flow
batteries, both those using vanadium chemistry and those
employing zinc, had a wider range of levelized costs—from
$209 to $413 in replacing peak generation—which is function
of the lower degree of commercialization for the technology.
Lazard also analyzed the cost of “behind the meter”
applications, such as battery backups for residential solar
systems or businesses trying to shave demand at peak
times. These applications had much higher levelized
costs—as much as $1,274 per MWh of storage capacity for
residential lithium-ion battery banks—due to the higher unit
cost of smaller systems. Lead-acid battery banks required
about 40 percent less capital outlay than lithium-ion, but
with operation and maintenance costs running three to
four times as high, they are not competitive with the newer
battery technology.
What’s more, Lazard expects lithium-ion storage prices to
continue dropping over the next five years. Soon, perhaps,
storage may be cheap enough to make the spotty service of
wind and solar power an annoyance, not a deal-breaker. ME
JEFFREY WINTERS

BEHIND-THE-METER

IN-FRONT-OF-THE-METER

UNSUBSIDIZED LEVELIZED COST OF STORAGE COMPARISON — $/MWH
PEAKER
Flow Battery (V)
REPLACEMENT Flow Battery (Zn)
Lithium-Ion

$209
$286 $315
$282 $347
$184

DISTRIBUTION Flow Battery (V)
Lithium-Ion
MICROGRID

Flow Battery (V)
Lithium-Ion

COMMERCIAL

Lithium-Ion
Lead-Acid
Advanced Lead

RESIDENTIAL

$338
$272 $338
$273

$406
$363 $386
$891

$995
$1.057
$950

$1.154
$1,107

$1,028

Lithium-Ion
Lead-Acid
Advanced Lead

$1,160
$1,138 $1,188
$0

Source: Lazard
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E

ngineers are changing the world in many ways—developing new sources
of clean energy for the electrical grid, creating spare parts on-site through
additive manufacturing, building robots for inspecting difficult-to-reach infrastructure. And every month, Mechanical Engineering magazine provides reporting
and analysis from these frontiers of technology.
This month, we launch a new project intended to dig more deeply into those
technology trends. Mechanical Engineering Special Report is a multimedia series
designed to provide impactful market intelligence for today’s strategic decision makers and technology leaders. Each special report is a deep dive into a
key technology reshaping an emerging industry, backed up with both data and
industry experience.
In addition to the cover story on biomedical simulation and modeling in the
pages that follow, this month we also are publishing a white paper providing
in-depth technological and business analysis, a multi-part video series showing
some of today's most cutting-edge innovators, and a case study looking at how
an engineering team solved a thorny challenge.
Look for special reports on energy, manufacturing, and robotics later this year.
Start your exploration at: go.asme.org/MEmagazine-special-reports
Support for this special report is provided by COMSOL.

Special Report // Biomedical Engineering

THE

MODEL
OF GOOD HEALTH

Medical device makers are putting advanced modeling, simulation, and analysis
software to use in innovative ways, including creating models of the human
anatomy that can be used to test new technologies.
Jean Thilmany

I

n some ways, medical devices are just another kind of product. Medical devices—everything
from prosthetic limbs and artiﬁcial hearts to the most prosaic tongue depressors—are designed by engineers to meet customer speciﬁcations; they are manufactured with both cost
and quality in mind; and they have to compete in the marketplace against similar products
from rival companies.
But medical device manufacturers face challenges like no other industry. Each new device has
to run a gauntlet of regulatory and reporting demands, and biomedical engineers work with the
knowledge that a design mishap could result in death and that a recall could mean their company’s bankruptcy. The stakes for biomedical device designers, especially in terms of safety, are
incredibly high.
“That’s the main difference between medical device engineering and many other types of engineering,” said Jim Thompson, Siemens director of industry strategy for the medical device
and pharmaceutical industries. “Medical device engineers not only need to design a really good
product, but they need to think broadly about the safety and performance of the device. They
need to come up with a high quality, high functioning device.”
Even if the challenges, such as strict U.S. Food and Drug Administration regulatory requirements and detailed development reporting process, are great, the potential rewards keep medical device companies investing in new products. The medical device industry is expected to
reach an estimated $343 billion by 2021 with an expected compound annual growth rate of 4.6
percent, according to a September 2016 report from Lucintel, a materials and manufacturing
market research ﬁrm in Irving, Texas.
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Researchers can run
virtual tests on this
3-D model of the
human heart.
Photo: Dassault-Systemes

Special Report // Biomedical Engineering

T

o meet design requirements, engineers
who work for medical device makers have
been putting advanced modeling, simulation, and analysis software to use in innovative ways, such as creating models of the human
anatomy that can be used to virtually test potential
medical technologies. They have also put new tools
such as 3-D printers to work building model prototypes for real-world testing.

QUANTUM LEAP
Underlining the new importance of computeraided design and virtual prototypes, FDA Commissioner Scott Gottlieb announced in July 2017 that
the agency plans to integrate virtual testing and
computer modeling into the medical device regulatory approval process. Allowing virtual testing
to stand in for some real-world prototyping would
help reduce costs and speed-up the regulatory approval process, Gottlieb said.
The move is a nod to the understanding that
medical device engineers can more precisely
evaluate their product’s function and performance
using these technologies than with physical tests
alone, said Tina Morrison, chair of the FDA’s modeling and simulation working group.
The models and simulations—in essence the
virtual device and computerized proof it can oper-

ate in different conditions—help demonstrate the
product's safety and efficacy, Morrison said. Simulations can also demonstrate the conditions under
which the product might fail, which is needed for
approval, she added.
Of course, most biomedical product development takes place within a 3-D design and analysis
space before a physical prototype is ever built. The
admission of more of this type of 3-D documentation means less physical testing needs to be done,
said Arieh Halpern, director of global life science
at engineering software maker Dassault Systèmes
of Paris.
“If you look from development perspective,
simulation and modeling is the next big quantum
leap in product design acceleration in terms of
animal studies and clinical trials,” Halpern said.
“They let you run accelerated tests on different
types of models to see how your design performs
and to make changes.”
The FDA approval submissions for most devices
require data from animal, bench, computational,
and human tests to demonstrate a reasonable assurance of safety and effectiveness, Halpern said.
“Say you’re looking at the impact of a certain
type of implanted device,” he said. “Instead of
needing 200 patients to run a clinical trial, maybe
you only need 50 if the FDA deems submittable

Better Modeling of Heat Treatment

D

octors have increasingly turned to heat
treatments to kill dangerous tissues,
such as cancers. In the last 20 years, this
treatment, also called ablation, has delivered
the heat typically via an alternating electric
current travelling along a catheter at radio
frequencies (350–500 kHz).
A new technique promises to deliver the
heat with greater precision and control by
increasing the frequency of the current to
300 MHz to 300 GHz. This microwave ablation
technology is now commercially available.
“The challenge is to monitor the ablation performance in real-time,” said Casey
Ladtkow, principal engineer in the Early
Technologies unit of Medtronic’s Minimally
Invasive Therapies Group. “When performing
ablations, physicians don’t have continuous

real-time feedback on the effectiveness of their
procedure. If they could know exactly what
is happening in real-time from start to finish,
the effectiveness of ablation treatment would
increase,” he said.
Ladtkow and his team are using COMSOL
Multiphysics software to develop new ablation
probes in order to increase performance predictability and effectiveness. One development-stage project involves incorporating
radiometers into the ablation probes in order to
provide real-time data. That will enable a clinician to fine-tune the zone as needed during the
procedure, and to make sure the heating effect
destroys the targeted tissues while minimizing
effects on the surrounding healthy tissue.
The team uses multiphysics simulation to
better understand and optimize the properties

of the probes. “The performance and accuracy
of microwave ablation systems are affected
by a number of dynamic factors that arise
simultaneously in multiple physics domains,”
Ladtkow said. Simulating coupled thermal and
electromagnetic effects around the radiative
probe hardware helped the team determine
radiometric performance under different
conditions.
“Based on our simulations, we are now
realizing the potential to introduce ablation
devices that will allow clinicians to not
only deliver a precise energy dose, but also
monitor ablations in real time,” Ladtkow said.
“Multiphysics simulation enabled the rapid
development, evaluation, and optimization
of our design, which would not have been
possible otherwise.”
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the simulation data you used to model different
types of conditions.”
To see how simulations could save time for design engineers, consider a new prosthetic device.
Engineers could ﬁrst design the device to function
for a male of a speciﬁc height and weight. Then,
using simulations of a virtual human, they could
vary the height and weight to determine how the
device would operate under those changed conditions. As they continued to change parameters, the
engineers would measure device performance, and
make changes to their design based on what they’d
discovered.
After these virtual tests were complete, researchers could move to benchtop tests (testing a
real-life prototype), and animal and human trials.
The FDA’s Center for Devices and Radiological
Health is now creating a simulated human capable
of serving as an in silico guinea pig. The center is
building a library of computer regulatory testing
models and a family of “virtual patients” for product design and testing.
The Living Heart Project is a similar effort in
which researchers created a 3-D model of the human heart.
“An unlimited number of tests of a new design
can be carried out simultaneously on the simulated
heart rather than one at a time,” said Jean Colombel, Dassault Systèmes’s general manager of life
sciences. The project is a collaboration among the
FDA, Dassault Systèmes, and dozens of medical
researchers, device manufacturers, and clinicians.
The model exists on the Dassault Systèmes
3DExperience platform. Engineers can access it
and run virtual tests via the cloud, Colombel said,
or they can use it as the foundation of their own
computer models to perform speciﬁc types of
virtual tests.
In September 2017, for example, Stanford University researchers unveiled their own additions
to the Living Heart. Pharmaceutical companies
can use that Stanford-created model to ensure
the drugs they’re developing don’t induce cardiac
arrhythmia, a potentially fatal irregular heartbeat, said Francisco Sahli, a Stanford mechanical
engineering doctoral student who worked on the
specialized model.
Currently, testing for the risk of cardiac arrhythmias can take years and involves costly animal and
human studies, Sahli said.
To allow virtual testing, the Stanford team added
detailed cellular models to the Living Heart and

