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Long-duration space flights can test your 
mental health. To help, Jim and MJ are 

putting their heads together at ASCEND.

INNOVATORS
Jim and MJ Marggraff areff  co-entrepreneurs, having created more than a half-dozen
successful businesses, ranging from telecommunications, assistive technology, and
education, to ensuring the health and well-being of astronautsf  on long-duration
space flights. ASCEND gives them just the vehicle they need to launch their visionr
and connect with like-minded leaders like you. Read real attendee stories and
submit your ownr  at ascend.events/wisdom.

Join the Marggraffs and other entrepreneurs and visionaries at ASCEND.
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Save an extra $50 with code MARGGRAFF.

Offer expires 30 June 2020.
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ECONOMYEDITOR’S NOTEBOOK

Ben Iannotta, editor-in-chief, beni@aiaa.org

I
see lots of reasons to be confi dent that the air transportation industry can rise from this pandemic
in part on the strength of business and technical innovations.

There’s too strong a research and development community around the world for this not to be 
true. Look, for instance, at the creativity and moxie of the NASA engineers who devised a prototype 
ventilator in 35 days for rapid, low-cost manufacturing. That’s the kind of achievement that can 

be made when innovation is embraced and unleashed. 
Based on where we are now in the pandemic, it must be tempting for executives to look at TV clips 

of people shoulder to shoulder at bars in some U.S. cities and wonder if maybe customers won’t in fact 
mind returning to packed aircraft and soon. Maybe surviving is just a matter of hunkering down with 
some government aid and dwindling rainy day funds.

These TV clips are deceiving, because they are anecdotes rather than data. Polls show that most con-
sumers remain wary of the threat posed by the virus and will be for some time. 

Forty percent of air travelers surveyed in April by the International Air Transport Association said they 
plan to wait “six months or more” after the pandemic subsides before traveling by air. 

No one can say for sure when that six-month confi dence-building period will begin or what respon-
dents meant by “or more.” We’ve all heard the warnings from epidemiologists about a second wave and 
many of us have Googled the history of the Spanish fl u that started in 1918.

The survivors in the transport industry will be those who adapt rather than simply attempt to wait 
out the pandemic. They will achieve a critical mass of confi dent travelers sooner.

I don’t know what the innovations will be, but they will make all the difference. 

Innovating our way 
back into the air
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CORRECTIONS

In the April article “Protecting the off -planet economy,” 
U.S. Space Force Gen. John “Jay” Raymond’s title was in-
correct. He is chief of space operations.

Also, the article should have said satellite defenses are 
planned at the National Space Defense Center in Colorado.

In the Engineering Notebook 
article “Tracking cubesats” in the 
May issue, John Gaebler should 
have been identifi ed as a post-
doctoral associate. The article 
also misidentifi ed the agency 
from which he is seeking a grant. 
He is seeking funds from DARPA.  

14  |  MAY 2020  |  aerospaceamerica.aiaa.org aerospaceamerica.aiaa.org |  MAY 2020  | 15

 

SMALL SATELLITESENGINEERING NOTEBOOK

Students love their cubesats,r  except maybe when they losey  contact with one in
the first days after launchr because the team hasn’t yet nailed down its orbital
track. Cubesats are often reacquired, but not without frayed nerves and lost
experiment time. Amanda Miller spoke to researchers who think theyk cany  keep
cubesat operators locked onto their satellitesr  from the start.

BY AMANDA MILLER | agmiller@outlook.com

Tracking cubesats T
he first passest  overhead by they  Miniature
X-ray Solary  Spectrometer 2 cubesat were
exhilarating tog  the students who built it.
At eacht  anticipated crossing time,g  a smalla
crowd of students,f  professors and staff

gathered around computers at the Laboratory fory
Atmospheric and Space Physics at thet University ofy
Colorado in Boulder.n  Signals raced fromd  LASP’sm  ground
station toward the estimated track ofk  MinXSS-2.f  The
signals hit theirt markr  andk  triggeredd  MinXSS-2d  to con-
firm that itt  wast  listening andg  to send a reporta  aboutt
its well-being, including itsg  temperature, position
relative to the sun, and the performance of itsf  solar
panels, battery andy  science instrument.

Several ham radio operators in the U.S. and
Japan were pulling ing  the information, too, aiding

the students to predict the timing and path of
MinXSS-2’s orbit.

Then came the letdown. On one pass, no reply
came back. That’s not unusual,t  but soont  itn  happenedt
again. Matters turned tense. “You spent five years
to build it, and not being able to talk tok  it is very
excruciating,” says Scott Palo, CU Boulder profes-
sor of aerospacef  engineering sciences and one of
MinXSS-2’s investigators.

If anf  equipment failure on the satellite were to
blame, the spacecraft’s mission to chronicle the
X-ray intensitiesy  of solarf  flaresr  might bet  over beforer
much useful data wasa collected.

As it turned out, the culprit was a frustrating
side effect of thef  most affordable way to get a
cubesat into orbit. MinXSS-2 was dispensed from
its launch vehicle with dozens of otherf  cubesats,
which meant that on its initial passes, the signal
beam projected from LASP covered all or many
of thef  satellites in this cluster. But as the satel-
lites drifted apart due to atmospheric drag and
differences in their masses, the job of estimatingf
when and where to direct the signal became more
challenging. At this point, MinXSS-2 was not yet
in the catalog of satellitef  tracks published by they
U.S. Air Force by parsingy  radar detections (a job
now donew  by they  U.S. Space Force).

MinXSS-2’s operators scrambled during each
eight-minute pass to figure out ift  theyf  werey  missing
the return signal perhaps by incorrectlyy  anticipatingy
the Doppler shift in the cubesat’s radio frequency
caused by they satellite’s motion relative to LASP.
“You’re sitting thereg  turning ag  buncha  of knobsf  trying
to dial it in,”t  says Palo, making ag  figurativea  reference
to the process that’s actually commandedy  byd  software.y

Enter Palo’s colleagues at the university’s Col-
orado Center for Astrodynamics Research. They
have come up with a techniquea  that couldt  someday
relieve cubesat operatorst  from the prospect oft  tem-f
porarily losingy  contactg  with their satellites during
the harrowing firstg  weeks in orbit.

The problem
Our storyr  startsy  in 2015, when then-doctoral candi-
date John Gaeblern  decidedr  tod  take up the challenge of
ending sagasg  like the one experienced by they  MinX-
SS-2 team. He’d witnessed the advent of clusteredf
deployments in his years as a flighta  dynamicist at
NASA’s Goddard Space Flight Center in Maryland,
before he began his Ph.D. work.

Even then, “I couldn’t envision that they wouldy
launch 100 cubesats in five minutes,” he says.

Gaebler won a researcha  grant from FAA, which,
at the time, had been tasked with figuring outg  how
to regulate space traffic.

His plan was to write software algorithms that
would sort radart  measurementsr  gathered by they  Air

 Two cubesats are

deployed from the
Nanoracks cubesat
deployer at the end of
one of the International
Space Station’s robotic
arms. To better help
track cubesats, a team
of researchers at the
University of Colorado in
Boulder has suggested
adding cameras to the
Nanoracks deployer.
NanoracksProtecting the   off-planet economy
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Debris tends to stick around in space, and this fact poses a unique 
challenge for military strategists who are used to keeping the peace 
elsewhere partly by threatening destruction. This reality complicates 
the U.S. military’s efforts to define how the newly established U.S. 
Space Force should go about its work and how far that reach should 
extend as entrepreneurs seek to open up the moon, asteroids and free 
space to commerce. Debra Werner tells the story.
BY DEBRA WERNER  |  werner.debra@gmail.com
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UPCOMING COURSES
Design of Electrified Propulsion Aircraft

8–31 July | 8 Lectures | 16 Total Hours

OpenFOAM® CFD Foundations
9–10 July | 2 Immersive Days | 16 Total Hours

Introduction to Multiscale Modeling of Composite 
Structures and Materials with MSG/SwiftComp

5–28 August | 8 Lectures | 20 Total Hours

Liquid Rocket Engines: Emerging Technologies in 
Liquid Propulsion

15 September – 15 October | 10 Lectures | 20 Total Hours

Design and Operation of Composite Overwrapped 
Pressure Vessels (COPV)

24 September – 12 November | 8 Lectures | 16 Total Hours

VIRTUAL LEARNING 
O P P O R T U N I T I E S
Maintain a sense of stability by learning in a virtual 
environment. AIAA online short courses help you 
stay sharp while strengthening your knowledge 
base. Enroll in a summer course.

BROWSE THE CATALOG

aiaa.org/onlinelearning

ON-DEMAND COURSES
Recordings of previously held online short courses are available on demand.

Design of Modern Aircraft Structures

Fundamentals of Airplane Performance, Stability, Dynamics and Control

Fundamentals of Space Vehicle Guidance, Control, and Astrodynamics

Hypersonic Air-Breathing Propulsion
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FLIGHT PATH

Leading the AIAA Family

I
want to thank you, the members of the AIAA family, for
entrusting me to lead the Institute for the next two years. 
2020 has started off as a challenging year for all of us as 
we each must deal with the COVID-19 pandemic and 
wonder what our future holds. Over the last few years, 

we have seen a lot of changes in our world, our profession, and 
the Institute we all hold so dear. I want to begin by thanking both 
Immediate Past President John Langford and Past President James 
Maser for helping to set our current direction. 

My use of the word “family” is by intent. For the last 35+ 
years, AIAA has been a huge part of my life and my professional 
development. AIAA serves a wide cross section of members 
within the aerospace profession, providing many products and 
services in the form of conferences, publications, professional 
development, recognition, and networking opportunities. Even 
in these trying times, we must continue to broaden and enhance 
what we provide so that each of you can fi nd a place within the 
AIAA family.

I want to also take this opportunity to reiterate my goals as 
your president. The fi rst goal is to work with the Board of Trustees, 
the Council of Directors, and the AIAA staff to create and execute 
the programs that will increase our membership and engagement 
with the broader aerospace community. I want us to enhance 
the value proposition for all our current and potential future 
members, both individual and corporate. We need to make sure 
that the member experience is both value-added and timely for 
all involved. AIAA must be an agile and vibrant organization that 
can address the changing landscape of our profession.

Secondly, I want to ensure that AIAA’s many products and 
services remain relevant and avoid becoming stale. In Novem-
ber 2020, we will kick off ASCEND, an event designed to drive 
the space economy forward by addressing the engineering and 
business challenges and opportunities we face in the space mar-
ket today and into the future. While we have had to postpone or 
cancel several events due to the COVID-19 outbreak, our diligent 
staff have been working hard to provide virtual content for all 
our future forums, starting with the fully virtual AIAA AVIATION 
Forum in June. This added virtual component will enable more 
members and aerospace professionals to participate in import-

ant information exchange, while at the same time providing the 
critical networking events for those who attend in person. To 
increase engagement, you will also experience investments in 
new products and content areas such as autonomy, cybersecurity, 
and space commercialization, just to name a few.

Finally, and most importantly, when I leave the presidency in 
May 2022, I want to know that we have invested in our future. I 
have a goal that every aerospace engineering student (and some 
from adjacent disciplines) becomes an AIAA student member, 
and I ultimately hope they transition into professional member-
ship. This future investment will guarantee that our students and 
young professionals can reap the same benefi ts as those of us 
AIAA veterans to help them become future aerospace leaders. My 
hope is to enhance the student experience via state-of-the-art 
student conferences and design competitions, and facilitate the 
transition from student to professional life. For young profession-
als, I want to provide enhanced virtual offerings like professional 
development and networking opportunities through our Rising 
Leaders in Aerospace program and other professional mentoring 
opportunities. By laying the proper foundation, our students 
and young professionals will see the value of AIAA and make 
it a lifelong priority for them in their professional careers. The 
Board of Trustees, the Council of Directors, and the AIAA staff 
are all committed to invest the resources in our future, and we 
look forward to all members taking this journey with us.

The next two years will be a challenge, but we will continue 
to grow into a stronger and more infl uential organization. With 
the governance changeover now complete, we can focus on the 
future of this great Institute. As we must execute these plans, I 
ask each of you to provide our leadership with feedback along 
the way. Thank you again for your commitment and support, 
and I look forward to the bright future ahead. 

Basil Hassan
AIAA President (2020–2022)
Email: basilh@aiaa.org
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Do you have a puzzler to suggest? Email us at aeropuzzler@aiaa.org.

 For a head start ... fi nd the AeroPuzzler online on the fi rst of each month at

https://aerospaceamerica.aiaa.org/  and on Twitter @AeroAmMag . 

Q: You’ve set your time machine 

for 1894, Germany, Rhinow Hills. 

You’re standing next to Otto 

Lilienthal who is about to don his 

“small wing fl apping apparatus.” 

What pocket-sized craft would you 

bring along, and what would you 

say to Lilienthal to convince him 

that his apparatus will not succeed 

at carrying him for powered fl ight?

Draft a response of no more than 250 words 
and email it by midnight Eastern June 7 to 
aeropuzzler@aiaa.org for a chance to have it 
published in the July/August issue.

FROM THE MAY ISSUEFlapping
flyer

SURVIVING THE FALL: We asked you what 
maneuver our hypothetical helicopter pilot 
employed to save the day after losing power.
Your answers were reviewed by helicopter 
pilot Clint Balog  of Embry-Riddle Aeronautical 
University.

WINNER: The initial loss of power and torque from the engine reduces the lift of 
the rotor causing an initial acceleration toward the ground making you feel lighter 
(although not weightless). Even though the angle of incidence of the rotor blades 
has not changed yet, the reduced rotational velocity has reduced the lift. The pilot 
chooses a fi eld to land in and starts the autorotation maneuver. He lowers the handle 
on the collective toward the fl oor, which reduces the angle of incidence of the blades 
to a negative value. The relative wind is moving upward against the rotor and the 
negative angle of incidence keeps the rotor moving the same direction it had been 
when powered. The rotor accelerates to an appropriate rotational rate as the helicopter 
nears the ground. 

During this constant descent phase, the crew would feel a normal 1-G acceler-
ation. A great deal of rotational (angular) kinetic energy is stored in the rotor at this 
point. The pilot raises the collective, increasing the angle of attack of the blades and 
converting angular momentum into lift. This produces enough lift to arrest the rate of 
descent and allows a soft landing if the timing is right. The positive G forces greater 
than one from this lift pushing upward is what the crew feels near the ground. The 
blades start slowing down as soon as the collective is raised so there are only a few 
seconds of useful lift available to stop the descent before an uncontrolled descent.

Douglas Dobbin
AIAA senior member
El Paso, Texas; douglas.dobbin@gmail.com; Dobbin performs trajectory and risk analyses 
at White Sands Missile Range, New Mexico, and is a graduate student studying fi xed-wing 
airplane design in the Aerospace Systems Design Laboratory at Georgia Tech.
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 A lidar map of 

downtown Nashville, 
Tenn., captured in 2016 
by a Cessna 404 fl own 
by imaging company 
Woolpert Inc. Authorities 
reference such maps 
to plan infrastructure 
improvements. Woolpert 
technicians stripped the 
interior of the aircraft to 
make room for the lidar 
sensor, shown here.
U.S. Geological Survey

EARTH SCIENCES

E
very spring over the United States, aircraft
contracted by the U.S. Geological Survey 
and partner agencies bounce laser light off 
terrain, buildings and bridges. Computers 
on the planes record the signal transit 

times, and back on the ground software turns this 
lidar data into stunning 3D images.

This is the U.S. Geological Survey’s 3D Elevation 
Program, or 3DEP, in action. Plans call for mapping 
the entire United States this way by 2023 to produce 
color-coded elevation maps that organizations at all 
levels would consult to identify areas at high risk of 
fl ooding and inspect buildings, bridges and other 
infrastructure, among other applications. 

Lidar is the technique of choice for these tasks 
because, unlike aerial photography, “we don’t have 
to worry about the shadows, we don’t have to worry 
about a light source,” says Jeff Lovin, senior vice 
president and marketing director at Woolpert Inc. of 
Ohio, one of the companies that has been conducting 
lidar fl ights since 2015 for USGS and its partners in 
the federal government and at the state and local 
levels. The company is under contract to map parts 
of Wyoming, where offi cials plan to combine terrain 
maps with pictures to aid in invasive species detec-
tion. The company mapped the entirety of Tennessee 
between 2015 and 2017 to help state offi cials avoid 
a repeat of 2010 and 2011, when it was caught off 
guard by fl ooding. 

Mapping begins with installing a lidar sensor and 
computers for data processing onboard an aircraft, 
a monthslong process that costs almost as much as 
the plane itself, Lovin says. 

“You buy a $300,000 airplane,” like a 12-passen-
ger Cessna or Beechcraft, “it’s not unimaginable to 
spend at least $200,000 on getting the plane ready 
to hold a sensor,” he says.

Before technicians can cut a 50-centimeter hole 
in the aircraft belly to make room for the sensor, 
FAA must sign off on the plans because “the whole 
structure of the airframe itself has to be changed 
to accommodate for that” hole, Lovin says. “You 
have to go in and brace [the airframe] and make 
sure the plane is as rigid and safe and operates just 
as it did originally.”

After FAA gives the OK, technicians strip the 
plane’s interior and cut the hole. Most of the 
barrel-shaped sensor sits inside the aircraft, with 
only its large lens peering out from underneath the 
plane like a circular window. Once equipped, the 
plane receives a fi nal FAA inspection. 

Scanning occurs during the early spring when 
the ground below is clear of snow and leaves. Pilots 
fl y aircraft back and forth in straight lines at about 
8,200 feet while the sensor shoots laser pulses 
through the circular lens, measuring the time it 
takes refl ections to arrive at its receiver. A sensor 
operator sits in the back of the plane, monitoring 
incoming data on computer screens. 

A four- to fi ve-hour fl ight generates billions of lidar 
data points. These value tables, stored on a hard drive, 
are then mailed to Woolpert’s Ohio headquarters, 
where software combines them with GPS coordinates 
and other data to create the color-coded 3D maps. 

Once the national database is completed, USGS 
plans to update the terrain maps as needed. 

