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More than 15,000 U.S. and allied forces are participating in a series of exercises across U.S. Indo-Pacifi c 
Command, such as this one at Andersen AFB in Guam, to showcase how they would fi ght a new type of 
war in the Pacifi c. Pentagon Editor Brian Everstine’s coverage begins on page 36. U.S. Air Force photo 
by Tech. Sgt. Michael Cossaboom.
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ENGINE ACCOUNTABILITY
“F-35 Engine Debate Prompts Paris 
Broadside From RTX” (July 3-16, p. 20) 
raises some questions about Lockheed 
Martin. Isn’t the aircraft builder sup-
posed to ensure that the engine it 
adopts is adequate to perform that air-
craft’s mission? If it is not adequate, 
shouldn’t the cost of making it so (or of 
replacing it) be charged to that builder? 

Furthermore, if the Adaptive En-
gine Transition Program (AETP) en-
gine were to replace the F-135, what 
is to be done with the hundreds of 
new or low-time F-135 engines, which 
cost billions of dollars? If they are to 
be scrapped, junked or trashed, I say 
pile them in a giant mountain on the 
Pentagon lawn with a sign announc-
ing: “Whoops!” As a taxpayer, my re-
action would be a deep desire to see 
government and industry heads roll. 
(I assume taxpayers of our overseas 
allies, who bought many more of the 
F-35s, would be equally scandalized.) 

I suggest that those who created 
this debacle, if they wish to survive it, 
fix the F-135 engine without further 
ado, and (properly this time) complete 
the development of an AETP engine in 
time for our next-generation air supe-
riority fighter. 

Anthony Teague, Palm Coast, Florida

CARAVELLE COMMENDATION
“Family Business” (Oct. 24-Nov. 6, 2022, 
p. 42) is an interesting look back at the 
Airbus A300, but it refers to the Das-
sault Mercure and Sud Aviation Cara-
velle in the same sentence in a nega-
tive way. True, only 10 Mercures were 
built and flew with Air Inter until re-
tirement. On the other hand, 282 Car-
avelles were produced—a substantial 
number in those days. 

Both the Caravelle and the de 
Havilland Comet IV started flying in 

the mid-1950s. The Caravelle was a 
much more advanced aircraft, with 
its modern hydraulics and other in-
novative systems. Pilots liked flying 
it, and when I was a passenger on a 
Finnair Super Caravelle from Am-
sterdam to Helsinki in 1979, I liked it. 
It was an attractive aircraft to look 
at on the apron. 

Phillip Nackard, Flagstaff, Arizona

MOON AND MARS TRIPS
Reading “Doing Business on the 
Moon” (July 17-30, p. 32), I recalled 
that in the early 1950s, Wernher 
von Braun speculated on the configu-
ration of a trip to Mars—10 “ships” 
traveling together, reminiscent of 
Columbus’ three, carrying seven 
passengers each.

His The Mars Project has calcula-
tions of fuel loads, altitudes, veloci-
ties, orbits, correction burns, reentry 
and three-stage launch along with 
lots of drawings and supporting 
equations, tables of materials, posi-
tions, times, etc. All of it was done 
with a slide rule.

A comparison of current real and 
in-progress trips to the Moon with 
von Braun’s speculation of a trip to 
Mars would be fascinating.

Tom Budlong, Los Angeles

SUBSCRIPTION SAVIOR
In the June 19-July 2 issue, Editor-in- 
Chief Joe Anselmo mentioned that in 
1960 Ed Kohl was refused a subscrip-
tion because he was “not in the indus-
try” (“Air Shows in the Digital Age,”  
p. 114). In about 1958, I encountered 
the same refusal as a high school stu-
dent and student pilot. (It was “Avia-
tion Week” back then—“& Space 
Technology” was added two years 
later.) A friend of the family who was a 
Northeast Airlines pilot came to the 
rescue and convinced some staffer 
that I was worthy, and I got the sub-
scription. Thanks to that unknown 
staffer long ago for influencing my 
varied 49-year career, all in aerospace.

David Skilling, Marietta, Georgia

ONLINE, in response to “Rolls-Royce 
Steps Up Hydrogen Fuel Tests For 
Zero-Carbon Goals” (July 17-30, p. 54), 
KURT writes: 
The deal here is designing a commer-
cial aircraft that can carry a fair num-
ber of passengers that burns hydrogen 
and can make a profit for an airline in 
service. Well good gosh, that will take 
light enough and large enough cryo-
genic tanks that can store the liquid 
hydrogen stuff at 6,000 to 10,000 psi 
pressure. (Correct me if I’m wrong 
here on the psi.) 

It’s a pipe dream that I think might 
just be workable and better than fly-
ing on electric motors and batteries. 
Yeah, they’re doing batteries now with 
low-capacity, short-range stuff, but in 
my opinion, battery-electrics are 
much farther down the road than hy-
drogen. Sure, get a turbine hydrogen- 
powered engine running and the prob-
lem becomes trying to carry enough 
cryogenic liquid-fuel hydrogen so it 
can fly anywhere. The research 
sounds like it would be fun for the re-
searchers. With cryogenics, it’s the 
tankage that’s going to be the stum-
bling block.

AND EDDIE_AERO responds: 
Kurt—very wrong, by orders of mag-
nitude. Did you know LH2 has about 
3X the energy density of jet fuel? It 
does need much more volume and, as 
the article says, there are things that 
need to be worked out, but these are 
solvable engineering problems—do 
your research.

Is there another alternative to burn-
ing down our planet? As President 
Kennedy said: Too often we enjoy the 
comfort of opinion without the dis-
comfort of thought. 
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who will retire effective Dec. 1. Before 
Northrop Grumman, Simpson worked 
for 17 years at Raytheon, and prior to 
that she was attorney-advisor for the 
U.S. International Trade Commission.

Chad Kirk has joined the Aerospace 
Industries Association as senior direc-
tor of civil aviation. He was head of 
government and policy affairs at Air-

space Link, and he 
previously worked at 
Reliable Robotics and 
the FAA.

Federica Berra has 
been promoted to 
senior vice president 
for global aviation 

from senior vice president for inte-
grated gas and power at Air bp, 
succeeding Martin Thomsen.