Photo: Siemens

Instead of needing 200
patients to run a clinical trial,
maybe you only need 50 if the FDA
deems submittable the simulation
data you used to model different
types of conditions.”
gave testers the ability to differentiate cell types
within heart tissue. Those running the tests can
also measure the model’s beating heart via electrocardiogram.
Simulation and modeling tools also help
engineers ﬁnd the best design for their medical
devices.
Engineers at Eli Lilly working with the company’s KwikPen and Trulicity needle-based insulin
delivery devices had to determine whether they
were compatible with a tapered needle from a
third-party supplier.
It wasn’t a straightforward task.
“You have two considerations when you’re
designing these,” said Bernard McGarvey, an
engineering fellow at Eli Lilly. “You’re trying to
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Medical device developers can use cinematic rendering, such as this image of the blood vessels in the
skull created in Syngio.via Frontier, an application enabling the realistic depiction of volume datasets, to
help create better treatments.
Photo: Siemens

force liquid through a needle, so you’d like to use a
needle with a bigger inside diameter so you’d use
less force to push the medicine through.
“But you also have to worry about the patient
experience,” he said. “Imagine trying to puncture
your skin with a 1-millimeter needle. The smaller
the needle, the less the pain to a patient.”
Lilly engineers used COMSOL Multiphysics
modeling software to simulate what would happen
to the ﬂuid within a potential supplier’s tapered
needle when a patient exerted enough force to
deliver the shot.
The models found the proposed needle could
cut the required delivery force by 40 to 50 percent
and deliver the correct amount of insulin while
still tapering to a ﬁne point, McGarvey said.

INDIVIDUALIZED DEVICES
Other design concerns arise when manufacturers turn to additive manufacturing, a technology
that enables companies to produce parts made
from a variety of metals and plastics in very
speciﬁc, even never-before-seen, shapes that are
customized to particular users.
“When engineers have historically designed
products they’d think about the functional and
safety requirements and then come up with the
shape,” Siemens’s Thompson said. “But they’d

always be at least a little constrained by traditional
manufacturing processes: injection molding,
machining, stamping, forming, and folding. If you
couldn’t make it that way, it’d be off the table.”
Objects produced via additive manufacturing
needn’t hew to the traditional shapes made by the
usual manufacturing methods.
“That’s important for biomedical design because
there’s always been this need for organic shapes to
ﬁt within the human body, which is, by deﬁnition,
organic,” Thompson said. “If engineers are able
to take organic shape into account and they have
a manufacturing method that works with even a
lot size of one—why can’t they design products
speciﬁcally tailored to the patient’s body?”
Those days are coming, said Gaurav Manchanda,
vice president of market development at Formlabs,
which makes 3-D printers used in healthcare and
other industries.
Hospital systems, medical schools, and even
doctors’ offices use the printers to produce physical models speciﬁc to an individual’s anatomy.
Surgeons use the printed medical models to plan
the patient’s surgery, Manchanda said.
To get those specialized models, images of the
pertinent part of a patient’s anatomy—taken from
magnetic resonance images and computer tomography scans—are cleaned up and turned into print-
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able ﬁles with software from Formlab’s partner
company Materialise.
“So instead of looking at a 2-D ﬁlm and trying to
visualize what’s happening inside the body, these
3-D medical models make a huge difference in saving time before the procedure,” Manchanda said.
“As the complexity goes up, the beneﬁts go up as
well,” he added. “If you have a pediatric heart patient, for instance, two surgeons can be looking at
the same model as they prep and plan the surgery.
Or in the operating room, a scrub nurse might hold
up the model for the surgeon to use as reference
during the operation.”
DJO Surgical, which makes hip, knee, elbow, and
other implants started using a Formlab desktop
printer in May 2017. Eight months later, the Austin,
Texas, company had seen prototyping costs drop
by 64 percent even as prototyping rate increased
by four-and-a-half times, said Alex Drew, a DJO
project mechanical engineer.
The company had been using a service bureau
to print prototypes, but the process was expensive
and could take more than a week, so engineers
used the option sparingly, Drew said. In light of
those drawbacks it “seemed silly not to have a 3-D
printer in house,” he said.
Now engineers get immediate feedback from
surgeons who implant 3-D prototypes in the
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company’s on-site operating room. The surgeon
carries out the operation “from beginning to end”
on a cadaver and then answer what Drew called a
laundry list of engineering questions. The cycle is
so fast that when surgeons offer suggestions after
a morning operation, engineers can redesign the
implant and print it up that afternoon, ready for
another trial operation the next morning.
Recently DJO engineers came up with a unique
way to study how a hip-implant prototype was
positioned within the body.
“In some cases, you might need the implant to
make contact with a speciﬁc part of the anatomy
and you’d use an X-ray to look at ﬁt,” Drew said.
The engineers designed the implant to leave interior passageways when printed. Those channels
can be laced with wires that show up more clearly
on an x-ray than the implant itself.
DJO Surgical engineers also used 3-D printed
parts to run packaging tests to ensure implants
remain safe and sterile during shipment on rolling, bouncing trucks. “We’re looking to see if the
packaging develops holes, if the seals on the inner
packaging that’s keeping the parts sterile stay
intact over time,” Drew said.
A recent transportation test would have called
for engineers to source 300 parts to run the tests.
Finding and ordering those parts would have
added months to the project. Instead, engineers
printed many of the needed parts within three
weeks and moved forward with testing, Drew said.
He estimates that eight months and 425 jobs
after bringing in the printer DJO saved $60,000 in
prototyping costs.
The DJO story points to the kinds of cost savings
and competitive edge medical device designers
gain when they incorporate new technologies into
testing and validation.
“Speed to market is shortened because time can
be saved on some of the testing,” said J. Freddy
Hansen, staff research physicist at Abbott Labs in
Pleasanton, Calif. “It’s also worth mentioning that
with recent changes to the U.S. patent law, which
is now ﬁrst-to-ﬁle instead of ﬁrst-to-invent, simulation can also speed up the intellectual property
process, which is another competitive advantage.”
And, as the FDA’s embrace of modeling and
simulation shows, today’s new engineering technology may be a regular part of tomorrow’s FDA
approval submission. ME
JEAN THILMANY is a technology writer based in St. Paul, Minn.
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Mechanics
To break barriers in cancer research,
engineers tap a core expertise.
JEAN THILMANY

D

avid Basanta was on his way to getting a
doctorate in mechanical engineering when
he discovered he’d rather write algorithms
that model the role that evolution plays
in cancer’s spread than study evolution’s effect on
materials, his original goal.
“Cancer is not only a terrible disease but one with
an added challenge,” Basanta said. “The tumors
often evolve resistance to any treatments we throw
at them, so it felt like a natural ﬁt for my interests.
It’s also a ﬁeld that is crying out for mathematical
modeling.”
Tumors evolve and grow, he said, due to
evolutionary factors.
Indeed, the evolutionary dynamics of tumors can
be modeled to help explain their progression, said
Basanta, now a mathematical oncologist at the H.
Lee Moffitt Cancer Center and Research Institute
in Tampa, Fla.
Basanta and his colleagues are working
on computer models that help explain the
evolutionary dynamics of bone cancer.
To investigate biological systems with a
mechanical engineering approach, Basanta and
others are creating computerized mathematical
models that have the potential to explain the
mechanics of cancer: what sparks it, how and why
it spreads, and the mechanisms that feed it.
In the same way that engineering simulations
depict and analyze how physical forces affect a
part, biological models can provide insight into
the factors that aid cancers’ growth. Those same
simulations may help identify mechanisms that
might halt its progression.
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Researchers
have found that
mechanical signals
can influence cancer
cell migration,
growth, and
differentiation.
Photo: Getty/iStock

V

iewing cells and molecules as
“engineered systems” that can
be investigated in the way same
that engineers analyze man-made
machines can help uncover unifying principles
between these systems, said Philip LeDuc,
a professor of mechanical engineering at
Carnegie Mellon University. And although
tumors communicate with their surroundings
in a multitude of ways, mechanical signals are
now recognized as one of the major ways they
interact, he said.
LeDuc heads the Center for the Mechanics
and Engineering of Cellular Systems.
The Center brings together more than
20 professors from engineering, biology,
chemistry, physics, and computer science to
use mechanical engineering techniques at the
cellular system level to help solve biological
riddles, including cancer.
In short, mechanical signals can inﬂuence
cell migration, growth, and differentiation.
Understanding the input and output of
mechanical signals that occur both inside
living cells and between cells and the

The beginning of
the chemotherapy
testing program:
J. Hartwell (right)
works with an
assistant at the
National Cancer
Institute about 1950.
Photo: National Cancer
Institute

environment can improve cancer treatment
and perhaps even prevent the disease, he said.
By manipulating mechanical interactions in
integrated biological systems at the molecular,
cellular, and multi-cellular scales, LeDuc said,
biomedical engineers may be able to treat
cancer—or even prevent it.

