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N
ASA’S DESIGN COMPETITION CHALLENGED participants to imagine what habitats 
on Mars might look like using 3-D printing and in-situ resources. From an 
elementary school to professional design firms, participants from across 
the world submitted their innovative concepts and designs to build habitats 
on Mars for astronauts. The top prize went to a team that proposed a house 

made of ice from frozen water on the planet’s surface.

Small Reactor 
With Big Potential
A laser-fired fusion reactor that 
uses ultra-dense deuterium has the 
potential to produce more energy 
than it consumes and also reduce 
the threat of radiation. It could be 
built small enough to power neigh-
borhoods or even single homes in 
future.

3-D PRINTING 
HABITATS ON MARS

VIDEO: 3-D PRINTING BRINGS IMAGINATION TO LIFE

Jason Lopes, lead systems engi-
neer at Legacy Affects, talks about 
how 3-D printing, along with the 

talents of many artists and designers, has 
helped to create stunning special effects for 
Hollywood and beyond. 

VIDEO: TECHNOLOGY AND THE INTEGRATED GRID

Mark McCullough, executive vice president 
of generation for American Electric Power, 
discusses how technology is changing how 
electric power is produced and the need for 
an increasingly educated utility workforce.

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

NEXT MONTH ON ASME.ORG

Pharma Dips Into Organs on Chips
If they continue on their current trajec-
tory, organs on chips could fundamentally 
alter how life scientists study diseases and 
new drugs. The drug industry and federal 
health research agencies are investing in 
the technology as a promising way out of 
today’s failure-prone drug development 
quagmire.

Video: The Nexus of 
Renewable and Fossil-
Fueled Energy
Bruce Rising of Siemens En-

ergy Inc. talks about the future of coal and 
fossil fuels as U.S. energy sources and how 
they will mix with increasing use of renew-
able energy technologies.
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FROM THE EDITOR

John G. Falcioni
Editor-in-Chief

A WORLD TO 
MAINTAIN
On arrival, the scene inside Jorge 

Chávez International Airport in 
Lima, Peru, is calm and orderly. 

The place boasts all the amenities you’d 
expect from any modern airport, and 
with Spanish-language signs at the gates 
and kiosks it feels like any airport in the 
U.S. Anywhere except maybe New York’s 
LaGuardia airport, which for years has 
stood out for being notoriously past its 
prime. Inside Jorge Chávez, there are few 
foreshadowing signs of what’s to come 
once you set foot past the front entrance.

Outside, and throughout the otherwise 
lovely city of Lima, too many cars screech 
and inch aggressively into tight openings 
between vans and other cars, leveraging 
to squeeze through narrow intersections 
at velocities that are often too reckless 
for bottlenecked areas. In the back-
ground, horns blare from all directions. 
Even by Manhattan’s standards of traffic 
congestion, Lima is surprisingly over-
crowded.

“Driving is a sport here,” said one 
of our hosts, a Bechtel South America 
executive named Carlos Alarco, who is 
also the ASME Peru section chair. The 
horn on an automobile, Alarco added, is 
so frequently used that it has lost any sort 
of meaning. “You don’t even notice the 
sound of it anymore.” Alarco must have 
been referring to the locals. Trust me, 
you can hear the honking.

Alarco shepherded a delegation from 
the ASME Board of Governors, and me, 
from place to place on a recent visit that 
included meetings with engineers, local 
technologists, and engineering students. 
The trip was part of a three-region fo-
cus—the others are India and China—to 
stimulate greater ASME participation in 
global opportunities and to open a broad-
er dialogue with international stakehold-

ers and leaders. Already, ASME is an  
internationally renowned standards-set-
ting organization with members in more 
than 150 countries. 

Through these trips, the Board led by 
this year’s president, Julio C. Guerrero, 
hopes to gain a first-hand understand-
ing of growth opportunities in different 
Pacific Rim regions of the world.

One thing that was clear on the trip 
to South America is that Peruvians are 
proud of their country. Its majestic Pacific 
coast and natural treasures justify the 
local perspective. Another thing clear is 
that its aging infrastructure bogs down 
Peru’s capital city of Lima. This is a big 
problem, according to engineers, busi-
ness leaders, and even some U.S. officials 
we spoke with, because about 70 percent 
of the country’s population lives in and 
around Lima.

There is some work being done to try 
and alleviate the congestion. We visited 
a construction site in the middle of the 
city where a much-needed bridge is half 
completed. A foreman on the job told us 
proudly that many relevant ASME codes 
are being used in the construction and 
that, when completed, the bridge would 
help ease some of the traffic in an espe-
cially dense part of downtown.

A more ambitious project is a sub-
way system that few in this city of more 
than 8 million people believe will ever 
be built. In Lima, as in many cities of 
both developing and First World coun-
tries, infrastructure health is at the core 
of economic health. Yet in Lima, as in 
most of the rest of the world—including 
LaGuardia—triage has been the most 
common approach to repair what ails it. 
Through its global outreach, ASME wants 
to be part of the team helping to dispense 
long-term solutions. ME

FEEDBACK

How do we 
fix our cities’ 
crumbling 
infrastructure?
Email me. 

falcionij@asme.org
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LETTERS & COMMENTS

Bouquets from a reader for 
our coverage of bioengineer-

ing; brickbats from another for a 
mistaken history of auto safety.

Reader  Handerhan 
reminds us that 
anti-lock brakes 
had an earlier start. 

OCTOBER 2015

JOINT EFFORT

To the Editor: “The Backbone of Engi-
neering.” Another sprightly piece “From 
the Editor” (October). How do you keep it 
up month after month?  

Actually, to address your question, I don’t 
believe that anyone can say that engineers 
are too involved in the work of doctors—es-
pecially that of orthopedists. Some years 

ago I served on the board of the Hospital 
for Joint Diseases (before it merged into 
NYU) and many of the doctors I got to know 
were willing to admit that backbones—in-
deed, all parts of the human frame—were 
far from being understood. 

When I personally had a frame failure—
it was a shoulder, but that can hurt just 
as much as any other part—a top physi-
cian gave me the secret of a magic elixir: 
Tincture of Time. 

ASME.ORG OCTOBER 2015
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SAFER ON THE HIGHWAY   
PAGE 28

LOCOMOTIVE BOILERS ARE BACK  
PAGE 36

ROBOTS SWIM WITH THE FISHES 
PAGE 44

RESEARCHERS PROBE THE MECHANICS  
OF CHRONIC BACK PAIN. 

TWIST
AND SHOUT

No, there’s a lot still to be learned. That’s 
a very interesting article by William Mar-
ras, and an eye-catching cover. 

Ho hum, just another super issue about 
the technology that moves the world.

Samuel C. Florman, New York 

BRAKING: OUR BAD

To the Editor: I enjoy reading Mechanical 
Engineering, but would like to point out an 
error in the October Trending, “Safer on 
the Road.” 

The 1985 Mercedes-Benz S-class was 
not the first car offered with anti-lock 
brakes. It was offered in the Chrysler Im-
perial in 1971. Ford and GM also developed 
systems around this time, though their sys-
tems were for the rear wheels only. 

The Chrysler system was a four-wheel 
system known at the time as Sure Brake.

Leo Handerhan, Bel Air, Md.

USERS OF THE ASME DIGITAL COLLECTION WILL BENEFIT FROM:
•   SOLR search  – a highly reliable, scalable, and fault-tolerant search engine that 

features load-balanced querying for more powerful search capability

•   multimedia functionality – that now features video,  podcasts, and animation 

•   new taxonomy that delivers highly accurate and related content of greater rele-
vance drawn from ASME’s collection of proceedings, journal articles and e-books

•   topical collections to browse and easily discover content in specific subject areas 

•   enhanced content display and tools that enable sophisticated organization and 
viewing of tables and figures; export to PowerPoint slides;  and additional tools for 
sharing, citation  
and more

•    improved usability, information discovery and ease of reading facilitated by an 
intuitive user interface employing the best practices in web interface design

•   personalization capabilities that enable customized page display, saved figures 
and tables, email alert management, subscription summaries, and desktop as well 
as mobile access

•   optimized viewing for all web-enabled smart phones and tablets

THE ASME DIGITAL COLLECTION – is 
ASME’s authoritative, subscription-based online 
reference spanning the entire knowledge-base 
of interest to the mechanical engineering and 
related research communities. 

Formerly known as the ASME Digital Library 
and now hosted on Silverchair’s SCM6 online 
platform, the Collection delivers richer and more 
relevant content supported by intuitive search 
capabilities and a wide range of enhancements, 
from a cleaner design to mobile optimization. 
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 COMMENT

That is the urging of our political 
class, whether they are appointed 
public officials or elected politicians; 
or whether they are members of the 
thinking and writing class. Taken 
collectively, they might be called “the 
exhortationists.”

But there is a problem: We do not 
treat engineers very nicely—at least 
not those who are federal employees 
or contractors. The very politicians 
who lead in exhorting our young to 
become engineers are those who treat 
engineers as disposable workers.

The government starts many 
projects and finishes few. A change of 
administration, a shortage of money, 
or some other excuse and the govern-
ment shelves the project.

The impact on engineers is dev-
astating. They have often relocated 
their families to the site of the project 
and—wham!—it is canceled.

It is not only that this rough treat-
ment has a huge impact on families—
and engineers are not that well-paid 
(median income is $80,000, and 
petroleum engineers are the highest-
paid)—but also the psychological 
damage is considerable.

Engineering a new project is excit-
ing but also demanding. Men and 
women throw themselves into what is 
a giant creative undertaking, eating 
up years of lives, demanding the most 
extreme effort. It is shattering when 
there is a sudden political decision to 
cancel a project.

To look at a bridge or a locomo-
tive and say, “I built that,” “I made a 
difference,” is much of the engineer’s 

reward. Marc Goldsmith, a fourth-
generation engineer, who has worked 
on 16 projects in nuclear power which 
have been canceled, says that many 
engineers get so frustrated they leave 
the profession and go into law or 
finance, and never face a logarithm 
again. He says the government treats 
highly educated engineers like day 
laborers: expendable.

Goldsmith, a former president of 
the American Society of Mechanical 
Engineers, says the heartbreak of a 
canceled project to the engineers is 
terrible and destructive of the can-do 
engineering culture.

The hundreds of engineers involved 
in a big engineering project do not 
do their job just for the money, but 
for the satisfaction that they solved 
a problem and made a thing that 
worked, whether it was a mega-pas-
senger aircraft, a spindly skyscraper, 
or a flood-control gate.

We now live in a world of project 
ghosts, where public policy (politics) 
has said “go,” and has said later, with 
the same passion, “abandon.”

Clarence L. “Kelly” Johnson, the 
genius founder of the Lockheed 
secret division of engineers, dubbed 
Skunk Works, in Burbank, Calif., told 
me before he died in 1990 that some 
of the starts-and-stops and abrupt 
cancellations of military projects 
made him sick. The Skunk Works, 
which brought us such legends as the 
U-2 and the SR-71, to name a few, 
was also instructed by the govern-
ment to eradicate any trace of other 
projects that were far along. “Not only 

were they canceled, but they had to 
be expunged,” he told me. 

Nuclear has been especially hard 
hit by government policy perfidy. In 
today’s shame roster, Yucca Mountain, 
the nuclear waste repository and the 
pride of thousands of engineers, was 
abandoned by the incoming Obama 
administration in a deal with Harry 
Reid, the Democratic senator from 
Nevada and Senate majority leader. 
Good-bye to $15 billion in taxpayer 
money; good-bye to a nuclear waste 
option; and goodbye to all that intri-
cate engineering inside a mountain.

Now the administration is taking 
its policy sledgehammer to another 
engineering project: one it supported 
until it didn’t support it anymore. It 
is trying to end the program to build 
a plant to blend surplus weapons-
grade plutonium with uranium and 
burn it up in reactors as uranium 
oxide, or MOX, as it is known.

The contractor—a consortium of 
Chicago Bridge & Iron Co. and Areva, 
the French firm—says the plant is 67 
percent complete and employs 300 
engineers, out of a total workforce of 
some 1,800, at the Department of En-
ergy site near Aiken, S.C. Now this big 
engineering project, which is another 
way of dealing with nuclear waste, is 
in the government’s sights.  ME

LLEWELLYN KING is the creator of the current 

events television show, “White House Chronicle,” 

and its website whchronicle.com.

W e need more engineers. Go forth and study engineer-
ing for the future of the nation. Math and engineering 
are the keys to maintaining our place in the world and 

keeping the Chinese, and a few others, at bay.

U.S. LOVES ENGINEERS, TREATS THEM BADLY

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



TECH BUZZ

RETHINK LAUNCHES 
PRECISE COLLABORATIVE 
ROBOT R

ethink Robotics, the industrial robot firm launched by Roomba pioneer 
Rodney Brooks, has introduced a new robot that is smaller and more 
precise than the company's previous model, Baxter.

The new robot, Sawyer, is designed for tasks that require fine motor control, 
such as inserting and removing parts from automated machines and aligning 
circuit boards with testing equipment.

The new robot weighs about as much as a five-year-old, only 19 kilograms, 
but has seven degrees of freedo m, a 1.26-meter reach, and a tolerance of 0.1 
millimeter in semi-structured areas.

Like Baxter, Sawyer’s elastic actuators give if they bump into something 
solid. This makes both robots safe to work alongside people. Rethink, how-

ever, has redesigned Sawyer’s actuators and supplemented them 
with titanium springs and harmonic drive servos to improve 

precision. This allows Sawyer to “feel” when a part is 
properly seated in a tool, or wiggle a circuit board into 
a tester.

Both Sawyer and Baxter robots come with embed-
ded cameras in their heads and wrists that 

workers can use to orient the robots when 
they move them from one task to another. 

The robots also have control buttons on 
their arms, which makes it possible to 

program and deploy the robots on 
the fly. 

Sawyer is one of several new 
collaborative robots recently intro-
duced by such industry leaders as 
ABB and KUKA. Universal Robotics 

was the first into the field, design-
ing inherently safe robots that can 
handle payloads ranging from 3 to 10 
kilograms.

While these robots are simpler to 
install and program than conven-
tional robotic arms, they are not 
as simple to use and redeploy as 

Baxter. On the other hand, 
they were significantly 
more precise than Baxter. 

With Sawyer, Rethink hopes 
to combine the simplic-

ity of its first robot with the 
precision of other collaborative 

devices. ME

ALAN S. BROWN

Sawyer, an easily 
programmed robot that 
works safely around 
people, picks up a tube 
to place in a machine 
fixture at Steelcase.
Photo: Rethink Robotics
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IT’S NOW COMMON—IF A BIT FRIGHTENING—for motorists to 
glance over at the car in the next lane and see the 
driver furiously texting on a phone. Because the 
danger this poses, in many jurisdictions it is illegal 
to use a cell phone handset (for either texting or 
talking) while driving.

EVEN HANDS-FREE  
INTERACTIONS ARE DISTRACTING

In response to these restrictions, carmakers and electronics firms have 
developed voice-activated controls for phones and car entertainment 
systems. The thought is that by allowing the driver to keep both hands 

on the steering wheel and both eyes on the road, these hands-free controls 
would be relatively safe to use. 

But that theory seems to be in error. According to a pair of recent studies 
for the AAA Foundation for Traffic Safety conducted by researchers at the 
University of Utah in Salt Lake City, it takes up to 27 seconds for a motor-
ist to regain full attention to driving after issuing a voice command to a 
hands-free device. At highway speeds, that comes out to about a half mile 
of distracted driving for each interaction.

The research also found the distraction persists even when drivers have 
a lot of practice using the voice-recognition systems.

The studies were conducted with participants driving a set route through 
a Salt Lake City neighborhood. While staying below the speed limit of 25 
mph, the motorists used voice-commands to dial numbers, call contacts, 
and tune the radio using in-car systems, and to dial numbers, call contacts, 
choose music, and text using smartphones.

Researchers tested the drivers to measure their level of distraction. As 
the motorists kept their eyes on the road and hands on the wheel, an LED 
light flashed red every three to five seconds at the edge of a driver’s left 

eye; the drivers pressed a switch attached to a thumb 
when they saw the light. The lag between the flashing of 
the light and the pressing of the switch was the measure 
of distraction.

Cognitive scientists David Strayer and Joel Cooper 
conducted the research with more than 300 drivers rang-
ing in age from 21 to 70.

The studies showed that older drivers, whom surveys 
suggest are most likely to buy autos with advanced 
entertainment systems, are much more distracted than 
younger drivers when giving voice commands.

“Just because these systems are in the car doesn’t 
mean it’s a good idea to use them while you are driving,” 
Strayer said in a University of Utah press release. “They 
are very distracting, very error prone and very frustrat-
ing to use. Far too many people are dying because of 
distraction on the roadway, and putting another source of 
distraction at the fingertips of drivers is not a good idea. 
It’s better not to use them when you are driving.”

Not all hands-free systems caused the same level 
of distraction. While only the worst system caused 27 
seconds of distraction, even the better-designed systems 
still left the drivers somewhat impaired for as long as 15 
seconds. 

“The voice-command technology isn’t ready,” Cooper 
said in the release. “It’s in the cars and is billed as a safe 
alternative to manual interactions with your car, but the 
voice systems simply don’t work well enough.” ME
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A BETTER PILL TO SWALLOW

Millions of Americans manage 
chronic health conditions with 
daily prescription drugs, but 

sticking to the proper dosage instruc-
tions can be challenging. A new entry in 
the wearable sensor technology market 
could make their doctors’ orders easier to 
follow—and to swallow.

Medication non-adherence is an expen-
sive and growing problem. Some patients 
willfully take too little or too much. Some 
misunderstand the complicated package 
directions. Others simply forget to take 
their pills from time to time. Whatever 
the cause, many of these medication 
mishaps result in visits to the doctor’s of-
fice or emergency room that would have 
otherwise been unnecessary. As the U.S. 
population ages and relies on multiple 

prescriptions to manage complex chronic diseases such as diabetes and dementia, 
medication mishaps are adding $100 billion to $300 billion to the nation’s annual 
health care bill, according to the U.S. Centers for Disease Control and Prevention.

The ingestible sensor system from Proteus Digital Health in Redwood City, Calif., 
fights this problem from within. Its key feature is a doctor-prescribed sensor-enabled 
pill patients swallow along with their other medications. Once in the stomach, a 
non-toxic semiconductor chip within the pill works with externally worn sensors and 
electronics to create a daily record of medication-taking and physical activity. It’s all 
part of what Proteus calls a digital health feedback system, which patients and their 
doctors can use to keep chronic diseases under control.

The health care industry has long wished for some reliable means of supporting 
patients who either can’t or won’t follow dosage directions consistently. The Proteus 
sensor was originally approved as a medical device by the U.S. Food and Drug 
Administration in 2012 and earlier this year earned an expanded indication for use in 
medication adherence monitoring.

The ingestible sensor—comparable in size to a grain of sand—can be integrated 
into an inert pill or other edible material, including active pharmaceutical products. 
The self-powering biosensor is activated by contact with stomach fluids. It identifies 
what medication the patient has ingested and when, transmitting 

A smart pill could make it easier to follow prescribed dosages.
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CHINA NEEDS AFFORDABLE FILTRATION

When I arrived at Peking University 
to study air quality in 2013, Beijing 
had reversed its stance on report-

ing air pollution. The central government 
had launched its own monitoring system, 
and in September of that year published 
an “Air Pollution Action Plan” that not only 
limited the use of coal to 65 percent of the 
country’s energy mix, but encouraged the 
installation of much-needed air-treatment 
equipment in industrial plants.

With government recognition of environ-
mental problems, individuals and NGOs 
have increased their advocacy. Earlier this 
year, journalist Chai Jing produced a docu-
mentary, Under the Dome, which received 
over 150 million views within three days of 
its release online. While the film has since 
been taken offline by the Chinese govern-
ment, its impact has been compared to Al 
Gore’s An Inconvenient Truth and Rachel 
Carson’s Silent Spring. For the first time, 

all aspects of China’s air pollution were 
presented in a single comprehensive and 
accessible presentation.

Have these kinds of government and citi-
zen initiatives made a difference? Beijing’s 
air quality data from the first half of 2015 
indicates that the concentration of particu-
late matter up to 2.5 micrometers in diam-
eter (PM2.5, a measure of air pollution) has 
decreased to 80 percent of the average in 
early 2014. And the number of days consid-
ered “heavily polluted” has dropped by 50 

percent since December 2014. 
There is evidence, however, that al-

though Beijing’s pollution has lifted slightly, 
damage from the dirtiest industries is 
moving to western and southern China. 
Provinces in those regions such as Henan, 
Hubei, Hunan, and Sichuan are now con-
sidered the most polluted of the country. 
Even for provinces whose data indicate 
improved air quality, there are legitimate 
concerns that local governments are fabri-
cating data in order to meet standards.

Given China’s air pollution problems, I 
wondered why air filters aren’t a household 
item. The answer is simple: even the cheap-
est air purifiers cost over a month’s rent.

The Beijing residents whom I met were 
surprisingly inactive in protecting them-
selves. My lab mates and professors at Pe-
king University, among the leading experts 
in China’s air quality, never wore the Darth 
Vader-like masks that keep out 99 percent 

of PM2.5. 
(I wore 
the mask 

religiously.) 
Even when PM2.5 

concentrations 
skyrocketed above the 

accurate detection limit, 
which is one level above “hazardous,” lab 
workers kept windows open to the toxic air. 
I often asked my colleagues why all this 
nonchalance about the very chemicals they 
study every day. Their answer was usually 
some version of “Why bother?”

In the absence of successful govern-
mental intervention, Chinese citizens are 
literally living in a cloud of pollution. But 
there is no reason we cannot create short-
term solutions. Scientists should be funded 
to design affordable air filters and user-

friendly masks. There are opportunities 
for students as well: courses and grants 
focusing on international development and 
product design are flourishing in universi-
ties across the country. For example, at the 
Blum Center for Developing Economies 
at the University of California, Berkeley, 
where I study, courses like Design for 
Sustainable Communities and competi-
tions like Big Ideas@Berkeley are pushing 
students to develop usable and affordable 
air pollution protection measures.

Advances have already been made to-
ward a more affordable air filter. The Smart 
Air filters developed by Thomas Talhelm, a 
former Fulbright researcher in Beijing, cost 
only $33 but they provide the same level of 
protection from PM2.5 as high-end filters. 
The design, which consists of a high-
efficiency particulate arrestance (HEPA) 
filter strapped to a fan, is a great way to 
improve indoor air at an affordable price. 
Yet these filters are not perfect. They target 
only PM2.5, while allowing harmful volatile 
organic compounds such as formaldehyde 
and benzenes to pass by. In addition, aes-
thetic qualities such as low noise during 
operation, a light indicator to signal when 
air pollution has reached a safe threshold, 
and an attractive outer shell are missing 
from these early designs.

To date, there are no affordable alterna-
tives to high-end filters that can eliminate 
not only particulates, but also trickier gas-
eous compounds. While PM2.5 is generally 
considered the greatest air quality health 
risk to the Chinese population, volatile 
organic compounds emitted from sources 
such as plywood, fabrics, insulation, per-
sonal care products, and tobacco smoke are 
also significant indoor air pollutants. A large 
market exists for a quiet, affordable and 
attractive filter that targets all components 
in air pollution. That means that the time is 
now for scientists and students to design a 
smart and affordable air filter to address the 
needs of millions of Chinese consumers. ME

MING ZHANG, ENGINEERINGFORCHANGE.ORG

GIVEN CHINA’S AIR POLLUTION PROBLEMS, I WONDERED  
WHY AIR FILTERS AREN’T A HOUSEHOLD ITEM. THE  
ANSWER IS SIMPLE: EVEN THE CHEAPEST AIR  
PURIFIERS COST OVER A MONTH’S RENT.

CHINA’S RAPID GROWTH, a 30-fold increase in GDP since the 
late 1970s, has come with the severe side effect of air pollution. 
Although a movement to draw attention to poisonous air qual-
ity has been growing almost as fast as the country’s cityscapes, 
solutions have been uninventive and surprisingly slow.
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C hina plans to build a network of 
12,000 public charging stations 
to meet the power demands of 

5 million electric vehicles by 2020, ac-
cording to a report issued by Xinhua, the 
state news agency.

Xinhua said Tong Guangyi, vice direc-
tor of the National Energy Administra-
tion’s Power Department, discussed 
the plans at a meeting in Changzhou in 
Jiangsu Province.

Tong said that the plan calls for an 
additional 3,850 charging stations for 
public buses and 2,500 for taxis to be 
built in the same period. He said it will 
also involve installing 4.8 million power 
poles.

According to Xinhua, the plan is the 

latest effort by the government in the 
new energy vehicle sector, which has 
grown steadily in the past two years 
with the aid of subsidies and tax cuts. 
Although the sector includes fuel cell 
cars, it is mostly made up of all-electric 
and plug-in hybrid automobiles.

The State Council of the People’s 
Republic of China has issued a guideline 
for a nationwide charging network. Resi-
dential complexes should have charging 
points or reserve space for them and at 
least 10 percent of the spaces in public 
parking lots should have charging facili-
ties. The guideline also calls for at least 
one public charging station for every 
2,000 new energy vehicles.

The government will encourage 

private investment to finance the project 
and will allow charger manufacturers to 
issue corporate bonds.

China’s State Grid is responsible for 
building a large part of the new charging 
facilities, more than 6,000 public fast-
charge stations with 59,000 chargers to 
power some 3.68 million electric pas-
senger vehicles. 

According to Xinhua, Yang Qing, State 
Grid’s vice president, told the meeting 
in Changzhou that the company plans to 
start construction of 1,888 fast-charge 
stations with the aim of putting them 
into service by the end of June 2016. 
The company currently has 618 stations 
and 24,000 chargers that serve 49,000 
vehicles. ME

LET 12,000 CHARGING STATIONS BLOOM
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ENTROPY AND  
THE ENVIRONMENT
A fundamental law of engineering can help inform  
our future energy decisions.

Engineers generally love orderly 
solutions to messy problems. But 
one of the most powerful insights of 

engineering is that disorder naturally in-
creases, and restoring order takes effort. 
This revelation is captured by the second 
law of thermodynamics. 

That disorder, or entropy, manifests it-
self through inefficiencies, which means 
that losses will occur as we use energy. 
Such losses are unavoidable and show 
up as waste products that impact the en-
vironment. The greater the entropy, the 
greater the losses, waste, and environ-
mental impact—everything from heated 
waterways and degraded air quality to 
land contamination.  

We may, however, be able use that 
fundamental insight to help us plan our 
energy future and tackle greenhouse gas 
pollution.

For example, processes and energy 
conversions seem to have a natural 
sequence. A wood log is highly ordered; it 
contains energy that is neatly organized 
into a compact space. As the wood burns, 
its energy disperses as highly disordered 
smoke, heat, and soot. That example 
illustrates increasing entropy and exem-
plifies the second law of thermodynam-
ics: turning fuel into heat and smoke is 
easy; turning smoke and heat back into 
fuel is difficult to envision.

The processes we use to power society 
follow the natural direction from order to 
disorder. We burn fuel or run falling wa-
ter through turbines to turn their stored 
energy into power. Doing the reverse—
taking heat and combustion byproducts 
to make fuel or pumping water uphill into 
a reservoir—not only requires energy, but 
more energy than was released in the 
first place. Entropy never sleeps.

The lessons of the second law of 
thermodynamics can be used to frame 
the discussion of environmental impacts. 
Reversing a process, or increasing order, 
requires work, so reversing environmen-
tal impacts takes energy. The higher the 
entropy, the greater the environmental 
impact and the harder it is to reverse it.

