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T
HE WORLD’S FIRST COMPUTER was designed 
and built more than 2,000 years before 
desktop PCs began occupying offices and 
living rooms around the world. It was called 
“The Antikythera Mechanism” by scientists, 

and its presence on a 2nd century B.C. shipwreck 
was so baffling that they immediately decided it was 
impossible. At a time when historians believed that 
gears—other than the Archimedes Screw—were 
not remotely a part of everyday life, the mechanical 
functions of the Antikythera Mechanism are nothing 
short of jaw-dropping.

THE ANTIKYTHERA 
MECHANISM: 
MEDIEVAL 747

PODCAST: OPTIMIZING DRUG DELIVERY METHODS

Dr. Katherine Ferrara, a distinguished 
professor of biomedical engineering 
at the University of California, Davis, 

discusses how in vivo imaging can enhance the 
optimization of nanodelivery methods.

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

NEXT MONTH ON ASME.ORG

A World Without Work
AUTOMATION, ROBOTS, AND NEURAL networks 
are already so good at doing what humans 
do that soon they may start destroying 
far more jobs than they create. So it’s 
time, says Rice University computational 
engineer Moshe Vardi, to face the possibil-
ity of a future with a great deal of human 
unemployment. 

Podcast: Preserving 
Organs for the Future
SEBASTIAN GIWA, the Chair-
man and CEO of the Organ 

Preservation Alliance, discusses the 
challenges and strategies related to organ 
preservation. 

Exploiting the Deep Ocean Current
A NEW HYDROKINETIC TURBINE inspired by 
Star Trek’s starship Enterprise is under 
development to generate electricity from 
deep ocean currents off the coast of Ja-
pan. Researchers at the Okinawa Institute 
of Science and Technology Graduate 
University proved the design’s viability by 
towing a modified wind turbine through 
ocean water.

IOT: FAR FROM STANDARD

Several consortiums have sprung 
up to push for their own versions 
of Internet of Things and Industrial 
Internet of Things standards.
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IT BEGAN WITH STEAM

ASME’s (NED) has its roots with 

the founding of ASME in 1880 by a 

group of prominent machine build-

ers and technical visionaries who felt 

the need to address the concerns and 

issues surrounding industrialization 

and mechanization. Boiler explosions 

at the time were a major concern, and 

one of the worst of the 20th century 

served to defi ne the society’s purpose and im-

pact on public life. 

Up until then, there were no legal codes for 

boilers in the United States, even though steam 

powered much of the country’s technology 

during late 19th  and early 20th centuries. That 

laissez-faire attitude changed following a boiler 

explosion at the Grover Shoe Factory in Brock-

ton, Mass., in 1905, which killed 58 people and 

injured 150. Shortly after the accident, Massa-

chusetts formed a Board of Boiler Rules to write 

new standards for the state. To further protect 

the public, ASME established a Boiler Code 

Committee in 1911, and published its Boiler and 

Pressure Vessel Code (BPVC), a 114-page book, 

four years later. Today, BPVC consists of 28 

books totalling more than 16,000 pages. 

ENTER NED AND THE NUCLEAR AGE

As nuclear power began to emerge as a viable 

source of energy, following the success of the 

Manhattan Project and the use of atomic bombs 

in 1945, ASME started creating committees to 

deal with the technology. Following President 

Dwight D. Eisenhower’s 1953 “Atoms for Peace” 

speech, part of a program to inform Americans 

about the risks and benefi ts of a nuclear future, 

ASME established the Subcommittee on Power 

Boilers, a task group that eventually became a 

special committee working with the U.S. Navy 

to develop codes and standards for the nuclear 

reactors used to produce steam power aboard 

some Navy vessels. That led to the formal 

establishment of ASME’s Nuclear Engineering 

Division in 1955 and its evolving focus on reactor 

systems, nuclear fusion, heat transport, nuclear 

ASME’S NUCLEAR ENGINEERING DIVISION 

CELEBRATES ITS 60TH ANNIVERSARY

The Nuclear Engineering Division (NED)  marks just one of many milestone in the group’s long history of promoting 

and ensuring safe and peaceful uses of atomic energy. Looking forward, the division will continue to foster 

collaboration among other technical disciplines and societies as it pushes ahead to help set the development, 

design, testing, operation, and maintenance standards of future nuclear applications. 

To understand the future, though, it makes sense to explore past development in nuclear power, NED’s involve-

ment in the industry, and the division’s efforts to spur the cooperation and 

coordination needed to achieve common goals, share meaningful information, and prepare the next generation 

of leaders in the field of nuclear engineering. 

ADMIRAL HYMAN 

RICKOVER

Admiral Hyman 

Rickover drove both 

nuclear and commer-

cial power initiatives, 

training dozens of en-

gineers and scientists 

in nuclear safety and 

operations best prac-

tices, many which are 

still followed today.
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FROM THE EDITOR

John G. Falcioni
Editor-in-Chief

AUTOMATION HELPS  
BREAK OLD STEREOTYPES
The April cover didn’t turn out quite as 

we intended. In fact, for some of you, 
it had a connotation quite the opposite 

from what we envisioned—that’s on us.
In hindsight, our headline should have 

read: “Robots at Work—Automation Helps 
Break Old Stereotypes.” That’s what we 
intended with our provocative cover.

Some readers, and even others who saw 
the cover but—by their admission—did not 
read the full story, wrote to me. Another 
1,000 signed a letter of complaint, which 
appears in our Letters to the Editor sec-
tion in this issue. One of those who signed 
the petition, Kim Allen, the chief executive 
officer of Engineers Canada, also wrote to 
me directly. He said, “As much as we try to 
avoid ‘judging a book by its cover,’ it does 
still happen, and I find it unfortunate that 
the cover image projects a gendered view 
of the engineering profession that distracts 
from the important message of the article.”

Unless you publish a New York City tab-
loid newspaper, no one in publishing likes to 
offend. That’s especially true in this instance 
since we regularly focus on women in engi-
neering. Because that’s so, it was good to 
see that the three doctoral candidates from 
Stanford University who started the petition 
protesting old stereotypes were able to 
galvanize so many influential technologists, 
students, and proponents to sign the letter.

The conversation over women and other 
underrepresented minorities in engineering 
is essential. So much so, that three years 
ago the magazine, in cooperation with the 
ASME Foundation, developed and hosted the 
first program in the ASME Decision Point 
Dialogues series. The program was called, 
“Will Engineers Be True Global Problem 
Solvers?” That discussion was an important 
Socratic dialogue among thought leaders, 
in part, on the need for more diversity in the 

profession. Our second program, “Critical 
Thinking, Critical Choices: What Really Mat-
ters in STEM,” was another deep-dive explo-
ration into the fundamental issues related 
to underrepresented groups in engineer-
ing. You can view both programs by visiting 
go.asme.org/dialogues.

Women and minority engineers contrib-
ute greatly to the fiber of the profession. 
One of our feature articles in this issue, for 
example, was coauthored by ASME Fellow 
Karen A. Thole. 

But it is important that the profession 
reaches a point where there is so much 
equal representation that there won't be a 
need to point out gender or ethnicity, only 
quality of the work.

Until then, we have to lead the conversa-
tion to ensure that every student, regardless 
of who they are, has the opportunities to 
pursue a fulfilling and successful engineer-
ing career.

ASME is a leader on many fronts. The 
most recent is working as part of the 50K 
Coalition, an alliance of the Society of 
Women Engineers, the National Society of 
Black Engineers, the Society of Hispanic 
Professional Engineers, and the American 
Indian Science and Engineering Society. 
The goal is to graduate 50,000 engineering 
students who are women and underrepre-
sented minorities by 2025.

Engineers of all races and genders are 
making technology breakthroughs and help-
ing to reshape the way we live and work. 
Associate Editor Alan Brown brought that 
point home in the April cover story on the 
implications of automation. The article is 
insightful and leading.

The expectations you, the reader, have of 
this magazine are high, but no higher than 
those which we have of ourselves. I invite 
you to continue this conversation with us. ME

FEEDBACK

Join the 
conversation on 
women and other
underrepresented 
groups in 
engineering.
Email me.

falcionij@asme.org
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More than 1,000 sign letter in objection to April cover

APRIL 2016

FEEDBACK  Send us your letters and com-
ments 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.

To the Editor: We are emailing to express our disappointment—and the disappointment 
of over 1,000 other STEM scholars, professionals, and advocates who have co-signed this 
letter—in Mechanical Engineering magazine’s April 2016 cover image. We are bringing our 
concerns to your attention in an effort to start a constructive conversation regarding the 
implicit messages conveyed through this kind of visual representation of women.

The cover image portrays robots with female anatomy, seated in front of antiquated 
typewriters. The title asks, “Where will automation take the job market?” It is clear that the 
image and caption are meant to evoke visions of the future—a time when robots will have 
displaced humans in job sectors taken for granted today. This cover, however, does not de-
pict realistic future technology, nor does it do justice to the role that women will play in the 
future job market. Rather, it displays multiple references to a 1950’s-era engineering office, 
where the only women present in most cases were secretaries, due to widespread exclusion 
of women from engineering schools and careers. This image is a stark reminder of a time 
when women, their skills, and their intelligence were marginalized. The image does not 
depict the future that we, as mechanical engineers, are dedicated to building. 

The ASME magazine is uniquely situated to intentionally set an inclusive tone for the 
mechanical engineering industry, and in so doing, inspire greater diversity within it. We hope 
that subsequent ASME publications aim to inspire the next generations of engineers with a 
more inclusive vision of the future.  

 
Alison Ferris, Katrina Wisdom, and Valerie Troutman are doctoral candidates in mechanical engineering  
at Stanford University.

Editor’s Note: This letter included the signatures of 1,067 students, engineers and other  
professionals from a range of universities and companies. Read this month’s related From the 
Editor column on p. 6.

To the Editor: I was a bit struck by the cover 
image of the April 2016 issue. The cover was 
not an immediate, but mild double take on 
my part.  At first glance I didn't think much 
of it. But looking back at it later, a second 
time, brought to mind the fact that engi-
neering is still a male dominated profession.  

I then found the cover strange and a bit 
eerie. I'm not sure what to make of it now or 
how I would explain it to a potential female 
candidate for a STEM program. It certainly 
wouldn't make a good recruiting poster.

Jerry Cabak, Santa Cruz, Calif.

To The Editor: The "Robots at Work" cover 
(April 2016) was insulting. Of all the ways 
that you could have illustrated that topic, 

you chose to go with a 1950s steno pool, 
complete with robotic typists that are clearly 
female? 

After all the work that ASME has done in 
recent years to promote diversity in engi-
neering, why would you do that? 

I understand that you are trying to jux-
tapose the past with the future, but this art 
just perpetuates a stereotype that is part 
of the reason we have so few women in the 
STEM fields. Those same robots could be 
welding and it would have made the same 
point (in a field that is related to engineering 
more than a steno pool). 

Better yet, why bring gender into it at all? 
Please do better next time.

Philip Winters, P.E., Lockport, Ill.

To the Editor: Alan Brown’s article (“Ro-
bots at Work”) raises important questions 
about the effects automation will have 
on the job market, and draws interesting 
historical parallels. However, as much as 
we try to avoid ‘judging a book by its cover,’ 
it does still happen, and I find it unfortunate 
that the accompanying cover image proj-
ects a gendered view of the engineering 
profession that distracts from the impor-
tant message of the article. 

By portraying robots with female 
anatomy as secretaries or typists, the cover 
image falls victim to a dated stereotype that 
detracts from the real progress made over 
the past decades. Women have worked hard 
to attain leadership roles within the engi-
neering profession, and the profession itself 
has become more diverse and inclusive. 

In 2014, 12.2 percent of professional 
engineers in Canada were women, and 
this percentage is steadily increasing. Of 
course, there is still work to be done to 
raise the participation of women—and 
other underrepresented groups—in our 
profession, but steady progress is being 
made. Engineers Canada, engineering 
regulators, universities and colleges, and 
other stakeholders are actively instituting 
strategies and programs to increase the 
number of women in engineering. 

I believe this is an important opportunity 
to discuss not only the role of automation 
in the job market, but also the efforts being 
made to make the engineering profes-
sion more diverse. Because these too will 
impact the future of the profession.

Kim Allen, P.E., Ottawa
Allen is chief executive officer, Engineers 
Canada.
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TECH BUZZ

NEW KIT LETS CHILDREN LEARN 
FUNDAMENTAL ENGINEERING 
PRINCIPLES WHILE BUILDING
MOBILE ROBOTS THAT
RESPOND TO HAND SIGNALS

K
arthik Ramani is used to students 
from his toy design course barging 
into his office at Purdue University 

to trumpet cool new products they’ve 
created. But this one was more excited 
than most. 

“Prof! Prof! You have to see this!” 
Across the hall, a 13-year-old girl wore 

a wireless glove and used hand ges-
tures to control a mobile robot, Ramani 
recalled. The girl had built it in about 
an hour, using the four 
modules and two sets 
of wheels included 
in a new robotics 

kit called Ziro that Ramani’s team had 
developed. She then customized it with 
everyday objects, such as cardboard and 
spoons. 

For the last 30 minutes, the girl, a 
subject in a user study Ramani’s student 
was overseeing, had been playing intently 
with her new toy, smiling the entire time. 
It was a scenario the Ziro team had 
dreamed of.

“I saw the gleam in her eye and that 
she was fully engrossed while she was 
playing,” said Ramani, a professor of me-
chanical engineering, director of Purdue’s 
C Design Lab, and founder of the school’s 
ME444 Toy Design course. “That’s when I 
realized we had hit upon something big.” 

Others agree. When Ziro debuted at 
the Consumer Electronics Show early 
this year, the toy got plenty of press for 

CRAFTY ROBOTS 
TEACH 
KIDS 
DESIGN

Ziro’s motorized modules connect with Velcro-covered 
fasteners included in the kit. 



 NEW STEEL BREAKS 
RECORDS
IT WASN’T THE BLAST OF THE 36 MM PROJECTILE fired from the naval 
cannon that floored Veronica Eliasson. It was the results 
from the test she was conducting on a new type of steel.

Eliasson’s team had fired a copper “plate” (the equivalent of a shell’s bullet) at a 
nickel-thick sheet of the new steel, called SAM2X5-630. Just before the plate’s 
impact obliterated the sample, probes attached to the sheet measured the ma-

terial’s elastic limit—the largest impact a material can withstand without permanently 
deforming.

The new steel’s elastic limit was 11.8 gigapascals—more than double that of tung-
sten carbide, the high-strength ceramic used in military armor, and 100 times greater 
than stainless steel, the researchers wrote in April in Nature Scientific Reports. That 
made SAM2X5-630 the most elastic form of steel ever developed.

“I almost fell off the chair when I 
saw the results,” said the University of 
Southern California associate professor 
of mechanical engineering, who led the 
testing efforts. “No one was certain this 
was possible.” The new steel could even-
tually be used in a wide range of high-
impact applications, such as body armor, 
meteor-resistant castings for satellites, 
and bits for deep-earth drilling. 

Olivia Graeve, a professor of mechani-
cal and aerospace engineering at the 
University of California, San Diego, who 
led the research, attributes the recent 
breakthrough to her team’s improve-
ments in spark plasma sintering (SPS), 
a technique that uses electric current 
to quickly turn metallic powders into a 
noncrystalline form of steel called amorphous steel (also called metallic glass). Most 
metals are crystalline in their solid state, which makes them somewhat brittle. SPS 
restructures the atoms of the metal into a less ordered form, which makes the metal 
less brittle yet more elastic than most ordinary metals. 

To make the new steel, called SAM2X5-630, the researchers combined iron, chro-
mium, magnesium, molybdenum, boron, carbon, tungsten, and silicon powders in a 
graphite mold, pressurized those powders to 100 megapascals and ran a current of 
10,000 amperes at 630 °C. This created tiny crystalline regions with bits of structure, 
which gives the metal its elasticity and ability to withstand stress. Some industrial sin-
tering methods can take hours, but the team’s modified SPS took just three minutes—
so fast you don’t allow the material to convert from amorphous to crystal, Graeve said. 

The team will continue to investigate the metal’s properties, and they and the 
Defense Threat Reduction Agency, which funded the work, hope to use it to develop 
stronger body armor and other types of protective shielding. ME
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Transmission electron microscopy image show-
ing different levels of crystallinity embedded in 
the amorphous matrix of the alloy. 
Image: USC

its innovative design and open platform, 
which encourages both girls and boys 
to quickly assemble the foundation of a 
mobile robot and build upon it using their 
imaginations. 

ZeroUI, a company Ramani helped 
found that focuses on developing ad-
vanced user interfaces, launched Ziro 
(www.ziro.io) on Indiegogo.com in April 
(about $199 for the full kit; $149 for a 
starter kit), before shipping it to stores in 
time for the holiday shopping season.

To transmit the user’s hand signals, 
Ziro’s glove uses a microcontroller; flex 
sensors on the thumb, index and middle 
fingers to detect bending; and a combina-
tion accelerometer and gyro. The glove 
transmits a radio signal to each Ziro 
module, where an RF module reads the 
signal, a microcontroller interprets it, and 
smart motors translate those commands 
into movement. 

Unlike popular robotic toys such as 
Lego Mindstorms, Vex Robotics, and EZ-
Robot, which usually include many pre-cut 
pieces, Ziro encourages kids to find, cut, 
shape, and attach their own materials 
to the platform. These “crafting” type of 
activities appeal strongly to children, and 
they force the builder to fix and alter the 
design until it works. In the process, the 
young roboticists learn engineering prin-
ciples and design factors such as friction, 
structure stability, material functionality, 
and dynamics—in a fun and painless way.

“If you give kids something to build, 
they’ll make the extra effort to make it 
work,” Ramani said. “If you can get that 
type of engagement, then learning will 
happen.” ME

JEFF O’HEIR
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3-D PRINTED  
MATERIAL  
SAVES ENERGY
P urdue University in West Lafay-

ette, Ind., and General Motors 
are collaborating in the develop-

ment of a new type of energy-absorbing 
material that will provide better impact 
protection from various forces. The new 
material, which the research team is 
calling phase-transforming cellular 
materials, or PXCMs, can be scaled to 
almost any size and 3-D printed.

PXCMs may prove to be a less ex-
pensive alternative for a broad range of 
applications from football helmets to 
building materials that could be used to 
lessen the destructive impact of natural 
disasters.

The work is being conducted by the re-
search group of Pablo Zavattieri, associ-
ate professor in Purdue’s Lyles School of 
Civil Engineering and a University Faculty 
Scholar at Purdue; a postdoc in his lab, 
David Restrepo; and Nilesh D. Mankame 
from the Smart Materials & Structures 
Group at GM’s Global Research and De-
velopment Center in Warren, Mich. 

Zavattieri spent eight years at GM 
working on other “smart” materials as a 
staff researcher prior to joining Purdue in 
2009. “I have been working with GM since 
2010. This is a natural continuation of 
that work,” Zavattieri said.

He views the collaboration as a way to 
assure that the work is relevant to indus-
try needs, according to Purdue’s applica-
tion for a National Science Foundation 
grant, which it was awarded in 2015.

Earlier, Boeing’s HRL Laboratories an-
nounced the development of the “world’s 
lightest metal,” a 3-D-printed microlat-
tice material that also has high shock 
absorption properties. 

The work at Purdue and GM goes a 

step further in creating the scalable 
material with a honeycomb-like cellular 
design. The structure can have two stable 
positions and can remain in either posi-
tion indefinitely, Zavattieri said.

The team reported the latest develop-
ments in Extreme Mechanics Letters in 
September 2015, stating that they had 
introduced a new class of cellular materi-
als. The material, which can be made 
of metal or polymer or essentially any 
material that behaves elastically, is also 
reusable. That's because after absorbing 
energy it is not damaged and can be re-
set to its original configuration, according 
to Zavattieri.

More importantly, Restrepo said, 
“PXCMs can perform similarly to com-
mercial metallic cellular structures used 
for energy dissipation without relying on 
plastic deformation.”

Despite the breakthroughs in the early 
research stage, the project is considered 
to be in the proof-of-concept phase. “We 
are still facing many challenges,” Zavat-
tieri said. “The biggest challenge is un-
derstanding the design and mechanics of 
this material in order to be able to explain 
the phenomenon. We are spending a lot 
of time understanding the physics and 
how to model the material and trying to 
extend these concepts to other materials. 
We are learning something new about 
this material every day.”

Among the near-term objectives are 
developing more models and designing 
other materials that can be activated in 
3-D, he said.

In an article on the Purdue web-
site, Mankame noted, “Many emerging 
materials like aluminum, magnesium, 
and fiber-reinforced composites that 

play an increasingly important role in the 
transportation, defense and construc-
tion industries suffer from low intrinsic 
energy dissipation. The energy absorption 
capability of structures that are made of 
such base materials can be increased by 
incorporating PXCMs into the structures. 
[This] makes it possible for engineers to 
integrate energy absorption as a sec-
ondary function into structures that are 
already in use.”

 “We are very close into looking into 
specific applications,” Zavattieri said, 
adding that one consideration will be 
from what industry funding will come.

The team also needs to complete 
feasibility studies to determine the 
combination of materials and geometries 
needed for each application. “We are also 
thinking about protecting system parts. 
If we want to protect something, then 
what are the properties we want from this 
material,” he said. ME

NANCY S. GIGES is an independent writer.

Compression testing the honeycomb 
architecture of phase transforming cellular 
materials. Image: Purdue University
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DISCOVER BETTER DESIGNS. FASTER.

New technologies in the development sector can often solve 
big problems. Whether it is a latrine that is able to produce 
manure or a new household water treatment solution, 

technology can be at the forefront of improving lives. 
Without the institutional capacity to support, maintain, and man-

age these technologies, however, big problems can grow in size 
and complexity. For instance, a latrine needs to be regularly ser-
viced and maintained, and community members need to know how 
to use it. Similarly, a household water treatment system needs to 
be understood and continually used to have impact, and communi-
ties need to be motivated and supported to continue using it.

This supporting environment and institutional capacity is espe-
cially important when discussing rural water supply. 

Local governments and community-level committees are sup-
posed to carefully coordinate and manage development initiatives. 
They can’t just react haphazardly to new pieces of infrastructure 
or technology that find their way into their jurisdiction. When 
introducing new technology, it’s important to consider how it will 

interact with the systems around it.
For example, can the new water system be maintained? Spare 

parts supply chains play a critical role in ensuring lasting services, 
because eventually everything will break. One classic icon of poor 
maintenance is the water pump that no longer functions due to the 
lack of spare parts. A latrine may need small structural repairs to 
the roof after a particularly windy season, or a solar panel might 
need a new connecting wire after getting caught in the mouth of a 
roaming dog. 

But it isn’t just spare parts. The knowledge base for a new 
technology is less established than for mature technologies, which 
means maintenance services can be difficult to access when they 
are needed. Training private sector maintenance and repair ser-
vice providers is a crucial aspect of ensuring lasting services.

Managing the introduction of a new water service can be tricky. 
New technologies often take time to scale up, if they ever do. In the 
interim, there could be inconsistency in the type or quality of ser-
vices available to people in a particular region. That inconsistency 

A supporting environment is critically important in global development work.
MORE THAN A BOREHOLE
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creates challenges not only for management and local govern-
ment, but it can also strain relationships between neighbors who 
might benefit differently from this work. 

A new water point technology serves as a good example. Neigh-
boring villages might need different methods to manage their 
water point, such as  fundraising, preventative maintenance, and 
interaction with mechanics and government. There might even be 
jealousy between communities, which can degrade the social fab-
ric and demotivate the communities not benefiting from this new 
technology. It can also hurt previous development successes.

Although technologies on their own can have great impact, it 
is the suite of services associated with those technologies that 
ensures enduring change. That supporting environment includes a 
strong government presence and management structure, as well 
as involvement and ownership from community- level beneficiaries. 

The support also requires a commitment by nongovernmental 
organizations and development partners to not just drop a new 
piece of equipment and leave, but to build the supporting environ-
ment—the supply chain, the knowledge base, and the manage-
ment expertise—as a strong component of the entire initiative.

GENEVIEVE HUGHES works for Engineers Without Borders Canada in Malawi, tackling 

governance issues in the water sector. She is currently facilitating the transition strategy 

of a WaterAid Malawi project in the district of Salima.
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BIG NUMBER

Vehicle Miles
IN THE AFTERMATH OF the reces-

sion that started in December 2007, 

Americans took to the road less and 

less. The U.S. Federal Highway Admin-

istration keeps track of vehicle miles 

traveled, and from November 2007 to 

November 2011, the 12-month moving 

average in VMT dropped by more 

than 3 percent, after nearly doubling 

over the previous 25 years. Since the 

start of 2013, however, vehicle miles 

traveled have been increasing rapidly 

and by January 2016, the 12-month 

average was 3,135,473 million miles, 

a new record.  With low gasoline 

prices and a steady economy there is 

every expectation that a new monthly 

VMT record also will be set this sum-

mer, eclipsing the July 2015 total of 

281,851 million miles.



FORWARD TO THE PAST
ON HOVERBOARDS
Two-wheeled motorized skateboards were all the rage 
last Christmas. But the idea is more than a century old.

My kids didn't get the hoverboard 
they wanted last Christmas, which 
is probably a good thing. Some 

boards have reportedly caught fire, while 
others, it turns out, are fighting patent 
disputes.

The idea of motorized skates and 
skateboards is pretty old, and looking at 
the relevant patents reveals the progres-
sion of the concept. For example, U.S. 
Patent No. 823,385 (1906) shows skates 
with a gas engine driving each set of 
wheels. U.S. Patent No. 1,672,700 (1926) 
describes a similar idea, but it uses an 
electric motor powered by a 
battery strapped to the rider. 
U.S. Patent No. 3,437,161 (1967) 
shows a skateboard with an 
engine driving the rear wheels, 
while U.S. Patent No. 5,020,621 
(1991) is for a skateboard with an 
electric motor.  

U.S. Patent No. 7,138,774 (2006) shows 
a more intelligent motorized skateboard, 
with front and rear strain gauge load 
sensors on the board sending signals to a 
CPU to control the motor. When the user 
shifts her weight to the rear, the motor 
is reversed to drive the skateboard back-
wards. If the load sensors don't detect a 
weight, the motor automatically shuts off.

Of course, those boards do not really 
“hover.” But Arx Pax, LLC of Saratoga, 
Calif., invented a hoverboard that uses 

magnetic forces to do just that. Accord-
ing to U.S. Patent No. 9,126,487 (2015), 
“In one embodiment, the hover engines 
each include an electric motor which is 

configured to rotate 
an array of magnets. 
The rotating array of 
magnets is config-
ured to induce eddy 
currents in a conduc-
tive substrate. The 
induced eddy currents 
generate a magnetic 
field which repels the 
magnets in the hover 
engine which causes 
the hoverboard to 
hover in the air." 

Unfortunately, that 
board only lifts its 
rider over the conduc-
tive substrate. U.S. 
Patent No. 7,210,549 

(2007) described a more mobile board 
that is levitated by air pressure, much 
like a hovercraft.

The latest generation of “hover” boards 
have one or more motorized wheels and 
are gyroscopically controlled. U.S. Patent 
No. 7,424,927 (2008) is for a single wheel 
version with a digital tilt detector and a 
controller; the drive motor responds to 
the output of the tilt detector. A similar 
version with an analog tilt detector, which 
uses a resistor winding and a sliding con-

tact function to increase the motor speed 
as the rider leans forward, is shown in 
U.S. Patent No. 4,109,741 (1978).

Future Motions, Inc.’s U.S. Patent No. 
9,101,817 for its “One Wheel” gyroscopi-
cally controlled hoverboard was used in 
an enforcement action against a Chinese 
competitor at the CES Trade Show in Las 
Vegas, with U.S. Marshalls raiding the 
competitor’s booth. 

The “Hovertrax” is a popular two 
wheeled version covered by U.S. Pat-
ent No. 8,738,278 (2014). Recently, the 
manufacturer of the Segway has sued 
the manufacturer of this hoverboard (and 
others). Let the hoverboard patent wars 
begin!  ME

KIRK TESKA is the author of Patent Project Manage-

ment and Patent Savvy for Managers, is an adjunct law 

professor at Suffolk University Law School, and is the 

managing partner of Iandiorio Teska & Coleman, LLP, 

an intellectual property law firm in Waltham, Mass. 

ONE PATENT DESCRIBED LIFTING A HOVERBOARD VIA 
MAGNETIC FORCES. UNFORTUNATELY, THAT BOARD ONLY 
LIFTS ITS RIDER OVER A CONDUCTIVE SUBSTRATE. 