Mechanical Properties
“As a mechanical engineer,” LeDuc said, “I
think about how biological systems work in the
same way that I think about how engineered
systems work.”
LeDuc has written that he has spent much
of his life taking apart complex systems to gain
an understanding of how they function. His
interest began early on when as a youth he
took apart lawn mowers and cars. Today, his
interest encompasses the cell’s “tremendously
more advanced machinery.”
“Yet I am particularly fascinated by nature’s
machines, and I look to the intersection of
biology and mechanical engineering as a
source of discovery,” he said. “I wonder: Do
engineered, man-made systems have anything
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By examing biological systems
as engineered systems,
mechanical engineers bring a
different perspective to cancer
research.
Image: College of Engineering, Carnegie
Mellon University

in common with the biological systems of
nature?”
Recognizing the need for engineers and
physical scientists to apply their methods to
cancer research, in 2009 the National Cancer
Institute funded 12 physical science-oncology
centers that carry out cancer research from an
interdisciplinary viewpoint.
Around the same time, the NCI started
the Physical Sciences in Oncology Initiative,
which brings together cancer biologists
and oncologists with specialists in physics,
mathematics, chemistry, and engineering to
work together on cancer research.
It wasn’t until the late 1990s that scientists
determined that the way cancer cells interact
with their environment can be critical to
understanding cancer itself. At around the
same time, they also began to understand that
each patient’s tumor environment differs. As a
result, even if two patients have the same kind
of cancer, individual factors can affect the way
the cancer grows and spreads.
It also became clear that cancer cells display
mechanical properties that could be studied.

Those properties may, in fact hold a key to how
those cells spread and move to different parts
of the body.
The thinking was that if cancer cells
remained stable, they wouldn’t spread, or
“metastasize,” to healthy tissue. Curbing or
stopping cell spread is a key to ﬁghting the
cancer, Basanta said.
That means scientists need to study the
way cells behave, including their mechanical
properties. And mechanical engineers, with
their particular skill set, possess the means to
study those properties.
With that understanding, it became clear
that computational models could aid cancer
research—that scientists could model the way
cells interact with their environment, said
Brian Fallica formerly a research assistant in
the Laboratory for Molecular and Cellular
Dynamics at Boston University, now a
consultant at The Amundsen Group, a health
company.
Before the realizations of the late 1990s
into the ways cancer cells communicate with
their surroundings, scientists studied cancer

Philip LeDuc
(above) works
across fields
to deconstruct
biological systems
using engineering
approaches. His
goal is to find
new treatments
for the disease.
Image: College of
Engineering, Carnegie
Mellon University

Engineering
models, such
as this one
simulating cancer
immunotherapy,
are not only
visually striking,
but also can help
researchers better
understand how
cells respond
to potential
treatments.
Image: Paul Macklin,
Indiana University

cell migration by looking at them under a
microscope. When seen in two dimensions
the cells displayed no mechanical properties
to study, Fallica said. In a 3-D environment,
however, those mechanical properties become
clear, he added.
At the Boston University lab, Fallica
worked under Muhammad Zaman to model
the physical and mechanical properties of
cancer cells in an effort to determine if those
properties could explain their growth and
movement.
But researchers need tools to model
biological problems, and that is where Paul
Macklin, assistant professor at the Center of
Applied Molecular Medicine at the University
of Southern California, comes in. His lab
developed two open source 3-D simulation
packages: BioFVM, which simulates diffusion
of dozens of substrates in 3-D tissues, and
PhysiCell, which simulates multicellular
systems in 3-D tissues.
Many biological problems require solving
for secretion, diffusion, uptake, and decay
of multiple substrates in three dimensions,
Macklin said. While many codes have been
written to tackle this problem—particularly

outside of biology—they’re often lacking in one
or more of those areas.
“A lot of cancer cells vary their behavior in
things like signaling factors,” he said. “The
availability of things like oxygen and glucose,
which are diffused through environment and
taken up by cells, can inﬂuence whether a cell
will move or die.”

S

cientists and engineers know that
oxygen and glucose are carried in the
bloodstream and enter individual cells
by passing through the cell membrane
via diffusion. Oxygen enters the cells through
simple diffusion, while glucose, amino acids,
and other large insoluble compounds enter
through facilitated diffusion.
“So we knew we needed to solve for
diffusion, but most biological codes have
been doing this in the roll-your-own fashion,”
Macklin said. By that, he means they “use
one partial differential equation for oxygen,
another for glucose, and solve one at a time for
each signaling factor.”
As a result, if a researcher wants to solve for
10 factors at a time, the work has multiplied
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by a factor of 10. “In 3-D that gets complicated
and darned expensive,” he said.
BioFVM allows users to solve for 10 or more
signaling factors at a time, in three dimensions,
and on desktop computers. Rather than using
individual partial differential equations to
solve for each factor, the BioFVM solves for a
collection of factors at the same time. It uses
an approach called operator splitting; breaking
a complicated partial differential equation
into a series of simpler partial and ordinary
differential equations that can be solved for
one a time.
“This allowed us to write a very fast
diffusion-decay solver, a bulk supply-uptake
solver, and a cell-based secretion-uptake
solver,” Macklin said.

embrace the complexity of a process involving
several cell types, molecules, and scales, so
getting to the point where both the modelers
and the experimentalists were comfortable
took some time.”
The time investment was well worth it,
he said, as the researchers were able to
identify key aspects of the biology that the
model should be able to capture and that the
experimentalist should be able to check and
validate. The models are used to discover how
tumor cells and healthy cells interact within an
environment and what factors lead tumor cells
toward metastasis.
Like all research toward curing cancer,
the work continues. But a cure begins with
understanding cell mechanisms, LeDuc said.
Mathematical cancer models won’t do
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Though crossLynch, both members of
disciplinary physical
the Lynch Lab at the H.
and biological science partnerships, and
Lee Moffitt Cancer Center, spend substantial
engineering-based models for cancer
amounts of time relaying their ﬁndings to
research at still new, the National Cancer
Basanta’s team.
Institute expects them to pick up speed in
“Many months of frequent conversations
future years and, hopefully, lead to important
and hackathons were required before
breakthroughs in cancer treatments. ME
we established the foundations of this
mathematical model,” Basanta said.
JEAN THILMANY is a technology writer based in St. Paul, Minn.
“Understanding metastasis requires us to

“What we’re
seeing, on the
freelance side, is that
there are people
who realize there is
a different way
to work.”
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GIG
ENGINEERING
Some engineers love the freedom and range of projects offered by
KAYT SUKEL
freelance work. Others just want a fulltime job.

ince he was a youngster, Patrick Kalahar has
been drawn to all things
mechanical. He spent the
best parts of his formative
years pulling things apart
and then putting them back together—sometimes
even successfully.
So it’s probably not much of a surprise that
Kalahar made a beeline for the mechanical engineering program at North Dakota State University in Fargo to learn mechanical design, process
control, and CAD. Upon graduation, Kalahar
settled down, got married, and took a permanent
mechanical engineering position with Rockwell
Collins, a top avionics multinational, in Cedar
Rapids, Iowa.
As stories go, Kalahar’s is fairly typical.
He followed a traditional career path: four years
in a rigorous engineering program and then a
full-time job with vacation and health beneﬁts.
Many believe this is how great engineering
careers begin.
Kalahar had a problem: even after nine years
with Rockwell, it didn’t feel like a great ﬁt.
“It was a good job, I didn’t love it,” he explained. “Rockwell is an avionics manufacturer
that does a lot of government work, so much of
what I did there was process and documentation. I wanted to do something more design and
product focused.”