The General Aviation Manufacturers 
Association has promoted Cate Brancart 
to director of European safety and sus-
tainability development from manager 
of European operations and safety. 
The group has also hired Peter Marton 
as director of European government 
affairs and Zanthe Jordine as airwor-
thiness and regulatory specialist. 

Former NASA astronaut Garrett 
Reisman has joined space habitation 
technology developer Vast as human 
spaceflight advisor. Reisman flew on 
multiple space shuttles and worked on 
the International Space Station. Since 
his 2011 retirement 
from NASA, he has 
also served as senior 
advisor to SpaceX.

John Stack has 
joined B. Riley Secu-
rities as senior man-
aging director for 
aerospace and defense investment 
banking. He was the head of Canac-
cord Genuity’s aerospace and defense 
investment banking team and before 
that held executive positions at 
Cessna Aircraft and Textron.

Artificial intelligence and autono-
mous systems provider Scientific 
Systems Co. Inc. has hired David “Heat” 
Lyons as vice president of business 
development. He was an operational 
advisor and later consultant to 

Tony Gingiss has 
joined Terran Orbital 
as chief operating offi-
cer. He held the same 
position at Virgin 
Orbit, before which 
he led programs at 
Boeing Satellites Sys-

tems and Airbus OneWeb Satellites.
The Air Charter Safety Foundation 

has appointed Bryan Burns CEO, add-
ing to his current title as president. 
Debi Carpenter has also been hired as 
executive director. She was head of 
marketing and communications at 

Natilus, an uncrewed 
aerial vehicle cargo 
manufacturer.

Matteo Genna has 
been named chief 
technology officer of 
Fleet Space. With 30 
years of experience 

building space and near-space systems, 
he was most recently president of the 
remote sensing business unit at World 
View Enterprises.

Mercury Systems has hired David 
Farnsworth as chief financial officer. 
He joins from HawkEye 360, where he 
held the same title, and he also cur-
rently sits on the board of Merrimack 
Valley Credit Union. Former Leidos 
Chairman and CEO Roger Krone 
also joins as an independent director 
and member of the 
board’s nominating 
and governance 
committee.

Lauren Beyer has 
been appointed pres-
ident of the Cargo 
Airline Association, 
succeeding Steve Alterman following 
his retirement. Beyer brings an 
extensive background in government, 
working at the U.S. Department of 
Homeland Security, Transportation 
Security Administration and the 
National Security Council, where 
she was director for aviation and 
surface transportation security. 
Most recently, she was vice president 
for security and facilitation at 
Airlines for America.

Northrop Grumman has promoted 
Kathryn Simpson to corporate vice 
president and general counsel from vice 
president and associate general counsel 
for its mission systems sector, effective 
Oct. 30. She succeeds Sheila Cheston, 

DARPA as well as a former U.S. Air 
Force F-16 combat pilot.

Ad Astra Rocket Co. has appointed 
Steven M. Chapman and John C. Wall 
to its board of directors. Chapman 
was vice president for China and 
Russia at Cummins and remains 
chairman of Cummins India as well 
as independent director on the board 
for Axalta Coating Systems. Wall was 
chief technical officer at Cummins 
for 15 years, before which he led 
Chevron’s diesel and 
aviation fuels re-
search department.

Miguel Pena has 
been brought on as 
sales director at 
Celestia Technologies 
Group. He joins from 
subsidiary TTI, where he was a com-
mercial manager.

Timothy Ravich has been hired by 
Tressler LLP as senior counsel for avia-
tion law. He was a founding partner 
and principal at Empennage Consult-
ing and is an associate professor and 
chair of the department of legal stud-
ies at the University of Central Flor-
ida, where he teaches aviation law.

The National Air Transportation 
Association has elected Sheltair Chief 
Operating Officer Todd Anderson as 
chair of its board of directors, with 
predecessor and Atlantic Aviation 
Executive Vice President Clive Lowe 
staying on as immediate past chair of 
the executive committee. Joining the 
board as at-large members are Travis 
Grimsley, vice president of aircraft 
services at Duncan Aviation’s facility 
in Battle Creek, Michigan; Cristine 
Kirk, president and CEO of Malone 
AirCharter; Mary Miller, vice presi-
dent for industry and government 
affairs at Signature Aviation; Kathryn 
Purwin, CEO and owner of Helinet 
Aviation Services; and Craig Teasdale, 
vice president of operations at 
Ferrovial Vertiports.

Doug Parker has joined the Qantas 
board of directors. He was CEO of 
American Airlines for eight years, a 
role he had held at America West and 
US Airways as well. 

To submit information for the Who’s Where column, send Word or attached text files  
(no PDFs) and photos to: whoswhere@aviationweek.com For additional information on  
companies and individuals  listed in this column, please refer to the Aviation Week Intelligence 
Network at AviationWeek.com/awin For information on ordering, telephone  
U.S.: +1 (866) 857-0148 or +1 (515) 237-3682 outside the U.S.
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COMMERCIAL AVIATION

Boeing has teamed with Alaska Airlines, 
American Airlines, Delta Air Lines, 
Southwest Airlines and United Airlines 
to advise on the design and testing of 
NASA’s X-66A Sustainable Flight 
Demonstrator (page 19).

Safran has made a $1.8 billion offer to 
acquire Collins Aerospace’s actuation 
and flight control systems business from 
RTX (formerly Raytheon Technologies).

Russia’s air transport industry is show-
ing signs of recovery. In the first half of 
2023, its airlines carried the highest 
number of passengers since 2020, says 
federal agency Rosaviatsiya.

Over a dozen airlines will challenge the 
latest judgment in a dispute over gov-
ernment plans to introduce a flight limit 
to reduce noise at Amsterdam Airport 
Schiphol.

Dale Vince, founder of renewable energy 
firm Ecotricity, plans to launch Edin-
burgh, Scotland-based Ecojet in 2024 
with plans to operate hydrogen-elec-
tric-powered aircraft from 2025.

Boeing has completed redesign work 
and retrofit instructions on 737 Next 
Generation nacelles to better protect 
them from broken fan blades.

The FAA has finalized policy for demon-
strating radio altimeters to operate 
without risk of interference in areas 
where 5G C-band signals are active.

DEFENSE
L3Harris Technologies’ $4.7 billion 
acquisition of Aerojet Rocketdyne was 
expected to close around July 28 after 
the Federal Trade Commission decided 
not to block the deal.