We as engineers can use entropic 
flows and measures of entropy to priori-
tize which impacts to avoid and which to 
mitigate after the fact.

Pollution with the highest entropy is 
the hardest to remediate. For example, 
air pollution is made up of very small, 
highly dispersed particles, which makes 
it difficult to clean up. Water pollution 
can flow with the water, so water pollu-
tion is also dispersed, but not as much as 
air pollution. Solid pollution is the most 
ordered as it does not flow or disperse 
without help from air and water. 

From the entropic standpoint, then, 
avoiding air pollution ought to be the 
highest environmental priority, since air 
pollution is the hardest to clean once it 
has been produced. By contrast, the ef-
fects of solid pollution are the easiest to 
mitigate.

That means our environmental miti-
gation efforts should prioritize avoid-
ing air pollution—including emission 

of greenhouse gases. At power plants 
across the United States, pollutants such 
as NOx and SOx that were once released 
as gases out of the smokestack are now 
captured via scrubbers and turned to 
solid-phase compounds. From the lens 
of entropic assessment, that seems quite 
rational. We could look at doing the same 
with carbon pollution, if feasible.

An entropic consideration also sup-
ports the cause for nuclear energy and 
renewables. Nuclear energy avoids hard-
to-remediate air pollution, and instead 
creates solid waste that should be easier 
to contain and manage. 

This framework can also be helpful 
for considering approaches to climate 
change. From an entropic point of 
view, avoiding the greenhouse gases 
in the first place is cheaper and less 
energy-intensive than trying to scrub the 
atmosphere after the fact.  If we use en-
tropic considerations as our guide, then 
nuclear, wind, and solar, which create 
finite amounts of solid pollution but avoid 
air pollution and heat trapping gases, 
are the choices we should prioritize for a 
low-carbon energy future. Applying the 
concept more strictly means that tradi-
tional nuclear energy is still somewhat 
problematic because of the thermal 
pollution of waterways caused by cooling 
power plants. 

We can never escape thermodynamic 
constraints, but if we use insights about 
entropy to our advantage, we can make 
better decisions and avoid wasteful en-
ergy consumption. ME

MICHAEL E. WEBBER is the Josey Centennial Fellow 

in Energy Resources and associate professor of me-

chanical engineering at the University of Texas at Austin.



THE NEW ENGINEERING
 

The book entitled The New Engineering (2015), is about a new science of engineering that 
is conceptually and mathematically much simpler than conventional engineering.
The new engineering is conceptually simpler because it abandons all concepts that  
are ratios of primary parameters—concepts such as:

• “modulus,” the ratio of stress to strain.

• “electrical resistance,” the ratio of electromotive force to electric current.

• “heat transfer coefficient,” the ratio of heat flux to boundary layer temperature difference.

The new engineering is mathematically simpler because, if these ratios are abandoned, 
problems can be solved with the primary variables kept separate, greatly simplifying the 
solution of problems that concern nonlinear behavior. (Just as in pure mathematics,  
x and y are kept separate in order to greatly simplify the solution of problems that  
concern nonlinear behavior.)

Note that, if “modulus” is used in the solution of a stress/strain problem, it is impossible to 
keep stress and strain separate because both stress and strain are implicit in “modulus.”

In the new engineering, “modulus” is never used. Stress/strain problems are always  
solved with stress and strain separate. Similarly for “electrical resistance,"  
“heat transfer coefficient,” etc.

When concepts such as “modulus” and “electrical resistance” are abandoned, laws such as 
Young’s law and Ohm’s law serve no purpose, and are also abandoned.

thenewengineering.com includes papers and books  
about the new engineering. Everything on the site  

can be downloaded for your personal use, including  
the book entitled The New Engineering.

Hardcover copies of The New Engineering can be obtained by sending $39.95 (or equivalent) 
to Ventuno Press, 1094 Sixth Lane N., Naples, FL 34102. Hardcover copies can also be  
obtained at book stores (ISBN 0-9626220-2-8).

Eugene F. Adiutori  
efadiutori@aol.com 
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ME: You started off as a mechanical engineer. How 

did you get into medical research?

M.F: Marialuisa, my first wife, died of cancer at age 
32, while I was an associate professor of engineer-
ing at Berkeley. I knew nothing about medicine and 
oncology. The doctors told us that the reasons why 
things were so bad were two: Her disease had not 
been diagnosed early enough; and we have had 
great medicines to kill metastatic cancer cells for 
many years, but it was impossible to get the drugs 
to go to the right places in the body and kill all of the 
sick cells without killing the patient first. 

Seemed to me those were challenges that 
required collaborations between engineers, M.D.s, 
physicists, mathematicians, biologists, and probably 
others. So I jumped right in.

That was the early ’90s, well before the words 
“nano” and “cancer” had been put together by the 
community. Then I went to med school in my forties.   

ME: What kinds of insights can a mechanical engi-

neer bring to the study of human diseases?  

M.F: First is the problem-solving, logical mindset. 
See a problem, identify its basic component, develop 
a simplified representation of it, design an attack 
strategy, test its components in a logical and essen-
tial manner, then deploy the solution, with abundant 
safety factors and redundancies in the system. Works 
well for both medicine and engineering. Then, there 
are plenty of medical problems that are based on me-
chanics—obviously orthopedics, spinal, maxillofacial. 

But mechanics is way more pervasive in medicine 
than that: many of the body’s most essential signals 
among cells, organs, and tissue are indeed mechan-
ical in nature, so most diseases have mechanics in 
their mechanisms. A most spectacular embodiment 
of that is that cancer is actually a disease of mass 
transport dysregulation, at multiple length scales—
truly a mechanical pathology. We need mechanical 
vectors that will get the drugs to all of the right 
places. We have the killer drugs, what we need is 
the vehicles. 

ME: What to you is the most surprising difference 

between engineers and M.D.s?

M.F: Perhaps most surprising is that the differences 
are really overshadowed by the massive similarities. 
I find that especially surgeons and engineers are 
very similar in their mind-frames. Internal medicine 
specialists are very much like engineers that work 
on failure analysis; pathologists, like materials engi-
neers. I could list many more parallels. 

One difference that is huge is how engineers and 

basic biologists think. Wide gulf. Systemic vs. reductionist. Hypothesis-
driven vs. platform-minded and exploratory. Deterministic vs. statistical.   

ME: Got to ask: How close are we to curing cancer? 

M.F: Some cancer types are closer to being solved. Others, like pancre-
atic and gliomas in the brain, seem to be much harder. There are great 
strides in nanotherapeutics and vaccines for treating and hopefully cur-
ing metastatic disease—and perhaps the most exciting opportunities 
will come from the combination of immunology and nanotechnology, as 
some recent publications are starting to demonstrate. All in all, I am 
optimistic that the generation of my children will see the point in time 
when the word “cancer” needs not be a sentence to death and suffering 
for anyone.  

ME: What do you do in your free time?

M.F: Free time? What’s that?
My family (wife, Paola, and five kids) and my faith are the centerpiece 

of all I do. When I am not with family, in church, or at work, I run long 
distances—marathons and ultramarathons. And yes, I live in symbiosis 
with my dog, Camillo, a golden retriever that actually volunteers with 
me as a therapy dog at Houston Methodist Hospital. ME

Q&A:  
MAURO 
FERRARI

TECH BUZZ || ONE-ON-ONE BY JEFFREY WINTERS

MAURO FERRARI, A PH.D. IN MECHANICAL  

engineering, is a leader in applying nano- and microtech-
nology to treat cancer. He formed the first department of 
nanomedicine at any medical school, at the M.D. Ander-
son Cancer Center of the University of Texas in Houston. 
He is currently executive vice president of the Houston 
Methodist Hospital System, and president and CEO of 
the Houston Methodist Research Institute. Ferrari over-
sees all research and education programs at Houston 
Methodist and also serves as senior associate dean of 
the Weill Cornell Medical College in New York.
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that data through the patient’s tissues to a detector hidden in 
an externally worn adhesive patch. 

The patch also contains devices that record patient activ-
ity levels and physiological data such as heart rate and body 
position. From there, the data are sent by Bluetooth to a mobile 
device app patients and their in-home care-givers can use to 
manage their medication reminders, track their weight and 
blood pressure, and chart their overall progress. The app con-
nects with a Web-based portal for the patient’s team of profes-
sional health care providers, who—with patient consent—can 
remotely follow individual patients’ adherence and treatment 
response. Data can help inform better doctor-patient communi-
cation, identify patients in need of more support, and highlight 
larger trends among multiple patients.

Proteus manufactures the digestible sensor using a combi-
nation of high-volume methods from the semiconductor and 
pharmaceutical industries. Ingredients are all non-toxic ele-
ments present in a normal human diet. The sensor successfully 
detects pill ingestion more than 97 percent of the time and can 
identify specific pills with 100 percent accuracy.

Ingestible digital health products also have promise in phar-
maceutical research and development. About half of all Phase 
III clinical drug trials fail for reasons not necessarily connected 
to effectiveness or safety. One frequent cause is a lack of 
reliable data documenting the trial participants’ adherence to 
medication protocols. Researchers have previously had to rely 
on patient self-reporting and lab tests to gauge compliance—
often a cumbersome and inaccurate approach. 

Oracle Health Sciences in Redwood City has incorporated 
Proteus digital feedback data into its InForm Medication Adher-
ence Insights Cloud Service—an electronic data capture and 
management platform for clinical trials. The system boosts a 
trial’s chances of success by validating patient adherence data, 
pinpointing adherence problems early, and helping research-
ers adjust dosages for improved patient safety or therapeutic 

effects. At the same time, it reduces trial costs by eliminating 
time-consuming manual compliance monitoring procedures.

The system addresses “two long-standing and complex 
challenges: measuring participant adherence to drug protocols 
and identifying the optimum dosing regimen for recommended 
use,” said Steve Rosenberg, senior vice president and general 
manager of Oracle Health Sciences.

A number of researchers are developing digital health 
technologies for applications such as endoscopy, counterfeit 
drug detection, and physiological status monitoring for military 
troops stationed in hot climates. At Carnegie Mellon University, 
for example, engineering professors Christopher Bettinger and 
Jay Whitacre have teamed up to explore experimental edibles 
to stimulate damaged tissues, measure digestive health, or de-
liver drugs to targeted anatomical sites. Their devices combine 
a shape-memory polymer created in Bettinger’s laboratory with 
Whitacre’s nontoxic sodium-ion battery to provide the power 
to activate the structure in the body. The inexpensive battery 
material passes through the body while the polymeric material 
remains in place to perform such future applications as gastric 
monitoring, drug delivery, or tissue repair. ME

MICHAEL MACRAE, ASME.ORG

continued from page 12 »

A BETTER PILL TO SWALLOW

A patch sends 
data from ingested 
transponders 
(small objects 
at bottom) to a 
mobile device.



TECH FOCUS//FLUID HANDLING

DATA IS RIGHT UP THERE WITH OIL among our most precious 
commodities. From the shop fl oor to the fi nance 
suite, data is essential. But having data is not the same 

as understanding it. Insights into what data means are criti-
cal to such matters as uptime, product quality, and machine 
effi ciency. 

A manufacturer of packaging materials for pharmaceu-
ticals approached us for help in reducing scrap rates and 
downtime associated with wear in a pneumatic cylinder 
used in the company’s equipment. We responded by adding 
predictive diagnostics, using 
our IntelliSense platform. 

One step in the manufac-
ture of bottle caps for phar-
maceuticals is the insertion 
of a paper fi lter. A double rod 
pneumatic actuator is used 
to cut the fi lter from a strip 
of material and then insert it 
into the cap. The actuator is 
cycling at approximately four 
times per minute. 

It is important that the 
end effector places the fi lter 
in the middle of the cap and 
clears the sides before the 
cap moves on. If the fi lter 
is not placed in the correct 
location or the end effector 
hits the side of the cap, the result is a bad product. 

The positioning of the fi lter depends on how fast the 
actuator extends. Avoiding impact with the cap depends on 
how fast the actuator retracts. 

A rubber stopper is located above the cylinder. The posi-
tion of the stopper is changed to allow for a variety of cap 
heights to be processed in the same machine. 

Over time the seals in the actuators will begin to wear 
causing the cylinder to slow down, and eventually the 
machine will turn out unacceptable caps. Because of the 

machine’s speed and the location of the inspection site, sev-
eral thousand bad caps can be produced before the defects 
are caught. 

Implementing predictive diagnostics on the cylinder 
helps reduce the defect rate by identifying changes in cylin-
der performance before they affect part quality. 

IntelliSense uses pressure sensors to monitor the inlet 
and exhaust pressure of the actuator. By analyzing this 
data it is able to provide insights into the performance of 
the device. 

Because of the speed of the 
equipment and the need to 
account for variable cap sizes, 
the system needed a custom 
predictive algorithm. While 
implementing the new algo-
rithm the engineering team 
identifi ed other changes to 
the machine that will extend 
the life of the cylinder.

The team was able to 
remotely log in to the cus-
tomer’s IntelliSense Data 
Gateway and monitor the 
pressure profi les. At the end 
of each retract stroke they 
noticed several ripples in 
the fi ll and exhaust pressure. 
These ripples were caused 

by the actuator bouncing off the rubber stop and cycling 
several times over a short distance until it came to rest. 

These micro cycles caused a local increase in the temper-
ature of the cylinder. The higher temperature was contrib-
uting to the degradation of the piston seals and accelerating 
cylinder wear. Changing to a high-temperature lubricant 
reduced the heat on the seals and increased the life of the 
cylinders. 

For a greater improvement in cylinder life additional 
changes needed to be made. The cylinder bouncing off 

SAVE YOUR BREATH
Predictive diagnostics leads to reduced wear in a pneumatic actuator.

Adjustable rubber stop 

Double rod cylinder 

Support frame 

End effector 
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the rubber stopper caused the micro strokes. This bounce 
helped reduce the shock on the rest of the equipment but 
caused the cylinder to wear faster. The customer worked 
with the stopper supplier to identify an alternative material 
that still absorbed most of the impact on the machine but 
reduced the number of micro strokes. 

One of the leading causes of actuator wear and tear is 
contamination entering the cylinder and damaging the 
seals. When the end effector cuts the paper fi lter it creates 
a fi ne dust. This dust sticks to the lubricant on the actua-
tor rods and is drawn into the cylinder causing the seals to 
wear faster.  

The addition of a rod wiper is a common solution to 
reducing contamination. However the wiper increases 
the friction on the rod and slows down the actuator. Since 
speed is critical to the application this was not an accept-
able option. 

The engineering team knew the wipers would help but 
needed a way to maintain the speed of the actuator. The 
cylinder pressure data provided the answer. While watch-
ing the pressure profi les the engineers saw that the exhaust 
side had a restriction causing the actuator to work harder. 
After looking at the pneumatic circuit the muffl ers on the 
exhaust ports were identifi ed as the cause of the restriction. 
Changing to a higher fl ow muffl er eliminated the restric-
tion. This change allowed the rod wipers to be added.

Original cylinders usually require replacements every 
12 weeks. While implementing predictive diagnostics we 
were able to monitor the pressure data, which assisted us 
in detecting the source of the shortened cylinder life. We 
recommended two modifi cations to the machine to reduce 
cylinder temperature and enable the addition of a wiper to 
the actuator to reduce contamination inside the actuator. 
These three changes with the addition of high temperature 
grease in the actuator will extend the life of the seals and 
the cylinder itself by 33 percent or more.

All actuators wear over time and their performance 
changes. Predictive diagnostics can be used to monitor this 
change in performance to help increase uptime. The same 
tools that can be used to predict when the cylinder should 
be replaced can be used to identify the causes of cylinder 
wear and extend the life of the actuator. Small changes to a 
machine can generate signifi cant improvements in actua-
tor life. ME

JEREMY KING is product marketing manager at Bimba Manufacturing Co. in 

University Park, Ill.



TECH BUZZ || HOT LABS BY JACK THORNTON

DELIVERING 
HYDROGEN

Kevin Nibur, a postdoc 
at Sandia Livermore, 
adjusts a test assembly. 
Photo: Sandia Labs

CONCERNS OVER TAILPIPE  
emissions have made the hydrogen 

fuel cell car look like a promising 
alternative to conventional auto-
mobiles. All a hydrogen fuel cell 

produces is electricity and water. 
The car’s fuel can be pure hydro-

gen, with not a single molecule of 
carbon, sulfur, or anything else 

objectionable. A major question, 
however, is how to supply the hy-

drogen. This month we look at two 
labs working on answers.

THE LAB  The Energy Innovation Department, 
Combustion Research Facility, Sandia National 
Laboratories, Livermore, Calif.; Joe Pratt, 
principal member of the Sandia technical staff 
for advanced energy research, development, 
and demonstration.

OBJECTIVE  Research on technical, regula-
tory, and economic problems in building 
a hydrogen refueling network for fuel cell 
powered vehicles.

DEVELOPMENT  A template for lowering 
costs in designing and building hydrogen fuel 
cell refueling stations.

STATION TEMPLATE

A  project led by the Livermore cam-
pus of Sandia National Laborato-
ries has come up with a template 

to guide investors in building hydrogen 
refueling stations to save them money. 
The project is part of the U.S. Department 
of Energy’s Hydrogen Fueling Infrastruc-
ture Research and Station Technology 
(H2FIRST). Working with Sandia on this is 
the National Renewable Energy Labora-
tory in Golden, Colo. 

The findings were released in April 2015 in a study titled 
H2FIRST Reference Station Design Task. “We addressed the regu-
latory and economic problems that have to be solved in building 
a robust and cost-effective hydrogen fueling network,” said Joe 
Pratt of Sandia, the study’s lead author. 

According to Pratt, a mechanical engineer, “There are lots of 
opportunity for MEs in hydrogen.” 

Like any project template, this one aims to save time and 
money in construction, avoid design errors, and speed up obtain-
ing the permits required for refueling-station investors and H2 
companies.

The report may have an early influence in the lab’s home state 
of California. The state’s energy commission has signed off on 
nearly $50 million to build 28 refueling stations, with a roadmap 
calling for more than 50 to be in operation by the end of 2016. 
The state has also announced a 10-year $200 million program 
to build an H2 fueling network. To provide some perspective, the 
state energy commission has put up over $38 million for 8,600 
charging stations for electric cars. 

Given that only 300 fuel cell-powered vehicles were on Cali-
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David Blekhman refuels 
a Hyundai Tucson at the 
H2 fueling station on the 
CalState–LA campus.
Photo: CalState–LA

THE LAB  College of Engineering, Computer 
Science, and Technology, California State Univer-
sity–Los Angeles; David Blekhman, professor of 
technology in power, energy, and transportation.

OBJECTIVE  Developing the technical and 
economic viability of fuel cell vehicle refueling 
with hydrogen generated onsite by electrolysis 
of water. 

DEVELOPMENT  Operating an on-campus fuel 
cell vehicle refueling station with research into 
fueling and energy performance, operations, and 
equipment maintenance.

HANDS-ON REFUELING

fornia roads in mid-2015, investors in H2 refueling face some 
big uncertainties. Hydrogen vehicles are refueled under 
high pressure—700 bar or about 10,000 psi—and a very low 
temperature, specifically -40 °C (or the same in Fahrenheit, 
because that is where the two scales cross over). 

In the Reference Station Design Task report, analysts es-
timated costs for refueling station equipment at $1 million 
to $1.5 million; costs vary with station size and volume and 
whether hydrogen is received as a liquid or a gas. 

Biggest cost items are cryogenic storage tanks ($320,000), 
cryogenic chillers ($350,000), cryogenic liquid pumps 
($340,000), and other on-site storage tanks (up to three at 
$40,000 each). 

Also needed are evaporators ($28,500 each) to control the 
“boil off” that occurs whenever liquid hydrogen comes into 
contact with warmer equipment. Cost data was gathered from 
the handful of refueling stations in operation and from their 
equipment suppliers, Sandia said. ME

A  project at California State University's College of En-
gineering, Computer Science, and Technology in Los 
Angeles is taking a hands-on approach to hydrogen 

refueling research.
David Blekhman, CalState–LA professor of technology in 

power, energy, and transportation, leads a group that has built 
and operates a hydrogen refueling station on the campus. 

 “A major challenge to the widespread use of fuel cell-pow-
ered cars is the lack of a hydrogen fueling infrastructure and 
the cost to build it,” Blekhman said. 

Until there are thousands of fuel cell-powered cars on the 
roads, investors in H2 refueling will be few and far between. 
Without convenient refueling stations, however, not many fuel 
cell-powered cars will be leased or sold.

The station, near the junction of the Long Beach and San 
Bernardino freeways, generates hydrogen onsite via electrolysis 
from water. It uses an electrolyzer from Hydrogenics Corp. of 
Mississauga, Ontario. The station can produce up to 60 kilo-
grams of hydrogen a day.

Construction of the facility started late in 2009 and wrapped 

up in May 2014. Challenges included raising more than $4 
million in construction funds. The group had to resolve safety 
issues, defuse legal liabilities, indemnify automakers, and 
convince the university administration to go ahead. “Many 
of these required significant engineering R&D, and others 
perseverance and conviction,” Blekhman said. “We are still 
learning about equipment failures, repairs, maintenance, and 
spare parts to be stocked.” 

Research funding for CalState–LA’s station included 
$400,000 from the U.S. Department of Energy and $300,000 
from the California Energy Commission. The station is cur-
rently under-utilized, Blekhman added. It could easily serve 
many more fuel cell vehicles.

The federal Energy Department notes that the CalState–LA 
refueling station is a “living lab” for engineering and technol-
ogy students. According to Michael Dray, station operations 
manager, the facility hosts tours by hundreds of government 
and industry representatives and students every month. ME

JACK THORNTON, a contributing writer to ME, is based in Santa Fe, N.M.



“We are not an oil producer.  We import 94 percent of 
our energy as fossil fuels from abroad and that 
has big consequences for our state budget. We 
also used to subsidize fossil fuels, which have a 
heavy cost, so when we heard about the potential 
of solar energy, we thought: Why not?”

— Hakima el-Haite, Morocco’s Minister for the Environment, 
explaining the country’s plan to provide nearly half of Morocco’s electricity 

from renewables by 2020. (Quoted in The Guardian, October 26, 2015)

TECH BUZZ

TECH TRANSFER FOR 
STARTUPS: CUTTING 
BACK LICENSING FEES

A new program will license NASA 
technology to startup companies 
with no up-front payment. NASA 

said the initiative, called Startup NASA, 
is designed to ease a common bind for 
startups, the double challenge of rais-
ing capital and of securing intellectual 
property rights.

According to NASA, the initiative will 
offer a portfolio of 1,200 patented tech-
nologies that include materials, coat-
ings, sensors, aeronautics technologies, 
and instrumentation. The program aims 
to encourage the growth of high-tech 
businesses and to advance American 
innovation.

The patents are being offered only 
to companies formed with the express 
intent of commercializing the licensed 
technology.

NASA will waive initial licensing fees, 
and there are no minimum fees for the 
first three years. After the company 
starts selling a product, NASA will col-
lect a standard net royalty fee. Some of 
the money will go to the inventor and 
other portions of it will support the 
agency’s technology transfer activities 
and technology advancement.

Licensing is offered on a non-exclu-
sive basis, but NASA said it is willing to 
negotiate terms with startups that want 
exclusivity.

David Miller, NASA’s chief technolo-
gist, said, “The Startup NASA initiative 
leverages the results of our cutting-
edge research and development so 
entrepreneurs can take that research—
and some risks—to create new products 
and new services.”

The patent portfolio, organized in 15 
categories, is available online at http://
technology.nasa.gov/startup. 

NASA said companies entering into 
license agreements are bound by all 
U.S. and agency requirements, includ-
ing development of a commercialization 
plan and reporting on efforts to achieve 
practical application. ME
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G eneral Electric and IBM have an-
nounced organizational changes 
that position them to provide ser-

vices for the emerging Internet of Things.
 IBM launched a new business unit 

that will apply its strengths in Big Data, 
advanced analytics, and Watson-style 
cognitive computing to IOT. 

The move comes six months after IBM 
announced plans to invest $3 billion over 
four years to deliver industry-specific 
services to manage and analyze the tor-
rent of data generated by industrial IOT 
sensors. The company already provides 
analytics for companies as diverse as The 
Weather Company, AT&T, and semicon-
ductor manufacturer ARM.

Harriet Green will lead the business, 
which includes a second group that pro-
vides analytics for education. As CEO and 
executive director of Thomas Cook Group, 
a leisure travel company, she strength-
ened the company’s digital infrastructure. 
She previously served as CEO of Premier 
Farnell. Green expects to build a team 
of 2,000 consultants, researchers, and 
developers for the new businesses.

GE, meanwhile, will integrate the 
company’s digital and analytic capabili-
ties into a new entity, GE Digital. It brings 
together the company’s software center 
of excellence, global IT and commercial 
software teams, and Wurldtech indus-
trial cybersecurity business, which GE 
acquired in 2014.

GE wants to take the business from 
$6 billion in sales in 2015 to a top-10 
software company by 2020, CEO Jeffrey 
Immelt said.

Bill Ruh will run the operation as chief 
digital officer. He joined GE in 2011, after 
building Cisco Systems’ Advanced Ser-
vices business. Since then, Ruh estab-
lished GE’s software center of excellence 
and spearheaded the development of GE’s 
industrial Internet platform, Predix. 

GE already uses Predix in some of its 
industry-focused software. One example 
is GE’s Digital Wind Farm. The software 
models wind farms to determine each 
turbine’s location and configuration, and 
analyzes data to optimize operation and 

maintenance. The company claims this 
approach can boost energy production as 
much as 20 percent. 

GE originally developed Predix to con-
nect with and manage data from its own 

internal operations. That involves speak-
ing with many different types of software, 
sensors, and hardware, whether they are 
building jet turbines or running water 
purification facilities. ME

GE AND IBM RAISE THEIR IOT ANTE



Although it had been first applied in 
aviation only a few years earlier, the 
gas turbine was already seen to have 
a big future in flight when this article 
was published in December 1945.

Two authors, representing one of the key 
companies in gas turbine development, 
looked at the future of jet aviation.

S.R. Puffer and J.S. Alford, aircraft gas turbine engineering division, 
General Electric Co., West Lynn, Mass.

THE GAS TURBINE 
IN AVIATION

During the past year the gas turbine has been 
receiving more than its share of comment in the 
technical and semitechnical press. The impression 

might be gained that this type of power plant is something 
entirely new, were it not for the fact that most authors on 
the subject are careful to point to the accomplishments of 
Hero of Alexandria and John Barber of England, thereby 
demonstrating that “there is nothing new under the sun.” 
Something new must have occurred, however, to make 
possible the fact that the gas turbine is now not only 
established, but established in that most critical branch of 
engineering—aviation. …

Many interesting articles could be written concerning 
the improvements which have been made in high-tem-
perature alloys, development and lubrication of high-
speed bearings, resonant vibrations at “ultraviolet” fre-
quencies, elimination of distortion due to high differential 
temperatures, improvements in compressor and turbine 
designs, and other kindred topics, but time prevents more 
than their mere mention in this paper.

The successful accomplishment of these earlier 
phases of gas-turbine work has provided a firm base from 
which to “take off” on the greater and more important 
developments now under way and confronting us in the 
near future. The future prospects for the gas turbine in 
aviation are, indeed, bright.