S

Your stereotypical engineer might just
grin and bear it or look for greener pastures elsewhere. But Kalahar took a risk. He joined
the gig economy.
First, he started freelancing as a product design
engineer and hung his digital shingle on various
online freelancing platforms to ﬁnd work. Sooner
than he expected, he found his services were in
demand.
As a family man with three young children,
Kalahar ﬁnds the ﬂexibility of freelancing a
huge beneﬁt.
“It’s worked out better than I could have ever
imagined,” he said. “Between projects where
I’m helping smaller companies design stuff
for manufacturers and the ﬂexibility to set my
schedule in a way that works for my family, I’m
really liking it.”
Kalahar is far from alone. While many may
think of the gig economy workers as artists, digital nomads, and the odd Uber driver, freelancing
is becoming a more attractive option for American workers across a variety of ﬁelds—including
more traditional professions, such as engineering.
In fact, a recent survey, Freelancing in
America 2017, estimates that more than 57 million
Americans are currently freelancing. And experts
believe this number will grow rapidly as both
new and well-established companies discover
that traditional hiring models are not meeting
their needs.

An Evolving Model for Work
Shoshana Deutschkron, senior director of communications at UpWork, an online platform that connects
freelancers with employers and that co-sponsored the
Freelancing in American 2017 survey, ﬁnds many reasons
why individuals end up in freelance careers, which
UpWork deﬁnes as folks working as small business owners, temporary employees, independent contractors, or
moonlighters looking for a little supplemental income.
“What we’re seeing, on the freelance side, is that there
are people who realize there is a different way to work,”
she said. “Freelancing allows people to live their life as
they want to live it and craft their work into that life,
rather than live where they have to for work and craft
your lifestyle to ﬁt into their work. The freedom and
ﬂexibility of freelancing is something that you just can’t
ﬁnd in most traditional jobs.”
Some stumble into that freedom and ﬂexibility by
accident, perhaps after being laid off from a permanent
position or moving because a spouse or partner changes
jobs. Others, like Kalahar, make a conscious decision
to choose that freedom and ﬂexibility. Once tasted,
Deutschkron said, it can be difficult to return to a normal
9-to-5.
But there is a second side to the evolution of American
freelancing, Deutschkron argues. Today’s businesses
need it.
“Traditional hiring models are no longer sustainable,”
she said. “If you are a smaller business, and only hire locally, you won’t have access to all the skills that you may
need to thrive in your market. So ﬁnding a way to open
yourself to a global talent pool through freelancing is a
huge beneﬁt.”
Erik Allebest, CEO of Chess.com, an online website for
chess players, agrees. More and more, he starts most of
his hiring relationships with a freelance contract.
“Often, I have a need but I don’t know much demand
I’ll actually have,” he explained. “It’s a bureaucratic
nightmare to on-board a full-time employee, between
all the different state regulations and beneﬁts. It’s not
something you really want to do unless you know that
long-term demand is really there—and sometimes you
just don’t know until you start working with someone,”
he said.
“But it’s also about ﬁnding the right people for the
jobs. I live in Silicon Valley. Why would I try to hire
someone in one of the most competitive, expensive
places in the world when I can look at people from
around the globe?”
The internet, which widens the talent pool in ways
never previously imagined, made the freelancing boom
possible, said Mark Muro, who studies the gig economy
as a senior fellow at the Brookings Institution.

“I have a lot
more control over the
kind of work I do now.
I get to do a lot more
of the work that I like
to do now.”

“The availability of digital platforms allows the
possibility of this way of working,” Muro explained.
“‘Gigs’ are not new, but the efficient management and
organization of them is. New business models have
now come into shape, with new ways for people to
organize their work lives.
“For businesses, this offers new opportunities
to organize freelancers and reduce their costs. For
workers, gigging can allow them to work at their
own pace, ﬁnd their way into a new job market, or
avoid constant drudgery that they may ﬁnd in a more
traditional position.”
Muro emphasizes that no ﬁeld is exempt from this
evolving model of work. He expects to see more digital
platforms connecting freelance talent to companies
across a variety of disciplines.
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This includes mechanical and manufacturing engineering. Which raises an important question: what
might a mechanical engineering career look like in the
emerging on-demand economy?
The Good...
As the father of three elementary school-aged
children, Kalahar waxes poetic about the advantages
of a ﬂexible schedule—something he did not have as a
permanent employee.
“We have doctor appointments and dentist appointments and all this other stuff going on,” he said. “A few
years ago, my wife got a new position in Oregon, where
we live now. It was really nice that I could dial back my
work before we moved to get the house ready for sale
and help get the kids settled once we moved. It wasn’t

even a big deal for my work to move with me. The ﬂexibility to set my own schedule is huge.”
Katie Maldonado, a contract mechanical engineer
based in San Jose, Calif., seconds the advantages of
ﬂexibility. But she also appreciates the ability to work in
new and diverse projects.
“The opportunity to learn new things, to see these
new trends and technologies coming to life, is a lot of
fun,” she said. “It keeps you learning, keeps you on your
toes, and helps you grow both as an engineer and a
person.”
Kalahar agrees. “I have a lot more control over the
kind of work I do now. I get to do a lot more of the work
that I like to do now,” he said.
Another item in the pro column is the pay. Established freelancers can often set their own hourly rates,

“You can make
great money.
The problem is,
you never really know
how long your
contract is going
to last.”

and they usually make quite a bit more than they did in
their permanent positions.
Jeff Smith, a contract manufacturing engineer based
in Clayton, North Carolina, said that contracting has allowed him to signiﬁcantly increase his income.
“You can make great money,” he said. “The problem
is, you never really know how long your contract is going to last.”
The Bad and the Ugly
The “feast or famine” aspect is Smith’s biggest issue
with freelancing.
“In one gig that was supposed to last an entire year, we
came in with our prototype earlier than expected,” he
said. “The company laid off the entire team of contractors in response. It’s hard to be in a position where you
do so well at your job that they terminate your contract
early and you ﬁnd yourself out of work.”

Then there is the challenge of ﬁnding gigs. Kalahar
said that, by far, his greatest freelancing challenge is
ﬁnding work—and then balancing that work so he can
keep up his ﬂexible schedule.
“I spend a lot of time pursuing jobs,” he said. “You can
end up spending a lot of time talking to a potential client
and think you are a great ﬁt, but for whatever reason, the
job never moves forward. It feels like lost time.”
“I also have to be careful about selecting work. I try to
take on only projects where I know I have the skills and
the time to do it right. And it can take time to ﬁgure out
how that all will work,” he said.
Kalahar admits that he often works later at night or
on weekends to keep up with demand. Yet having the
ﬂexibility to take off as needed for his family makes
those sacriﬁces more than worth it.
Then there is the issue of beneﬁts, such as healthcare
and retirement plans. They are not part of the typical
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freelance package. Healthcare,
The right skill set is not just limited to
especially, has been in ﬂux, and
engineering chops, Deutschkron cauﬁnding affordable individual plans
tions. Hiring managers are also very
remains a challenge in some parts
interested in soft skills like communiof the country.
cation and emotional intelligence.
Kalahar relies on his wife’s
“Especially in the ﬁeld of engineerbeneﬁts from her full-time position
ing, if you have good soft skills, you
for his family. Maldonado has chosen
can really differentiate yourself,” she
to be in the odd “in-between,” working
said. “If you have an entrepreneurial
as a full-time employee for a company
mindset, good engineering skills, and those
that hires her out. Smith, the parent to a
great soft skills, you are going to really
“Successful freelancers
special needs child, is currently without
stand out and succeed as a freelancer.”
really are entrepreneurs—
This is especially important when
insurance and frustrated by that lack.
it
comes
to ﬁnding gigs. Freelancing in
He hopes that he or his wife will ﬁnd a
they see the demand for
America
2017
respondents said that
job that offers coverage soon.
new skills, they see that
the
number
one
way they found gigs
Beyond those issues, Smith, Kalahar,
they can be paid more
was through networking and personal
and Maldonado’s thoughts echo several
for having those skills, so
referrals.
other ﬁndings from the Freelancing
they are always out there
Even so, it is critical to establish an
in America 2017 survey. They, like
learning and retraining
online presence. Many freelancers, like
the survey respondents, raise some
themselves so they can get Kalahar, rely on platforms like UpWork
concerns about being ﬁrst in line to
those jobs.”
to help them ﬁnd their gigs. Others, like
be cut during any corporate downSmith, may use conventional job sites like
sizing. Often, they do not feel like part
—RICH PEARSON, UPWORK
CareerBuilder or USAJobs.
of the company “team,” even when
No matter which platform an engineer prefers, online
they work onsite.
talent platforms are another key to success as a freeYet Deutschkron said that more than half the survey
lancer, Muro said.
respondents said that they would not return to a full“There are now so many digital platforms that have
time position for any amount of money.
organized gigging in a way we’ve never seen before,” he
“The lifestyle is so valuable to so many freelancers,
said. “I’d advise students coming out of college to get to
it goes above and beyond the money,” she said. “They
know them—because they will almost certainly work
are trying to make a living, obviously, and they have
through those platforms at some point in their career.”
concerns about income predictability. But the pros, for
That may sound like a remarkable statement, yet
many freelancers, far outweigh the cons.”
experts estimate that nearly half the workforce will be
freelance in just a few decades. The gig economy is here
Finding Success as a Freelancer
to stay, Muro said, and workers will have to adapt and
Given the good, the bad, and the ugly, how can
become more entrepreneurially minded in the future.
freelancing mechanical engineers ﬁnd success?
Fortunately, most freelancers are quite good at that.
Rich Pearson, senior vice president of marketing for
And while Smith likes to talk about one day ﬁnding his
UpWork, believes it starts with the right skill set.
so-called “unicorn,” a full-time engineering position
“Successful freelancers really are entrepreneurs—
with beneﬁts, Kalahar said that the freelance life suits
they see the demand for new skills, they see that they
him just ﬁne.
can be paid more for having those skills, so they are
“If I found the right company, I suppose I could see
always out there learning and retraining themselves so
going back to work on a full-time basis and being part of
they can get those jobs,” he said.
a team for a smaller company doing innovative work,” he
Freelancing in America 2017 supports that notion.
said. “But if I had to choose between what I had before,
It ﬁnds that freelancers work hard to keep their skill
working for a big corporate entity or what I do freelancset current, seeking out training in high demand areas
ing now, freelancing wins hands down.” ME
like Internet of Things and machine learning so they
can write their own ticket. While some contracts and
gigs provide some training, most freelancers pay for
KAYT SUKEL is the author of The Art of Risk and covers science and technolcontinuing education out of their own pocket.
ogy from outside Houston.