The Indian Defense Acquisition Council 
on July 13 approved the procurement of 
26 Dassault Rafales for the Indian Navy, 
ending the chance of procurement of 
Boeing’s F/A-18E/F.

Saudi Arabia has signed a contract 
with Turkish manufacturer Baykar 
to acquire and manufacture Akinci 
twin-turboprop uncrewed aircraft 
systems.

Canada is buying nine Airbus A330 
Multirole Tanker Transport aircraft 
that will be designated as CC-330 
Husky, eight for aerial refueling and one 
dedicated to VIP missions.

Canada has selected incumbent service 
provider SkyAlyne Canada as the pre-
ferred bidder for the Future Aircrew 
Training program.

Poland has awarded Saab a 600 million 
kronor ($57 million) order for two Saab 
340 airborne early warning and control 
(AEW&C) aircraft.

The heads of the air forces of Australia, 
the UK and U.S. have pledged to work 
together on future upgrades of the Boe-
ing E-7A Wedgetail AEW&C aircraft.

L3Harris Technologies has unveiled a 
platform based on the Bombardier 
Global 6500 with a conformal airborne 
early warning system to replace the 
NATO fleet of 14 Boeing E-3s.

The UK Royal Navy’s newest aircraft 
carrier, HMS Prince of Wales, has re-
turned to sea after nine months of 
repairs.

Raytheon/Northrop Grumman will 
continue developing scramjet-powered 
hypersonic vehicles under a follow-on 
to DARPA’s Hypersonic Air-Breathing 
Weapon Concept project.

Safran Helicopter Engines and Hindu-
stan Aeronautics Ltd. have established 
a joint venture to produce engines for 
the planned 13-ton Indian Multi-Role 
Helicopter.

Northrop Quits NGAD Race
Northrop Grumman has dropped out of the competition to lead 
development of the U.S. Air Force’s next fighter.

The announcement by CEO Kathy Warden on an earnings call 
with analysts leaves Boeing and Lockheed Martin as the only 
bidders to be prime contractor for the Air Force’s Next-Genera-
tion Air Dominance (NGAD) program, which is planned to begin 
replacing Lockheed’s F-22 in the early 2030s. 

“We have notified the U.S. Air Force that we’re not planning 
to respond to the NGAD [request for proposals] as a prime,” 
Warden said. 

However, Warden left the door open for Northrop’s aeronau-
tics division to play a role as a subcontractor to either Boeing or 
Lockheed for the Air Force’s F-X next-generation fighter. 

Northrop also could continue competing to develop the U.S. 
Navy’s F/A-XX fighter, planned to replace the Boeing F/A-18E/F 
Super Hornet starting around 2040. 

Northrop built the YF-17 prototype that evolved into the McDon-
nell Douglas F/A-18 in the mid-1970s but dropped out of the fighter 
market after its YF-23 prototype lost to Lockheed’s YF-22 in 1991. 

Although Northrop has withdrawn from the Air Force’s fighter 
competition, the company remains active in developing concepts 
for a new class of autonomous Collaborative Combat Aircraft.
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FIRST TAKE

Leonardo UK and its U.S. subsidiary 
have signed a memorandum of under-
standing with Sierra Nevada Corp. to 
boost defense electronics sales.

TECHNOLOGY
Diamond Aircraft’s eDA40 electric 
trainer made its first flight July 20 from 
Wiener Neustadt, Austria, powered by 
an Electric Power Systems battery and 
Safran motor.

Chinese state-owned aircraft manufac-
turer Comac and battery producer 
CATL have joined forces to explore de-
velopment of electric aircraft.

Eve Air Mobility and parent company 
Embraer have chosen Taubate, in the 
state of Sao Paulo, as the first air taxi 
manufacturing location in Brazil.

Hybrid-electric propulsion pioneer Am-
paire has acquired Talyn Air, a U.S. 
electric vertical-takeoff-and-landing 
aircraft startup.

Lilium plans to raise up to $192 million 
in new financing, more than previously 
anticipated, through a public share offer-
ing and private placement.

SPACE
NASA has awarded KBR Wyle Services a 
five-year, $1.93 billion contract to provide 
mission and flight crew operations sup-
port for the International Space Station.

Amazon plans to build a processing fa-
cility at NASA’s Kennedy Space Center 
to prepare Kuiper satellites for launch 
on Blue Origin New Glenn and United 
Launch Alliance Vulcan Centaur rockets.

Expecting surging demand for U.S. Na-
tional Security Space Launch services, 
the Space Force plans to add a third pro-
vider to its list of contractors able to ful-
fill the full range of missions (page 45). 

Subscribers can access every issue of Aviation Week back to 1916 at: 
archive.aviationweek.com

55 YEARS AGO IN AVIATION WEEK

“Planes, Trains and Automobiles” is the 
name of a 1980s comedy film, but it also 
could describe the reporting of Aviation 
Week Technical Editor Michael L. Yaffee in 
1968. The cover of our July 29 edition 
featured a Howmet racing car powered by 
an aircraft turbine. “Aircraft gas turbine 
engines, now being used in sports cars and 
Indianapolis-type racing cars, are proving 
powerful competitors to piston engines,” 
Yaffee reported in a detailed analysis that 
spanned eight pages. Two months later, 

he had moved on to aerospace rail transit. 
Our Sept. 30 cover showcased a United 
Aircraft TurboTrain built for Canadian 
National Railway, which hoped to operate 
it between Montreal and Chicago. “Turbine 
powerplants and aerospace technology 
appear destined to play major roles in the 
evolution of high-speed surface transporta-
tion,” Yaffee wrote, noting that GE and 
Grumman were also studying more 
advanced “air cushion vehicles” that 
could travel as fast as 300 mph.

Commercial Infrastructure 
and Support Industries

U.S. Government 
Space Budgets 

Non-U.S. Government 
Space Budgets 

Commercial Space 
Products and Services

Commercial Grows to More Than Half of Space Market
(U.S. $ Billions)

$139.6

$288

$49.1

$69.5

Total:
$546

The global space economy grew 8% in 2022, reaching $546 billion, the Space Foundation 
says. The commercial market climbed by almost 8% to $427.6 billion, while international 
defense spending rose to 45% of government space budgets in 2022. The space economy 
has grown by $260 billion (91%) in the past decade, the organization says.