TECH BUZZ || PATENT WATCH BY KIRK TESKA

Battery-powered skates in fig. 1 
of U.S. Patent No. 1,672,700.

RIDE ON
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New Tanks Could Propel 
Natural-Gas Vehicles
Natural gas is cheap and plentiful, and burning it gener-

ates less smog and carbon dioxide than gasoline. Yet only 
150,000 of the 240 million vehicles on U.S. roads use it as 

fuel, in part because it’s costly to pressurize gas and mount the 
bulky pressure cylinders on vehicles. A new conformable, low-
pressure natural gas tank could help.

The tank can fit under a car or in the bed of a pickup truck, 
and it stores 30 percent more fuel per unit volume than standard 
compressed natural gas cylinders.

The new tank, developed by United Technologies Research 
Center (UTRC) of East Hartford, Conn., and Adsorbed Natural Gas 
Products, of Chester, N.J., addresses several stubborn technical 
problems that have bedeviled natural gas-powered vehicles. To-
day, users compress natural gas to 3,600 PSI and store it in bulky 
cylindrical metal tanks. Cylindrical tanks are great at handling the 
pressure, but leave too little room in a car trunk or a pickup bed to 
transport golf clubs, suitcases, or other large items. 

In the first phase of the work, UTRC engineers spent several 
years developing conformable tanks for compressed natural gas 
made of aluminum or high-strength steel. The tanks resemble 
an inflated air mattress. They’re also modular: They can be built 
to different widths using different numbers of cylindrical interior 
sections, and they can be stacked to increase capacity. This 
design flexibility should help car and light truck makers fit them 
more easily into vehicles. 

UTRC then partnered with ANGP and switched to building ad-
sorbed natural gas tanks. ANGP manufactured the tanks around 
large hockey-puck-shaped monoliths of activated charcoal with 
an intricate sponge-like interior. That interior gives the charcoal a 
huge surface area—half an acre per gram of charcoal—that binds 
methane, releasing it as needed. The tanks store gas at less than 
1,000 PSI, allowing vehicle owners to use less expensive pumps.

The companies installed the new tank in the bed of a Ford 
F-150 pickup, and drove it more than 40,000 miles. The tank 

currently holds the equivalent of 5.5 gallons of 
gasoline, giving the vehicle a range of about 

90 miles, but the companies will stack 
two of the tanks to double the range 

before technology  hits the market 
in 2017. “This technology will 

open up the entire light-
duty vehicle market,” 

said Bob Bonelli, 
ANGP’s CEO. ME

The new tank 
fits snugly in 
a Ford F-150 
pickup bed.



TECH BUZZ || ONE-ON-ONE BY MICHAEL ABRAMS

ME: I think the first thing anyone is going to want to 

know is: Do you ever get to drive it?

E.M: Whenever we are running the vehicle, we have 
a professional driver. The only time that the students 
actually get in is when it’s not powered on—so when-
ever we’re pushing it around by hand is basically the 
only time we get to drive it. 

ME: You don’t find that frustrating?

E.M: Initially, whenever you see it, it’s like “I wish I 
could drive it.” But the opportunities we have com-
pared to any other student project—it’s pretty incred-
ible. We get to work with some of the best profes-
sionals in the field every single day, asking questions, 
trying to pick their brains on how to do things. We 
get to travel with the vehicle, we get to race it in the 
Bonneville Salt Flats, we go to trade shows—even got 
to meet the president.

ME: Growing up, were you constantly under the hood 

of the family car, or maybe a speed freak?

E.M: I loved cars from a young age. My parents are 
both science teachers, so it kinda made sense that 
I would fall into a science field. I always had the 
inquisitive mind, and I enjoyed math, physics, and sci-
ence, all through my education. But my parents didn’t 
want me to work on their cars or to tinker with things 
that were already working.

ME: So how did you wind up tinkering on the world’s 

fastest eclectic car?

E.M: My advisor pointed out that OSU had an electric 
land speed car and I was blown away. Why would Ohio 
State have an electric land speed car? She contacted 
the guys that were in charge. I sat down with them 
and they said, “What do you want to get out of it and 
what are you willing to participate in?” I said, “I’ll do 
anything from help you assemble whatever system to 
sweeping the floor.” Within two weeks of being here, I 
was working on the on the Buckeye Bullet, and I knew 
exactly what I wanted to do. I wanted to be a mechani-
cal engineer and I wanted to be working on this car.  

ME: Do you drive an electric car? 

E.M: Seeing how I’m a poor college student, there’s 
not much vehicle purchasing going on. But obvi-
ously there’s a lot of interest in that area. A lot of the 
students do enjoy having—or would enjoy having—a 
vehicle of that form. But at this point, most of us can’t 
afford it.

ME: How bad did it hurt to miss 400 mph in August?

E.M: We have one time a year that we have a shot, 

and we have to step back and say, “These are the cards that we were 
dealt, let’s deal with them and see what we can do to further improve 
the vehicle.” Even though we went less than 300 mph—and the vehicle 
definitely had more power than that—we were able to look back and re-
ally understand how the systems are working together. It’s sad at times, 
but it’s always a step forward for us to run the vehicle.

ME: Is it hard to stay motivated on such a specific single event?

E.M: The number of hours we put into the vehicle compared to the 
number of hours it actually runs is a ridiculous ratio. But when you see 
that vehicle disappear on the horizon, it’s the most satisfying feeling that 
you’ll ever have. It reenergizes us, it’s what causes everyone to be bitten 
by the bug of land speed racing and further commit to this vehicle. ME 

MICHAEL ABRAMS is a writer based in New York.

Q&A 
EVAN MALEY
THE 3, 000-HORSEPOWER Venturi Buckeye Bullet can 
hit 307 mph on batteries alone—a fact that can blow the 
combustion-centric mind. What’s equally mind-blowing 
is that the fastest electic car on the planet is built en-
tirely by students. Evan Maley, the student team leader 
of the Buckeye Bullet 3, has dedicated a huge portion of 
his life to the ultimate goal of breaking 400 mph. Last 
August the team aimed for that mark, but the Bonn-
eville Salt Flats were too muddy and bumpy. The BB3 
did hit a new average two-way speed of over 240 mph, 
however, and re-revved student passions to make the 
car faster to boot.
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K atherine Ong, a doctoral student 
at Massachusetts Institute of 
Technology in Cambridge, wanted 

to find a way to marry fuel cells, which 
is a clean way of generating electricity, 
with coal—the dirtiest fuel we have. Ong 
believes she’s found it, using a technique 
that has been long dismissed by other 
researchers for being unworkable. 

To make solid coal usable in a fuel cell, 
which requires liquid or gaseous fuel, 
the coal must first be decomposed in a 
process called gasification. Most research-
ers use carbon dioxide to heat the coal 
to create carbon monoxide to send to the 
fuel cell. In the laboratory, Ong explained, 
CO2 is much easier to work with than 
something like steam, which reacts with 
impurities in the coal to produce “nasty 
contaminants” such as hydrogen sulfide 
that can degrade fuel cell performance.

But Ong and her advisor, MIT me-
chanical engineering professor Ahmed 
Ghoniem, were willing to get their hands 
dirty. When steam reacts with carbon, it 
generates both carbon monoxide and hy-
drogen gas, which reacts more quickly in 
the fuel cell, thus producing higher power 
density. Ong figured the extra power might 
be worth the complications from dealing 
with impurities in the coal. 

Ong and Ghoniem performed computer 
simulations of a system that uses steam 
to gasify coal to produce hydrogen and 
carbon monoxide for a solid oxide fuel cell. 
Steam produced two to three times more 
power output—and reached much larger 
current densities and efficiencies—than a 
system heated by CO2.

At maximum power, the simulated 
steam-heated system had an efficiency of 
up to 60 percent—double the 30 percent 

efficiency of conventional coal-burning 
power plants, the team reported. That 
means that such a system would emit half 
the carbon dioxide per MWh of a thermal 
coal plant, while producing an uncontami-
nated CO2 stream that’s ready for seques-
tration.

 “This is important because we need 
some type of solution that uses fossil fuels 
more efficiently, especially if we continue 
using fossil fuels at the rate we’re using 
them now,” Ong said. The system is prob-
ably too expensive retrofit to existing coal-
burning plants for the energy industry to 
adopt any time soon, she added. 

“With fuel cells being so expensive we 
don’t see a market in the near future,” said 
Ronald Stanis, a senior engineer at Gas 
Technology Institute in Des Plaines, Ill., 
who has conducted similar research on 
fuel cell efficiency. “Work like this, though, 
proves the technology, sets up ideas, and 
motivates people to make breakthroughs 
that are viable in the future.” ME

STEAM-CLEANING COAL
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MEMS FOR MDs
A row of 3-D printed microscopic electrospray emitters can create MEMS  
sensors at room temperature in only a few hours.
Photo: Anthony Taylor and Luis F Velásquez-García.

THE DEMAND FOR MICROELECTROMECHANICAL 
sensors, or MEMS, has never been greater, espe-
cially for real-time health monitoring. But meet-
ing that demand has been stymied by cost: It 
takes tens of millions of dollars to build a semi-
conductor facility to fabricate MEMS devices. 
Researchers at one lab have found ways to slash 
the cost of MEMS sensors by building them out 
of inexpensive materials such as aluminum foil, 
sticky notes, and sponges. Engineers at another 
are using additive manufacturing technology to 
eliminate the high cost of fabrication facilities. 

THE LAB  Microsystems Technologies Laboratories, Massachusetts 
Institute of Technology, Cambridge; Luis Fernando Velásquez-García, 
principal research scientist.

OBJECTIVE  Advancement of MEMS, electronic and photonic devices, 
and molecular and nanotechnology for a variety of applications. 

DEVELOPMENT  An inexpensive MEMS gas sensor built by electro-
spray ionization, an additive manufacturing process.

LOW-COST GAS SENSOR

The Microsystems Technologies Laboratories at MIT 
have developed a way to manufacture a MEMS gas 
sensor that performs at least as well as commercial 

sensors built in conventional production facilities, but at 
one-hundredth the cost, according to the lab’s principal 
research scientist, Luis Fernando Velásquez-García. 

The lab makes the sensor by an additive manufactur-
ing process called electrospray ionization, which uses 
a dense array of microscopic emitters to spray a thin 
layer of graphene oxide onto silicon. In a recent advance, 
Velásquez-García’s team has shown it can make that array 
from plastic, using a 3-D printer. That slashes costs and 
speeds device production, while sidestepping many of the 
requirements that make semiconductor MEMS manufac-
ture expensive, Velásquez-García said. 
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THE LAB: Integrated Nanotechnology Lab, King Abdullah University of Sci-
ence and Technology, Thuwal, Saudi Arabia; Muhammad Mustafa Hussain, 
principal investigator. 

THE OBJECTIVE: Rational design of devices for use in disruptive applica-
tions to improve health and sustainability.

THE DEVELOPMENT: Low-cost sensors made from common household 
materials like paper, aluminum foil, sticky notes, sponge, and tape. 

Made from aluminum foil, tape, and other common materials, Paper 
Skin sensors integrate multiple sensing functions.
Photo: KAUST

PAPER SENSOR

 “The additive manufacturing we’re doing is based on low 
temperature and no vacuum,” Velásquez-García said. “The 
highest temperature we’ve used is probably 60 °C. For a chip, 
you’d probably need to grow oxide, which grows at around 
1,000 °C. And in many cases, the reactors require these high 
vacuums to prevent contamination.” 

Only high volume products, like the accelerometers used 
in smartphones and game controllers, can justify the capital 
investment needed to build a high temperature system that 
grows oxides under high vacuum. On-demand electrospray 
ionization eliminates the massive investment, making it 
economical to make innovative MEMS for research and low 
volume production. 

The system produces finished MEMS in a matter of hours, 
Velásquez-García said. 

To create the sensors, Velásquez-García and Anthony Tay-

lor, a visiting researcher from the British company Edwards 
Vacuum, started with a fluid containing tiny flakes of graphene 
oxide, an atomically thin form of carbon with useful electrical 
properties. An electrostatic field accelerated the conductive 
fluid through an emitter, spraying a prescribed pattern of 
nanoscale particles over a silicon substrate. 

The fluid evaporated quickly, leaving behind a coating of 
graphene oxide flakes only a few tens of nanometers deep. 
This coating is so thin, its electrical resistance changes when 
it interacts with gas molecules, making it useful for sensing, 
Velásquez-García said. 

Electrospray ionization also has the potential to create 
biosensors, Velásquez-García added.

“It allows us to deposit materials that would not be compat-
ible with high-temperature semiconductor manufacturing, 
like biological molecules,” he said. ME

A sensor made from inexpensive office supplies detects 
multiple stimuli as well as more “sophisticated” artificial 
skin applications now in development, said Muham-

mad Mustafa Hussain, principal investigator at King Abdullah 
University of Science and Technology’s Integrated Nanotechnol-
ogy Lab. 

Hussain’s team demonstrated a single, integrated platform 
that simultaneously detects pressure, temperature, acidity, 
proximity, and humidity in real time. This makes the technology 
a low-cost contender for use in wearable and flexible electron-
ics to track individual heath, monitor patient vital signs, or 
enable touch-free computer interfaces.

“Previous efforts in this direction used sophisticated materi-
als or processes,” Hussain said. “We show a scalable garage 
fabrication approach using off-the-shelf and inexpensive 
household elements.”

The researchers combined those elements into a paper-

based platform, called the Paper Skin, which they used to de-
tect variations in electrical conductivity that signaled changes 
in external stimuli, Hussain said.

Paper Skin used sticky notes to detect humidity, sponges 
and wipes to detect pressure, and aluminum foil to detect mo-
tion. When researchers wrote on the sticky note with a pencil, 
for example, the device measured the graphite’s acidity levels 
while the aluminum foil, coated with conductive silver ink, 
determined temperature differences. 

Paper Skin has some interesting quirks. Humidity, for 
example, increased the platform’s capability to store an 
electrical charge, while moving a finger closer to the system 
disturbed its electromagnetic field and reduced its capability 
to store an electrical charge. Exposing the sensor to an acidic 
solution increased its electrical resistance, while exposing it 
to an alkaline solution decreased it. 

Paper Skin is unlikely to reach the market soon, Hus-
sain said. For one thing, he must integrate the sensor with 
a wireless system to communicate data. Researchers must 
also determine how long the sensor will last and how well it 
performs under severe bending conditions.  ME

JEAN THILMANY is a writer in St. Paul, Minn., who covers design and engineering.



MIT researchers recently unveiled a 
refrigerator-sized device that could do 
for drugs what 3-D printing did for parts: 
create a “pharmacy on demand” that can 
produce a variety of drugs as needed. 

The system could be used in field hos-
pitals during battles and during national 
emergencies. 

“There are shortages of drugs all the 
time,” said Allan Meyerson, Professor of 

the Practice of Chemical Engineering at 
MIT, who worked on the process. 

During the 2014 flu pandemic, for ex-
ample, the nation ran short of Tamiflu, an 
antiviral medicine. Pharmaceutical com-
panies could not respond quickly because 
they make products in batches, synthesiz-
ing active ingredients in one plant, adding 
stabilizers in another, and packaging in a 
third. This takes from weeks to months, 
too slow to keep up with many epidemics.

To speed things up, the researchers 
turned to flow processing, which process-
es chemicals continuously as they move 
through the system. 

The prototype has two modules. The 
first synthesizes intermediates and 
chemicals in two small reactors. Their 
small size, ranging from 5 to 30 milliliters, 
speeds up production. “There are a lot of 
reactions you can’t do quickly in a large 
batch reactor because they generate too 
much heat and you can’t cool them down 
fast enough,” Meyerson said. 

Small reactors, he explained, have less 
volume and generate less heat. Working 
with mechanical engineers, the scientists 
maximized the surface area of the reac-
tors to remove heat rapidly. This enabled 
them to use heat-generating reactions 
that synthesize chemicals faster.

The second module of the prototype 
purifies the drug by crystallizing interme-
diates, filtering impurities, and removing 
solvent. It then dissolves or suspends the 
purified drug in water to produce a f inal 
dose. 

“The hardest challenges we faced 
were never individual steps, but getting 

TECH BUZZ
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For 40 years, global carbon emissions 
increased whenever the world’s 
economy grew. But over the last two 

years, as the economy expanded, a new 
trend has emerged: Carbon dioxide emis-
sions have actually remained flat. 

The new data, released in March by the 
International Energy Agency, offers a sliver 
of hope for healthy economic growth that 
doesn’t endanger Earth’s climate. 

The news was “surprising but welcome,” 
IEA executive director Fatih Birol said in a 
statement. “This is yet another boost to the 
global fight against climate change.”

In the past, an expanding economy meant 
more and bigger coal- and gas-fired power 
plants, as well as more oil burned to trans-
port people and goods around the world. 
Global carbon emissions fell slightly a few 
times, but only during major recessions.

But in 2015 renewables accounted for 
more than 90 percent of the new electric 
generation capacity globally. China has 
ramped up wind and solar power and is 
burning proportionally less coal, and the 
United States has ramped up natural gas, 
which produces half the carbon dioxide of 
coal when it’s burned.

Despite the good news, the world emit-
ted 32 billion tons of carbon dioxide into the 
atmosphere last year—twice the emissions 
of 1975, and still dangerously high. ME

Economy Grows,  
but NOT Emissions

everything to work together,” Meyerson 
said. “Nothing was off the shelf. We had to 
design and build every part.”.

It takes only 12 hours for MIT’s phar-
macy on demand to reach full capac-
ity—1,000 liquid doses per day. The 
existing unit can make four different drugs 
with simple but unrelated chemistries. In 
their next phase of DARPA-funded devel-
opment, the researchers plan to expand 
the unit to make a broader range of drugs 
and produce them in tablet form.

Ultimately, Meyerson envisions small 
units located around the nation, able to 
respond immediately to emergencies and 
shortages. “This is a way to get drugs 
where they are needed most,” he said. ME

“There’s so much change going on in the energy 
sector now, we need to have an energy bill every 
year. The speed of the transition in energy now is 
like telecom in the ’90s.”

— U.S. Senator Maria Cantwell of Washington, quoted in the New York Times  
on April 21, 2016, about the passage of a comprehensive energy bill  

in the Senate. The bill would promote energy export, improve building  
efficiency, and require upgrades to the electrical grid. 
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Reliable information about Soviet 
industry was uncommon when this 
article was published in June 1956.

ASME chose a three-person team to visit the Soviet 
Union for two weeks to study industry. One of the team 
members refl ected on what he saw in Soviet factories.

By W. H. Brandt, Westinghouse Electric Corp.

OBSERVATIONS 
ON MATERIALS 
HANDLING 
IN THE U.S.S.R.

I t was felt that in most Soviet plants productivity per man-hour is probably 
less than half that in a corresponding American plant. In the case of the 
Gorki Plant, a rough estimate may be made of productivity in terms of the 

length of time a man must work in order to pay for the plant product. A Pobyetta 
costs 20,000 rubles, or $5,000. It would cost the average Russian worker about 
20 months’ salary to buy one. The average American worker can probably buy a 
$2,000 automobile for about 6 months’ salary. The ratio is roughly 3:1, taking no 
account of the fact that the American automobile is larger and better in nearly 
all respects.

In those sections of the factory where parts are being manufactured, house-
keeping is much poorer and it is here that materials handling could easily be 
greatly improved. … The hand trucks and large tote boxes … do not appear to be 
well adapted to handling of small parts. In these areas, lighting, ventilation, and 
heating are much poorer than in the area of the assembly lines. The workers do 
not seem to mind the relatively low temperatures. They dress accordingly, but 
it is hard to see how good safety records can be maintained under the lighting 
conditions in many places. 

It is difficult to generalize even on the cases of materials handling that are 
obviously below the standards of a good American factory. One must remem-
ber that 120 passenger cars per day is a very low rate of production, and that 
perhaps a machine [to place a part on a conveyor belt] would operate for a 
small percentage of the time so that even a modest investment would not be 
worthwhile. Almost certainly, however, this does not apply to all poor materials 
handling that was seen.

There are few fork trucks or lift trucks seen in the Soviet Union—instead, one 
sees large tote boxes handled by cranes. Sometimes hand trucks are used and 
very often one sees motor trucks (usually similar to a Model A in appearance) 
pulling one or more tow wagons. 

In evaluating Soviet industry it is only fair to take into account certain spe-
cial problems that arise in the factories. The city of Stalingrad was, of course, 
completely wiped out during the war and this has created numerous difficulties 

in getting the Stalingrad Tractor Plant into 
satisfactory operation. The factory itself was 
completely ravaged as the Russo-German 
lines ran directly through it at the last and 
hardest stage of the battle. The tractor plant 
is still considered by the management to be in 
the process of reconstruction.

There are still substantial areas of Stalin-
grad not rebuilt, though enough housing of 
sorts has been provided for everyone.

It is probably only fair to state that consid-
ering the problems of rebuilding the city, the 
general operation of the Stalingrad Plant must 
be rated as quite good. It is operating at the 
present time at about 75 tractors per day.  ME

UPRISINGS

As this report by W.H. Brandt was published 
in Mechanical Engineering magazine, some people 
living under communist rule were starting to 
rebel. Thousands of workers at the Cegielski 
Factories in Poznan, Poland, protested for better 
conditions in June 1956 and were attacked by 
soldiers. Dozens of protestors were killed and 
many hundreds were injured. Later that year in 
Hungary, a full-scale revolution broke out and 
the Soviet-aligned government was overthrown. 
After about a week, Soviet troops invaded to 
take control of the country and reinstall the 
communist government.

LOOKING BACK

TECH BUZZ // VAULT JUNE 1956



go.asme.org/iot
The American Society of Mechanical Engineers (ASME)

Unlike other events which focus on the cloud, software, and associated IT infrastructure, the ASME IoT Connect brings together 

Manufacturers, Systems Architects, Researchers and Industry Leaders to explore IoT hardware from the component to the system level. 

The conference will discuss topics ranging from wearable devices and automotive systems to high performance computers and data 
centers that enable next-generation computing needs for diverse intelligent applications such as bio-medical computation and smart cities. 

The ISPS and IPW programs are included with registration.

Scott Scheeler  

VP, Switching Hardware

Cisco Systems

Steve Campbell

CTO

Western Digital

Ken Hansen

President & CTO

Semiconductor  
Research Corporation

Tom Bradicich

VP & GM, Servers & IoT Systems

Hewlett Packard Enterprise

CONFERENCE
June 20 – 21, 2016

Santa Clara Marrio�, Santa Clara, CA

go.asme.org/ISPS go.asme.org/IPW

Meet Your 
Keynote 
Speakers

For more information and to register, visit go.asme.org/iot



1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 20151980 1985 1990 1995 2000 2005 2010 2015
0

50

100

150

200

250

300

NORTH AMERICA

0

50

100

150

200

250

300

WESTERN EUROPE

0

50

100

150

200

250

300

FORMER USSR

BY THE NUMBERS:
THE STEEL  
CURTAIN

TECH BUZZ || TRENDING

ANNUAL CRUDE STEEL PRODUCTION (million metric tons)



1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 2015 1980 1985 1990 1995 2000 2005 2010 20150

50

100

150

200

250

300

ASIA/OCEANIA
(excluding China)

0

50

100

150

200

250

300

CHINA

0

50

100

150

200

250

300

REST OF WORLD

MECHANICAL ENGINEERING  |  JUNE 2016  |  P.27

In the United States and Europe, we 
tend to think of steelmaking as an 
industry of the past. Over the last 

40 years, employment in steelmaking 
has dropped by about two-thirds in the 
United States and Germany and by 85 
percent in the United Kingdom. There 
are maybe as many steelers left in 
Pittsburgh as there are cowboys in 
Dallas.

While steelmakers may be disap-
pearing, gains in productivity mean 

overall production hasn’t followed the 
sharp reduction in employment. Data from the 

World Steel Association, a trade group based in Brussels, 
shows that in most of the developed world steel production has 
been roughly steady for a generation. In North America, for 
instance, production of crude steel has bounced from 125 mil-
lion tons in 1980 to 135 million tons in 2000 to 111 million tons in 
2015. In the same three years in the original 12 member states 
of the European Union, the production figures were 142 million, 
148 million, and 129 million tons. 

Indeed, global steel production figures outside of Asia are 
remarkably steady, staying in a band centered on 500 million 
tons a year. Over those 35 years, however, global steel consump-
tion was anything but steady—consumption has doubled since 
2000, reaching 1,670 million tons last year. To feed that growing 
demand, production in Asia skyrocketed.

South Korea has invested intensely in heavy industry, and its 
steel production has grown accordingly; from 9 million tons in 
1980 to 43 million tons in 2000 and 72 million in 2015. India has 
also had explosive growth in steel over the same period, jump-
ing from 10 million tons to 27 million to 87 million.

But the steel production growth in China is in a totally differ-
ent league. China was already a large steel producer in 1980; its 
37 million tons made it the fifth largest in the world, behind the 
United States, the Soviet Union, Japan, and West Germany. But 
industrialization and urbanization had only begun to take hold 
in China, and by 1996, it was the world’s largest steel-producing 
nation with 101 million tons produced. 

With the entry of China into the World Trade Organization, 
however, steel production went in to overdrive. In the seven 
years from 1996 to 2003, 
steel production more than 
doubled; by 2006, it doubled 
again. By 2014, China pro-
duced 822 million tons of 
crude steel, or about what the rest of the world produced. As 
much as 10 percent of its steel production now is exported.

It seems unrealistic to believe that the breakneck 
growth in China can continue. Indeed, production fell back 
a bit in 2015, and thanks to the slowdown in the Chinese 
economy, the industry has seen year-over-year declines 
in each of the past 12 months. 

There is no reason to believe that the steel centers 
of China will soon resemble the Lehigh Valley of 
Pennsylvania. But if China’s economy is maturing 
to resemble that of other major industrial nations, 
then it stands to reason that China may already be 
producing as much steel as it will ever need. ME

JEFFREY WINTERS

The world produces more steel  
than ever before, mostly  

because of Asia.

804,000,000 
METRIC TONS



New 
Engineering 

Thinking 
for a New Climate

Reducing carbon emissions is the engineering challenge 

of the 21st century. To meet it, mechanical engineers 

will have to find new approaches to familiar problems.

BY MICHAEL E. WEBBER

EFFICIENCY FOR THE NEXT GENERATION
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Everything we thought we knew about 
mechanical engineering has changed, 
thanks to the agreement that capped 

the 2015 United Nations Climate Change 
Conference in Paris last December. While 
the agreement is non-binding, the direc-
tion is clear: “a balance between anthro-
pogenic emissions by sources and remov-
als by sinks of greenhouse gases in the 
second half of this century.”

Simply put, we need to drive down net 
emissions of carbon before 2050. And by 
“we,” I mean mechanical engineers.

The Paris Agreement has, I believe, 
become the primary geopolitical con-
text of the 21st century. Everything that 
the next generation of engineers will 
do professionally will be aff ected by the 
call to sharply reduce carbon emissions. 
And those reductions have to start with 
the power sector, which is responsible 
for a quarter of global carbon emissions 
and more than 30 percent of those in the 
United States.

Mechanical engineers have built up the 
power sector and now we have to rein-
vent it. Engineers will have to rethink the 
power system from top to bottom. 

And to accompany this new approach to 
re-engineering the power sector, we must 
transform engineering education as well. 
Because climate change has put carbon 
emissions at the center of the global 
political discussion, we need to produce 
engineers who not only discover new 
solutions to enduring problems, but who 
can talk to multiple stakeholders from 
wide-ranging backgrounds.

That said, the rethinking isn’t some-
thing that only aff ects the next generation 
of mechanical engineers. It starts with all 
of us, and it starts now.

the next transition

One place where teaching—and think-
ing—must change is how engineers 
grapple with sweeping, systemic 

changes, especially in energy technol-
ogy. Too often, when we look to the past 
we constrain ourselves to searching for 
specifi c solutions that we can reapply. 
Instead, we need to think about largescale 
transitions, how they happened and, most 
importantly, why. 

The widespread, global decarboniza-
tion of the power sector called for by the 
Paris Agreement won’t be the fi rst time 
society has switched from one energy 
system to another. Over the last 200 
years, we’ve transitioned from wood to 
coal to petroleum. Each transition was an 
improvement since each new fuel source 
was higher performing and less dirty and 
carbon-intensive than the one it sup-
planted.

Today we are on the cusp of another 
transition, as natural gas is poised to sur-
pass petroleum as the dominant fuel in U.S. 