BOOKSHELF
FEATURED

Silver Nanoparticles: Properties,
Synthesis Techniques,
Characterizations, Antibacterial
and Anticancer Studies
SHWETA RAJAWAT AND M.M. MALIK

ASME Press Book, 2 Park Avenue, New York, NY 10016. 2018.

S

ilver is a precious metal, but it has more applications
than simple ﬂatware. When turned into nanometerscale particles, silver can be used in such divergent
ﬁelds as optics and renewable energy, but perhaps the
most intriguing applications are in biomedicine. Silver
nanoparticles exhibit high antimicrobial, antiviral, antifungal,
and anticancer properties, which can change as the particle
size shrinks so that the percentage of atoms at the surface of a
material becomes signiﬁcant. Rajawat and Malik have written
this book as part of the ASME Press Biomedical & Nanomedical Technologies Concise Monograph Series, and explore such
questions as the effect of the current, temperature, and the
strength of the precursor the morphology of nanoparticles and
the nanostructures. They also look at the potential of so-called
green synthesis methods to replace the hazardous chemicals
often used in the production of nanoparticles.
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RENEWABLES: THE POLITICS OF A GLOBAL
ENERGY TRANSITION
Michaël Aklin and Johannes Urpelainen
MIT Press, One Rogers Street, Cambridge,
MA 02142-1209. 2018.

Fire, agriculture, the wheel: Ask for the three most important technological inventions in the humanity’s previous 100,000 years and one
would be hard-pressed to come up with a better list. To this, Reese believes we
should add artificial intelligence and robotics—technologies he says will reshape
the species as profoundly as anything that has come before. Reese is decidedly
boosterish on the prospects of these technologies, and aims to provide a framework for how to think about the impending changes they will engender. While
other recent books have focused on the problems of the automation revolution,
he is interested in such utopian visions as radical life extension, creativity flowing from superintelligent machines, and the implications of extreme prosperity.

The old-school advocates of fossil fuel-burning power will
wave away renewable energy with the declaration that it’s
all political. Aklin and Urpelainen would agree to a point, and then turn the point
around. They present a comprehensive political analysis of the rapid growth in
renewable wind and solar power, mapping an energy transition through theory,
case studies, and policy analysis. But then they contend that the fossil fuel
energy system is entrenched and that it benefits from the influence of existing
stakeholders in the political system. Absent a jarring shock to the system—an
oil shortage, nuclear accident, or the ongoing changes to the climate—renewable energy would never have gotten the chance to grow, they write, regardless
whether it provided clear advantages.

336 PAGES. $27. ISBN: 978-1-5011-5856-8
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PROTOTYPING MACHINES VIRTUALLY
SIEMENS PLM, PLANO, TEX.

S

iemens' Advanced Machine Engineering provides access
to a digital twin of industrial machinery
that can be tested and prototyped virtually.
The goal with this software is to reduce
development time and cost and to mitigate
risks involved with developing machines.
This software tool also helps deliver machines
faster. The software provides a framework for
mechanical, electrical, and software disciplines
to work in sync, thus making it easier to develop
and test machines. As an example, engineers can
work on models where the concept models sync
up with the best sensors and actuators, and also
work with ﬁrmware so the machine operates at
peak efficiency. Designs can be changed based on
what works best. The software can simulate the
effect of variables such as gravity, friction, and
the performance of electrical systems, ﬂuids
and pneumatics. In effect, the prototyping
software is considered as the ﬁrst step before
making machines.

HEAVY EQUIPMENT SIMULATION

VR AND DESIGN SUITE

EDEM, EDINBURGH

STRATA, SANTA CLARA, UTAH

EDEM 2018 has a number of new tools to improve
the setup, process, analysis, and integration of
simulations. The EDEM Creator, for example, has
new features for those designing heavy equipment
and simulating the interaction of machinery with
large beds of material, for example a tractor on soil
in a farm. The application's Bed Generation Tool
enables the creation of large beds of material so the
analysis is more reliable, for example, from a tractor
interacting with soil to a point where it is steady,
which enables better simulation. The application also
adds into the mix materials like fine dry powders and
organic materials as part of the simulation tools. The
application also takes advantage of double-precision
floating point performance of GPUs—which allows
for more precise calculations—to reduce the amount
of time it takes to process simulations. An API also
allows the creation of custom code for simulations,
increasing the degree of flexibility offered by the
product

Strata's Spaces VR is virtual reality software that
can be used on an HTC Vive VR headset attached to
a PC. It can be used to preview virtual spaces like
stores. For example, users can create store designs,
preview furniture, and modify designs. The VR software
has intelligent objects that know how to replicate
themselves, so for example multiple products can be
replicated on shelves. It has a shapes library with 3-D
model for retail and exhibit scene setup; 3-D import
file filters and customizable high dynamic range lighting. Users can create and export 360-degree virtual
spaces to Facebook and smartphones.

VIRTUAL SAFETY
EON REALITY, MANCHESTER, U.K.

The number of deaths at railway crossings has been
a consistent problem and EON Reality has created a
VR application to spread awareness around the issue
with the goal to improve safety. The mobile application
combines animation and interviews, and other graphics talk about the issues and have visuals about how
to be safe at railway crossings. VR is changing the way
people consume information and EON Reality is betting
that schoolchildren will be receptive to safety information in that format. The VR format was developed for
Network Rail, which operates in England, Wales, and
Scotland.
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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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CLOUD-BASED IOT PLATFORM
AVNET, PHOENIX, ARIZ.

Avnet's IoTConnect cloud-based software platform
uses Microsoft's Azure cloud service for distribution
and analysis of data across cloud and on-premise
systems. Users can deploy homegrown apps and
solutions, and Avnet is collaborating with 14 suppliers to provide custom IoT cloud services for various
verticals. The product offerings include Smart
Factory, Smart Asset Monitoring, Smart Connected
Worker, Smart Building, Smart Healthcare, Smart
Retail, Smart Office, Smart Fleet Management and
Smart Warehouse, which can be deployed out of
the box. Users get real-time access to data via the
cloud, and can make business decisions based on
the information.

3-D PRINTER SOFTWARE
ULTIMAKER, CAMBRIDGE, MASS.

Ultimaker makes 3-D printers, but also released
a new Cura 3.0 slicing software to support its
hardware. The software has CAD integration to
easily support applications such as SolidWorks and
Siemens NX. Cura 3.0 has an updated user interface
that makes it easier to use and 3-D print designs.
It has a new color scheme and intuitive sliders to

control print settings. It also starts up two times
faster, and as a result, is also faster at 3-D printing.
New skin settings result in less strings, better top
details, and faster prints. The software represents
a big effort by Ultimaker to tie its hardware and
software offerings closer together as it looks into
the future.

NEW AR PLATFORM
PTC, NEEDHAM, MASS.

Vuforia 7 is a new augmented reality platform with
capabilities to deliver better mobile AR experiences.
Vuforia already powers 475 million installed
AR apps on smartphones and tablets. Features
introduced in Vuforia 7 include Model Targets, which
attaches content like user manuals and service
instructions to objects not typically recognized
by computer vision technology. Such a capability
could be helpful in training. Ground Plane can place
content on horizontal surfaces like tabletops or the
ground. Vuforia Fusion brings together disparate
hardware, sensor, and software development
technologies for a unified and portable augmented
reality experience, breaking the fragmentation
related to fine-tuning AR experiences specific to
devices. Vuforia Fusion will work with ARCore and
ARKit-enabled devices and over 100 Android and iOS
mobile smartphones and tablets.