Mapping with laser light
BY CAT HOFACKER   |   catherineh@aiaa.org
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Q & A MATT DESCH, CEO OF IRIDIUM COMMUNICATIONS

MATT DESCH

POSITIONS: CEO of Iridium 
Communications since 2006; 
CEO of telecommunications 
software provider Telcordia 
Technologies, 2002-2005; 
president of global wireless 
networks at telecommunications 
equipment manufacturer Nortel 
Networks, 1996-2000.

NOTABLE: As Iridium CEO, 
oversaw the deployment of 
Iridium NEXT and safe disposal 
of the original constellation. 
In 2011, Iridium and four air 
navigation providers created 
Aireon, a joint venture to track 
aircraft via Automatic Dependent 
Surveillance-Broadcast. Under 
this surveillance method, 
aircraft broadcast their locations 
and identities via antenna 
to receivers on Iridium NEXT 
satellites, which then beam 
that information to air traffi c 
controllers on the ground. 

AGE: 62

RESIDENCE: McLean, Virginia 

EDUCATION: Bachelor of Science 
in computer science, Ohio 
State University, 1980; Master 
of Business Administration, 
University of Chicago, 1986Satellite

strategist 

O
f all the possible achievements in 2020, Matt Desch didn’t think mastering Microsoft
Teams would be one of them. Like most companies, Iridium has largely shifted 
to telework during the coronavirus pandemic, limiting personnel in the Virginia 
operations center to those monitoring Iridium’s NEXT constellation. The pandemic 
“demonstrates how essential satellite communications are,” Desch says, but even 
so, some satcom companies won’t survive, he predicts. The bankruptcy of aspiring 

megaconstellation operator OneWeb spells an uncertain future for the remaining broadband 
ventures. Having emerged from bankruptcy itself in the mid-2000s, Iridium is now carving out 
its own niche in this increasingly crowded low-Earth orbit. I spoke with Desch from his Virginia 
home offi ce about these plans. — Cat Hofacker 

 More online
aerospace
america.
aiaa.org

Q&A
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IN HIS WORDS

The secret to Iridium’s success
If there is a commonality to my strategy over the last 15 years here, 
it’s been “try to do stuff that nobody else can do or wants to do.” 
That will keep us protected from too much investments or too much 
competition. It will make people attracted to our network because 
this won’t be racing to see who can provide the cheapest service 
amongst fi ve, six, 10, 20 different companies. That’s the reason 
why we’re here. It’s the reason why we were able to get through 
Iridium NEXT and climb that fi nancial mountain. It’s the reason why 
the next 10 years are looking really rosy.

Minimal impact from covid-19
I’d say overall from a business perspective, I’m really glad that 
if it’s going to happen, it happened in 2020. If this would have 
happened in 2017 or 2018, we would have had a lot higher 
challenges as we were in the middle of launching our [NEXT] 
network and climbing the fi nal peak of our fi nancial transformation 
and everything. With our fi nancing complete, and we’re generating 
cash, and how the network is very solid and working extremely 
well, we’re kind of in a very good place overall. From a customer 
perspective, certainly we’re seeing a little bit of an effect around 
the edges of different parts of our business. Actually, our sat phone 
business was doing pretty well with fi rst responders and people 
trying to get off the grid. We’re seeing certainly some effect in some 
of the aviation business, which is a small part, but traffi c is down; 
airplanes are not fl ying. We’re not on cruise ships; we’re more on 
merchant vessels. They’re still sailing, and people still need to call 
home and connect. Overall, we’re not seeing a big impact to our 
business. We probably won’t grow quite as fast as we otherwise 
would have in the year, but we’re going to grow nonetheless, and 
that’s a place where a few companies are right now, particularly if 
you’re in the hospitality or restaurant or travel or any other kind of 
business. We’re weathering it quite well.

The benefi ts of autonomy
Because of the way we’ve designed our network and having fl own 
a low-Earth orbit constellation for over 20 years now, anybody who 
visits us will know that one of our hallmarks is automation. We 
really automate tons of stuff. You need to do that if you’re going to 
have so many satellites at one time. It’s amazing how few people 
are needed to really be on site and run things. Even now, we’ve 
moved our customer care [employees] to their homes and are able 
to sort of distribute calls from customers and partners straight 
to them at home. So, people can do that role. But we still have 
someone, for example, on that team in the offi ce so that they can 
reference documents or get to something that’s necessary. It’s all 
working really smoothly. I think even when [the virus] starts to 
decline, we’re going to be very careful about forcing people to get 
back together. I think everybody’s going to be very careful during 
that time. That will be interesting to just see how we get started 
back up — if we really go back to normality quickly, or whether it 
just takes a little time to do that. We defi nitely want to keep safe. 
We want to keep our employees safe. We’re just watching it and 
listening and paying attention like everyone else does. 

“ No, you can’t do videos. 
No, you can’t have real-
time streaming. That’s 
what other companies 
are good at. That’s not 
what we do. We think 
that’s a unique and 
valuable market.”

“Not shocked” by OneWeb bankruptcy
It’s always been hard to develop satellite systems of any type. 
A lot of people don’t appreciate that the big profi table mature 
companies like Eutelsat and SES and Inmarsat, they are 
fi nancially mature. For the fi rst 15 to 20 years of their lives as 
they were building their initial systems and getting started, 
they were owned by, almost in all cases, by governments. They 
were private companies who were a public-private partnership 
with governmental entities, and probably weren’t profi table 
and wouldn’t be in business, but they were heavily government 
subsidized. They all got big enough, and now they can fi nance 
their ongoing capital expenses carefully. It’s not exciting to some 
of them, because they’re not growing very fast like Iridium is, but 
they’re still fi nancially secure. That’s the challenge with all these 
new startups. These guys are all about where we were in 1995 and 
1996 with the launches ahead of us. But you think of the million 
things we’ve had to do to create an ecosystem of partners and tons 
of different products, and a global distribution network of, in our 
case, over 450 partners who all take us to market and embed us 
into thousands of solutions. We’re quite robust because of just how 
diverse we are. It took us 30 years to get to that point. We’re at 1.3 
million and 1.4 million devices on the network, growing at 15-20% 
a year. That didn’t happen overnight. These guys all have to re-
create something like that, the equivalent to the broadband world, 
all in just a few years.

The challenge for megaconstellations
I’m not sure that New Space works all that well for space 
constellations. When this whole New Space thing came about, 
the idea of building a lot more lower-resolution imaging satellites 
instead of a few satellites that cost hundreds of millions of dollars 
kind of made sense to me because you could start making money
taking pictures pretty quickly. Skybox Imaging spent $110 million and 
got sold to Google for $600 million. [Editor’s note: Google purchased 
Skybox in 2014 for $500 million.] All the venture capitalists at the 
time thought, “Hey, there’s money in the space business. If we could 
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make [satellites] for tens of millions of dollars and take really, really 
good pictures, we’ll just have to build more of them and then they 
won’t last as long.” It seemed like that made sense, but they tried to 
apply that same principle to communications satellites. The problem 
with building constellations in space is you’ve got to put maybe 
hundreds if not thousands of satellites into space before you even can 
start turning on customers. Otherwise you’re telling people, “If you 
ever launched your Verizon FIOS service, we can use it six to 10 times 
per day. We can’t tell you exactly what it’s going to be, but it’s going 
to be really great when you get it.” We just wouldn’t buy a service 
like that. These companies are in the same boat right now. That’s the 
challenge. We’ll see. Certainly, we have a myriad of challenges that 
we went through over the last 30 years.

Billionaires beware
That’s the challenge with all these new startups, is how do you get 
to that place in your development career that takes probably 15-20 
years with a bunch of impatient investors who are expecting to get 
returns for all this money that they need to give you to get started? 

Obviously, what’s happening since is that people are going, 
“Well, billionaires. They’re the ones that are going to survive.” 
It is true. Billionaires do have deeper pockets and possibly more 
patience, but they became billionaires for a reason. Whether it’s 
Elon Musk or whether it’s Jeff Bezos or others, they’re also going 
to be very careful about what they spend and how much money 
of their billions they do spend before they can fi gure out if this 
is going to provide the rate of return fast enough for them to do 
what they really want to do. Unless they’re philanthropists, which 
I don’t really recommend long term as the business model; in this 
business it can be pretty expensive. You can become a millionaire 
very quickly from a billionaire in that way. 

Not a repeat of the big and little LEOs
I think what’s happened this time around, there was a lot of 
enthusiasm starting fi ve or six years ago with Skybox Imaging, and 
then the investments into all these constellations. As you notice, 
nobody has gotten the full funding. No one is putting themselves 
on the stock exchanges. There’s not “irrational exuberance,” using 

Before social distancing, 
Iridium’s Satellite 
Network Operations 
Center in Virginia. 
Iridium
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the term from the ’90s. If 
anything, people are a lot 
more careful. I think investors 
are investing in a lot of 
small space, but most of the 
investments are pretty modest 
still. I don’t think you could 
say that anybody has lost their 
minds quite yet. OneWeb was 
probably the furthest along 
when SoftBank committed 
the dollars that they did to 
it. Beyond that, we’re still 
waiting on exactly how much 
Amazon is putting into it, if 
at all. It’s hard to tell. SpaceX 
has basically three launches 
[seven as of May], so they’re 
not being that crazy by testing 
their ideas carefully. They 
haven’t come out to the public 
to raise $10 billion or anything 
to buy into the network. I think 
people are being a lot more 
careful this time around. 
There’s history that they’re 
looking back on. I think there 
is still opportunity, and people 
are just being careful not to 
invest as wildly as they did in 
the ’90s.

Iridium’s future: internet of 
things 
We’re kind of going exactly 
the opposite direction that 
everybody else in the industry 
has done, which has put us in 

this unique place perfectly suited for this fast growing area where 
everything wants to be tracked, where information wants to be sent 
from all kinds of places, devices, application services — whether 
it’s buoys on the ocean or people in a remote place, or oil and gas 
pipelines, or vehicles of every type and shape. That’s where we see 
the future right now, is to improve and expand on that area. We’re 
only sending little bits of data back and forth, maybe location, 
temperature, pressure, all kinds of little bits of information. Now 
with these new devices we’re building this year and we’ll be building 
in the future, we can expand the pipe there but keeping very small, 
low cost, tiny antennas, the thing that you can carry around with you 
easily in a pocket. You can put it on an animal collar. You could put it 
in a remote place where the battery would last a long time and still 
be able to take a picture and send rich data back and forth. No, you 
can’t do videos. No, you can’t have real-time streaming. That’s what 
other companies are good at. That’s not what we do. We think that’s 
a unique and valuable market. It’s really important applications and 
services that people would want, and there’s not anybody doing what 
we’re doing in any kind of signifi cant way. We have sort of a clear 

runway into the future, which gives us a lot of confi dence that we 
can keep growing and innovating. 

Eyes on small sats
We’re looking at some partnerships. We’re looking at other things. 
Particularly, I’m more intrigued right now with what I would call 
the very small sat IoT [internet of things] market. It’s kind of 
complementary to our IoT business. These are companies that 
are trying to sort of serve the extreme low end of the satellite 
IoT space. These are things that have really long battery lives, 
devices that don’t need real-time two-way information. They’re 
just basically one way. They just need to send some data and 
don’t care exactly when it is delivered. There’s companies that 
are looking to develop systems that can do that, and maybe only 
cost $50 million to $100 million of total investment to make 
that network happen. That’s interesting to me. They’re not going 
to need to raise billions of dollars before they get into services. 
Those are companies that make more sense to me.

No clear solution on space debris
My biggest concern was getting people to understand that there 
has to be ways of understanding exactly what the reliability of 
these broadband satellites are going to be and their ability to 
be controlled. I’ve been sort of on that more than anything else. 
As far as we’re also seeing that people keep saying, “These are 
exciting; maybe we can get these debris tugs and bring things 
down” — I’m all for the development of that sort of technology. 
Where I’m struggling is who’s going to pay for that. Unfortunately, 
there isn’t a solution that’s low cost enough that we can put our 
faith in, will fi x the problem after the fact. I put all my energy 
into encouraging people not to make any more debris. The good 
thing is gravity will eventually take care of a lot of this over many, 
many years. But if we can avoid making any more debris, then 
eventually the problem will go away. If we make it faster than it’s 
getting cleaned up, then we will never be able to fi x the problem.

Lining up future launch providers
Certainly, SpaceX would get the fi rst crack. We did select them 
before they even had a successful launch. We took a big bet to 
buy seven rockets. It turned out to be eight in the end. We feel like 
we grew up together and really got to know each other intimately 
and learned to trust each other and communicate very well. That’s 
a fantastic relationship out in the future. I obviously would hope 
someday if we have to do this again, that we’ll be able to utilize 
them again. In the end, as an operator, you want to get into the 
space as safely and as reliably, as inexpensively as you possibly 
can. That’s your goal. As long as they’ve stayed the leaders in 
that space, there’d be no reason why we wouldn’t want to utilize 
them. You don’t look around and say, “Oh, there’s somebody else,” 
for example, Rocket Lab. I think they’re doing great, great stuff 
right now, but their rocket is too small for our satellites. Relativity 
Space, we’ve been talking to them and are intrigued with what 
they’re doing. I’m just sort of intrigued personally to see what it’s 
like to 3D-print something that’s large. That’s their role. I’m sure 
they’ll be not just printing rockets, but planes and airplanes, and 
other really large structures if they get really good at that. I think 
that’s kind of cool, but we’ll keep an eye on the industry. 
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COVID-19 COVERAGE ENGINEERING NOTEBOOK

Engineers made a host of rapid innovations and faced some surpris-

ing challenges to win medical approval for a ventilator prototype in 

just over a month. They shared their story with Keith Button.

BY KEITH BUTTON   |   buttonkeith@gmail.com

Inside NASA’s
ventilator project

 The components of 
the VITAL Pneumatic 
brassboard are laid out 
on a bench connected 
to the blue and white 
test lung simulator 
as engineers test the 
design’s output. 

NASA
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E
arly in March, David Van Buren, a fl ight
projects engineer at NASA’s Jet Propulsion 
Laboratory in Pasadena, California, was 
growing concerned about projections of 
global ventilator shortages for severely sick 

covid-19 patients. His idea: Put the lab’s engineers 
to work on designing prototype ventilators that 
manufacturers could then mass produce quickly for 
the hospitals that would need them as the number 
of their coronavirus patients climbed.

The lab’s chief engineer, Rob Manning, signed 
off on the idea and within a few days — on March 16 
—  Van Buren explained the concept to co-workers 
at the Left Field design bay, so named for the far-out 
spacecraft ideas that engineers have shared over the 
years on the room’s white boards. In 35 days, the 
team of 100 enginners fi nished building the fi rst 
of two prototypes, and two days later it was at the 
Icahn School of Medicine adjacent to Mount Sinai 
hospital in New York City for testing. The prototype 
was hand-delivered there via a commercial fl ight, 
giving it its own seat.

The U.S. Food and Drug Administration ap-
proved the design on April 30 for emergency use. 
About 100 manufacturers around the world have 
now asked to license the design at no charge from 
Caltech, which operates JPL for NASA. As of late May, 
engineers from the design teams were evaluating 
and scoring the license applications and meeting 
virtually with applicants in 30-minute sessions to 
answer questions.

FDA approval of a second prototype is pending.
As the engineers gathered in March at the Left 

Field bay, the task brought to mind a certain TV 
character known for escaping jams with just his 
wits and duct tape. “As you might imagine, the term 
‘MacGyver’ came up,” says Michael Johnson, an 
electro-mechanical engineer at the lab and chief 
engineer for the ventilator design team.

“We know nothing”
They decided to write up a set of requirements,
just as they would when starting an aerospace 
project. They sought out a pulmonologist at Hun-
tington Hospital in Pasadena to teach them what 
a ventilator for a covid-19 patient would have 
to do. The basic idea of a ventilator is simple: It 
channels compressed air supplied by an outside 
source or by its own fan turbine into the lungs 
and then opens a valve to let the lungs push the 
air out. Before the tutorial, the engineers fi gured 
that the task would be akin to fi guring out how to 
rhythmically infl ate and defl ate a balloon. But then 
the doctor explained the problems that sick lungs 
present, such as over-infl ation that can occur in a 
patient over time when the ventilator repeatedly 
fails to allow the lungs to breathe out fully, a prob-

lem called breath stacking. At that point, Johnson 
says, the engineers looked each other with a new 
realization: “We know nothing.”

From the doctor’s tutorial and subsequent 
consultations with other doctors at Huntington 
Hospital and Santa Monica College, the engineers 
set the critical parameters that their ventilators 
would need to maintain for covid-19 patients. To 
avoid breath stacking, for example, the engineers 
designed fl ow and pressure regulators and sensors 
to maintain the correct lung pressure and breath 
intervals as set on the machine by a health care 
provider. Alarms would be triggered by certain 
pressure, fl ow or interval readings.

To keep the designs as simple as possible, they 
wouldn’t try to build ventilators that could han-
dle a range of sicknesses, like most commercial 

 Engineers at NASA’s

Jet Propulsion 
Laboratory in Southern 
California pack the VITAL 
Pneumatic prototype 
ventilator for sending 
to the Icahn School of 
Medicine at Mount Sinai 
in New York, where it was 
to be tested.

NASA
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ventilators do. “If we can make them simple and
low-cost enough, then there could be a whole lot 
more of them, easier and quicker” to build, Johnson 
says. Also, their ventilators couldn’t have any of the 
same parts that other ventilators had, or else they 
would just siphon off the supply chains of others 
and wouldn’t contribute a net addition to the global 
population of ventilators.

Once they had set up their requirements, the 
engineers brainstormed and came up with as many 
initial designs as they could, just as they would with 
a new aerospace project. Their goal was to carry as 
many designs as possible to the prototype stage 
because more viable designs would mean more 
opportunities to increase the overall supply of venti-
lators for the pandemic. At this point, the engineers 
resisted any urge to look at existing ventilators, 
because they wanted to come up with designs while 
being completely blind to how anyone else would 
do it, Johnson says. “That has benefi ts in that you 
don’t get poisoned in your thinking.”