Mechanical engineers have built 
the power sector and now we have to 
reinvent it from top to bottom. 



energy consumption. And that follows the decarbon-
izing trend of the earlier transitions, since combusting 
methane releases less carbon than does burning coal.

The Paris Agreement calls on mechanical engineers to 
take the ongoing decarbonization trend and accelerate 
it. As mechanical engineers work toward that goal, we 
can’t lose sight of the lessons from previous transitions. 

To start with, shifts from one dominant fuel to the 
other have taken decades, so if we are going to meet 
the goal set for the second half of the century, we have 
to start today. It isn’t just new power plants that must 
be built, but also an expansive logistical infrastruc-
ture that moves fuel and electricity from producer to 
consumer.

Next, the earlier transitions occurred because of 
performance—coal is easier to handle and more energy 
dense than wood; today natural gas use eliminates the 
fuel-handling and preparation requirements of a typi-
cal pulverized coal plant. As we develop low-carbon 
solutions, engineers have to make sure that new tech-
nologies have performance advantages, otherwise it 

will be hard to convince industries to switch. 
Today, for instance, utilities looking to add generating 

capacity don’t need to have their arms twisted to opt for 
natural gas combined cycle power plants over legacy 
coal-fi red thermal plants; such plants are twice as ef-
fi cient, have about half the operations and maintenance 
costs, and can be built for just a fraction of the cost of 
a new coal facility. So many gas turbines (both simple 
and combined cycle) have been added to the U.S. grid 
in the last ten years that in 2015 power plants burning 
cheap natural gas were responsible for as much elec-
tricity generation as traditional coal plants. As recently 
as 2006, gas generated only half as much as coal.

And as we promote the next transition, we can’t 
lose sight of the fact that today’s solutions can become 
tomorrow’s problems. The engineers who helped bring 
coal and oil to market actually solved some longstand-
ing ecological problems related to deforestation and 
whaling. They may never have dreamed that their new 
technology would one-day be considered “dirty.” En-
gineers need to examine the new energy solutions we 

The Paris Agreement has become the primary 
geopolitical context of the 21st century.
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come up with to weed out any la-
tent complications that may grow 
to become societal problems.

To see how those lessons come 
together, consider the possibility 
of a complete transition to wind 
and solar. By some measures, 
those renewables off er signifi cant 
performance advantages over the conventional op-
tions—the wind and sun are essentially free and inex-
haustible, and they obviate the need for fuel handling 
entirely. Plant operators won’t need to worry about ris-
ing fuel prices or fret about fuel supply contracts. And 
contrary to longstanding concerns about the ability for 
renewables to scale up, the last few years have seen 
wind and solar power surging onto the U.S. grid, going 
from 55,000 GWh in 2008 to 240,000 GWh in 2015, 
according to Energy Information Agency. 

At the same time, wind and solar power still present 
challenges that have yet to be resolved. Each vary both 
seasonally and from minute to minute based on the 
weather and astronomical conditions. Those dynamic 
attributes create a lot of stress on the grid as other 
generating plants get used less (increasing their costs), 
yet are called on short notice to back up any changes 
in wind and solar output. While wind and solar power 
produce electricity, which is what utilities want, the 
production isn’t tied to actual demand; for instance, 
a lot of wind power is produced in the middle of the 
night when no one is awake to use it. And even at 
moderate scales of deployment, renewables have had 
some unexpected environmental impacts—often on 
birds that fl y too close—that have soured some on their 
expanded use. Those are all solvable problems, and 
mechanical engineers are part of the solution.

multiple choices

The challenge of the Paris Agreement diff ers from 
earlier energy transitions in an important way: This 
shift is being intentionally pushed along, rather 

than occurring accidentally as before. But we have to 

teach engineering students that responding to policy 
pressure isn’t a new thing for the power sector. 

A generation ago in the United States, for instance, 
the formation of acid rain from sulfur and nitrogen 
oxide emissions became an intolerable environmen-
tal problem and prompted a public policy solution. 
Regional limits were placed on NOx and SOx power 
plant emissions, and operators of non-compliant power 
plants had a few choices: They could retrofi t, switch 
fuels, retire, or pay a fee for credits from cleaner power 
plants.  

Operators of some power plants opted to install 
large-scale, very expensive scrubbers to remove the 
pollutants from fl ue gases. That approach kicked off  a 
wave of innovation and gave engineering fi rms in the 
United States a competitive advantage, as environ-
mental scrubbers became a multi-billion dollar export 
business. Other operators found it easier to switch fuels 
from Eastern, high-sulfur coal to low-sulfur coal from 
the West. Today Wyoming produces more coal than 
Kentucky and West Virginia combined.

But operators of some old, creaky, ineffi  cient coal-
fi red power plants couldn’t justify either of those 
moves. Instead, they shut them down and built new 
more effi  cient natural gas power plants in their place.  

The multiple-prong approach worked. The acid rain 
problem, while not completely solved, has been dra-
matically improved. According to a 2004 assessment by 
the U.S. Environmental Protection Agency, dealing with 
acid rain took less time and money than anticipated—
and provided $40 billion of health benefi ts for every 
$1 billion of investment in scrubbers and power plants. 
Along the way, grid reliability improved and electricity 
prices stayed level. 

The success story of acid rain regulations should 

The success story of acid rain regulations should focus 
the thinking of mechanical engineers when we approach 
the much larger challenge of decarbonization. 



focus the thinking of mechanical engineers when we 
approach the much larger challenge of post-Paris de-
carbonization. We must look hard at the existing tech-
nologies and energy sectors and apply our new thinking 
to the question of how much we want to retrofit and 
adapt by installing new scrubbers, and how much needs 
to be built from scratch so we can switch fuels entirely.

For example, even with the mandate of decarboniza-
tion, there could still be a place for coal. That fuel has 
considerable advantages—an abundant domestic re-
source, predictable pricing, and ease of storage in large 
piles on-site at power plants. But for coal to maintain 
its position, mechanical engineers will need to improve 
integrated gasification combined cycle power plants, 
which convert coal to gases that are then combusted in 
a gas turbine. A dry-cooled IGCC that separates CO2 for 
sequestration would be cleaner and less water-inten-
sive than a modern natural gas combined cycle power 
plant. But none of the demonstration IGCC plants built 
so far have been cost competitive, and the technology 
will remain on the shelf until it is economical. 

If plant operators can’t make new coal plants pencil 
out, they could turn to another familiar technology: 
Nuclear power. Massive, cheap, and reliable nuclear 
power plants have ably served baseload demand for 
decades, and new plants are springing up in Asia. But 
questions regarding public safety, waste management, 
and weapons proliferation still haven’t been fully 
resolved. Also, since nuclear power plants are heavily 
dependent on water for cooling, they are vulnerable to 
derating as increasingly frequent and intense droughts 
and heat waves strain the availability of cool water. 

To make nuclear power a bit more embraceable, 
mechanical engineers must work to develop advanced 
fuel cycles, small modular reactors, dry cooling, and 
passively safe designs. 

And it will make sense to integrate nuclear power 
with water production systems so that waste heat is 
used for water treatment or desalination. 

A bigger challenge is to find ways to enable nuclear 
power plants to operate more flexibly as renewables be-
come an ever-larger part of the energy mix. Engineers 
will have to optimize designs capable of rapid ramping 

and, critically, find ways to incorporate novel storage 
approaches. Thermal energy storage with molten salts, 
for instance, might be more appropriate for nuclear 
power, though many materials and heat transfer chal-
lenges remain.

But much like the plant operators of the 1990s, we 
may have to face retiring and replacing large portions 
of the power sector. Fortunately, we have many viable 
alternatives. Clean and lean natural gas combined cycle 
power plants are ready today. And while mechanical 
engineers are under pressure to continue improving 
the efficiency, reliability, and durability of all renew-
able systems, wind and solar are growing in popularity 
even if they are not—yet—a complete solution. Indeed, 
in January 2016, wind and solar made up 100 percent of 
all new power plant installations in the United States. 

 

intermittency and beyond

Handling the influx of power from intermittent 
sources such as wind and solar is going to require 
mechanical engineers to rethink the transmission 

and distribution system. The amount of capital assets 
tied up in the T&D system—about $4 trillion world-
wide—approaches the $6 trillion capital value in power 
plants, so building out a bigger, better, smarter grid is 
going to be a major challenge of its own. 

Engineers will have to think differently about T&D 
to make this new grid work. Today’s conventional ap-
proach to the grid uses a load-following mentality. That 
is, we turn our lights and appliances on and off all day 
long, which changes the load on the grid. Power plants 
are then dispatched up and down to follow the load and 
to balance the supply and demand. But that approach 
makes it difficult for operators to handle power from 
nondispatchable wind farms and solar plants.

Rather than expecting power plants to operate when 
we need them, we could instead schedule our demand 
to match the forecast supply of wind and solar. There 
are many operations—water heating, pool pump-
ing, water treatment, noncritical data centers, and so 
forth—that can be performed flexibly over the course of 
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the day. Connecting ma-
chines and appliances to the 
Internet via smart meters 
could enable grid opera-
tors to remotely dial down 
demand as necessary and 
provide valuable reliability services.

But tomorrow’s T&D issues go beyond intermit-
tency. Adding renewables on a large scale requires long 
distance lines connecting cities to distant plains and 
deserts as well as new technology and innovative poli-
cies to address the impact on local distribution systems 
from rooftop solar panels. Some far-out concepts, such 
as the proposal from China’s state grid operator for a 
global high voltage network, will require extending en-
gineering and operational standards across sometimes 
adversarial borders. It’s always windy or sunny some-
where, so building a large-scale grid will help bring that 
renewable energy from far-flung places to load centers 
in major cities. 

Tomorrow’s T&D system also will require grid-scale 
energy storage—and here’s where some of the most 
significant engineering advances still loom. Recent 
government research and development for batteries 
has been welcome, but it needs to be extended to other 
forms of energy storage as well. Compressed springs, 
spinning flywheels, ultracapacitors, chilled water, mol-
ten salts, pumped hydroelectric, and compressed air 
energy storage all offer different performance tradeoffs. 
The expertise of mechanical engineers and materials 
scientists is sorely needed to help develop and optimize 
those storage concepts. 

building better engineers

The Paris Agreement gives unambiguous direction 
to mechanical engineers: Develop better hardware, 
algorithms, and control systems to decarbonize the 

power sector. But the profession needs to do one other 
thing better. We need to build better engineers.

Because the scale of society’s challenges have grown, 
the engineer of the 21st century will need to be more 

globally cognizant. And to work in an energy system 
that is more closely intertwined with policy frame-
works, those engineers will need more policy (and 
political) savvy. 

That means our educational approaches need to 
change to prepare those engineers for their careers. It 
seems senseless to use textbooks and chalkboards—
tools we have used for hundreds of years, since before 
the advent of the modern engineering degree—instead 
of interactive, digital textbooks that could enhance 
problem-solving. We need more immersive experi-
ences, more hands-on labs, and more exposure to real-
word devices. 

Just as importantly, we must provide multidisci-
plinary training and require graduating engineers to 
have the capacity to speak normal English to the array 
of stakeholders they will face. It won’t be enough to just 
find the solutions; tomorrow’s mechanical engineers 
will need to drive the conversation. 

Decarbonizing the power sector isn’t a job most me-
chanical engineers asked for, but it is the one we now 
have. In the process of accomplishing that task, there 
are a great many benefits that will certainly result 
from it: Generating electricity with greater efficiency, 
building a grid that is more robust and flexible, prepar-
ing engineering graduates to have a larger impact on 
society. If we energize the engineering community to 
embrace the challenge, then when engineers look back 
from decades from now, decarbonizing the power sec-
tor will have seemed an obvious outcome and improve-
ment for society. And we will wonder why we didn’t 
start it sooner.  ME
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Decarbonizing the power sector isn’t a job most mechanical 
engineers asked for, but it is the one we now have. 
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This titanium housing produced 
by Rolls-Royce is the largest jet 
engine component ever to be 3-D 
printed. 
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G
as turbines are taking off . 

Jet aircraft powered by gas 
turbines have long been the star of 
the long-haul passenger transpor-
tation system in the United States 

and around the world. And over the last 
decade, as new power generating capac-
ity has been added to the electric system, 
gas turbines (along with wind turbines) 
also have become the dominant tech-
nology in the power industry—and are 
positioned to continue their dominance. 
The U.S. Energy Information Adminis-
tration projects that roughly 60 percent 
of new power generation capacity be-
tween today and 2035 will be supplied by 
combined cycle gas turbine plants.

A variety of factors have contributed 
to the new prominence of gas turbine 
technology in the power industry. In the 
United States, for instance, natural gas 
production from shale formations has 
led to a steep reduction in gas prices in 
the last 10 years. 

Gas turbine generating facilities cre-
ate little pollution—emitting no sulfur 
oxides, low levels of nitrogen oxides 
and particulates, and less than half the 
carbon dioxide per MWh of a coal-fi red 
plant. Because gas turbine power plants 
are less of a burden on surrounding 
areas, they can be sited, permitted, and 
built quickly, which lowers the cost of 
fi nancing the construction. And due to 
their rapid transient response capabili-
ties, gas turbines play an important role 
in supplying power to even out varia-
tions in renewable power, especially 
solar and wind.

The intersection of gas turbines for 
power generation and aviation with 
advanced manufacturing is creating 
exciting opportunities. New gas turbine 
designs that take advantage of advanced 
manufacturing techniques will enable 

quicker time to market with lower costs 
and improved performance. 

This intersection also is creating 
exciting opportunities for aftermarket 
businesses through the potential of rapid 
repairs, refurbishments, and spare parts 
on demand. 

IMPACT ON EFFICIENCY

The value from those new manufac-
turing techniques and non-traditional 
materials applied to gas turbines can 
come from reduced development times, 
cost of the part, and performance. 
Coupled with new integrated design and 
manufacturing tools, advanced manu-
facturing promises to enable engineers 
to create solutions that would have been 
impossible to conceive of a decade ago. 

Take for example the challenge of 
further increasing the effi  ciency and 
performance of gas turbines. Currently, 
manufacturers are pursuing higher pres-
sure ratios, better three-dimensional 
aerodynamics, and reduced aerodynamic 
losses to achieve increased cycle ef-
fi ciency.  

Advanced manufacturing may enable 
higher turbine inlet temperatures, new 
materials and coatings, improved cool-
ing, and better sealing and three-dimen-
sional aerodynamics to reduce losses—all 
of which impact effi  ciency. Using 3-D 
printing to manufacture airfoils out of 
several materials, each matched to the 
level of stress it would experience, could 
lead to tremendous weight reductions. 
And new combustor designs could 
increase operability windows, reduce 
emissions, and allow fuel fl exibility while 
maintaining fl ame stability. 

Advanced manufacturing can also 
achieve increased performance and 

INTERSECTION

AS INDUSTRY MAKES LARGE INVESTMENTS IN GAS 
TURBINE TECHNOLOGY, ADVANCED MANUFACTURING 
WILL PLAY AN IMPORTANT ROLE IN IMPROVING 
PERFORMANCE AND REDUCING COSTS. 
BY TIMOTHY C. LIEUWEN AND KAREN A. THOLE 



operability through the integration of sensors in turbine 
components. 

Through the use of selective laser melting, for 
example, instrumentation can be designed and inte-
grated into the component prior to printing. Moreover, 
selective laser melting provides the opportunity to place 
instrumentation in locations which otherwise might be 
impossible, given the routing or line-of-sight issues aris-
ing from conventional processes.  

Printing reliable sensors directly on turbine compo-
nents, such as the airfoils, can lead to improved moni-
toring and prognostics capabilities of the component, 
reducing costs, downtime for repairs, and the complex-
ity of sensor installation. 

Moreover, gas turbines are typically operated in a way 
that is optimal only to an average engine, operating on 
an average day, with an average fuel composition; having 

these much more detailed measure-
ments will enable significant improve-
ments in performance. 

The entry point where advanced 
manufacturing techniques make busi-
ness sense depends upon the applica-
tion, and it is helpful to differentiate 
between the validation and prototyp-
ing phase, the production phase, and 
the repair and aftermarket phase.  

Start with the validation and proto-
typing phase: Conventional processes 
used in turbine development pro-

grams require significant design cycle time. That time 
can be reduced significantly through parallel and inte-
grated development processes that are possible via the 
application of advanced manufacturing. For instance, 
a new digital 3-D design can be printed immediately 
using selective laser melting and then tested. (The au-
thors of this article routinely use additive manufactur-
ing for combustion and turbine cooling experiments.)

At the production phase, the business case for devel-
oping the tooling and fixtures needed to manufacture 
parts is quite different from the one for manufactur-
ing the actual parts themselves. As in the prototyping 
phase, advanced manufacturing is quickly buying its 
way into the shop floor for the rapid production of 
fixtures that minimize facility setup time. In addition, 
it may speed up the casting processes of complex parts 
such as turbine blades by replacing the lost wax process 
with 3-D printed cores.

Even with the production of engine components 
themselves, industry is moving ahead. In April 2015, 
General Electric announced the first-ever 3-D printed 
engine component certified by the U.S. Federal Avia-
tion Administration: A part of the compressor used in 
the gas turbine that powers Boeing’s 777. GE also an-
nounced that its GE Aviation division plans to produce 
more than 100,000 additively manufactured parts by 
2020, including the fuel nozzles slated for use in its in-
novative LEAP engine.  

Meanwhile, other gas turbine manufacturers are 
making use of advanced methods. Rolls-Royce an-
nounced in 2015 that it will conduct flight tests on 
the largest 3-D printed component to ever power an 
aircraft —a titanium housing that contains 48 airfoils. 
The component is 1.5 m in diameter and 0.5 m in thick-
ness. And recently, Toulouse-based Safran Microturbo 

Pratt & Whitney’s geared 
turbofan engine gearbox 
bracket was manufactured 
using direct metal laser 
sintering in nickel alloy. 
Photo: Pratt & Whitney

Manufacturing a short pipe section with a smooth transition 
from round to square is simplified by use of 3-D printing. 
Photo: Siemens
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was able to print a complete gas turbine assembly.
Finally, opportunities in the repair and overhaul 

market are particularly exciting. New technologies are 
creating better methods for welding, replacing abraded 
material, and joining two pieces made from different 
materials, such as ceramic thermal barrier coatings 
onto combustor liners or turbine blades. In addition, 
the possibility of repairing components in the field 
rather than requiring them to be shipped to a central 
facility offers significant opportunities for minimizing 
outages or time off wing.

THE LARGER REVOLUTION

As with the introduction of any new method, there 
are challenges in integrating advanced manufactur-
ing into current development programs. For instance, 
today’s workforce is unprepared to take advantage 
of what advanced manufacturing offers. Academic 
programs must educate future engineers to integrate 
design with new manufacturing methods, and we need 
better technical education to produce the skilled labor 
qualified to use the new processes.  

The certification processes for components also 
needs attention. Without clear policies, the tremen-
dous opportunities for the aftermarket repair business 
may result in intellectual property battles where lines 
can easily be blurred given the digitization of parts. 
Policies need to address potential issues quickly in 
order to promote the uses of advanced manufacturing.

Even if all that can be accomplished, the larger 
revolution is yet to come: The complete rethinking of 
architectures, layouts, and general design practices.

For example, one gas turbine component that has re-
ceived significant attention from potential first adopt-
ers is the fuel injector/nozzle, which has numerous 
intricate holes and injection passages. However, the 
design teams that have worked on it quickly realized 
that not only can they more easily manufacture those 
complex components, but a bewildering array of new 
options are now available. A simple example is the fuel 
orifice itself—it has always been round because drilled 
holes are round, but is that the optimal shape? 

Similarly, redesigning turbine airfoils presents 
tremendous opportunities to route valuable cooling air 
to regions where it was not previously possible to cool 
in an effective manner. What is the optimal shape and 

layout of the airfoil cooling channels? Future combus-
tors, turbine components, and other high tech critical 
components will be increasingly changed as people re-
think development of these components outside of the 
manufacturing restrictions that we have grown up with. 

The gas turbine is poised to become the most im-
portant thermal energy and propulsion device in the 
21st century. Advanced manufacture will significantly 
alter how gas turbines are made and perhaps how they 
operate.  ME
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space Engineering, and executive director of the Strategic Energy Institute, 
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GAS TURBINES: RESHORING HIGH-TECH 
DESIGN AND MANUFACTURING 

Gas turbines are high tech, and the original equipment manufacturers employ 

significant numbers of individuals with advanced degrees as well as workers in a 

range of skilled craft trades to assemble the gas turbine product. Also, the size and 

complexity of gas turbines requires a major manufacturing base; building these 

machines involves access to major test facilities, significant infrastructure, and 

engagement with a broad supply chain. In an era when the availability of high paying 

jobs is a national priority, further growth in the manufacture of gas turbines in the 

United States may present significant opportunities.

The field for power generation systems has been dominated by four manufactur-

ers: General Electric, Siemens, Mitsubishi Heavy Industries, and Alstom (which 

is in the process of being acquired by General Electric). Those companies employ 

hundreds of thousands of people across their businesses. And in this decade, each 

has invested in major manufacturing facilities in the U.S. Southeast:

SIEMENS, a German conglomerate, put an engineering and manufacturing facility 

in Charlotte, N.C., in 2011, where they have developed a $130 million manufac-

turing operation. Siemens also has headquartered a major engineering operation 

in Orlando since 2002, employing 1,800 workers.

MITSUBISHI, based in Tokyo, installed a $325 million manufacturing facility near 

Savannah, Ga., in 2011. 

ALSTOM, a French company, made a big investment in Chattanooga in 2010, 

completing a $300 million manufacturing facility there.

GE POWER & ENERGY established its headquarters in Atlanta in 1998, and Green-

ville, S.C., is the home of the world’s largest gas turbine manufacturing plant 

with more than 3,000 employees. In 2015, GE opened Advanced Manufacturing 

Works as a part of its complex in Greenville.

Similarly, there is a large repair and overhaul market, supplied by OEMs, third 

parties, and equipment operators. For example, Delta Tech Ops, a division of Delta 

Air Lines, operates a $600 million per year repair and overhaul facility located adja-

cent to Atlanta’s Hartsfield-Jackson Airport. Delta is a major developer of advanced 

repairs and is pursuing a variety of additive manufacturing approaches for the repair 

and overhaul market.  



B
y any measure, the commercial aircraft business is 
boom ing. Airbus delivered 635 commercial aircraft in 
2015, while Boeing topped that at 762. The two giant air-
frame manufacturers netted more than 1,800 orders last 
year, leaving them with a backlog of more than 12,000 

aircraft, according to Aviation Week & Space Technology. 
Together with last year’s deliveries, the aircraft orders 

in the pipeline are the equivalent of replacing about two-
thirds of the estimated worldwide air transport fl eet. It will 
take roughly ten years to clear that backlog at today’s rate of 
production. Considering that airframes can last decades—the 
U.S. Air Force is fl ying B-52s built in the early 1960s—it is fair 
to ask what’s driving this rush to replace the world’s com-
mercial fl eet. 

One hint comes from Steven Udvar-Hazy, who gave an 
interview to AW&ST in 2007, while he was still CEO of 
International Lease Finance Corporation, a leader in leas-
ing commercial jet aircraft to airlines. Udvar-Hazy, whose 
$65 million donation fi nanced an annex to the Smithson-
ian Air and Space Museum at Washington’s Dulles Airport, 
made clear that replacement of existing commercial aircraft 
hinged more on engine technology than anything else. If new 
engine technology could deliver a double-digit improvement 
in direct operating costs over what airlines were paying, that 
would be a compelling reason to upgrade.

The commercial jet engine industry has met Udvar-Hazy’s 
challenge. The new engines being produced and marketed 
are quieter and more fuel effi  cient than previous generations. 

THE MARKET FOR GAS TURBINES 
SEEMS TO HAVE AN UNLIMITED CEILING.
BY LEE S. LANGSTON

CLEAR SKI
EFFICIENCY FOR THE NEXT GENERATION
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The latest-generation 
Boeing 737 MAX, powered

 by a pair of advanced
 LEAP-1B engines, made

 its maiden flight in January.

They will reduce fuel consumption, a major airline direct 
operating cost, by more than 15 percent (with 20 percent 
reductions promised in the near future), thereby clearing the 
bar of double-digit percentage improvements.

It is quite an accomplishment to see a disruptive advance 
in what might seem like a mature technology. 

GOLDEN ENGINES

Building engines for commercial jetliners is the largest 
market segment for the gas turbine industry, but it is far from 
the only one. To get a complete view of the industry and how 
it has evolved, I turn each year to Forecast International 

of Newtown, Conn., which uses computer models and an 
extensive database to calculate the fi nancial picture for both 
the aviation and non-aviation markets. FI has computed the 
value of production of gas turbine manufacturing, which the 
company considers more accurate than reported sales, from 
1990 to 2015 and has predicted values to 2030.

Those numbers tell quite a story. FI’s fi nancial report 
shows that the worldwide value of production for gas tur-
bines was $83.5 billion in 2015, up from $81.4 billion in 2014. 
Aviation gas turbines had a value of production of $63 billion 
in 2015; that market was split between military jet engines, 
with a value of production of $8.1 billion, and engines for 
commercial aviation, of which $54.9 billion worth were pro-
duced. All told, aviation accounted for more than three-quar-

ES AHEAD



ters of the gas turbine market. (The rest of the market is made 
up of non-aviation gas turbines—those produced to provide 
electrical power, mechanical drive in uses such as natural gas 
pipeline compression, and marine power.)

FI’s value of production history and predictions show a 
steady monotonic growth for the aviation segment beginning 
about 2003 and running through 2030.

The engine market for single-aisle aircraft such as Boe-
ing’s 737 and Airbus’s A320 families has been the most lucra-
tive. Each aircraft in that class is powered by two 20,000-
to-30,000 pound thrust engines produced by either CFM 
International (a joint venture between General Electric and 
Snecma) or International Aero Engines (a partnership led by 
Pratt & Whitney). 

Both GE and P&W have new high-efficiency engines in the 
single-aisle market. CFM International’s new single-aisle en-
gine is a high-bypass turbofan GE calls LEAP, short for Lead-
ing Edge Aviation Propulsion. Compared to the company’s 

CFM56, the current market leader, LEAP has a higher bypass 
ratio, a larger diameter carbon fiber composite fan, and a 
higher compression ratio. LEAP had its first model certified 
last year and there now are roughly 10,000 on order.

LEAP will be the first production engine using ceramic 
matrix composites in its gas path. Those CMCs are a com-
posite of fine intertwined ceramic silicon carbon fibers 
embedded in and reinforcing a continuous silicon carbon-
carbon ceramic matrix. About one-third the weight of high 
temperature alloys, CMCs are just as strong and can with-
stand higher temperatures than the metals they replace. 
The LEAP will use CMCs in the shroud of its first stage high 
pressure turbine. (I wrote about this use of CMCs in the 
March 2016 issue.)

GE is expanding the application of CMCs to its 100,000 
pound thrust GE9X engine, now under development for Boe-
ing’s 777X airframe and scheduled to enter service in 2020. 
It will feature CMC combustion liners, high-pressure turbine 
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stators, and fi rst stage shrouds.
Meanwhile, Pratt & Whitney has been developing a new 

single-aisle engine since the 1980s. Now on the market, the 
PW1000G series is a geared turbofan. It has a hub-mounted 
planetary gearing system that drives the fan at lower speeds, 
resulting in much less engine noise and permitting greater 
fuel economy. 

The fi rst customer for Pratt’s geared turbofan is Lufthansa, 
which is fl ying the Airbus A320neo passenger aircraft pow-
ered by PW1100-G engines between German cities. Initial 
reports indicate the geared fan engines are not only meeting 
fuel requirements but also are notably quieter. The charac-
teristic jet engine whine has been replaced with the geared 
fan’s whoosh, and passengers report not hearing engine 
noise once the cabin doors are closed before takeoff .

Decades ago, Pratt & Whitney (known then as Pratt & 
Whitney Aircraft, to avoid confusion with the older Con-
necticut machine tool company of the same name) had a so-
called golden engine that dominated the single-aisle aircraft 
market. Over time, however, Pratt’s JT8D was superseded 
by GE-Snecma’s CFM56, which has seen more than 25,000 
in service since 1974. Pratt has invested more than $1 billion 
over two decades to develop gear technology on the gamble 
that the geared turbofan would develop into its next golden 
engine. To date, Pratt reports that it has more than 7,000 
orders for its PW1000G series engines. 