It is fully expected that turbosupercharging as it has 
been developed will continue in general use, at least for military 
applications. The ultimate of high-altitude operations has not yet 
been attained, and the more general use of cabin supercharging will 
encourage flying at still higher altitudes than are now practical. Some 
commercial application may result on the basis of its favorable effect 
on cruising performance.

Beyond this usage lie three major developments, each of which it 

is believed will have a decided effect on future aircraft 
design. These are as follows:

1. The compounding of an internal-combustion engine 
with a gas turbine.

2. The use of a gas turbine for straight jet propulsion.
3. The use of a gas turbine for combined propeller and 

jet propulsion. ME

HYBRID JET 

In the same month that Puffer and Alford’s article appeared, an experimental jet 
aircraft built by Consolidated Vultee Aircraft Corp. flew with a combination of a tur-
boprop and a turbojet engine, both from GE. The aircraft, known as XP-81, had the 
turboprop in the nose and the turbojet farther back on the fuselage. The propeller 
was for cruise propulsion and the jet would kick in for high speed. The end of World 
War II and challenges in engine design shut down the project.

In December 1945, the Consolidated Vultee XP-81 became the first 
U.S.-built plane to fly with a turboprop engine. Photo: U.S. Air Force

LOOKING BACK
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The U.S. National Institute of 
Standards and Technology has 
awarded seven grants totaling 

more than $490,000 to universities in 
five states to support standards educa-
tion. 

According to the American National 
Standards Institute, engineers cur-
rently learn about standards mainly 
through on-the-job training. Profes-
sional societies provide some training. 
Colleges or universities offer little on 
the subject.

The awards were made under the 
NIST Standards Services Curricula 
Development Cooperative Agreement 
Program, which funds the develop-
ment of standards courses and materi-
als for undergraduate and graduate 
study.

Recipients of the NIST awards were:
University of Hartford: $66,492 to 

develop case studies in product design 
to introduce documentary and mea-
surement standards and standardiza-
tion into several course modules in the 
mechanical engineering curriculum.

Carnegie Mellon University: 
$60,000 for course materials relat-
ed to environmental performance 
standards.

Jackson State University: $75,000 
to design a course in telecommunica-
tion standards and standardization 
processes.

Michigan State University: $74,997 
to develop course materials for 
standards education required for all 
undergraduates in the arts and hu-
manities, social sciences, and general 
sciences. 

University of Houston: $74,887 to 
create an online course in collabora-
tion with industry, academic, and 
government partners that will serve 
as a foundation for the standards cur-
riculum in the university’s biotechnol-
ogy program.

University of Pennsylvania: $74,314 
for five course modules on legal issues 
related to codes and standards that 

can be integrated into common and 
specialty law school courses.

University of Pennsylvania: $66,694 
to launch two complementary public 

policy case studies that illustrate legal 
and administrative issues that sur-
round the development, adoption and 
enforcement of codes and standards. ME

NIST FUNDS STANDARDS EDUCATION
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That most STEM jobs would be 
filled by people with bachelor’s 

degrees in science and engineering 
is a no-brainer. What may not be 
expected is that more than one in 
five STEM jobs in the United States is 
held by someone whose first college 
degree was in business, education, or 
the arts and humanities.

The U.S. Bureau of the Census produced 
a report looking at the degrees people in 

various fields held in 2012. The Bureau 
counted a total of 5,171,415 people hold-
ing jobs identified as STEM. That included 
“computer and mathematical occupa-
tions, engineers, engineering techni-
cians, life scientists, physical scientists, 
social scientists, science technicians, 
and STEM managers.” They represented 
12.4 percent of the entire workforce 

aged 25 to 64 who held at least a 
bachelor’s degree.

More than 1.1 million, 

BY THE NUMBERS: 
JOB PREPARATION

What Kind of education 
leads to a career in science, 

technology, engineering, 
or mathematics?
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  FIELD OF DEGREE  OCCUPATION
 STEM1  STEM-RELATED AND NON-STEM

 Number MOE* Percent MOE Number MOE Percent MOE

Total  5,171,415   40,408   12.4   0.1   36,469,255   105,902   87.6   0.1 

Science and engineering  3,802,670   35,539   25.7   0.2   11,005,060   50,895   74.3   0.2 

Computers, mathematics, 
    and statistics  964,090   17,734   49.2   0.6   995,645   15,525   50.8   0.6 

Engineering  1,652,305   21,613   49.5   0.4   1,688,120   20,352   50.5   0.4 

Physical and related sciences  341,275   8,301   26.4   0.6   951,215   16,942   73.6   0.6 

Biological, agricultural, and  
    environmental sciences  404,570   9,440   14.7   0.3   2,350,920   23,725   85.3   0.3 

Psychology  188,990   6,791   9.5   0.3   1,798,430   16,662   90.5   0.3 

Social sciences  228,995   7,314   7.2   0.2   2,967,900   24,339   92.8   0.2 

Multidisciplinary studies  22,445   2,402   8.2   0.8   252,830   7,959   91.8   0.8 

Science- and engineering- 
    related  235,985   6,976   6.0   0.2   3,710,320   27,254   94.0   0.2 

Business  591,560   12,974   6.5   0.1   8,540,180   47,671   93.5   0.1 

Education  81,330   4,785   1.8   0.1   4,390,470   33,216   98.2   0.1 

Arts, humanities, and other  459,870   11,566   5.0   0.1   8,823,220   48,256   95.0   0.1 

Literature and languages  84,170   4,221   5.3   0.3   1,518,260   19,565   94.7   0.3 

Liberal arts and history  104,840   4,396   5.5   0.2   1,810,625   23,550   94.5   0.2 

Visual and performing arts  88,170   4,594   5.2   0.3   1,608,410   17,965   94.8   0.3 

Communications  91,380   4,721   5.3   0.3   1,642,220   21,299   94.7   0.3 

Other (e.g., criminal justice,  
    social work) 

 91,310   4,996   3.9   0.2   2,243,710   22,610   96.1   0.2

almost 22 percent, of the STEM jobs were 
held by people with degrees outside tradi-
tional science and engineering majors. 
Business majors accounted for almost 
600,000 in the STEM workforce. Hu-
manities majors, including literature, and 
visual arts, accounted for almost 460,000.

Almost half the people with engineer-
ing degrees held engineering jobs in 
2012. Engineers were the largest group 
in the study who were working in the field 
they had chosen as undergraduates. The 
next-highest retention group was the 

“computers, mathematics, and statistics” 
group, with 49.2 percent of those degree 
holders in related jobs. 

The next was physical and related sci-
ences, with 26.4 percent.

The estimates may not add up because 
of rounding. 

The Bureau compared the STEM infor-
mation with another category of about 
36.5 million in jobs called “STEM-related 
and non-STEM.” STEM-related jobs 
included architects, health care practitio-
ners, health care managers, and health 

care technicians. Everybody else, for the 
purposes of this analysis, was non-STEM. 

STEM, STEM-related, and non-STEM 
together came to 41,640,670 people 
between 25 and 64 who had degrees for 
four or more years of college. They ac-
counted for 31 percent of the workforce.

Those who want more detail can see 
what jobs the Federal government de-
fines as STEM online at www.bls.gov/soc/
Attachment_C_STEM.pdf. ME

HARRY HUTCHINGTON

* margin of error; Data is based on a sample and subject to sampling error.
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ver the past several years, road transportation has seen 

to the transportation of people and goods for the 

DISRUPTIVE OPPORTUNITIES.

WHILE RECENT DECADES MAY HAVE 
PRODUCED INCREMENTAL ADVANCES 
IN INTERNAL COMBUSTION ENGINE 
TECHNOLOGIES, THEY ARE ADDING UP 
TO CREATE SOME

BY ROBERT M. WAGNER
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The internal combustion engine 
has seen a remarkable evolution over the past 
century. Before 1970 the evolution of engine 
design was driven by a quest for perfor-
mance and an increase in octane 
in the fuel supply. Since then, 
however, the imperative 
was the need to meet 
new emissions and fuel 
economy regulations. 

Internal combus-
tion engine effi ciency 
has historically been 
limited more by the state 
of technology than in-
novation. As an example, the 
potential of technologies such 
as gasoline direct injection were known 
and attempted in production more than 
50 years ago, but direct injection has only 
become widely available in production within 
the last decade and now makes up approxi-
mately 38 percent of new light-duty vehicle 
sales. Another example is low-temperature 
combustion modes such as homogeneous 
charge compression ignition combustion—in 
which fuel and air are injected during the 
intake stroke and then compressed until the 
entire mixture reacts spontaneously—which 
were demonstrated in a laboratory more than 
30 years ago but are still many years away 
from market introduction. 

Game-changing advances in recent years 
are improvements in engine technologies, 
sensors, and onboard computing power. This 
combination of technologies will enable un-
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EMISSIONS RESEARCH
Vitaly Prikhodko of ORNL's Fuels, Engines, and Emissions Research Center (above) 

studying advanced catalysts which are used to reduce vehicle pollution. 

Photo: ORNL

FUTURE



precedented control of the combustion process, which in turn will enable real-world 
implementations of low-temperature combustion and other advanced strategies as 
well as improved robustness and fuel fl exibility. In fact, technological advances are 
blurring our historical distinction between spark-ignition and compression-ignition 
engines; we will see new engine concepts that blend the best characteristics of both 
engine types to push the boundaries of effi ciency while meeting stringent emissions 
regulations worldwide. 

The push toward higher-effi ciency engines will alter exhaust temperatures and 
chemistry and may create challenges for emission control technologies. 

For example, new higher-effi ciency engines will have lower exhaust temperatures, 
due to more effi cient work extraction at the piston. Lower exhaust temperatures will, 
in turn, require the development of new emission control technologies, which must 
not only be effective at low temperatures but also must survive high exhaust tempera-
tures encountered under high load conditions. 

Even the most effi cient and robust engine technologies will never make it to market 
without the vehicle system meeting emissions regulations. But this is not the fi rst 
instance where signifi cant emissions control advances were needed to transition a 
combustion technology to market. Advances in catalyst technologies more than 40 
years ago were critical to meeting emerging emissions regulations; the effectiveness of 
catalysts for conventional spark-ignition engines has since improved by a factor of 100 
while achieving a substantial reduction in expensive platinum group metals. Meeting 
the new challenges is a very active area of research at ORNL and other U.S. Depart-
ment of Energy national laboratories, as well as in industry. 

FUTUREENGINESof the

Low-temperature combustion 
processes are of signifi cant interest due to 
very high thermal effi ciencies with signifi -
cant reductions in many criteria pollutants. 
As mentioned above, LTC has been a chal-
lenge due to the state of technology: unlike 
conventional spark-ignition and compres-
sion-ignition combustion modes, most LTC 
modes are kinetically controlled and hence 
much more sensitive to environmental 
conditions and ever-changing speed/load 
demands. Recent advances in enabling 
technologies such as fuel injection systems, 
turbomachinery, valve actuation, sensors, 
and onboard computers have led to new 
real-time control opportunities which are 
enabling the potential of LTC engines with 
production-viable hardware. 

Gasoline compression ignition combus-
tion is an advanced combustion mode that 
has received considerable attention in 
recent years. While GCI combustion is not 

CATALYTIC CONVERTERS
Glass capillaries with diameters on the order of a 

human hair allow sampling of exhaust pollutants 

inside the fl ow channels of catalytic converters 

(left) yielding critical understanding of the chemical 

process for the whole device (below).

Photos: ORNL

Fast, real-time, on-engine measurement of oil 

contamination by fuel can enable improved engine 

calibration and better effi ciency. (This technology has 

been licensed to Da Vinci Emissions Services.)

Photo: ORNL

“ ADVANCES ARE ENABLING 

  NEW CONCEPTS THAT  



a new concept, it has evolved over the past 
several decades as technologies improve. 
Earlier GCI research was focused primar-
ily on homogeneous charge compres-
sion ignition combustion, but in recent 
years, we have seen increasing interest in 
a continuous range of GCI combustion 
modes spanning fully homogeneous HCCI 
to partial fuel stratifi cation modes to full 
stratifi cation modes which are diesel-like 
in execution. These technologies have also 
led to a strong interest in reactivity con-
trolled compression ignition combustion 
(RCCI), which makes use of the differ-
ences in reactivity of two fuels to manage 
the combustion process for maximum 
effi ciency with lowest possible emissions. 

Understanding the potential of these 
combustion modes—as well as under-
standing emissions and emissions control 
challenges and fuel technologies oppor-
tunities—forms the foundation of much of 
the fuels, engines, and emissions research 
at ORNL and builds upon more than two 
decades of experience in these areas. This 
research also includes a detailed com-
parison of the landscape of GCI and RCCI 
combustion modes to better understand 
the challenges and opportunities from effi -
ciency, emissions, noise, and controllability 
perspectives. Simultaneously, other national 

laboratories are performing complementary 
and synergistic research providing new insight into 

areas such as combustion fundamentals, advanced engine technolo-
gies, spray atomization, and simulation. 

Stability and control have been major roadblocks to the implementation of many 
advanced combustion modes. Many low-temperature combustion modes such as GCI and 
RCCI operate on the edge of stability—in other words, at conditions under which very 
small variations in engine boundary conditions (such as intake temperature) may result 
in unintended excursions that result in undesirable emissions, reduced effi ciency, and the 
potential to destroy the engine or emissions control system. One can imagine the chal-
lenge of these types of combustion modes under ever-changing conditions of a real-world 
drive cycle where a single unintended excursion could be catastrophic. Meeting that 
challenge requires a control system which is predictive for avoidance rather than reactive 
after the occurrence of a potentially damaging event. 

ORNL has a long history in improving the understanding and control of these combus-
tion instabilities to push the operating window and benefi ts of advanced combustion 
modes. That research and approach has a foundation in deterministic chaos theory and 
has evolved over the years from high-dilution spark-ignited combustion to include GCI 
and RCCI combustion in more recent years.

ORNL research has shown that for those combustion modes, the cyclic dispersion is 
made up of stochastic, or random, processes driven by in-cylinder fuel-air mixing and 
deterministic, or non-random, processes driven by the previous combustion event through 
residual gases. The resulting high level of instability is further amplifi ed by cylinder-to-
cylinder variations. While the high level of instability is a challenge, the existence of deter-
ministic structure—non-random behavior—enables the potential for short-term prediction 
and control and ultimately to force stabilization of inherently unstable combustion modes. 

That sort of prediction and control would have been inconceivable with production-
viable technologies even 10 years ago. With the recent signifi cant advances in low-cost 
sensors, fast actuators, and onboard computers, however, that level of control will be pos-
sible on production vehicles in the very near future.

hile signi  cant a ances in engine control technologies, sensors, and on-
board computers are leading to unprecedented opportunity, that work is also leading to an 
ever-expanding and unmanageable parameter space in modern engines. Current trends 
are showing an exponential increase in the parameter space which is expected to continue 
to grow for the foreseeable future. The inability to effi ciently and effectively optimize this 
parameter space is leading to sub-optimal engines in the market and pushing the need for 

NEUTRON IMAGING OF FUEL INJECTOR
Using neutrons to penetrate the internal structure of the 

engine part, researchers are studying cavitation, the physical 

event that leads to bubble formation inside the body of a 

gasoline fuel injector. 

Photo: ORNL

COMBUSTION MODES
Low temperature combustion modes have the potential for very high 

effi ciency with very low emissions. 

Image: Scott Curran, ORNL
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new approaches 
to engine 
design and 
optimization. 

Model-based 
and self-learning 

controls will be 
important for more 

robust and optimal calibration as well 
as for accelerating the calibration 
process. Current approaches to engine 
calibration depend primarily on refer-
ence tables, experimentally derived 
algorithms for parameter interactions, 
and manual optimization of calibra-
tion vehicles. Model-based controls 
will reduce the amount of experiments 
while better representing the com-
plex interactions of engine hardware. 
Self-learning controls will take this 
one step further to enable autonomous 
intelligent systems which will have 
the ability to learn, adapt, and manipu-
late engine controls to 
maximize ef-
fi ciency and 

FUTUREENGINESof the

COMBUSTION SIMULATION
CFD modeling provides insight into 

in-cylinder processes during RCCI 

combustion. This simulation shows the 

fuel air distribution across a sector mesh 

during the midpoint of combustion. 

Image: Adam Dempsey, Scott Curran, ORNL

SIMULATED TRUCKING 
One way to cut engine emissions is to reduce the workload on the vehicle. 

Supercomputer simulations conducted at Oak Ridge modeled a system that could 

reduce drag—and increase freight effi ciency—in long-haul trucks. 

Image: Michael Matheson, ORNL

FLUID DYNAMICS
Visualizing fuel concentration during charge preparation at the beginning (left) and end (middle) 

of injections, and at spark (right) helps improve the understanding of how small, random 

changes in fuel distribution impact cycle-to-cycle variability in combustion performance.

Image: K. Dean Edwards, Charles Finney, ORNL

Titan (top) is operated as a national user facility by the Oak Ridge Leadership Computing Facility 

at ORNL, which is supported by the Offi ce of Science of the U.S. DOE.

minimize emissions under ever-changing vehicle demands. 
Self-learning controls will also be a critical component to the development of con-

nected and autonomous vehicles that make use of vehicle-to-vehicle and vehicle-to-infra-
structure information for the further optimization of engine and vehicle fuel effi ciency.

Faster and more predictive simulation will be important to the design and optimization 
of the next generation of internal combustion engines. This will be important to critical 
knowledge discovery, managing the ever-expanding parameter space, and the development 
of reduced order models amenable to real-time control implementations. The continuing 
increase in computational speed and affordability of high-performance computing is leading 
to a new frontier in engine and vehicle development, including the ability to solve problems 
that were once deemed unsolvable.

Trends in the cost of high-performance computing indicate that “petascale” computers 
(and beyond) will be affordable to industry within a decade. For reference, a petafl op is one 
quadrillion fl oating point operations per second. The ORNL Titan supercomputer has a the-
oretical peak performance exceeding 27 petafl ops. (To put this in perspective, 28 petafl ops is 
equivalent to all 7 billion people in the world simultaneously performing 4 million calcula-
tions per second.) The affordability and availability of these types of resources to industry 
will be revolutionary to the design and calibration of engines as well as vehicles.

The supercomputers at the national laboratories are currently being used in support of 
DOE and in collaboration with industry for improved simulation of sprays, advanced com-
bustion, and engine design. ORNL has ongoing projects which make use of 
these resources for furthering the understanding of combustion 
instabilities, accelerating injector design optimi-
zation, and even bridging high-



INTEGRATING VEHICLE SYSTEMS
The Vehicle Systems Integration laboratory at ORNL supports research 

and analysis related to hybrid powertrains, advanced combustion 

engines, and fuels and emissions research.

Photo: ORNL

PRINTED 
VEHICLES
The entire concept of the 

vehicle is being rethought 

for the 21st century. But even 

if 3-D printed trucks like 

this one become practical, 

advanced engines still will 

be vital to mobility. 
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    THE NEXT 10 YEARS 

WILL BRING ADVANCES WHICH WERE BEYOND THE 

          R
EALM OF IMAGINATION JUST A FEW YEARS AGO.

fi delity combustion and structural codes 
for material property prediction.

ORNL recently led an industry stake-
holder meeting with several other national 
laboratories to explore next steps in lever-
aging the massive power of high-perfor-
mance computing for vehicle design. More 
specifi cally, the meeting focused on the po-
tential of high-performance computing and 
industry interest in the development of an 
integrated software environment for bridg-
ing multiple technologies for multi-physics 
full 3-D high-fi delity vehicle simulation to 
make use of the power of the next genera-
tion of advanced computing architectures. 

The new simulation environment would 
be developed specifi cally for vehicles, 
based on recent experience developing 
similar environments for nuclear reactors 
and batteries. As an example, consider the 
integration of 3-D high-fi delity models for 
the integrated design of thermal manage-
ment, aerodynamics, and structure: this 
approach not only has the potential to 
greatly accelerate the design process, but 
also to reveal synergistic opportunities 
beyond what could be identifi ed with more 
conventional approaches.

 

ost o  the iscussion 
up to now has focused on knowledge 
discovery and the development of better 
engine technologies—all areas within the 
control of automobile and engine manufac-

turers. There is now an ambitious program 
at the DOE and the national laboratories 
which is addressing the co-optimization of 
fuel and engine technologies for maximum 
performance with minimum greenhouse 
gas emissions, in other words removing 
the constraint that current fuels impose on 
engine design. 

The “Optima” program bridges the 
broad expertise and resources of the Ve-
hicle Technologies Offi ce and the Bioen-
ergy Technologies Offi ce at the DOE. The 
overall plan includes a near-term phase 
which builds upon current engine tech-
nologies with a goal of new fuel and vehicle 
technologies in the marketplace by 2025, 
together with a longer-term—and arguably 
more ambitious—phase focused on kineti-
cally controlled combustion processes and 
fuel technologies with impact expected 
in the 2030 timeframe. The Optima team 
is working closely with a broad range of 
stakeholders representing vehicle and 
engine manufacturers, energy companies, 
biofuel producers, fuel distributors and 
retailers as well as identifying and address-
ing potential deployment issues to ensure 
maximum success.

The combination of new regulations, 
consumer expectations, and the changing 
role of internal combustion engines with 
advanced vehicle architectures is increas-
ing the demands on the next generation of 
engines and driving technology devel-
opment at a rapid pace. An automotive 
executive recently said that the engine has 
changed more in the past 10 years than in 

the previous 100 years. I completely agree 
and believe the next 10 years will bring 
even more rapid change with advances 
which were well beyond the realm of 
imagination just a few years ago. 

I encourage members of ASME to 
explore the extensive research supported 
by DOE and under way at many of the na-
tional laboratories. The national laborato-
ries are in a unique position to bridge large 
one-of-a-kind science resources with ap-
plication and drive solutions to the energy 
challenges of the future. ME
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I
ntermittency: It’s the bane of renewable energy. No 
matter how effi cient photovoltaic cells become 
or how much power a wind turbine can capture, 
someone will counter with, “What happens 

when the sun goes down and wind doesn’t blow?” 
And the person who poses that question uses it as 
an argument in favor of traditional baseload power.

While it’s true that the way the electrical grid has 
developed in North America and Europe doesn’t 
lend itself to the start-and-stop, opportunistic na-
ture of wind and solar, there are ways to meet the 
challenge. Electricity can be stored in batteries or 
water pumped uphill into reservoirs when power 
generation exceeds demand, to be tapped when 
needed. Unfortunately, utility-scale battery storage 
is prohibitively expensive, and pumped hydro is 
possible only in particular geographic locations.

What is needed is a large-scale, distributed, dis-
patchable energy storage system that can smooth 
out a renewable energy generation profi le that 
changes by the minute as well as over the course of 
the day or the season.

Colleagues from Lawrence Livermore National 
Laboratory, the Ohio State University (led by Jef-
frey Bielicki), the University of Minnesota and 
TerraCOH, Inc. (led by Jimmy Randolph), and I 
have developed a system 
that can do all that. What’s 
more, this system actu-
ally sequesters carbon 
dioxide—a gas implicated 
in global climate change—
as part of its normal 
operation. 

We have modeled our 
system and found that, 
if it can be successfully 
demonstrated in the fi eld, 
it could provide utility-
scale diurnal and seasonal 
energy storage (many 

hundreds of MWe) and dispatchable power, while 
permanently sequestering CO2 from industrial-
scale fossil-energy power plants.

To be sure, an energy storage system is only 
as clean or as green as the primary generation 
it’s working with. But it is going to be diffi cult to 
implement solar or wind power to a degree high 
enough to make a difference in global carbon diox-
ide emissions without utility-scale energy storage.

HOT ROCKS
Using geothermal heat as an energy source is an 

old idea. Tapping natural hot springs to provide 
heated waters has been done since ancient times, 
and the fi rst commercial geothermal power sta-
tion was built in Larderello, Italy, in 1911. Today, 
worldwide geothermal power capacity is estimated 
at 12 GWe.

While geothermal power has some advantages, 
because it produces no CO2 emissions, requires no 
fuel, and is capable of constant production, it is lim-
ited to certain geological formations. Specifi cally, 
wells must be able to tap geothermally heated water 
or steam and bring it to the surface to turn a turbine. 

To overcome this limitation, researchers have 
studied engineered (or enhanced) geothermal sys-

tems, often called EGS for 
short. The concept involves 
drilling miles deep into dry 
hot strata that underlie large 
portions of continents. Of-
ten, these rocks are imper-
meable, so they would have 
to be fractured via means 
now used to exploit shale 
gas reserves. In most EGS 
schemes, water would be 
pumped into these fractured 
rocks, heated to high tem-
perature, and then brought 
to the surface via a borehole. 

Carbon dioxide sequestration, utility-scale energy storage, 
distributed power generation—these are individual problems 
that have challenged the electricity industry. One solution 
might be able to accomplish all those goals and more.

it is going to be difficult to 
implement solar or wind 
power to a degree high 
enough to make a difference 
in global carbon dioxide 
emissions without utility-
scale energy storage.



While water is a familiar working fl uid, it isn’t 
optimal for this kind of system. A better option 
is supercritical carbon dioxide, a form of the 
compound that has been placed under enough 
pressure to blur the distinction between liquid 
and gas. Compared to water, supercritical CO2 
has a lower kinematic viscosity, allowing for ef-
fective heat advection despite its relatively low 
heat capacity, and a higher thermal expansibility, 
generating a much stronger thermosiphon effect 
looping through the injection well, the reservoir, 
the production well, and turbine. Because of this, 
the need for pumps to drive the recirculation of 
the fl uid through the underground reservoir can 
be reduced or even eliminated.

Still, engineered geothermal systems are 
limited in scale, due to the impermeable nature 
of the strata in which they are generated. My 
colleagues and I have looked instead at utilizing 
reservoirs residing in geological layers made from 
sedimentary rock, which is permeable to CO2 as 
well as the brine (saline water) contained in that 
rock. These rocks can hold much more carbon 
dioxide and can be naturally more extensive than 
engineered systems in crystalline rock. Because 
sedimentary rock is softer than the crystalline 
rock where most geothermal systems reside, such 
strata are easier to drill into and reach than the 
deeper dry rock layers, though they aren’t as hot, 
generally only around 100 °C. 

A Multi-Fluid/CPG system can store energy from thermal power plants, as shown in this schematic. Supercritical carbon dioxide is injected into the 

underground reservoir to create a buoyant, pressurized plume that displaces the pre-existing brine. That brine flows to the surface in separate wells 

and is then heated and reinjected in the reservoir to store thermal energy. The reinjection wells are arrayed in a ring shape to create a hydraulic 

divide that pressurizes the CO2, which functions as cushion-gas shock absorber to enable the system to be charged or discharged depending on the 

balance of energy supply with demand. To allow the CO2 plume to safely expand without too much overpressure, a small portion of the cool brine 

exiting the geothermal power plant may be diverted for beneficial use. Depending on the geology, the system may also employ horizontal wells.
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This approach, which combines Multi-Fluid 
Geo-Energy Systems, developed at Lawrence 
Livermore National Laboratory, with CO2 Plume 
Geothermal, or CPG, which was developed by 
Jimmy Randolph, Martin Saar, and colleagues 
at the University of Minnesota, has some inter-
esting aspects. For one, the kind of permeable 
sedimentary rock that it utilizes is found all over 
the world—including under about half of North 
America. But more intriguing, these strata can 
hold a large amount of carbon dioxide and have 
been targeted as potential reservoirs for CO2 
sequestration, a concept for banking CO2 outside 
of the atmosphere where it acts to promote global 
warming. Second, this approach takes the biggest 
challenge facing geologic CO2 sequestration—
overpressure—and turns it into an asset to effi -
ciently produce multiple fl uids (CO2 and naturally 
occurring brine) to recover heat.