Source: Space Foundation database

DIAMOND AIRCRAFT
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AVIATION IS BREATHING A SIGH OF
relief as air travel recovers in the wake of 
the COVID-19 crisis. If current trends con-
tinue, global air travel in revenue passenger 

kilometers (RPK) will reach pre-COVID levels sometime 
next year. Yet below the surface,  important trends in the 
composition of air travel  merit our attention—particularly 
a decrease in business travel  that might be structural.

A recent survey by the USB Evidence Lab found that 
the number of  short-haul leisure fl ights per person per 
year was down 4% in 2022 compared with 2019,  and the 
number of long-haul leisure 
fl ights  was 14% lower.  This is 
roughly in line with broader 
industry RPK trends. How-
ever, the comparable fi gures 
for business travel are    31%  
lower (short   haul) and 19%  
lower (long   haul), respec-
tively. The Global Business 
Travel Association , which 
represents corporate travel 
departments, echoes these 
fi ndings. International busi-
ness travel budgets have 
recovered to 58% of pre- 
pandemic levels; for domes-
tic business travel, it is 68%. 

Why is business travel, 
which accounts for  about 
30% of trips, lagging in its 
recovery?  Corporate travel 
policies clearly have played a 
role, as  restrictions  remain,  
especially with Chinese 
travel. Geopolitical tensions 
don’t help, either. A growing number of Western busi-
ness travelers  consider the risk of Chinese travel  too 
high,  particularly after government raids of several 
high-profi le U.S. companies . Business aircraft have 
picked up some tra�  c formerly carried by airlines, 
buoying activity for charter and fractional operators.

 These phenomena  might not last, but a structural 
change  could be unfolding. Approximately 30% of busi-
ness trips are for intra company purposes, including in-
ternal meetings and employee training. During the pan-
demic, many companies found  they could substitute  
online meetings and training  for these time-consuming 
trips. An added benefi t is that the company’s carbon di-
oxide   emissions are curtailed.  

 “Business travel has forever changed,” RTX CEO 
Greg ory Hayes said. “About 30% of normal commercial 
air tra�  c is corporate-related, but only half of that is 
likely mandatory. Sophisticated communication tech-
nologies have really changed our thinking in terms of 
productivity.”  Hayes’  use of the word “productivity” is 
telling. Are businesses more productive and profi table 
with fewer business trips? Most likely, yes.  Face-to-face 

meetings are critical for developing customer relation-
ships or conducting service calls, but  for intra company 
travel between  people who already know each other or 
share a common culture, some business fl ights will be 
replaced by  Zoom or Teams meetings.

What are the implications for airlines? Majors and 
network carriers, which traditionally derive  the bulk of 
their profi ts from high-yield business travelers, are the 
most  a§ ected. Revenues were down in 2022 compared  
with 2019 for Lufthansa (-6%), British Airways (-5%) 
and Air France (-3%).  In contrast, low-cost carriers  less 

dependent on business travel 
experienced robust reve-
nue growth, such as Wizz 
Air (12%) and Ryanair (8%).  

Airlines are adapting to 
these challenges. Many are 
targeting higher-yield leisure 
travelers with upgraded 
products such as premium 
economy. On twin-aisles, the 
percentage of premium seats 
on international fl ights in-
creased to 14% in 2022 from 
11% in 2019.  Airlines are pur-
suing a growing “premium 
leisure” segment.  For exam-
ple, Delta Air Lines fl ights 
for a Sunday-Thursday trip 
in September between New 
York John F. Kennedy Inter-
national Airport and Lon-
don Heathrow Airport  cost 
$6,773 for Delta One Suites, 
$1,959 for Premium, $1,175 
for Comfort+ and $825 for 

the main cabin. The premium economy cabin is grow-
ing while business and main cabins are shrinking.

Another strategy is to capture more ancillary revenue 
from fees for seat selection, baggage, early boarding, ho-
tel and car rental commissions and sales of frequent-fl yer 
points to partners. In 2022, ancillary revenue exceeded 
$100 billion and comprised 14% of airline revenue.

While  current pricing power is strong, airlines must 
prepare for the next downturn and the reality that 
more premium economy travelers  cannot o§ set re-
duced  business travel revenue and profi ts.  Carriers 
might thus downgauge  to smaller aircraft for interna-
tional fl ights or simply reduce the number of long-haul 
aircraft. This may be why twin-aisles comprise 30% of 
jetliner sales, down from 50% last decade.  

Aviation has always been about change, and the shift 
in business travel patterns will provide executives with 
a new set of opportunities and challenges in the  post- 
pandemic era. 
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KEVIN MICHAELS
UP FRONT

Contributing columnist Kevin Michaels is managing director of 
AeroDynamic Advisory in Ann Arbor, Michigan.

COMMENTARY

Downshift
 How business travel has changed

Source: UBS Evidence Lab
*By frequent travelers in the U.S., France, Germany and the UK.



A LEGEND IN THE AGRICULTURAL 
aviation community, Leland Snow created 
the first purpose-built aerial spray air-
craft as a college student in 1951. He went 

on to found two “agplane” manufacturing companies, 
both based in Olney, Texas. The first, Snow Aeronauti-
cal, he sold; the second, Air Tractor, produces a range 
of single- engine models that are ag-av mainstays. 

Notably, in the late 1980s, he focused on an entirely 
different application: dousing wildfires. Although Can-
adair had been produc-
ing a twin-engine water 
scooper/bomber, aerial 
firefighting primarily in-
volved former military 
and transport aircraft fit-
ted with water/retardant 
tanks and dispersal sys-
tems. Snow thought a 
single- engine machine 
de signed for the purpose 
would be more effective. 

After years of design, 
refinement and testing, a 
certificated AT-802 fire-
fighter emerged in 1993. 
The beefy aircraft fea-
tured an 800-gal. tank, 
16,000-lb. takeoff weight 
(more than half being useful load), unrefueled endurance 
of 4 hr., computerized dispersal system and a PT-6A tur-
boprop up front. At the time, Snow, who died in 2011, 
commented, “We’ll probably build 10 or 12 of these.” 
Not all visionaries see the future clearly all the time. 