EXTRA INCENTIVES

The other segment of the aviation market, those jet engines 
produced for military aircraft, is a key part of the industry 
in spite of its relatively small value of production. Advanced 
technology developed for military programs—historically, 
this includes fi lm cooling and single crystal turbine blades—
have fi ltered into other gas turbine areas.

In 2015, the Pratt & Whitney F135 engine program for the 
Lockheed Martin F-35 Joint Strike Fighter dominated the 
military segment. Now in production, the F135 is a 3,600 °F 
(1,982 °C) class engine, whose high temperature technol-
ogy should lead to more effi  cient commercial engines in the 
future. Pratt delivered 50 F135s in 2015, with plans for 58 in 
2016.  Production of the JSF is occurring at assembly sites in 
the U.S., Italy, and Japan, refl ecting the international part-
nership for the F-35 fi ghter.

One other 2015 military gas turbine program of note was 
the announcement of an U.S. Air Force competition for an 
innovative design of a small turbine engine, suitable for a 
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medium-size drone aircraft. The Air Force Prize, as it is 
called, would present $2 million to the person or team that 
can develop “a new kind of turbine engine with the fuel ef-
ficiency of a piston engine and the low weight and durability 
of a turbine engine.” More specifically, the winning engine 
would have double the fuel efficiency of existing gas turbine 
designs while weighing a fraction of a piston engine in the 
100 horsepower class and possessing ten times the life span.  

Engine designers say that’s a tall order. Maybe some extra 
incentive is needed.

Recently I visited Connecticut’s Mystic Seaport Museum, 
which was hosting the delightful “The Quest for Longitude” 
exhibit. Created in 2014 by the National Maritime Museum 
in London, the exhibit commemorates the 300th anniversary 
of the British government’s Longitude Act of 1714, which of-
fered a prize of £20,000 to the person who could accurately 
measure longitude from a vessel. The act eventually brought 
forth precision timepieces—the best from clockmaker John 
Harrison—that were capable of producing accurate longitude 
measurements.

More than 300 years later, the U.S. government is trying 
the same approach to spur gas turbine development. But the 
$2 million prize doesn’t seem adequate. When adjusted for 
inflation the £20,000 Longitude prize is worth $45 million 
today. That seems more in line with the challenge.

WARRANTED OPTIMISM

Slightly less than a quarter of the gas turbine market is in 
the non-aviation segment, which had a value of production 
in 2015 of $20.5 billion, according to Forecast International. 
That segment can be subdivided further: Mechanical drive 
gas turbines, usually installed to drive compressors in lique-
fied national gas plants and to boost pressure along natu-
ral gas pipelines, amounted to $2.6 billion for 2015; while 
marine gas turbines, used to drive shipboard generators for 
propulsion and electricity, accounted for $400 million.

That leaves $17.5 billion for the major non-aviation seg-
ment, electric power gas turbines. Those are used in simple 
cycle or combined cycle (possessing both gas turbines and 
steam turbines) power plants, using gas turbines with output 
up to 510 MW and thermal efficiency up to 44 percent. 
Combined cycle plants with a single gas turbine and steam 
turbine currently can have an output as high as 764 MW and 
a current proven efficiency of up to 60.75 percent.

The electrical power gas turbine market experienced a 
sharp boom and bust from 2000 to 2002 as a result of the 
deregulation of many electric utilities. Since then, however, 
the electric power gas turbine market has shown a steady 
increase, right up to present times. 

Forecast International projects the value of production for 

Littoral combat ships, such as the USS 

Independence of the U.S. Navy, use General 

Electric LM2500 gas turbines.

Photo: U.S. Navy
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electrical power gas turbines to flatten out over the next 15 
years, but I think there is a compelling case for a sustained 
increase.

To start with, about 40 percent of the world’s electricity is 
generated in Rankine cycle, steam-powered coal-fired power 
plants. In the United States, those plants operate with a ther-
mal efficiency of about 30 percent, and that’s probably typi-
cal elsewhere. Modern combined cycle gas turbine plants, 
burning natural gas, now have a thermal efficiency of 60 
percent. At the same time, the amount of carbon dioxide per 
unit of energy produced by combusting coal is about twice 
that of natural gas. Thus, replacing a coal power plant with 
a new, more efficient natural gas CCGT power plant reduces 
CO2 by a factor of almost four, resulting in a substantial 75 
percent reduction in CO2 greenhouse gas production.

To the emissions argument, one can add an economic one: 
The capital cost of a CCGT plant is between $700 and $1,200 
per kW. That compares favorably to a new Rankine-cycle 
steam component, which is in the $2,000 per kW range, let 
alone a nuclear power plant that can run well more than 
$5,000 per kW. And in the United States at least, natural gas 
is plentiful and currently competitive with coal in price. (In 
countries that must import their gas, the price can be much 
higher.)

Thus my forecast is that over time, gas turbine plants will 
push out coal-fired plants. Since the coal-fired segment is 
so large, I would argue for a growing future market for gas 
turbines.

In that, the world would follow the lead of New England, 
a region that has an electrical load demand as high as 30,000 
MW and no fossil fuel resources. Coal-fired plants now 
supply less than 5 percent of the electrical load, having been 
largely replaced by new natural gas-fired gas turbine power 
plants. 

Working in tandem with renewable energy power facili-
ties, the new fleet of gas turbines will provide reliable, on-
demand electrical power at a reasonable cost.

Forecast International projects the entire gas turbine 
industry will have a value of production by 2030 of $108.9 
billion. That is a 31 percent increase over 2015—quite an 
increase. But since FI predicts that almost all that growth 
will be due to commercial aviation, I believe that optimistic 
forecast should be considered a minimum. 

As a global growth industry, gas turbines look to have clear 
skies ahead.  ME

LEE S. LANGSTON is an ASME Fellow and professor emeritus of the mechanical 

engineering department at the University of Connecticut in Storrs.

The 550-MW Rhode Island State Energy Center in Johnston 
is one of the efficient combined cycle gas turbine power 
plants that replaced coal power in New England.
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IT BEGAN WITH STEAM

ASME’s (NED) has its roots with 
the founding of ASME in 1880 by a 
group of prominent machine build-
ers and technical visionaries who felt 
the need to address the concerns and 
issues surrounding industrialization 
and mechanization. Boiler explosions 
at the time were a major concern, and 
one of the worst of the 20th century 

served to defi ne the society’s purpose and im-
pact on public life. 

Up until then, there were no legal codes for 
boilers in the United States, even though steam 
powered much of the country’s technology 
during late 19th  and early 20th centuries. That 
laissez-faire attitude changed following a boiler 
explosion at the Grover Shoe Factory in Brock-
ton, Mass., in 1905, which killed 58 people and 
injured 150. Shortly after the accident, Massa-
chusetts formed a Board of Boiler Rules to write 
new standards for the state. To further protect 
the public, ASME established a Boiler Code 

Committee in 1911, and published its Boiler and 
Pressure Vessel Code (BPVC), a 114-page book, 
four years later. Today, BPVC consists of 28 
books totalling more than 16,000 pages. 

ENTER NED AND THE NUCLEAR AGE

As nuclear power began to emerge as a viable 
source of energy, following the success of the 
Manhattan Project and the use of atomic bombs 
in 1945, ASME started creating committees to 
deal with the technology. Following President 
Dwight D. Eisenhower’s 1953 “Atoms for Peace” 
speech, part of a program to inform Americans 
about the risks and benefi ts of a nuclear future, 
ASME established the Subcommittee on Power 
Boilers, a task group that eventually became a 
special committee working with the U.S. Navy 
to develop codes and standards for the nuclear 
reactors used to produce steam power aboard 
some Navy vessels. That led to the formal 
establishment of ASME’s Nuclear Engineering 
Division in 1955 and its evolving focus on reactor 
systems, nuclear fusion, heat transport, nuclear 

ASME’S NUCLEAR ENGINEERING DIVISION 
CELEBRATES ITS 60TH ANNIVERSARY

The Nuclear Engineering Division (NED)  marks just one of many milestone in the group’s long history of promoting 
and ensuring safe and peaceful uses of atomic energy. Looking forward, the division will continue to foster 

collaboration among other technical disciplines and societies as it pushes ahead to help set the development, 
design, testing, operation, and maintenance standards of future nuclear applications. 

To understand the future, though, it makes sense to explore past development in nuclear power, NED’s involve-
ment in the industry, and the division’s efforts to spur the cooperation and 

coordination needed to achieve common goals, share meaningful information, and prepare the next generation 
of leaders in the field of nuclear engineering. 

ADMIRAL HYMAN 
RICKOVER
Admiral Hyman 
Rickover drove both 
nuclear and commer-
cial power initiatives, 
training dozens of en-
gineers and scientists 
in nuclear safety and 
operations best prac-
tices, many which are 
still followed today.
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fuel technology, and radioactive waste. 
Since NED’s inception, volunteers have filled 

all executive committee positions. After working 
on executive committees in successive positions, 
usually for about a year, volunteers can ascend to 
a division chair. NED’s milestones throughout the 
years include forming the International Confer-
ence on Nuclear Engineering (ICONE), launching 
its website, contributing to the ASME Presidential 
Task Force on Fukushima, and publishing the 
Journal of Nuclear Engineering and Radiation Sci-
ence. Current and future NED initiatives include 
providing scholarships and support for students 
studying nuclear engineering, and improving 
the education and acceptance of nuclear power 
among the public, policy makers, and news media. 
Each NED initiative is designed to mirror and 
foster the development of global nuclear power 
programs, a mission that dates back to the earliest 
applications of atomic energy.

Some of the first uses of nuclear power propul-
sion began appearing in submarines. Admiral 
Hyman Rickover headed up the design and cre-
ation of the world’s first nuclear submarine, the 
USS Nautilus. Launched in 1954, the vessel was 
powered by a pressurized water reactor, which al-
lowed it to break a handful of submarine records. 
Under Rickover’s supervision, the Navy’s nuclear 
program never had a reactor accident (as defined 
by the uncontrolled release of fission products to 
the environment subsequent to reactor core dam-
age), a record that holds today.  Throughout his 
career, Rickover drove both nuclear and commer-
cial power initiatives, training dozens of engineers 
and scientists in nuclear safety and operations 
best practices, many which are still followed 
today. Rickover also oversaw the development, 
construction, and completion in 1957 of the first 
nuclear power station in the U.S., the Shipping-
port Atomic Power Station, Shippingport, Pa. 

During the next several years other public and 
privately funded reactors were built, including the 
National Reactor Testing Station in Arco, Idaho, 
which later became the site of the National Energy 
Laboratory, and the GE-funded Dresden Power 
Plant 1 in Morris, Ill. In 1960, ASME expanded 
its BPVC to include rules for the construction of 
nuclear power plant components, including reac-
tor pressure vessels and containment. This was 
the first national standard dedicated to nuclear 
applications. Since then, the BPVC, including its 
nuclear standard, has been successfully incorpo-
rated into laws in most North American territories. 

DOMESTIC  
AND GLOBAL 
EXPANSION

During the 1950s, as 
the Cold War escalated, 
potential applications 
of atomic power gained 
traction, including the 
development of long-
range nuclear aircraft. 
The U.S. government 
created massive pro-
grams to study a variety 
of options. Prototypes 
of nuclear reactors, 
rockets, and planes, as well as propulsion options, 
were built and tested at national laboratory and 
defense sites. 

The focus in the U.S. in the 1960s turned to the 
construction of multiple domestic reactors, all of 
which were in need of effective project manage-
ment and civil construction techniques. Major 
domestic customers eventually grew to more than 
30 nuclear utilities, including Commonwealth 
Edison, Duke Power, Yankee Atomic, Florida 
Power and Light, Arizona Public Services, Pacific 
Gas and Electric, Southern California Edison, 
Tennessee Valley Authority,  Sacramento Gas and 
Electric, Consolidated Edison, General Public 
Utilities, and Texas Utilities. NED members 
staffed many of them. 

The U.S., driven mainly by developments and 
innovations from GE, Westinghouse Electric, 
Babcock & Wilcox, General Atomic, and Combus-
tion Engineering, led the world in early nuclear 
developments and breakthroughs. Some of those 
included the first organically moderated and 
cooled power reactor, the Piqua Nuclear Power 
Facility in Piqua, Ohio; the first nuclear reactor 
to power a spacecraft, the SNAP-10A satellite; 
the first reactor to desalinate water, at McMurdo 
Station in McMurdo Sound, Antarctica; the first 
full-scale, liquid metal fast breeder power reactor, 
the Enrico Fermi Nuclear Generating Station in 
Monroe, Mich.; and the first high-temperature 
gas-cooled reactor, the Peach Bottom 1 in Peach 
Bottom, Pa. 

International interest in nuclear engineering 
and a competitive marketplace began to emerge 
as the different reactor types - using gas, water 
and liquid metal cooling, and graphite and heavy 
water moderation – were introduced. 

THE  
SHIPPINGPORT  
ATOMIC  
POWER  
STATION
A reactor  
pressure vessel  
during the  
construction of 
the  station 



NED INCREASES  
INVOLVEMENT

NED grew and evolved alongside 
those developments and the world-
wide interest in the technologies 
behind it. The division started in-
ternational conferences, continually 
increasing their technical content 
and global representation; boosted 
the role of ASME standards; and 

expanded the amount of information exchanged 
on nuclear-related construction, safety, operation, 
and regulatory best practices. 

Competition with the Soviet Union drove many 
of the United States’ early nuclear initiatives. 
But the global spread for peaceful uses spurred 
international developments in reactor technology. 
Looking to expand global cooperation, the U.S. 
signed major nuclear deals with France, Japan, 
South Korea, India, Canada, Germany, Swe-
den, and Argentina. Those countries eventually 
developed their own design variants of reactors 
for commercial power production. As they did, 
interest in U.S. best practices grew. Nuclear engi-
neers, scientists, operations managers and others 
began to leverage NED’s reach and adopt ASME 
standards. 

CONFERENCES
To accommodate those needs, NED established 

the International Conference on Nuclear Energy 
(ICONE) and the International Conference on En-
vironmental Remediation and Radioactive Waste 
Management (ICEM) conference series.

Considered today’s premier global conference 
on nuclear reactor technology, ICONE occupies 
a special place in NED’s history. The Executive 
Committee formed the conferences in response to 
the Japan Society of Mechanical Engineers’ pro-
posal to collaborate in nuclear technical meetings. 
After extensive discussions, the Chinese Nuclear 
Society formally joined ICONE in 2000. Held an-
nually, ICONE now includes the contributions of 

attendees from more than 20 nations who present 
hundreds of papers at each conference. 

ICEM focuses more on the business side of 
the industry than the academic. The conference 
promotes a broad global exchange of information 
on technologies, operations, management ap-
proaches, economics and public policies in areas 
of environmental remediation and radioactive 
waste management. Attendees include scientists, 
engineers, technology developers, equipment sup-
pliers, government officials, and utility represen-
tatives from more than 30 countries. 

Both conference series provide the education 
and information to help the industry avoid many 
of the problems that emerged during the 1970s 
and 1980s.

SLOWDOWN IN THE ‘70S
A re-organization and drastic pruning of the 

U.S. Atomic Energy Commission’s reactor pro-
grams, coupled with controversies over the future 
directions for nuclear development, left a handful 
projects unfunded during the 1970s. Many nuclear 
plants in the U.S. had also overrun their initial cost 
and schedule estimates. 

Public fear of nuclear power took hold after 
the Three Mile Island reactor melted in 1979. 
The public panic and lack of effective emergency 
preparedness forced a hiatus in the U.S. build 
program. That spurred updates in safety equip-
ment, the addition of emergency response centers, 
new advanced simulators for operator training, 
and the formation of the International Project on 
Innovative Nuclear Reactors and Fuel Cycles (IN-
PRO), which focused on operations excellence. All 
plants soon required risk assessments and R&D 
began to focus on preventing ‘severe accidents’, 
which previously had been regarded as highly 
unlikely and mainly due to human error. 

The explosion of the Chernobyl RBMK reactor 
in Ukraine in 1986 and the massive core melts at 
the three Fukushima Daiichi units in 2011  forced 
the industry to increase efforts to mitigate the 
effects of core melt and to create more effective 

U.S.S.  
NAUTILUS
First nuclear-  
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physical and accident management systems.
The need to safely store and dispose of used 

fuel also slowed nuclear deployment during the 
‘80s. Several countries - including Canada, U.S, 
France, and Sweden –explored methods, sites and 
processes for deep geological disposal and retriev-
able storage. Others - including India, Japan, U.K., 
and Russia - sought to reduce the timescales and 
toxicity, and enhance sustainability by recycling 
used fuel. Progress in these areas are slow. 

Given the slowdown of new builds in the U.S., 
the industry’s technical focus during the last 20 
years has been on enhancing plant output and ca-
pacity factors, avoiding extended 
outages, and extending plant life. 
Greater operating efficiencies 
and reduced operating costs, all 
without compromising safety, 
occupy the forefront of industry 
leadership. 

The lack of non-carbon emis-
sions credit and guaranteed 
subsidies of power prices have left many plants 
commercially disadvantaged, with some threaten-
ing to close. In the era of inexpensive natural gas, 
it is often easier and cheaper to extend the life of 
an existing unit than build a new one, which has 
led to the replacement of internals and steam gen-
erators. Today’s Generation IV concepts offer the 
most promising technological advances, which 
will require continued international collaboration. 

NED INITIATIVES

To help keep its members on the forefront of 
those and other issues, NED recently launched 
the Journal of Nuclear Engineering and Radiation 
Science, which includes special issues and is run 
by an editorial team representing 15 countries. 

For the last 10 years, NED has promoted the 
education and training of nuclear engineering 
students through EC NED. In collaboration with 
JSME and CNS, NED pays the way for 60 stu-
dents each year to attend ICONE conferences.  
NED also endows $50,000 in undergraduate 
scholarships.

Despite evidence that much more nuclear power 
is needed, many national governments are afraid to 
embrace nuclear power because of negative public 
opinion. But recent polls indicate that 57 percent 
of the public is in favor of nuclear power. 

NED is developing several initiatives aimed at 
the public, politicians, and the media to improve 

their acceptance and understanding of nuclear 
power and other energy sources, such as wind, 
solar, coal, hydro, gas, and biomass.  NED will call 
on scientists, engineers, professors and other pro-
fessionals  to present the pros and cons of power 
technologies, letting audiences decide which 
technology best suits their needs.

The awareness campaign will also include K-12 
education initiatives and town meetings for the 
public discussion of new technologies, trouble 
areas and special situations, such as oil spills, 
blackouts, fracking, and oil shale exploration.  

With its 120,000 members, AMSE believes 
there’s great potential to develop 
a grass roots effort on energy 
technologies that could spread 
beyond the general public to 
reach every member of congress 
and state legislative branches.  
The NED plan would encourage 
each ASME member to arrange 
meetings with their local and 

national representatives to discuss alternative 
energies.

The resurgence of the global nuclear industry 
will attract a major influx of professionals and 
require industry veterans to acquire new skills. 
NED can assist that career development with 
ongoing programs, including its Nuclear Early 
Career Technical Seminar, aimed at engineers 
who’ve been out of college for up to seven years, 
a demographic group that’s underserved by other 
divisions. 

The next 60 years will prove to be an exciting 
journey for the nuclear power industry. NED will 
continue working to steer it in the right direction.

Looking forward, NED plans to support ASME 
as the society increases its involvement in projects 
that have a strong technical benefit to the nuclear 
industry, especially as they relate to standards. 
The projects will include deliverables that are 
focused on applications and could be codified for 
use by the global nuclear industry. NED is discuss-
ing the formation of a subcommittee that could 
review related candidate projects and report on 
their progress back to members. 

As it carries out those initiatives—publications, 
public awareness campaigns, educational pro-
grams, early career training, and deeper involve-
ment of technical projects—NED will further 
support the nuclear industry to ensure safe opera-
tions, especially as many power plants seek to ex-
tend their operating licenses well into the future. 
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Control Systems 
Education

ontrol systems education is undergoing major transformation. For 
one thing, new educational philosophies are arriving in engineering 
research, suggesting to balance classical teaching methods with student 
hands-on experiences and increased student participation in class. 

In parallel, our ability to deliver course content through Internet and Massive Open 
Online ourses MOO s  o  ers numerous opportunities, while emergence of low-cost 
hardware systems has the potential to be tremendously helpful to provide hands-on 
experiences to the students. 

owadays, a benchmar  control system with varying di   culty levels can easily 
be built with a reasonable budget of less than $100, from a large array of products 
including sensors, actuators, and microcontrollers. One can even interface mobile 
phones with these systems, so as to allow the user to experience control directly by 
being a part of the closed loop. Software developments have been keeping up with 
this rapid change, ensuring that software seamlessly interfaces with these products. 
Moreover, course material and hands-on benchmarking could easily be broadcast to 
large numbers of students through MOOCs, and even beyond, across the world to all 
those interested in feedback control, robotics, and mechatronics. 

Nevertheless, availability of massive numbers of options to the instructor, either 
from philosophical or from curricular implementation points of views, brings with it a 

number of critical considerations. Indeed, it is crucial to understand how best to 
put the curriculum together, and/or how to improve it by taking advantage of 
the aforementioned opportunities in a way that they resonate with the classi-
cal teachings of control systems, and bring added value to student learning. 

To this end, in this issue we bring together four articles from experts in 
control systems education. The  rst article, by ared . Frank and ikram apila, 

is on the use of mobile devices for users to interact with mechatronics experiments, 
incorporated within classroom teaching. The next article, authored by oshua urst 
and Sandipan Mishra, makes use of MOOCs along with a series of control system 
experiments involving a mini inverted pendulum. The authors of the third article, 

oseph . Steinmeyer and acob . hite, describe the development of easily-
implementable mechatronic system benchmarks, supported by a MOOC platform, to 
teach hardware modeling and control. In our fourth article, authors Tobias Sutter and 

ohn ygeros present a MOOC and  ipped class techni ue with a focus on integrating 
new digital technologies and customizing course delivery based on the needs of 
individual students.

e greatly appreciate the  authors  contributions to this issue in their busy 
schedules, and SM  sta   for the hard work they put behind the scenes to deliver 
this issue to you. 

ast but not least, we would like to thank you for your support of the Magazine, 
and re uest that you contact the ditor, eter Meckl (meckl@purdue.edu) 
for any ideas for future issues.

Alexander Leonessa, PhD
Rifat Sipahi, PhD
Guest Editors, DSC Magazine CO
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UPCOMING CONFERENCES

The American Auto-
matic Control Council 
has awarded Scott 
Moura, an Assistant 
Professor of Civil 
and Environmental 
Engineering at UC 
Berkeley, and Hector 
Perez, a PhD candi-
date and Graduate Stu-
dent Researcher in the 
Energy, Controls, and 
Applications Laboratory (eCAL) at UC Berkeley, the 2016 
O. Hugo Schuck Best Paper Award.

Their paper titled “Sensitivity-Based Interval PDE Ob-
server for Battery SOC Estimation” earned the award in 
the Application category and will be publicly announced 
and presented at the 2016 American Control Conference 
during the Awards Ceremony on Thursday, July 7, 2016 in 
Boston, MA. The paper develops a sensitivity-based inter-
val observer that maps bounded parameter uncertainty 
to state estimation intervals within the context of electro-
chemical battery partial di erential e uation (PDE) mod-
els and state of charge (SOC) estimation.

Provided by UC Berkeley Institute of Transportation Studies

THE ASME INTERNATIONAL DESIGN ENGINEERING 
TECHNICAL CONFERENCE AND THE COMPUTER AND 
INFORMATION IN ENGINEERING CONFERENCE (IDETC/CIE) 
Charlotte, North Carolina   August 21–24, 2016
https://www.asme.org/events/idetccie

2016 IEEE MULTI-CONFERENCE ON SYSTEMS AND CONTROL 
Buenos Aires, Argentina   NH City & Towers Hotel
September 19-22, 2016   
http://www.msc2016.org/

55TH IEEE CONFERENCE ON DECISION AND CONTROL
Las Vegas, Nevada   ARIA Resort & Casino   December 12-14, 2016   
http://cdc2016.ieeecss.org/ 

IFAC 2017 WORLD CONGRESS
Toulouse, France   July 9-14, 2017
https://www.ifac2017.org/
The 20th World Congress of the International Federation 
of Automatic Control 

THE 2017 AMERICAN CONTROL CONFERENCE
Seattle, WA   Sheraton Seattle Hotel   May 24-26, 2017
http://acc2017.a2c2.org/

AWARDS AND ANNOUNCEMENTS

We would like to take this opportunity to celebrate
the achievements of our ASME DSCD members! 

Marcello Canova and Carrie Hall 

have earned National Science 
Foundation (NSF) Faculty Early Career 
Development (CAREER) Awards. Professor 
Canova’s research proposal is titled, “A 
New Model Order Reduction Framework 
for Control Storage Systems for Electrified 
Vehicles.” This CAREER award will build the 
first-ever framework 
that systematically 
transfers the 
accuracy and fidelity 
of physics-based 

models into low-order models suitable 
for control design. Professor Hall’s 
research proposal is titled, “Control of 
Advanced Fuel-Flexible Multi-Cylinder 
Engines”. This CAREER award will 
investigate the dynamics and control 
of an advanced combustion strategy 
that has the potential to increase the 
efficiency of fuel-flexible diesel engines 
by up to 20 percent.

Provided by the Ohio State University Center for Automotive
 Research and Illinois Institute of Technology 

Armour College of Engineering

 Simona Onori, Giorgio Rizzoni, and Lorenzo Serrao 

have co-authored a SpringerBrief book titled “Hybrid Electric 
Vehicles – Energy Management Strategies”. This text focuses 
on control and optimization in hybrid electric vehicles and 
demonstrates to the reader how to implement an energy-
management strategy that decides how much of the vehicle’s 
power is provided by each source instant by instant. The text 
introduces methods for modeling energy flow in hybrid elec-
tric vehicles; presents a standard mathematical formulation of 
the optimal control problem; discusses different optimization 
and control strategies for energy management, integrating 
the most recent research results; and carries out an overall 
comparison of the different control strategies presented.

Simona Onori is an Assistant Professor in Automotive as 
well as Electrical and Computer Engineering at Clemson Uni-
versity. Giorgio Rizzoni is the Ford Motor Company Chair in 
ElectroMechanical Systems and a Professor of Mechanical and 
Electrical Engineering at The Ohio State University. Lorenzo 

Serrao is a lecturer and researcher at IFP Energies nouvelles 
(Rueil-Malmaison, France).  
Provided by SpringerBriefs in Control, Automation and Robotics

2016 O. Hugo Schuck 
Best Paper Award

  JUNE 2016  1

Marcello Canova, an 
Assistant Professor 
of Mechanical 
and Aerospace 
Engineering at Ohio 
State University.

Carrie Hall, an 
Assistant Professor of 
Mechanical, Materials 
and Aerospace 
Engineering at the 
Illinois Institute of 
Technology.
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Scott Moura, (left) an Assistant 
Professor of Civil and Environmental 
Engineering at UC Berkeley. Hector 
Perez, (right) a PhD candidate at 
UC Berkeley. 
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With an ever-expanding number of sensors 
and features, mobile devices can facilitate 
enhanced interactions with physical systems. 
Because of their popularity and familiarity, 
mobile devices can o er learners interfaces 
that are more intuitive than those on compet-
ing, specialized devices. That is, learners may 
be able to draw upon experience with their 
personal devices to operate physical systems 
e ectively. Developing architectures and 
mobile apps to realize such systems requires 
overcoming the fundamental challenges of 
how best to use mobile technologies to i) 
capture and map user behavior to desired 
behavior of systems and ii) capture and 
display the system state to support situational 
awareness [3].

This paper explores a novel human-ma-
chine interaction (HMI) paradigm that uti-
lizes the SSCC capabilities of mobile devices 
to provide intuitive interactions with dynamic 
systems. Our HMI paradigm addresses the 
aforementioned fundamental challenges by 
integrating computer vision, 3D virtual graph-
ics, and touchscreen sensing to develop mo-
bile apps that provide interactive augmented 
reality (AR) visualizations. While prior 
approaches used laboratory-grade hardware, 
e.g., personal computer (PC), vision system, 

BY JARED ALAN FRANK AND VIKRAM KAPILA
DEPARTMENT OF MECHANICAL AND AEROSPACE ENGINEERING

NEW YORK UNIVERSITY TANDON SCHOOL OF ENGINEERING

 R
ecent advances have led to rapid 
growth in the complexity of technologies. 
For example, the arrival of systems that 
couple cyber elements (computing and 
communication) with physical dynamics are 
expected to bring revolutionary changes to the 

way humans learn, live, and work [1]. By interconnecting 
state-of-the-art interface technologies (e.g., computer 
vision, interactive graphics, haptics, and motion sensing) 
with educational laboratory test-beds, a new class 
of educational platforms can be developed with the 
potential to transform the way people learn by reducing 
the effort required to command, control, and monitor 
physical dynamics [2]. Moreover, rather than turning to 
specialized, ad hoc solutions, educational laboratories 
can exploit mobile devices, which have evolved to 
carry an unprecedented amount of sensing, storage, 
computation, and communication power (SSCC).