For our Multi-Fluid/CPG approach to have the 
greatest impact, our models indicate that trying to 
merely tap geothermal heat as an energy source 
does not take full advantage of our approach. 
Instead, these reservoirs may be best used as vast 
batteries, storing heat and pressure during periods 
of energy overproduction (say, when strong winds 
blow on winter nights, producing an overabun-
dance of wind power) and releasing that energy 
when such intermittent resources are unavailable. 

ENERGY BANK
Operationally, a Multi-Fluid/CPG system would 

be radically different from traditional power 
plants or energy storage systems, such as pumped 
hydroelectric. For instance, unlike a coal-burning 
power plant that occupies a few hundred acres 
or a wind farm that may be spread across a few 
thousand, for a Multi-Fluid/CPG system there 
would be very little to see above the ground 
surface. Most of our system resides below the 
ground surface, consisting of horizontal injection 
and production wells arrayed in concentric rings 
that could be fi ve miles or more across. This ring 

confi guration is used to pressurize and confi ne 
CO2 in the region in the center of the array and to 
pressurize brine between the outer two rings. In 
our modeling studies we increase the fl uid pres-
sure in the strata to 7 to 10 MPa, or around 70 to 
100 atmospheres, which is enough to effi ciently 
recirculate the working fl uids and to store energy, 
but not too much to overpressure the overlying 
confi ning layer and break it. 

While CO2 captured from a fossil energy power 
plant would be injected continuously, brine 
produced from the storage formation would be 
injected intermittently from the surface using 
power that’s produced in excess of demand. That 
could be power from wind turbines, especially at 
night when demand is low, or solar power during 
sunny spring weekends. Traditional baseload elec-
tricity can also outstrip demand at certain hours 
or times of the year. Regardless of the source, this 
power would be stored in the form of pressurized 
CO2 and brine. 

When demand for electricity increases, the 
brine pumps would be shut off and the pressur-
ized brine and CO2 would rise up the produc-
tion wells to the surface. The brine could be the 
heat source for an organic Rankine cycle binary 
power generation system, where the geothermally 
warmed water would evaporate a working fl uid. 
The supercritical CO2, on the other hand, could be 
used to drive a turbine directly and with greater 

These reservoirs may be best used as 
vast batteries, storing heat and pressure 
during periods of energy overproduction 
and releasing that energy when such 
intermittent resources are unavailable. 



effi ciency. Both fl uids would be recirculated 
back down to the storage strata. Because of the 
Joule-Thomson cooling effect, CO2 will always be 
produced at a cooler temperature than produced 
brine; thus, the hotter brine can be used to boost 
the temperature of the CO2 prior to sending it 
through the turbine. Transferring brine enthalpy 
to supercritical CO2 is more effi cient than using it 
in an organic Rankine cycle power system.

We modeled this simplest version of the Multi-
Fluid/CPG system, with the storage layer at 
depths ranging from 3,000 to 5,000 meters below 
the surface, corresponding to rock temperatures 
between 120 °C and 200 °C. As one might imag-
ine, the power produced is a function of the depth 
of the reservoir, though the net storage rate of 
CO2 injection is also important. To keep pressure 
within an optimal and safe operational range, we 

divert a small portion of the produced brine for 
benefi cial consumption, such as for desalination 
or for use as saline cooling water. For our refer-
ence system, one that’s about fi ve miles across 
and having been operated for about 10 years, the 
combination of pressure from the pumped fl uids 
and heat drawn from the geothermally heated 
rock allows for as much as 500 MWe of power to 
be produced during peak demand hours. 

The power production is sensitive to the heat of 
the geothermal resource, with the shallower strata 
unable to produce as much net power. However, 

if the system was coupled with a thermal power 
station—such as a nuclear plant or a concentrating 
solar power plant—the brine could be stored at 
an elevated temperature, say 200 to 300 °C. The 
stored heat would enable the Multi-Fluid/CPG 
system to operate where geothermal power would 
not be feasible. We modeled a case where 300 °C 
brine is pumped into relatively shallow strata 
and found that in time, the stored brine could be 
returned to the surface at 280 to 290 °C, meaning 
90 percent of the stored heat could be recovered 
for power production.

Our approach to utility-scale thermal energy 
storage can address both diurnal and seasonal 
supply/demand mismatches. This would be par-
ticularly useful for an infl exible baseload thermal 
power station, such as nuclear, that is unable to 
cycle its power to match demand, or, in the case of 
an intermittent concentrating solar power plant, 
reliably dispatch power when demanded, such as 
on cloudy days or in winter. Thus, thermal energy 
storage would add reliability and baseload capa-
bility to solar power.

One way to imagine the storage cycle is to 
couple the Multi-Fluid/CPG system to a 1,300 
MWe nuclear power plant. Over the course of a 
day, the plant would send heat into geologic stor-
age for 12 hours and use it to run steam turbines 
the other 12 hours. The Multi-Fluid/CPG system, 
running at 90 percent round-trip effi ciency, could 
take the stored thermal energy to run at a constant 
585 MWe; it could also be run at 1,170 MWe for 12 
hours and 0 MWe for the other 12 hours. Because 
the thermal energy is stored under pressure, other 
combinations are possible, including much higher 
peaking capacity. Although the plant would run 
like a baseload power plant, the power would 
be as dispatchable as a peaking plant; however, 
our system could operate continuously to better 
utilize the capital investment of the plant, unlike a 
peaking plant that is idle much of the time. 

Multi-Fluid/CPG systems would provide an-
other valuable service: CO2 sequestration. Accord-
ing to our model, a Multi-Fluid/CPG system in a 
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125 m thick reservoir would store 120 million tons 
of CO2, or about 4 million tons a year for 30 years. 
That’s equivalent to the CO2 produced by a 600 
MWe coal plant. That’s essentially like erasing the 
CO2 impact of a coal-fi red plant while simultane-
ously improving the reliability of an electric grid 
increasingly being fed by renewables.

INCREASING RELIABILITY
What’s more, because the Multi-Fluid/CPG sys-

tem relies on the injection of carbon dioxide, the 
cost of sequestration is turned into an operational 
investment. Just as enhanced oil recovery has 
made geological CO2 sequestration economically 
viable in the petroleum industry, Multi-Fluid/CPG 
can make it profi table to lock away CO2 that would 
otherwise be emitted.

Storing energy in the Earth via Multi-Fluid/CPG 
doesn’t solve all the problems with the intermit-
tency of renewable energy, but it does increase the 
hourly, daily, and seasonal reliability of an elec-
trical grid that is deeply reliant on solar or wind 
power. And unlike those renewable sources, which 
by necessity must be sited where the sun shines 
the strongest and the wind blows the hardest, 

Multi-Fluid/CPG systems can be built anywhere 
there is suitable geological formations—which 
includes about half of the United States.

To be sure, much research and development 
needs to be done to confi rm the promise of Multi-
Fluid/CPG. But the concept is based on proven 
technology; there are no obvious showstoppers.

Engineers have spent decades pacing the 
ground, looking for a means to make intermit-
tent renewable energy systems compatible with 
an electrical grid that was designed for baseload 
power. I believe that the answer to their quest was 
just below their feet. ME
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A numerical simulation of a Multi-Fluid/CPG system is shown after 10 years of operation. The pressure in excess of initial fluid pressure in the 

reservoir is depicted on the left, and the hydraulic divide in the system is formed at the orange-colored region of maximum overpressure. The 

hydraulic divide confines the supercritical carbon dioxide, and the figure on the right shows the fraction of the rock pore space that is filled by 

the CO2. The top of the contour plots corresponds to the interface between the permeable reservoir rock and the overlying impermeable caprock.
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As Hawaii moves toward 
a renewable-dominated 
electricity system, the 
state’s utilities need to 

find new ways to handle 
the influx of solar power.

BY TOM GIBSON
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Y
ou don’t need a lot of sunshine to make solar power 
work—gray Germany is a leader in making 
electricity from photovoltaic panels—but it 
sure helps. In sunny Hawaii, rooftop solar 
panels are popping up everywhere. For ex-

ample, on the island of Oahu, where most of the state’s 
population lives, roughly 12 percent of utility customers 
have rooftop solar. 

The average in the U.S. mainland is only 0.5 percent.
Factors other than sunshine help make solar power 

attractive in Hawaii. The state has high energy prices: 
compared to the mainland average of roughly 10 cents 
per kilowatt-hour, the retail price for electricity in 
Hawaii can run as high as 35 cents per kWh. Most of 
Hawaii’s electricity is produced from burning natural 
gas and oil, and those resources must be shipped in. 

In addition, homeowners can receive both federal 
and state tax credits for going solar.

But the solar boom has created some complica-
tions. According to Reza Ghorbani, a professor in the 
mechanical engineering department at the University 
of Hawaii at Manoa and director of renewable energy 
design there, “A couple of problems happen. One is sud-
den changes or disruptions in the system.” For example, 
if you lose a generation source in the grid, the system 
frequency can drop below a threshold, causing solar 
photovoltaic systems to disconnect. “You lose all the 
PVs on the island, then it causes a blackout.”

“Another problem they face is at the distribution side, 

when you have lots of PV connected at the rooftops,” 
Ghorbani said. Electrical loads in homes fl uctuate all 
the time as power-hungry appliances like air condi-
tioners and water heaters turn on and off, resulting 
in a high probability of low load and too much power. 
Power can go back through the nearby substation trans-
former and cause a rise in the voltage.

That the state is split into several small islands 
further complicates matters, according to Ben York, an 
electrical engineer with the Electric Power Research 
Institute in Knoxville, Tenn. 

“One of the challenges unique to Hawaii is each 
island is its own independent grid,” York said, “so there 
are no neighbors to lean on. All the time, you have to 
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Workers install 
Kyocera 245-watt PV 

modules on a rooftop 
in Kaneohe, Hawaii.



balance what’s available on that island.”
So in spite of its insolation, Hawaii may not be an ideal 

place to try to depend on solar power. But the state is going 
to have to fi nd a way to make it work: the state recently 
enacted a law that will require all its electricity to come from 
renewable energy sources no later than 2045.

E
ven today, the intermittent nature of renewable energy sources like 
wind and solar power is presenting several challenges 
to utilities. Ghorbani said, “One of the main concerns of 

utilities in Hawaii is lack of understanding of what is really 
going on with the grid. Dealing with all these issues is really 
challenging.” 

As a result, Hawaiian Electric Co., or HECO, the main 
utility in the state, has put a moratorium on granting per-
mits for new solar panel installations.

Peter Jansson has followed these developments. Jansson 
is an electrical engineering professor at Bucknell University 
whose research focuses on photovoltaic system optimiza-
tion and the smart grid and who works as a consultant in the 
solar business. 

“We need to know how the system will respond with 
power fl owing in the opposite direction when different 

faults occur,” Jansson said, “just to make sure the public is 
safe and the system is still reliable. The grid wasn’t de-
signed for that, and since you’re running an experiment, 
they’d like it to be a slow, controlled one where they can 
learn step by step.”

Most residential PV systems are connected to the grid. 
The utility connection provides electricity whenever the so-
lar panels don’t produce enough to cover the home demand; 
the PV system might not be large enough or maybe the sky is 
overcast or dark. The grid serves as a battery of sorts, as the 
home pulls power off it when it needs more than its solar 
system can generate and sends power to it when the PV 
system generates an excess.

That give and take is the basis for the concept of net 
metering, a major driver of increased solar use. The utility 
charges the normal retail rate for power drawn from the 
grid and pays homeowners for the electricity their PV sys-
tems feed back into it, at least up to the point where the feed 
in equals the draw out. Net metering serves as an incentive 
for homeowners to install residential systems big enough to 
create a so-called net-zero system.

With only a fraction of a percent of residences feeding 
power to the grid, net metering works fi ne. But at a certain 

Each of Hawaii’s six main islands has its own electrical grid, isolated from other islands. Hawaiian Electric Company (HECO) and its subsidiaries, 

Maui Electric (MECO) and Hawaii Electric Light Company (HELCO), serve about 95 percent of the state’s population. The island of Kauai is served by 

Kauai Island Utility Cooperative (KIUC).

KIUC

Kauai

KWh PRODUCTION 
452

CUSTOMERS
Residential/Commercial:

28,371/8,343
(KWh USAGE: 37%/63%)

HECO

Oahu

KWh PRODUCTION 
7,561

CUSTOMERS
Residential/Commercial:

265,772/33,756
(KWh USAGE: 24%/76%)

MECO

MauiLanai

Molokai

KWh PRODUCTION
1,261

CUSTOMERS
Residential/Commercial:

59,419/10,158
(KWh USAGE: 33%/67%)

HELCO

Hawaii

KWh PRODUCTION
1,195

CUSTOMERS
Residential/Commercial:

69,719/12,918
(KWh USAGE: 37%/63%)

HAWAII ELECTRICITY OVERVIEW (DATA FROM 2013)

Source: Hawaii Electric



threshold, where power comes extensively from distributed 
power generators like solar panels, the system doesn’t have 
a lot of what Jansson calls “stiffness.” 

Stiffness comes from the interconnection of many rotating 
synchronous machines generating at the same frequency. If 
there’s a fault or changes in loads or generation, the grid can 
respond and not just shut down. (Some people use the term 
“inertia” to describe this.) Utilities do this all the time. 

Power electronics devices such as the inverters used in 
solar installations have no momentum and don’t add to the 
stiffness. 

But John Berdner, senior director of regulatory and policy 
strategy at Enphase Energy in Petaluma, Calif., says there 
is a solution to the stiffness issue. A major solar installer, 
Enphase has about 60 percent of the PV generation market 
in Hawaii. 

According to Berdner, inverters in Hawaii have become 
stiffer, in a way. 

“Regulations have required the inverters to trip offl ine ag-
gressively if anything goes wrong on the grid,” Berdner said. 
“If you have a little bit of PV, you just want it to get out of 
the way. But if you start doing lots of renewables, then you 
need to rethink your strategy when something goes amiss on 
the grid.” 

In Hawaii, regulators have added something called a ride-
through requirement, which stipulates that during a voltage 
or frequency disturbance, the inverter stays online for a 
certain time, instead of tripping offl ine.

Enphase has a built-in, two-way data-over-powerline 
link it uses to monitor every one of its microinverters. The 
company’s cloud-based systems communicate with each of 
its panel-level devices every fi ve minutes. A microinverter is 
attached to a dedicated panel, while a string inverter serves 
several panels and usually sits inside a building.

“We remotely reprogrammed inverters to the new ride-
through settings, as we can monitor and communicate with 

those systems,” Berdner said. “We updated the settings on 
roughly 800,000 inverters in the fi eld.” 

Enphase is continuing to work with the inverter industry 
and utilities like HECO to add more capability to inverters. 
Within the next couple of years, they could have a host of 
advanced inverters that will be programmed to help keep 
the grid stable and allow it to accommodate much higher 
levels of renewable energy than currently possible.

A
nother suite of technologies that promise to improve the integration 
of solar power is the so-called smart grid. According 
to Clay Perry, senior media relations manager at EPRI, 

“The smart grid is a lot of things. You’re looking at resilien-
cy. You’re looking at making the grid more robust and more 
reactive so you have two-way fl ow.” 

The smart grid enables system operators to monitor the 
condition of the grid at any given time. Sensors embedded 
throughout the service area link to devices that can predict 
when a problem will strike the grid. In some versions, the 
utility can take steps to shed load, such as turning off resi-
dential customers’ appliances, or to tap stored electricity to 
compensate for the intermittency of renewables.

With solar and other renewables adding instability to the 
system, Perry said, “The smart grid will play a critical role 
moving toward more renewables on the grid.”

Some experts see energy storage, mainly batteries, as par-
ticularly important. Enough stored energy that can be dis-
patched immediately can signifi cantly increase the amount 
of renewables the grid can support. Berdner thinks we can 
ultimately achieve a grid powered by 100 percent renewable 
energy through storage. 

“You have to have a continuous supply of power, so you’re 
probably going to have lots of storage, whether it be electri-
cal chemical storage like batteries or hydro or something 
else like fuel cells. Who knows?” Berdner said, “Batteries 
are starting to happen, and as prices come down, they’ll 
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become more and more common. I happen to like lithium 
iron phosphate as the current battery technology. It seems 
to be a good compromise. But I’m chemistry agnostic. It’s an 
area with lot of advances occurring, so we shouldn’t get too 
attached to a specifi c chemistry at the moment.”

Not everyone sees batteries as the primary answer.
“There are two or three ways to solve this without stor-

age,” Jansson said. “Batteries are only about 80 percent ef-
fi cient.” Building automation and load control together form 
one of the alternatives, and they may work in conjunction 
with storage. Building automation is currently common in 
commercial buildings but not seen much in residential.

According to Johanna Mathieu, assistant professor in 
the Department of Electrical Engineering and Computer 

Science at the University of Michigan in Ann Arbor, the 
concept of load control (also called demand response) will 
take advantage of power-hungry appliances, specifi cally 
those that store thermal energy, such as refrigerators, fur-
naces, water heaters, and air conditioners. Control systems 
can turn these devices on and off within the ranges of their 
thermostats to match short-term fl uctuations in the avail-
able electricity from renewable generators. 

That is a departure from conventional grid operation, 
where supply generation is varied to meet fl uctuating 
demand. 

To achieve this will require widespread communications 
and sensing infrastructure.  Mathieu said that some of her 
colleagues have participated in a joint effort with HECO, the 

PV CUSTOMERS VS. NON-PV CUSTOMERS DAILY LOAD PROFILE COMPARISON
1 year average  (May 2014 to June 2015) of homes in Diamond Head, Kahala, Pearl City and Moanalua

Source: Hawaii Electric



U.S. Department of Energy, 
and the Lawrence Berkeley 
National Laboratory on the 
Hawaiian Electric Company 
Demand Response Roadmap 
Project to address these issues.

Ghorbani’s group at the 
University of Hawaii is work-
ing on several measures. One 
is a low-cost technology to connect all the major loads such 
as air conditioners and water heaters via the Internet. 

“We are dealing with demand response technology, low-
cost inverters, and communication technologies,” Ghorbani 
said. “The next thing we’re doing is developing prediction 
algorithms that can predict power for the next 20 minutes at 
a substation that has a lot of solar PV in the feeders.”

A
s it moves toward its renewable energy goal, Hawaii can look at other 
places that have had to deal with the challenge of solar 
PV systems overtaxing the electrical grid. Some lessons 

can be learned from sun-drenched areas such as California, 
Arizona, and Australia, but the best role model is a country 
that sees far less sun: Germany, a nation known for its exten-
sive use of solar PV.

Because of its location in Europe, Germany can harness 
both strong winds in its north and modest insolation in its 
south—occasionally at the same time. 

“They’ve had some days well over 50 percent penetration 
by renewables and maybe even days almost 100 percent, like 
in the spring and the loads were low and the PV was going,” 
Jansson said.

As a pioneer, Germany has often had to take the only 
available option to solve problems, which may not have 
always been the cheapest option, according to Ben York at 
EPRI. 

“A lot of times, it was just reinforcing a feeder, adding 

more copper and iron,” 
York said. “They are, as 
we are, looking for a more 
intelligent solution to 
strengthen the grid, better 
ways to incorporate more 
renewables.” 

A different sort of chal-
lenge occurred this past 

spring when Germany experienced a partial solar eclipse. 
System operators had to import power from neighboring 
countries and do a lot of work to balance the system. They 
made it through without any issues, partly because they 
could model what the eclipse might do and plan around it.

Whether an island state like Hawaii could compensate so 
well remains to be seen.

The challenges that Hawaii is facing now in integrating 
renewables could be a vision of the future throughout the 
United States. Home solar is rapidly spreading across the 
United States, even while demand for electricity is soften-
ing. There are now about 600,000 installed PV systems, and 
the number is expected to reach 3.3 million by 2020, accord-
ing to the Solar Energy Industries Association. 

“Hawaii is going to be a great test bed for where the 
United States is going to end up in terms of public policy,” 
Jansson said.

And that future is rapidly approaching. In addition to the 
mandate for a completely renewables-based electricity sys-
tem by 2045, Hawaii state law also has an interim require-
ment of at least 30 percent renewable electricity by 2020. 

“This is a great opportunity for the state,” Ghorbani said, 
“and a challenge.” ME

TOM GIBSON, P.E., is a consulting mechanical engineer based in Milton, Pa. He 

publishes Progressive Engineer, an online magazine and information source (www.

ProgressiveEngineer.com).
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This Honolulu power plant 
(left) and other fossil-energy 
facilities once supplied all of 
Hawaii's electricity. If all goes 
to schedule, by 2045 they will 
supply none.



STEAM: ITS GENERATION AND USE
42ND EDITION

Edited by Gregory L. Tomei
The Babcock & Wilcox Co., 20 S. Van Buren 
Avenue, P.O. Box 351, Barberton, OH 
44203-0351. 2015.

The harnessing of steam is generally regarded as the start of the Industrial 

Revolution. And yet it remains a dynamic field. As Tomei points out in his foreword, 

“New technologies currently under development were unheard of only a few years 

ago.” The first edition of Steam: Its Generation and Use was published in 1875. 

According to the book’s creator and publisher, the Babcock & Wilcox Co., it is the 

longest continuously published engineering book of its kind. The text includes the 

work of more than 80 authors, working with a panel of six technical editors and 

the editor-in-chief. The subject of steam is discussed in 53 chapters divided into 

eight sections. It begins with eight chapters of “Steam Fundamentals” and moves 

on to cover steam generation, applications, environmental protection, construc-

tion, operation, and maintenance. The eighth section gives separate treatment to 

“Steam Generation from Nuclear Energy.” Appendices include steam tables and a 

discussion of codes and standards.

1,222 PAGES. HARDCOVER, INCLUDING CD OF TEXT, $120; E-BOOK, $100; 

HARDCOVER AND E-BOOK, $135. ISBN 978-0-9634570-2-8.

THE TRUTH ABOUT TESLA

Christopher Cooper
Race Point Publishing, 142 West 36th 
Street, New York, NY 10018. 2015.

There’s little doubt that Nikola Tesla has star quality, as 

much for his showmanship as for his inventiveness. As 

Christopher Cooper points out, most of the information 

available about Tesla’s life comes from Tesla himself, who claims, for instance, 

that he was born during an electrical storm that was a sign of greatness to come. 

Cooper, who holds a degree in energy law from Vermont Law School, subtitles 

this book “The Myth of the Lone Genius in the History of Innovation.” His premise 

is that every scientific luminary, not just Newton, sees farther by standing on 

the shoulders of giants. As he puts it when he acknowledges his own sources, 

“A major thesis of this book is that great inventions are rarely the products of 

single minds working in isolation.” Much of the text recounts not only the stories 

of Tesla’s inventions, but also of the discoveries and developments of earlier 

researchers on whose work Tesla’s was based. It tells, too, of some who tried to 

pirate Tesla’s inventions and claim them as their own. An appendix also corrects 

some of the myths about Tesla. He never won a Nobel Prize, for example, nor did 

he perfect wireless transmission of electricity.

200 PAGES. $28. ISBN: 978-1-63106-030-4.

Supplement to Fluid Mechanics, 
Water Hammer, Dynamic Stresses, 
and Piping Design
ROBERT A. LEISHEAR

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

T
his addendum to the author’s original book on fl uid mechanics 
includes recommended additions and corrections to the original 
text, which was published by ASME Press in 2013. Numerous 
reviews were performed on the original text for this book, and 
manuscripts for the book were used to teach the topics in the text 

to four separate classes of engineers at the U.S. Department of Energy’s Sa-
vannah River Site, where the author works. Comments from these 
four-day classes were incorporated into the original manuscript 
to improve the presentation. Even so, improvements and some 
corrections have been noted during ASME classes taught after 

publication. This addendum captures these additions and changes. Also in-
cluded in this addendum are appendices to summarize this book through 
“A Discussion of DLFs [dynamic load factors] for Piping Design” and the 
“Design of Piping Systems for Dynamic Loads from Fluid Transients."

134 PAGES. $39; ASME MEMBERS, $31. ISBN: 978-0-7918-6049-6. 
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lthough substantial advances have been made in electric vehicles in terms 
of battery and electric powertrain technology, the market penetration of 

clean combustion engines are more likely to meet the transportation 
needs in the foreseeable future. The 2012 position paper of the European automotive 
manufacturers association indicates that a realistic market share for new, electrically 
chargeable vehicles is estimated in the range of 2 to 8% in the next decade. Furthermore, 

their respective powertrains will continue dominating ground transportation for the 
foreseeable future. 

This issue of the Dynamic Systems and Control Magazine provides a sample of 

boost and combustion systems. These control schemes are mainly used to cope with 

The second and third articles are associated with the modeling and control of 
gasoline and diesel engine aftertreatment systems. The gasoline aftertreatment 

and the plant model is inseparable. Often, the simplest possible model turns out 

estimation and control for diesel engine aftertreatment systems. The fourth article, 

focusing on the calibration and optimization of engine control system parameters. 
These are important steps for implementing powertrain control systems into the 

contributions to these articles.  

this magazine.

(meckl@purdue.edu).

Guoming (George) Zhu, PhD
Guest Editor, DSC Magazine



  
UPCOMING CONFERENCES

DSCD member Professor Ashish  
Deshpande (right) and a team of gradu-
ate students from the Rehabilitation and 
Neuromuscular (ReNeu) Robotics Lab de-
signed an exoskeleton, named HARMONY, 
to deliver full upper-body therapy with 
natural motion and tunable pressure and 
force, enabling the robot to feel weightless to patients. It is 
expected that HARMONY’s software will give therapists and 
doctors the ability to deliver precise therapy while track-
ing and analyzing data. The researchers also believe that 

HARMONY will be 
used to help patients 
recover strength and 
motor skills after 
injuries, and it could 
help patients recover 
coordination for daily 
activities such as eat-
ing and dressing.

CALL FOR BOOKS: 

 
Interested authors should contact the series editor Profes-
sor Vladimir V. Vantsevich (Professor and Director, Ve-
hicle and Robotics Engineering Laboratory, University of 
Alabama at Birmingham) at vantsevi@uab.edu.
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JOINT IFAC MEETING 6TH SYMPOSIUM ON 
SYSTEM STRUCTURE AND CONTROL (SSSC2016) AND 13TH 
WORKSHOP ON TIME DELAY SYSTEMS (TDS2016) 
Istanbul, Turkey    June 22-24, 2016   http://www.tds2016.itu.edu.tr/ 
Manuscripts and invited session proposals are due December 15, 2015. 

2016 EUROPEAN CONTROL CONFERENCE 
Aalborg, Denmark   June 29-July 1, 2016   http://www.ecc16.eu/ 

2016 IEEE MULTI-CONFERENCE ON SYSTEMS AND CONTROL 
(MSC 2016)   http://www.msc2016.org/
Buenos Aires, Argentina    September 19-22, 2016. 
MSC 2016 includes three international conferences sponsored by 
the IEEE Control Systems Society: the IEEE Conference on Control 
Applications, the IEEE International Symposium on Intelligent Control, 
and the IEEE Conference on Computer Aided Control System Design.  
All contributions are due April 15, 2016. 

55TH IEEE CONFERENCE ON DECISION AND CONTROL
Las Vegas, Nevada   December 12-14, 2016   
http://cdc2016.ieeecss.org/ 
Initial submissions are due on March 15, 2016.