Soon, Snow’s traditional customers wanted the big 
airframe adapted for ag work, and he complied. Later 
it was also adapted for oil spill cleanup and other 
roles, including militarized versions acquired by the 
U.S. Air Force for commando support. This past Janu-
ary, Air Tractor delivered the 1,000th AT-802, includ-
ing some 280 firefighters. 

Air Tractor’s firefighter had been in production for 
less than a decade when Snow was approached by 
Bob Wiplinger, then-CEO of Wipaire, the Minnesota- 
based aircraft float-maker. He proposed fitting the 
AT-802F with amphibious floats, enabling it to skim 
and scoop water, fill its tank in seconds and return to 
the fire. Snow expressed doubt about the conversion’s 
viability but wished Wiplinger good luck. Visionary 
myopia once again.

Wipaire proceeded alone and in 2003 received a 
supplemental type certificate for an AT-802F scooper 
it branded the “Fire Boss.” Since then, the company 
reports more than 140 aircraft have undergone the 
conversion—and with a backlog exceeding 20, the 
challenge is satisfying demand.

In combating wildfires, the AT-802F and Fire Boss 
are employed primarily as initial-attack aircraft. Given 

plentiful fuel, heat and accommodating wind, a fire can 
spread alarmingly fast. An immediate and overwhelm-
ing response is key to halting its progress. 

Because it readily operates out of short, forward 
strips and can conduct multiple attacks in minutes, Air 
Tractor’s firefighter is well suited for the role. And Fire 
Boss backers note that since blazes often begin near 
scoopable water, their aircraft can fill and dump quick-
ly for hours. Moreover, the AT-802F’s relatively low 
base price of approximately $2.8 million—add another 

$1.5 million for the Fire 
Boss conversion—means 
some op erators can field 
small squadrons that can 
douse flames in steady 
sequence.

The Conair Group is a 
major aerial firefighting 
outfit and Air Tractor 
dealer headquartered in 
Abbotsford, British Co-
lumbia, with subsidiary 
operations in the U.S. and 
France. Its fleet of 70 air-
craft includes multi-engine 
air tankers and scoopers, 
fire control singles and, 
notably, 22 wheeled and 
float-equipped AT-802s. 

While each aircraft contributes to the firefight, Jeff 
Berry, a Conair vice president and wildfire expert, 
lauds the Air Tractors’ reliability, short-runway capa-
bility and cost-effectiveness. Moreover, they “pack a 
pretty good wallop in either configuration,” he says, 
adding that Conair has more on order.

Meanwhile, Dauntless Air of Appleton, Minnesota, 
operates 17 Fire Bosses, the largest fleet in the U.S. 
CEO Brett L’Esperance cites the aircraft’s robustness 
for helping his team maintain fleet availability of 99.3%. 
Furthermore, he notes, equipped with head-up dis-
plays and infrared capability, their pilots can target hot 
spots within the thickest smoke, thereby providing ex-
tra protection for ground firefighters. He also praises 
his aircraft’s operational efficiency, citing a $0.67 per 
gallon delivery average versus other firefighting air-
craft, whose drop costs can be double that or far more.

Berry and L’Esperance agree that wildfires are a 
global, year-round threat and growing. In the U.S., 
L’Esperance notes, acreage lost to fire has doubled 
from the average of 3.5 million acres per year from 
1980 to 2000. This year, Berry notes, hundreds of 
persistent wildfires stretched coast-to-coast across 
Canada, which is rare.

It appears Leland Snow saw clearly through the 
future miasma after all. 
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INSIDE BUSINESS AVIATION

WILLIAM GARVEY

William Garvey was editor-in-chief of Business & Commercial  
Aviation from 2000 to 2020.

COMMENTARY

Fire Country  
First Responders

Wheeled or wetted, they are wildfire wallopers

AIR TRACTOR
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IN BOEING’S MOST RECENT UPDATE
on orders and deliveries, an interesting 
detail  appeared. According to an Aviation 
Week analysis of the June data, Emirates 

has converted an order for 16 Boeing 777-8s into the 
same number of larger -9s. 

The development itself was hardly a surprise, since 
Emirates had become skeptical about the initial design 
of the 777-8 in the years after it  launched the program. 
While the updated, larger -8 passenger variant  was more 
to Emirates’ liking, management was still disturbed that 
it  was not informed about the change beforehand. After 
all, the airline  had been the type’s launch customer al-
most 10 years  earlier. And while the new design  is per-
ceived as better than the initial pro-
posal, it is also much closer to that 
of the -9, raising the question  of why 
Emirates or any  airline would want 
two  relatively similar 777 versions.

Industry veterans  know  it is not that simple. Boe-
ing and Airbus have launched many derivatives  they 
never ended up building— Boeing’s 787-3  and Airbus’ 
A350-800  and A380F among them. All  were in limbo 
for years  until  the respective manufacturer fi nally 
confi rmed their death  long after the  impending de-
mise had become  obvious. The 777-8 could go the 
same way, an outcome at this point far more likely 
than a strong revival, essentially because it is viewed 
by the market as a heavy aircraft with ultra-long-
range capabilities that hardly any operator needs and 
is willing to pay for, much like the Boeing 777-200LR  
and Airbus A340-500.

 Without the 777-8, the competitive dynamics of the 
widebody market would change 
signifi cantly. The 777-9 would be-
come a standalone aircraft in  air-
line  fl eets, having only limited 
commonality  with  fi rst-generation 

 Boeing’s 777-8  
Troubles

BOEING CONCEPT

AIRLINE INTEL

JENS FLOTTAU

COMMENTARY

What will Emirates’ loss of interest mean for the program? 

The move leaves Etihad Airways as the only re-
maining publicly identifi ed 777-8 customer . Boeing 
still lists 25 Etihad 777X orders,  without detailing the 
split between the -8 and -9. Like Emirates, Etihad or-
dered the 777X for the fi rst time at the 2013 Dubai 
Airshow. At the time, the airline said it  would take 17 
777-9s and eight -8s. But in 2019, Etihad  revised its 
widebody orderbook, canceling  all but six 777-9s.   Eti-
had also dropped 40 of 30 A350-900s from a 2013 Air-
bus order and converted the remaining 10 aircraft to 
the larger -1000 version.

In the  last four years, Etihad appears to have 
changed strategy again —away from boutique airline 
status  to more of a connecting model —so it may  see a 
need for the -8s again  after all. The airline did not re-
spond to queries to clarify the order status.