 USING MOBILE
      DEVICES FOR

 
WITH EDUCATIONAL 

LABORATORY TEST-BEDS
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FIGURE 1  Schematic 
representation of our 

HMI architectures.

etc., for streaming video to remote users [4], our approach exploits the 
inherent mobility of mobile devices to provide users with mixed-reality 
(MR) environments in which the laboratory test-bed and augmented 
visualizations coexist and interact in real-time to promote immersive 
learning experiences that don’t yet exist in engineering laboratories. After 
describing the basic components of our approach, we use representative 
laboratory test-beds to present three architectures that support our HMI 
paradigm and employ mobile devices in three distinct roles: user interac-
tion, sensing, and control (Figure 1). First, interacting with a 2D robot 
mechanism by manipulating its virtual representation on a tablet allows 
learners to reinforce their conceptual understanding of spatial relation-
ships and robot kinematics. Second, allowing learners to utilize personal 

devices as vision-based sensing tools to interact with a ball and beam 
system obviates the need to equip the test-bed with alternative sensing 
instrumentation. Third, providing interactive graphical tools within the 
interface permits learners to interact with a DC motor arm to command 
its orientation and interactively redesign a digital controller, thus allow-
ing an exploration of the e  ects of closed-loop pole locations on dynamic 
system response characteristics, e.g., stability, damping, and steady-state 
error. Experimental results demonstrate the performance and e   cacy of 
the presented systems and attempt to address the bene  ts and challenges 
of the proposed approach.

FIGURE 2  Illustration of HMI using color markers and the touchscreen taps.

 APPROACH

Digital cameras and touchscreens constitute 
two powerful and attractive components 

of today’s mobile devices. When used together, 
judiciously, highly visual and interactive envi-
ronments may be realized on the device screen. 
Using a marker-based vision technique, the 
relative poses of various objects in the scene 
can be obtained as a learner points the mobile 
device from an arbitrary perspective. These 
poses provide the foundation for measuring 
positions and orientations of physical elements 
in the system that can be used to drive realistic 
projections of virtual elements in the scene 
and in the feedback control of the system itself. 
By allowing learners to command real-world 
elements by manipulating their corresponding 
virtual elements through touchscreen gestures, 
the interface becomes transparent, directing 
users’ attention to performing tasks rather than 
struggling to use the interface. This allows users 
with relatively little training to operate complex 
processes with ease, comfort, and delight.

Marker-based Computer Vision

With the mobile device pointed at the system, 
video captured by the rear-facing camera is 
processed. Attaching visual markers to critical 
components facilitates their e   cient detec-
tion, identi  cation, and localization. isual 
markers are detected using color segmenta-
tion, a computationally e   cient and simple-
to-implement approach. After arranging the 
markers in a plane with a known pattern rela-
tive to a speci  ed coordinate frame, a geomet-
ric algorithm solves the marker association 
problem and 2D-3D point correspondences 
determine the pose of the speci  ed coordi-
nate frame relative to the camera coordinate 
frame, T O

C. Once this pose is known, positions 
and orientations of system components con-
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FIGURE 3  Screenshots from interface (a) 
before and (b) after a command is issued in 

forward mode, and (c) before and (d) after a 
command is issued in inverse mode.

FIGURE 4  Plots of issued commands and 
responses of the system in (a,b) forward 
mode and (c,d) inverse mode.

d

c

b

ca b

tained in the plane are extracted in real-world coordinates relative to the 
speci  ed coordinate frame (Figure 2).

Intuitive Interaction with AR 

Spatial relations extracted through computer vision are used for realistic 
projection of virtual elements to render the MR environment on the screen 
of the mobile device. In this environment, the virtual graphics provide stim-
ulating visual feedback to enhance user monitoring of the system and can 
be manipulated to intuitively operate the system. Although virtual manipu-
lations are composed of 2D gestures on the touchscreen, they correspond 
to 3D commands for the planar system. For touchscreen taps, transforma-
tions are used to determine the location in the plane of the system intended 
by the user. First, the tap coordinates are converted to image coordinates 
through a simple resolution conversion. Next, (T O

C )-1 is used to map the 
image coordinates of the tapped location to coordinates in the plane of the 
system relative to the speci  ed coordinate frame (Figure 2). Once known, 
these real-world coordinates are used to send commands to the system and 
to drive the virtual graphics. By simulating the system’s governing equa-
tions on the app, the virtual graphics can provide responsive and predictive 
visualizations of system behavior before commands are issued. This combi-
nation of low-latency video from the device camera, extrasensory visualiza-
tions a  orded by AR, and  uid interactivity provided by the touchscreen 
can yield new immersive experiences with laboratory hardware.

EXAMPLE ARCHITECTURES

Three HMI implementations illustrate architectures in which the mobile 
device provides the user interface, performs the sensing, and imple-

ments the estimators and controllers for the system (Figure 1). Although 
the mobile device used in these implementations is the Apple iPad 2, cho-
sen for its larger screen, similar implementations can employ smartphones. 
Open source libraries are used to process images, render AR, and communi-
cate using the TCP/IP protocol. See [ ] for illustrative videos. 

2D Planar Robotic Mechanism 

The  rst HMI architecture uses the tablet to provide an immersive user 
interface to interact with a physical system and is illustrated with a four-link, 
2D robot with two links actuated by motors (Figure 1) [6]. The architecture 
is important in applications where educators seek to impart to learners the 
bene  ts of both virtual laboratories (e.g., interactive and visually stimulat-
ing interfaces) and hands-on laboratories (e.g., real data, real hardware) 
for enhanced experiential learning. Speci  cally, the tablet provides visual 
feedback and communicates commands while control is performed using 
measurements from the test-bed’s embedded encoders. The joint connecting 
the second and third links acts as an end e  ector that can be commanded 

d

a



JUNE 2016 5

FIGURE 5  
Experimental 

results for 
the (a) ball 

position and 
(b) beam 

angle.

Fo c u s  o n  D y n a m i c  S y s t e m s  &  C o n t r o l

FIGURE 6  
(a) Screenshot from the 
interface and (b,c,d) 
experimental response 
of DC motor with 
three different 
controllers.

d

ca b

a b

Figure 4d shows the actuated joint angle measurements from camera and 
encoders, and predicted orientations of the joint angles by propagating the 
desired end e  ector location through the inverse kinematics. Sensing limita-
tions, such as uncertainties in camera parameters and limited image resolu-
tion, contribute to small discrepancies between the measurements from the 
tablet camera and those from the laboratory-grade sensors. However, as 
seen in Figure 3, these discrepancies are often negligible. 

Ball and Beam System

Experimental results from the previous subsection suggest a second HMI 
architecture that employs the tablet as a user interface and its vision-based 
measurements for feedback control [7]. This enables learners to receive the 
bene  ts of the  rst architecture without requiring that the system carry as 
many laboratory-grade sensors, thus lowering the potential cost and size of 
the test-bed. The test-bed used is a ball and beam system (Figure 1) built 
from a DC-motor, a 0. -meter long lexan beam, and a smooth 2 .4 mm di-
ameter ball. A PC wirelessly receives sensor data from the tablet and uses it 
for estimation and control. isual markers are a   xed to the system to estab-

lish a reference frame and to measure beam angle. The ball is colored yellow 
to track its position. Users command the position of the ball by tapping at 
desired locations on the beam image (Figure 2). A principal challenge 
in this HMI architecture is to ensure that noise, resolution, and measure-
ment delay introduced by the tablet’s limitations are su   ciently small for 
closed-loop stability. Experiments are conducted to examine the e  ects of 
the vision-based measurements on closed-loop system behavior. Results in-
dicate that image processing can be completed in 13.2  ms (s.d. 0.2 3 ms), 
which supports a 60 Hz frame rate. Analyzing vision measurements from 
various perspectives reveals that ball position can be measured with 0.7 mm 
precision, beam angle can be measured to within 0.2 degrees, and measure-
ment noise does not vary signi  cantly for di  erent perspectives. Figure 5
shows the ball position and beam angle response as a user commands the 
ball to approximately 2  and 7  along the beam length. 

to a desired location. The motors are driven 
by power ampli  ers that receive signals from 
a PC via a data acquisition and control board. 
The PC computes control actions based on set 
point commands received over Wi-Fi from 
the mobile app. isual markers attached on 
 ve  xed columns in the plane and at each 

joint of the robot enable vision techniques to 
estimate the robot’s plane, joint angles, and 
end-e  ector location. These measurements are 
used to register the AR content in the scene, 
e.g., coordinate frames attached at the robot 
joints and a virtual rendering of the robot. The 
touchscreen interface allows users to com-
mand the robot in one of two modes (Figure 
3). In the forward mode, the actuated links are 
controlled by manipulating virtual links and in 
the inverse mode, the end e  ector is controlled 
by manipulating a virtual circle representing 
the end e  ector. The app serves as an intuitive 
interface for users to learn about robot kine-
matics. To further aid HMI, the robot’s forward 
and inverse kinematic equations are run within 
the app to compute the desired end e  ector 
location from the user-supplied joint angles in 
forward mode and compute the desired joint 
angles from the user-supplied end e  ector 
location in inverse mode. Thus, the interface 

provides predictive visualizations to reveal the 
con  guration of the robot resulting from user 
interactions before it is driven to the desired 
con  guration. To assess this HMI architecture, 
the system is experimentally commanded in 
both forward and inverse modes. Figure 4a
shows the actuated joint angle measurements 
from camera and encoders. Figure 4b shows 
the end e  ector position measurements from 
camera and encoders, and predicted position 
of the end e  ector by propagating the desired 
motor angles through the forward kinemat-
ics. Figure 4c shows the end e  ector position 
measurements from camera and encoders. 
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illustrate bene ts, and uncover challenges 
of our HMI paradigm. Three experimental 
implementations demonstrate the potential for 
providing predictive visualizations to improve 
situational awareness and graphical controls 
to adjust the dynamic behavior of the system. 

irtual and remote experimentation using mo-
bile devices lacks the bene t of presence in the 
laboratory with actual equipment. Our HMI 
paradigm facilitates engaging laboratory learn-
ing through hands-on experiences with equip-
ment and interactive visualizations on personal 
mobile devices. Future work will examine 
the potential of our approach in teaching 
fundamentals of dynamic systems, automatic 
control, robotics, etc., through inquiry-based 
activities with students. 

DC Motor 

The stable response of the system in the previous subsection suggests a 
third HMI architecture wherein all interface, sensing, ltering, estima-
tion, and control tasks are performed on the mobile device [ ]. This allows 
learners to receive the bene ts of the rst and second architectures, and, in 
the spirit of [ ], can replace expensive laboratory computers and software 
with low-cost microcontrollers, since tablets can perform all necessary 
computations. This architecture is illustrated with position control of a 
1 .24 cm motor arm (Figure 1). In this implementation, the PC (alterna-
tively a microcontroller) is only responsible for transmitting control signals 
received from the tablet. ision sensing is used to measure the angular 
position of the motor arm. The tablet implements a discrete-time alman 

lter and a full-state feedback controller. The motor control user interface 
has three main views (Figure 6a). A 30 Hz video is live-streamed in the 
large, right view, projected onto which is a purple semi-transparent virtual 
arm lying in the plane of the actual arm, representing the system set point. 
As the virtual arm is tapped and dragged, it pivots under the user’s nger 
about its xed end attached to the orange marker in the scene similar to 
the rotation of the actual motor arm about its axis. The two left-hand views 
of the interface contain plots. On top, users tap on an interactive pole-
zero plot to select desired closed-loop poles, triggering a pole-placement 
formula for controller gain computation. On the bottom, dynamic plots 
display the set point command, vision-based measurements of the mo-
tor arm angular position, and angular velocity estimate from the alman 

lter. Buttons enable the user to start, stop, and reset plots and email 
collected data for post-processing. The resulting interface allows learners 
to interactively explore the e ect of pole locations on system performance. 
To investigate the potential of this architecture, the tablet is used to design 
several controllers and issue 0  and 0  step commands. Figures 6b-6d 
show the issued set points and recorded responses for each control design. 
These results show that the interface allows users to both command the 
system and adjust various characteristics of its dynamic behavior, including 
steady-state error, settling time, and overshoot. 

CONCLUSIONS AND FUTURE DIRECTIONS

With mobile devices becoming the primary personal computing de-
vices, this paper presents a novel approach to use them for HMI with 

laboratory test-beds. By pointing the rear-facing cameras of the mobile 
devices at the system from an arbitrary perspective, computer vision tech-
niques retrieve physical measurements to render interactive AR content or 
perform feedback control. For the three suggested architectures, wherein 
the mobile device provides diverse capabilities of interaction, sensing, 
estimation, and control, we verify feasibility, investigate performance, 

This work is supported in part by the National 
Science Foundation awards EEC-1132482, 
DRL: 1417769, and DGE: 0741714.

ACKNOWLEDGEMENTS

ABOUT THE AUTHORS

Jared Alan 

Frank, a mechan-
ical engineering 
doctoral student 
at NYU, is con-
ducting research 

on the development and evaluation 
of immersive apps for intuitive in-
teractions with physical systems. 

Vikram Kapila 

(vkapila@
nyu.edu), a 
professor of 
mechanical 
engineering 

at NYU, has research interests in 
mechatronics, robotics, and STEM 
education.



JUNE 2016 7

experiences should reinforce the value of understanding and 
interpretation of theoretical ideas. 

In an attempt to create such an experience, the Rensselaer 
Polytechnic Institute developed the Rensselaer Mechatronics 
Lab Kit as a low-cost take-home laboratory kit. The kit serves 

as a table-top laboratory with integrated sensors, actua-
tors, and embedded processing. The students can 

perform a host of laboratory experiments; such 
as DC Motor modeling and feedback control, 

parameter identi  cation, serial communica-
tion, etc.; culminating in a student project 
of embedding intelligence into a Mini 
Inverted Pendulum (see Figure 2).

RENSSELAER MECHATRONICS KIT 

SYSTEM OVERVIEW

The Rensselaer Mechatronics Lab Kit 
consists of three key components: a 

hardware kit that interfaces with a student 
laptop, analysis and programming software, and 

the supporting curriculum material as shown in Figure 3. 
These were developed and integrated keeping 
in mind student learning objectives, cost 
economy, and e   ciency of deployment 
as well as maintenance. 

Synopsis of Kit: The hardware 
associated with the kit is a set of typical 
sensors and actuators (see Table 1) inte-
grated onto an Arduino-based microcon-
troller that can be connected to the student 
laptop via a USB cable. Once properly 
programmed and deployed, the hardware 
may be operated in a tetherless manner. 
Students can use MATLAB and Simulink 
for analysis, control design, and then 
seamlessly program the Arduino-based 
microcontroller directly from Simulink. 
Although Simulink has basic Arduino 
support built in, speci  c applications 
require custom code or driver blocks [1].

 A
s the promise of the “Internet of 
Things” becomes reality, it is increas-
ingly important to assess what skills 
and tools an engineer needs to be 
successful in a world rich with sen-
sors, actuators, embedded 

computing, and information. 
While “Mechatronics” originated 

as the interface of mechanical, 
electronics, and computing, it has 
now morphed into a discipline 
that focuses on a systems-level 
approach to integration of sens-
ing, actuation, embedded com-
putation, and real-time data flow. 
Furthermore, it is based on an under-
standing of how the critical aspects 
of each domain contribute to the 
eventual performance of the de-
signed product. Over the past two 
decades, Mechatronics courseware has been 
developed in almost every institution of higher 
learning to integrate with mechanical engineer-
ing, electronics and electrical engineering, and 
robotics curricula (Figure 1).

One of the key challenges in developing such 
courseware is complementing theoretical 
analysis and rigor with meaningful experiences 
that integrate sensors, actuators, and 
computation in a “hands-on minds-on” way, 
while fostering intuition and critical problem 
solving skills. Furthermore, these laboratory

 A FLIPPED LAB EXPERIENCE FOR 

FIGURE 1  
Mechatronics 

(courtesy 
Kevin Craig)

FIGURE 2  MinSeg 
Inverted Pendulum.
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ware kit details and a commercialized version of the kits can 
be found here [3].

HARDWARE DESIGN

The Rensselaer Mechatronics Kit has three main hardware 
components: an Arduino microprocessor; a suite of sen-

sors including 3-axis accelerometers, 3-axis gyroscopes, 3-axis 
magnetometers, a potentiometer and an optical encoder for 
the motor wheel; and a set of actuators including a Lego NXT 
DC motor and ampli er. Table 1 shows a sampling of the 
hardware components and the associated cost.

Arduino is an open-source prototyping platform that con-
sists of an Arduino microprocessor board and the supporting 
software IDE. It has a large support community online with 
accessible code examples and tutorials. Arduinos (and similar 
easy-to-use microprocessors) have revolutionized do-it-your-
self projects with embedded intelligence. With an Arduino-
based microprocessor, di erent hardware components can 
be quickly evaluated and thus it is a natural choice for the 
Mechatronics kit. 

Sensor selection is driven primarily by cost, but the cheap-
est sensors often tend to have well supported software librar-
ies as well. The resulting set of cost e ective sensors provide 
a wide array of sensing for experiments and projects beyond 
traditional position sensing and control. On the other hand, 
the primary actuator included in the kit is a DC motor, a 
ubiquitous actuator with widespread engineering applications. 
DC motors also provide students with an example of a system 
with mechanical elements, electrical elements, and electro-
mechanical coupling. An understanding of DC motor prin-
ciples also provides a framework for other electromechanical 
systems such as solenoids, voice-coil motors and speakers. 
The chosen DC Motor, a LEGO NXT motor, is comparatively 
expensive, but is durable, provides mounting options, has a 
built in encoder, and also piques student interest. A detailed 

To address this, the Rensselaer Arduino Support Pack-
age Library (RASPLib) was developed [2], which contains 
packaged code blocks for all the sensors and actuators in the 
hardware kit. Students can easily drag and drop the blocks, 
program the hardware with a single click, and can quickly 

perform experiments or collect data. Finally, the curriculum 
material consists of a set of take-home laboratory activities 
and tutorials that cover introductory theory and instructions 
for validating that theory through simulation or hardware. 
These activities are intended to be as stand-alone as possible 
so they can be utilized in di erent classes, universities, or in 
di erent contexts. This curriculum material and the support-
ing driver library RASPLib are available online [2]. Hard-

FIGURE 3  Main components of the Rensselaer Mechatronics Kit.

PROJECT HISTORY

The Design Lab at Rensselaer is a design and manufac-
turing facility that provides opportunities for students 

to work on real-world industry-driven projects in close 
collaboration with faculty, staff, and industrial sponsors.  
Engineering students at Rensselaer culminate their bac-
calaureate degree through the Multidisciplinary Capstone 
Design course, where they work in multidisciplinary teams 
on open-ended problems.  

In 2013, with support from a MathWorks Educational Grant 
two capstone teams investigated the engineering curriculum 
at Rensselaer to identify low-cost and simple hardware that 
could be used in several courses to reinforce engineering 
concepts through a “take-home laboratory experience”.

TABLE 1  
(Above) Selected kit 
hardware details.
 
FIGURE 4  (Left) 
Rensselaer 
Mechatronics Kit 
sensors, actuators 
and microprocessor.

FIGURE 5  (Right) 
Rensselaer 
Mechatronics Kit 
hardware features.
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summary of the selected hardware components is provided in 
Table 1 and Figures 4 and 5. 

SOFTWARE DEVELOPMENT

In addition to hardware, a critical component of the Mecha-
tronics kit is an integrated software package that enables 

students to quickly recall the basic principles of programming 
and teach hardware-software integration without a steep 
learning curve. MATLAB and Simulink are widely used in the 
dynamic systems and control community, with a rich library 
of analysis and design tools. Further, Simulink can be used 
to directly program the Arduino target, thereby providing a 
seamless transition from development in the simulation en-
vironment to deployment on hardware. The application code 
can be stand-alone (i.e., deployed in hardware in an embedded 
manner), or operated in external mode, where the user can vi-
sualize data and modify parameters on the system in real time. 
This helps the students understand the e ects of their design 
choices in real-time and gives them an intuitive understanding 
of control design. Figure 6 below shows some of the library 
of blocks (RASPLib) developed for directly interfacing with the 
sensors and actuators that are part of the Mechatronics kit. 

The selected software tools and components include:
MATLAB & Simulink – popular and powerful tools for 

modeling, control analysis and design
Simulink – as a graphical programing tool

• Graphical code is easy to read – code level details 
are hidden

• Programming and development are done at the system level
• Easier to share, develop, and maintain across disciplines 

and projects
• External mode allows hardware in the loop testing and

real-time visualization of data
• Easy to deploy with a single click
• Device Drivers or custom blocks for sensors or actuators

can be created [1]
RASPLib – Rensselaer Arduino Support Package Library

• Driver blocks for the hardware sensors and ampli ers
• Demo/testing les to verify hardware integrity
• Communication blocks for fast data acquisition

LABORATORY STRUCTURE AND ORGANIZATION 

Achieving the balance between theory and practice is the 
Holy Grail for any laboratory-driven course. Students are 

often well equipped to tackle isolated theory problems, but 
nd it challenging to integrate these tools to realize a nal 

design or product. On the other hand, trial-and-error often 
becomes the primary methodology for accomplishing experi-
mental outcomes, leading to a general lack of faith in theory. 
Thus it is critical to establish project objectives that reinforce 
analysis-based approaches towards design. 

The curriculum developed along with the Mechatronics kit 
consists of the typical coursework: theory, assignments, and 
in-class testing, but in parallel it has a laboratory compo-
nent that is primarily completed at home by the students. 
Throughout the semester they perform stand-alone labs 
that introduce topics, set up tests and perform experiments 
that validate theory or experimentally determine unknown 
parameters. The students learn by guided, yet somewhat 
open-ended problems. The supporting courseware consists of 
three core components (see Figure 8).

1) Technical concepts: these consist of primarily tradi-
tional theory, analysis tools and core engineering subjects. 
The emphasis is on enabling techniques, for example, least 
squares estimation, which is used ubiquitously for curve t-

FIGURE 6 Selected blocks of the Simulink device driver and 
hardware support library developed at Rensselaer.

MECHATRONICS LAB KIT

The kit was designed to find a cost-effective, widely-
deployable and intellectually stimulating solution to 

address challenges of traditional labs. 
Affordable – approximately the cost of a traditional textbook 
Compact, Portable, USB powered – labs can be performed

anytime, anywhere
Versatile – suite of general tools to perform a wide variety 

of experiments 
• Array of sensors, a motor driver for actuators, and a

capable microprocessor
• MATLAB & Simulink - powerful analysis, control and

design software tools
• Can be used in many other classes or projects
• Easy to introduce early in the curriculum 

Stimulating and Inspiring – visual and tangible results; 
the inverted pendulum does something cool!

FIGURE 8  Major components of the Mechatronics curriculum at 
Rensselear.
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fully execute all of these steps to accomplish this objective.
A brief outline of the dynamic system investigation for the 

inverted pendulum will be presented. A detailed develop-
ment may be found in [4].

Physical System Description: A LEGO NXT motor 
attached to an Arduino Microprocessor and board act as the 
pendulum. The system has one input, the torque from the 
wheels, and two outputs to control – the pendulum angle and 
the position of the wheels

Physical Model: The system is modeled as 2D rigid 
body consisting of a wheel and a simple pendulum shown 
in Figure 10. The input to the system is the torque from 
the motor. Since the ampli er in the Mechatronics Kit 
is not a torque ampli er the motor must be modeled to 
determine the torque. The linear motor model is shown in 
Figure 11. 

Mathematical Model: Newton-Euler equations and 
Kirchho ’s voltage law generate the two coupled nonlinear 
equations that relate the input torque to the output wheel 
position and angle position (see Equation 1).

Parameter ID: Experiments are performed to evaluate 
and determine the system parameters shown in Table 2. 

The simulated motor response is 
compared to experimental response 
to verify parameter estimates. 
The students observe that the 
expected response does not match 
experimental response due to 
system nonlinearities and hardware 
e ects. They then iteratively 
improve the simulation model until 
it matches the true system to a 
satisfactory degree.

ting in a wide range of engineering problems, and bridging 
tools like linearization of a nonlinear system to allow the use 
of linear system theory.

2) Experiment design: this teaches students how to 
perform suitable experiments to answer questions and deter-
mine unknowns, for example steady state measurements to 
determine friction, or experiments to calibrate and character-
ize gyroscope data. This component of the courseware also 
teaches students to use simulations for predicting responses, 
or testing and comparing models.

3) Hardware deployment: this exposes students to 
the execution of the experiments and the observation or 
validation of the hypothesis. Furthermore, students learn to 
observe and model real world system non-idealities such as 
sensor quantization, saturation, or measurement delays – is-
sues that are often not addressed in the classroom explicitly. 

Each lab topic has this same general execution. During this 
process the students observe how the general theory appears 
in practice, and how their expected results are a ected by the 
system, like backlash or friction, by the measurement system, 
such as sensor noise or discretization, and by the computa-
tion, things like data type and delays. Through this repeated 
exposure to system, hardware, and software elements, they 
learn what important aspects of a system they must consider 
while designing a solution. While traditional lab experiments 
try to minimize these non-ideal’ phenomena to focus on 
demonstrating the connecting theory, in contrast this labora-
tory experience aims to demonstrate how these e ects must 
be accounted for in any e ective design solution.

THE MINI INVERTED PENDULUM: 

A MECHATRONICS STUDENT PROJECT

The Mini Inverted Pendulum project provides students a 
complete Mechatronics design experience. The end ob-

jective is clear: use the motor and sensors in the Mechatron-
ics Kit to balance the pendulum. A cornerstone of a Mecha-
tronic design approach is the Dynamic System Investigation 
process, shown in the Figure 9. A student must success-

RECONCILING THEORY WITH PRACTICE

In the senior Mechatronics course at Rensselaer, the final 
project involves the design of a controller for stabilizing an 

inverted pendulum system (see Figure 7 below). Although 
the students have completed most of the requisite course-
work to theoretically solve this problem as part of earlier 
courses, this challenge identifies the gaps in their knowledge 
for solving a problem that spans multiple disciplines and thus 

can often frustrate stu-
dents.  At the end of the 
term, however, on achiev-
ing their goal, the students 
experience a sense of 
accomplishment and gain 
a first-hand understanding 
of the leap from a page in 
the textbook to the very 
non-ideal real-world.

FIGURE 9  Steps of the dynamic system investigation for the 
inverted pendulum student project.

FIGURE 10  (Above) 
Mechanical diagram 
for inverted wheel 
pendulum system.

FIGURE 1 1  (Left) 
DC motor model 
diagram.

FIGURE 7  MinSeg: A leap from theory to practice.
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Mathematical Analysis & Design:
After veri cation, the nonlinear 
equations of motion are linearized about 
the upright pendulum position to obtain 
a linear state-space model x= Ax +Bu 
with states x=[x x  ] (see Equation 
2). A L R full state feedback controller 
is developed. This controller determines 
a full state feedback gain to minimize 
a weighted sum of the state and input 
according to the integral: 

This controller is then tested on the 
full nonlinear model. Students observe 
the e ect of the weighting matrices on 
the system performance and then “tune” 
the controller to obtain good closed loop 
performance.

Experimental Analysis: After veri-
cation of performance in simulation the 

controller is implemented in hardware. 
Figure 12 shows the Simulink balance 
code. The pendulum angle and wheel 
position are obtained with the sensor 
blocks from RASPLib as well as the output motor block. The 
result – a balancing inverted pendulum and happy students

Student Project Outcomes: After completing the stu-
dent project, the students have

• Analyzed and designed a control system from a free body
diagram to a working system

• Observed, modeled, and mitigated real world nonlinear
system e ects

• Learned the value of model based Mechatronic 
design – they cannot get the system to balance without it

• Successfully integrated theory, hardware and software
while gaining experience and pro ciency with those tools

CONCLUSION 

Integrated software tools like MATLAB and Simulink and the 
availability of low cost hardware are enabling technologies for 

the development of innovative laboratory and curriculum para-
digms. An example of this is the laboratory curriculum devel-
oped for the Mechatronics course at Rensselaer, consisting of 
the Rensselaer Mechatronics Hardware Kit and the associated 
RASPLib software package, which allow the students to take the 
laboratory experience out of the classroom and into their dorm 
rooms. This has created unique opportunities for learning and 
pedagogy. Such experiences prepare the students for real world 
challenges where a connected world of smart’ things requires a 
systems perspective to be successful as an engineer.  
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EQUATION 1  Coupled nonlinear equations for inverted pendulum.