GRAPHICS FOR BUILDING AUTOMATION
QA GRAPHICS, ANKENY, IOWA

QA Graphics—which creates custom graphics for
building automation—is also now using the Metasys User Interface from Johnson Controls for the
services it provides to customers. The new design
capabilities provided by QA Graphics includes the
implementation of "spaces" that can be broken
down from an entire site down to a room hierarchy; mapping of equipment to a space in a room;
and further software integration services. The new
features are important as the building industry
continues to grow around advanced modeling and
graphics tools. The Metasys UI is in addition to
other custom graphics tools used by QA Graphics
for their customers.
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PRESENTATION TOOL
CL3VER, BARCELONA

It takes just one mouse click to create interactive
3-D presentations with CL3VER, which is its biggest
feature. Targeted at architecture, engineering, and
construction professionals, the software is also able to
share presentations on the internet much quicker. The
one-click tool automatically creates a 3-D environment without the need to rebuild key elements of the
presentation such as lights and materials. A real-time
render engine supports ray-traced lighting elements
such as dynamic daylight and real-time reflections,
with a high level of realism. The software also has BIM
support and can draw from predefined 2-D and 3-D
views, worksets and linked models that are included.
The software's post-processing is also faster for a
quicker rendering of the presentation.

TOLERANCE ANALYSIS
SIGMETRIX, MCKINNEY, TEX.

EZtol for Autodesk Inventor 2018 is an add-on 1-D
tool for tolerance analysis so engineers can get a full
sense of the impact of parts in assemblies. The add-on
creates loops based on assembly constraints or joints,
and users can select the loop based on which analysis
can be done. The analysis accounts for all parts in an
assembly, and generates various statistics and the
best and the worst results. The software also is more
comprehensive linking up parts, and the results are
presented in a graphical user interface. The software
stores the dimensions with tolerances defined for each
part so users don't have to manually reenter them for
each loop. EZtol is also sold as a standalone product,
so engineers can quickly understand the assembly
variation of a fit and its impact on products.

DESIGN BETTER BUILDINGS
DATA DESIGN SYSTEM/NEMETSCHEK GROUP,
ASCHEBERG, GERMANY

DDS-CAD 13 has a slew of new features that make
it easy and save time in designing and simulating
electrical, plumbing, heating, and other projects. For

example, updated electrical diagrams and circuit lists
make it easier to plan and design installations and
cabling in buildings. DDS has enhanced the calculation
of wastewater systems and flow of venting systems,
which could help in sanitary and heating installations.
DDS-CAD 13 has better precision than predecessors,
and thus is more productive. Other features include
handling of object groups, marking and numbering options for labeling of objects, and a new IFC import and
model manager. DDS-CAD 13 also clearly distinguishes
between the master and coordination of IFC files.

SHIPBUILDING SOFTWARE
SHIPCONSTRUCTOR SOFTWARE INC., VICTORIA, B.C.

ShipConstructor 2018 R2 is AutoCAD-based software
used to design ships, and offers better 2-D design
tools, which still remain important in the shipbuilding
industry. The new version of the software offers 2-D
tools for the design, display and output of pipe and
HVAC, automatically inserting centerlines, which saves
time when generating production drawings. There are
also algorithm enhancements that help improve many
features, including addressing missing geometry for
hidden plates and reworking code to improve 2-D
design output and calculations. The software works
with AutoCAD 2018, AutoCAD Mechanical 2018, and
AutoCAD Plant3D 2018, and supports the Windows 7
and Windows 10 operating systems. It also links to MS
SQL Server 2012, 2014, or 2016 databases, which store
data important to ship and marine designs.

AUTOCAD ALTERNATIVE
GSTARSOFT, BEIJING

GstarCAD 2018 is the latest version of the alternative
CAD software that is fast and affordable. GstarCAD has
a fast engine with familiar design tools and improved
ability to share models. The new version provides
performance improvements, more efficient hardware
use, and improvements so users can draft and draw
faster. In a chart, GstarSoft claims the software starts
up faster and is more economical than AutoCAD 2018,
though it lags in open drawing and 3-D print time. New
array options can multiply objects arranged in multiple
patterns and various commands like SECTIONPLANE
provide design, sorting, layout and plotting improvements. The software is also more 3-D printer friendly.
The software supports the latest DWG 2018 format.

3-D PLUGIN FOR UNITY
AMD BRIDGE, SUMMIT, N.J.

AMC Bridge's 3-D Scene Builder is a plug-in that
allows users to implement 3-D models from the
web-based SketchUp 3-D Warehouse inside Unity
development environment. Users will be able to take
3-D models related to engineering and design and
implement them in software being created by Unity
environment for graphics and VR. The 3-D Scene
Builder displays the 3-D Warehouse webpage inside
the Unity environment, and users can search through
and import models into Unity projects.

TOOLS//HARDWARE

LIEBHERR
ALL-TERRAIN
CRANE

BULLE, SWITZERLAND

L

iebherr's LTM 1450-8.1 all-terrain crane has
a 500-ton capacity, and is designed to work in
spaces where many other large cranes will not
ﬁt. The crane is also designed for use in wind
farms, reﬁneries, and chemical plants. It has a
279-foot telescopic main boom and a full range of lattice
jib attachments. The crane, designed to accommodate
a variety of transport weight and machine axle
conﬁgurations, is also one of the most road-friendly
8-axle ATs on the market. The crane doesn’t require a
special trailer or a superlift. It is good for crane rental
companies that move machines from yard-to-yard and
state-to-state based on market demand or a speciﬁc job
site’s needs. Two cranes were recently rented to The ALL
Family of Companies.

SHIELDING LINE
TECH-ETCH, PLYMOUTH, MASS.

Tech-Etch SlimShield is a low-profile, two-piece board level shielding line
with shield heights as low as .060”. Shields have a dimpled cover that snaps
into etched holes on the fence. The photo etching process provides complete
design freedom and fast delivery. Standard dimple tooling offers variable dimple
location with excellent cover retention at very low cost. There is no tooling
cost on standard two-piece designs, as well as no additional cost for holes and
slots for heat dissipation, logos and part numbers. An optional flange for added
rigidity is available on larger fence designs. Multi-cavity designs are achieved by
incorporating internal fences enabling multiple components to be shielded with
the same part. Mounting pins are offered in any configuration.
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GAS ABSORPTION
BINOMIC INDUSTRIES, MAHWAH, N.J.

The RotaBed “fluidized bed” scrubber system, designed for efficient and spacesaving gas absorption and particulate collection, handles gas capacities from 500
through 250,000 acfm. Its swirl-induced Coriolis grid achieves a level of fluidized
bed stability that results in more efficient gas mixing and transfer efficiency. The
scrubber’s turbulent, “packless,” highly plug-resistant mass transfer bed is up to
99 percent open in the fluid contact scrubbing zone and delivers gas absorption and
particulate collection of more than 99 percent on most applications. Typical uses
include acid gas removal from high-temperature thermal oxidizers, chlorine dioxide
and sulfur dioxide removal in pulp and paper bleach plants, acid and alkali fume
removal from pickling, galvanizing, and cleaning lines, and many more in a wide range
of process industries.

SURFACE ROUGHNESS STANDARDS SET
PAUL N. GARDNER, POMPANO BEACH, FLA.

Paul N. Gardner's composite set has 30 specimens 7/8" x 3/8" of electroformed
solid nickel, and it used to compare the measurement of surface roughness in an
economic way. It has international set with markings in AA (microinches) and metric
in Ra (micrometers). Each surface finish -- such as flat lapping, reaming, grinding,
horizontal milling, vertical milling, and turning -- is reproduced to give the operator
or designer a realistic idea of the feel, appearance, and texture of the machined
components. Through this set, quick and easy comparisons can be made, eliminating
costly checking methods, saving production time, and stopping the production of
scrap caused by poor finishes. The scale conforms to S.A.E. and military specifications for visual and tactile inspection.

OPTICAL CONNECTOR TECH
MOLEX, LISLE, ILL.

Molex’s interconnect and cabling technologies will allow
the implementation of optical interconnects in hardware,
particularly for storage, networking and co-processors
like field programmable gate arrays. The SawMill
FSA (Flash Storage Accelerator) technology
architecture is aimed at replacing
copper cabling in today's systems
with fiber cabling for the optical
movement of data between
multiple components
on racks of servers.
It supports the
OpenCAPI Consortium’s
high-speed CAPI interface
for rack server applications. Molex also has a
backplane connector for card, sled and drawer applications in rack servers.

HARDWARE
ABSOLUTE SCANNER
HEXAGON MANUFACTURING INTELLIGENCE,
COBHAM, SURREY, U.K.

Hexagon Manufacturing Intelligence's Leica
Absolute Scanner LAS-XL ultra-large scale
portable laser scanner can swiftly digitize
large parts and surfaces. It is meant for
large-scale scans, for example of aircraft
and rail carriage interiors. It is designed
for industries and applications where both
measurement speed and metrology-level
accuracy are indispensable. It is accurate
to within just 150 microns, and has a
scan-line width of up to 600 millimeters
(24 inches) and a measurement stand-off
distance of up to a full meter. The LAS-XL
is compatible with all Leica Absolute
Tracker AT960 models.