Boeing says it is “committed to the 777-8 passenger 
airplane, which will follow the 777-8 freighter.”

 Two orders from Etihad and Emirates were not nec-
essarily a good basis for the launch of a new aircraft 
variant, but  the world’s largest 777 operator saying  
no to the smaller version of the 777X family does send 
a strong signal to the market.  If even Emirates is no 
longer interested in the -8, shouldn’t  Boeing  drop it?   

777s  and the 787. By contrast, Boeing is o� ering three 
versions of the 787, and Airbus has two variants of the 
A350, including the -1000, which is  similar to the 777-8 
in size  but probably more e�  cient.

A single-type aircraft is never good, and  more air-
lines  might consider complementing their 777-9 fl eets 
with a few 777-8s rather than adding another type for 
certain routes.  That could compel Boeing  to keep the 
-8 , which would  give  the aircraft-maker another com-
petitor to the A350,  keeping Airbus margins on the 
program lower.    That is the role the A330neo played 
 vis-a-vis Boeing’s 787  until new sales momentum put 
the A330neo  program on  better footing.

But—and this is a rather big “but”—the 777-8 
would be a substantial additional development e� ort  
to a troubled program.  The -9 is not nearly done,  and 
then there is the  -8F,  arguably much more important 
than the smaller passenger version  because it will re-
place the 747-8F and 777F and  defend  Boeing’s quasi  
monopoly in the large freighter market.  Moreover, if 
Boeing is serious about building a new-technology 
737 replacement  starting in 2035,  it must launch that 
program  well before 2030,  adding  further strain on 
engineering resources. 
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What Brought 
Down  a V-22

> INVESTIGATION CALLS JUNE 2022 
USMC  CRASH ‘UNAVOIDABLE’ 

Brian Everstine Washington

DEFENSE

S
ince 2010, the U.S. Marine Corps has  known of a critical 
safety issue on its Bell Boeing  V-22 Osprey fleet—a 
gearbox fl aw that can cause the tiltrotor’s clutch to slip, 
severely impacting the safety of fl ight.

For years, the Corps says it has 
trained  crews to be aware of and work 
around the issue. While the U.S.  Air 
Force grounded its V-22 fl eet in Au-
gust 2022  because of  it, the Marine 
Corps  kept fl ying, saying it was  confi -
dent in the safety of the aircraft.

On June 8, 2022, a hard clutch en-
gagement (HCE) damaged  a V-22 as it 
fl ew over the deserts of Southern Cal-
ifornia, causing the Osprey to  crash, 
 killing all fi ve on board. Despite  asser-
tions that  pilots can work around the 
issue, an investigation released July 21 
states that the crew could have done 
nothing to prevent the  accident. The 
pilots could not have known  the 
problem was going to strike, and they 
did not have time to react before the 
Osprey crashed.

Aviation Week reporting shows the 
newly released investigation was one 
of at least four such gearbox problems 
that occurred in serious crashes of 
both Marine Corps and  Air Force 
V-22s last year. While the new acci-
dent investigation board report into 
the June 2022 incident states that the 
HCE was the primar y cause of that 
crash,  an investigation into a  
March 2022 fatal MV-22 crash in Nor-

to happen on an Osprey, these pilots  
were among the best to handle it. The 
squadron’s commander, in a statement 
attached to the investigation, said 
Losapio, also known as “Sloppy,” had a 
reputation as a “phenomenal” and 
“stellar” pilot who had been accepted 
in to the elite Marine Helicopter Sqdn.  
One (HMX-1)—the unit that fl ies Ma-
rine One and the logistics support 
MV-22s. Losapio, 31, was engaged to be 
married two months after the crash.

Sax  was new to the unit, but the com-
mander wrote that he was a “natural 
stick” who was “leaps and bounds ahead 
of his peers in terms of capability and 
stick control.” He was a fl ight instructor 
before joining the Marines and had en-
tered training for strike fi ghters before 
deciding to transfer to Ospreys. Sax’s 
widow, Amber Sax, says he chose the 
Osprey because he wanted to fl y with a 
crew. Sax, 33, left  behind two daughters, 
and  his wife has created the Capt. Sax 
Foundation to provide fi nancial aid for 
future aviators and engineers.

The commander wrote in a state-
ment that the crew on the flight —
Carlson, Rasmuson and Strickland—
had plenty of experience from combat 
missions, including  the Special Pur-
pose Marine Air-Ground Task Force  
tasked with   crisis response and  a va-
riety of other training missions. Carl-
son, 21,  was married about one year 
before the crash after returning from 
a deployment as part of the task force, 

way  sa id a gearbox problem did occur 
but blamed th e accident  on pilot error.

 At least two proprotor gearbox prob-
lems caused crashes or emergency 
landings  of Air Force CV-22s, according 
to information obtained by Aviation 
Week on the Class A incidents  — de-
fi ned as causing at least $2.5 million in 
damage or severe injuries or deaths. 
One high-profile incident in August 
2022 in Norway prompted the Air 
Force to stand down its operations. 
This came after another incident on 
May 17, 2022. Investigations into  those 
have not been released, and  multiple 
 similar incidents have  occurred, in-
cluding another Air Force  CV-22 forced 
to land on July 8, 2022, and an MV-22B 
that  experienced an engine fi re while 
landing in October 2022.

The June 2022  crew  killed were  
from the “Purple Foxes” of Marine 
Medium Tiltrotor Sqdn. 364 (VMM-
364): Capt. Nicholas P. Losapio, Capt. 
John J. Sax, Cpl. Nathan E. Carlson, 
Cpl. Seth D. Rasmuson and Lance Cpl. 
Evan A. Strickland. 

Interviews with commanders and 
other Marines in the investigation 
along with family member statements 
show that if an in fl ight emergency were 

>  THE ISSUE’S ROOT CAUSE 
 REMAINS UNKNOWN
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according to an obituary. Rasmuson, 
21, is survived by his wife and young 
son. Strickland, 19, was new to the Ma-
rines and had just been stationed at 
Camp Pendleton for one month.