FIGURE 12  Simple balance controller in Simulink. Input sensor blocks, and motor output block 
are part of RASPLib.

EQUATION 2  (Above) Linear state space 
model for inverted pendulum.

TABLE 2  (Left)  Table of results from 
Parameter ID.
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less of speci  c artifact: electric vehicle, 
medical imager, or robot; these classes all 
strengthen student skill in designing, testing 
and debugging, while also stressing general 
engineering concepts such as decomposing 
designs into abstract blocks, or using standard 
interfaces to encapsulate subsystem behavior.

After a context-establishing introduction, 
and before a capstone or thesis project, what 
role should physical hardware play in sub-
sequent engineering classes  When applica-
tions are deemed essential, is it su   cient to 
rely on simulation, as do an ever-increasing 
fraction of practicing engineers  One answer 
emerged as the result of revamping one of 
our upper-level control classes: students need 
more opportunities to learn how to formulate 
informative mathematical models from messy 
applications. To address this need, our control 
class is now based on weekly design problems 
associated with physical artifacts, and its 
focus is as much on modeling as on control. 
Our chosen physical artifacts are usually 
compelling to students, but they were chosen 
for another reason. It is only when faced with 
a messy artifact and a challenging goal that 
students learn how to formulate mathemati-
cal models that address design questions.

AN EXAMPLE: BUILDING HARDWARE 

FOR AN ON-LINE CLASS

In January 2016, we o  ered an experimen-
tal hardware-based on-line class in dis-

 T
o win the hearts and minds of talented under-
graduates, the introductory classes of most 
newer engineering curricula engage students 
in the design and construction of compel-
ling physical artifacts (e.g. robots, vehicles, or 
medical devices). Then, having established 

context, the more mathematically-sophisticated follow-
on classes are often taught more abstractly, with ap-
plications appearing only in idealized form. In revamping 
an upper-level control class, we decided to counter this 
trend, and give students more opportunities to learn 
how to formulate informative mathematical models of 
messy applications. Our new control class focuses as 
much on modeling as on control, with students solving 
weekly commodity-hardware-based design problems 
in order to learn transfer function and state-space ap-
proaches to modeling and control, in both continuous-
and discrete-time. In this paper we describe several 
aspects of those design problems, with an emphasis on 
how we kept the process pedagogically efficient.

The introductory classes in newer engineering cur-
ricula, at MIT and elsewhere, seek to empower students 
by avoiding highly customized devices, and instead rely 
on collections of easily-composed and readily-available 
sensors, actuators, and micro-controllers. And regard-
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hardware in their hands, and then generate 
good questions. And designing feedback con-
trollers generates great modeling questions.

crete-time feedback control. In the three-week long edX class, (https://
www.edx.org/course/introduction-feedback-control-theory-mitx-
6-302-0x), a small group of students (about 200 worldwide) purchased 
about $100 in parts, built a copter-levitated arm (shown in Figure 
1A), and installed our browser-based graphical user interface (GUI). By 
using the GUI, students could interact with the copter-levitated arm in 
real time (shown on Figure 1C). The combination of the open-source 
software suite (shown in Figure 1B) and the textbook-sized hardware 
platform were then used for three feedback control labs.

In the  rst lab, students modeled the arm (with no feedback) using 
di  erence equations and used the model to explain why they could coax 
the arm to settle below the horizon, but not above. In the second lab, they 
controlled the propeller rotational velocity using proportional feedback, 
and estimated stability limits on the gain using a  rst-order di  erence 
equation model. In the third lab, students used a second-order di  erence 
equation model to determine proportional and derivative feedback gains 
so that the arm angle would accurately track a user input.

After the end of the third lab, we had students watch how their arm 
controller responded to rising and falling input step-changes. The fol-
lowing is a (slightly edited) version of an exchange posted on the edX 
discussion board after the third lab:

Student A: I noted an interesting behavior --if I set the angle to 
12 or more, there was no oscillation on the positive side, only on 
the negative side. This was consistent across a range of (derivative 
gain) values. Is this behavior expected?

Student B: I noticed the same asymmetry. I think it due to the 

When the arm is above the vertical and the desired angle switches 
to negative, the arm falls rapidly under gravity and overshoots. 
When the arm is below vertical and the commanded angle switches 
to positive, the motor cannot lift the arm as quickly as it falls and 
there is no overshoot. (ed.-For small changes in arm angle, thrust 
and gravity act interchangeably).

which case does the gravity act to decrease proportional gain, and 
in which case does it act to increase proportional gain? If you are 
careful about signs, you will have your explanation.

Student A: 

This exchange, a “teachable moment” about determining a model that 
explains unexpected behavior, would not have occurred if students were 
using a simulator instead of actual hardware, or a precision-machined 
and pre-characterized demonstration system instead of a ripped-apart 
toy quad-copter. This is because simulators and demonstration systems 
already adhere to a model. If we want students to learn how to build 
mathematical models that address particular questions, we have to put 

Textbook

FIGURE 1  A: The assembled copter-arm 
platform B: Platform Diagram 

C: Browser-based GUI.

c

a

b
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THE ON-CAMPUS CONTROL CLASS, 

FROM CONCEPT TO DESIGN IN ONE WEEK

Our 15-week on-campus modeling and 
control class begins with classical 

material, discrete-and continuous-time 
transfer function modeling combined 
with PID and lead-lag controllers. After a 
midterm project, we switch to state-space 
modeling and control, and build up to LQR/
LQG techniques, again in discrete-and 
continuous-time. The selection of topics 
is an attempt to balance building intuition 
with presenting approaches used in mod-
ern practice. And in order to teach 
these ideas using physical artifacts, 
we chose a “half- ipped classroom” 
approach. At the beginning of each 
week, a key technical concept is pre-
sented in a live lecture. In a following 
live recitation, the concept is exam-
ined using detailed examples, and 
additional practice is provided using 
auto-graded on-line problems. At the 
end of the week, students participate 
in an instructor-monitored design lab, 
where they try to develop and dem-
onstrate mastery of the week’s concept, by 
modeling and controlling the given artifact. 
Students work in pairs to build, measure, 
and model the artifact, and then design and 
test a controller.

In a perfect week, students arrive in 
lab competent at using the lecture mate-
rial. With a combination of guidance and 
insights gained from constructing their 
artifacts, students determine a set of experi-
ments and measurements that inform a 
model. Then they focus on designing and 
testing controllers, while answering im-
promptu questions from the roaming sta  
members. But, if the lab description is too 

scripted or too vague, or if setting up the experiments gets too compli-
cated or time-consuming, this pedagogically-e ective scenario can easily 
devolve into a tedious or frustratingly-confusing experience.

For the experimental edX course mentioned above, we assembled a 
software suite intended to simplify the processes of running experiments, 
taking measurements, and testing controllers.  The suite includes the 
popular open-source Arduino development environment, an intuitive, 
browser-based graphics package (see Figure 1), as well as an open-
source Python program, host GUI, and customized low-overhead Ardui-
no-host communication protocol. The software suite is easily installed on 
nearly any laptop, and almost all the edX students were able to use the 
GUI to quickly and easily interact with the copter-levitated arm in real 
time, both while running experiments, and while testing controllers. For 
example, students could change gains and other parameters, and then 
record immediate system reactions for later inspection.

For the 15-week on-campus class, we needed a much broader series of 
artifacts, to pair with progressively more sophisticated discrete-and con-
tinuous-time modeling and control approaches. Since feedback control is 
intended to correct non-ideal behavior, we chose commodity parts instead 
of high precision ones. This also kept costs low (comparable to a textbook), 
so students could easily a ord to purchase their own, if they wanted to do 
so. We used a combination of LEGO motors and parts, standard magnetic 
and optical sensors, and toy quad-copter motors. We also developed a 
platform that supports a far broader and easily-expanded library of design 
labs by: enhancing our open-source  browser-based GUI/Server software, 
switching to a higher-performance micro-controller (the Teensy 3.2), and 
using a specially-designed dual voltage-to-PWM (pulse-width modula-
tion) driver board. The new experimental platform (shown in Figure 2) is 

easily constructed from a list of commodity parts (not a “kit”, but a list of 
parts readily available worldwide). The signi cant performance increase 
is partly due to the microcontroller (ARM Cortex-M4), which can easily 
maintain millisecond update rates when running dozen-state observer-
based state-space controllers, and can burst-sample at near megahertz 
rates. In addition, the voltage-to-PWM driver board can convert analog 
signals into PWM signals at near megahertz clock frequencies.

THREE ARTIFACTS AND THE ASSOCIATED LABS

Each technical concept has an associated design lab, and each lab 
involves modeling, but we reuse physical artifacts. This is partly 

to reduce construction time, and partly to contrast control strategies 
(such as comparing PID to LQR-based state-space control, as noted 
below). For each design lab, students implement their continuous-time 
controllers using simple op-amp circuits, and implement their discrete-

FIGURE 2  Our Higher Performance Hardware
Platform showing the copter-levitated arm 
(upper-center), magnetic levitation coil and 
sensors (lower-right), and motor-driven flexible 
arm (middle-left).

FIGURE 3  The Copter-levitated Arm (left) and the 
Associated schematic diagram (right) showing custom PWM 
board (thanks to Nicolas Arango).
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used to suspend a metallic rod (with a rare-
earth magnet tip) in mid-air, about a half-
inch beneath the electromagnet bottom. 
To hold the rod in a suspended position 
requires tight control of the electromagnet’s 

eld, because the system is innately unsta-
ble. That is, the attraction force between the 
rare-earth-magnet tipped rod and the elec-
tromagnet increases rapidly with decreasing 
separation distance. Without control, the 
two snap together.

As can be seen in the block diagram on 
the right side of Figure 5, the electromag-
net, made using a steel carriage bolt inside 
a low-cost solenoid coil, is energized with 
the same high frequency PWM driver used 
above to drive the copter motor. But in this 
case, the PWM pulse width is set by the 
output of an operational ampli er, rather 
than by the micro-controller DAC. This 
is because the dynamics of the levitation 
system are so fast, and the signals so noisy, 
that it is far easier to stabilize the system 
with continuous-time control. Fortunately, 
the PWM pulse width is set by an analog 
voltage, an important feature of our custom 
driver board, as it allows us to switch more 
easily between discrete-time and pseudo-
continuous-time control. We say pseudo-
continuous-time because the PWM clock 
frequency places an upper limit on the fre-
quency response of any pseudo-continuous-
time system. However, since our board’s 
maximum PWM clock frequency is one 
gigahertz, it is usually not an issue.

The rst step in designing a feedback 
controller that can suspend the rod in 
mid-air is to determine how to sense the 
rod position. As can be seen on the block 

time controllers by modifying lines of microcontroller code and re-
uploading to the Teensy micro-controller.

The Copter-Levitated Arm

The copter-levitated arm, in which a light plastic arm is rotated by increas-
ing or decreasing the thrust produced by a motor-driven propeller (extracted 
from a toy quad-copter) is a rich artifact. We use it in several labs, to cover 
several concepts. As shown in Figure 3, the copter motor is driven with 
high-frequency PWM, and the PWM pulse width is set by an analog voltage 
generated by a digital-to-analog converter on the Teensy micro-controller.

The copter-levitated arm has four easily measured or derived states: 1) 
the motor current, 2) the motor back-EMF (which can be estimated by mea-
suring the motor current and the motor voltage), 3) the arm angle (which is 
measured using a Hall-E ect angle sensor), and 4) the arm rotational veloc-
ity (which can be derived by di erentiating the angle sensor voltage).

Only the motor behavior from the copter-levitated arm is used in the rst 
lab, which focuses on rst-order systems. The thrust direction is reversed, 
so that the arm does not lift, and propeller rotation speed is estimated by 
measuring the motor back-EMF. In the rst lab, students use proportional 
feedback to control the rotation speed, and design continuous-and discrete-
time speed controllers. They determine parameters for a rst-order model 
relating pulse width to speed, and then design a discrete-time controller us-
ing the micro-controller and a continuous-time controller using an op-amp. 
Students are then asked to examine the e ects on maximum proportional 
gain and disturbance rejection when changing the discrete-time sample 
rates. During lab, students are asked to demonstrate that their extracted 
model predicts the stability limits on gain, and are also asked to explain the 
gain limits for the continuous-time controller.

For the second and third labs, the focus is on second-order systems, and 
on arm position control. Students create discrete-time models of the rela-
tionship between PWM pulse width and the arm angle. They use the system 
to learn about model extraction, poles and root locus plots. In these two 
labs, students explore the trade-o s between stability, disturbance rejec-
tion, and tracking errors for proportional controllers. They also examine 
how to improve performance using model-predictive and proportional-
integral-derivative (PID) control.

Students return to the copter-levitated arm in the second half of the 
class, for the rst lab on state-space control. Since the arm has four easily-
measured states, they can design an LQR-based controller that results in 
far better performance than the PD controllers they designed earlier in the 
term, provided the LQR weights are selected carefully. And as a second 
step, students can add an integrator to the state space controller, to achieve 
accurate tracking without overshoot. When compared to the PID-controlled 
system designed earlier in the term, the performance improvement is dra-
matic, and is surprisingly compelling to students.

In order to motivate using observer systems and state estimation, we tried 
having students extend the single-propeller model, to create a state space 
model of a dual propeller system. Our idea was that since there are so many 
additional states, it would be easier to use an observer with state estimation. 
The example, in Figure 4 on the left, proved remarkably ine ective. The 
dual-propeller system becomes a very heavily damped second order system, 
so is very easy to control, if one drives both copters at very high speed, and 
makes small adjustments to the speed di erence to position the system.

The Magnetic Levitation System

In the magnetic levitation system, shown in Figure 5, an electromagnet is 

FIGURE 4  Dual Propeller System.
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ible arm shown in Figure 6, the backlash 
is eliminated using rubber bands wrapped 
around the spindle of the motor. The motor 
in the exible arm can be driven with high-
frequency PWM, and sensed with an in-axis 
potentiometer at the driven end of the arm 
and with an optical distance sensor at the 
arm’s end.

The arm can be made exible or sti , as 
can the rubber bands, leading to a wide range 
of modeling and control problems. As an 
elementary modeling problem, students can 
experiment with the impact of the rubber 
bands on the behavior of a sti  arm. As an 
advanced control problem and an example 
of black-box modeling, students extract a 
state-space model from the arm’s frequency 
response, then design an observer-based 
state-space controller, using measured statis-
tics for the state estimation.

FINAL REMARKS

The cost of commodity hardware is plum-
meting (the parts cost for all the above 

artifacts is less than a technical subject 
textbook), so it has never been easier to 

hand students collections of easily combined 
micro-controllers, sensors, and actuators 
that enable them to create extraordinary 
and inspiring artifacts. et, most upper-
level control classes are still taught using 
simulation, or its near-equivalent, pre-char-
acterized precision hardware. If we want 
students to view sophisticated mathemati-
cal modeling and control as a tool they can 
use in real engineering design, we need to 
develop modeling and control problems that 
use commodity hardware, ones that really 
challenge students to expand their under-
standing of sophisticated mathematical con-
cepts, without burying them in rudimentary 
preliminaries. Such examples are not easy 
to nd, but if more of us are looking, and 
sharing, the situation will change rapidly. 

diagram on the right side of Figure 5 (which are inside the green bricks 
in the photograph on the left side of Figure 5), a pair of Hall-E ect sen-
sors are used for that purpose. The two sensors measure the elds at the 
top and bottom of the coil, and their di erence (in the diagram on the right 
of Figure 5, the circuit sums the sensor outputs, but one of the sensors is 

ipped) cancels the coil eld. What remains is the eld due to the proximity 
of the rare-earth magnet, and that eld can be used to estimate the magnet 
(and therefore rod) position.

The magnetic levitation system was used in two labs, both related to 
using continuous-time control with lead and lag compensation. In the rst 
of the two labs, students used physical insight to determine the structure 
of the di erential equation model of the unstable levitation system, and 
then designed experiments to estimate the parameters of the model. Using 
the approximate model, students designed lead-compensated controllers 
using operational ampli ers, resistors and capacitors. Usually, since the 
model is approximate, the component values had to be “tweaked” until the 
system was stable, and could suspend the rod.

In the second magnetic levitation labs, students started by using the 
stabilized levitator to measure the frequency response of the closed-loop 
system, either using a frequency-sweeping utility that is part of the soft-
ware suite we developed, or, since the system is continuous-time, by using 
standard test equipment for measuring frequency responses. Students 
constructed models by tting rational functions to the measured closed-
loop frequency responses, an approach often referred to as “grey-box” 
modeling. Then they backed out the open loop model. With the better 
model, some students were able to design a higher-performance controller 
using a combination of lead and lag compensation.

An Instrumented Flexible Arm

One challenge in using gearhead motors for position control is the issue of 
“backlash” (due to imperfect meshing of gears). In the instrumented ex-

FIGURE 5  The magnetic levitation system  based on 
approach by Kent Lundberg (left) and associated 
schematic/system diagram (right).

FIGURE 6  A flexible instrumented arm driven 
by a gearhead motor
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2) Provide high-quality educational material 
online so that the use of the limited time when 
students have access to the lecturer and assis-
tants is e cient, engaging, and enjoyable.

3) enture beyond the one-size- ts all mod-
el, by providing the means to personalize the 
course to the needs of each individual student.

4) Provide the instructor with analytics on 
the progress of the class, to help tailor subse-
quent coverage.

In Signals and Systems II control theory 
nds a home both as the topic of the class and 

as the philosophy of instruction. Teaching is 
viewed as a population control problem [5], 
with the instructor providing macroscopic “con-
trol commands” aiming to steer the knowledge 
attained by the students (more precisely the 
distribution of learning across the class) to a 
desired state. Samples of the state of student 
understanding are collected during the semes-
ter through an on-line forum (Section II-A) and 
“clicker” questions (Section II-C). Based on this 
information, feedback action is taken, tailoring 
the instruction to the class state of understand-
ing. Though this feedback action is currently 
implemented manually at the level of the whole 
class by the lecturer and assistants, we have 
also experimented with automated, personal-
ized content delivery (Section II-B), inspired by 
stochastic reachability control [6].

Here we describe our approach and experienc-
es with this ipped classroom model, collected 
over the past two years; the class is also taught 
in this format in Spring 2016, as these lines are 
being written. In Section II we introduce the 
educational tools used, both standard and novel. 
We describe the class style in Section III. We 
comment on our experience in Section I  and 
provide some concluding thoughts in Section .

 M
assive Open Online Courses (MOOC) are 
an invaluable instrument for bringing higher 
education opportunities to segments of the 
population and the globe that would otherwise 
be deprived of it. In a bricks-and-mortar 
university setting, however, the opportunity 

to personally interact with experts (be they professors 
or assistants) is something to be valued and exploited. A 
concept of blended learning that aims to make the most 
of this interaction, is the so-called flipped classroom [1]. 
Roughly speaking students prepare for the lectures at 
home through on-line material. The contact time is then 
devoted to exploring topics in greater depth, for example 
through illustrative case studies. This concept in principle 
is applicable to any course and has become quite popular 
[2], its concrete implementation, however, requires careful 
consideration as it is highly dependent on the specific 
course content and the culture of the academic institution.

We present a flipped classroom experiment carried out 
at the Department of Information Technology and Electrical 
Engineering of ETH Zurich, under the support of the ETH 
Zurich TORQUE initiative [3]. The class in question is Signals 
and Systems II [4], a mandatory 4th semester Bachelor’s 
course, attended by approximately 150 students each year. 
The class exposes students to the fundamentals of systems 
theory and, starting in the Spring Semester of 2014, has 
been taught in a flipped classroom format. The aim is to:

1) Integrate the power and sophistication of new digital 
technologies into the classroom, to complement and 
enhance the unique benefits that come with learning in the 
brick- and-mortar classroom setting.

BY TOBIAS SUTTER 
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In addition to this material designed to 
support the lectures, the Moodle platform also 
provides access to the exercise papers and 
solutions for the exercise classes, past exami-
nations, as well as a series of videos showing 
students how to solve prototypical exercises 
from old exams. Through the platform we also 
provide access to video recordings of the full 
lectures from the Spring of 2012 (before the 
adoption of the ipped classroom format), to 
support students who prefer the traditional 
model of classroom instruction.

B. A personalized learning experience - Albie

In addition to the standard Moodle based 
platform (available to all instructors of ETH 
urich) our team also developed a dedicated 

online platform, called Albie, to support person-
alized learning speci cally for Signals and Sys-
tems II. Albie [9] is an experimental adaptive 
learning platform that contains a large amount 
of educational content, both theory (text, im-
ages, video, external links, etc.) and exercises 
(multiple choice questions, ordering ques-
tions, ll-in-the-blank questions). Albie was 
developed by Dr. Sean Summers, a former PhD 
student of the Automatic Control Laboratory 
at ETH, and populated with content together 
with a team of undergraduate assistants. At the 
moment, Albie contains approximately 700 
individual pieces of educational content, mak-
ing it a valuable source of study material for the 
students during the semester, or in preparation 
for the nal examination, when access to the 
lecturer and assistants is limited.

The content in Albie can be organized in 
the chapters discussed above. Each student, 

II. MATERIALS AND METHODS

A. Student preparation for the flipped classroom - Moodle

The o cial e-learning platform of ETH urich is based on Moodle [7], a stan-
dard open-source learning platform. The platform provides access to video 

tutorials, quiz questions, and an online forum that the students can use to discuss 
the material with each other and with the teaching assistants. The videos used in 
the Moodle were recorded in December 2013 and January 2014 by the lecturer 
and three teaching assistants, supported by the ETH Zurich Multimedia Servic-
es1. They cover the key concepts addressed in the class, organized in 7 chapters:

1) “Introduction to modelling”: 3 videos, 25 minutes total duration, 
introducing the basics of state space modelling and demonstrating them through 
examples from electrical circuits and mechanical systems.

:  
12 videos of 70 minutes total duration, reminding students of background mate-
rial obtained in earlier mathematics classes. Though viewing the material is op-
tional, many students use the opportunity to refresh their memory on these basics.

: 4 
videos of almost 50 minutes total duration, covering the solution of state space 
systems in the time domain, the state transition matrix, zero input and zero state 
transition, and impulse response. The chapter also introduces the fundamental 
stability de nitions and illustrates how stability is related to the eigenvalues of 
the state matrix.

: 5 videos of 55 minutes total dura-
tion, introducing the notions of controllability and observability, the standard 
rank tests, minimum energy control, state estimation, and observer design.

: 4 videos of almost 40 min-
utes total duration, starting with a brief review of Laplace transforms (covered 
in an earlier analysis class), deriving the transfer function from the state space 
equations and elaborating on its relation to stability and frequency response.

: 5 videos of over 32 min utes total dura-
tion, introducing discrete time systems as derived through sampling of continu-
ous time systems for digital control. This serves as the motivation to discuss 
stability of discrete time systems, discrete time transfer functions, etc.

: 4 videos of approximately 30 minutes total dura-
tion, introducing nonlinear systems through examples, highlighting their di er-
ences to linear systems, and discussing the basics of nonlinear stability analysis 
based on Lyapunov’s and LaSalle’s methods.

1 A few sample video tutorials can be found in [8].
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however, can also choose to experience the 
content in an individual, customised sequence. 
By selecting the “trust Albie” option, the content 
is delivered automatically to the student by 
a control algorithm, aiming to maximize the 
probability that the student will master all the 
material. Student understanding is modelled 
through a partially observed Markov Decision 
Process encoded in a concept interaction map 
(Figure 1). The concept interaction map de-

nes connections between the concepts covered 
in the course. Each connection comes with a 
strength and represents an assumption that the 
level of understanding attained in one concept 
a ects the way in which another concept can 
be learned; for example, having understood 
Lyapunov equations for linear systems makes it 
easier to understand Lyapunov’s Direct Method 
for nonlinear ones. Each piece of content avail-
able on Albie comes with a degree of di culty 
and is connected to one or more concepts. The 
concepts are assigned to one of the seven course 
chapters, introduced in Section II-A, which is 
graphically visualized in the the topic cluster 
in Figure 1(b). The implication is that o er-
ing this piece of content to the student will help 
them understand the corresponding concepts 
and hence, indirectly, other concepts related 
to them through the concept interaction map. 
The improvement in understanding resulting 
from o ering a piece of content to a particular 
student is related to his/her current state of 
understanding of the corresponding concepts: 
Students with a low level of understanding are 
more likely to increase their level of understand-
ing from easier pieces of content, those with a 
high level bene t more from di cult pieces.

The exercises contained among the content pieces serve as the sensor of the 
learning process. The answers provided by the student are treated as measure-
ments and a lter is used to estimate the underlying state of understanding. 
A feedback controller based on the principles of stochastic reachability and 
receding horizon control is then used to select the next piece of content to o er 
to the student.

This adaptive approach to learning eliminates the requirement that students 
work through the class material in a xed order and provides a personalized 
sequence of learning content that allows students to study based on their 
individual abilities and needs. In addition, Albie provides data analytics to sup-
port instructors (monitor the progress of individual students and the class as a 
whole) and students (monitor their own state of learning and compare with the 
statistics of the class).

To lighten the mood, Dr. Summers also developed a video game called sigsys. 
The game can be downloaded from the AppStore and played on iPhones or 
iPads [10]. The aim is to increase the student’s involvement with control theory 
and help them develop intuition about dynamical systems in a playful way. By 
tilting their device or tapping on the screen the player controls a ball whose 
movement is governed by di erent types of dynamics (stable and unstable foci, 
weakly controllable systems, higher dimensional systems, etc.). The player has 
to accomplish various control objectives (reaching speci c regions of the state 
space, or staying there for a speci ed amount of time) collecting points along the 
way. In the process, the player experiences (and hopefully appreciates) the entire 
feedback control process, intuitively identifying the system, estimating its state, 
and devising a control policy.

C. Engaging students in the classroom - EduApp

The ETH EduApp [11] is a combination of a mobile and a web application 
that enables large-scale student engagement during the lecture and exercise 

classes. Using the mobile app, multiple choice “clicker questions” can be posed 
and each student can submit their answer via their mobile device. The results 
(in the form of answer statistics) can be seen by the instructor and, if desired, 
also displayed to the class. The EduApp also provides a “back channel”, through 
which the students can ask questions and provide comments, anonymously if 
desired. In addition to bidirectional questions related to the class material, the 
instructor and class representatives also use the EduApp to collect feedback from 
the students in a middle-of-the-semester evaluation, whose outcome can be used 

FIGURE 1  
The concept 
interaction map 
is the underlying 
key structure of 
the experimental 
adaptive learning 
platform Albie. 
The colors 
represent the 
different chapters 
of the course as 
introduced in 
Section II-A.

(b) TOPIC CLUSTER(a) TOPIC INTERACTION GRAPH

Topic: Basis Section:
ODEs and Linear Algebra
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by a teaching assistant. The rst part of each 
exercise class is devoted to providing hints for 
the exercises included in the weekly problem 
set and, when necessary, reminding students 
of some of the material from the lecture or 
the video tutorials. The EduApp is again used 
to more actively involve the students in the 
process of knowledge acquisition. In the second 
part of the exercise class, the students work 
on the weekly problem set individually or in 
groups, supported by the teaching assistants. 
Student solutions to the exercises are not 
graded for credit, but students can nonetheless 
submit them during the next lecture for com-
ments and corrections. At the end of the week 
model solutions are provided for all exercises.

During the semester, there are two midterm 
examinations, providing a possible 30  of the 
class grade. The midterm examinations are 
optional and only count if they improve on the 
student’s grade in the nal examination. The 
majority of students nonetheless attend the 
midterms hoping to secure this partial credit. 
Each midterm is organized in two parts, aim-
ing to assess individual performance, but also 
promote teamwork among the students. In 
the rst half students receive a set of exercises 
and work on them individually, in the standard 
style of an open books examination (with ac-
cess to notes, problem sets, books, but without 
electronic aids, or access to the internet). For 
the second half the attendees are divided into 
random groups of approximately four students. 
A new set of exercises similar to the ones for 
the rst half, but with some of the easier parts 
replaced by more challenging ones, is given to 
the groups to solve as a team with access to all 
resources at their disposal (including electronic 
aids and the internet, but excluding consulta-
tion with anyone outside their group). The two 
parts of the midterm are graded separately and 
the grade received is made up of 60  of the 
individual and 40  of the team grades.