DSCD MEMBERS LEADING THE WAY…

DSCD member Professor Andrew Alleyne 
(University of Illinois at Urbana-Champaign), 
and a team from the University of Arkansas, 
Stanford University, and Howard University 
have received funding from the National  
Science Foundation for an Engineering  
Research Center called Power Optimization 
for Electro-Thermal Systems, or POETS. 
POETS aims to increase the power density for electrified systems 
by an order of magnitude or more. In the types of tightly con-
strained mobile environments being targeted, thermal limits 
are the barriers to increasing electrical power density. The key 
enabler from POETS is the ability to route thermal power as easily 
as electrical power. Maximizing this enabler will require physical 
system design and advanced controller algorithms.  The envi-
sioned benefits will apply to a wide array of markets, including 
on-highway and off-highway vehicles as well as aircraft.

DSCD member Professor A. Galip Ulsoy 
(University of Michigan) gave a keynote 
address entitled “Reconfigurable Manufacturing 
Systems: The Role of Dynamics and Control” 
at Automation 2015, the 13th International 
Conference on Automation Technology, which 
was held at National Taiwan Normal University, 
Taipei, Taiwan, R.O.C., Nov. 13-15, 2015.

DSCD member 
Professor Anna 
Stefanopoulou 
(University of 
Michigan) was one 
of the committee 
members who worked 
together to investigate 
the fuel efficiency and 
greenhouse emissions 
targets for US light duty vehicles. The committee report 
entitled “Cost, Effectiveness, and Deployment of Fuel Economy 
Technologies for Light-Duty Vehicles” has been published by the 
National Research Council (NRC) of the National Academies.

Under the editorial leadership of DSCD member 
Professor Vladimir V. Vantsevich (the University 
of Alabama at Birmingham), two new books were 
published in the ASME Press Robotics Engineering 
Book Series in 2015. They are Designs and 
Prototypes of Mobile Robots and Mobile Robots 
for Dynamic Environments both edited by Marco 
Ceccarelli and Emin Faruk Kececi.

 
News contents edited by Rifat Sipahi.
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Rehab Robot HARMONY Introduced 

by Researchers from UT Austin
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Drs. Jason Martz, George Lavoie, Anna 
Stefanopoulou, Robert Middleton review a 
pre-release draft of the NRC report. 
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MODEL-BASED    

Engine system dynamics involve chemical reactions, heat transfer, thermo-
-

-

-

-

necessary to have fast compensation of engine cycle-to-cycle variations, along 

 I
nternal combustion (IC)  
engines have undergone a 
series of regulatory  
constraints owing to their 
enormous environmental and 
energy impacts. The fossil 

fuel dependence of conventional 
IC engines also raises concerns 
about their sustainability and is 
leading to a gradual adoption of 
alternative and renewable fuels. 
Another negative impact of IC 
engines is carbon-dioxide (CO2) 
emissions, which are an important 
contributor to climate change. 
Consequently, regulations are in 
place for greenhouse gas (GHG) 
emissions that require IC engines 
to be more efficient. Finally, toxic 
engine emissions include nitric-ox-
ides and nitrogen-dioxides (NOx), 
particulate matter (PM) emis-
sions, and products of incomplete 
combustion such as hydrocar-
bons (HC). Regulations on these 
emissions have been enforced 
for several decades with increas-
ingly stringent requirements and 
have led to significant progress in 
new technology development for 
modern IC engine systems with 
refined control systems.

by Guoming (George) Zhu 
Professor 
Department of Mechanical Engineering
Michigan State University
 
Xiang Chen
Head and Professor
Department of Electrical 
& Computer Engineering
University of Windsor
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FIGURE 1 Crank-resolved control-oriented engine model.
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 0-D mean-value 0-D crank-resolved  1-D crank-resolved
 combustion model combustion model combustion model

Implementation tool
 

Matlab/Simulink
 Matlab/Simulink GT-Power, 

  and HIL simulator Wave and Fluent

Time cost per cycle Micro seconds Real-time Minutes to hours

One-zone Yes [4] Yes [6], [7] Yes

Two-zone, three-zone No Yes [6], [7] Yes 

Multi-zone No No Yes 

Chemical concentration No Yes [8] Yes 

Charge mixing model No Yes [6] Yes 

In-cylinder flow dynamics No Yes [6], [7] Yes 

IMEP Yes [4] Yes [6], [7] Yes 

In-cylinder pressure 
No Yes [6], [7] Yes

and temperature 

TABLE 1 Features for different combustion models.

DIFFERENT 

COMBUSTION MODELS

model-based engine control since many of the 

oriented engine modeling becomes very impor-

control-oriented engine modeling and model-

CONTROL-ORIENTED ENGINE MODELING

The engine modeling research is centered on 

-

control since they are too complicated to be 

-
-

engine model is that it does not provide de-

air handling system modeling is also impor-

Table 1 compares 

-

  FOR Improved Fuel
            Economy WITH

                      Reduced   
                  Emissions 
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-

see Figure 1

 
Figure 1 -

boost -

Figure 1 -

Table 1

-

Figure 2

-

Figure 3
-

MODEL-BASED ENGINE CONTROL

M

Engine actuation system control
-

Figure 4

Figure 4

in Figure 5

FIGURE 3 Comparison of GT-Power and crank-resolved control oriented combustion model. 

FIGURE 2 
A simplified charge 

mixing model.
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-

mean and the standard deviation for open-loop 
-

tively, and the mean and standard deviation for 

-

Engine combustion control

retard ignition timing control to main-

start, for optimal ignition timing control 

limit control to operate the engine at its 
-

-

-
-

-

-
Figure 6

-

FIGURE 4 MPC of engine variable valve timing actuation.

FIGURE 5  OL and CL valve lift histogram at 1200 rpm.

FIGURE 6
Cycle-to-cycle 
MFB responses 
during mode 
transition 
(2000 rpm and 
4.5 bar NMEP).
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One of the challenges to have smooth mode transitions 

Figure 7 

FUTURE TRENDS

M
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 G
asoline or, more precisely, spark ignition engines power a 
large majority of personal vehicles sold worldwide. A major 
task for the automakers is to provide good drivability 
and fuel economy while meeting increasingly stringent 
emission requirements. A sample of such requirements for 
oxides of nitrogen (NOx) and non-methane hydrocarbons 

(HC), shown in Fig. 1, illustrates their evolution from 1991 to the 
most recent LEV3 (California) and Tier 3 (EPA) regulations. LEV3 
standards require that the average fleet emissions reach SULEV30 
(Bin 30) with the catalyst aged up to 150,000 miles.

Achieving such low 
emissions requires a 
significant reduction in 
cold start emissions 
and employment of 
catalytic converters to 
reduce tailpipe emis-
sions once the engine 
is warmed up. The 
catalysts are loaded 
with precious met-
als – typically platinum, 
palladium, and rhodium. 
They achieve very high 
conversion efficiencies – 
exceeding 99% – but

by Mrdjan Jankovic
Senior Technical 

Leader  
Ford Research and 

Advanced Engineering

FIGURE 1 Evolution of EPA 
and California Air Resources 

Board (LEV2/3) emission 
regulations.

     GASOLINE ENGINE
           AND   AFTERTREATMENT
 MODELING AND CONTROL
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only if the engine is operated very close to stoichiometry that corresponds 
to the air-fuel ratio (AFR) of about 14.6 for gasoline and of 9 for ethanol. 
Short deviations from stoichiometry can be tolerated because added 
cerium oxide can store and release oxygen and for a while compensate the 
deviations. However, a sustained deviation of as little as 0.1% can cause a 
manifold increase in emissions. 

Maintaining AFR at stoichiometry requires a very elaborate control 
system. A block diagram, shown in Figure 2, illustrates such a system 
consisting of a feedforward part (air-charge estimation, ethanol detection, 
transient fuel compensation, etc.); the inner AFR loop from the wide 
range, universal exhaust gas oxygen (UEGO) sensor; and the outer loop 
from the narrow range heated exhaust gas oxygen (HEGO) sensor. The 
inserts with engine drawing and a photograph of an automotive catalyst 
are included to remind the reader that the actual hardware is much more 
complex than what the block diagram representation suggests. 

Design of a control system component requires that an appropriate 
model be developed. The models considered range from very simple low-

based model for the catalyst. In general, feedback controllers tolerate 

diagnostics, and failure mode management require more elaborate models. 

INNER LOOP MODELING AND CONTROL

A conventional method to suppress distur-
bances and regulate AFR to stoichiometry 

-
stant and the delay are functions of engine speed 
(N) and the normalized air-charge called load. 
Despite the very complex physical processes that 
take place from the injection of fuel until the 
AFR is measured at the sensor, this simple model 
captures the system behavior very well. Once this 
model is calibrated, one could design controllers 
with delay compensation ranging from the Smith 

compensation allows a higher bandwidth 
and better rejection of disturbances that 
perturb AFR from stoichiometry. The 
improvement in AFR regulation accuracy 
measured experimentally in an emis-
sions lab is shown in Figure 3. In a set 
of comparison tests conducted on two 
vehicles, the improved AFR regulation 
achieved by delay compensation resulted 
in 20% better emissions and 2.3% better 
fuel economy on average. 

OUTER LOOP MODELING 

Getting an approximately 
stoichiometric AFR into the catalyst 

plays only a part in achieving low 
emissions. The catalyst oxygen storage 
has to be maintained close to its optimal 
operating point too. In general, it is not 
clear how to assure this, as the oxygen 

Catalyst

UEGO
HEGO

Injector+
+

+ Inner loop 
controller

Outer
loop 

controller

Air charge x
/

ECTN

Transient fuel

Purge 
comp.

Ethanol 
detection

+

TFC

FEED-FORWARD

Stoic AFR
des_fuel

cl_fuel

MAP VCT

Cylinder Puddle

Downstream
Puddle

Valve Puddle

Upstream
Puddle

FIGURE 2 
The block 
diagram of the 
air-fuel ratio 
regulation 
system in a 
gasoline vehicle.

FIGURE 3 The AFR regulation during the first 500 
seconds of the US FTP (emissions) cycle. The lean 
excursions that start after 280 seconds are due to 
intentional fuel shut off during deceleration. 
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storage, with varying distribution along 
the catalyst length (assuming radial 
symmetry), cannot be measured. The only 
measurement related to catalyst operation 
comes from the voltage of the downstream 
HEGO sensor as shown in Figure 2. 
The HEGO sensor serves other purposes, 
such as correcting potential UEGO sensor 
bias, but here we are concentrating on 
catalyst operation. Whether one wants 
to estimate the state of oxygen storage 
or detect an aged catalyst, a reasonably 
representative model of the catalyst 
that can be executed in real time in a 

needed. For a feedback control design, 
a simple nonlinear integrator model is 
often considered. For the other tasks, 
a more elaborate model is needed. In 
particular, we consider models that have 
axially distributed oxygen storage and 
track oxygen O2
and hydrogen H2 components separately. 
The latter allows the water-to-gas shift 

because the HEGO sensor voltage reacts 
preferentially to H2

these three components and the oxygen 
storage cannot be propagated in real 

reasonable simplifying assumptions, 

discretization, thus improving the chronometric impact by a factor of 
about 60, with essentially the same (moderate) memory use for the same 
set of parameters. These parameters have a clear physical meaning, but 

methods we tried did not produce good results. The match of the 
measured data - O2 2 concentrations and HEGO voltage – to those 

obtained by the model fed with the feed-gas (engine-out) concentrations 
of the components is shown in Figure 4

ETHANOL DETECTION FROM AN ELABORATE WALL-WETTING MODEL

Flex fuel vehicles (FFV) in the US are designed to operate on any 
blend of gasoline and ethanol (EtOH) ranging from 0% (E0) to 85% 

ethanol (E85). In Brazil, the allowed ethanol blends range from 22% 

the stoichiometric AFR changes from 14.6 for E0 to 9 for E100; octane 

FIGURE 4 Comparison of tailpipe measured and modeled values for the three 
constituents (left) and comparison of measured and modeled HEGO voltages (right).

a b

FIGURE 5  
a) Transient fuel 

compensation 
including a wall 
wetting model 

b) Twin-
model ethanol 

detection.
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number for ethanol is much higher, heat of vaporization is much 
higher, and ethanol is much less volatile at colder temperatures. For 
these reasons, it is important to have a good measurement or estimate 

sensor are clear – good accuracy (about 5%) versus cost and complexity. 

Without the sensor, in production FFVs, ethanol content is estimated by 
comparing the measured AFR to the one computed from the estimates 
of inducted air and injected fuel. The drawback of this approach is that 

a factor of about 2 because of the dependence of stoichiometric point on 
ethanol percent mentioned above. That is, a 10% error/bias in air or fuel 
results in about 20% error in ethanol estimate. One way to alleviate this 
problem is to use fuel volatility as an indicator of ethanol content. This 
brings us to the complex model of wall wetting.

In port fuel injected vehicles during cold engine operation, fuel 
tends to build puddles on port walls (wall wetting). As the engine 
warms up, the puddles slowly dissipate. The buildup and dissipation 
has to be compensated because, otherwise, the engine would run lean 

emissions. Engine control systems contain an elaborate transient fuel 
compensation that relies on a wall-wetting model. A representation of 
such a model, shown in Figure 5a, illustrates complex dependence of 

ethanol percent. The entries in the multitude of look-up tables are 
calibrated through an elaborate and time consuming process.  Note that 
the wall-wetting model in Figure 5a also produces an estimate of the 
AFR. Without changing or recalibrating this model, the two copies of 
it can be used in the “twin-model” estimator shown in Figure 5b. The 

producing an AFR estimate as well as an AFR sensitivity to ethanol. 

The author would like to thank S. Magner, 
M. Santillo, D. Hagner, M. Uhrich, N. Bekiaris-
Liberis, and M. Krstic, for their contribution to 
the results discussed in the article.
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estimate that (locally) converges to 
the actual value provided that the wall 
wetting model is reasonably accurate 

stoichiometric based method is that, 

shown in Figure 5b, the estimate is 
almost completely insensitive to the 
air sensor or injector bias as shown in 
Figure 6. The blue trace shows the 
estimate with no bias while the red trace 

sensor bias. The same error would have 
shifted the ethanol estimate from the 
stoichiometry based method to either  
0% or 80% depending on the sign of  
the error. 

CONCLUSION

A few salient points about modeling 

method and the plant model are 
inseparable. Often, the simplest possible 
model turns out to work well for a given 

design controls for, but we are not  
giving up on them – a lot can be learned 

models already exist in the engine 
controller (e.g. wall-wetting model) and 
could be exploited. 

FIGURE 6 Comparison of ethanol percent estimate with no 
sensor bias and with 20% mass air flow sensor bias.
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 D
iesel engine emission aftertreatment 
systems have experienced a 
fast and inventive development 
phase in the past decade. As the 
primary means of converting the 
harmful engine-out emissions 

into environmentally-friendly species, 
aftertreatment systems have become 
necessary parts for diesel engines or diesel-
hybrid powertrains in light-to-heavy-duty 
vehicles. Reducing tailpipe nitrogen oxide 
(NOx) and particulate matter (PM) emissions 
is the main task for diesel aftertreatment 
systems. While the three-way catalyst 
has been the dominant and effective 
aftertreatment system for gasoline engines, 
diesel engine aftertreatment systems are 
multifarious including diesel oxidation catalyst 
(DOC), diesel particulate filter (DPF), selective 
catalytic reduction (SCR) system, and lean 

NOx trap (LNT), etc. Figure 1 shows a typical 
configuration of diesel aftertreatment 
system where the DOC, DPF, and SCR 
are connected in series and Figure 2 is an 
example experimental setup. The complex 
physical processes and chemical reactions 
occurring within such catalysts naturally make 
them nonlinear and multivariable dynamic 
systems, and highlight the significance 
of model-based estimation and control 
systems. This article briefly describes some 
recent progress on control-oriented modeling 
and model-based estimation and control for 
diesel engine aftertreatment systems.

CONTROL-ORIENTED MODELING FOR 
DIESEL ENGINE AFTERTREATMENT SYSTEMS

 The chemical reactions and physical 
processes that occur in diesel engine 

aftertreatment systems are quite complex.

DIESEL     ENGINE
AFTERTREATMENT

SYSTEMS

by Junmin Wang
Department of Mechanical 
and Aerospace Engineering
The Ohio State University

FIGURE 1 Diesel 
engine and 

aftertreatment 
system 

configuration.

CONTROL-ORIENTED 
MODELING AND 
MODEL-BASED

ESTIMATION AND 
CONTROL FOR 



Computational models describing the chemical reaction ki-
-

understanding and mathemati-
cal descriptions on the chemi-
cal reactions, mass transfer, 
and heat transfer processes in 
one-dimensional and multi-

real-time model-based control 

desirable and tractable for the designs of aftertreatment 

SCR System Operating Principles   
and Control-oriented Models
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FIGURE 2 An example 
experimental setup of the diesel 

aftertreatment system.
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FIGURE 3 Overall control 
structure of the two-can SCR 
ammonia storage distribution 
control system.



FIGURE 4 Experimental results 
of a two-can (brick) SCR 

system under US06 cycle.
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 T
he transmission is an 
integral part of the 
automotive powertrain 
and connects the engine 
to the vehicle via the 
driveline. Just as for 

the internal combustion engine, 
traditional transmission control has 
been conducted with extensive 
calibrations. This is mainly due to 
the lack of precise models and 
low cost sensors that can enable 
real-time model-based feedback 
control. However the calibration 
based approach is facing more 
challenges as the recent trend in 
transmission systems has driven 
up the time and cost associated 
with the calibration process [1-2]. 
There are two new changes in 
the transmission system aimed 
at improving vehicle fuel efficiency 
and reducing emissions. One is the 
introduction of different types of 
transmissions to North America 
which is traditionally dominated 
by automatic transmissions. The 
other is the increasing number of 
gear ratios for transmissions. 
Four speed transmissions have

FIGURE 1 Schematic of the torque 
based transmission control.

 Transmission
Control

and six speed transmissions a few years ago. Recently eight and nine 

as a function of the speed and torque. In order to transfer the engine 

Model-
Based

 Transmission
Control
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system and the clutches are criti
cal to shift quality. 

are added to select the gears and 
engage or disengage the clutch 
that connects the transmission 

speed and load conditions independently from the speed and load requests of 

the engine to operate in the optimal 

two sets of planetary gears and it splits the engine power into the mechanical 

in a similar fashion.

TRANSMISSION MODELING AND CONTROL

T ransmission models often consist of the modeling of the gear ratio 

clutch torque and the release clutch torque is 

ratio mechanics and the gear shift mechanism, 

modeled, such as the motor, generator and the 

with the transmission shift scheduling and 

smooth shift from the current gear to the new 

FIGURE 2 Schematic of the lever diagram.

FIGURE 3 Schematic of the lever diagram.

FIGURE 4 Diagram for clutch to clutch shift where 
R 2 is ratio, It is turbine inertia, Tt is turbine torque, 
t is turbine acceleration, a,b,c are lever constants.

 N P C  = O
 VA n s

 Vs nA
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 Ns n A  NA n s
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method for designing and tuning the trans

time consuming today due to the increasing 

among engine, motor and generator opera

we will use the automatic transmission as an 
example to illustrate the modeling and control 
of transmissions. 

AUTOMATIC TRANSMISSION MODELING AND CONTROL

A

ties. Figure 1

If the carrier of a simple gearset is grounded as shown in Figure 2, the 

Figures 2 
and 3

As shown in Figure 4

Figure 5

apply clutch and the release clutch during the torque phase, the actual accelera

set points during the inertia phase as shown in the last row. 

clutch shift technology.
As shown in Figure 6

where x  is the clutch piston displacement, x Mp is 
Ap is the piston surface area, and Dp is the clutch 

Pr Pc is the centrifugal force 

FIGURE 6 Schematic of 
the transmission clutch.

FIGURE 5 Experimental results of clutch-to-clutch shift 
in a vehicle.

( 1 )
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CONCLUSION

T
the challenges of transmission modeling 

FIGURE 7 Pressure tracking performance 
during clutch fill and clutch engagement.
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induced pressure generated from the 
Patm

is the atmospheric pressure. Fdrag is 
the piston seal drag force, which is 
dependent on the piston motion. Fres is 

resistance force comes from the return 

ment, the resistance force is due to the 
xp0 is the 

return spring preload. V

modulus. Q

resistance force during the clutch engagement is typically a nonlinear function 

e
r and the actual measurement Pr. 
e = Pr  r

e e . 
= e

= Pr 

(Pr
(u, Pr

S as:
S =  k e + e

where k

where U
x , is the estimate of x , and r, x ) is the controller 

Figure 7

fully engaged.
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FIGURE 2 Series-connected two-stage 
turbocharged engine. 

FIGURE 1 Model-based 
calibration process.

by Yue-Yun Wang 
Technical Fellow 
Propulsion Systems Research Lab 
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odel-based design of powertrain and 
aftertreatment control systems includes 
plant modeling and controller synthesis. On 
the other hand, calibration or optimization 
of control system parameters is a major 
important step during the implementation 

of the powertrain control systems into products.
A well designed control system based on the 

knowledge of a plant model and carefully chosen control 
methods can effectively deal with system uncertainties, 
nonlinearities, couplings between the multi-variable inputs 
and outputs, and, therefore, reduce the calibration effort 
to the minimum. Furthermore, control system calibration 

Cylinder

CALIBRATION: 
A CASE STUDY FOR CALIBRATING CONTROL SYSTEMS FOR

   DOWNSIZED BOOSTED
ENGINES
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Figure 2

FIGURE 3 Airpath model of a two-stage 
turbocharged engine. 

( 1 )

FIGURE 5 Validation of HP compressor model. 

FIGURE 4 Validation of LP compressor model. 

FIGURE 6 Selection of optimization points. 

2

Figure 3

Figure 4 Figure 5
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Figure 7f  Figure 7b

Figure 8
Figure 8b

Figure 8a
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FIGURE 8 Model-based calibration/
optimization results for two-stage turbo 
operation using particle swarm optimization 
(PSO). Subplots (a) optimization results on 
speed and fuel based map, (b) optimization 
results on speed and torque based map.

FIGURE 7 Optimization results at max torque curve and 1800 RPM. Subplots (a) actuator 
positions, (b) engine delta pressure, (c) EGR fraction, (d) air-fuel ratio, (e) exhaust pressure, 
(f) compressor pressure ratio. FF—feedforward desired set points from the single stage 
turbocharged engine. PSO – optimized results for the two-stage turbocharged engine using 
particle swarm optimization (PSO) algorithm. 
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Additive Manufacturing  
Faculty Position at 

The University of Alabama

The Department of Mechanical Engineering at The University of Alabama (me.eng.
ua.edu) seeks applications and nominations for two tenure-track faculty positions, 
at the rank of Assistant Professor, in the area of Metal Additive Manufacturing. 
An earned doctoral degree in Mechanical Engineering or a relevant discipline is 
required. Successful candidates will be expected to (1) develop strong, external-
ly-funded research programs, (2) bolster current Additive Manufacturing activities in 
the department and college, and (3) teach both undergraduate and graduate courses 
in the area of manufacturing and mechanical systems. Alabama has a large indus-
trial base with concentrations in automotive, aerospace, primary metals, and energy. 
Manufacturing has been and continues to be a major economic strength in the state 
and region. The new faculty will leverage these burgeoning industries with programs 
to meet the needs of Additive Manufacturing research and education.

The University of Alabama has experienced unprecedented growth and prosperity 
over the last decade including significant increases in undergraduate and graduate 
enrollment within the College of Engineering. In July 2013, the final phase of a 
$300M, four-building science and engineering research complex was completed 
with state-of-the-art laboratories. The University of Alabama offers many opportuni-
ties to work within interdisciplinary research communities including the Center for 
Advanced Vehicle Technologies and the Center for Materials for Information Technol-
ogy. The University, which currently enrolls more than 37,000 students, was founded 
in 1831 with the engineering program beginning in 1837. It is located in Tuscaloosa 
along the banks of the Black Warrior River in Central Alabama. The Tuscaloosa 
metropolitan area, with more than 150,000 residents, was named “The Most Livable 
City in America” in 2011 by the US Conference of Mayors and one of the “100 Best 
Communities for Young People” by America’s Promise Alliance.

Review of applications will begin on November 1, 2015 and will continue until the 
position is filled. Applicants must submit a cover letter, complete curriculum vitae, 
a research statement that outlines planned areas of pursuit, a teaching statement 
that captures teaching philosophy along with course topics of interests, and a list 
of at least three references with contact information. Applicants are required to 
apply electronically at https://facultyjobs.ua.edu/postings/37764. Inquiries should 
be addressed to Professor Kevin Chou, Search Committee Chair, Department of 
Mechanical Engineering, Box 870276, The University of Alabama, Tuscaloosa, AL 
35487-0276, or sent by email to kchou@eng.ua.edu.

Qualified women and minorities are encouraged to apply. The University of Alabama 
is an equal opportunity, affirmative action, Title IX, Section 504, ADA employer. Salary 
is competitive and commensurate with experience level.

Mechanical Engineering

Department of Mechanical and Aerospace Engineering
The Department of Mechanical and Aerospace Engineering (MAE) in the Herbert 

Wertheim College of Engineering at the University of Florida invites applicants for multiple 
tenure-track positions at the rank of Assistant Professor. Areas of interest include: (1) 
advanced manufacturing for healthcare and medical devices, (2) autonomy and autono-
mous systems, (3) aerospace engineering and aerodynamics, (4) soft matter engineering, 
(5) energy, and (6) computational sciences, including computational science in support of 
the above areas. Applicants must have a Ph.D. in mechanical or aerospace engineering, 
or a related field in engineering or science. Successful applicants will be expected to 
be an effective teacher at undergraduate and graduate levels, and to build a vibrant 
externally-funded research program.

The MAE Department currently has 55 faculty members, over 400 graduate students, 
total annual expenditures in excess of $28 million, and is the largest academic depart-
ment on the UF campus. Persons joining the Department will find outstanding facilities, 
interdisciplinary opportunities, a collaborative and collegial work environment, and a 
strong dedication to diversity and excellence in research and education. The Herbert 
Wertheim College of Engineering is undergoing a significant expansion to 300 faculty 
members. Potential applicants seeking more information are encouraged to visit our 
website at http://www.mae.ufl.edu.

All candidates must apply through the University of Florida’s Employment website, 
Careers at UF @ https://jobs.ufl.edu/ to be considered for the position. Candidates may 
also submit applications electronically to Prof. Nam-Ho Kim, Search Committee Chair, 
at maesearch@mae.ufl.edu. Applications should include: 1) a cover letter mentioning 
the specific area, and briefly outlining the candidate’s qualifications, research and 
educational interests; 2) 3-5 year research plan, potential collaborative activities and 
statement of teaching philosophy; 3) a complete CV; and 4) the names and full contact 
information for at least four references. The search committee will begin screening of 
applicants immediately and will continue to accept applications until all positions are 
filled. University of Florida counts among its greatest strengths – and a major component 
of its excellence – that it values broad diversity in its faculty, students, and staff and 
creates a robust, inclusive and welcoming climate for learning, research and other work. 
UF is committed to equal educational and employment opportunity and access and seeks 
individuals of all races, ethnicities, genders and other attributes who, among their many 
exceptional qualifications, have a record of including a broad diversity of individuals in 
work and learning activities. The selection process will be conducted in accord with the 
provisions of Florida’s ‘Government in the Sunshine’ and Public Records Laws. 