According to the accident investi-
gation board (AIB) report, the Osprey 
was one of two flying near Glamis, 
California, for a live-fi re tail gun train-
ing mission from Camp Pendleton. 
After the third pass, the V-22 crew 
reported via radio it had “hot boxes,” 
meaning the aircraft’s gearboxes were 
running at a high temperature. The 
crew then climbed to a higher altitude 
to cool the gearboxes. After coming 
down for another weapons pass, the 
Osprey’s wingman lost visual of the 
V-22 during a turn because of the an-
gle of bank. Seven seconds after the 
last radar contact, the V-22 crashed. 

The AIB states that the cause of the 
crash was a dual HCE  creating a single- 
engine and interconnect drive system 
failure. This caused a “catastrophic 
loss of thrust” on the right proprotor, 
creating an unrecoverable departure 
from controlled fl ight. 

“It is clear from the investigation 
that there was no error on the part of 
the pilots and aircrew and nothing they 
could have done to anticipate or prevent 
this mishap,” Headquarters Marine 
Corps says in a statement. “They were 
conducting routine fl ight operations 
in accordance with applicable regula-
tions when this catastrophic and unan-

ticipated mechanical failure occurred.”
The V-22 has two proprotor gear-

boxes, one in each nacelle, that  trans-
mit power from the engine to the 
prop rotor mast. An interconnect drive 
system runs through the wings to syn-
chronize the proprotors. If one engine 
fails, this transmits power from the 
operating engine to the gearbox on the 
failed engine side.

Within each nacelle, the engine out-
put shaft drives the proprotor gearbox 
through an input quill. A one-way 
sprag clutch within the input quill 
transmits torque during normal oper-
ation and permits overrunning during 
single-engine operation, autorotation 
or if engine speeds are not matched.

An  HCE results from a  slippage of 
the input quill clutch and occurs when 
the clutch reengages. This can  cause 
severe damage to the drive system 
including engine and gearbox over-
torque, failure of the shaft-driven 
compressor  and nacelle blower , and 
damage to the engine output shaft. In 
the June 2022 accident , the dual HCE 
e� ectively sheared the Osprey’s gear-
box, causing  loss of thrust.

 The Marine Corps says in a state-
ment that  since 2010 it has  made “nu-
merous actions associated with defi n-
ing, mitigating or eliminating HCEs.”

In February, the V-22 Joint Program 
Office (PMA-275) announced the 
whole fl eet would undergo input quill 
assembly (IQA) replacement even 
though the  root cause of the HCE has 
not been determined. The AIB report  
says IQAs are being replaced every 
800 hr . Since this plan was announced ,  
 V-22s have logged 22,258 fl ight hr.  with 
no reported HCE events. 

Bell Boeing recently  has   received 
multiple contracts focused on the is-
sue, including a February award of 
$12.7  million for non recurring engi-
neering for an improved IQA design 
and an April award of $53.5  million for 
a V-22 Gearbox Vibration Monitoring/
Osprey Drive System safety and 
health information system to detect 
degrading gearbox components.

“The completion of this investiga-
tion does not close the HCE effort 
within PMA-275,”  Col. Brian Taylor, 
PMA-275 program manager, said  in a 
statement. “The implemented IQA life 
limit, which reduced overall V-22 HCE 
risk by greater than 99% , was not a 
result of this investigation but is cer-
tainly reinforced by its fi ndings.” 

This 99% statement  is not enough 

for some  family members, who have 
hired an attorney to press the Marine 
Corps and Bell  Boeing  about why HCE 
problems  were not addressed suffi-
ciently before the crash.    

“John loved being a Marine, and he 
loved fl ying the Osprey. If he were with 
us today, he would still be fl ying them; 
our friends are still fl ying them. Their 
faces, their spouses’ faces, their chil-
dren’s faces are playing through my 
mind and fueling my need for an-
swers,” Amber  Sax wrote in a state-
ment after the investigation was re-
leased. “This is precisely why the fi ght 
isn’t over. We won’t stop seeking an-
swers and a solution to h ard c lutch 
e ngagement. The Marine, aviation  and 
Osprey communities became our sec-
ond families throughout our marriage. 
We will do everything in our power to 
protect that family and fi nd answers.”

The HCE issue is one of 13 Cate-
gory 1 defi ciencies on the V-22 fl eet, 
issues that are defined as possibly 
a� ecting safety of fl ight. The program 
office has declined to identify the 
other defi ciencies. 

After the grounding was  announced 
in August 2022 , Air Force Special Op-
erations Command (AFSOC)  was the 
fi rst command to look  at past V-22 in-
cidents  to see if what is now understood 
about the HCE  would have changed 
the fi ndings. The U.S.  Navy and Marine 
Corps followed suit. AFSOC said at the 
close of that investigation that what is 
known would not “materially” change—
while HCEs could not be completely  
ruled out of some, it did not merit re-
 opening the investigations. 

One of the most notable accidents  
was the April 2010 crash of an Air 
Force V-22 in Afghanistan that killed 
four and injured 16. The o  ̈ cial account 
of the crash did not identify a main 
cause because  key pieces of evidence, 
such as the fl ight data recorder and an 
entire engine, were missing. However, 
then-AIB President Brig. Gen. Donald 
Harvel wrote that there was an “abnor-
mal engine response,” and the prop-
rotor’s speed was low when it attempted 
a rolling landing. AFSOC at the time 
disagreed with the fi ndings and issued 
a statement blaming the pilots.

Harvel, who retired shortly after 
and died in 2020, wrote his account of 
the investigation in a book titled Rotors 
in the Sand. In a chapter called “My 
Unofficial Opinion of What Really 
Happened,” Harvel wrote that gearbox 
problems were likely a cause. 
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SGT. LILLIAN STEPHENS/U.S. MARINE CORPS

 The June 2022 crash of a V-22 from 
Camp Pendleton, California, is the � rst 
fatal accident  connected to an ongoing 

problem with the Osprey’s gearbox. 
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Australia Starts Looking 
Beyond the F-35

>   U K -LED GCAP PROGRAM EYEING AUKUS 
EXPANSION TO FIGHTER TECHNOLOGY

>   THE LOCKHEED MARTIN FIGHTERS  NO LONGER 
GUARANTEED TO REPLACE F/A-18E/F FLEET 

DEFENSE

As interest in the next generation of air combat tech-
nology increasingly encroaches on funding  for ex-
isting aircraft, Australia has started looking for 

options beyond the Lockheed Martin F-35A for its future 
fi ghter fl eet.   