IV. RECEPTION

Despite the fact that the course structure 
and concept was completely reworked 

and despite the inevitable teething problems 
with the introduction of the online platforms, 
reception of the new format by the students 
was warm. End of semester student evaluations 
(Figure 2) showed high acceptance of the new 
format and a high degree of satisfaction with the 
online tools and the way they were deployed. 
Overall student satisfaction stood at around 
4.5/5, making this class one of the highest 
ranked among all Electrical Engineering classes. 

to adapt the class for the second half of the semester.
The EduApp allows the instructor to receive instantaneous feedback, adapting 

the coverage during the lecture to elaborate on points with which the students 
appear to be having di culties. Wrong answers to clicker questions are invalu-
able in this respect. By introducing in the multiple choice questions answers 
reached through subtle mistakes, the instructor can initiate a discussion with 
the students exposing these subtle points. The clicker questions also enhance 
interaction among the students. In the 3-4 minutes available for answering the 
students discuss the questions among themselves, learning from each other and 
fostering a spirit of collaboration.

D. Conventional material

Besides electronic aids and material, the class of course also relies on ele-
ments from traditional classroom education. The students are given weekly 

problem sets, often containing Matlab assignments, to be solved individually, or 
in groups. Though the problem sets are not graded, we provide support for solv-
ing the exercises through exercise classes. Most students take advantage of this 
opportunity to discuss the problem sets with the teaching assistants since, unlike 
clicker questions and online quizzes, the exercises in the problem sets are close 
in style to the questions asked in the examinations. To further help the students 
prepare for the examinations we make available past examinations, o er weekly 
o ce hours during the semester and revision classes over the summer break, 
leading up to the nal examination in August.

III. A TYPICAL SEMESTER

The class is taught in the Spring Semester, which at ETH Zurich comprises 14 
teaching weeks from mid-February to the end of May. The nal examination 

takes place in the Summer examination session (mid-August), with a make-up 
examination in the Winter session (early February). The class is part of a block of 
4th semester classes. Students have two chances to pass the block, else risk hav-
ing to leave the program. The language of instruction for Signals and Systems 
II is English, but solutions to examinations can also be written in German, the 
mother language of most students; few students elect to take this option.

The weekly program comprises two consecutive hours of lecture on Thursday 
morning and two consecutive hours of exercise classes on Monday afternoon. 
Each week an email is sent to the students asking them to watch speci c Moodle 
video tutorials and complete the corresponding quizzes in preparation for the 
lecture. Having the key points covered in the videos allows the instructor to 
use much of the lecture time to elaborate on subtle issues, outline derivations, 
discuss extensions, illustrate the concepts on examples, and, most importantly, 
induce student participation using, for example, the EduApp. All of this contrib-
utes to a more dynamic in-class experience for the students.

For the exercise classes, the students are assigned to smaller groups being led 

The development of the software and content described in the paper was 
supported by ETH Zurich under the TORQUE initiative. We are grateful to Dr. 
Sean Summers for developing the Albie platform and for his contribution 
to the video content. We would also like to thank Dr. Christian Conte, Dr. 
Tyler Summers, and the ETH Multimedia Services for their contributions to 
the development of the video content. Thanks are also due to the teaching 
assistants and readers who contributed to the success of the experiment, but 
are too numerous to name individually. Finally, we are grateful to the students 
who attended Signals and Systems II over the years, suffered through our 
experimentation with content and presentation and, through their comments 
and feedback, help us to continuously improve the learning experience.
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the class grades increased (4.48/6 compared to a historical average of about 
4.25/6) even though by general admission the nal examination was unusu-
ally challenging. Grading the examinations suggested a better understanding 
of fundamental concepts by many of the students compared to previous years, 
though this impression is di cult to quantify.

On the negative side, student evaluations and personal experience suggest 
that the number of students attending the lecture and exercise classes decreased 
somewhat with the introduction of the ipped classroom format. Another chal-
lenge has been to motivate the students to use the online forum of Moodle and 
the back channel of the EduApp. Instead of exploiting these online resources, stu-
dents tend to ask questions during the lecture break, after the lecture, or during 
the exercise classes, or discuss in private with their friends. It is unclear whether 
this is due to cultural reasons, or the fact that relatively few classes at ETH Zurich 
have an on-line forum and the students are unfamiliar with the concept.

In terms of instructor e ort, customising the platforms was rather straightfor-
ward and adapting course material for blended learning proved to be an interest-
ing and rewarding (though time consuming) experience. The main bottleneck in 
terms of e ort and cost was generating enough pieces of content with adequate 
coverage and diversity to populate the online platforms.

V. CONCLUSION

With the introduction of increasing levels of technology in education it is 
tempting to overlook the value of contact in the learning process. Humans 

have evolved over millennia to learn through personal contact with other hu-
mans and the excitement of a “live” performance should not be underestimated. 
The ipped classroom concept aims to make the most of the personal contact 
between students and instructor, using online tools to carry some basic material 
that can be consulted at all times and releasing contact hours for a more creative, 
dynamic exchange.

Creating intelligent, yet empathetic, digital technology to guide students along 
a personal, enjoyable, and, most importantly, e ective learning experience is 
di cult and expectedly so. Beyond their use as teaching and learning media, 
on- line tools also serve to monitor class progress, both at the level of individual 
students and at the level of the class. This information allows the instructor to 
tailor subsequent material to the current state of learning of the class as a whole. 
With the help of advanced algorithmic solutions, personalized learning plat-
forms, such as Albie, can do the same at the level of individual students.

Each student has had success with di erent learning methods in the past 
making them unique in the way they approach and learn a subject. Fully inte-
grated online courses may be exactly what some students need, other students 
may bene t most from traditional instruction, while others may thrive with a 
combination of the two. We hope that with a blended learning approach, and in 
particular with digital solutions for lecture preparation, classroom engagement, 
and personalized learning, each student has the opportunity to obtain the best 
learning experience for him or herself. 

The student evaluations also 
showed that the clarity of the 
lecture improved further when 
adopting the ipped classroom 
format. High scores on clarity 
are especially pleasing since 
Signals and Systems II is the 
only class taught in English in 
the rst 2 years of the Electri-
cal Engineering B.Sc. pro-
gram. Surprisingly, according 
to the student’s own assess-
ment of the time invested in the class outside 
the contact hours decreased with the introduc-
tion of the new format. Surprising was also the 
fact that the students liked both the optional 
midterm (92% acceptance in Spring 2016) and 
the unconventional two part style of this exami-
nation (96% acceptance in Spring 2016).

The grades of the students in both 2014 and 
2015 were very good. The results in 2015 were 
especially satisfying since the mean value of 

FIGURE 2  Average of student 
evaluations over the years. Flipped 
classroom instruction was introduced in 
2014. Red line: overall satisfaction in the 
range of 1 (highly dissatisfied) to 5 (highly 
satisfied). Blue line: clarity of the lecture 
in the same range. Green line: weekly 
time invested by students in preparation, 
2 refers to 2-4 hours, 3 refers to 
5-7 hours, etc. Cyan line: attendance 
frequency, in the range of 1 (always 
attend) to 5 (never attend).
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KIM STELSON (University of Minnesota) and 

JIONG TANG (University of Connecticut) will serve as 

General Chair and Program Chair, respectively. 

The DSC Conference, organized and led by the members 

of the ASME DSC Division, provides a focused and 

intimate setting for dissemination and discussion of the 

state of the art in the broad area of dynamic systems 

and control  from theory to industrial applications and 

innovations in education. 

In addition to regular sessions, the conference 

program will also include contributed sessions, 
invited sessions, tutorial sessions, special 
sessions, workshops, and exhibits. 

The 2016 DSCC will be preceded by the 

FLUID POWER INNOVATION AND RESEARCH CONFERENCE 
(FPIRC) at the same location, October 10-12, 2016, 

which offers an expanded research program and more 

networking opportunities. 

Edited by Kim Stelson and Rifat Sipahi
For details on the conference schedule, please visit

ASME Conferences at https://www.asme.org/events/dscc
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Computational fl uid dynamics is increas-
ingly being used to study problems in aero-

dynamics. “CFD is not necessarily purely used for what we 
traditionally think of as design,” writes Tucker, a professor 
of aeronautics at Cambridge University, “but also sees much 
use in suggesting solutions to existing deficient designs 
through analyzing them.” Tucker provides an overview of 
the tools and methods available for solving complex scenar-
ios and discusses turbulence modeling, pre- and post-pro-
cessing, coupled solutions, design optimization, multiphysics 
problems, reduced-order models, and large scale computa-
tions. He also explores the future directions and possible 
outcomes of CFD in aerodynamics.
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Edward Elgar Publishing, 9 Dewey Court, 
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Engineers may think robotics is a purely 
technological concern, but that view ignores 
automation’s profound socially transfor-

mative potential. Robot Law examines those ethical and 
social dimensions via chapters written by a diverse group of 
experts who identify legal and philosophical problems inher-
ent in the introduction of automatons to hospitals, factories, 
roads, and battlefi elds. The authors explain how issues sur-
rounding robotics and regulation are more complicated than 
technologists might have anticipated, as well as how far we 
are from having those controversies settled. Often, technolo-
gies are already widely deployed before those questions are 
addressed; the authors of Robot Law are hoping for a more 
proactive approach for robotics.

424 PAGES.  $165.  ISBN: 978-1-7834-7672-5.

Policy Instruments and 
Co-Regulation for the 
Sustainability of Value Chains
SERGIO UGARTE AND VINCENT SWINKELS

ASME Press Books, 
Two Park Avenue, New York, NY 10016-5990. 2015.

C
omplex and increasingly international value chains 
support just about every product we buy. Ugarte and 
Swinkels examine how those supply chains could be 
more sustainable through policies—not only govern-
ment regulations, but also private-sector or coordinated 

public-private actions. The authors point out that each option 
has strengths. Public regulation, for instance, has democratic 
legitimacy and the ability to be enforced through legal means. 
Private control mechanisms, such as sustainability certifi cation, 
take less time to implement and are more innovative in nature. 

The monograph, part of the Technologies for Sustain-
able Life Concise Monograph Series, looks at the po-
tential for each of those approaches for global value 
chains such as food, forestry, and bioenergy, and the 

case of public-private co-regulation for sustainability of biofuels 
consumed in the European Union is assessed in detail. Careful 
design and constant monitoring, the authors write, are needed 
to secure the eff ectiveness of co-regulation.

132 PAGES.  $89.95; ASME MEMBERS $72.  ISBN: 978-0-7918-6051-9. 

FEATURED
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MODELING PLASTICS
 
CORETECH, HSINCHU, TAIWAN.

M
oldex3D R14.0, the latest release of 
CoreTech’s plastics engineering software, 
includes improvements to the program’s 
solvers. The enhanced solvers require 
fewer meshing elements than previous ver-

sions and exhibit a greater tolerance for lower quality 
elements to conduct successful simulations. The level 

users to employ different mesh types while retaining accuracy. In addition, a new automated mesh gen-

of prismatic meshes to improve boundary layer resolution. An auto-repair function drastically reduces 

TOOLS//SOFTWARE



DRAFTING FOR OS X

JTB WORLD, LIDKÖPING, SWEDEN.

AutoCAD for Mac is a computer-aided drafting software 

application for 2-D and 3-D design and drafting on the 

Mac OS X platform. JTB’s updated AutoCAD 2016 for 

Mac and AutoCAD LT 2016 for Mac offer many features 

that were previously found on its Windows version. 

Those features include express tools, revision clouds, 

DIM command enhancements, command preview, and 

selection effects. The new versions also enable the 

mapping of Xref file paths from a Mac to Windows 

machines, including networked servers, to support 

the sharing of drawings between team members. The 

programs also can now create smaller PDFs, and the 

text on these files is now selectable and searchable.

CAD-FILE TRANSLATION 

ELYSIUM CO. LTD., HAMAMATSU, JAPAN.

Elysium, a provider of data translation software, has 

released the seventh extension of its Asfalis multi-CAD 

translation environment. The application compares and 

detects the differences of all the information included 

in 3-D CAD data, such as product manufacturing 

information, attribute and assembly trees, in addition 

to the geometry. The company says this version shows 

improved data validation capability for multi-CAx 

environments, and it now supports the STEP AP242 

business object model XML format, which is used in the 

automotive and aerospace industries to provide com-

plete definition of the product and long-term archiving 

and retrieving. A new front-end Asfalis DirectTranslator 

is also available, which can either allow transla-

tion from the context menu or directly from the user 

interface of the CAD systems.

WATER NETWORK MANA

GEMENT INNOVYZE, BROOMFIELD, COLO. 

InfoWater 2D is a geospatial water distribution network 

management solution for above-ground modeling of 

water spills from main breaks and large leaks. Built 

atop ArcGIS, InfoWater 2D solves a full range of 2-D 

free-surface shallow water equations using a finite 

volume method. That gives engineers the ability to 

predict and assess potential water spill extent, depth, 

and velocity throughout the flooded area, with results 

viewable as graphs, tables or animated thematic flood 

maps. Users can also add parcel maps with property 

values as well as curves of depth versus property 

damage to assess the impact of flooding resulting from 

catastrophic water main breaks. 
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SUBMISSIONS
Submit electronic files of new products and 
images by e-mail to memag@asme.
org. Use subject line “New Products.” ME 

does not test or endorse the products described here.

At GE Global Research, we’re redefining 
what’s possible. From cutting-edge research in 
molecular pathology for use in personalized cancer 
diagnostics to programs in coal gasification and 
renewable power that drive clean energy solutions, 
our work at Global Research is world-renowned. 
As part of our team, you’ll find yourself among 
nearly 3,000 scientists and engineers from every 
discipline in a dynamic atmosphere where you’ll be 
constantly challenged to learn and grow. You’ll have 
access to leaders on all levels of the organization 
and collaborate across the globe with the very best 
in the field. If you have an insatiable intellectual 
curiosity and the ability to articulate your vision, 
then join us and watch the work you do create the 
next generation of products and processes that  
will impact the globe for generations to come.

www.ge.com/careers

SEARCH JOBS 2278491 & 2579089

Advanced Process Modeling Mechanical Engineer
PhD Mechanical Engineer or Material Scientist with strong 
FEA background needed to make the factories of one of the 
largest companies in the world faster, smarter and leaner. 
This position is a master of traditional manufacturing 
methods like casting and welding while on the cutting 
edge of the additive frontier. This is a chance to work with a 
diverse team and apply the best in class around the globe. 

Senior Manufacturing Systems Engineer
PhD or MS Mechanical or Industrial Engineer with 8-12 
years of experience. This position can drive from product 
design to process design to layout of factory floors to 
optimize production. Experience using computer models, 
lean and six sigma tools to optimize production required. 
Examples of complex products such as locomotives, gas 
turbines, compressors, or subsea blow-out preventers  
will be a great place to start a conversation.



ASME TRAINING COURSES FOR ENGINEERS AND TECHNICAL PROFESSIONALS
AUTUMN 2016
JULY 2016 – NEW YORK, NY USA

PD395  API 579-1/ASME FFS-1 Fitness for Service 25-27 July

PD643  B31.3 Process Piping Code  ASME STANDARDS COURSE 25-28 July
Visit: go.asme.org/newyork1

AUGUST 2016 – NEW YORK, NY USA

PD570  Geometric Dimensioning and Tolerancing 
Fundamentals 1  ASME STANDARDS COURSE  22-23 Aug 

PD442  BPV Code, Section VIII, Division 1: Design and 
Fabrication of Pressure Vessels  
ASME STANDARDS COURSE / TOP SELLER    22-24 Aug 

PD603  GD&T Combo Course (combines PD570 and PD561) 
SAVE UP TO $825!   22-25 Aug

PD443  BPV Code, Section VIII, Division 1 Combo Course   
ASME STANDARDS COURSE  (combines PD441 and PD442)
SAVE UP TO $680!   TOP SELLER 22-26 Aug

PD561  Geometric Tolerancing Applications and 
Tolerance Stacks  TOP SELLER 24-25 Aug

PD441  Inspections, Repairs and Alterations of Pressure 
Equipment  ASME STANDARDS COURSE  25-26 Aug 

Visit: go.asme.org/newyork2

SEPTEMBER 2016 – LAS VEGAS, NEVADA USA

PD100  Introduction to the Maintenance and Inspection of 
Elevators and Escalators   26-27 Sept

PD382  How to Predict Thermal-Hydraulic Loads on 
Pressure Vessels and Piping  26-27 Sept 

PD475  The Engineering Manager: 
Engaging Today’s Workforce  26-27 Sept 

PD539  Bolted Joints and Gasket Behavior   26-27 Sept

PD561  Geometric Tolerancing Applications and 
Tolerance Stacks    26-27 Sept

PD769  Boiler Operation and Maintenance  
ASME STANDARDS COURSE    26-27 Sept

PD027  Heating, Ventilating and Air-Conditioning Systems: 
Sizing and Design  26-28 Sept

PD077  Failure Prevention, Repair and Life Extension of 
Piping, Vessels and Tanks  ASME STANDARDS COURSE 26-28 Sept

PD190  ASME BPV Code, Section III, Division 1: Rules for 
Construction of Nuclear Facility Components  
ASME STANDARDS COURSE   26-28 Sept

PD389  Nondestructive Examination – Applying ASME Code 
Requirements (Section V)  ASME STANDARDS COURSE   26-28 Sept

PD395  API 579-1/ASME FFS-1 Fitness-for-Service    26-28 Sept 

PD506  Effective Management of Research and Development 
Teams and Organizations   26-28 Sept

PD513  TRIZ: The Theory of Inventive Problem Solving  26-28 Sept 

PD618  Root Cause Analysis Fundamentals   26-28 Sept

PD635  ASME NQA-1 Quality Assurance Requirements for 
Nuclear Facility Applications  ASME STANDARDS COURSE  26-28 Sept

PD685  Today’s Workforce and Strategic Thinking Combo 
Course (combines PD475 and PD676) 
SAVE UP TO $450!   26-28 Sept 

PD720 Layout of Process Piping Systems  26-28 Sep

PD763 Centrifugal Pumps: Testing, Design and Analysis   26-28 Sep

PD014  ASME B31.3 Process Piping Design
ASME STANDARDS COURSE / TOP SELLER   26-29 Sep

PD184  BPV Code, Section III, Division 1: Rules for 
Construction of Nuclear Facility Components 
ASME STANDARDS COURSE / TOP SELLER     26-29 Sep

PD448  BPV Code, Section VIII, Division 2: Pressure Vessels 
ASME STANDARDS COURSE    26-29 Sep

PD603  GD&T Combo Course (combines PD570 and PD561) 
SAVE UP TO $825!   26-29 Sep

PD657  HVAC Systems and Chiller Performance Combo Course 
(combines PD027 and PD387) SAVE UP TO $440!     26-29 Sep

PD771  Boiler Operation and Maintenance with Inspection, 
Repairs and Alterations Combo Course  
ASME STANDARDS COURSE (combines PD769 and PD770)
SAVE UP TO $575!     26-29 Sep

PD192  BPV Code, Section XI: Inservice Inspection of Nuclear 
Power Plant Components ASME STANDARDS COURSE    26-30 Sept

PD581  B31.3 Process Piping Design, Materials, Fabrication, 
Examination and Testing Combo Course
SAVE UP TO $575!   TOP SELLER 26-30 Sept

PD601  Bolting Combo Course (combines PD539, PD386 
and PD577) SAVE UP TO $1,275!         26-30 Sept

PD602  Elevator and Escalator Combo Course 
(combines PD100 and PD102)   26-30 Sept

PD686  Layout of Process Piping Systems and Plant Design 
Using 3D CAD/CAE and Laser Scanning Technology 
Combo Course (combines PD720 and PD721) 
SAVE UP TO $650!    26-30 Sept

PD386  Design of Bolted Flange Joints    28 Sept

PD676  Strategic Thinking    28 Sept

PD570  Geometric Dimensioning and Tolerancing 
Fundamentals 1 ASME STANDARDS COURSE 28-29 Sept 

PD766  Post Weld Heat Treatments in ASME Codes    28-29 Sept 

PD770  Inspection, Repairs and Alterations of Boilers  
ASME STANDARDS COURSE   28-29 Sept

PD102  A17.1 Safety Code and A17.2 Inspection Requirements
ASME STANDARDS COURSE   28-30 Sept

PD387  Understanding Chiller Performance, Operation 
and Economics    29 Sept

PD577  Bolted Joint Assembly Principles Per PCC-1-2013  
ASME STANDARDS COURSE   29-30 Sept

PD591  Developing Confl ict Resolution Best Practices   29-30 Sept

PD721  Plant Design and Project Design Using 3D CAD/CAE 
and Laser Scanning Technology   29-30 Sept

PD457  ASME B31.1 Process Piping Materials, Fabrication, 
Examination and Testing  ASME STANDARDS COURSE   30 Sept

Visit: go.asme.org/lasvegas3
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OCTOBER 2016 – ATLANTA, GEORGIA USA

PD107  Elevator Maintenance Evaluation   10-11 Oct

PD445  ASME B31 Piping Fabrication and Examination   
ASME STANDARDS COURSE   10-11 Oct

PD692  Communication Essentials for Engineers   10-11 Oct

PD706  Inline Inspections for Pipelines   10-11 Oct

PD268  Fracture Mechanics Approach to Life Predictions   10-12 Oct

PD370  ASME B31.8 Gas Transmission and Distribution  
Piping Systems  ASME STANDARDS COURSE     10-12 Oct

PD584  Centrifugal Compressor Performance Analysis   10-12 Oct

PD683  Probabilistic Structural Analysis, Design and  
Reliability-Risk Assessment   10-12 Oct

PD711  ASME NQA-1 and DOE Quality Assurance Rule 10  
CFR 830  ASME STANDARDS COURSE     10-12 Oct

PD765  Gas Turbine Engines – Controlling Pollutants   10-12 Oct

PD359  Practical Welding Technology   10-13 Oct

PD394  Seismic Design and Retrofit of Equipment and Piping   10-13 Oct

PD777  Pipe Sizing, Pump Selection and Water Hammer NEW! 10-13 Oct

PD621  Grade 91 and Other Creep Strength Enhanced Ferritic  
Steels  ASME STANDARDS COURSE     12-14 Oct

PD449  Mechanical Tolerancing for Six Sigma  13-14 Oct

Visit: go.asme.org/atlanta8

OCTOBER 2016 – BARCELONA, SPAIN

MasterClass Courses – Pressure Tech and Piping

MC147  Advanced Application of ASME Boiler and Pressure  
Vessel Code, Section VIII, Division 1:  
Construction Requirements 17-18 Oct

MC127  Bases and Application of Design Requirements for High  
Pressure Vessels in ASME Code, Section VIII, Division 3 17-18 Oct

MC110  Bases and Application of Piping Flexibility Analysis  
to ASME B31 Codes 17-18 Oct

MC142  Integrity Management of Natural Gas Pipelines Using  
ASME B31.8S Standard 17-18 Oct

MC141  Pipeline Stress Corrosion Cracking Management   17-18 Oct

MC113   Techniques and Methods Used in API 579-1/ASME FFS-1  
for Advanced Fitness-for-Service (FFS) Assessments   17-18 Oct

MC132   Run-or-Repair Operability Decisions for Pressure  
Equipment and Piping Systems   18-19 Oct

MC125   Impact Testing and Toughness Requirements for  
Pressure Vessels: ASME Section VIII, Divisions 1 & 2 19 Oct

MC121   Design by Analysis Requirements in ASME Boiler and  
Pressure Vessel Code, Section VIII, Division 2:  
Alternative Rules   19-20 Oct

MC140   Pipeline Defect Assessment   19-20 Oct

MC143   Pipeline Integrity Issues, Migration, Prevention and  
Repair Using ASME B31.8S Standard   19-20 Oct

MC111   Piping Vibration Causes and Remedies –  
A Practical Approach    19-20 Oct

MC144   Integrity Assessment and Repair of Process Piping  
and Tanks   20-21 Oct

MC112   Materials and Design for High Temperatures   20-21 Oct

MC123   Fatigue Analysis Requirements in ASME BPV Code,  
Section VIII, Division 2 – Alternative Rules   21 Oct

MC117   Piping Failures – Causes and Prevention   21 Oct

Visit: go.asme.org/barcelona2

OCTOBER 2016 – HOUSTON, TEXAS USA

PD391  ASME B31.4 Pipeline Transportation Systems for Liquid 
Hydrocarbons and Other Liquids  
ASME STANDARDS COURSE 24-25 Oct

PD624  Two-Phase Flow and Heat Transfer   24-25 Oct

PD146  Flow-Induced Vibration with Applications to  
Failure Analysis   24-26 Oct

PD410  Detail Engineering of Piping Systems   24-26 Oct

PD442  BPV Code, Section VIII, Division 1: Design and  
Fabrication of Pressure Vessels 
ASME STANDARDS COURSE / TOP SELLER    24-26 Oct 

PD583  Pressure Relief Devices: Design, Sizing, Construction,  
Inspection and Maintenance  
ASME STANDARDS COURSE  24-26 Oct

PD764  Introduction to Hydraulic Systems for Industry  
Professionals   24-27 Oct

PD013  ASME B31.1 Power Piping Code  
ASME STANDARDS COURSE 24-28 Oct

PD432  Turbo Machinery Dynamics: Design and Operation 24-28 Oct

PD443  BPV Code, Section VIII, Division 1 Combo Course  
ASME STANDARDS COURSE (combines PD441 and PD442)  
 SAVE UP TO $680!   TOP SELLER    24-28 Oct 

PD665  BPV Code, Section I: Power Boilers   
ASME STANDARDS COURSE    24-28 Oct

PD115  The Gas Turbine: Principles and Applications   27-28 Oct

PD606  ASME NQA-1 Requirements for Computer Software  
Used in Nuclear Facilities  ASME STANDARDS COURSE   27-28 Oct

PD441  Inspections, Repairs and Alterations of Pressure  
Equipment  ASME STANDARDS COURSE   27-28 Oct

PD673  Design and Selection of Heat Exchangers   26-28 Sept 

PD679  Selection of Pumps and Valves for Optimum System  
Performance   24-27 Oct

Visit: go.asme.org/houston1

NOVEMBER 2016 – SAN DIEGO, CALIFORNIA USA

PD539  Bolted Joints and Gasket Behavior 14-15 Nov

PD561  Geometric Tolerancing Applications and  
Tolerance Stacks 14-15 Nov

PD231  Shock and Vibration Analysis    14-16 Nov

PD389  Nondestructive Examination – Applying ASME Code  
Requirements (Section VI)  ASME STANDARDS COURSE  14-16 Nov

PD506  Effective Management of Research and Development  
Teams and Organizations   14-16 Nov

PD571  The Taguchi Design of Experiments for Robust Product  
and Process Designs   14-16 Nov

PD619  Risk and Reliability Strategies for Optimizing  
Performance   14-16 Nov

PD394  Seismic Design and Retrofit of Equipment and Piping 14-17 Nov

PD448  ASME BPV Code, Section VIII, Division 2:  
Alternative Rules – Design and Fabrication  
of Pressure Vessels  ASME STANDARDS COURSE 14-17 Nov

PD603  GD&T Combo Course (combines PD570 and PD561)  
SAVE UP TO $825!   14-17 Nov

PD622  ASME BPV Code: Plant Equipment Requirements 
ASME STANDARDS COURSE 14-17 Nov

PD691  Fluid Mechanics, Piping Design, Fluid Transients  
and Dynamics      14-17 Nov

REGISTER NOW: North America +1.800.843.2763 / Europe +32.2.743.1543 / Middle East +971.4428.0315

Free ASME Training & Development  
Autumn 2016 eCalendar Now Available
Download the FREE Autumn 2016 ASME Training & Development 
eCalendar listing dates and locations of Live Course offerings in 
North America, Europe and the Middle East through December 
2016, as well as eLearning Courses available worldwide from the 
Internet any time.