Settling on two prototypes
They started with four designs for their VITAL proto-
types, short for Ventilator Intervention Technology 
Accessible Locally. They quickly narrowed the fi eld 
to two: the VITAL Pneumatic (the prototype built 
in 35 days) plugs into the pressurized air lines 

in hospitals. The other design, called the VITAL
Compressor, supplies its own pressurized air for 
situations when air lines are not available, such as 
in tent hospitals. VITAL Compressor’s prototype was 
completed in May and a digital fi le of its design — 
containing nearly 800 pages of drawings, schematics, 
instructions for use, photos, data and analysis — 
was sent to FDA in Washington, D.C., for approval. 
Other than electronics, the two designs share none 
of the same parts, so they won’t cannibalize each 
other’s supply chain. Sharing electronics seemed 
reasonable because “making a few hundred thou-
sand of something is low-quantity” for electronics 
manufacturers, Johnson says.

Once the engineers had settled on their de-
signs for these two prototypes, they looked at how 
existing ventilators were built and were struck by 
the number of parts in a typical machine: 3,000 to 
4,000, compared to fewer than 100 for either of the 
VITAL designs. They had succeeded at keeping their 
designs as simple and cheap as possible.

Next, the engineers had to physically build their 
designs in the brassboard stage by assembling parts 
end-to-end in a line on a bench to see if they worked 
before packaging them in a box for the prototype 
stage. By the second day of the project, the engi-
neers were buying parts, and by the fi fth day they 
had assembled parts on a bench to operate with an 

 The VITAL Pneumatic 

prototype designed 
and built by NASA’s Jet 
Propulsion Laboratory 
in Southern California. 

NASA
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artifi cial test lung they had borrowed from Santa
Monica College that had used it for respiratory 
therapy training.

As the engineers added parts to the brassboard, 
they learned from talking to the parts vendors that 
some parts wouldn’t be available in large quantities 
— tens of thousands — for mass production, so they 
switched them out for parts that would be available 
in the quantities needed.

The engineers needed to make sure the two 
ventilators would work well with the doctors and 
nurses who would be using them. So they sought 
their advice, inviting doctors into the lab fi ve or six 
times and holding a daylong web conference with 
60 to 80 doctors, nurses and ICU specialists. They 
tested their fi rst prototype, VITAL Pneumatic, with 
the Icahn School of Medicine. They also worked with 
FDA offi cials starting on the second day of the project 
to make sure the designs would meet the agency’s 
requirements. Just before the engineers built the fi rst 
prototype, they invited a doctor to the lab to see if 
he could operate the control panel shared by VITAL 
Pneumatic and VITAL Compressor. When the doctor 
walked up to the panel and intuitively fi gured out 
how to make an adjustment, without any instructions, 
the engineers cheered. “We were all jumping up and 
down and yelling ‘Yeah!’” Johnson says.

Turning down the heat
The next step was to install the components into
boxes to create the prototypes. At this stage, they 
encountered a new enemy, especially for the VITAL 
Compressor: heat. Because the ventilators can be 
called upon to deliver 100% oxygen to some patients, 
the engineers had to make sure nothing got hot 
enough to produce an ignition hazard.

The heat issue with the VITAL Compressor sur-
prised the team, given that its design looked much 
simpler than the pneumatic design. “We thought: 
‘Oh, this is going to be so much easier to put to-

gether; it will go quicker; this is going to be better 
in every way,’” Johnson says. But VITAL Compressor 
was “a thermal nightmare,” mainly because of heat 
generated by the motors that compressed the air. 
Their fi rst attempt at a prototype produced air for 
breathing that was hair-dryer hot.

Because time was of the essence, the engineers 
decided to forgo their normal process, which would 
have been to create a detailed model with a step-
by-step analysis to zero in on the most likely factors 
contributing to the heat problem. Instead, they solved 
the heat issue by making every thermal design change 
they could think of, all at the same time: adding fans 
to vents to move air through the housing, changing 
the motor mounting so heat was pulled out of it 
more directly, sealing off the air around the motor 
from the air that is pumped to the patient, adding a 
muffl er that provided some cooling and modulating 
the current to a solenoid.

The team also wasn’t too proud to seek advice 
about how to safely pump medical oxygen. They turned 
to Jonathan Tylka, an expert on medical equipment 
testing at NASA’s White Sands Test Facility in New 
Mexico, about the potential ignition hazards posed 
by overheating or other factors as the ventilators did 
their pumping. The engineers were familiar with the 
hazards of managing oxygen stored at 2,000 to 5,000 
pounds per square inch for rocket propulsion, whereas
medical oxygen typically fl ows at 0.5 to 1 psi. “That’s a 
case where our aerospace experience actually worked 
against us,” Johnson says. “We had to learn in fact the 
opposite: At low pressures, it’s not quite as dangerous.”

The team had averted some challenges and met 
others. The task, overall, was not as simple as they 
thought, and the next step will be to hear that their 
handiwork is indeed saving lives. “It’s possible to 
fi nd a team here who can do just about anything. 
After all, our team can drop little RC [remotely 
controlled] cars on Mars and drive around and do 
geology,” says Van Buren.

“If we can make them simple and low-cost 
enough, then there could be a whole lot 
more of them, easier and quicker.” 

— Michael Johnson, NASA’s Jet Propulsion Laboratory
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An air transport industry in survival mode must continue to innovate toward 

sustainable aviation fuels, cleaner engines and other technologies. Airline strategist 

Asteris Apostolidis makes the case.
BY ASTERIS APOSTOLIDIS

T
he global coronavirus crisis has made many of us
re-evaluate various aspects of our lives, and the air trans-
portation industry is beginning to do the equivalent. 
Much of the personal anxiety related to the pandemic 
does not derive from the present but mostly from our 

projections of the future, including fears about job security and 
the long-term economic effects of the pandemic. 

In this environment, it could be tempting for the air trans-
portation sector to think only about short-term survival and 
back away from an emphasis on environmental sustainability 
that was just beginning to emerge, though with pushback from 
some, before the virus struck. Backing away would be a mistake. 
Sustainability in aviation should not be discarded anymore as a 
niche topic; rather, it needs to be adopted as a core strategy, and 
the timing is now more relevant than ever.

The coronavirus crisis provides a shaking warning about how 
quickly things can go off track for businesses due to a crisis. Four 
months into the pandemic, the whole air transport sector remains 

in a virtual standstill. The pandemic is today’s crisis, but once 
it subsides climate change could become the next one, both in 
terms of environmental impacts and the changing preferences 
of the traveling public. 

The pandemic is triggering strong reactions related to climate 
change. The link between the two can be attributed to the im-
proved atmospheric quality we see with the reduction of general 
transport and industrial activity during the pandemic. We are all 
witnesses to a cleaner planet, transformed in just a few weeks, 
and this fact shows that an environmental recovery is possible.

With oil prices tumbling since early March to a record-break-
ing collapse, Jeffrey Currie, head of commodities research at 
Goldman Sachs, told The Guardian newspaper that the fallout of 
the pandemic will likely “permanently alter the energy industry” 
and “shift the debate around climate change.”  

Indeed, because expectations drive the stock markets, funds 
related to sustainability performed better than conventional funds 
during the fi rst quarter of 2020 that ended in March. Morningstar, a 
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Chicago-based fi nancial services fi rm, estimates that
covid-19 will make the divergence between the two 
higher, as investors gradually see the fundamental 
shifts in corporate strategy.

I have read various opinions regarding a pro-
spective recovery of the oil industry, even after a 
recent OPEC agreement among the world’s largest 
producers to cut supplies. However, there is a com-
mon denominator in the views of experts: The days 
of oil seem to be numbered and the only difference 
in views centers on how fast societies will embrace 
alternative fuels and energy generation.

This time frame will not be the same around 
the globe; it depends on a mix of geopolitics, in-
vestments, government emission targets and, of 
course, consumer behavior. Many of those elements 
are unpredictable, and some of them can act as a 
self-fulfi lling prophecy. 

Before the pandemic, 72% of transportation 
greenhouse gas emissions in Europe were due to 
road transport, compared to 14% for air transport, 
according to the European Environmental Agency. 
Intense research activity is underway in Europe in 
all relevant scientifi c areas, with the objective of 
a net-zero carbon outcome by 2050, the goal set 
by individual countries, as well as governmental 
institutions and agencies.

The degree of progress toward that goal varies 
depending on the transportation domain and the 
particular technical impediments. For example, 
electrifi cation of road transport is advancing at a 
satisfactory level, with the emissions depending 
largely on the mix of electricity-generating technol-
ogies at the local level. Electrifi cation of air transport 
in Europe lags behind road transport, however. This 
lag is partly because of some unique characteristics 
of commercial aviation. Predominantly, developers 
of fully electric and hybrid-electric propulsion sys-
tems have found it extremely diffi cult to challenge 
the combination of energy density of kerosene and 
power density of gas turbine engines. Therefore, there 
is no apparent alternative to gas turbine engines for 
long-haul air travel.

In that perspective, the pandemic might be a 
challenge to business travel, which can be partially 
replaced by different forms of teleconferencing. 
For recreational travel, a global recession might 
cause some people to refrain from taking long and 
expensive vacations for a time.

The economic repercussions of the coronavirus, 
as deep as they are, are likely to subside before 
radical developments in sustainability are achieved. 
Rather than wait things out, we should seize the 
opportunity to fundamentally change some of the 
chronic weaknesses of our domain and emerge 
more efficient and environmentally conscious. 
The vehicle to work toward this goal is to improve 

our innovation initiatives, despite the surrounding 
crisis. We need industrywide synergies and part-
nerships with academia and an open discussion 
on the mutual benefi ts these initiatives can bring. 
After all, resilience and adaptation to the new reality 
are essential for the survival of any company hit by 
these inevitable social developments. Immediate 
survival must, of course, be the most imperative 
objective of any organization, but equally important 
is the redefi nition of that organization’s scope and 
social mission through turbulent times. There are 
many examples from different industries where 
companies failed to adapt to social changes, with 
catastrophic results.

Transport organizations fundamentally serve the 
society by bringing people together and supporting the 
circulation of goods. This is even more important in 
times of crisis, such as the one we are going through. 
Airlines support the global circulation of medical 
supplies and personal protective equipment, while 
repatriating people stranded in all the corners of the 
world. This is something embedded in our funda-
mental scope. However, when the crisis is over, other 
existential questions will emerge, and the pressing 
environmental movement will be more relevant 
than ever. The response of different companies by a 
redefi nition of their mission will affect their appeal to 
the societies they serve. Tough decisions will need to 
be made, but it is evident that only the ones that heed 
the contemporary needs of the general public will 
be able to make it to the coming years and decades.

Among my peers in the air transport industry, 
there is lots of discussion about the fi gurative day 
after the crisis. Are we going to be the same as an 
industry? No one can reply precisely to this question, 
but there are some indications already. Additional 
coronavirus outbreaks are expected before a vaccine 
is approved. This will have a permanent impact 
on the way travelers are allowed to enter foreign 
countries. For example, body temperature scanners 
might become a common practice for airports. In 
addition, movement tracking via smartphones is 
already a reality, monitoring whether people have 
recently visited points of outbreak. These kinds of 
restrictions have the potential to merge with the 
desire for sustainability and radically transform 
the way we fl y. 

 This illustration 

shows NASA's 
conceptual STARC-
ABL aircraft, short 
for Single-aisle 
Turboelectric Aircraft 
with Aft Boundary-
Layer Propulsion. 
Generators on the wing 
engines would create 
electricity to power a 
fan at the rear of the 
plane.

NASA
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R
eal-time human interaction at a distance
has evolved over time from the telegraph 
to the telephone to early video and, in the 
last few years, to augmented reality, virtual 
reality and holographic projections, all of 

which provide degrees of immersive presence. Today, 
we have early forms of telecommuting, telework-
ing, teleshopping, tele-education, telemedicine, 
telepolitics, telemanufacturing, telecommerce 
and teletravel.

Taken together, we are witnessing early develop-
ment toward virtual worlds satisfying all fi ve human 
senses. The tele-everything milieu is headed toward 
real-time actualization, in which a shopper, for 
instance, will enter a virtual world and personally 
choose and order an item.

Technologies that provide us with immersive presence from afar were becoming 

popular even before the coronavirus pandemic, and they are likely to become even 

more popular now. NASA’s Dennis M. Bushnell sees implications for air travel and 

space exploration.

BY DENNIS M. BUSHNELL

The coming digital reality

The coronavirus pandemic is likely to accelerate
progress toward this kind of sophisticated immersive 
presence, with potentially profound impacts for air 
travel and human space exploration.

Teletravel, in particular, appears to presage a 
signifi cant reduction in the demand for long-haul 
air travel with a concomitant impact on the need 
for aircraft research and development work. Digital 
reality and immersive presence technologies are 
increasingly less costly with increasing bandwidth, 
storage and computing speeds. Also, significant 
progress has been made over the last two years or 
so on brain-to-machine communications. With 
these improvements, the technologies are becoming 
serious competitors to physical business travel and, 
increasingly, leisure travel.

COVID-19 COVERAGE OPINION
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Dennis M. 
Bushnell is chief 
scientist of NASA’s Langley 
Research Center in Virginia 
and an AIAA honorary fellow.

For consumers, the benefi ts
of teletravel over physical travel 
are legion and include:

i  Social distancing/working at 
home during pandemics 

i  Major cost reductions and 
time savings 

i  Less time spent in airline 
security lines and less hassle 

i  Being anywhere at any time 
with multiple contacts/places/
meetings on a given day 

i  Lack of physical and health 
risks, no overcrowded sites/venues

i  Greatly reduced CO2
 emis-

sions and thin cirrus clouds 
i  The infirm can enjoy the 

thrill of travel
i  Superb educational experi-

ences
i  Enable nonverbal/body lan-

guage communications  

The worldwide virtual meet-
ing market was, pre-coronavi-
rus, worth some $4 billion a year. 
Now, as societies emerge from 
the pandemic in which virtual 

meetings proved invaluable, virtual meetings are 
likely to become commonplace. Teletravel, that 
is, travel beyond ordinary day-to-day commuting, 
provides overall greater effi ciency, quality of life and 
balance between work and family life. As we enter 
the post-coronavirus period, which will be typifi ed 
by economic issues, organizations will try to rapidly 
regain lost business. Given the extensive requisite 
during the coronavirus period of social physical 
disengagement in favor of virtual interactions, 
utilization of digital reality and tele-everything will 
be accelerated with resultant potential impacts on 
business air travel.

A sizable acceleration of the ongoing shift from 
physical air travel to digital reality, if it indeed 
occurs, would affect the economic health of the 
air transport industry as a whole, from research to 
construction of the necessary infrastructures and 
vehicles. However, there would still be a healthy air 
cargo industry, and perhaps not much additional 
impact on the nascent development of unmanned 
air systems, urban air mobility aircraft and personal 
air vehicles, beyond the ongoing and long-standing 
shift to telecommuting/telework. These are mostly 
short stage length with fewer benefi ts overall than 
long-haul passenger digital reality.

One worry is that older members of the pop-
ulation could increasingly be left out of modern 
society. This issue devolves mainly from the millions 

of years of human evolution involving direct hu-
man-to-human contact. Except for the telephone, 
the dominant form of direct interaction was still 
direct person-to-person contact even as the enabling 
digital reality technology was developed over these 
last decades. Baby boomers grew up on physical 
interactions, and many decry the shift to virtual 
technologies. Much of our employment for teachers 
and professors, the travel industry as a whole (some 
10% of global gross domestic product), the physical 
shopping venues, medical professions and much 
more rely on physical interactions. However, more 
recent generations have grown up on increasing use 
of nonphysical, virtual interactions, which are, by 
them, increasingly considered the norm.  

There is a classic quote in science that fi ts this 
generational transition well. It says that new the-
ories emerge one funeral at a time as adherents to 
old ideas die. There is anecdotal information that, 
even at the kindergarten level, children are texting 
their friends across the playground. Teletravel and 
other forms of digital reality refl ect the fact that 
humans are, in a sense, evolving through the advent 
of new technology, including artifi cial intelligence. 
We appear to be merging, we and the machines, 
even as digital reality produces what is commonly 
termed “The death of distance.”

One impact of this merging could be to force 
government and industry to reconsider the proper 
functions of humans in space, given that the costs 
of equipping humans for survival out there are 
many times that of robotic operations. Humans 
would still go, but not right away. Instead, NASA 
and private-sector explorers could fi rst send robotic 
devices that would gather up regolith and rocks and 
additively manufacture this raw material into the 
equipment required for in situ resource utilization, 
or ISRU, by the humans who follow. This step would 
save the cost and risk of hauling the ISRU equipment 
there and requiring human explorers to check out 
its performance on the celestial body. Once the ro-
bots have produced and proven out the equipment, 
then the humans could go at much lower cost and 
increased safety.

This shift to digital reality in aerospace comes 
in the context of a large number of technological 
changes. Solutions are being sought to climate 
change and our crashing ecosystem. Progress is being 
made on quantum computing, artifi cial intelligence, 
3D-printed superb microstructure materials, renew-
able energy, quantum and optical communications 
and more. Humans are on their way to becoming 
cyborgs given advances in machine-to-brain com-
munications. Nearly everything is changing, and in 
the aftermath of the coronavirus those changes that 
are economically advantageous such as teletravel 
will probably be accelerated. 



The aviation industry once treated all hackers as 
threats, even those who sought a bit of fame but 
not necessarily fortune by publicly demonstrating 
vulnerabilities without causing damage. Debra Werner 
says the industry’s view of these hackers is changing.

BY DEBRA WERNER   |   werner.debra@gmail.com

HACKERS
AS ALLIES
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“An aircraft is pretty much 
a computer that happens 
to have wings, two engines 
and people in the front 
flying it.” 

— Pete Cooper, Aerospace Village

P
atrick Kiley was in Florida for a
cybersecurity training conference 
in 2017 when he stopped by the 
Sun ’n Fun Aerospace Expo, the 
vast annual gathering of aircraft 
buffs in Lakeland. At home in Las 
Vegas, Kiley was building a four-seat 
variant of the Long-EZ, a two-seat 

kit airplane design from the Rutan Aircraft Factory. 
He stopped to listen when he met some fellow home-
built aircraft afi cionados who were talking about 
linking their various onboard electronics with CAN 
bus, a standard common among mechanics for 
wirelessly linking microcontrollers and devices 
within a vehicle.