The University of Florida is an Equal Opportunity Employer
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The School of Mechanical Engineering at Purdue University is conducting a search for an academic leader to be the 
Kenninger Professor Renewable Energy and Power Systems in Mechanical Engineering. S/he will be expected to serve as 
the focal point for the School’s efforts to chart a course for continued leadership in education and research in partnership 
with the campus wide energy research community, including that within the College of Engineering, in other Colleges and in 
Purdue’s various interdisciplinary Centers in Discovery Park. The Kenninger Professorship is an integral part of a significant 
effort to develop Purdue’s leadership in sustainable and environmentally friendly energy. The definition and exploration of 
Mechanical Engineering aspects of renewable energy sources such as solar, wind, and bio, energy transformation devices 
such as biomass processors, fuel cells and digital prime-movers, the rapidly improving storage means such as hydro, 
flywheels and batteries, as well as conservation and energy harvesting technologies and systems for their integration into 
a modern grid-infrastructure will all be important. The candidate should possess an outstanding track record and have led/
established a notable research program at one of the world’s leading universities or research organizations with a demon-
strated capacity for effective development and management of research programs and the administrative structures required 
to support them. Substantially equivalent government or corporate research experience will also be considered. An earned 
doctorate in Mechanical Engineering or a related field is required. The successful candidates will conduct original research, 
will advise graduate students, will teach undergraduate and graduate level courses, and will perform service both at the 
School and University levels. Candidates with experience working with diverse groups of students, faculty, and staff and the 
ability to contribute to an inclusive climate are particularly encouraged to apply.

Established in 1882, the School of Mechanical Engineering is the oldest of Purdue’s engineering schools and has granted 
over 29,000 degrees. Through its past two centuries, the School has become synonymous with innovation and outstanding 
accomplishment in engineering research and education. Its students and faculty form a vibrant community of scholars who 
are recognized worldwide for their technical expertise and the impact of their work. In addition to supporting faculty expan-
sion, the School’s fundraising has enabled: growth in endowed professorships; the $34.5M LEED-certified Roger B. Gatewood 
Wing of Mechanical Engineering; the $30M Phase-I expansion of the Ray W. Herrick Laboratories; numerous endowed 
scholarships and fellowships; and various innovative programs including global engineering. Its annual research expenditures 
and endowment/trust funds have grown rapidly to about $25M per year and over $90M, respectively.

Review of applications will begin September 14, 2015 and continue until a successful candidate is identified. Interested 
persons are requested to submit an application online at https://engineering.purdue.edu/Engr/AboutUs/Employment/Applica-
tions. The submitted material should include a letter of application emphasizing their ability to carry out the responsibilities of 
the position as described above; a complete curriculum vitae; and names, addresses, and telephone numbers for at least four 
references. For questions regarding the application process, please contact Senem Guler (sguler@purdue.edu). Nominations 
of outstanding potential candidates are very much welcome. Nominations and inquiries should be addressed to: Professor 
Jay Gore Search Committee Chair, gore@purdue.edu. A background check is required for employment in this position.

Purdue’s main campus is located in West Lafayette, Indiana, a welcoming and diverse community with a wide variety of 
cultural activities and events, industries, and excellent schools. Purdue and the College of Engineering have a Concierge 
Program to assist new faculty and their partners regarding dual career needs and facilitate their relocation.

Purdue is an EEO/AA employer fully committed to achieving a diverse workforce. All individuals, including minorities, women, 
individuals with disabilities, LGBTQ, and veterans are encouraged to apply.

KENNINGER PROFESSORSHIP 
IN RENEWABLE ENERGY 
AND POWER SYSTEMS

TENURE-TRACK POSITION
IN THERMO-FLUIDS AND
ENERGY ENGINEERING 

The DEPARTMENT OF MECHANICAL 
AND INDUSTRIAL ENGINEERING at 
Montreal’s Concordia University seeks 
outstanding candidates for a tenure-track 
position (Assistant/Associate Professor) 
in the area of THERMO-FLUIDS AND 
ENERGY ENGINEERING with research 
interests which could include but are not 
limited to: fluid mechanics, heat transfer, 
wind energy, fuel cells, thermodynamics, 
combustion, propulsion, micro-fluidics, 
CFD. A PhD degree in mechanical 
engineering or related discipline is 
required. Applications (electronic) must 
include a CV, teaching and research 
statements, and names of three referees. 
Applications should be submitted by 
December 31, 2015. More details at:
concordia.ca/encs/about/jobs.html

All qualified candidates are encouraged to apply for these 
positions; however, Canadians and Permanent Residents will 
be given priority. Concordia University is strongly committed 
to employment equity within its community, and to recruiting 
a diverse faculty and staff. The University encourages 
applications from all qualified candidates, including women, 
members of visible minorities, Aboriginal persons, members of 
sexual minorities, persons with disabilities, and others who may 
contribute to the diversity of the university.

THE UNIVERSITY OF CALIFORNIA – SAN DIEGO, Department of Structural Engineering 
(http://structures.ucsd.edu) has opened a search for a faculty member at the Assistant 
Professor level with demonstrated excellence in teaching, scholarship, and professional 
activity. Specializations in any of the primary research areas within the Department will be con-
sidered, with particular emphasis on: (1) Geotechnical Engineering, (2) Advanced Composites 
and Aerospace Structural Systems, (3) Computational Mechanics, and (4) Structural Protective 
Systems Against Extreme Events. A successful candidate will be required to teach high-quality 
undergraduate and graduate courses, develop an active and well-funded research program, 
and form synergistic connections with other areas in the department and university. An earned 
doctoral degree or advancement to candidacy in civil engineering, structural engineering, 
or a closely-related field is required at the time of application. For inquiries specific to the 
Department of Structural Engineering, contact the Chair of the Search Committee, Prof. Michael 
Todd (mdtodd@ucsd.edu).

The Department of Structural Engineering houses unparalleled large-scale testing facilities, 
including the NHERI@UCSD Large High-Performance Outdoor Shake Table, a blast simulation 
facility, a composite and aerospace structures laboratory, a rail defect testing facility, a high-bay 
structural systems laboratory and structural components laboratory, a large Caltrans 6-DOF 
shake table for testing structural response modification devices (SRMD), a 50 g-ton geotech-
nical centrifuge with shaking table, and multiple non-destructive evaluation/structural health 
monitoring (NDE/SHM) laboratories.

UC San Diego is an affirmative action/equal opportunity employer, and the Jacobs School 
of Engineering is committed to building an excellent, diverse, and inclusive faculty, staff, and 
student body (http://www.jacobsschool.ucsd.edu/diversity/). Candidates with experience with 
or willingness to engage in activities that contribute to diversity and inclusion are especially 
encouraged to apply.

For applicants interested in spousal/partner employment, please visit the UCSD Partner 
Opportunities Program website (http://academicaffairs.ucsd.edu/aps/partneropp/).
Salary: Level of appointment commensurate with qualifications; salary based on UC pay scales.
Closing Date: Applications received by January 15, 2016 will be given full consideration; 
however, the position is open until filled.
To Apply: The application (curriculum vitae, including a complete publication list, a list of four 
professional references with contact information, a cover letter which identifies the Department 
of Structural Engineering as the department to be considered for, a statement of research and 
teaching interests, and a separate statement describing past experience and activities that 
promote diversity and inclusion and/or plans to make future contributions), should be submitted 
electronically to the Jacobs School of Engineering at: (https://apol-recruit.ucsd.edu/apply/
JPF00949). For further information about contributions to diversity statements, see: http://
facultyequity.ucsd.edu/Faculty-Applicant-C2D-Info.asp

Applications are invited for:-

Department of Mechanical and Automation Engineering
Professors / Associate Professors / Assistant Professors
(Ref. 1516/083(495)/2)
The Department is seeking excellent candidates to  ll the above faculty positions in the 
following areas:
• robotics and automation;
• design and manufacturing, in particular in areas of 3D printing and CAD;
• energy and environmental engineering, including smart/green building, building automation 

and control, pollution measurement and monitoring, smart grid, and energy management.
Applicants should have (i) a PhD degree; and (ii) a proven track record or demonstrating 
potential for teaching and research excellence. 
The appointees will (a) teach undergraduate and postgraduate courses; (b) develop an 
externally funded research programme; and (c) supervise postgraduate students. 
Appointments will normally be made on contract basis for up to three years initially 
commencing August 2016, which, subject to mutual agreement, may lead to longer-term 
appointment or substantiation later.  Outstanding candidates with substantial experience for 
Professor rank may be considered for substantive appointment forthwith.  Applicants in robotics 
and automation areas for Research Assistant Professorship may also be considered.
Applications will be accepted until the posts are  lled. Further information about the 
Department is available at http://www.mae.cuhk.edu.hk.
Salary and Fringe Bene  ts
Salary will be highly competitive, commensurate with uali  cations and experience. The 
University offers a comprehensive fringe bene  t package, including medical care, plus a 
contract-end gratuity for appointments of two years or longer, and housing bene  ts for 
eligible appointees. Further information about the University and the general terms of service 
for appointments is available at https://www2.per.cuhk.edu.hk/.  The terms mentioned herein 
are for reference only and are subject to revision by the University.
Application Procedure
Application forms are obtainable (a) at https://www2.per.cuhk.edu.hk/, or (b) in person/
by mail with a stamped, self-addressed envelope from the Personnel Of  ce, The Chinese 
University of Hong Kong, Shatin, Hong Kong.  
Please send full resume, copies of academic credentials, publication list with abstracts of 
selected published papers, details of courses taught and evaluation results (if available), a 
research plan, a teaching statement, together with names, addresses and fax numbers/e-mail 
addresses of three to  ve referees to whom the applicants’ consent has been given for their 
providing references (unless otherwise speci  ed), to the Dean, Faculty of Engineering by 
e-mail to recruit@erg.cuhk.edu.hk.
Please quote the reference number and mark ‘Application – Con  dential’ on cover. The 
Personal Information Collection Statement will be provided upon request.



Faculty Position in the “Sensors and Systems” in the Department of Mechanical 
Engineering

Columbia Engineering is pleased to invite applications for faculty positions in the  
Department of Mechanical Engineering at Columbia University in the City of New York 
City. Applications at the assistant professor, and in exceptional cases, at the associate pro-
fessor and full professor levels, will be considered.

Applications are specifically sought in interdisciplinary areas related to the design, anal-
ysis, and fabrication of unique sensors, especially at small length scales; and deployment 
of such sensors into large scale monitoring systems utilizing big data analysis. Candidates 
must have a Ph.D. or its professional equivalent by the starting date of the appointment. 
Applicants for this position at the Assistant Professor and Associate Professors without 
tenure must demonstrate the potential to do pioneering research and to teach effectively. 
Applicants for this position at the tenured level (Associate or Full Professor) must have a 
demonstrated record of outstanding research accomplishments, excellent teaching creden-
tials and established leadership in the field.

The successful candidate is expected to contribute to the advancement of their field and 
the department by developing an original and leading externally funded research program, 
and contributing to the undergraduate and graduate educational mission of the Department. 
Columbia fosters multidisciplinary research and encourages collaborations with academ-
ic departments and units across Columbia University. This position particularly seeks 
candidates whose research focus intersects with the field of data sciences and can 
take full advantage of the Data Science Institute at Columbia University. Oppor-
tunities exist for collaboration with a broad range of research centers and activities at Co-
lumbia University, including but not limited to centers in Materials Science, Photonics, 
and Neuroscience. The Department is especially interested in qualified candidates who can 
contribute, through their research, teaching, and/or service, to the diversity and excellence 
of the academic community.

For additional information and to apply, please see: http://academicjobs.columbia.edu/
applicants/Central?quickFind=61656. Applications should be submitted electronically and 
include the following: curriculum-vitae including a publication list, a description of re-
search accomplishments, a statement of research and teaching interests and plans, contact 
information for three experts who can provide letters of recommendation, and up to three 
pre/reprints of scholarly work. All applications received by December 31, 2015 will receive 
full consideration.

Applicants can consult www.me.columbia.edu for more information about the department.

Columbia is an affirmative action/equal opportunity employer with a strong commitment 
to the quality of faculty life.

The Department of Mechanical Engineering at the University of Memphis invites 
applications for a tenure track Assistant/Associate Professor beginning August 2016. A position 
at the rank of Assoc. Professor will be considered for exceptionally qualified candidates. Duties 
include teaching undergraduate and graduate courses in mechanical engineering, obtaining 
externally funded research, supervising graduate students and providing professional service. 
Candidates at the Assistant Professor rank are expected to demonstrate the potential to develop 
a visible nationally recognized and externally-funded research program. Required qualifications 
are a PhD in Engineering or equivalent. While candidates in all areas related to mechanical 
engineering will be considered, the department is especially interested in candidates in the 
thermal-fluid sciences with demonstrated expertise in the areas of advanced manufacturing 
(e.g., additive manufacturing), energy generation, harvesting and storage, renewable 
energy, nano-technology or thermal management. Candidates are expected to collabo-
rate on multi-disciplinary research.

The University of Memphis is the largest public university and engineering program in western 
Tennessee. The Herff College of Engineering at University of Memphis is in a growth phase, and 
several hires are expected in mechanical engineering department over the next few years. The 
department has identified manufacturing and energy as its priority areas, and future hires are 
expected to be in these areas. The Herff College of Engineering is in the early stages of estab-
lishing a manufacturing center of excellence with the associated equipment and infrastructure, 
and candidates that can be an integral part of this center will be preferred for this position. 
Additional information about the college and the department can be found at http://memphis.
edu/herff/. The department has 12 tenured/tenure-track faculty positions, and additional faculty 
hires are expected to meet the student growth in the department which has been strong in the 
last few years. The mechanical engineering department is the fastest growing program in the 
Herff College with undergraduate student growth exceeding 25% in the last 3 years (2011-
2014). Future faculty hires will be targeted towards individuals who can build strong externally 
funded research programs, participate in inter-disciplinary research, grow the departmental 
masters and doctoral programs, and establish themselves as outstanding educators.

The city of Memphis is an attractive location in Tennessee, and is world-renowned for its music, 
food and hospitality. Memphis is home to three Fortune 500 companies (Fedex, International 
Paper and Autozone) and has a strong presence in health, biomedical devices, transportation, 
automotive, aero-propulsion and entertainment industries.

Applications are to be submitted via https://workforum.memphis.edu. Click on the faculty box 
to find the posting for the Assistant/Associate Professor position. Applications must include a 
research and teaching plan, a comprehensive curriculum vitae, and the full names and contact 
information (the address, phone number, and email address) of five professional references.

The committee will begin screening applications on January 1, 2016 and will continue until the 
position is filled pending availability of funds.

Required Documents: Curriculum Vitae; Research Plan; Teaching Philosophy; References List

Optional Documents: Copies of 3 best papers

The Department of Mechanical Engineering at Virginia Tech invites applications for 
five open faculty positions in the general areas listed below. These tenure-track 
or tenured positions could be filled at the Assistant, Associate, or Full Professor 
level as designated below. Exceptional candidates will be considered for named 
professorships.

1. Combustion (open rank): Areas include aerospace propulsion systems, turboma-
chinery, biofuels, fuel blends, advanced combustion diagnostics, automobile engine 
systems, and combustion dynamics (experimental or simulation-based). Job num-
ber TR0150154. Search committee chair: Prof. Scott Huxtable (huxtable@vt.edu).

2. Energy (Nuclear Engineering) (open rank): Job number TR0150152. Search com-
mittee chair: Prof. Ali Haghighat (haghighat@vt.edu).

3. Energy (Assistant and Associate Professor level): Areas include Sustainable/re-
newable/alternate energy; microbial fuel cells; thermo-magnetics energy harvest-
ing, and energy systems integration. Job number TR0150155. Search committee 
chair: Prof. Lei Zuo (leizuo@vt.edu).

4. Advanced Manufacturing/Materials (Assistant and Associate Professor level): Ad-
vanced manufacturing; materials processing (metals, ceramics, and composites); 
hybrid manufacturing processes; novel optical, acoustic and thermal metamateri-
als. Job number TR0150156. Search committee chair: Prof. Chris Williams (cbwil-
liams@vt.edu).

5. Bio-inspired Science and Engineering (Assistant and Associate Professor level): 
Bio-inspired locomotion, bio-inspired integrated sensors, actuators, and control 
systems; bio-inspired materials and devices. Job number TR0150159. Search com-
mittee chair: Prof. Bahareh Behkam (behkam@vt.edu). 

Blacksburg is located in the Blue Ridge Mountains and is widely recognized by 
national rankings as a vibrant and desirable community with affordable living, 
world-class outdoor recreation, an active arts community, and a diverse internation-

al population. The Department of Mechanical Engineering, which includes a Nuclear 
Engineering Program, has 57 faculty, research expenditures of approximately $15M, 
and a current enrollment of 342 graduate students, and over 1100 undergraduate 
students. The Department is ranked 15th and 16th out of all mechanical engineering 
departments in the nation in undergraduate and graduate education, respectively, 
by the 2015 U.S. News and World Report. The Department includes several research 
centers and its faculty members are engaged in diverse multidisciplinary research 
activities. The mechanical engineering faculty also benefit from a number of univer-
sity-wide institutes such as the Institute for Critical Technology and Applied Science 
(ICTAS), College level centers such as the Rolls-Royce and the Commonwealth of 
Virginia Center for Aerospace Propulsion Systems (CCAPS), the recently established 
Rolls Royce University Technology Center (UTC) in advanced systems diagnostics, 
and the Virginia Center for Autonomous Systems (VaCAS).

Applicants must hold a doctoral degree in engineering or a closely related disci-
pline. We are seeking highly qualified candidates committed to a career in research 
and teaching. The successful candidates will be responsible for mentoring graduate 
and undergraduate students, teaching courses at the undergraduate and graduate 
levels, and developing an internationally recognized research program. Candidates 
should apply online at www.jobs.vt.edu to the appropriate posting number given 
above. Applicants should submit a cover letter, a curriculum vitae including a list 
of published journal articles, a one-page research statement, a brief statement on 
teaching preferences, and the names of five references that the search committee 
may contact. Review of applications for all positions will begin on December 10, 
2015 and will continue until the positions are filled.

Virginia Tech is committed to diversity and seeks a broad spectrum of candidates 
including women, minorities, and people with disabilities. Virginia Tech is a recipient 
of the National Science Foundation ADVANCE Institutional Transformation Award to 
increase the participation of women in academic science and engineering careers 
(www.advance.vt.edu).

Department of Mechanical Engineering Faculty Positions



The Department of Mechanical and Industrial Engineering (MIE)
at The Louisiana State University (LSU) is pleased to announce a
significant growth of faculty over the next five years. The
Department is currently seeking excellent applicants to fill multiple
tenure-track positions in Mechanical Engineering. 

The College of Engineering (CoE) at LSU is experiencing a
period of unprecedented growth, which includes an investment of
a $110M in a new engineering complex, a result of a 
public-private partnership. The CoE actively encourages
interdisciplinary research including, but not limited to, Advanced
Manufacturing and Materials, Energy, and BioTechnology.
Depending on their background, new hires will have the
opportunity to leverage the resources and collaborative
environments of the CoE, the National Center for Advanced
Manufacturing (NCAM - http://ncam.eng.lsu.edu/), the recently
NSF-funded ($20M over 5 years) Consortium for Innovation in
Manufacturing and Materials (CIMM), the Center for
Computation and Technology (CCT - https://www.cct.lsu.edu/),
the newly founded Institute for Advanced Materials (IAM), as
well as partnerships with IBM and ANSYS.

The MIE Department realizes Mechanical and Industrial Engineering
education, research and scholarship and advances professional
frontiers within a creative, multidisciplinary and diverse atmosphere
that promotes discovery, creativity and innovation. It is the largest of
seven departments in the CoE and is currently home to 22 Mechanical
Engineering faculty, 8 Industrial Engineering Faculty, and a vibrant
undergraduate and graduate student body. The faculty conduct funded
research across a broad spectrum of traditional and emerging areas.
The Department offers separate B.S., M.S., and Ph.D. degree
programs in both Mechanical Engineering and Industrial
Engineering. Further information on the Department can be found
at: http://www.mie.lsu.edu/.

Duties of the positions include undergraduate and graduate level
teaching and providing associated service; initiating and sustaining
independent, externally-funded research in the area of specialty,
and supervising graduate students. Successful candidates are
expected to develop substantive collaborations across departmental
and college boundaries, engage local industries and develop
activities supporting the State’s economic development efforts.

Successful candidates will possess a Ph.D. in Engineering or a
related scientific field (ABD candidates will be considered if
degree will be obtained by August, 2016), with at least one degree
in Mechanical Engineering or Aerospace Engineering. Please 
see position descriptions online for additional information
regarding qualifications.

General Area: Aerospace OR Robotics

Apply online and view a more detailed ad at:
https://lsusystemcareers.lsu.edu Position #039072. 

General Area: Computational Mechanics

Apply online and view a more detailed ad at:
https://lsusystemcareers.lsu.edu Position #038244. 

General Area: Manufacturing and Materials

Apply online and view a more detailed ad at:
https://lsusystemcareers.lsu.edu Position #039071.

An offer of employment is contingent on a satisfactory pre-
employment background check. Applications will be accepted until
the positions are filled and those received before January 15, 2016
will be guaranteed full consideration.

LSU IS COMMITTED TO DIVERSITY AND IS AN 
EQUAL OPPORTUNITY/EQUAL ACCESS EMPLOYER

TENURE-TRACK FACULTY POSITIONS
DEPARTMENT OF MECHANICAL AND
INDUSTRIAL ENGINEERING
COLLEGE OF ENGINEERING

The Department of Mechanical, Industrial and Manufacturing Engineering at The Univer-
sity of Toledo is seeking outstanding candidates for multiple tenured or tenure-track 
faculty positions at the Assistant or Associate Professor levels. Candidates with strong 
qualifications in any area of mechanical engineering will be considered, but preference 
will be given to candidates with research expertise in experimental thermal/fluids, me-
chanical design, and materials. 
The department currently has 18 tenure track or tenured faculty members and an enroll-
ment of more than 800 undergraduate students and 90 graduate students pursuing B.S., 
M.S. and Ph.D. degrees. The faculty conduct funded research in excess of $4M per year 
across a broad range of areas. The department has a large number of experimental and 
computational facilities including a well instrumented subsonic wind tunnel, a small 
turbine engine laboratory, and flow visualization facilities. There has been a long history 
of collaboration with the regional automotive, energy, and glass related industries, as 
well as the NASA Glenn Research Center. More information about the department can 
be found at: http://eng.utoledo.edu/mime. 
All successful candidates are expected to contribute to and play a leadership role in 
advancing research and teaching in their respective areas of expertise and to contribute 
to the diversity of the University’s academic community. The University of Toledo is a 
comprehensive public metropolitan research university established in 1872. In addition to 
the College of Engineering, other professional colleges include Business Administration, 
Law, Medicine, Natural Sciences and Mathematics, and Pharmacy providing abundant 
opportunities for collaborative education and research within the University. 
Applicants must have an earned doctoral degree in mechanical engineering or a related 
field and are expected to teach undergraduate and graduate level courses in their fields 
of expertise, supervise graduate student research, and develop and grow a strong, 
externally funded research program. Interested applicants should submit a detailed 
curriculum vitae, statements of research and teaching interests, and names and contact 
information of at least four professional references. All applicants for this position are 
required to complete the application online at The University of Toledo’s web site: 

and submit all supporting application materials, prepared in 
PDF format, online. Review of applications will begin December 2015 and will continue 
until the positions are filled. 

Faculty Position in Mechanical Design: Mechanical  
and Aerospace Engineering at the Ohio State University

The Department ofMechanical and Aerospace Engineering at The Ohio State University 
invites applications from outstanding individuals for a tenured or tenure-track faculty 
position in the broad disciplinary area of sustainable integrated design. Successful 
applicants for the position will possess expertise in one or more of the following topics: 
mechanical product design, design theory, design automation, precision engineering & 
dimensional metrology, kinematic and geometric modeling. While the position is open 
rank, our preference is for individuals at the assistant or associate professor level.
Research application areas under consideration include, but are not limited to: design 
computing and digital simulation technologies to support integrated intelligent product 
design, virtual and augmented reality, design for manufacturing including additive 
manufacturing, methods/tools for design ideation, electro-mechanical systems design, 
automotive design, compliant mechanisms, self-assembling technologies, design of 
medical devices, adaptable and complex systems design; cross-cutting research areas, 
such as bio-inspired design, eco-centric and green design, design at multiple scales, 
machine learning and informatics related to energy and sustainability.
Candidates must have, by the start date, an earned doctoral degree in mechanical engi-
neering or a closely related field. The new faculty member will be expected to teach core 
undergraduate and graduate courses in mechanical design (for instance product design, 
machine design, CAD/CAM, kinematics, mechatronics, geometric modeling), develop 
new graduate courses in his/her research area, develop and sustain active sponsored 
research programs, and provide intellectual leadership in his/her research field. The 
anticipated start date is Fall 2016. Screening of applicants will begin immediately and 
continue until the position is filled. Interested candidates should upload a complete 
curriculum vitae, statements of research and teaching goals, and the names, addresses, 
and e-mail addresses of four references. Candidates may contact the search committee 
chair, Prof. Jami Shah at shah.493@osu.edu. The website link is https://mae.osu.edu/
jobs/faculty-position-mechanical-design.
To build a diverse workforce, Ohio State encourages applications fromindividuals with 
disabilities, minorities, veterans, and women. Ohio State is an EEO/AA Employer. The 
Ohio State University is committed to establishing a culturally and intellectually diverse 
environment, encouraging all members of our learning community to reach their full 
potential. Columbus is a thriving metropolitan community and we are responsive to 
dual-career families and strongly promote work-life balance to support our community 
members through a suite of institutionalized policies. We are an NSF ADVANCE Institution 
and a member of the Ohio/Western Pennsylvania/West Virginia Higher Education 
Recruitment Consortium. For more information about the Department ofMechanical and 
Aerospace Engineering at OSU, please visit http://mae.osu.edu/.



TENURE-TRACK POSITION
IN ADVANCED MANUFACTURING

The DEPARTMENT OF 
MECHANICAL AND INDUSTRIAL 
ENGINEERING at Montreal’s Concordia 
University seeks outstanding candidates 
for a tenure-track position (Assistant/
Associate Professor) in the area of 
ADVANCED MANUFACTURING 
with research interests which could 
include but are not limited to: Additive 
manufacturing, micro-machining, electro-
chemical machining, welding, hydro-
forming, powder sintering, coating and 
other non-traditional manufacturing 
processes. A PhD degree in mechanical 
or manufacturing engineering or related 
discipline is required. Applications 
(electronic) must include a CV, teaching 
and research statements, and names of 
three referees. Applications should be 
submitted by December 31, 2015. More 
details at: concordia.ca/encs/about/jobs.html

All qualified candidates are encouraged to apply for these 
positions; however, Canadians and Permanent Residents will 
be given priority. Concordia University is strongly committed 
to employment equity within its community, and to recruiting 
a diverse faculty and staff. The University encourages 
applications from all qualified candidates, including women, 
members of visible minorities, Aboriginal persons, members of 
sexual minorities, persons with disabilities, and others who may 
contribute to the diversity of the university.