Visit: go.asme.org/autumntraining  

or scan with a smart device:



NOVEMBER 2016 – SAN DIEGO, CALIFORNIA USA (CONTINUED)

PD601  Bolting Combo Course (combines PD539, PD386 
and PD577)  SAVE UP TO $1,275!           14-18 Nov

PD386  Design of Bolted Flange Joints   16 Nov

PD570  Geometric Dimensioning and Tolerancing 
Fundamentals 1  ASME STANDARDS COURSE  16-17 Nov

PD575  Comprehensive Negotiating Strategies®: Engineers 
and Technical Professionals   17-18 Nov

PD577  Bolted Joint Assembly Principles Per PCC-1-2013
ASME STANDARDS COURSE    17-18 Nov

Visit: go.asme.org/sandiego1

NOVEMBER 2016 – ORLANDO, FLORIDA USA

PD100  Introduction to the Maintenance and Inspection 
of Elevators and Escalators   28-29 Nov

PD475  The Engineering Manager: Engaging Today’s 
Workplace   28-29 Nov 

PD531  Leadership and Organizational Management  28-29 Nov

PD567  Design, Analysis and Fabrication of Composite 
Structure, Energy and Machine Applications   28-29 Nov

PD673  ASME BPV Code, Section 1: Power Boilers   28-29 Nov

PD467  Project Management for Engineers and Technical 
Professionals   28-30 Nov

PD513  TRIZ: The Theory of Inventive Problem Solving   28-30 Nov

PD515  Dimensioning and Tolerancing Principles for Gages 
and Fixtures   28-30 Nov

PD596  Developing a 10-Year Valve Inservice Testing Program 28-30 Nov

PD685  The Engineering Manager: Engaging Today’s 
Workforce and Strategic Thinking Combo Course 
(combines PD475 and PD676) SAVE UP TO $450!     28-30 Nov

PD702  Process Safety and Risk Management for Engineers 
and Supervisors   28-30 Nov

PD620  Core Engineering Management   28 Nov - 1 Dec

PD632  Design in Codes, Standards and Regulations  
for Nuclear Power Plant Construction
ASME STANDARDS COURSE    28 Nov – 1 Dec

PD675  ASME NQA-1 Lead Auditor Training   28 Nov - 1 Dec

PD602  Elevator and Escalator Combo Course 
(combines PD100 and PD102)   28 Nov – 2 Dec

PD629  Project Management Combo Course 
(combines PD467 and PD496)  SAVE UP TO $650!     28 Nov - 2 Dec

PD676  Strategic Thinking  30 Nov

PD690  Economics of Pipe Sizing and Pump Selection   30 Nov – 1 Dec

PD102  A17.1 Safety Code and A17.2 Inspection Requirements
ASME STANDARDS COURSE   30 Nov – 2 Dec

PD496   Preparing for the Project Management Professional 
Certifi cation Exam    1-2 Dec

PD595  Developing a 10-Year Pump Inservice Testing Program 1-2 Dec

Visit: go.asme.org/orlando2

DECEMBER 2016 – AMSTERDAM, THE NETHERLANDS

PD634  Comparison of Global Quality Assurance and 
Management Systems Standards Used for Nuclear 
Application  ASME STANDARDS COURSE    12-13 Dec

PD442  ASME BPV Code, Section VIII, Division 1: 
Design and Fabrication of Pressure Vessels  
ASME STANDARDS COURSE   12-14 Dec

PD615  ASME BPV Code, Section III, Division 1: 
Class 1, 2 & 3 Piping Designs  ASME STANDARDS COURSE    12-14 Dec

PD635  ASME NQA-1 Quality Assurance Requirements for 
Nuclear Facility Applications  ASME STANDARDS COURSE    12-14 Dec

PD645  ASME BPV Code, Section IX: Welding, Brazing and Fusing 
Qualifi cations  ASME STANDARDS COURSE    12-14 Dec

PD714  ASME BPV Code, Section VIII, Division 2: 
Alternative Rules – Design and Fabrication 
of Pressure Vessels  ASME STANDARDS COURSE    12-14 Dec

PD616  API 579-1/ASME FFS-1 Fitness-for-Service Evaluation 12-15 Dec

PD642  ASME B31.1 Power Piping Code  
ASME STANDARDS COURSE    12-15 Dec

PD643  ASME B31.1 Process Piping Code  
ASME STANDARDS COURSE    12-15 Dec

PD675  ASME NQA-1 Lead Auditor Training    12-15 Dec

PD716  ASME BPV Code, Section 1: Power Boilers  
ASME STANDARDS COURSE    12-15 Dec

PD443  ASME BPV Code, Section VIII, Division 1 Combo Course 
(combines PD441 and PD442)  SAVE UP TO €800!   
ASME STANDARDS COURSE 12-16 Dec

PD684  ASME BPV Code, Section III, Division 1: Rules for 
Construction of Nuclear Facility Components   12-16 Dec

PD441  Inspections, Repairs and Alterations of 
Pressure Equipment   15-16 Dec

Visit: go.asme.org/amsterdam1

DECEMBER 2016 – AMSTERDAM, THE NETHERLANDS

MasterClass Course at [TBA]

MC135 Using ASME Codes to Meet the EU Pressure 
Equipment Directive (PED) 14-16 Dec

Visit: go.asme.org/amsterdam3

REGISTER NOW: North America +1.800.843.2763 / Europe +32.2.743.1543 / Middle East +971.4428.0315

ASME In-Company Training
Select from any of our courses to create a training
program delivered to your company’s site, 
anywhere in the world.

•   Save on travel expenses

•   Tailor subject matter to your specifi c needs

•   Meet your challenges head-on with hands-on 
workshops

•   Gain expertise from real-world situations that 
bridge theory with practical applications

GET MORE INFORMATION: 
Visit: go.asme.org/corporate



DECEMBER 2016 – NEW ORLEANS, LOUISIANA USA

PD769  Boiler Operation and Maintenance   12-13 Dec

PD539  Bolted Joints and Gasket Behavior   12-13 Dec

PD382  How to Predict Thermal-Hydraulic Loads  
on Pressure Vessels and Piping   12-13 Dec

PD395  API 579-1/ASME FFS-1 Fitness-for-Service  
Evaluation   12-14 Dec

PD370  ASME B31.8 Gas Transmission and Distribution  
Piping Systems   12-14 Dec 

PD615  ASME BPV Code, Section III, Division 1:  
Class 1, 2 & 3 Piping Design   12-14 Dec

PD190  ASME BPV Code, Section III, Division 1: Rules for  
Construction of Nuclear Facility Components   12-14 Dec

PD442  ASME BPV Code, Section VIII, Division 1:  
Design and Fabrication of Pressure Vessels  12-14 Dec

PD410  Detail Engineering of Piping Systems   12-14 Dec

PD077  Failure Prevention, Repair and Life Extension  
of Piping, Vessels and Tanks   12-14 Dec

PD146  Flow-Induced Vibration with Applications  
to Failure Analysis   12-14 Dec

PD633  Overview of Nuclear Codes and Standards for  
Nuclear Power Plants   12-14 Dec

PD644  Advanced Design and Construction of Nuclear Facility  
Components Per BPV Code, Section III   12-15 Dec

PD771  Boiler Operation and Maintenance with Inspection,  
Repairs and Alterations Combo Course  
(combines PD769 and PD770)   12-15 Dec

PD184  BPV Code, Section III, Division 1:  
Construction of Nuclear Facility Components   12-15 Dec

PD772  Electrohydraulic Components and Systems   12-15 Dec

PD679  Selection of Pumps and Valves for Optimum  
System Performance  12-15 Dec

PD013  ASME B31.1 Power Piping Code  12-16 Dec

PD443  BPV Code, Section VIII, Division 1 Combo Course    
ASME STANDARDS COURSE (combines PD441 and PD442)  
SAVE UP TO $680!   TOP SELLER 12-16 Dec

PD441  Inspections, Repairs and Alterations of Pressure  
Equipment   15-16 Dec

PD601  Bolting Combo Course (combines PD539, PD386 
and PD577)  12-16 Dec

PD766  Post Weld Heat Treatments in ASME Codes 13-14 Dec

PD386  Design of Bolted Flange Joints   14-Dec

PD770  Inspection, Repairs and Alterations of Boilers   14-15 Dec

PD577  Bolted Joint Assembly Principles Per PCC-1-2013   15-16 Dec

Visit: go.asme.org/neworleans5

REGISTER NOW: North America +1.800.843.2763 / Europe +32.2.743.1543 / Middle East +971.4428.0315

ASME Pressure Vessels, Piping 
and GDT Training Events 
Learn from the pros who write the codes with these training 
events presented by ASME Training & Development, the 
leader in workforce learning solutions for engineers and 
technical professionals. 

AVAILABLE THIS JULY 2016
API 579-1/ASME FFS-1 Fitness-for-Service Evaluation  
(PD395)
Instructor: Greg W. Brown, Ph.D. 25-27 July

B31.1 Process Piping Code (PD643)
Instructor: Jim E. Meyer, PE 25-28 July

Visit: go.asme.org/newyork1

AVAILABLE THIS AUGUST 2016

Geometric Dimensioning and Tolerancing  
Fundamentals 1 (PD570) 
Instructor: Scott Neumann  22-23 August

BPV Code, Section VIII, Division 1: Design & Fabrication  
of Pressure Vessels (PD442)
Instructor: Kamran Mokhtarian, P.E. 22-24 August

Geometric Dimensioning & Tolerancing Combo Course  
(combines PD570 and PD561)  (PD603)
Instructor: Scott Neumann 22-25 August

BPV Code, Section VIII, Division 1 Combo Course  
(combines PD441 and PD442) (PD443) 
Instructor: Kamran Mokhtarian, P.E.  22-25 August

Geometric Tolerancing Applications and Tolerance  
Stacks (PD561)
Instructor: Scott Neumann  24-25 August

Inspections, Repairs and Alterations of Pressure  
Equipment (PD441)
Instructor: Kamran Mokhtarian, P.E.  25-26 August

Visit: go.asme.org/newyork2 

FOR MORE INFORMATION AND TO REGISTER

Visit go.asme.org/training 

LIVE FROM 
NEW YORK!

Free ASME Training & Development  
Autumn 2016 eCalendar Now Available
Download the FREE Autumn 2016 ASME Training & Development 
eCalendar listing dates and locations of Live Course offerings in 
North America, Europe and the Middle East through December 
2016, as well as eLearning Courses available worldwide from the 
Internet any time.

Visit: go.asme.org/autumntraining  

or scan with a smart device:
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CONTROLLING SENSORS
 
ATI INDUSTRIAL AUTOMATION, APEX, N.C.

ATI Industrial Automation has introduced the Capacitive F/T 

Sensor, a low-cost solution for industrial robots, pressing 

force control, grinding, and deburring. The sensor measures 

the six components of force and torque, is IP65-rated for 

protection against dust and water spray, and implements 

hard mechanical stops for overload protection. Includes 

USB and Ethernet output. 

NANOSTEEL, PROVIDENCE, R.I.

B
LDRmetal J-10 and J-11 are powders 
designed for the binder jet 3-D print-
ing process and one of NanoSteel’s 

additive manufacturing. The materi-
als are made for 3-D printing of components 
for highly abrasive environments. J-10 is 
designed to provide components with twice 
the elongation and three times the wear and 

420 stainless steel. J-11, designed for extreme 
wear low-impact applications, provides 10 
times the wear resistance of an equivalently 

the company. Both are intended for tool and 
die operations and for applications in the oil 
and gas industry, such as drilling and pump 
components.

3-D PRINTING POWDERS

GAP FILLER
 
HENKEL, RANCHO DOMINGUEZ, CALIF.

Henkel Adhesive Technologies’ 

3500LV Gap Filler is formulated for 

high thermal conductivity and low 

volatility for reduced outgassing. It 

is a two-part material that cures at 

room temperature or more quickly when heated, and it delivers thermal conductivity of 3.5 W/m-K 

and the mechanical properties of silicone. Once cured, 3500LV is a soft material that also provides 

protection from shock and vibration.  3500LV is designed for applications that require fog-free 

lenses, such as automotive headlamps, stadium lighting, and high-intensity LEDs. Other applica-

tions include industrial PLC controllers on paint lines, automotive infotainment, and cameras.

TOOLS//HARDWARE



STRETCHING CYLINDER

PHD, FORT WAYNE, IND.

PHD has released the Series BCSU Universal Stretching Cylinder for plastic 

bottle blowing. The cylinders are direct replacements for Sidel Universal 

Machines and mount into the same space and bolt patterns. The series features 

standard internal shock pads, alloy steel piston rods, and urethane piston and 

rod seals to improve durability. 

SWIVEL FITTING

EXAIR, CINCINNATI. 

The Model 9204 1 

NPT 303 stainless 

steel swivel fitting is 

designed to precisely 

adjust the position of 

the Exair’s Super Air 

nozzles. A 50° total 

angle of adjustment 

provides the movement 

needed for the best po-

sitioning and maximum 

effectiveness for blow 

off, cooling, and drying application. The 1 MNPT x 1 FNPT swivel will work with any 1 

NPT nozzle or fitting regardless of male or female thread. The new 1 NPT swivels can 

be used with 316SS and zinc-aluminum alloy Super Air nozzles. 

MECHANICAL ENGINEERING  |  JUNE 2016  |  P.

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

Unique Analytics and Uncertainty Quantification 
for simulations, testing, and complex systems.

Our software helps some 
of  the worlds largest engineering firms 

handle uncertainty, reduce simulation and 
testing costs, and make use of big data. 

Simulation resources are limited. 
Uncertainty is everywhere. 

Tests are expensive.
We can help. 
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DRIVE COUPLINGS 
 
AUTOMATIONDIRECT, CUMMING, GA.

The new SureMotion drive couplings—which compensate for shaft misalignment to help relieve 

stress on shafts and other parts—are available in jaw/spider, double loop, Oldham, and beam-style 

servo styles. Corrosion-resistant and non-magnetic, these couplings provide electrical isolation, 

absorb shock, and isolate vibration while dampening resonance. Beam-style servo couplings are 

stainless steel set-screw couplings which feature the flexibility of a bellows coupling plus the 

torsional stiffness and strength of a disc coupling. The company also offers bore reducers to fit a 

coupling when the exact bore is not available.

LONG KNIVES
 
EXAIR, CINCINNATI.

Exair has expanded its stainless steel air knives to a maximum 

length of 108 inches (2743 mm). The company’s air knives 

produce a laminar sheet of airflow to blow off, dry, or cool 

large surfaces in such applications as blowing corrosive 

chemicals off parts or drying food products. They can also be 

used in cooling hot materials such as molten glass, castings, 

and molded parts. Exair is also manufacturing air knives 

60 in. and longer as one piece instead of two, which makes 

installation easier and saves space, according to the company. 

The corrosion resistant design ensures seamless airflow and 

withstands temperatures up to 800 °F (427 °C). 

POWER SUPPLIES
 
IDEC, SUNNYVALE, CALIF.

IDEC’s new PS5R-V line of DIN-rail power supplies includes 10 W, 15 W, 30 W, 60 W, 

and 120 W versions that feature a compact form factor, operating temperature range 

from -25 °C to 75 °C, and a 16 percent increase in operation efficiencies from previ-

ous generations. Spring-up screw terminals accept both ring and fork terminals and 

stripped wire. The power supply can also be mounted in six different orientations, 

with minimal derating, for a variety of installation configuration options.

COMPRESSION SPRINGS
 
LEE SPRING, BROOKLYN, N.Y.
 

The Lite Pressure stock series of compression springs for light 

loads are now available in 1, 2, 3, and 4 psi ranges. The full se-

ries now includes springs in the 1 psi to 15 psi range. The Lite 

Pressure series is ideal when a relatively low spring rate or 

workable load is needed in dimensions not normally available 

in a conventional compression spring. The springs are made of 

passivated and ultrasonically cleaned stainless steel type 316 

for corrosion resistance and have larger outside diameters and 

even lighter pressure springs.

TOOLS//HARDWARE
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Bimba Unveils 
Smart Technology Platform 

for Pneumatics

WWW.BIMBA.COM/SMARTER

Introducing IntelliSense®, 
a one-of-a-kind 
technology 
breakthrough 
combining 
sensors, 
cylinders and 
software to 
deliver real-time 
performance 
data for standard 
Bimba pneumatic devices. Users 
can now utilize condition-based 
monitoring to be proactive 
about maintenance and 
system optimization to 
maximize uptime.

BIMBA

www.masterbond.com
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Room Temperature Curing 
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Supreme 33CLV IN-UVI 
$395
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Signal Conditioner

© COPYRIGHT 2016 OMEGA ENGINEERING, INC ALL RIGHTS RESERVED

Prices listed are those in effect at the time of publication and are subject to change without notice.  
Please contact OMEGA’s sales department for current prices.

1-888-826-6342
Visit omega.com/in-uvi

THE NEXT REVOLUTION 
IN SERVO PERFORMANCE

SIGMA-7 products set a new 
industry standard in servo  
capability, with features that 
advance Yaskawa’s 25-year 
reputation for redefining  
the possibilities in motion 
automation.

SIGMA-7 is a complete family of 
servo motors and SERVOPACK 

amplifiers from 3w to 55kW, easily paired with a Yas-
kawa machine controller to create a motion automation 
system with the industry’s highest quality and reliability.

PRODUCTS THAT PERFORM. SYSTEM PERFORMANCE.
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Enable Your Ideas
www.tormach.com

$10,485
3 Axis Mill

(plus shipping)
includes 3 axis mill, deluxe stand, 
machine arm, and more

packages starting at

When built-to-order actuators 
are beyond the scope of your 
manufacturing needs, PHD 

Optimax® provides prefabricated 
solutions that are economical and 

reliable components that get the 
job done. Built on the foundation 
of quality you’ve come to expect 
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much more competitive price.
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CHANDIGARH UNIVERSITY TEAM  
TAKES TOP HONORS AT HPVC INDIA
Since ASME’s Human Powered Vehicle Challenge ex-

panded to India in 2014, HPVC India has seen remark-
able growth. This year’s event, which began March 

17 and was hosted by VIT University in Vellore, pitted 40 
teams and nearly 600 students 
against each other in design and 
innovation evaluations, a drag race 
speed competition, and an endur-
ance event.

At the end of three days of 
competition, Fateh, the entry from 
Chandigarh University, was named 
the overall winner. The team took 
top honors in the design category 
and second place in the innovation 
category. KIIT University placed 
second overall with its vehicle, 
KETAV, while B.H. Gardi College 
of Engineering and Technology 
took third place overall with its 
entry, Sayugavan.

The team from Jamia Millia Islamia in New Delhi placed 
third in the endurance event.

Other big winners at this year’s HPVC India included 
XLR8, the entry from the Mukesh Patel School of Technol-
ogy Management and Engineering, Shirpur, which placed 
first in innovation; a second entry from B.H. Gardi College 
of Engineering and Technology, PRAESTO, which was the 
winner of the speed event; and Sir M. Visvesvaraya Institute 
of Technology’s vehicle Team Helios, which took first place 
in the endurance event.

Nathan Taylor, the head judge for HPVC India, said he 

was impressed by both the quality of the entries and the 
resourcefulness the students showed in the materials they 
used. One major difference between the HPVC in India and 
those held in the United States, he said, was that the teams 

competing in the Indian event 
often use recycled steel and alumi-
num when building their vehicles.

"Some teams are pretty creative 
with utilizing recycled materials," 
he said. "That's something we see 
a lot in India. Some schools don't 
have such great resources, so they 
take existing bicycle parts and they 
chop them up and turn them into 
new vehicles. One team I talked to, 
from a remote part of India, said 
they just went to the scrap yard 
and found what they could because 
they couldn't obtain the materials 
that they wanted. They couldn't 
buy pieces of steel, so they went to 

the scrapyard and found what they could. There's quite a bit 
of that going on."

In addition to HPVC India, two other human-powered ve-
hicle events took place this spring: HPVC West in San Jose, 
Calif., and HPVC East in Athens, Ohio.

For more information on HPVC India, or to view the 
complete list of results from the competition, visit https://
community.asme.org/hpvc/w/wiki/11346.results.aspx#2016-
Results-India. For more information on the ASME Human 
Powered Vehicle Challenge program, visit https://commu-
nity.asme.org/hpvc/default.aspx. ME

The 2016 HPVC India competition overall winning team 
from Chandigarh University, with their human powered 
vehicle, Fateh. 

ASME NEWS

ASME’S NEW FACES OF ENGINEERING          
A SME member Bryony DuPont (pictured at left)

and ASME student member Jacob Steinmetz 

have been chosen to represent the Society in 

the 2016 class of the New Faces of Engineering program, 

which highlights the significant contributions of early 

career engineers and engineering students.

DuPont was selected as ASME’s winner in the New 

Faces of Engineering–Professional category, which 

recognizes the accomplishments of practicing engineers 

up to the age of 30. She is an assistant professor of 

mechanical engineering at Oregon State University 

and conducts research in artificial intelligence and 

sustainability science, using simulation, optimization, 

and advanced computation to make sustainable solutions 

more feasible. She is also involved in a number of STEM 

volunteer and outreach activities for young women, 
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GOSWAMI WINS 
SOLAR MEDAL

ASME Fellow D. Yogi Goswami, a Dis-

tinguished University Professor and the 

director of the Clean Energy Research 

Center at the University of South Florida in Tampa, 

was recently named the 2016 winner of the Karl W. 

Böer Solar Energy Medal of Merit. The Böer Medal, 

which includes a $60,000 honorarium, recognizes 

an individual who has made significant pioneering 

contributions in solar or other forms of renewable 

energy through research, development, or economic 

enterprise, or who has made contributions to the 

field in other ways. 

Goswami was also recently selected as a 2016 

inductee of the Florida Inventors Hall of Fame. He 

served on the faculties of the University of Florida and 

Tuskegee Institute prior to joining the faculty at South 

Florida. He has served in a number of Society leader-

ship groups, including the Board of Governors member 

and the Council on Public Affairs, and has been 

recognized by the Society for his service with several 

awards, including the Technical Communities Global-

ization Medal in 2013, the Frank Kreith Energy Medal in 

2007, and the Dedicated Service Award in 1994.

INSPIRE PROGRAM NOW 
IN 551 SCHOOLS
Now in its second year, the ASME Inspire Pro-

gram—the Society’s digital course for middle and 

high school students that aims to ignite interest in 

science, technology, engineering, math, and related 

careers—recently expanded to 551 schools. As of 

April, that means the program reaches more than 

20,000 students in 43 states.

Featuring interactive simulations, Inspire puts 

students in the role of a “secret agent.” To complete 

their mission, students must learn and then demon-

strate mastery of a variety of STEM skills including 

algebra and coding. 

More than 600 teachers currently use the modules 

in their classroom, and the program is being inte-

grated into current STEM-related activities and used 

to amplify classroom curriculum.

ASME Inspire is supported through the ASME Foun-

dation. For more information, contact Patti Jo Snyder, 

manager, ASME K-12 Programs, at snyderp@asme.org.

        REPRESENTATIVES SELECTED

Most Internet of Things events 
focus on the software, apps, 
and networking infrastructure 

that will connect countless objects 
and allow them to communicate. But 
hardware design is often missing from 
the conversation.

ASME is looking to change that with 
its IoT Connect: Internet of Things 
Intelligent Hardware Conference, 
June 20-21 at the Santa Clara Marriott, 
Santa Clara, Calif. The conference will 
bring together engineers working in 
multiple disciplines, as well as manu-
facturers, communications special-
ists, industry leaders, and academia 
to explore hardware design from the 
component to the system level. 

Go to www.asme.org/events/iot for 
more information. 

Hardware design optimized to han-
dle remote sensing, data collection, 
computation, and autonomous deci-
sion making in harsh environments 
will serve as one of the conference’s 
themes, said Ivor Barber, technical 
program chair of the conference. 

“We’re going to have to bring these 
components into much tougher con-
ditions,” said Barber, senior director 
package technology development 
at Xilinx, a San Jose, Calif.-based 
provider of advanced programmable 

logic devices and related software 
development systems. “That’s chang-
ing the requirements that we’ll have 
to build these components to.”

Attendees will also have free access 
to two other ASME conferences co-
located at the hotel: The Information 
Storage and Process Systems Program 
(ISPS) and the InterPACK Workshop 
(IPW), which will focus on the foun-
dations of micro-systems packaging, 
as well as advances in information 
storage and processing systems.

 IoT Connect scheduled keynote 
speakers include Scott Scheeler, vice 
president of switching hardware at 
Cisco Systems; Tom Bradicich, vice 
president and general manager of 
servers and IoT systems at HP; Steve 
Campbell, CTO at Western Digital; 
and Ken Hansen, president and CEO 
at Semiconductor Research.   

Barber hopes attendees form new 
strategies for monetizing their work 
in an industry undergoing constant 
change. “Some of the most critical 
things they can start thinking about 
are where the gaps are, where are 
the opportunities, and when do the 
different technologies need to be in 
place,” he said. 

JEFF O’HEIR

ENGINEERS CONNECT 
WITH IoT LEADERS

including a student-run organization that de-

velops volunteer opportunities for mechanical 

engineering students, and is the co-lead of 

the ASME Early Career Engineering Commit-

tee’s Design and Advanced Manufacturing 

Market Segment Team.

Steinmetz was named as the Society’s 

winner in the New Faces of Engineering–Col-

lege Edition category, which is open to 

third-, fourth-, and fifth-year engineering 

students. He is a mechanical engineering 

major at Iowa State University and a member 

of the school’s peer tutoring program. He 

is also a member of Iowa State’s renewable 

energy vehicle club and a volunteer with 

Habitat for Humanity. ME
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Bioengineering labs brim with expensive high-tech 
equipment. But engineer Leon Bellan has success-
fully produced three-dimensional artificial capillary 

systems—a real challenge to make and essential for creating 
viable artificial tissues—using a store-bought cotton candy 
machine, some gelatin, and a little meat glue. 

The capillary system Bellan created kept cells alive and 
functional for more than a week. Researchers will be able to 
use these artificial tissues to test drugs, study biological pro-
cesses, and eventually create full-size artificial organs.

“A lot of materials we’re using aren’t new, we’re just using 
them in different ways,” said Bellan, an assistant professor 
of engineering at Vanderbilt University. His research was 
recently published in Advanced Healthcare Materials.

Bellan started using cotton candy machines when he was a 
graduate student at Cornell University. During one lecture, a 
speaker talked about the need for an artificial vascular system 
that could support cells in thick engineered tissue. That put 
Bellan’s mind in gear. 

“The nanofibers create a chaotic mat that looks like strands 
of Cheese Wiz or cotton candy,” he said. “I started thinking 
about the analogies and thought of a cotton candy machine.” 
Bellan headed over to the local Target and bought one.

After a few modifications, the machine was able to spin a 
cell-friendly polymer called PNIPAM into thin strands that 
matted together. The researchers then poured a body-tem-
perature mixture of gelatin, culture media, human cells, and 
transglutaminase meat glue over the structure. 

As the structure incubated at 37 °C, the PNIPAM threads 

began to dissolve, leaving behind a network of channels. (PNI-
PAM breaks down at 32 °C.) His team used those channels to 
pump in extra cell culture media to support the growing cells.

Bellan said his method of creating a 3-D scaffolding is 
faster, cheaper, and more effective than those he and others 
have used in the past. To get to that point, though, his team 
had to overcome several challenges. 

Cells in an artificial tissue need to be extremely close to a 
source of oxygen and nutrients and an outlet for the wastes 
they produce, or they will die. When creating artificial tissues, 
then, researchers must also create a network of channels to be 
similar in function to a natural capillary system.

Researchers usually use either a bottom-up or top-down 
method to build that network. In the bottom-up approach, 
cells are cultured in a thin layer of gel. It can take weeks for 
the cells to create a capillary network; during that time, many 
cells in middle of the scaffold supporting the cells could die.

Bellan’s cotton-candy spinning method, a top-down 
approach, produces channels that range from 3 to 55 μm, 
compared with about 10 μm for natural capillaries. Other top-
down methods create capillaries that are much larger. The 
network is also much more complex, Bellan said, and it keeps 
up to 90 percent of the cells alive. 

“We’re still pretty far away from building fully functional 
artificial tissues,” Bellan said. “But we’re in an interesting 
time where people are starting to do these types of things 
with increasing complexity.” ME

JEFF O'HEIR

ENGINEERS USE A $40 COTTON CANDY MACHINE 
TO BUILD ARTIFICIAL CAPILLARIES.

SPINNING 
TISSUE

A student in the Bellan Lab (left) 
uses a commercial cotton candy 
machine to spin hydrogel fibers. 
(above). 
Images: Vanderbilt University
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