As a self-described “car hacker” and principal 
security consultant for cybersecurity fi rm Rapid7, 
Kiley knew that the Controller Area Network bus 
required no authentication, meaning anyone with 
physical access could take control of the steering 
wheel or brakes. He wondered if CAN bus would 
make planes similarly vulnerable to cyberattack.

To fi nd out, Rapid7 bought avionics from two 
vendors Kiley declines to name and he quickly 
discovered he could cause all sorts of trouble. He 
introduced commands to turn off the autopilot. He 
changed engine telemetry readouts.

Rapid7 and Kiley spent more than a year dis-
cussing his fi ndings with an avionics vendor, FAA, 
the Department of Homeland Security, and the 
Aviation Information Sharing and Analysis Center, 
or A-ISAC, the international membership organi-
zation based in Maryland. He also presented his 
work in 2019 at Defcon, the convention in Las Vegas 
that typically attracts 20,000 hackers of all stripes.

If the word “hacker” makes you think of some-
body under a figurative black hat trying to steal 
intellectual property or hijack planes, that’s one 
kind of hacker, but that’s not who Kiley and others 
interviewed for this article are. They are paid cyber-
security researchers with boundless curiosity and 
a knack for fi nding fl aws in software or computer 
networks. Some could be called gray hats when their 
research isn’t authorized by the organizations they 
investigate. Others work primarily as ethical hack-
ers, called white-hat hackers, who are hired by an 
organization to look for vulnerabilities.

“The analogy I draw is to a car guy, somebody 
who knows everything about 1960s muscle cars, can 
take an engine apart in a weekend and put it back 
together with extra horsepower,” says Brad Haines, 
who’s known in the hacker community by his high 
school nickname RenderMan, after the Pixar ani-
mation software.

Leveraging hackers’ knowledge
For a long time, aviation companies and government
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agencies had little contact with hackers whose
scrutiny of networks was not invited. That’s begin-
ning to change.

“If we are going to secure this industry, we basi-
cally need the help and involvement of everybody,” 
says Remzi Seker, founder and former director of the 
Cybersecurity and Assured Systems Engineering 
Center at Embry-Riddle Aeronautical University in 
Florida. “If a group of hackers wants to help, then the 
industry needs to look into how we can leverage these 
people, their energy, their knowledge and their time.”

The aviation establishment is listening. The 
United Nations’ International Civil Aviation Orga-

nization encourages its member countries to “set
up appropriate mechanisms for cooperation with 
‘good faith’ security research.”

The Atlantic Council think tank in Washington, 
D.C., conducted a survey last year and found “strong 
agreement that good-faith researchers were a pos-
itive thing for the aviation industry.”

Still, it’s not an easy alliance. In the past, hackers 
felt like aviation companies and government agen-
cies kept them at arm’s length privately while pub-
licly dismissing their research. Aviation equipment 
manufacturers, meanwhile, complained hackers 
sometimes made exaggerated claims about their 

 The U.S. Air Force 

asked gray-hat hackers at 
2019’s Defcon to attack 
software on an F-15.

U.S. Air Force



ability to breach networks that undermined public
confi dence in aviation safety.

A little over a year ago, a group of security research-
ers, pilots and aerospace industry executives created 
a nonprofi t international organization to bridge that 
divide. They called it the Aviation Village since Defcon 
is split into villages where attendees delve into various 
topics, such as automotive cybersecurity. They later 
renamed their group the Aerospace Village to under-
score aviation’s growing reliance on satellites for 
communications and navigation.

The Aerospace Village is a virtual entity with 
no physical headquarters. In conference presen-
tations and private meetings, Aerospace Village 
speakers encourage collaboration and commu-
nication with hackers.

“We need to get past stereotypes of the sinister 
masked hacker or the guy living in his parents’ 
basement so we can fi nd problems and make fl ying 
more safe and secure,” says Steve Luczynski, a 
member of the village’s board of directors and a 

former U.S. Air Force fi ghter pilot. He is now chief
information security offi cer at T-Rex Solutions, an 
information technology company in Maryland. 

New vulnerability
Airplanes were once cut off from ground-based
computer networks after takeoff, meaning someone 
needed physical access to interfere with avionics. 
Now, airplanes share data in fl ight with multiple 
ground networks to get a head start on maintenance 
needs, offer passenger entertainment and announce 
their locations.

“An aircraft is pretty much a computer that 
happens to have wings, two engines and people in 
the front flying it,” says Pete Cooper, Aerospace 
Village director and a former British Royal Air Force 
jet pilot who advised the United Kingdom’s Ministry 
of Defense on cybersecurity. “When I’m talking to 
airlines, I’m trying to get across the message that 
their aircraft are as much a part of their enterprise 
architecture as their offi ces.”

 Cybersecurity 

researchers test an 
Airbus passenger 
jet simulator in San 
Francisco at Aerospace 
Village's RSA conference 
booth.

Debra Werner
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Hackers notice the similarity and see planes “as
connected devices,” says Haines, aka RenderMan.

Haines attracted attention in the aviation world 
when he gave a talk in 2012 at Defcon about spoof-
ing the outgoing position and identity signals from 
the FAA-required Automatic Dependence Surveil-
lance-Broadcast transponders on aircraft to give the 
appearance of more planes fl ying in an area.

“Hackers are passionate about the craft,” Haines 
says. “When people say a system is secure and pro-
tected, if I can fi nd a way to defeat it, I’ve literally done 
the impossible. That’s kind of cool, and if I can fi gure 
out how to defeat it, maybe somebody else can, too.”

Haines says he wanted to share his research with 
aviation companies because he flies a lot and “a 
certain amount of self-preservation was involved” 
but he “couldn’t fi gure out how to report it to anyone, 
so I dropped a bombshell.”

Chris Roberts, who was escorted by FBI agents 
off a United Airlines fl ight in Syracuse, New York, in 
2015 after tweeting about hacking the plane, tells a 
similar story. Roberts spent years gathering fl ight 
manuals, studying wiring diagrams and testing 
components in his home laboratory to discover 
vulnerabilities in airplane networks. He says he found 
troubling links between the in-fl ight entertainment 
system on Airbus and Boeing planes and other 
onboard networks, including fl ight controls. He says 
no one took his warnings seriously until his 2015 
tweet suggesting he could access the plane’s Engine 
Indicating and Crew Alerting System and release 
passenger oxygen masks.

“Companies would rather spend money on 
lawyers and public relations to deny the issue rath-

er than bringing in an outsider to help fi x a problem,” 
Roberts says.

Now, the Aerospace Village, Airbus, Boeing and 
A-ISAC are inviting hackers to share their fi ndings. 

At Defcon in 2019, the U.S. Air Force invited 
hackers at the Aviation Village to break into an F-15 
fi ghter jet’s Trusted Aircraft Information Download 
Station, a device that collects video and sensor data. 
At 2020’s Defcon, which will be online due to the 
covid-19 pandemic, the Aerospace Village will host 
Hack-a-Sat, a contest to see who can identify secu-
rity fl aws in an Air Force satellite.

Airbus and Boeing invite researchers to email 
encrypted summaries of their fi ndings. On its web-
site, Airbus asks researchers to email “a brief de-
scription of the issue identifi ed, including what was 
attempted and the result” to vuln@airbus.com. “If 
you are able to provide additional information re-
garding the affected Airbus product, service or of-
fering, it will also be benefi cial for our investigation.”

At Boeing, email sent to Vulnerability.Disclosure@
Boeing.com “gets routed to my organization,” says 
John Craig, Boeing Commercial Airplanes chief 
engineer for aviation networks and security and 
A-ISAC board chairman. “These third-party research-
ers are trying to understand how aviation works. We 
came to the realization that it is in our best interest 
to reach out to these folks and see how we can get a 
responsible interaction on aviation security issues.”

In addition, the A-ISAC helps security research-
ers make contact with companies to ensure respon-
sible disclosure, meaning researchers share infor-
mation with industry chief information security 
offi cers and give companies time to patch software 
or otherwise shore up network vulnerabilities before 
making the information public, says Jeffrey Troy, 
A-ISAC president and CEO.

Giving hackers credit
How and when hackers publish their research is
often a sticking point in discussions with companies 
or government agencies.

Kiley, the CAN bus researcher, spent months 
seeking approval to publish his fi ndings.

“After many, many back-and-forth conversations 
with the FAA, the A-ISAC, DHS and one of the vendors, 
we did the release of the report,” Kiley said at the RSA 
cybersecurity conference in San Francisco in February. 
“We delayed long enough to make sure that all the 
industry partners, the airlines, the airframers and 
everyone involved was aware of this issue.”

Aviation experts say those delays are essential 
because aircraft take a long time to fi x. Any potential 
fi x has to be certifi ed by government agencies to 
ensure the aircraft remain safe to fl y, said Ken Mun-
ro, partner and founder of Pen Test Partners of 
Buckingham, England, at the RSA conference.

“Hackers are passionate 
about the craft. When people 
say a system is secure and 
protected, if I can find a way 
to defeat it, I’ve literally done 
the impossible. That’s kind 
of cool, and if I can figure 
out how to defeat it, maybe 
somebody else can, too.”

— Brad Haines, aka RenderMan
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In the hacking community, the lines between
hackers who specialize in accessing computer net-
works without authorization and penetration testers 
are often blurred. In reality, there are quite a few gray 
hats, people who do both, or start out as black hats 
before earning a living as white hats. Haines’ Linked-
In profi le, for example, says, “Hacker by birth, secu-
rity professional by trade.”

“Many companies are approached routinely by 
gray-hat hackers who found vulnerabilities in sys-
tems,” says Lisa Sotto, a New York attorney who 

chairs the Global Privacy and Cybersecurity practice 
at law fi rm Hunton Andrews Kurth LLP. “They expect 
direct payment for information, or they ask to be 
retained by the company for their expertise.”

If companies can’t afford to pay hackers for their 
work, they simply offer kudos or acknowledge their 
efforts. In those cases, according to RenderMan, 
hackers still come forward, “because notoriety is 
our bread and butter, very much like publishing for 
a scientist.” 

All of this raises the question of legality. Isn’t tres-
passing in a private or government network illegal?

It is illegal if hackers are intentionally intercept-
ing electronic communications but not if they stop 
right before they cross the line. It’s like saying, “I see 
that there’s no lock, I see that the door is ajar, but 
I’m not walking in,” Sotto says.

The type of research the Aerospace Village pro-
motes is far removed from day-to-day operations of 
airlines and airport networks. Instead the Aerospace 
Village is encouraging researchers to buy aviation 
equipment and test it in laboratories.

“We would like to see researchers and manufac-
turers partnering together to leverage the expertise 
each brings and advance aviation cybersecurity to 
protect passengers,” says Cooper, the Aerospace 
Village director who runs Pavisade, a cybersecurity 
consulting fi rm in London. “It is fantastic that we are 
gradually starting to see this happen, but it’s defi -
nitely a journey, as manufacturers see the benefi ts 
of working with the research community and re-
searchers start to engage and build trust.” 

“If a group of hackers wants 
to help, then the industry 
needs to look into how we 
can leverage these people, 
their energy, their knowledge 
and their time.”

 — Remzi Seker, Embry-Riddle Aeronautical University

 Patrick Kiley, 

a consultant for 
cybersecurity fi rm 
Rapid7, tells an audience 
at the 2020 RSA 
cybersecurity conference 
in San Francisco 
about vulnerabilities in 
CAN bus, a standard 
for wirelessly linking 
avionics.

Debra Werner
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MISSILE GAP
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The U.S. believes it has made a breakthrough toward closing the gap in 
hypersonic missile technology it perceives between itself and China and 
Russia. Some independent observers, however, question whether those 
countries have, in fact, progressed quite as far as U.S. planners contend. 
Keith Button spoke to Pentagon offi cials and independent missile watchers.
BY KEITH BUTTON   |   buttonkeith@gmail.com

The fl owfi eld around a notional NASA hypersonic 

glide vehicle designed in 1968 was computed by 
Corvid Technologies of North Carolina using its 
RavenCFD fl ow solver. A slice through the fl owfi eld 
shows the mesh on which the simulation was 
computed, generated with meshing software from 
Pointwise Inc. of Texas. The colors indicate the 
fl ow’s Mach number (red is low, purple is high) in 
this visualization made in the FieldView software.
 

 Corvid Technologies and Pointwise



T
he visual evidence is slight: a photo
and a fi ve-second video of a white 
rocket blasting off into the pitch-
black night from a Kauai, Hawaii, 
launch pad. The U.S. Department 
of Defense’s description of the March 
fl ight test is similarly lacking in de-
tail: That the missile launched and 
fl ew at a velocity of more than fi ve 

times the speed of sound to a designated impact 
point. That’s it.

But this flight was an important milestone, 
according to the Pentagon. After fi ve decades of 

sporadic research, the hypersonic spending push
begun by the Trump administration two years ago 
has at last nudged a maneuverable hypersonic 
missile program over the threshold into weapons 
prototype development.

Perhaps the U.S. isn’t hopelessly behind China 
and Russia on maneuverable hypersonics, if indeed 
it is signifi cantly behind at all.

The public record tells a murky tale on this 
question of a missile gap. China and Russia both 
claim to have already fi elded maneuverable hy-
personic weapons like the missile the U.S. tested 
in March — missiles that are boosted to hyperson-

 A Common Hypersonic 
Glide Body was launched 
from the U.S. Navy’s 
Pacifi c Missile Range 
Facility on the island of 
Kauai, Hawaii, in March. 

U.S. Navy 
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China and Russia’s true maneuverable hyperson-
ic weapon capabilities.

What no one disputes is that the U.S. does not 
have hypersonic boost-glide missiles fi elded.

That’s a big deal, because boost-glide or other 
maneuverable hypersonic missiles could arguably 
render aircraft, other missiles, naval forces and 
other traditional military weapons obsolete. 

“It’s not about the speed,” says Thomas Karako, 
director of the Missile Defense Project at the Center 
for Strategic and International Studies, or CSIS, in 
Washington, D.C. While Mach 5 is fast and the start 
of the hypersonic regime, “it is the trajectory, rather, 
that circumvents our early warning systems or 
ability to track it,” he says. 

The speed difference
Boost-glide missiles would be slower than intercon-
tinental ballistic missiles, which, in a nuclear war, 
must accelerate out of silos or submarines or mobile 
land-based launchers to reach the fringes of space. 
There, they would release multiple cone-shaped 
warheads to fall toward their targets at Mach 20 to 
Mach 25. As frightening as they are due to their nu-
clear payloads, the trajectories of these warheads can 
be predicted from a missile’s early fl ight. A maneuver-
able boost-glide missile would fl y a similar path toward 
suborbital space, but after that its fl ight path would 
be unpredictable to an air defense system trying to 
shoot it down. It would glide toward its target with its 
momentum and could be maneuvered to hug the 
terrain like a conventional cruise missile does to avoid 
radar detection. The difference is that it would streak 
toward its target about 10 times faster.

The U.S. is aiming to fi eld conventionally armed 
boost-glide hypersonic missiles by 2025, says Mike 
White, who is in charge of hypersonics in Griffi n’s 
offi ce.  The missile fl own from Hawaii in March was 
a concept called the Common Hypersonic Glide 
Body, which is closer to fruition than the decadeslong 
U.S. research on air-breathing hypersonic missiles 
that would maneuver to their targets while under 
continuous propulsion. The U.S. Army and Navy will 
each take the common body design as the base to 
develop its own hypersonic missiles: a truck-launched 
Long-Range Hypersonic Weapon for the Army, with 
a range of 2,250 kilometers, and a submarine-launched 
missile called Intermediate Range Conventional 
Prompt Strike for the Navy, which plans to build 
prototypes for fl ight tests through 2024.

Separately, the U.S. Air Force is developing a hy-
personic boost-glide missile not related to the Common 
Hypersonic Glide Body called the Air-Launched 
Rapid Response Weapon, which would have a range 
of 925 km. The Air Force is targeting 2022 for deploy-
ing the missile, but so far its only fl ight test has been 
while attached to a B-52, which was in June 2019.

ic speeds by rockets and then hypersonically glide 
to their targets. Shortly before the March test, 
Michael Griffi n, the under secretary of defense for 
research and engineering, referred to “rocket 
boosted hypersonic glide” weapons in an address 
at the Ronald Reagan Building in Washington, D.C., 
and he said China and Russia are accumulating 
“these things by the hundreds and thousands.” His 
office later amended his comments, saying his 
numbers were meant to include “high-speed con-
ventional weapons, maneuverable or otherwise, 
that are fi elded, in development, or planned.” And 
some independent analysts are skeptical about 
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Big power competitors
PROGRAM SPONSOR(S)

Air-launched Rapid Response Weapon (ARRW) 
A maneuverable hypersonic missile based on DARPA’s Tactical Boost Glide design.
Sources: Congressional Research Service; Center for Strategic and International Studies

United States (U.S. Air Force) 

Avangard 
A 5.4-meter-long maneuverable hypersonic boost-glide weapon under development since the mid-
1980s. Once boosted to more than Mach 20 by a ballistic missile, Avangard detaches and glides to a 
range of at least 6,000 kilometers. 
Sources: Center for Strategic and International Studies; Nuclear Threat Initiative

Russia (Strategic Missile Forces)

DF-17 
Truck-mounted hypersonic boost-glide missile; 11 meters long with a range of 1,800 to 2,500 
kilometers. 
Source: Center for Strategic and International Studies

China (People’s Liberation Army)

Common Hypersonic Glide Body 
A hypersonic boost-glide design that the Army will turn into the Long-Range Hypersonic Weapon and 
the Navy will turn into the Intermediate Range Conventional Prompt Strike missile.
Source: U.S. Department of Defense

United States (U.S. Navy and U.S. Army)

Hypersonic Air-breathing Weapon Concept 
A hydrocarbon-fueled, supersonic combustion ramjet (air-breathing) hypersonic missile that could be 
launched from an aircraft.
Sources: DARPA; Aerospace America reporting

United States (DARPA-U.S. Air Force)

Hypersonic Conventional Strike Weapon
A hypersonic boost-glide missile, although the program has been canceled.
Sources: Center for Strategic and International Studies, Aerospace America reporting

United States (U.S. Air Force)

Intermediate Range Conventional Prompt Strike Missile
This conventional (non-nuclear), submarine-launched hypersonic boost-glide missile would attack 
high-value or fl eeting targets and would be developed from the Common Hypersonic Glide Body.
Sources: Congressional Research Service; Center for Strategic and International Studies

United States (U.S. Navy)

Long-Range Hypersonic Weapon 
This conventional truck-launched hypersonic missile would be developed from the Common 
Hypersonic Glide Body. 
Sources: Dynetics, Lockheed Martin, Center for Strategic and International Studies

United States (U.S. Army)

Starry Sky-2
A ground-launched, rocket-boosted, delta-shaped hypersonic glide plane. 
Source: Nuclear Threat Initiative

China (People’s Liberation Army)

Tactical Boost Glide  
The missile is a precursor to the Air Force’s Air-launched Rapid Response Weapon, which will carry 
the Tactical Boost Glide re-entry vehicle and potentially other missiles. 
Sources: Congressional Research Service; Raytheon; U.S. Department of Defense

United States (DARPA-U.S. Air Force)

Tsirkon
An 8- to 11-meter-long hyspersonic missile to be launched from a ship or submarine. It would reach 
Mach 9 and travel 1,000 kilometers. It has two stages: a solid-fuel rocket booster and a scramjet 
powered, air-breathing engine.
Source: Nuclear Threat Initiative

Russia (Russian Navy)
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WHAT’S AHEAD STATUS

Deployment scheduled for 2022. The Air Force and contractor Lockheed Martin performed a “captive flight test” 
of the missile in June 2019 with it attached to a B-52 in flight.