The Department of Industrial Engineering at 
the University of Pittsburgh (www.ie.pitt.edu) 
anticipates openings for tenure-track faculty 
positions at the Assistant Professor level. 
Candidates for senior positions with exceptional 
qualifications will also be considered. Research and 
leadership potential in Advanced Manufacturing 
and Materials (including Additive Manufacturing, 
Biomanufacturing and Nanomanufacturing) is desired. 
We are also interested in candidates at the interfaces 
of these disciplines with Manufacturing Systems, Big 
Data or Sustainability. Candidates should possess a 
PhD in Industrial Engineering, Mechanical Engineering, 
Bioengineering or a related field by fall 2016. Our  
primary search criterion is research potential. 

The Department offers an undergraduate program  
with 150-180 students, a professional masters program, 
and a doctoral program with approximately 40 PhD 
students. The successful candidate for this position 
will have the opportunity to harness a multidisciplinary 
research environment fostered by the University of 
Pittsburgh’s Center for Simulation and Modeling  
(www.sam.pitt.edu), the Mascaro Center for Sustainable 
Innovation (www.mascarocenter.pitt.edu), the University 
of Pittsburgh Medical Center (www.upmc.com), the 
Center for Energy (www.engineering.pitt.edu/cfe/) and 
the Peterson Institute of NanoScience and Engineering 
(www.nano.pitt.edu). 

Review of applications will begin on receipt. 
Please e-mail a resume, copies of up to five research 
papers, research and teaching statements and a list of 
four references to facultysearch2016@ie.pitt.edu with a 
reference to position number 20162 in the subject line.

The University of Pittsburgh is an affirmative action, equal 
opportunity employer. We especially encourage applications  
from under-represented groups.

BMW ENDOWED CHAIR POSITION IN 
AUTOMOTIVE MANUFACTURING

Clemson University’s International Center for Automotive 
Research (CU-ICAR) seeks a manufacturing leader to serve as 
the endowed BMW Chair in Automotive Manufacturing. This ten-
ure-track faculty position is funded with a $10 million endowment 
and is considered one of the most prestigious chairs in the United 
States via South Carolina’s Smart State Program (http://www.
smartstatesc.org).

Key research areas include but are not limited to: ICT-enabled 
intelligent manufacturing, robotics, advanced manufacturing 
systems and machines, assembly technologies, process control 
and automation, sustainable manufacturing, and lightweight 
materials processing.

The position will include a competitive salary, startup package 
and an annual discretionary fund to support the research vision 
of the manufacturing group. Internationally reputed individuals 
with scholarly excellence and leadership in manufacturing both 
from industry and academia are invited to apply. The successful 
candidate is expected to work closely with industry and be a 
researcher, entrepreneur, mentor, and educator. A doctoral degree 
is required.

The Department of Automotive Engineering is a tenure-granting 
graduate department that offers unique MS and PhD degrees in 
Automotive Engineering. The department is funded with a total 
of $36 million in endowments. The department is located at 
Clemson’s CU-ICAR campus which currently houses 20 start-up 
companies and close to 150 industry partners, including top 
global manufacturers and suppliers.

More information about CU-ICAR and the Automotive Engineer-
ing Program can be found at http://www.cuicar.com and at http://
www.clemson.edu/ces/automotive-engineering/.

Clemson University is a national land grant University, currently 
ranked by US News and World Report as No. 21 among national 
public universities. South Carolina is home to over 300 automotive 
companies including original equipment manufacturers and 
suppliers. Applicants should email a resume/CV, statements of re-
search, teaching interests, and the name and contact information 
of at least three references to: CUICARsearch@clemson.edu
Clemson University is an AA/EEO employer and does not discriminate 
against any person or group on the basis of age, color, disability, 
gender, pregnancy, national origin, race, religion, sexual orientation, 
veteran status or genetic information. Clemson University is building 
a culturally diverse faculty committed to working in a multicultural 
environment and encourages applications from minorities and 
women. Applications will be accepted until positions are filled.

Tenure-Track Assistant  
Professor: Energy

The Mechanical Engineering Department at the Uni-
versity of Maine (www.umaine.edu/mecheng/) invites appli-
cations for the position of a tenure track assistant professor 
with expertise in energy. The successful candidate is expect-
ed to be a highly motivated researcher with a strong tech-
nical background in a traditional engineering discipline, 
have an ability to teach core undergraduate and graduate 
courses in mechanical engineering and develop courses that 
support existing minors in renewable energy.  The applicant 
will be expected to demonstrate exceptional scholarship in 
research as well as a commitment to excellence in teaching. 
Preference is in areas of research that include technologies 
related to renewable energy generation, energy efficiency, 
energy conservation, energy storage, or energy policies.    

The University of Maine is a comprehensive Land 
Grant College Doctoral Research Extensive University. 
Collaborative opportunities include the Advanced Struc-
tures and Composites Center, the Forest Bioproducts Re-
search Institute, Laboratory for Advanced Surface Science 
and the Climate Change Institute as well as faculty in the 
College of Engineering and College of Natural Sciences, 
Forestry, and Agriculture who participate in energy and 
related research.  Interdisciplinary research is strongly en-
couraged and represents unique areas of opportunity at the 
University of Maine. 

Applications, including a cover letter, a full curriculum 
vitae, a statement of teaching interests, a plan for devel-
oping his/her research programs, and contact information 
for at least three potential references should be sent to 
the Department of Human Resources via https://umaine.
hiretouch.com. Review of applications will begin Jan. 04, 
2016. The expected start date is September 2016. Salary and 
benefits are competitive and dependent on qualifications. 
A B.S. and Ph.D. in Mechanical Engineering or a closely 
related field is required at time of appointment.

The University of Maine is an EEO/AA employer.   All 
qualified applicants will receive consideration for employment 
without regard to race, color, religion, sex, national origin, 
sexual orientation, age, disability, protected veteran status, 
or any other characteristic protected by law.

LEHIGH UNIVERSITY DEPARTMENT OF  
MECHANICAL ENGINEERING & MECHANICS

Lehigh University is accepting applications for a 
tenure-track faculty position at the Assistant or Associate 
Professor level in the broad area of Control Systems. 
Applications aligned with the department’s expertise 
include, but are not limited to, robotics, energy and power 
systems, networked systems. The ideal candidate will have 
a doctoral degree in Engineering with a strong background 
in the experimental, theoretical or computational aspects 
of one or more of the areas of control systems, and will be 
expected to develop a vigorous research program, accom-
panied by excellence in teaching at both the graduate and 
undergraduate levels. Multidisciplinary research programs 
are an important priority at Lehigh University, and include 
strong interactions with government agencies, industry, 
and existing research centers on campus. Candidates 
should provide curriculum vitae that include: a statement 
of professional experience and goals; detailed plans for re-
search and funding; a list of refereed publications and pre-
sentations; a summary of teaching experience and plans; 
and the names and contact information of four references. 
This material should be submitted electronically using our 
online application found at https://academicjobsonline.org/
ajo/jobs/6616. For questions regarding this position, please 
contact Barbara McGuire, bcm208@lehigh.edu. Review 
of applications will begin upon receipt and will continue 
until the position is filled. Full consideration will be given to 
applications received by January 15, 2016.

Lehigh University is an affirmative action/equal opportunity 
employer and does not discriminate on the basis of age, color, 
disability, gender, gender identity, genetic information, marital status, 
national or ethnic origin, race, religion, sexual orientation, or veteran 
status. Lehigh University provides comprehensive benefits including 
partner benefits.

Lehigh is a NSF ADVANCE Institution. http://www.lehigh.edu/
luadvance/

Lehigh offers excellent benefits including domestic partner bene-
fits. http://www.lehigh.edu/~inprv/faculty/worklifebalance.html

Lehigh Valley Inter-regional Networking & Connecting (LINC) 
is a network of diverse organizations designed to assist new hires 
with dual career, community and cultural transition needs. infdcap@
lehigh.edu

School of Engineering, 
Stanford University – Faculty Opening

The School of Engineering at Stanford University 
(http://soe.stanford.edu/) invites applications for a 
tenure-track faculty appointment at the junior level (As-
sistant or untenured Associate Professor) in the broadly 
defined field of robotics and autonomous systems. 
Priority will be given to the overall originality and promise 
of the candidate’s work over any particular specialization 
area or department affiliation.

Applicants should have an earned Ph.D., evidence of 
the ability to pursue an independent program of research, 
a strong commitment to both graduate and undergrad-
uate teaching, and the ability to initiate and conduct 
research across disciplines. A successful candidate will 
be appointed in one or two of the departments of Aero-
nautics and Astronautics, Computer Science, Electrical 
Engineering, and Mechanical Engineering, although 
appointments in other departments will also be possible. 
The candidate will be expected to teach courses at the 
graduate and undergraduate levels and to build and lead 
a team of graduate students in Ph.D. research.

Applications should include a brief research and 
teaching plan, a detailed resume including a publications 
list, and the names and addresses of at least five 
references.

Candidates should apply online at http://ee.stanford.
edu/job-openings. Applications will be accepted through 
December 14, 2015.

Stanford University is an equal opportunity employer 
and is committed to increasing the diversity of its faculty. 
It welcomes nominations of and applications from 
women, members of minority groups, protected veterans 
and individuals with disabilities, as well as from others 
who would bring additional dimensions to the university’s 
research, teaching and clinical missions.



Assistant/Associate Professor  
Mechanical Engineering

Worcester Polytechnic Institute

The Mechanical Engineering Department at the Worcester 
Polytechnic Institute (WPI) invites applications for a faculty 
position in Mechanical Engineering at assistant or associate 

The Mechanical Engineering Department at WPI (http://

engineering, aerospace engineering, materials science 

professional references via http://apptrkr.com/683658 

We are an Equal 

color, religion, sex, sexual 

national origin, veteran 

 
 

FACULTY POSITIONS IN MECHANICAL ENGINEERING
The Department of Mechanical Engineering at the University of Utah (http://www.
mech.utah.edu/) invites applications for five tenure track positions at the assistant 
or associate rank with a Fall Semester 2016 starting date. Candidates with exceptional 
background and experience may be considered at a higher rank.  Candidates with interest 
and expertise in the areas of i) solid mechanics -- 2 positions, ii) design and/or manu-
facturing, iii) thermal sciences, fluid mechanics, or energy systems, and iv) robotics 
are strongly encouraged to apply.  Candidates should be qualified to teach courses in the 
core curriculum of a mechanical engineering program, including existing courses and/
or developing new courses that support their graduate program. Candidates are expected 
to develop and maintain an active, externally funded research program that complements 
existing research programs. Collaborations in the Department, College of Engineering, 
School of Medicine, and elsewhere across campus are highly encouraged. Rank and salary 
will be commensurate with qualifications and experience.  Applicants are expected to 
have an earned Ph.D. or Sc.D. in Mechanical Engineering or a closely related field.  The 
Department of Mechanical Engineering currently has 33 tenure-line faculty members, over 
950 undergraduate and 200 graduate students.  With funding from the state’s Engineering 
Initiative, the Department expects to hire up to 14 additional faculty members over the next 
three years.  The University of Utah is a tier 1 research institution that has ranked in the 
top 5 nationally for start-up companies in the last 5 years. The University of Utah campus 
is situated in Salt Lake City, a diverse, cosmopolitan city with a population of 1M nestled 
against the backdrop of the beautiful Wasatch Mountains. Salt Lake City residents have 
unparalleled access to national parks (8 within a few hours drive), skiing/snowboarding (7 
resorts within 30 minutes), hiking, fishing, biking, rafting/kayaking, NBA basketball, MLS 
soccer, and numerous cultural events including opera, dance, symphony, theatre, and 
outdoor concerts, amongst others. In addition, faculty members enjoy the convenience of an 
international airport located only 15 minutes from campus. Review of applications will begin 
on December 1, 2015 and continue until positions are filled.  Applications must be submit-
ted electronically and should include a cover letter highlighting the applicant’s qualifica-
tions, current curriculum vitae, statements of research and teaching interests and teaching 
philosophy, and contact information for a minimum of three references. All documents must 
be uploaded at the specified link.  Please check the complete position announcements at 
http://mech.utah.edu/department/open-positions/.  For application submission questions, 
please contact department manager Sheila Olson (Sheila.Olson@utah.edu) at the Depart-
ment of Mechanical Engineering, 50 Central Campus Dr., Salt Lake City, UT 84112.
The University of Utah is an Equal Opportunity/Affirmative Action employer and educator.  Minorities, women, 
veterans, and persons with disabilities are strongly encouraged to apply.  Veterans’ preference is extended 
to qualified veterans.  Reasonable disability accommodations will be provided with reasonable notice.  For 
additional information about the University’s commitment to equal opportunity and access see: http://www.
utah.edu/nondiscrimination/.



Assistant Professor (Thermofluids: Energy), position number 
0085353, University of Hawaii at Manoa (UHM), College of Engineering (COE), Depart-
ment of Mechanical Engineering, invites applications for a full-time, general funds, 
tenure track, faculty position, pending position clearance and availability of funds, to 
begin approximately August 1, 2016.

The University of Hawai’i is a Carnegie doctoral/research-extensive university 
with a strong emphasis on research and graduate education.  The Department offers B.S., M.S., and Ph.D. degrees in mechanical 
engineering, and its undergraduate program is ABET accredited.

For more information on college research themes, please visit our college web site at www.eng.hawaii.edu.  The department has 
active research programs in renewable energy systems & sustainability, combustion, boiling and two-phase flow, multidisciplinary 
design and analysis optimization, biotechnology, biomedical engineering, space and ocean science & exploration, robotics, control 
systems, dynamical systems, nanotechnology, corrosion, and high-performance computing.

This faculty could potentially work with UHM School of Ocean and Earth Science and Technology, SOEST (e.g., HNEI: Hawaii 
Natural Energy Institute and ORE: Ocean and Resources Engineering) and also contribute to the UH-iLab, Makers, VIP, and Entrepre-
neurship programs of the College.  This faculty can also contribute to the COE Research Clusters such as Renewable Energy and 
Island Sustainability, etc.

Duties: Teach and develop undergraduate and graduate courses in the area of thermofluids such as renewable or alternative 
energy, energy conversion and storage, heat and/or mass transfer as related to thermal or fluid systems.  Develop externally funded 
research programs that result in publications in leading scholarly journals; present research work in leading scholarly conferences; 
supervise graduate students; teach via various distance delivery modes as required; and serve on departmental, college, and 
university committees.

Minimum qualifications: An earned Ph.D. (All-But-Dissertation, ABD, cases will be considered) in Mechanical Engineering or a 
closely related field.  The candidate should have a background in an emerging research area related to thermofluids with expertise 
in energy.  Candidates must also show a strong commitment to teaching excellence and mentoring at the undergraduate and 
graduate levels.

Pay range: Commensurate with qualifications and experience.
To Apply: Only electronic applications are accepted.  Applicants should follow the instructions at http://www4.eng.hawaii.edu/

apply for submission instructions (The applicants should submit a cover letter specifying the position and the research area; a state-
ment on their research interests, activities, and plans; a statement on their teaching philosophy, interests, and plan; a curriculum 
vitae detailing research and teaching accomplishments; copies of up to 4 relevant publications; and the names, addresses, e-mail, 
and telephone numbers of 4 references).  For more information on the Department, please visit our website at www.me.hawaii.edu.

Inquiries: Professor Mehrdad N. Ghasemi-Nejhad, Chair, 808-956-7560, nejhad@hawaii.edu.
Review of applications will begin on February 1, 2016 and will continue until the position is filled.
The University of Hawai’i is an equal opportunity/affirmative action institution and is committed to a policy of nondiscrimination 

on the basis of race, sex, gender identity and expression, age, religion, color, national origin, ancestry, citizenship, disability, genetic 
information, marital status, breastfeeding, income assignment for child support, arrest and court record (except as permissible under 
State law), sexual orientation, national guard absence, or status as a covered veteran.

Individuals with disabilities who need a reasonable accommodation for the application or hiring process are encouraged to 
contact the EEO/AA coordinator(s) for the respective campus.

Employment is contingent on satisfying employment eligibility verification requirements of the Immigration Reform and Control 
Act of 1986; reference checks of previous employers; and for certain positions, criminal history record checks.

In accordance with the Jeanne Clery Disclosure of Campus Security Policy and Campus Crime Statistics Act, annual campus 
crime statistics for the University of Hawai’i may be viewed at: http://ope.ed.gov/security/, or a paper copy may be obtained upon 
request from the respective UH Public Safety or Administrative Services Office. 

Professor/Chair Opening in Mechanical Engineering
The University of Nevada, Reno (UNR) invites applications or nominations for the position of 
Chair of the Mechanical Engineering Department. The Department seeks candidates at the full 
professor level to lead this dynamic academic unit within a rapidly growing research university.  
The successful candidate will be expected to enhance the academic programs, advance 
sponsored research, bring a collaborative leadership style, and serve as a strong advocate for 
the Department to internal and external stake holders. This individual will lead the Department 
strategic planning efforts and foster an environment that promotes effective collaboration 
among the faculty and with other departments. In the last five years, the College of Engineering 
has witnessed an unprecedented growth in student enrollment and number of faculty positions. 
The College is positioned to further enhance the growth of its students, faculty, staff, and 
facilities as well as research productivity and graduate and undergraduate programs.

Mechanical Engineering is one of five departments in the College of Engineering and cur-
rently has 17 tenured and tenure-track faculty members. The Department offers B.S., M.S., 
and Ph.D. degrees in Mechanical Engineering, is ABET accredited, and has approximately 
700 under-graduate and 40 graduate students. Over the last ten years, the Department has 
averaged $1.9 million/year in research expenditures, and placed emphasis on pursuing na-
tionally-competitive grants, publishing in reputable journals, increasing the Doctoral program, 
enhancing collabo-ration with industry, and providing high-impact outreach and national 
professional service. For more information please visit http://www.unr.edu/me/.

Required Qualifications: The successful candidate must hold an earned doctorate in Me-
chanical Engineering or a closely related field. The candidate must have a record indicating 
a strong potential of professional and academic leadership, and a distinguished national and 
international reputation in research. The qualifications must be consistent with the rank of a 
full professor. 

Applicants must submit a current curriculum vitae, a letter of interest that addresses 
qualifi-cations, experience and expectations, and a list of five references. Nomination letters 
should include contact information of the nominee. Applications must be submitted online at: 
https://www.unrsearch.com/postings/19273. Review of applications will begin on February 
1 2016. The position is available effective July 1, 2016. Salary, benefits, and startup package 
will be competitive.

The University of Nevada, Reno is committed to Equal Employment Opportunity/Affirmative 
Action in recruitment of its students and employees and does not discriminate on the basis 
of race, color, religion, sex, age, creed, national origin, veteran status, physical or mental 
disability, and sexual orientation. The University of Nevada, Reno employs only United States 
citizens and aliens lawfully authorized to work in the United States. Women and under-repre-
sented groups are encouraged to apply.

MICHELIN ENDOWED CHAIR  
POSITION IN VEHICLE AUTOMATION

The Department of Automotive Engineering at Clemson 
University) is soliciting applications and nominations for 
the Michelin Endowed Chair in Vehicle Automation. Funded 
by a $6 million endowment from Michelin and the State of 
South Carolina’s Smart State Program (smartstatesc.org), 
this high profile endowed chair is expected to establish and 
lead an internationally recognized research and education 
program and contribute to the knowledge-based economic 
development of the state and the nation.

Desired areas of expertise include, but are not limited to 
vehicle automation systems at all levels including the user 
experience, tire-vehicle interaction, and connected vehicle 
systems. Internationally reputed individuals with scholarly 
excellence and leadership in research are invited to apply. 
Candidates must hold a doctoral degree in an engineering 
discipline as well as exceptional accomplishments in for-
ward-looking research, including working with or in industry. 
This is a tenured/tenured track position.

The Department of Automotive Engineering offers unique MS 
and PhD degrees in Automotive Engineering. The department is 
funded with a total of $36 million in endowments. The depart-
ment is located at Clemson’s CU-ICAR campus which currently 
houses 20 start-up companies and close to 150 industry 
partners, including top global manufacturers and suppliers.

More information about CU-ICAR and the Automotive Engi-
neering Program can be found at http://www.cuicar.com and 
at http://www.clemson.edu/ces/automotive-engineering/.

Clemson University is a national land grant University, 
currently ranked by US News and World Report as No. 21 
among national public universities. South Carolina is home to 
over 300 automotive companies including original equipment 
manufacturers and suppliers.

Applicants should email a resume/CV, statements of 
research, teaching interests, and the name and contact 
information of at least three references to michelinchair@
clemson.edu.
Clemson University is an AA/EEO employer and does not 
discriminate against any person or group on the basis of age, color, 
disability, gender, pregnancy, national origin, race, religion, sexual 
orientation, veteran status or genetic information. Clemson Univer-
sity is building a culturally diverse faculty committed to working 
in a multicultural environment and encourages applications from 
minorities and women.

Mechanical Engineering
The University of Alabama
Tenure-Track Job Opening  

in Mechatronics
The Department of Mechanical Engineering at The University of Alabama invites applications 
for a tenure-track ME faculty position in the area of mechatronics. This is a joint search with 
the Department of Electrical and Computer Engineering, which also has an open ECE position 
in mechatronics. Existing strengths in this area are in autonomous operation, advanced 
manufacturing, robotics, and electrification of historically mechanical systems for enhanced 
functionality, improved performance, and reduced weight/volume. Both departments have a 
rich history of collaboration and wish to expand such activities. A number of research centers, 
with many additional collaborative opportunities, find their homes in the College of Engineering. 
Applicants must have a Ph.D. in mechanical engineering or a closely related field by the date of 
appointment. Applicants must show the potential to establish a quality research program, collab-
orate effectively with other faculty, and excel in teaching at both the graduate and undergraduate 
levels. For consideration at the Associate Professor level, applicants must demonstrate a strong 
external funding record, publication record, and Ph.D. graduation rate commensurate with this 
level of appointment.

The College of Engineering is experiencing unparalleled growth, having completed the four 
building, Shelby Engineering and Science Quad in the summer of 2013. Over the last five years, 
the undergraduate engineering enrollment has grown from 2773 to 5301 with the average ACT 
score increasing from 27.3 to 29.8. Additionally, the faculty of the College of Engineering has 
grown from 107 to 125 over the same five year period. The department offers the B.S., M.S., and 
Ph.D. degrees in mechanical engineering.

Established in 1831, the University of Alabama currently serves over 37,000 students and 
employs over 1,700 full and part-time faculty members in thirteen colleges and schools. The 
University offers an impressive array of academic programs leading to bachelors, masters, and 
doctoral degrees and a growing number of educational opportunities through distance learning 
technology. More information on The University of Alabama can be found at http://www.ua.edu.

The University is located on a beautiful 1,168 acre residential campus in Tuscaloosa, a dynamic 
and resilient community of over 150,000 in central Alabama. Tuscaloosa is conveniently located 
between Atlanta, New Orleans, and the white sandy beaches of the Gulf coast. The area offers 
excellent climate, minimal urban congestion, and abundant outdoor recreation. The Tuscaloosa 
community provides rich cultural, educational, and athletic activities for a broad range of lifestyles.

Applicants should apply online at http://facultyjobs.ua.edu. Required application documents 
include: resume/curriculum vitae, cover letter, and names of three references. Review of applica-
tions will begin immediately. The University of Alabama is an equal opportunity/affirmative action 
employer. For additional information, please contact:

Dr. Ken Ricks, Department of Electrical and Computer Engineering 
The University of Alabama, Box 870286, Tuscaloosa, Alabama 35487-0286

Phone: (205) 348-9777; E-mail: kricks@eng.ua.edu



FACULTY POSITION
MECHANICAL ENGINEERING DEPARTMENT

The Department of Mechanical Engineering at Vanderbilt 
University invites applications for a tenure-track faculty 
position at the rank of Assistant Professor to begin in 
the fall of 2016. We are particularly seeking outstanding 
candidates in the area of nanomaterials, for solving 
critical energy issues, as part of the Vanderbilt School of 
Engineering’s strategic growth initiative in Energy and 
Natural Resources. We strive for an active, culturally 
and academically diverse faculty of the highest caliber, 
skilled in both scholarship and teaching. The Department 
of Mechanical Engineering has 15 tenured/tenure-track 
faculty members with strong reputations in research fields 
including nanoengineering, rehabilitation engineering, and 
medical robots, with an annual research expenditure of 
$6.7 million. The successful candidate is expected to make 
significant contributions to the Department’s research 
and teaching activities. Applications consisting of a cover 
letter, a complete curriculum vitae, statements of teaching 
and research interests, and the addresses of at least three 
references (include email address) should be submitted 
on-line at https://academicjobsonline.org/ajo/jobs/6048

Ranked in the top 20 nationally, Vanderbilt is a private, 
internationally renowned research university located in vi-
brant Nashville, Tennessee. The School of Engineering over 
the past decade has been on a strong upward trajectory 
in its national and international stature and prominence, 
and is entering a period of growth in terms of faculty and 
facilities. In the 2015 rankings of graduate engineering 
programs by U.S. News & World Report, the School ranks 
in the top three among programs with fewer than 100 
faculty members. Vanderbilt University is an Affirmative 
Action/Equal Opportunity Employer committed to increas-
ing the cultural and intellectual diversity of its faculty. 
The university aspires to become a leader among its peer 
institutions in making meaningful and lasting progress 
in responding to the needs and concerns of women and 
members of under-represented minority groups.

MULTIPLE TENURE-TRACK FACULTY POSITIONS
The Department of Aerospace Engineering at Auburn 
University invites applications for multiple tenure track 
faculty positions at the assistant or associate professor 
rank. Exceptional candidates may be considered for the presti-
gious Walt and Virginia Woltosz Professorship. Applicants 
with expertise in all areas related to aerospace engineering are 
invited to apply.  Applicants must have an earned doctorate in 
aerospace engineering, mechanical engineering, or a closely 
related field.  They will be expected to fully contribute to the de-
partment’s mission and the development of a strong, nationally 
recognized, funded research program. 

Auburn’s Aerospace Engineering has a long-standing legacy 
that begins at the turn of the twentieth century and extends 
rather seamlessly from the Wright Brothers to the Space 
Station, and from the Aeronautical Program that evolved 
under the leadership of Robert Knapp (1907) to the Aerospace 
Engineering Department, which took off under the direction of 
Robert Pitts (1942).

Chartered in 1856, Auburn’s unique campus is fabled for 
its beauty (ranked seventh in the nation).  The Samuel Ginn 
College of Engineering, the most prestigious engineering col-
lege in Alabama, produces more than one third of the state’s 
engineering graduates.  Its Fall’14 enrollment included 4,618 
undergraduates and 921 graduates.  The college was recently 
ranked 28th among public universities while its graduate 
programs were ranked 37th.  Auburn is located 90 miles 
southwest of Atlanta on I-85, 50 miles of Montgomery.

Applicants can submit a cover letter, CV, research vision, 
teaching philosophy, and three references at: http://aufaculty-
positions.peopleadmin.com/postings/1247

Cover letters may be addressed to: Dr. Joseph Majdalani, 
Search Committee Chair, 211 Davis Hall, Auburn, AL 36849.  
The applicant review process will begin Dec. 14, 2015 and 
continue until successful candidates are identified. The 
candidates selected for these positions must be able to meet 
eligibility requirements to work in the U.S. at the time of 
appointment and continue working legally for the proposed 
term of employment. Additional information may be found at: 
http://www.eng.auburn.edu/aero/

AU is an EEO/Vet/Disability employer.