COMMUNICATING VACUUM PUMP
COVAL, RALEIGH, N.C.

LEMCOM is the latest in the line of COVAL's line of intelligent vacuum pumps, with
its unique feature being fieldbus communications capabilities. The master module
is a fully integrated pump, and it has two communications ports for continuous near and distant communication related to distributed control. The cabling
structure provides great configuration flexibility. The LENCOM mini vacuum pumps
can be placed as close as possible to the suction cups to reduce evacuation time
and thus reduce cycle time and energy consumption. Two cables can supply and
manage up to 16 LEMCOM modules. LEMCOM aims to delivers better performance,
simplicity and energy savings, and its flexibility helps in automation. No other
gateways or interface buses are needed.

FREE CHLORINE ANALYSIS
ENDRESS+HAUSER, GREENWOOD, IND.

The EPA-compliant Free Chlorine Analysis System uses amperometric sensor technology, eliminating the need for costly reagents and accompanying required maintenance,
for applications in drinking water, industrial water, power, and other industries where
water is disinfected using chlorine. Each turnkey system is panel-mounted with an
amperometric free chlorine sensor and a pH probe mounted in an integrated flow assembly, sensor cables, and an Endress+Hauser Liquiline transmitter, either the CM442
or CM444. An integral flow switch mounted in the flow assembly monitors for proper
system flow, and provides an alarm if flow is interrupted. A lead-free regulator sets
system pressure to 15 psi.
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IOT-READY PROGRAM LOGIC CONTROLLER
IDEC, SUNNYVALE, CALIF.

MicroSmart's FC6A Plus is a fast program logic controller for large or small
machines. It has fast I/O and connectors, giving it the ability to handle complex
machinery operations like PID, flow totalization, and recipes. It has two times the
memory capacity of a micro PLC, and basic instructions can be executed in 21
nanoseconds. Two models are available, including 16 I/O model with 8 inputs and
8 transistor outputs, and a beefier 32 I/O model with 16 inputs and 16 outputs.
Bluetooth wireless capabilities are optional, and storage comes in the form of a
built-in SD card. The PLCs can be expanded with three plug-in discrete, analog,
serial communication or Bluetooth cartridges. It also has FTP capabilities for file
transfers and communications. The PLCs can be remotely accessed and managed
via iPhone or Android phones.

DOT PEEN MARKING MACHINE
SIC MARKING, POMMIERS, FRANCE

3-D PRINTING NYLON
3D SYSTEMS, ROCK HILL, S.C.

3D Systems' ProX SLS 6100 allows for functional prototyping and 3D production
of nylon products, which is used as a material in medical devices. It has a
material quality control system for automated materials handling, sifting and
transportation of material to the printer. An air-cooled selective laser system
means no chiller is needed, and it provides more production efficiency and lowers
cost of operations. The 3D Sprint additive manufacturing software is for modeling
and management of the system. Users can select between from industrial-grade
nylon 11 with DuraForm ProX EX BLK or DuraForm ProX PA nylon 12, the flame
retardant nylon 12 based powder of DuraForm ProX FR1200, glass-filled DuraForm
ProX GF, and aluminum filled DuraForm ProX AF+.

The ec1 marking system uses dot peen technology to
mark industrial components, providing a reliable and
unalterable marking directly into the material. The
column-mounted machine, precise and robust, marks
data such as texts, logos, 2-D codes, QR codes, and
Data Matrix codes at high speed. It can mark
small to medium-sized parts, from
plastics to hardened steel, up to 62HRC
as well as parts of various shapes and
surface conditions (flat, concave,
convex, circular, raw, machined
surfaces, etc.). Improved stability
makes it more comfortable for
tabletop use and it includes a
graduated column for
easier positioning.
Its new marking
window is
bigger (120 x
100 mm) and
its controller is
equipped with an
HD color screen of
95 x 54 mm.

HARDWARE
LIDAR SENSOR
VELODYNE LIDAR, SAN JOSE, CALIF.

Velarray LiDAR (Light Detection and Ranging) sensor can
be embedded in automobiles that can help in autonomous
or advanced driver-assist safety (ADAS) driving. LiDAR
uses pulses of light to capture imaging data, and is a key
component as more cars become autonomous. The sensor
is based on Velodyne’s proprietary chips that deliver high
performance, and the device is a small package size of
125mm x 50mm x 55mm. The small size enables it to
be placed in various parts of a car. It has a 120-degree
horizontal and 35-degree vertical field-of-view, with a
200-meter range even for low-reflectivity objects. "With an
automotive integrity safety level rating of ASIL B, Velarray
will not only ensure safe operation in L4 and L5 autonomous
vehicles but also in ADAS-enabled cars," the company says.
It will be mass produced starting this year, though engineering
samples are available from the company.

GRAIN MOISTURE TESTER
WIRELESS ROUTER
POMPANO BEACH, FLA.
AIRLINK LX60 IS A CELLULAR, VANCOUVER, BC

Gardco's D999-FR is a handheld grain
moisture tester with wireless communication
capabilities. It is designed as a
complementary product while harvesting
and storing grain. It has more than 250 grain
calibrations with a wide temperature range
for testing both frozen and hot grain
from -4 degrees to 158 degrees
Fahrenheit. It tests for
moisture range from 5
percent to 50 percent.
The moisture and
temperature are
displayed on an
LCD touch screen, and
results are delivered in
less than 5 seconds with
high accuracy rates. The
results can be synced
with phone, tablets
or computers via
Bluetooth. It runs on
a lithium ion battery,
and a USB power
supply is included.

A new router that can provide long-range wireless connectivity to machines,
building equipment, vehicles, and other hardware. The box provides LTE
connectivity, which will allow communications using the 5G networks expected
to be deployed in the coming years. The LTE-M/NB-IoT protocols, which are part
of 5G, provide a longer range than Wi-Fi and Bluetooth. The LTE-M/NB-IoT will
allow download speeds of short bursts of data at up to 300 kbps, and it will also
support 4G technologies with download speeds of up to 300 Mbps. It can connect
to existing machines without connectors or adapters, and can also be hooked up to
gateways. The product is good for those who want to be prepared for the future of
smart factories.
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RESOURCEFILE
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Power Transmission
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Fluid Handling
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Engineering Tools

A bimonthly listing of
the industry’s latest
technical literature and
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available FREE to
Mechanical Engineering
readers.
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Pressure
And
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Electrical Seals

B-STAGED FILM FOR
Bonding & Sealing

Hermetic with no detectable
leakage through any insulated
wire or pin connector type

•Wide range of industries
•Wide range of chemical resistance

FLM36

•Wide range of design performance
In-stock standard seals or custom
designed seals for all quantities
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Chair, Department of Mechanical Engineering
Schaefer School of Engineering & Science
Stevens Institute of Technology, Hoboken, New Jersey
Stevens Institute of Technology (Stevens) seeks a visionary and accomplished academic and administrative leader
as the Chair of the Department of Mechanical Engineering (ME). The next ME Chair will work closely with the
leadership team of the University as the Institute continues to increase its impact and to fulﬁll its vision of being a
world-class, student-centric research university. Qualiﬁed individuals will also be considered for an endowed chair
position within the Schaefer School of Engineering and Science. The Endowed Chair is expected to have a record
of exemplary research, demonstrated leadership with building and managing a signiﬁcant research enterprise,
commitment to excellence in teaching, and a strategic vision that will position the ME Department prominently at
the national and international stage.
The beautiful Stevens campus enjoys a strategic location on Castle Point on the Hudson, in close proximity to
New York City. The ME department is the oldest and largest academic unit at Stevens, with roots dating back
to the founding of ASME at Stevens. The department offers vibrant Bachelor’s, Master’s and Ph.D. programs in
mechanical engineering.
Applicants must hold an earned doctorate in Mechanical Engineering and an exemplary record of scholarly
activities in a relevant ﬁeld. Candidates are invited to apply via the Stevens Institute of Technology website at:
https://www.stevens.edu/directory/division-human-resources/employment-opportunities
Please attach a cover letter and a curriculum vita with the application. In addition we require a research
statement, a teaching statement, an administrative experience and vision statement, copies of between one and
three publications, and contact information for three references. We will only contact your references if you are
short-listed for the position and we will seek your permission before doing so.
Questions regarding the position should be directed to the Chair of the Search Committee, Dr. Hamid Hadim
(ahadim@stevens.edu).
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ASME NEWS

The second meeting of the
Robotics TAP was held at ASME
headquarters in New York City.
Image: Wilfred Haywood, ASME