No information available. In December 2019, Russia said the Avangard had “assumed combat duty,” 
according to Tass news agency. Since 1990, 14 flight tests have been reported. 
Analysts, including one for a U.N. agency, consider only a few of those to be 
successful, such as one in December 2018 atop an intercontinental ballistic 
missile. No images of the weapon have been released.

No information available. Displayed for the fi rst time to the public in a military parade in October 2019. 
Western analysts are unsure whether the missile is in service.

Navy developing new booster. Pentagon conducted a second flight test in March 2020. Dynetics Technical 
Solutions of Alabama is lead contractor for the team with General Atomics 
Electromagnetic Systems of San Diego, Lockheed Martin and Raytheon to build 
a new version of the glide body for tests and fielded prototype.

Prototype scheduled for mid-2020s. HAWC test flights were planned for 2020; coronavirus shutdowns have delayed 
those plans.

Some researchers hope to get back to this canceled project. The U.S. Air Force budget request for 2021 canceled the program. Air Force 
planes could carry twice as many ARRWs as Hypersonic Conventional Strike 
Weapons.

Deployment scheduled for 2028. To be fielded on U.S. Navy Virginia-class submarines. Lockheed Martin was 
awarded an $846 million contract as the prime contractor to design, develop 
and build.

Prototype missile with experimental batteries to be fielded in 
2023.

Received first funding in 2020 to develop a prototype missile and experimental 
batteries. In August 2019, the Army awarded a $347 million contract to 
Lockheed Martin as the prime contractor to design the weapon system 
integrator.

No information available. The plane reached Mach 6 in an August 2018 test and completed “extreme 
maneuvers” and landed intact, according to a review of Chinese-state-
sponsored media accounts by the Nuclear Threat Initiative.

No information available. In 2019, DARPA awarded Raytheon Missiles and Defense a $63 million contract 
to develop the Tactical Boost Glide, and the two parties completed baseline 
design review of the missile.

Deployment is scheduled for 2025. Test launched from a ship in January 2020; hit a target at 500 kilometers.

Hypersonic missile projects of China, Russia and the United States. Chinese and Russian 
weapons would be conventionally or nuclear armed. U.S. weapons would be conventional.
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If the U.S. is behind in the arms race for boost-
glide or other maneuverable hypersonic missiles, 
some experts don’t believe the gap to be extreme.

 
Hypersonics guidance is “tricky”
Russian Defense Minister Sergei Shoigu reported last
December that its Avangard boost-glide design was 
operational: a 5.4-meter-long hypersonic weapon 
boosted by a ballistic missile to a range of 6,000 km, 
and capable of carrying either a conventional or 
nuclear warhead. The weapon “heads to target like 
a meteorite, like a fi reball,” President Vladimir Putin 
said of Avangard in 2018.

But the Avangard’s testing history is less impres-
sive, according to the Nuclear Threat Initiative, a 
Washington, D.C.-based nonpartisan nonprofit 
focused on preventing global catastrophes. 

Only three of the Avangard’s 14 fl ight tests that 
were reported since 1990 were considered success-

ful, the group says, citing Pavel Podvig, senior re-
searcher for the United Nations Institute for Disar-
mament Research.

China publicly displayed its DF-17 boost-glide 
missile for the fi rst time in a military parade last 
October. The truck-mounted missile is 11 meters 
long with a range of up to 2,500 km, capable of 
carrying either non-nuclear or nuclear warheads, 
according to the CSIS website. CSIS says the service 
readiness of the missile is unclear. 

The decision by China and Russia to note the 
potential of their weapons to carry nuclear explosives 
caught the eye of analysts.

That could be interpreted as a sign that neither 
country’s weapon is as accurate as what would 
be required to destroy a target with a convention-
al warhead with a much smaller blast radius, says 
Jill Hruby, former director of Sandia National 
Laboratories and a consultant for the Nuclear 

 A U.S. hypersonic 

Air-launched Rapid 
Response Weapon, or 
ARRW, was carried on 
the wing of a B-52 in 
2019 to measure its drag 
and vibration eff ects. 
The weapon carried 
sensors in place of 
explosives and was not 
released.

U.S. Air Force/Christopher Okula 
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hit targets,” he says. “There’s a number of steps
between those two things.”

China does have a considerable research advan-
tage in hypersonics, based on publicly available 
academic peer-reviewed articles, says Boyd, who 
has tracked the hypersonics research figures by 
country since 2005. Over the last fi ve years, Chinese 
researchers have published 1,334 such articles, 
compared to 418 for American researchers and 133 
for Russian researchers.

In recent years, Chinese researchers have pub-
lished hundreds of papers on guidance, navigation 
and control of hypersonic vehicles, which seems to 
show that their understanding of hypersonic fl ight 
has grown advanced, while the U.S. has published 
very little on these topics. “It’s kind of an indication 
that they’re starting to think: ‘OK; we can now fl y a 
hypersonic vehicle. We can now build and design a 
hypersonic vehicle. What are we actually going to 
do with it?’” Boyd says. “It’s an indication that they’re 
clearly in that part of the development cycle where 
they’re really thinking hard about what can they 
actually do with this technology.”

China has also poured money into hypersonic 
wind tunnels over the last 15 years, building 30 to 
40 new hypersonic test facilities, compared to fi ve 
or six in the U.S., Boyd adds.

But academic research can take 10 or even 15 years 
to translate into fi elded fl ight technology, according 
to Boyd, and he’s not convinced that the U.S. is nec-
essarily behind China or Russia in hypersonics. “Some-
one’s going to declare victory and have the fi rst hy-
personic thing fielded, but it will be limited in 
capability. That doesn’t mean that that country has 
won, so to speak, the hypersonic race,” he says.

The U.S. plan to close the presumed hyperson-
ics gap starts with pouring money into research and 
development. Hypersonics spending is diffi cult to 
track, because the funding is contained in multiple 
locations of the defense budget, but an analysis by 
the CSIS Missile Defense Project shows that after 

“ We’ve bumped up against that transition 
gap or glass ceiling for getting over the 
hump to building real systems. I think 
we’re over that hump.” 

— Mike White, U.S. Department of Defense

Threat Initiative.
“Hypersonics guidance is tricky, to be sure. So 

if they haven’t perfected their guidance system and 
it’s not very accurate, they would be more tempt-
ed to deploy a nuclear system if they want a deter-
rent; if they really want a war-fi ghting capability,” 
Hruby says. China’s DF-17 seems to be a more 
legitimate concern for the U.S. than Russia’s Avan-
gard based on the number of its fl ight tests — at 
least nine since 2014, of which only one was deemed 
a failure, she says.

Iain Boyd, who tracks hypersonics research as a 
professor and national security faculty director at 
the University of Colorado Boulder, is also skeptical 
of the capabilities of China’s and Russia’s maneu-
verable hypersonic missile arsenals. “There’s a big 
difference between having the kind of test fl ights 
that have been documented with China and Russia 
and having the capability to predictably launch and 
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spending $100 million in fi scal 2016,  $200 million
in 2017 and $700 million in 2018, the Pentagon spent  
$1.3 billion in fi scal 2019 and will spend nearly $2 
billion in 2020. This would be followed annually by 
requests for $2.4 billion, $2 billion, $1.9 billion, $1.4 
billion and $1.4 billion.

Developing hypersonics workforce
Included in that plan is a doubling of the funding
for hypersonics research at U.S. universities, estab-
lishing a university consortium with the Department 
of Defense to encourage more applied research. 
Besides advancing university research more quick-
ly into working hypersonic vehicles, the increased 
university funding would help develop the future 
workforce for hypersonics fields, Boyd says. The 
hypersonics workforce is another perceived gap 
between the U.S. and China, correlated to the num-
bers of university students working on the published 
academic research. “If the U.S. is really going to build 
a lot of these things, then the Lockheeds and the 
Raytheons need thousands of engineers to work on 
hypersonics,” he says.

The U.S. will spend $14 billion over the next 
several years to build and demonstrate its various 
hypersonic weapon prototypes, says White, the 
hypersonics chief. The U.S. is planning at least 40 
fl ight tests of hypersonic missiles in the next sev-
eral years, including several more in 2020, White 
says. He declined to provide any details about the 
planned tests.

This comes after years of only research-and-
development-level fl ight tests, following testing in 
the 1960s of the crewed, rocket-powered X-15 hy-

personic aircraft, which logged 199 fl ights. With the 
March test of the Common Hypersonic Glide Body, 
the U.S. is no longer stuck in a research-and-devel-
opment mode with hypersonics, White says. For 
years, “we’ve bumped up against that transition gap 
or glass ceiling for getting over the hump to building 
real systems,” he says. “I think we’re over that hump.” 
Another area where the U.S. could be poised to ad-
vance in the hypersonics race is with air-breathing. 
As for air-breathers, no country has fi elded those yet, 
and the U.S. wants to advance here too. Air-breath-
ers, powered by scramjet engines, could be smaller, 
lighter and more maneuverable than boost-glide 
missiles because they wouldn’t have to carry solid 
fuel for rocket engines. “They fi t on fi ghters and they 
fi t on bombers in numbers, so you might fi t eight 
times more cruise missiles on a B-52 than you would 
fit on the boost-glide systems,” White says. He is 
aiming to have an air-breathing prototype fl ight by 
the mid-2020s. 

Ultimately, new hypersonic missiles will add 
an incremental capability to the existing arsenals 
of ballistic and cruise missiles, which already have 
similar capabilities to the new hypersonic missiles 
for avoiding detection and swiftly hitting distant 
targets, says Karako of CSIS. But that increment 
can be significant.

New hypersonic missiles are “neither all hype 
— it’s not meaningless — nor is it completely new 
and different,” he says. His analogy: A new tank that 
has only a slightly longer artillery range than an old 
tank still has a considerable advantage. “If I’m fi ght-
ing tank to tank, that extra range means all the dif-
ference in the world.” 

 A conceptual 

hypersonic glide body. 

Dynetics
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The safety side
of visualization
The digital visualization revolution unfolding in general 
aviation is already showing safety dividends. For this trend 
to continue, the right training and proper mindset will be 
required. Jan Tegler explains.
BY JAN TEGLER   |   wingsorb@aol.com
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R
aymond Wagner, chief pilot for Take
Flight Aviation in rural New York, was 
approaching Orange County Airport 
with a student pilot at the controls 
when he noticed the student ignor-
ing the localizer needle on the in-

strument panel in favor of a nearby display showing 
a virtual rendering of the world outside his cockpit.

Wagner, of course, would not let matters become 
dangerous, but the student’s total focus on the syn-
thetic vision system, or SVS, was worrisome, because 
the localizer needle helps a pilot line up with a runway, 
such as the one they were headed for in their Diamond 
DA40. Synthetic vision systems provide valuable 
awareness about terrain, weather and air traffi c, but 
they do not tell a pilot everything he needs to know 
to land safely. Over reliance on SVS could lead to a 
missed approach or, in theory, to a deadly accident.   

In fact, the tendency of students to fi xate on their 
SVS display is so common that Wagner and fellow 
instructor Merle Minks turn off the display on initial 
instrument training fl ights to force students to use 
the localizer needle.

Those in the avionics and training industries 
have fi rm ideas for how to deal with those risks and 
ensure that the technology continues to improve 
safety among general aviation pilots.

The SVS technology, and the weather-piercing 
enhanced vision systems, or EVS, that are starting to 
join them on some aircraft, received a boost from FAA 
a little over a decade ago. The agency began sponsor-
ing research on the technology at MITRE Corp.’s 
Aviation Integration Demonstration and Experimen-
tation for Aeronautics Laboratory. The main goal was 
to see how the technology could support the agency’s 
equivalent visual operations initiative, the aim being 
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A pilot approaching a 

runway would see the 
view on the left when 
looking out the cockpit 
with his naked eyes. At 
right is what he would 
see in the head-up 
display of the Collins 
Aerospace combined 
vision system.

Collins Aerospace
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Airline pilots rely on EVS
As for EVS, airline pilots are the primary users of the
technology. Video cameras on a plane’s nose or wing 
are tuned to detect invisible thermal radiation and 
project scenes of terrain and obstacles in green shad-
ing on a glass panel known as a combiner positioned 
in front of the windscreen. In some versions, millime-
ter-wave radars integrated with the cameras pierce 
fog, smog and clouds. Trained to fl y on instruments, 
professional pilots rely especially on EVS with its 
head-up display to help them take off, land and nav-
igate in all kinds of weather conditions, day or night. 

Pilots with proper training and FAA authorization 
can land Gulfstream business jets equipped with 
the company’s enhanced vision fl ight system “with 
sole reference to the EVS image versus natural vision,” 
says Jeff Hausmann, Gulfstream Aerospace Corp.’s 
director of advanced fl ight decks. 

Even when a pilot can’t see a runway with his 
eyes, he can look through an EVS to see an image of 
the runway with the fl ight symbology overlaid on it. 
This view can guide the pilot almost to touchdown. 
The fi nal touchdown and the subsequent rollout or 
slowing would most likely be performed by the pilot 
with his or her own eyes, because FAA regulations 
for EVS require 305 meters of runway visual range 
— the distance over which a pilot can see markings 
delineating the runway. 

Collins Aerospace’s marketing manager for head-
up vision systems, Grant Blythe, says airlines are 
choosing EVS for new jets they’re adding to their 
fl eets. The company’s EVS is available for Boeing’s 
737 NG and MAX models. Blythe adds that the 
company is seeing particular interest for its EVS 
among Asian airlines.

“In Beijing or Dehli there’s ever-present smog,” 
Blythe says. “It causes a lot of problems for airplanes 
there, and the EVS technology is magical for seeing 
through that and solving their issues.”

Collins also is supplying SVS and EVS as part of 
a tailored avionics package for the Lockheed Martin 
X-59 experimental supersonic plane that is the focus 
of NASA’s Low Boom Flight Demonstration program 
aimed at quieting supersonic aircraft. Designed 
without cockpit windows to help minimize noise-pro-
ducing shockwaves at supersonic speed, the X-59’s 
lack of natural forward vision means pilots will be 
totally reliant on SVS and EVS. Collins’ EVS will be 
displayed on a screen in the X-59’s instrument pan-
el rather than a head-up display. 

Blythe says the systems will enable X-59 pilots 
to land in “nearly all conditions.” 

Training GA pilots
For general aviation pilots, practice and self-discipline
may be the key to staying on the right side of the 
risk-benefi t equation, industry offi cials say.

to safely narrow the separation among aircraft during 
instrument-only fl ying so it is equivalent to the sep-
aration when visibility is good.

FAA has only partially achieved equivalent visu-
al operations, but as it turns out, SVS and EVS are 
doing more than empowering air traffi c controllers 
to safely pack aircraft closer together in the sky. 
“There’s a greater good,” says Brian Ast, who leads 
human factors engineering from Garmin’s company 
headquarters in Kansas.

  
Reducing terrain accidents
One benefi t in general aviation has been a reduction
in cases of CFIT, or controlled fl ight into terrain, 
when a pilot does not realize his aircraft’s dangerous 
course until the last moment, if ever. Particularly 
vulnerable to CFIT are pilots who are rated to fl y 
only in good visibility under visual fl ight rules as 
opposed to those rated to fl y in poor visibility under 
instrument-fl ight rules. “Let’s say a VFR pilot inad-
vertently fl ies into clouds. The pilot can use an SVS 
to safely turn around and fl y out of the clouds. And 
maybe he decides to make a 180-degree turn to the 
right instead of the left because with the SVS you 
can see a representation of mountainous terrain or 
an obstacle over there,” says Ast.

Jens Hennig of the General Aviation Manufactur-
ers Association in Washington, D.C., says the history 
of SVS is starting to prove the benefi t. “If you look at 
when installed avionics and tablets with fl ight infor-
mation like SVS fi rst started to become available in 
general aviation around 2006, you’ll see that this is 
when we fi nally started seeing certain fatal accident 
categories such as CFIT start declining.” 

Specifically, the rate of fatal general aviation 
accidents per 100,000 fl ight hours fell to 0.05 in 2016, 
down from 0.12 in 2008, according to an analysis 
released by the General Aviation Joint Steering 
Committee, an industry-government group found-
ed in 1997 under FAA’s Safer Skies Initiative.