Department Chair and Richard C. Hill  
Professor of Mechanical Engineering

The Mechanical Engineering Department, University of 
Maine, Orono, Maine, invites applications for the position 
of Chair of the department and Richard C. Hill Professor of 
Mechanical Engineering.  The department offers B.S. (ABET 
accredited), M.S., and Ph.D. degrees in Mechanical Engineer-
ing.  The department has 14 full-time regular faculty.  This 
number is expected to expand to 15 by fall 2016.    In addition 
to traditional mechanical engineering focuses, undergraduates 
can choose concentrations or minors in aerospace engineer-
ing, robotics, renewable energy, and ocean and marine engi-
neering.    The department has a robust research program with 
faculty engaged in interdisciplinary research in the Advanced 
Manufacturing Center; Advanced Structures and Composites 
Center; Laboratory for Surface Science and Technology; Ma-
rine Sciences; and Earth and Climate Sciences. 

Qualified applicants for the position are expected to bring 
outstanding leadership and administrative skills to the de-
partment, have a strong  research record, articulate a vision 
for growing the research enterprise in the department, and 
have the ability to build strong relationships with academic 
departments and research centers across campus as well as 
external constituencies including potential students, alumni, 
and corporations.  Applicants must be committed to quality 
undergraduate and graduate education.  A strong background 
in mechanical engineering or closely related discipline, and a 
Ph.D. are required. The candidate’s credentials must be com-
mensurate with appointment as a full professor with tenure 
in the department.  

Applications should include a resume, statement of pro-
fessional interests and vision, and names, affiliations, and 
contact information (including e-mail addresses) of at least 
three references. Applications should be submitted to the De-
partment of Human Resources via https://umaine.hiretouch.
com. Review of applications will begin November 15, 2015 
and continue until the position is filled. 

The University of Maine is an EEO/AA employer.   All 
qualified applicants will receive consideration for employment 
without regard to race, color, religion, sex, national origin, sex-
ual orientation, age, disability, protected veteran status, or any 
other characteristic protected by law.

The Department of Aerospace and Mechanical Engi-
neering at USC is seeking applications for tenure-track 
or tenured faculty candidates. We seek outstanding 
candidates for a position at any rank. The Viterbi School 
of Engineering at USC is committed to increasing the 
diversity of its faculty and welcomes applications from 
women, underrepresented groups, veterans, and individ-
uals with disabilities.

We invite applications from candidates knowledgeable 
in all fields of aerospace and mechanical engineering, for 
example in computational engineering, mechanics, ther-
mofluids and reacting flows, robotics and autonomous 
systems, bio-inspired engineering, and engineering in 
extreme environments. Applications are also encouraged 
from more senior applicants whose accomplishments 
may be considered transformative. Outstanding senior 
applicants who have demonstrated academic excellence 
and leadership, and whose past activities document a 
commitment to issues involving the advancement of 
women in science and engineering may also be consid-
ered for the Lloyd Armstrong, Jr. Endowed Chair, which 
is supported by the Women in Science and Engineering 
(WiSE) Program endowment.

Applicants must have earned a Ph.D. or the equivalent 
in a relevant field by the beginning of the appointment and 
have a strong research and publication record. Applications 
must include a letter clearly indicating area(s) of special-
ization, a detailed curriculum vitae, a concise statement of 
current and future research directions, a teaching statement, 
and contact information for at least four professional 
references. This material should be submitted electronically 
at http://ame-www.usc.edu/facultypositions/. Applications 
should be submitted by January 4, 2016; any received after 
this date may not be considered.

USC is an equal-opportunity educator and employer, 
proudly pluralistic and firmly committed to providing 
equal opportunity for outstanding persons of every race, 
gender, creed and background. The University particularly 
encourages members of underrepresented groups, 
veterans and individuals with disabilities to apply.

Assistant Professor (Mechanics: Mechatronics), 
position number 0082783, University of Hawaii at Manoa (UHM), College of 
Engineering (COE), Department of Mechanical Engineering, invites applications 
for a full-time, general funds, tenure track, faculty position, pending position 
clearance and availability of funds, to begin approximately August 1, 2016.

The University of Hawai’i is a Carnegie doctoral/research-extensive university 
with a strong emphasis on research and graduate education.  The Department offers B.S., M.S., and Ph.D. degrees in 
mechanical engineering, and its undergraduate program is ABET accredited.

For more information on college research themes, please visit our college web site at www.eng.hawaii.edu.  The department 
has active research programs in robotics, control systems, dynamical systems, nanotechnology, corrosion, biotechnology, bio-
medical engineering, space and ocean science & exploration, renewable energy systems & sustainability, combustion, boiling 
and two-phase flow, multidisciplinary design and analysis optimization, and high-performance computing.

This faculty could potentially work with UHM School of Ocean and Earth Science and Technology (SOEST) & Institute for 
Astronomy (IFA) and also contribute to the UH-iLab, Makers, VIP, and Entrepreneurship programs of the College.  This faculty 
can also contribute to the following COE Research Clusters:  Autonomous Systems (e.g., UAS, AUV, etc.) and Robotics, Bio-
medical Engineering, Renewable Energy and Island Sustainability, and Sustainable Materials and Manufacturing Technology.

Duties: Teach and develop undergraduate and graduate courses in Mechanics, Mechatronics, and Engineering Design.  
Develop externally funded research programs that result in publications in leading scholarly journals; present research work 
in leading scholarly conferences; supervise graduate students; teach via various distance delivery modes as required; and 
serve on departmental, college, and university committees.

Minimum qualifications: An earned Ph.D. (All-But-Dissertation, ABD, cases will be considered) in Mechanical Engineering or a 
closely related field. The candidate should have a background in Mechanics and Electronic aspects of Advanced Systems (such as 
Robotics, Applied Controls, Biomedical, Design Innovations, Renewable Energy, Manufacturing Technology, and Internet of Things-
IoT).  The candidate should have experiences in design, analysis, fabrication, and testing of mechatronic systems.  Candidates must 
also show a strong commitment to teaching excellence and mentoring at the undergraduate and graduate levels.

Pay range: Commensurate with qualifications and experience. 
To Apply: Only electronic applications are accepted.  Applicants should follow the instructions at http://www4.eng.hawaii.

edu/apply for submission instructions (The applicants should submit a cover letter specifying the position and the research 
area; a statement on their research interests, activities, and plans; a statement on their teaching philosophy, interests, and 
plan; a curriculum vitae detailing research and teaching accomplishments; copies of up to 4 relevant publications; and the 
names, addresses, e-mail, and telephone numbers of 4 references).  For more information on the Department, please visit our 
website at www.me.hawaii.edu.

Inquiries: Professor Mehrdad N. Ghasemi-Nejhad, Chair, 808-956-7560, nejhad@hawaii.edu.
Review of applications will begin on February 1, 2016 and will continue until the position is filled.
The University of Hawai’i is an equal opportunity/affirmative action institution and is committed to a policy of nondiscrim-

ination on the basis of race, sex, gender identity and expression, age, religion, color, national origin, ancestry, citizenship, 
disability, genetic information, marital status, breastfeeding, income assignment for child support, arrest and court record 
(except as permissible under State law), sexual orientation, national guard absence, or status as a covered veteran.

Individuals with disabilities who need a reasonable accommodation for the application or hiring process are encouraged to 
contact the EEO/AA coordinator(s) for the respective campus.

Employment is contingent on satisfying employment eligibility verification requirements of the Immigration Reform and 
Control Act of 1986; reference checks of previous employers; and for certain positions, criminal history record checks.

In accordance with the Jeanne Clery Disclosure of Campus Security Policy and Campus Crime Statistics Act, annual 
campus crime statistics for the University of Hawai’i may be viewed at: http://ope.ed.gov/security/, or a paper copy may be 
obtained upon request from the respective UH Public Safety or Administrative Services Office.



POSITIONSOPEN POSITIONSOPEN

TENURE-TRACK ASSISTANT/ASSOCIATE PRO-
FESSOR POSITION IN MECHANICAL ENGINEER-
ING UNIVERSITY OF NEVADA, RENO The Uni-
versity of Nevada, Reno Mechanical Engineering 
Department is hiring a tenure-track position at the 
Assistant or Associate Professor level in the area 
of Thermal Science. The candidate must hold an 
earned doctorate in Mechanical Engineering or 
closely related field.  The position will be available 
July 1, 2016. Full consideration will be given to candi-
dates who apply by January 8, 2016. To apply, please 
visit: https://www.unrsearch.com/postings/19131. 
In the last five years, the College of Engineering 
has witnessed an unprecedented growth in stu-
dent enrollment and number of faculty positions. 
The College is positioned to further enhance its 
growth of its students, faculty, staff, facilities as 
well as its research productivity and its graduate 
and undergraduate programs. The advertised po-
sition continues the growth of the Department of 
Mechanical Engineering, which recently hired 5 
new faculty to support its growing undergraduate 
and graduate programs. For more information see 
www.unr.edu/me.

THE DEPARTMENT OF MECHANICAL ENGINEER-
ING AT THE UNIVERSITY OF CALIFORNIA, SANTA 
BARBARA invites applications for two tenure-track 
faculty positions at the level of Assistant Professor. 
The Department is looking for exceptional indi-
viduals in all areas of mechanical engineering, with 
particular emphasis on soft robotics, and micro/
nano science and technology. The Department is 
especially interested in candidates who can contrib-
ute to the diversity and excellence of the academic 
community through research, teaching, and ser-
vice. Applications received by January 4, 2016 will 
be given priority consideration. For full details about 
the recruitments and to apply, visit https://me.ucsb.
edu/assistant-professor-positions. The University 
of California is an Equal Opportunity/Affirmative Ac-
tion Employer and all qualified applicants will re-
ceive consideration for employment without regard 
to race, color, religion, sex, sexual orientation, gen-
der identity, national origin, disability status, pro-
tected veteran status, or any other characteristic 
protected by law

COLORADO SCHOOL OF MINES, COLLEGE OF EN-
GINEERING AND COMPUTATIONAL SCIENCES, 
MECHANICAL ENGINEERING DEPARTMENT, 
TEACHING FACULTY AND TENURE/TENURE 
TRACK FACULTY POSITIONS. The Mechanical 
Engineering (ME) Department at Colorado School 
of Mines (Mines) has openings for non-tenure teach-
ing faculty and tenure/tenure track faculty positions.   
We seek candidates excited to share in our mission 
to address the challenges of a sustainable global 
society by educating the next generation of leading 
engineers and scientists and by expanding the fron-
tiers of knowledge through experiential learning. 
For teaching faculty positions our areas of cur-
rent need include the following: 1) thermal-fluid-
energy systems and 2) manufacturing and design.
For tenure/tenure track positions we invite applica-
tions for a faculty position at all ranks within the broad 
fields of robotics, automation, or manufacturing.   
For the complete job announcements, full state-
ments of qualifications and directions on how to 
apply, visit: http://inside.mines.edu/HR-Academic-
Faculty. Mines is an EEO/AA employer and is com-
mitted to enhancing the diversity of its campus 

community.  Women, minorities, veterans, and indi-
viduals with disabilities are encouraged to apply.

The Department of Mechanical Engineering at the 
UNIVERSITY OF SOUTH FLORIDA invites applica-
tions for faculty positions at the Assistant or Associ-
ate Professor ranks to begin on August 7, 2016. Ar-
eas of emphasis for these positions are robotics and 
energy.  The positions require an earned doctorate 
degree in Mechanical Engineering or a closely re-
lated field. The candidates must have demonstrated 
record of scholarly achievements to contribute to 
fundamental research thrust areas in the College 
of Engineering. The candidates will be expected to 
establish an internationally-recognized, externally 
funded research program and demonstrate a strong 
commitment to undergraduate and graduate teach-
ing, student mentoring, and professional service. 
Information about the Department and open posi-
tions can be found at http://www.usf.edu/engineer-
ing/me/. Applicants must electronically submit the 
application packet to the following website: http://
www.usf.edu/administrative-services/human-
resources/careers/. Women and underrepresented 
minorities are strongly encouraged to apply. Review 
of applicants will begin on December 1, 2015 and ap-
plications will be accepted until the position is filled. 
USF is an equal opportunity/equal access/affirma-
tive action institution.

The Department of Mechanical Engineering at 
NORTH DAKOTA STATE UNIVERSITY invites ap-
plications for a tenure-track faculty position at the 
rank of Assistant or Associate Professor with ex-
pertise in thermal-fluid sciences. Duties include 
developing an externally funded research program, 
teaching undergraduate and graduate courses, 
student advising, and service to the university and 
profession. Please visit http://jobs.ndsu.edu/post-
ings/7014 for a complete position description, and 
to electronically submit all application materials.  
Review of applications will begin December 15, 2015 
and continue until the position is filled.  NDSU is an 
EEO/AA-MF/Vet/Disability.

The Department of Mechanical Engineering at the 
UNIVERSITY OF MASSACHUSETTS LOWELL in-
vites applications for: 1 Visiting professor (will teach 
3 courses per semester, the position is for 1 year) 
and 3 Adjunct professors (will teach 1 course per 
adjunct).The successful candidate will be expected 
to begin work in January, 2016 and assist in teaching 
a range of classes that may include: 22.311 Applied 
Strengths, 22.322 Mechanical Design II, and 22.302 
(ME Laboratory I). For a more detailed description of 
the courses, please visit: http://www.uml.edu/Cata-
log/Undergraduate/Engineering/Departments/Me-
chanical/Course-listing.aspx. To apply, visit: http://
jobs.uml.edu. Applications received by December 
15, 2015 will be considered in the first review of can-
didates. Each position will close after an adequate 
number of qualified applications are received. 
UMass Lowell is committed to increasing diversity in 
its faculty, staff, and student populations, as well as 
curriculum and support programs, while promoting 
an inclusive environment. We seek candidates who 
can contribute to that goal and encourage candidates 
to apply and to identify their strengths in these areas. 
The University of Massachusetts is an Equal Op-
portunity/Affirmative Action Title IX, H/V, ADA 1990 
Employer and Executive Order 11246, 41 CFR60-741 
4, 41 CRF60-250 4, 41CRF60-1 40 and 41 CFR60-1,4 
are hereby incorporated.

MECHANICAL ENGINEERING  |  DECEMBER 2015  |  P.93

THE DIGITAL HEART

ASME.ORG

APRIL 2015

No.

ADVANCED SIMULATIONS PROMISE SAFER SURGERY  
AND IMPROVED MEDICAL DEVICES.

Technology that moves the world
THE  

MAGAZINE 
OF ASME

04
137

Mechanical

TRACKING THE SOLAR IMPULSE   
PAGE 28

WEAPONS TO INFILTRATE CANCER   
PAGE 36

WATER AND THE “ICK” FACTOR  
PAGE 44

ASME.ORG

MARCH 2015

Tec

Mechanical

Taking thE hydro Out of  

Hydraulic Fracturing

TRANSFORMERS RESHORED  

PAGE 36  
GLOBAL GAS TURBINE NEWS  

PAGE 47
DYNAMIC SYSTEMS & CONTROL  

PAGE 57

ASME.ORG

FEBRUARY 2015

MMMMMMMMMMMMMMMMMMMMMMMeeeeeeeeeeeeeeeeecccccccccccccccccccchhhhhhhhhhhhhhhhhhhhhaaaaaaaaaaaaaaaaaaaaannnnnnnnnnnnnnnnnnnniiiiiiiiiiiiiiiicccccccccccccccccccaaaaaaaaaaaaaaaaaaallllllllllllllllll

PLUGGING A NUCLEAR LEAK 

PAGE
PAGE

AGE 10101010 
SMART ROAD TESTS FUTURE CARS

PAGE
PAGE

AGE 40404040EDISON AS MANAGER 

PAGE
PAGE

AGE 46464646

For all 
recruitment  
advertising 

opportunities, 
contact:

JAMES PERO
peroj@asme.org

(212) 591-7783
 

Technology 
that Moves 
the World

mechanical



ADVERTISERINDEX

       PAGE WEBSITE PHONE

To purchase or receive information from our advertisers,  
go to http://me.hotims.com, visit the advertiser’s website,  

or call a number listed below.

CONSULTING

Auburn University ......................... 92 

Baylor University .......................... 94 

Chinese University of Hong Kong ... 86 

Clemson University ................89 & 91 

Columbia University ...................... 87 

Concordia University ..............86 & 89 

Lehigh University .......................... 89 

Louisiana State University............. 88 

Ohio State University .................... 88 

Penn State University ................... 90 

Purdue University ......................... 86 

Stanford University ....................... 89 

University of Alabama ............85 & 91 

University of California - San Diego 86 

University of Florida ...................... 85 

University of Hawaii at Manoa 91 & 92 

University of Maine ................89 & 92 

University of Memphis .................. 87 

University of Nevada, Reno ............ 91 

University of Pittsburgh ................ 89 

University of Southern California ... 92 

University of Toledo ...................... 88 

University of Utah ......................... 90 

Vanderbilt University .................... 92 

Virginia Tech University................. 87 

Worcester Polytechnic ................. 90

RECRUITMENT

Accumold  79-80 accu-mold.com  

ASME Digital Collection 8 asmedigitalcollection.asme.org

ASME Insurance C3 asmeinsurance.com/ap  

ASME OMAE 13 omae2016.com  

ASME Training & Development 82-85 go.asme.org/training 800-843-2763 

Bimba Manufacturing 79-80 bimba.com/smarter  

Computational Dynamics  
(CD-Adapco) 15 cd-adapco.com

Computer Engineering, Inc. 79-80 thinkcei.com/dc  

COMSOL, Inc. 5, 79-80 comsol.com  

Dewetron, Inc. C4 dewamerica.com/d300 401-284-3750 

Dynatect 25, 79-80 dyantect.com 800-298-2066 

Eugene Adiutori 17 thenewengineering.com  

Evapco 79-80 evapco.com  

Fotofab 27, 79-80 fotofab.com/free 773-463-6211 

Graphite Metallizing Corp. 19 graphalloy.com 914-968-8400 

Master Bond, Inc. 79-80 masterbond.com  

Newark/Element14 7, 79-80 newark.com 800-463-9275 

Omega Engineering, Inc. 21, 79-80 omega.com 888-826-6342 

Proto Labs, Inc. C2, 79-80 go.protolabs.com  

Smalley Steel Ring, Inc. 24, 79-80 smalley.com  

US Tsubaki 79-80 profitwithlambda.com  

Yaskawa, Inc. 79-80 yaskawa.com 1-800-YASKAWA 



D’SOUZA IS 2015  
DISTINGUISHED  
EDUCATOR

Nandika D’Souza, the Regents professor 

of mechanical and energy engineering at the 

University of North Texas, has been named the 

2015 Distinguished Engineering Educator by 

the Society of Women Engineers. The award is 

presented to educators who make significant 

contributions to the engineering field. 

D’Souza has worked with undergraduate 

and graduate students in the area of failure 

analysis, viscoelasticity, and material reli-

ability. Of late, she has focused on micro-

electronic packaging, biomedical surgical 

mesh, plant-based building materials, and 

plant-based carbon fiber. 

In addition to the SWE honor, D’Souza 

has received awards from the International 

Society of Plastics Engineers and received 

the ASME Electronics and Photonics Pack-

aging Division’s Engineer of the Year Award 

in 2009. 

APPLICATIONS  
STILL OPEN FOR  
CONGRESSIONAL  
FELLOWSHIP 

Federal policymakers are faced with 

legislation that has become increasingly 

technical, increasing the need for engineer-

ing expertise. The ASME Congressional 

Fellowship program, which has provided more 

than 100 engineers with a chance to serve as 

independent, non-biased advisors to members 

of Congress, is accepting applications. 

The deadline for submissions is January 

31, 2016.

Applicants for the Congressional Fellow-

ship must have a strong energy background. 

To learn more about the ASME Federal 

Government Fellowship Program, or to apply 

for the ASME Congressional Fellowship, 

please visit http://tinyurl.com/FederalFellow.

This ASME Congressional Fellowship is 

sponsored by the ASME Foundation, the 

Petroleum Division, and ASME Government 

Relations.
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ASME Fellow Olivier Bauchau has joined 

the University of Maryland as the first 

Igor Sikorsky distinguished professor 

in rotorcraft. Supported through an endowment 

from Sikorsky Aircraft and its parent company, 

United Technologies, the Igor Sikorsky profes-

sorship, which is in the university’s department 

of aerospace engineering, serves to support 

enhanced research specialization in areas related 

to rotorcraft. 

Bauchau has more than 30 years of experience 

in the rotorcraft field and is a widely recognized 

scholar in aeromechanics of rotorcraft, multibody 

and structural 

dynamics, composite 

structures, and wind 

turbine systems. He 

also helped create the 

comprehensive multi-

body dynamics code, 

DYMORE, which has 

been widely adopted by 

industry, government, 

and academia to model aspects of helicopter de-

sign such as dynamics, aerodynamics, controls, 

and composite materials.  ME

BAUCHAU NAMED  
SIKORSKY PROFESSOR

CONGRESSIONAL BRIEFING 
FOCUSES ON STEM PIPELINE
A briefing moderated by Beth 

Ambos, executive officer at the 
Council of Undergraduate Re-

search, presented members of Congress 
and their staff innovative ways that 
colleges and universities can creatively 
engage students in the STEM fields and 
bridge the gap between education and 
STEM careers. Panelists focused on 
initiatives at the two-year and four-year 
college levels as well as the graduate 
and doctoral levels.

The October 20 briefing was co-spon-
sored by ASME, the American Chemical 
Society, and other organizations.

Joining Ambos were Nancy Amato of 
Texas A&M University, Collins Jones of 
Montgomery College, and Oscar Barton 
Jr. of George Mason University.

Among the points raised at the brief-
ing, entitled "Building STEM Education 
Pipeline Aligned with Industry Needs: 
Perspectives from the Field," was the 
need for hands-on problem solving, as 
well as the importance of mentoring and 
diversifying the pool of students enter-
ing STEM programs.

Barton, who chairs ASME's Com-

mittee on Engineering Accreditation 
and serves as a commissioner of ABET, 
said he encourages all of his students 
to think of problems they can solve to 
improve their lives through engineering. 

"We need to change the STEM pipe-
line,” Barton said, “starting with who we 
recruit to enter and where they enter the 
engineering field." Barton introduced 
ASME's Vision 2030 as a solution to 
address some of these issues around ME 
degree programs and industry needs.

All the panelists agreed that two-year 
colleges need to feed more into four-
year institutions, and that four-year uni-
versities must redefine undergraduate 
success beyond sending students into 
doctoral programs. In addition, the pan-
elists suggested industry should engage 
students in the first or second year of 
engineering education to help encour-
age and retain students in later years. 

For more information about this 
ASME-related activity, including photos 
from the event, please visit the ASME 
FutureME twitter page or http://ppec.
asme.org/key-issues/stem-workforce-
development/. ME



INPUT OUTPUT

PULLING WATER 
FROM THIN AIR
Actually, the moisture extracted is from 
thick fog, just as a beetle might collect it.

The Namib Desert beetle lives in one of the hottest and 
driest places in the world. Yet it survives by drawing 
moisture from fog-laden winds that occasionally pass 

through the area. The magic is in its bumpy armor-like shell 
constructed of glasslike peaks and troughs covered with 
water-repellent wax. Droplets that form on the peaks are 
channeled to an opening on the back that is connected to the 
beetle’s mouth. 

That inspired Boston-based NBD Nanotechnologies, 
which develops hydrophilic and hydrophobic coatings and 
has applied them both in a device it calls Fognet, designed to 
harvest water from fog. 

The company’s founder, Deckard So-
rensen, said a combination of “water-lov-
ing and water-hating properties” makes 
the Fognet work. The company coats a 
mesh with superhydrophobic and hydro-
philic layers to create a patterned surface 
for enhanced condensate production. 

The company is also developing a hy-
drophobic coating for power plant con-
densers. When vapor condenses on a surface, it forms a fi lm 
that inhibits further condensation; a coating that will prevent 
that fi lm from forming could improve effi ciency. NBD Nano 
claims 150 to 200 percent improvement in condensation heat 
transfer.

The company has received federal and state grants as well as 
$5.2 million in venture funding from Phoenix Venture Partners.

The practice of harvesting fog is not new. In the Atacama 
Desert of Chile moisture comes almost exclusively from fogs 

that blow in from the cold waters of the Pacifi c. Some parts of 
the desert get less than an inch of rain in 10 years. People who 
live there erect large mesh screens that condense water from 
the fog. In the Atacama, a polypropylene mesh can yield 2.5 
liters of water per square meter per day. Sorensen expects the 
Fognets could achieve fi ve to seven times that much.

The Fognet, like the beetle, has an arrangement of slippery 
peaks and sticky troughs for effi cient water collection and 
transport. Nano-scale engineering is critical for keeping the 
proper contact angle between droplets and the surface.

According to Sorensen, “The idea behind it is to get the 
water to the trough as effi ciently as possible. Preventing the 
water droplet from getting re-entrained in the wind is impor-
tant as well as having the water stick to a surface. We utilize a 

couple of coating techniques to achieve 
both aims for improvement in collec-
tion effi ciency.”

The initial target market will be for 
irrigation in California vineyards where 
water is at a premium. Active panels 
that track wind direction could pro-
duce higher yields. The water collected 
would require fi ltration for household 
use, because it could carry bacteria.

Rajesh Mehta, director of the NSF Small Business Innova-
tion Research/Small Business Technology Transfer program, 
which is providing funds to NBD Nano, sees potential appli-
cations for these types of coatings, ranging from medical test 
devices to durable glass coatings for the automotive industry. 

“If someone comes up with a really cheap solution,” Mehta 
said, “then applications are waiting.” ME

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

The Namib Desert beetle uses its bumpy shell 
to harvest water from fog-laden winds.

Fognets got a field test 
near San Francisco.
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Includes more than 20 different 
group insurance products

Features coverage designed  
for the needs of engineers and 
technical professionals

Offers competitive group rates

For more information,* call 1-800-289-ASME (2763)
or visit ASMEInsurance.com/AP

The ASME Insurance Program offers a variety of affordable  
personal and professional insurance plans to help make sure  
you have adequate financial resources as your life changes  
and responsibilities grow. Each plan delivers exceptional  
value with competitive group rates, customized benefits  
and solid protection needed in today’s busy and  
demanding world.

As a member, you have access to  
many great insurance benefits.
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Portable Data Acquisition 
that’s really...PORTABLE

• 16 FAST analog input channels
• Up to 128 SLOW analog inputs
• Up to 1 MS/s/ch sample rate
• Choice of signal conditioners: voltage to 

±200V, IEPE accelerometers, and multi-
function strain gage inputs

• Two or more counters, plus DIO
• Optional CAN BUS, ARINC, 1553...
• Turn-key software - plug and play
• Made in USA

Call today! +1 (401) 284-3750
www.dewamerica.com/D300

Please contact us to set up 
a demonstration today!

The D300 from Dewetron is so small and 
light that you can carry it wherever you 
go. And yet it won’t come up short in data 
acquisition capabilities.

At just 11.5 x 11” (and 4.5” thick), you can 
carry it around as easily as a football. The 
bright touchscreen display makes setup 
and operation fast and intuitive. It runs from 
a very wide DC power range, and includes 
a worldwide compatible AC/DC adapter. 
We offer signal conditioners for every 
kind of sensor, including strain gauges, 
accelerometers, thermocouples, low and 
high voltages, and more.

Need more channels? Plug in up to 16 
of our 8-ch EPAD2 series “bricks” for 
thermocouples, RTDs, 50 VDC, and 4-20 
mA inputs, and add 128 more channels!