TECHNOLOGY ADVISORY PANELS
HELP ASME GAIN MARKET INSIGHT

I

n December and January, thought
leaders from the ﬁelds of robotics
and bioengineering convened at
ASME headquarters in New York
for two Technology Advisory Panel
(TAP) meetings. The panels, which
comprised of representatives of
organizations including Boeing, Procter
& Gamble, ANSYS, and Sandia National
Laboratory, are among six panels that
were established last year to help guide
ASME as it embarks on its strategic
objective of becoming the “go-to”
technical organization for addressing
key technology-related challenges.
The purpose of the panels, comprising
subject matter experts from industry,
academia, R&D and government
agencies, is to gain market intelligence
from these thought leaders and gain
insight for opportunities where ASME
can contribute with journals, courses,
codes, or other products and services.
In addition to the robotics and
bioengineering TAPs, ASME has also
instituted advisory panels related to
the three other strategic technologies
approved by the Board of Governors

in 2016: pressure technologies, clean
energy, and manufacturing. A sixth TAP
addresses the enabling technologies that
support the ﬁve strategic technologies—
namely, the Internet of Things,
Big Data analytics, sustainability,
artiﬁcial intelligence, cybersecurity,
materials, nanotechnology, and design
engineering.
The six panels are intended to provide
ASME with market trends and insight in
order to assist the Society in developing
its future product portfolio—as well
as help ASME identify constituent
needs and make recommendations to
help the Society better engage with its
constituents.
At the recent Robotics TAP meeting,
for instance, the panel members
suggested that one way ASME could
help turn itself into a go-to organization
in the area of robotics would be for
the Society to help standardize the
terminology used in the robotics
ﬁeld. Robert Cohen, vice president
and general manager at Stryker
Orthopaedics, suggested that there is a
strong need in this area and that ASME

could be an independent facilitator to
standardize the top 10 terms from each
of the manufacturers and gain rapid
acceptance.
Developing a course addressing
robotics safety using case studies would
be another way ASME could lend its
expertise to the robotics ﬁeld, according
to one of the Robotics TAP members,
Melonee Wise, CEO of Fetch Robotics.
Wise shared that a case study approach,
where people can actually see both
the pitfalls and practicalities, may be
effective in teaching safety awareness
and meet the needs of manufacturers,
customers, and integrators.
John Koehr, managing director for
ASME Technology Advancement and
Business Development and manager of
the TAP program, is encouraged with
the input the panels have provided so
far. “The TAP program is off to a very
promising start,” Koehr said. “The panel
members are providing us with valuable
insight that will help us generate new
ideas for market-facing solutions beyond
ASME’s traditional solutions portfolio
and meet our strategic objectives. ME
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CONGRESSIONAL BRIEFING
ON STRENGTHENING THE
DEFENSE INDUSTRIAL BASE

A

and that the future capabilities of the
SME recently joined the CoU.S. depend on the basic research
alition for National Security
conducted today. Tony Rivera of the
Research (CNSR) in hosting a
University of Maryland highlighted the
Congressional Brieﬁng on the imvalue of diversity in STEM, and Robert
portant role of defense science and
Ghrist of the University of Pennsylvania
technology (S&T) funding in ensuring a
spoke to the importance of interactive
strong defense industrial base.
learning in STEM ﬁelds to increase
Poster presentations showcasing
comprehension of complex subjects
DOD-funded research at CNSRand problem solving abilities.
member universities framed the room
Following the presentations,
for guests to view as they found their
special guest retired Rear Admiral
seats at the brieﬁng, which took place
Matthew Klunder commented on
Jan. 30 at the Capitol Visitor Center.
the government’s vital role in the
U.S. Rep. Jack Bergman (MI) and
innovation ecosystem, as federal
U.S. Rep. Bill Flores (TX) met with
funding catalyzes additional
researchers from universities in their
investments elsewhere, multiplying
own congressional districts to learn
its impact. Former Undersecretary of
more about the scientiﬁc advances
Defense for Acquisition, Technology,
being made through DOD-funded
and Logistics John J. Young, Jr., offered
research. Retired Major General
closing remarks, attesting to the
Nick Justice, executive director of
importance of a robust S&T program
PowerAmerica Manufacturing USA,
in ensuring a strong defense industrial
moderated the event and introduced
base. He encouraged the audience
Dale Ormond, principal director for
to invest in research even when it
the Research Directorate at the Office
has no obvious application, as those
of the Assistant Secretary of Defense
experiments often lead to worldfor Research and Engineering, who
changing discoveries. ME
delivered opening remarks before four
DOD-funded researchers
presented their cuttingedge research to the
audience of more than 80.
Neil Gershenfeld,
director of the Center
for Bits and Atoms
at MIT, exhibited his
work on creating new
mechanical processes
based on biology that
allow manufacturers
to digitize the actual
material components.
Andrew Ellington of
the University of Texas
Retired Major General Nick Justice (foreground), executive
at Austin shared that
director of PowerAmerica Manufacturing USA, was the
impactful research
moderator for the Congressional Briefing.
often starts under DOD
Image: ASME

SPECIAL JOURNAL
ISSUE NOW AVAILABLE
ON EMERGING
INVESTIGATORS

T

he ASME
ELECTROCHEMICAL
Journal of
ENERGY
CONVERSION
Electrochemical
AND STORAGE
Energy Conversion
and Storage
recently
published a
special issue,
“Emerging
Investigators
in Electrochemical Energy Conversion and
Storage 2018,” which showcases the work of
13 up-and-coming scientists and engineers
in the field of electrochemical energy
conversion and storage.
Emerging investigators are researchers
who are usually in the early phases of
their independent careers, within 12 years
of receiving their doctorates, who have
demonstrated potential for high impact in
the field. This special issue is intended to
highlight emerging engineers and scientists
who are internationally recognized for making
outstanding contributions to the energy
conversion and storage field.
In addition to an editorial presenting
profiles of the 13 contributing emerging
scientists and engineers, the issue
features two review articles: “Redox Flow
Batteries for Energy Storage: A Technology
Review” and “Mesoscale Physicochemical
Interactions in Lithium–Sulfur Batteries:
Progress and Perspective.” The issue also
includes 10 research papers, including
“An Interdisciplinary View of Interfaces:
Perspectives Regarding Emergent Phase
Formation,” “A Three-Dimensional
Agglomerate Model of an Anion Exchange
Membrane Fuel Cell,” “Innovating Safe
Lithium-Ion Batteries Through Basic to
Applied Research,” and “Blue Refrigeration:
Capacitive De-ionization for Brackish Water
Treatment.”
Visit the ASME Digital Collection at
asmedigitalcollection.asme.org to read the
editorial for the special issue. ME
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Algae being
researched as
bioplastic.
Image: Florent Gardin
AtelierLUMA

COMPOSTABLE PLASTICS
Your next table or chair could be 3-D printed from algae.

L

ife without petroleum-based plastic is unimaginable
even for the most environmentally conscious. A team
of designers is now developing environmentally
friendly bioplastics that can be used as a material to fabricate
products via 3-D printers.
Maartje Dros and Eric Klarenbeek—who run Studio Klarenbeek and Dros in The Netherlands—are creating bioplastics from algae. With the help of 3-D printers, these bioplastics could be converted into products such as lamp covers,
artwork, tables, or even chairs.
The research is being done at Atelier Luma studio’s Algae
Lab in Arles, France, which has an ambitious plan to turn the
raw materials into products. The lab wants to inject more
bioplastics into manufacturing via 3-D printing and is giving space for the artists to grow algae and experiment with
products.
Algae is already being researched as a promising raw material from which to generate bioplastics to replace synthetic
plastics. The overarching goal is to investigate different types
of biomaterials beyond algae as well as effective production
cycles to make more sustainable products.
“We want to replace plastic by fully biosourced materials
and show that everything that’s in plastic now—like cutlery,
bottles, packaging—could be 3-D printed with this biopolymer. We are currently doing research to develop the formulations, improve the technical specs of the material, and make
it fully suitable for 3-D printing,” said Johanna Weggelaar,

who is managing the project at Atelier Luma.
Klarenbeek has dabbled with using renewable biopolymers before. He worked with Krown Design to create “growit-yourself” products like lamp covers that naturally grew
into shape. The products in their raw form are ﬁrst molded
into shape by a 3-D-printer, and then left for about a week to
grow the product. The products were based on a renewable
biopolymer bound together by mycelium.
“Algae and seaweeds are of high potential, as they can be
cultivated locally, absorb CO2, and other harming components in both aquatic cultures and our atmosphere, leaving
behind oxygen and biomass, the material we’re interested
in,” Weggelaar said.
The lab harvests and dries the algae, mixes the powdery
bioplastic blend with other components, then extrudes it to
produce ﬁlament for 3-D printing. “The processing of the
algae before mixing it and the formulation depend on the
color, texture, aspect, and properties of the object we want to
produce,” Weggelaar said.
As a production technique, 3-D printing technology may
use more energy than traditional production methods, but
it also reduces waste and limits assembling operations by
producing the exact requested form. Also, 3-D printers are
widely available and customized nature means no mass production, less storage, and no long-distance transport. ME
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