“That’s a decline of CFIT accidents by more than 
half in eight years, a good decrease,” says Hennig.

Advocates of SVS are anxious to learn from the 
National Transportation Safety Board whether the 
technology was aboard the Sikorsky S-76B helicop-
ter that crashed near Calabasas, California, in 
January, killing Kobe Bryant and eight others.

“You wonder if they had better terrain awareness 
in that aircraft, would that have been helpful?” says 
author and pilot Tom Haines of the Aircraft Owners 
and Pilots Association.

If Bryant’s pilot did not have SVS aboard it would 
not be surprising. Synthetic vision is not yet wide-
ly installed in helicopters, although it is common 
in business jets, turboprops and fi xed-wing gener-
al aviation aircraft and is coming soon to commer-
cial airliners.

 NASA’s planned X-59 

supersonic aircraft, 
shown in an illustration, 
should produce no more 
than a sonic thump in 
part because of a nose 
design that eliminates 
cockpit windows. 
The pilot will rely on 
synthetic and enhanced 
views displayed on the 
instrument panel.  

Lockheed Martin
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“The new and novel is always 

a mind-grab. It’s almost 

overwhelming when you look at 

a display and see through clouds, 

but as you learn it and become 

accustomed to it, you use it more 

and more eff ectively.”

— Ric Peri, Aircraft Electronics Association

and become accustomed to it, you use it more and
more effectively.”

Peri reasons that there is “a balance to strike” in 
adopting vision systems. “Do I need one if I’m a 
pilot fl ying a Cessna 182 around the patch? Probably 
not, but if I’m going cross-country or fl ying in con-
gested airspace it really helps.” 

When a pilot does decide to install SVS or buy 
an aircraft with the technology on it, he must be 
judicious about how much reliance he places on it. 
“They can suck you right in,” says Haines. “I’ve been 
mesmerized and see it all the time in other pilots 
who are continuing to focus on the displays even on 
nice days when you can see well outside.”

Haines suspects that the fl ight training he received 
decades ago in aircraft equipped only with analog 
instruments reminds him to look outside of his 
aircraft more often than younger pilots might. He 
understands the temptations when he flies his 
modern Beech A36 Bonanza.

“I’ve got synthetic vision with a fl ight path mark-
er,” says Haines. “When you’re fl ying an IFR approach, 
it’s almost like cheating. You basically put the green 
fl ight path marker on the end of the runway and fl y 
to it. You’ve got to pay attention to altitude, but it is 
very helpful to those of us who fl y for transportation 
and have the need to get places.”

According to Niehaus, for VFR and instrument-rat-
ed pilots there’s a fi ne line between teaching them 
to take advantage of the benefi ts of vision systems 
and having them become overconfi dent because of 
what they have. 

“A good instructor will say that just because you 
see the terrain or a thunderstorm on your screen 
doesn’t mean you have all the information you need. 
Look outside, make sure you understand what’s in 
front of you.”

Blythe says that vision systems “are so intuitive 
for the way the brain processes images” that they 

Flight instructors will play a large role and right 
now many “have a lot of homework to do” to gain 
enough knowledge to teach student and experienced 
pilots about the capabilities of vision systems and 
avionics, says John Niehaus a certifi ed fl ight instruc-
tor, Learjet charter pilot and director of program 
development for the National Association of Flight 
Instructors. “You almost need to create an addition-
al course to fully understand the capabilities.”

Niehaus notes that synthetic vision systems are 
part of avionics packages on many of the planes in 
which instructors teach. Two- and four-passenger 
private planes including Diamond Aircraft’s DA 40 
and Cessna’s classic 172 can be purchased from the 
factory with the technology. 

Ric Peri, the Aircraft Electronics Association’s 
expert on government and industry affairs, says the 
avionics industry is aware that there may be a need 
for more training. 

“The new and novel is always a mind-grab,” Peri 
says. “It’s almost overwhelming when you look at a 
display and see through clouds, but as you learn it 



46    |   JUNE 2020    |    aerospaceamerica.aiaa.org

can return pilots’ situational awareness with a
glance if they get disoriented. The downside is that 
they “are so compelling” that pilots may rely on 
them too much.

Niehaus says students and experienced pilots 
transitioning into cockpits with SVS or EVS, which 
is becoming available for general aviation planes 
too, tend to “look at the fun new toys instead of 
looking outside.” He adds that he has seen pilots 
“staring at the blobs of bad weather on an SVS display 
when in reality they’re fl ying right into what they’re 
trying to avoid because they’re not looking outside.”

“Proper training is very important,” says Rog-
er Dykmann, who directs sales for BendixKing, 
an avionics maker for general aviation aircraft 
based in Albuquerque, New Mexico. “We encour-
age pilots to evaluate their panel requirements 
for their style of flying, make educated decisions 
about how to equip their aircraft and then prop-
erly train for that equipment.”

So far, aircraft and avionics manufacturers hav-
en’t incorporated cues in vision systems to remind 
general aviation pilots to keep their eyes out of the 
cockpit when possible. For now, says Ast, instilling 
the importance of visual engagement whenever 
possible should be done in training by “your fl ight 
instructor, safety pilot or whoever it may be trying 
to keep you safe.”  

But Ast thinks cues and “those types of improve-
ments will come” as the cost of the avionics go down. 
“That’s where the industry needs to be headed now,” 
he concludes.

For airline pilots, Collins Aerospace has developed 
a laptop-based virtual reality trainer to help them 
get comfortable with looking through EVS head-up 
displays to perform approaches, landings and take-
offs before they go through instruction on airlines’ 
full-motion simulators where training time is ex-
pensive and limited. The trainer’s software can also 
render high fi delity SVS images and could be adapt-
ed as an SVS training tool.

“Having the ability to practice procedures, to 
transition from a synthetic vision or enhanced 
vision image to natural vision is a real advantage,” 
Blythe says.

Hennig of the manufacturers group says syn-
thetic vision systems and someday maybe even 
enhanced vision systems are on their way to 
becoming a standard component of general avi-
ation avionics and that pilots will adapt to them 
as they have to new technology throughout avi-
ation history. 

“There’s data to show there’s always someone 
who uses technology incorrectly, but I also have data 
where you see the drop off of accidents if they use 
it properly,” he says. 

 The Symmetry Flight 

Deck in the Gulfstream 
G700 has dual head-up 
displays.

Gulfstream
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Calendar

DATE MEETING LOCATION ABSTRACT
DEADLINE

2020

15–19 Jun AIAA AVIATION Forum VIRTUAL EVENT 7 Nov 19

8–31 Jul Design of Electrifi ed Propulsion Aircraft Course Online (aiaa.org/events-learning/online-education)

9–10 Jul OpenFOAM® CFD Foundations Course Online (aiaa.org/events-learning/online-education)

16 Jul CANCELLED: 2020 AIAA Fellows Dinner Crystal City, VA

17 Jul CANCELLED: 2020 AIAA Aerospace Spotlight Awards Gala Washington, DC

5–28 Aug Introduction to Multiscale Modeling of Composite Structures and Materials Course Online (aiaa.org/events-learning/online-education)

9–13 Aug* 2020 AAS/AIAA Astrodynamics Specialist Conference South Lake Tahoe, CA 10 Apr 2020

15–22 Aug* POSTPONED TO 28 JAN–4 FEB 2021: 43rd Scientifi c Assembly of the Committee on 
Space Research and Associated Events    Sydney, Australia (cospar2020.org) 14 Feb 20

22–23 Aug 5th AIAA Propulsion Aerodynamics Workshop (PAW05) New Orleans, LA

22–23 Aug Design and Operations of Composite Overwrapped Pressure Vesselss (COPV) Course New Orleans, LA

22–23 Aug Fundamentals of Python Programming with NumPy for Aerospace Engineers Course New Orleans, LA

22–23 Aug Liquid Rocket Engines: Emerging Technologies in Liquid Propulsion Course New Orleans, LA

22–23 Aug Missile Propulsion Course New Orleans, LA

24–26 Aug AIAA Propulsion and Energy Forum New Orleans, LA 11 Feb 20

9 Sep–9 Oct Hypersonic Flight Vehicle Design and Performance Analysis Course Online (aiaa.org/events-learning/online-education)

15–19 JUNE 2020 

Virtual Event
The 2020 forum has gone virtual! 
Discover how we can transcend 
traditional collaborations to overcome 
current challenges, network and 
exchange ideas with attendees, and 
access nearly 1,000 on-demand technical 
presentations.

aiaa.org/aviation

AIAA AVIATION Forum

FEATURED EVENT
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For more information on meetings listed below, visit our website at 
aiaa.org/events or call 800.639.AIAA or 703.264.7500 (outside U.S.). 

   AIAA Continuing Education offerings

14–18 Sep* 32nd Congress of the International Council of the Aeronautical Sciences Shanghai, China (icas.org) 15 Jul 19

15 Sep–15 Oct Liquid Rocket Engines: Emerging Technologies in Liquid Propulsion Course Online (aiaa.org/events-learning/online-education)

24 Sep–12 Nov Design and Operation of Composite Overwrapped Pressure Vessels Course Online (aiaa.org/events-learning/online-education)

26–27 Sep* CEAS-ASC Workshop 2019 on “Advanced Materials for Aeroacoustics” Rome, Italy

11–15 Oct* 39th Digital Avionics Systems Conference (DASC) San Antonio, TX (https://2020.dasconline.org/)

12–14 Oct* 71st International Astronautical Congress (The CyberSpace Edition)  (iac2020.org)

29 Oct–1 Nov* 37th International Communications Satellite Systems Conference (ICSSC 2020) Okinawa, Japan (kaconf.org) 15 May 19

16–18 Nov ASCEND Powered by AIAA Las Vegas, NV (ascend.events) 31 Mar 20

25–26 Nov AIAA Region VII/Sydney Section Student Conference Sydney, NSW, Australia 6 Oct 20

2021

9–10 Jan 1st AIAA CFD Transition Modeling Prediction Workshop Nashville, TN

9–10 Jan 2nd AIAA Workshop for Multifi delity Modeling in Support of Design & Uncertainty Quantifi cation Nashville, TN

9–10 Jan 1st AIAA Stability and Control Prediction Workshop Nashville, TN

11–15 Jan AIAA SciTech Forum Nashville, TN 8 Jun 20

28 Jan–4 Feb* 43rd Scientifi c Assembly of the Committee on Space Research and Associated Events    Sydney, Australia (cospar2020.org) 14 Feb 20

31 Jan–4 Feb* 31st AAS/AIAA Space Flight Mechanics Meeting Charlotte, NC (http://space-fl ight.org)

6–13 Mar* 2021 IEEE Aerospace Conference Big Sky, MT (www.aeroconf.org)

12–14 Apr* 55th 3AF Conference on Applied Aerodynamics (AERO2020+1) Poitiers, France  (http://3af-aerodynamics2020.com)

20–22 Apr AIAA DEFENSE Forum Laurel, MD

5–7 May* 6th CEAS Conference on Guidance Navigation and Control (2021 EuroGNC) Berlin, Germany (https://eurognc2021.dglr.de)

31 May–2 Jun* 28th Saint Petersburg International Conference on Integrated Navigation Systems Saint Petersburg, Russia (elektropribor.spb.ru/en)

5–11 Jun AIAA AVIATION Forum Washington, DC

22–25 Jun* ICNPAA 2021: Mathematical Problems in Engineering, Aerospace and Sciences Prague, Czech Republic  (icnpaa.com)

9–11 Aug AIAA Propulsion and Energy Forum Denver, CO

25–29 Oct* 72nd International Astronautical Congress Dubai, UAE

15–17 Nov ASCEND Powered by AIAA Las Vegas, NV

*Meetings cosponsored by AIAA. Cosponsorship forms can be found at aiaa.org/Co-SponsorshipOpportunities.
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Nominations for
AIAA Directors Being 
Accepted Through
17 July 
 The AIAA Council of Directors
Nominating Committee (CNC) will 
compile a list of potential nominees 
for the open Director positions on 
the AIAA Council of Directors. This 
list will include nominees who will 
be selected to go to the next step of 
competency review and interview 
held by the nominating committee. 
The nominating committee will 
select specifi c candidates for the 
open Director positions who will be 
voted on by the AIAA membership. 
The fi nal slate of candidates will be 
publicized by December 2020 for the 
election that will be held January/
February 2021.

Nominations are being accepted 
for Regional Directors, Integration 
and Outreach Group Director, and 
Technical Group Directors for the 
term beginning May 2021–2024. AIAA 
members may nominate members 

Nominations for 
AIAA President-Elect 
Being Accepted 
Through 17 July 
The AIAA Executive Nominating Committee (ENC) will compile a list of potential 
nominees for the position of AIAA President-Elect. This list will include nominees 
who will be selected to go to the next step of competency review and interview held 
by the nominating committee. The ENC will select specifi c candidates for the posi-
tion who will be voted on by the AIAA membership. The fi nal slate of candidates will 
be publicized by December 2020 for the election that will be held January/February 
2021. AIAA members may nominate members qualifi ed for the open position by 
submitting a nomination no later than 1800 hrs EDT, 17 July 2020.

 To nominate an AIAA member in good standing for AIAA President-Elect, please 
submit the nominee’s bio and/or CV, history of AIAA activities and/or engagement 
with other professional societies, and a statement from the nominee of willingness 
and ability to serve if elected.

 Please submit nominations directly to Christopher Horton, AIAA Governance 
Secretary, chrish@aiaa.org, no later than 1800 hrs EDT, 17 July 2020.

On 18 May, during the Joint Annual Meeting of the Council of Directors and Board of Trustees 
the gavel was virtually transferred to AIAA President Basil Hassan from Immediate Past Presi-
dent John Langford. Below, Langford thanks the Board and Council. 

Go to AIAA’s YouTube channel
(https://www.youtube.com/
watch?v=3PfYMmRLT9c&t=3s) 
to watch AIAA’s tribute video 
to John Langford’s tenure. 
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NEW     
EXTENDED 
DEADLINES 

ASSOCIATE FELLOWS

  Reference forms are 
now due 15 June

FELLOWS

  Nomination forms are 
now due 15 July

  Reference forms are 
now due 7 August

HONORARY FELLOWS

  Nomination forms are 
now due 15 July

  Reference forms are 
now due 15 August

Criteria for nomination and additional details can be found at  
aiaa.org/Honors

Nominate Your Peers and Colleagues!
Do you know someone who has made notable contributions to aerospace arts, sciences, or technology? 

Bolster the reputation and respect of an outstanding peer—throughout the industry.  
Nominate them now!

qualifi ed for the open position by
submitting a nomination no later than 
1800 hrs EDT, 17 July 2020.

Regions coordinate the activities of 
geographically related sections to facil-
itate cooperative efforts between the 
various geographical areas. A Regional 
Director shall lead each region. The 
voting members who belong to that 
region shall elect the Regional Director 
for that region. The Regional Director 
for each group shall be a member of 
the Regional Engagement Activities 
Division (READ) as well as a delegate to 
the Council of Directors. The term for 
Regional Directors shall be three years 
and there shall be a limit of the Regional 
Director serving two consecutive terms. 
Nominations are being accepted for:
Region III – Central, Director
Region VI – Western, Director

 
Integration and Outreach Groups 
coordinate the activities of related 
Integration and Outreach Committees 

to facilitate cooperative efforts between 
the various professional areas. An Inte-
gration and Outreach Group Director 
shall lead each Integration and Outreach 
Group. All voting members shall elect 
the Integration and Outreach Directors. 
The Integration and Outreach Director 
for each group shall be a member of 
the Integration and Outreach Activities 
Division (IOD) as well as a delegate 
to the Council of Directors. The term 
for Integration and Outreach Group 
Directors shall be three years and there 
shall be a limit of the Integration and 
Outreach Group Director serving two 
consecutive terms. Nominations are 
being accepted for:
Young Professionals Group, Direc-
tor-Elect

 
Technical Groups coordinate the activ-
ities of related technical committees to 
facilitate cooperative efforts between 
the various technical disciplines. A 
Technical Director shall lead each 
Technical Group. The voting members 

who belong to that group shall elect the 
Technical Director for that group. The 
Technical Director for each group shall 
be a member of the Technical Activities 
Division (TAD) as well as a delegate to 
the Council of Directors. The term for 
Technical Directors shall be three years 
and there shall be a limit of the Technical 
Director serving two consecutive terms. 
Nominations are being accepted for:
Aerospace Design and Structures 
Group, Director
Aerospace Sciences Group, Director

 
To nominate an AIAA member in 

good standing for the open positions on 
the AIAA Council of Directors, please 
submit the nominee’s bio and/or CV, 
history of AIAA activities and/or engage-
ment with other professional societies, 
and a statement from the nominee of 
willingness and ability to serve if elected.

Please submit nominations directly 
to Christopher Horton, AIAA Gover-
nance Secretary, chrish@aiaa.org, no 
later than 1800 hrs EDT, 17 July 2020.
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 NOMINATION DEADLINE OF 1 JUNE
 AIAA-ASC James H. Starnes Jr. Award

NOMINATION DEADLINE OF 1 JULY

Please submit the nomination form and endorsement letters to awards@aiaa.org

Nominate Your Peers and Colleagues!
NOW ACCEPTING AWARDS NOMINATIONS

For nomination forms or more information about the AIAA Honors and Awards 
Program, visit aiaa.org/AwardsNominations.

PUBLICATION/LITERARY AWARDS
  Children’s Literature Award
  Gardner-Lasser Aerospace History 

Literature Award
  History Manuscript Award
  Pendray Aerospace Literature Award
  Summerfield Book Award

SERVICE AWARDS
  Diversity and Inclusion Award 
  Sustained Service Award

TECHNICAL AWARDS
  Aerospace Software  

Engineering Award
  Ashley Award for  

Aeroelasticity
  de Florez Award for  

Flight Simulation
  Information Systems Award
  Mechanics and Control of  

Flight Award

Important Announcement:
New Editor-in-Chief Sought for 
the AIAA Journal
AIAA is seeking an outstanding candi-
date with an international reputation 
for this position to assume the respon-
sibilities of Editor-in-Chief of the AIAA 
Journal in early 2021. 

The Editor-in-Chief is responsible 
for maintaining and enhancing the 
journal’s quality and reputation as well 
as establishing a strategic vision for the 
journal. He or she receives manuscripts, 
assigns them to Deputy Editors or Asso-
ciate Editors for review and evaluation, 
and monitors the performance of the 
editorial team to ensure that the manu-
scripts are processed in a fair and timely 
manner.  The Editor-in-Chief works 

closely with AIAA staff on implementing 
publications policies and procedures, 
planning special collections of papers, 
and scheduling monthly issues. AIAA 
provides all appropriate resources to 
support the peer-review process, includ-
ing a web-based manuscript-submission 
and tracking system.

Interested candidates are invited 
to submit letters of application and 
résumés for consideration. A selection 
committee will seek candidates and 
review all applications received, and 
a fi nal recommendation will be made 
to the chair of the AIAA Publications 
Committee. This is an open process, and 

the fi nal selection will be made only on 
the basis of the applicants’ merits. All 
candidates will be notifi ed of the fi nal 
decision. Questions may be referred to 
Heather Brennan, Director, Publications 
heatherb@aiaa.org. 

Complete application requirements 
and deadline are available at Aerospace 
Research Central (https://arc.aiaa.org/
neweicaiaaj2021).
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Design/Build/Fly
Continued After 
Grounding

Each year AIAA invites university
students from around the globe 
to participate in the AIAA/Tex-
tron Aviation/Raytheon Missile 
Systems Design/Build/Fly (DBF) 
Competition (aiaa.org/DBF). DBF is 
a premier event for student aero-
space engineers because it provides 
a real-world aircraft design test for 
them by giving them the opportunity 
to validate their analytic studies. DBF 
experience is known to give students 
a resume boost.

This year the 24th annual DBF fl y-
off in Wichita, KS, was cancelled due 
to the coronavirus pandemic, but the 
formal report portion continued.

The 2019–2020 winners are:

First Place ($3,000 and $100 for Best 
Report Score): University of Southern 
California

Second Place ($2,000): Georgia 
Institute of Technology

Third Place ($1,500): University of 
Nevada, Las Vegas

You can watch footage of 
many 2019–2020 teams fl ying their 
aircraft at AIAA’s YouTube channel: 
www.youtube.com/playlist?list=PLOl-
5RDXeYOMBVWHKOu5rz-
4TXObH-yu60X. 

DBF’s success is thanks to the 
many volunteers from Textron 
Aviation, Raytheon Missile Systems, 
and the AIAA sponsoring technical 
committees: Applied Aerodynamics, 
Aircraft Design, Flight Test, and 
Design Engineering. These volunteers 
collectively set the rules for the 
contest, publicize the event, gather 
entries, judge the written reports, and 
in all other years, organize the fl y-off.

University of Southern 
California (USC)

The 2019-2020 USC AeroDesign Team
airplane, SCkyfall, was a foam monoplane 
that carried 39 passengers and towed a 
450-inch banner. The fuselage was made 
of foam covered with fi berglass, and the 
nose was reinforced with carbon fi ber. 
The wing consisted of a foam core covered 
with fi berglass and carbon spar caps, while 
the tail was made of fl at balsa plates. The 
landing gear was a carbon bow gear placed 
in a tail-dragger confi guration. 

The USC team said they “gained valuable 
experience measuring in-fl ight banner drag 
to defi ne a Reynolds Number design range 
and determine the banner geometry that 
minimized drag. The 2019-2020 year was 
also the team's fi rst experience in over a 
decade designing an airplane that weighed 
more than 20 pounds when fully loaded, 
so the team learned build techniques that 
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allowed the aircraft to withstand fl ight
loads associated with airplanes of this 
weight class.”

USC Faculty Advisors
Charles Radovich
Wyatt Sadler

USC Team Members
Ara Mahseredjian
Michael Tawata
Chentao Yu
Neeraj Utgikar
Michelle Karpishin
Drew Hudock
Ben Boggs
Lawrence Goo
Jackson Markow
Muqun Hu
Jack Ahrens
Diana Salcedo-Pierce
Randi Arteaga

Georgia Institute of 
Technology
The Georgia Tech team said, “this year's
DBF competition was very challenging, 
with a complex scoring function and 
unique payloads. It was a steep learning 
curve for all of us as we worked to 
balance competing requirements, CAD 
complex geometries, and build on a 

tight schedule. We also tried to imple-
ment some new building techniques 
to improve our aircraft's performance 
and learned from our mistakes in the 
process. Even though we couldn’t go to 
the fl y-off, the work we put into devel-
oping, building, and testing an aircraft 
for competition has been an incredible 
experience that we’re all proud of.”

TOP: The USC team leadership at their 
Critical Design Review. 

BOTTOM: USC’s fi rst prototype at a test 
fl ight.

Georgia Tech team.

Flight test.

Georgia Tech fl ight test with banner.
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For more information about how to get involved with AIAA and make an impact 
on the next generation of aerospace engineers, please visit www.aiaa.org/get-
involved or contact Merrie Scott, merries@aiaa.org.

Georgia Tech Faculty Advisor
Carl Johnson

Georgia Tech Team Members
Daniel Sagan
Harshini Sivakumar
Antoine Paletta
Thomas Walker
Arunachalam Palaniappan
Ethan Das
Yuchen Xie
Xiaoyu Huang
Anderson Page
Pranav Krishnamurthy
Scott Nealon
Parth Kumar
Tristan Huang

University of Nevada,
Las Vegas (UNLV)
The UNLV AIAA team comprised a hand-
ful of students with a passion for avia-
tion, even though UNLV doesn’t have an 
aerospace engineering program. 

UNLV team members said, “We 
combined our knowledge of aircraft 
design, engineering software, manufac-
turing techniques, and love for aviation 
in order to conceptualize and design 
our aircraft. Throughout our work on 
Bullitt Bill, we developed our skills and 
expertise in everything from XFLR15 to 
carbon fi ber layup techniques. We are 
proud to come from a small and close-
knit organization that has, in only two 

years, managed to receive third place on 
a very reputable competition. Spending 
endless hours together in our machine 
shop brought us together as a group 
and made every single one of us a better 
engineer!”

UNLV Faculty Advisor
William Culbreth
 

UNLV Team Members
Sophia Leon
Jet Baroudi
Emma Chao
Spencer Buyse
Jessalynn O'Brien
Kevin Rodriguez
Angel Barajas
Karsten Cartright
Anthony Costanzo 
Brandon Avendano
Victor Quintanilla
Devin Krystek
David Quintanilla
Yamileth Mejia
Cooper Madrazo

Tweaking the aircraft.

UNLV success.

UNLV’s Bullitt Bill ready to fl y.



58    |    JUNE 2020    |    aerospaceamerica.aiaa.org

AIAA BULLETIN   |   AIAA NEWS AND EVENTS

HEADQUARTERS

 News
AIAA Hosts Webinar with 
Doug Loverro
On 20 April, AIAA hosted a webinar on Com-
mercial Development in Low Earth Orbit 
with Doug Loverro, then NASA Associate 
Administrator of the Human Exploration 
and Operations Mission Directorate. Over 
500 viewers watched the session live. View-
ers included top industry executives, young 
professionals, students and academics, re-
tirees, international members, offi cials from 
ESA and NASA, and congressional staffers. 

 AIAA members can access the video 
recording of the webinar by going to aiaa.
org/events-learning/event/2020/04/20/
default-calendar/briefi ng-commercial-de-
velopment-in-low-earth-orbit-(mem-
ber-exclusive-webinar). 

AIAA will be hosting additional webinars 
on topics of interest beginning with a 
briefi ng by NASA Associate Administrator 
Steve Jurczyk on 1 June, 1300–1400 hrs EDT 
(https://www.aiaa.org/events-learning/
event/2020/06/01/default-calendar/brief-
ing-nasa's-steve-jurczyk-(free-webinar)). 

AIAA and Royal Aeronautical Society Sign MOU to Join Forces on Future 
Aerospace Outreach 
AIAA and the Royal Aeronautical Society
(RAeS) have entered into a Memoran-
dum of Understanding (MOU) to enable 
the two preeminent professional aero-
space societies to collaborate on future 
endeavors. 

“AIAA looks forward to collaborating 
with the Royal Aeronautical Society to 
unite our strengths in helping shape the 
aerospace community and giving mean-
ingful benefi ts to our members,” said 
Dan Dumbacher, AIAA executive 
director. “As  virtual events become 
the norm, we can more easily take a 
collective international approach to 
inform and engage the aerospace com-
munity. By doing so, we hope to capture 
the imaginations of students, whom 

the aerospace community needs if we 
are to continue exploring and making 
new discoveries. Working together, AIAA 
and RAeS plan to show the creativity, 
dedication and science that drives aero-
space professionals and open up the 
possibilities of the future of aerospace.” 

 Professor Jonathan Cooper, presi-
dent of the RAeS commented, “As the 
aerospace sector rises to tackle the chal-
lenging environment we are all operat-
ing in, the Royal Aeronautical Society 
looks forward to joining forces with the 
American Institute of Aeronautics and 
Astronautics to support the workforce, 
apprentices and students through this 
period, and also after we have overcome 
the pandemic. 

  There are many exciting opportuni-
ties ahead for the tomorrow’s aerospace 
professional as we embrace the future of 
fl ight and strive to reach new frontiers 
whilst also tackling the hard questions 
on climate change and sustainability.” 

 AIAA and RAeS plan to cooperate in 
the following areas:  
 i  Promoting learned activities such 

as lectures, conferences, and other 
activities of mutual interest;  

 i  Recognizing our members with joint 
honors and awards initiatives; 

 i  Other areas of interest that may arise. 
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Space Policy Pod
Given the current real-world chal-
lenges confronting all of us, AIAA 
has joined The MITRE Corporation, 
Space Foundation, and the U.S. 
Chamber of Commerce to produce 
this podcast series to examine events 
and ideas affecting the space sector. 
Each episode will feature an open and 
candid discussion with a prominent 
policy leader. The episodes serve as 
an enlightening discussion on the rel-
evant topics of the day with insights 
from key policymakers in the fi eld.

The fi rst podcast episode with 
Scott Pace, Deputy Assistant to the 
President and Executive Secretary 
of the National Space Council, was 
released on 6 May. Episode 2 with 
Matt Scholl from the National Insti-
tute of Standards and Technology 
was released on 20 May. Episodes can 
be found at aiaa.org/events-learning/
podcasts. 

Cape Canaveral Section Hosts Panel on Space 
Policy and Economic Development
On 19 February the AIAA Cape Canaveral Section hosted a moderated panel dis-
cussion on “Space Policy and Economic Development.” Congressman Bill Posey 
discussed his amendment to the SPACE Act (H.R. 2262) that streamlines regulatory 
processes, encourages cooperation between government agencies and eliminates 
red tape of the commercial space sector.

The panel also explored economic developments in commercial space activity 
and manufacturing in zero G, including 3D printing of human organs and phar-
maceuticals, before discussing the mobile launcher for moon missions. The legacy 
Mobile Launch Platforms that carried the Saturn-V are being modifi ed to support the 
new Space Launch System (SLS) Expendable Launch Vehicles that will carry astro-
nauts back to the moon and on to Mars.

Indiana Section Recognizes 50th Anniversary
of Apollo 13
In mid-April the AIAA Indiana Section hosted a virtual talk by Dave Newill in honor of
the 50th anniversary of Apollo 13. Newill, an AIAA Associate Fellow and retired Rolls-
Royce executive, discussed how 50 years ago, on 14 April, Apollo 13 was explosively 
damaged, short of oxygen and electricity and heading behind the moon. The lecture 
celebrated the safe return of the Apollo 13 astronauts and examined what had to 
happen to allow them to safely return to Earth.

Aerospace Career 
Pathways: AIAA 
Student Webinar 
Series 

Take advantage of this
free opportunity for AIAA 
students to hear from 
successful professionals 
on four different tracks in 
the aerospace industry: 
public service, academia, 
professional engineering, and 
entrepreneurship. Discover 
fi rsthand how these individuals 
developed their professional 
skills and overcame career 
challenges, and hear insights 
that will help students during 
their student-to-professional 
transition. Explore more about 
the topics and speakers at 
aiaa.org/events-learning/aiaa-
webinars.

L to R: Elizabeth Balga, section chair; Leslie Lake, Business Development for RS&H, Inc.; 
Congressman Bill Posey, U.S. Representative for Florida’s 8th Congressional District; and Jim 
Kuzma, Senior Vice President and General Manager for Space Florida. 

SECTION   News
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Maintaining Connections with an 
AIAA Virtual Happy Hour 
By Brett Cornick, AIAA LA-LV Council Member

On 2 April, the AIAA Los Angeles-Las Vegas (LA-LV) Sec-
tion hosted an electronic happy hour geared specifi cally 
toward young professionals as an opportunity for them to 
meet and network during this time of social distancing. 
Nearly 30 active members ranging from college students 
to seasoned professionals gathered virtually online to 
share stories, industry insights, job search tips, and 
words of motivation for any young professionals looking 
for opportunities and advice in this troubling time. The 
event lasted 90 minutes and was the fi rst of what is likely 
to be a series of similar events hosted over the next few 
months. This event provided a unique opportunity for all 
members to speak and be heard in a low-stakes, friendly 
environment.

I was fortunate enough to be given the task of moderating the happy hour, sponsored by the AIAA LA-LV Young Professionals, 
despite relatively minimal involvement in planning and organizing other AIAA events. All it took was a simple email from me 
offering my time as a volunteer and before I knew it, I was put on the job! AIAA is always looking for more young professionals to get 
involved, so if you fi nd yourself with too much time on your hands during the stay-at-home orders, volunteering for these e-events 
is a great way to network and stay productive!

Obituaries
AIAA Fellow Passman Died
in April

Richard Passman, an aeronautical
engineer whose wide-ranging career 
took him through the early stages of 
supersonic fl ight, spy satellites and 
intercontinental ballistic missiles, died 
on 1 April, from complications from 
COVID-19. He was 94. 

Mr. Passman earned a bachelor of 
science degree in aeronautical engi-
neering in 1944, a bachelor’s degree in 
mathematics in 1946, and a master’s in 
aeronautical engineering in 1947, all 
from the University of Michigan. After 
the start of World War II, he joined the 
Navy Flight Training Program from the 
University of Michigan. 

Joining Bell Aircraft, he was involved 
in the design of the Bell X-1 and served 
as chief aerodynamicist on the X-2. He 
also was aircraft designer for Bell’s X-16, 
a spy plane, but the government chose 
Lockheed’s U-2.

Moving to General Electric, he con-
centrated on spacecraft. He was a man-
ager in a part of the company responsible 

for creating systems that allowed objects 
sent plunging through the atmosphere 
to withstand the blazing heat of re-entry. 
This included the Corona, the fi rst spy 
satellite, which would high-resolution 
photographs and ejected the fi lm in a 
heat-shielding “bucket.” The container 
re-entered the atmosphere, deployed a 
parachute and was snagged out of the air 
by military aircraft. G.E. was responsible 
for the bucket.

Mr. Passman also helped lead efforts 
to create heat shielding technology for 
intercontinental ballistic missiles and 
multiple-warhead missiles. He continued 
to work on projects for the space program 
as  G.E.’s general manager for space activ-
ities, which involved systems for Mercury, 
Gemini and Apollo, including the SNAP-
27 power systems still on the moon, 
and he worked on the development of  
the Manned Orbiting Laboratory before 
it was cancelled. He also spent time 
working at the Department of Energy and 
also at Grumman on re-designs of the 
International Space Station.

 In retirement, Mr. Passman volun-
teered at the Smithsonian National Air 
and Space Museum, and he and John 
Anderson co-wrote X-15: The World’s 
Fastest Rocket Plane and the Pilots Who 

Ushered in the Space Age, published in 
2014 by the Smithsonian.

Mr. Passman was a lifelong member 
of AIAA, having joined as a teenager 
(he was the youngest member at that 
time). He also served as chair of the AIAA 
Philadelphia Section in the early 1970s. 

AIAA Fellow Singer Died
in April

Dr. S. Fred Singer passed away on 6
April. He was 95.

Dr.  Singer, escaped from Austria 
after the Nazi invasion when he was sent 
to England as part of the “Kindertrans-
port” program. In the 1940s, he immi-
grated to the United States, serving in 
the Navy during World War II. In 1943, he 
received a bachelor’s degree in electrical 
engineering from Ohio State University 
and then master’s and doctoral degrees 
in physics from Princeton University in 
1944 and 1948, respectively.

Dr. Singer was a consultant during the 
start-up of the U.S. space program in the 
1950s and later, while working for what is 
now NOAA, he worked on early efforts to 
use satellites in weather forecasting.

He taught at several universities, 
fi rst as a professor at the University of 

Attendees enjoying the conversations while reviewing the logistics re-
minder. Images on the right: top: Dr. Chandrashekhar Sonwane, AIAA LA-
LV Section Chair; middle with white headset: Dr. Daniel P. Raymer, AIAA 
Fellow; bottom: Jerry Lockenour). 
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Maryland in the 1950s, before moving to
the University of Miami in 1964, where 
he became the fi rst dean of a school of 
environmental and planetary studies. 
He held high-ranking positions at the 
Interior Department and the Environ-
mental Protection Agency before joining 
the faculty of the University of Virginia 
in 1971. In the late 1980s, Dr. Singer was 
chief scientist at the U.S. Transportation 
Department and in the 1990s a research 
professor at George Mason University. 

Dr. Singer oversaw some of the fi rst 
experiments with high-altitude rockets 
and satellites, and he wrote many 
research papers and contributed articles 
to the popular press.

In 1990, Dr. Singer founded the 
Science and Environmental Policy 
Project, and in 2007, he helped launch 
the Non-governmental International Panel 
on Climate Change (NIPCC). He believed 
that government regulations were wrong 
and expensive. He focused his attention 
mostly on climate change, and he became 
known as a climate change denier.

AIAA Associate Fellow

Rozycki Died in April

Richard C. (Dick) Rozycki died on 15
April, at the age of 87, from complica-
tions from COVID-19.  

He was a 1955 graduate of the 
University of Minnesota with a B.S. 
in Aeronautical Engineering. In 1963, 
he earned a Master of Science degree 
in Aeronautical Engineering from the 
University of Colorado.   

Mr. Rozycki started out as an aero-
nautical engineer with Lockheed in 1955. 
He began working for Martin Marietta 
Aerospace in Littleton, CO, in 1960. Mr. 
Rozycki had a two-year assignment in 
New Orleans in the late 1970s, where he 
supported development of the external 
fuel tank for the fi rst fl ights of the Space 
Shuttle. He retired from Martin Marietta 
(by then Lockheed Martin) in 1996.       

Mr. Rozycki obtained his private pilot’s 
license when he was at the University 
of Minnesota, and he fl ew small planes 
regularly, often showing off his aerobatic 
skills and taking passengers for a loop, a 
barrel roll, or a hammerhead spin. 

AIAA Honorary Fellow Beggs 

Died in April
 James M. Beggs, who served as the
NASA administrator in the early 1980s, 
died on 23 April. He was 94.

After a year at Southern Methodist 
University, Mr. Beggs entered the U.S. 
Naval Academy, graduating in 1947 
as part of an accelerated program. 
He served in the Navy until 1954. He 
received an MBA from Harvard Uni-
versity soon after, before going to work 
for Westinghouse until 1968, when he 
became NASA’s chief of research in 
Washington. He worked at the Transpor-
tation Department from 1969 to 1973.

In 1974, Mr. Beggs became an execu-
tive vice president of General Dynamics, 
managing defense and aerospace 
projects. In 1981, he became NASA’s sixth 
administrator, serving until after the 
Challenger disaster on 28 January 1986. 
Under Mr. Beggs’s leadership, NASA grew 
to an annual budget of nearly $8 billion, 
20,000 employees, and had more than 
20 successful space shuttle missions. He 
worked to reestablish NASA’s standing 
with the space shuttle program and a 
new space station, which NASA was 
directed to build in 1984 by President 
Ronald Reagan.

He resigned as administrator 
soon after the Challenger explosion. 
He worked for various aeronautical 
companies, served on corporate boards, 
and worked as a consultant well into his 
80s. Mr. Beggs joined AIAA in 1968 and 
became an Honorary Fellow in 1997. 

AIAA Associate Fellow Boyer
Died in April

Donald W. Boyer,
Calspan retired aerody-
namicist, passed away at 
the age of 91 on 30 April. 

Mr. Boyer grew up 
in Australia, where he 

completed his undergraduate studies 
at the University of Melbourne (B.Sc., 
Physics, 1953), and then received his Ph.D. 
in Aerophysics and Aerospace Engineering 
in 1959 from the University of Toronto. 
He worked at the Cornell Aeronautical 
Laboratory right out of college. In 1970, 
the Cornell Lab became Calspan, and he 
retired from Calspan in 1995.

During his three-and-a-half decades 
of research, Dr. Boyer conducted 
experiments in high-energy, chemical-
ly-active fl ows such as those associated 
with shock tunnels, rocket nozzles and 
exhaust plumes, and hypersonic fl ight. 
His work combined fl uid dynamics and 
high-temperature physics with creative 
experiments. Dr. Boyer made important 
contributions to the U.S. space surveil-
lance program, providing key data (such 
as band strengths and reaction rates) 
that characterized the thermochemistry 
and associated radiation signatures of 
high altitude rocket exhaust plumes. 

Throughout the Apollo program, his 
research contributed important under-
standing to the problem of communi-
cations blackout associated with space 
vehicle re-entry. Later during the Space 
Shuttle program, he performed labora-
tory measurements that confi rmed and 
characterized the role of exoatmospheric 
O-atom collisional excitation of outgas-
sing H2O as the explanation of observed 
glow from the Space Shuttle and other 
orbiting space vehicles.

The development programs of many 
U.S. space vehicle systems benefi ted 
from Dr. Boyer’s contributions to the 
application of the gaseous-equivalent 
propellant technique for the duplication 
(or simulation) of rocket solid propel-
lants. This technique was particularly 
applicable to short-duration testing 
capabilities at the Calspan shock tunnels 
for investigating base heating effects 
associated with the Space Shuttle vehicle 
in boost-phase fl ight, as well as for stud-
ies of exoatmospheric plume signatures, 
and plume effects on deployed payloads 
from post-boost vehicles (Poseidon/
Trident systems).

Dr. Boyer wrote over 50 technical 
reports and papers, many of the latter 
published at AIAA conferences and 
in AIAA journals. In the late 1980s he 
had the distinct honor of presenting 
the Gordon N. Patterson Lecture at 
the University of Toronto. In 2017 he 
was inducted into the Niagara Frontier 
Aviation and Space Hall of Fame. He was 
an active member of the AIAA Niagara 
Frontier Section and a member of the 
AIAA Plasmadynamics and Lasers 
Technical Committee. 
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1920 1945
LOOKING BACK   |   100, 75, 50, 25 YEARS AGO IN JUNE

 June 4  The U.S. Army 
Air Service is declared 
the permanent combat 
air arm of the U.S. Army 
when Congress passes 
and President Woodrow 
Wilson signs the United 
States Army Reorgani-
zation Act. The Army 
Air Service is formally 
separated from the Sig-
nal Corps in the fi rst step 
toward eventual military 
aviation independence. 
The Army Air Service was 
established on May 24, 
1918, but it was a tempo-
rary arrangement. Maurer 
Maurer, ed. Air Force 
Combat Units of World 
War II, p. 4.

During June  
Imperial Japanese Navy 
Lt. Torao Kuwabara be-
comes the fi rst person to 
fl y an airplane off  a deck 
installed on a ship when 
he pilots his Sopwith 
Pup from the seaplane 
carrier Wakamiya. On 
Sept. 5, 1914, the Waka-
miya had conducted 
the fi rst ship-launched 
aerial attack, when its 
Farman seaplanes took 
off  from the water and 
attacked German ships 
and installations near 
Tsingtao, China, at the 
outbreak of World War 
I. In April 1920, the ship 
was modifi ed with a deck 
to launch conventional 
aircraft, such as the Sop-
with Pup. Rene Francil-
lon, Japanese Aircraft of 
the Pacifi c War, p. 38.

 June 2  Robert Goddard receives an honorary doctor-
ate degree from Clark University, where he had earned 
his doctorate in physics in 1911. He is cited in the award 
as an “outstanding authority on the development 
and use of the modern rocket,” and an “indefatigable 
investigator of methods of improvement of rocket 
propulsion.” E.C. Goddard and G. Edward Pendray, The 
Papers of Robert H. Goddard, pp. 1,604-1,605.

June 14  Britain’s Avro Tudor I airliner makes its fi rst 
fl ight. Based on the Avro Lincoln bomber and fi tted 
with a pressurized fuselage, the Tudor is powered by 
four Rolls-Royce Merlin 100 motors that provide the 
Tudor 1 with a maximum range of about 7,000 
kilometers at an average speed of 370 kph. The plane 
can carry a dozen passengers when outfi tted with 
bunks for overnight sleeper fl ights or 24 passengers 
with upright seating. Several accidents will mar the 
Tudor series record. The Aeroplane, June 22, 1945, p. 
702.

June 22  The 
prototype of the 
Vickers-Arm-
strong Viking 
makes its fi rst test 
fl ight. Derived 
from the Vickers 

Wellington medium bomber, it will become Britain’s 
replacement for the Douglas DC-3 and remain in 
service until 1972 after 163 are built. One Viking will be 
fi tted with two Rolls-Royce Nene turbojets in April 
1948 and become one of the fi rst jet-powered airliners, 
although it does not enter commercial service. The 
Aeroplane, July 6, 1945, p. 3. 

June 25  Construction begins on the White Sands 
Proving Ground in New Mexico, which subsequently 
sees the launching of the fi rst large-scale liquid-fuel 
rockets in the U.S., captured German V-2 rockets, as 
well as other important early rockets. E.M. Emme, ed., 
Aeronautics and Astronautics, 1915-60, p. 50.

June 25  The United States’ fi rst all-cargo commercial 
airline, the National Skyway Freight Corp., is formed by 
Robert Prescott, a member of the American Volunteer 
Group, popularly known as the Flying Tigers, that 
fl ew for Nationalist China against the Japanese during 
World War II. In 1946 it will be renamed the Flying Ti-
ger Line to honor its founder. It will merge into Federal 
Express in 1989. Camille Allaz, History of Air Cargo 
and Airmail from the 18th Century, pp. 178–181.

June 27  The Pilotless 
Aircraft Research Station 
is established at Wallops 
Island, Virginia, for the 
improved development 
of both jet- and 
rocket-powered craft. 
The facility is part of the 
National Advisory 
Committee for Aeronau-
tics’ Langley Memorial 
Aeronautical Lab, which 

will be renamed NASA’s Langley Research Center. 
Many of the small rocket vehicles test aerodynamic 
shapes under high-speed conditions and are fi tted 
with sensors that transmit pressure readings and other 
data to ground-based receivers. M.D. Keller, Fifty Years 
of Flight Research: A Chronology of the Langley 
Research Center, p. 57. 

June 30  The 509th Composite Group, U.S. Army Air 
Forces, moves from Westover Field, Utah, to the Pa-
cifi c island of Tinian to begin combat fl ight training in 
preparation for the fi rst atomic bomb attack on Japan. 
K.C. Carter and R. Mueller, compilers, The Army Air 
Forces in World War II, p. 669.
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19951970
 June 1  The National Science Foundation announces 
that high-altitude photos taken of the planet Uranus 
by a 9-centimeter telescope on the Stratoscope II 
balloon during March 26-27 might reveal whether Ura-
nus has a cloud cover. Much later, in 1986, the United 
States’ Voyager 2 will fi nd and more closely examine 
numerous cloud features around the planet. Washing-
ton Star, June 2, 1970, p. A10.

June 2-19  The Soviet Union’s Soyuz 9, carrying cos-
monauts Andryan Nikolayev and Vitaly Sevastyanov, is 
launched from the Baikonur Cosmodrome into a low-
Earth 249-kilometer (apogee) by 236-km (perigee) 
orbit and conducts an extensive program of scientifi c 
and technical research. This research includes medical 
and biological studies; studies of Earth’s geography, 
resources and atmosphere; and meteorite observa-
tions. The mission will conclude when the spacecraft 
lands 76 km west of Karaganda, Kazakhstan, after 
orbiting for 17 days, 16 hours and 59 minutes, setting a 
record for crewed space fl ight. New York Times, June 
3, 1970, p. 18; Aviation Week, June 29, 1970, pp. 21-22.

June 2  The 
Northrop M2F3 
Lifting Body is 
fl own for the 
fi rst time as part 
of a NASA 
program to 
compile fl ight 

data toward the design of a space shuttle. The Lifting 
Body launches at 13,716 meters altitude from a B-52 
aircraft and attains a speed of Mach 0.071 during its 
descent at NASA’s Ames Flight Research Center in 
Silicon Valley. The M2F3 is a modifi ed, rebuilt version 
of the M2F2 that was damaged in a landing accident 
on May 10, 1967. Aviation Week, June 8, 1970, p. 24.

June 3  The Edward H. White II 
Memorial Museum is dedicated at 
Brooks Air Force Base, Texas, in 
honor of astronaut White, who died 
with his two crewmates on Jan. 27, 
1967, in the Apollo 1 launchpad fi re. 
The museum is near White’s 

hometown of San Antonio. NASA, Astronautics and 
Aeronautics, 1970, p. 192.

June 6  Alaska Airways inaugurates its “Gold Samovar” 
fl ight service between Anchorage, Alaska, and central 
Soviet Union. This marks the fi rst commercial air 
passenger route that had been negotiated by a private 

airline company with the Soviet Union. Washington 
Post, June 16, 1970, p. C-2.

June 7  Astronaut Charles Conrad Jr., on behalf of the 
Apollo 12 crew, receives a special Emmy Award from 
the National Academy of Television Arts and Sciences 
in New York for TV photography during the Apollo 12 
lunar landing. Washington Star, June 8, 1970, p. B-9.

June 9  Sikorsky pilot James Wright and co-pilot U.S. 
Marine Corps Col. Henry Hart, fl ying a Marine Corps 
Sikorsky CH-53D Sea Stallion heavy-lift helicopter, 
establish a New York-to-Washington, D.C., record for 
helicopters with a speed of 251.74 kph in an elapsed 
time of 1 hour, 18 minutes and 41 seconds. United 
States Naval Aviation, 1910-1970, p. 281.

June 12  All three stages of the European Launcher 
Development Organization’s Europa F-9 test vehicle 
operate in a test mission conducted from Woomera, 
Australia, although the vehicle fails to orbit a test sat-
ellite because the payload fairing jettison system does 
not work. This is the last of the Europa 1 development 
series tests. Aviation Week, June 22, 1970, p. 257.

June 19  The U.S. Defense Department launches its 
third early warning satellite, designed to detect an 
enemy ballistic missile attack and provide up to 30 
minutes of warning. Designated the 1970-46A, the 
satellite is boosted from the Air Force Test Station at 
Cape Canaveral, Florida, by an Atlas-Agena-D. Aviation 
Week, June 29, 1970, p. 18; NASA, Astronautics and 
Aeronautics, 1970, pp. 209, 426.

June 24  
Roscoe 
Turner, 
winner of the 
Harmon 
Trophy in 
1932 and 
of the 
Thompson 
Trophy air 

races in 1934, 1938 and 1939, dies in Indianapolis at age 
74. Turner was recognized for his fl amboyant style and 
his pet Gilmore the Lion who fl ew with him on some 
fl ights. Turner later was chairman of the board of the 
Roscoe Turner Aeronautical Corp. fl ight school. 
Washington Star, June 24, 1970, p. B-5.

 June 2  
U.S. Air 
Force 
Capt. Scott 
O’Grady is 
shot down 

by a Serbian SA-6 
surface-to-air missile 
while patrolling over 
Bosnia and Herzegovina 
in an F-16 Fighting 
Falcon. O’Grady ejects 
and will evade capture 
for six days until he is 
rescued on June 8 by U.S. 
Marines. O’Grady, Scott, 
and Coplon, Jeff . Return 
with Honor. 1998.

June 10-18  The X-31 
Enhanced Fighter Maneu-
verability Demonstrator 
becomes the fi rst X-plane 
to fl y at a major public 
event when it fl ies at 
the 1995 Paris Air Show. 
During the jet’s eight 
fl ights, pilots Fred Knox 
of Rockwell International 
and Lt. Col. Quirin Kim 
of the German Luftwaff e 
wow the crowds with 
the X-31’s precise control 
at high angles of attack. 
The only other X-31 was 
destroyed in a crash 
four months earlier at its 
Edwards Air Force Base, 
California, testing site. 
The X-31 aircraft were 
designed and built by 
Rockwell International 
(now Boeing) and Mess-
erschmitt-Bölkow-Blohm, 
which became the 
European Aeronautic 
Defense and Space Co., or 
EADS, and is now Airbus 
Defense and Space. 
Contributed by Michael S. 
Francis.
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CAREER TURNING POINTS AND FUTURE VISIONSTRAJECTORIES

SYLVIE DELAHUNT, 28
Supervisor, Future Weapon Concepts and Algorithms Section at Johns Hopkins Applied Physics Laboratory

Since she had a natural talent for math and science, Sylvie DeLaHunt’s elemen-
tary and middle school teachers in suburban Washington, D.C., encouraged 
her to become an engineer. DeLaHunt warmed to the idea of a career like that 
of her father, who oversees attitude determination and control systems for 
spacecraft at the U.S. Naval Research Laboratory. She liked the idea of proving 
herself in a male-dominated fi eld. DeLaHunt earned bachelor’s and master’s 
degrees in aerospace engineering at the University of Maryland, College Park, 
where she was a  founding offi cer of the Women in Aeronautics and Astronau-
tics student organization. From college, DeLaHunt went directly to the Johns 
Hopkins Applied Physics Laboratory to design subsystems and algorithms that 
control the motion of aerospace vehicles.

Addressing missile threats I perform guidance, navigation and control
trade studies, trajectory optimization, and modeling and simulation to help pro-
gram managers understand the capabilities of defensive weapons and how design
decisions may infl uence performance. The air and missile defense work performed
by APL with our government and industry peers is critical for protecting our nation
and allied forces from air and missile attack. We develop defensive weapons to
counter or defeat new and emerging threats posed by long-range ballistic and
cruise missiles . Additionally, we seek to counter advanced future challenges posed
by hypersonic threats, coordinated raids of missiles, autonomous vehicles and
nonkinetic kill mechanisms.

Diversity and inclusion In addition to my day job, I promote diversity
and inclusion at APL and in the broader aerospace community. At APL, I am
president of our Society of Women Engineers affi nity group. Through the AIAA
Diversity and Inclusion Working Group, I collaborate with other AIAA members 
to enhance the representation of women and people of different races and eth-
nicities in the professional society. Additionally, I advocate for adapting collegiate
engineering programs to promote the inclusion and success of all students through
presentations at local universities and women in STEM conferences .

Space in 2050 To improve recruitment and retention of a diverse engineer-
ing student body, the aerospace community must evaluate whether elements we 
often consider to be “inherent” to traditional engineering programs are truly
necessary. Implicit biases, alienating cultures and unclear grading policies reinforce
negative stereotypes and continue to discourage today’s female and minority
students. Aerospace academic programs must tackle the institutional barriers to
success and send an inclusive message about who makes a good engineering
student. At the professional level, I expect 2050 will see aerospace companies fo-
cused not only on bringing together teams with diverse backgrounds, experienc-
es and thought, but also on empowering members to bring their whole selves to 
the profession. Inclusion enables us to embrace the creative tension that stems 
from diverse teams, maximizing creativity and innovation. 

BY DEBRA WERNER   |   werner.debra@gmail.com
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“This opportunity has solidified my choice 

of career, and gives me hope that I can 

graduate and go on to do things that people 

told me I could not do. It has also shown 

me that EVERYONE has a place in space.” 

– AIAA Diversity Scholar
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