The Royal Australian Air Force (RAAF) currently oper-
ates four fi ghter squadrons, with three already fl ying F-35As 
and the fourth  operating Boeing F/A-18E/F Super Hornets. 
The   F/A-18E/Fs  were expected to be replaced by a fourth 
squadron of F-35As to be ordered and delivered by the end 
of the decade, but that plan is no longer guaranteed. 

“What the fourth squadron of F-35s has become is the 
Super Hornet replacement, not just [a plan to buy] the 
fourth squadron of F-35s,” RAAF Air Marshal Robert Chip-
man told Aviation Week here  at the Global Air and Space 
Chiefs’  Conference July 12-13.  

Instead, the RAAF  plans to upgrade and extend the ser-
vice life of the  Super Hornet squadron before replacing  
those aircraft in the mid-2030s. The new replacement 
schedule means the RAAF will have more options  beyond 
the F-35A , including a new generation of uncrewed collab-
orative combat aircraft (CCA) and crewed fi ghters sched-
uled to be fi elded in the mid-2030s by the U.S. and a U K /
Italy/Japan consortium.

“We will look at the F-35, and we’re very, very comfort-
able and very happy with the capability of the F-35,” Chip-
man said. “But it would be remiss of me not to look at 
what else is available for us to replace our Super Hornets 
in the future.”

The  options include the U.S. Next-Generation Air Dom-
inance program and the Global Combat Air Program 
(GCAP), which in 2022 merged the U K -led BAE Systems 
Tempest and Japan’s Mitsubishi F-X projects into a com-
mon aircraft system. The French/German/Spanish Future 
Combat Air System program plans to field a crewed 
fi ghter in 2040, which is possibly beyond Australia’s ideal 
time frame. 

Through the tripartite  AUKUS  security pact, Australia 
is already partnered with the U.S. and UK to receive 
nuclear- powered submarines and collaborate on  advanced 
technologies  such as hypersonic propulsion, autonomy, 
quantum technologies, cybertools and electronic warfare.   

GCAP o¢  cials also view the AUKUS pact as a potential 
path for sharing next-generation combat aircraft technology 
from the UK to Australia, Richard Berthon, the UK Defense 

Ministry’s  director of Future Combat Air, said in  addressing 
the same conference. 

“I think there’s an interesting future in which you can 
see combat air and GCAP developing,” Berthon said. “I 
think AUKUS is a fantastic foundation, obviously focused 
 on a di£ erent domain to what we are focused on today, but 
the nations are considering opportunities for broadening 
the partnership.”

The comments show Australia remains interested in 
obtaining new combat air technology. The government’s 
Defense Strategic Review released in April put an end to 
speculation that the RAAF might acquire Northrop 
Grumman B-21 bombers. By deferring the acquisition of 
the fourth fighter squadron  about 12 years, the review 
also created an opportunity to integrate next-generation 
fighters alongside Virginia-class submarines and Hunter- 
class frigates. 

In the meantime, the RAAF will raise its  F-35As and 
F/A-18E/Fs to the same standard as those of  the U.S. fl eets. 
For the F-35A, that means the RAAF will upgrade its  72 jets 
to the Technology  Refresh 3  standard after the hardware 
becomes available for retrofi t kits, Chipman said. The RAAF 
also plans to upgrade the 24 Super Hornets to the Block III 
confi guration, which includes a 10,000-hr. airframe, wide-
screen cockpit displays,  tactical targeting network technol-
ogy and a  distributed targeting processor network. 

“We’re looking at the Super Hornet capability now think-
ing that actually there’s a lot of value in keeping that out to 
sort of midway through the next decade,” Chipman said. 

Australia’s future airpower also includes autonomous 
aircraft. The RAAF has signed an agreement with the U.S. 
Air Force to demonstrate a CCA  capability based on the 
Boeing MQ-28 Ghost Bat in the mid-2020s. 

“That will be with a representative aircraft with repre-
sentative payloads and doing representative missions. And 
that will be a small set of what we think in time will be the 
total capabilities of the MQ-28,” Chipman said. 

Three squadrons of Lockheed Martin F-35As will remain 
in RAAF service for decades, but the service is  keeping its 
options open  to equip a fourth squadron with new � ghters 
in the mid-2030s. 
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The four nations behind the Eu-
rofighter Typhoon are putting 
together their wish lists for the 

latest upgrade to the combat aircraft. 
But the glacial pace of decision-

 making, as well as potentially missing 
critical ingredients, could harm the 
Euro-canard’s chances in future ex-
port campaigns—particularly com-
pared with the more certain road map 
offered by the French Dassault Rafale. 

Work on systems definition for 
the so-called Phase 4 Enhancements 
(P4E) program kicked off in June, 
UK Royal Air Force (RAF) officials 
say, and could thin out the numerous 

upgrade requests by the four Euro-
fighter nations—Germany, Italy, 
Spain and the UK. That thinning out 
may be essential: The proposed wish 
list is long, and the upgrade package 
that emerges likely will be the most 
extensive yet for the aircraft. But in-
dustrial capacity could also challenge 
that package. 

The UK’s priority is to prepare the 
aircraft for the third iteration of the 
Eurofighter’s active, electronically 
scanned array radar, the £2 billion 
($2.6 billion) European Common Ra-
dar System Mk. 2. Radar 2, as it is 
commonly known, is due to fly in a 
test aircraft in early 2024 and would 
introduce significant changes to the 
human- machine interface of the Eu-
rofighter, moving from a mode-based 
model of operation to a task-based 
management software designed to 
assist the pilot in the sensor’s use. 

Germany seeks to ensure that the 
Eurofighter will be ready to take on 
the tasks performed by its Panavia 
Tornado fleet, particularly the sup-
pression and destruction of enemy 
air defenses mission previously per-

formed by the electronic combat/
reconnaissance (ECR) version of its 
Tornados. This likely will involve the 
integration of an emitter location sys-
tem, the Saab Arexis electronic war-
fare suite—selected by the German 
military in June—and the Northrop 
Grumman Advanced Anti- Radiation 
Guided Missile. 

Germany and Spain are also looking 
for integration of the air-launched 
Taurus KEPD 350 cruise missile, 
which is carried by both the Tornado 
and Spain’s Boeing EF-18 Hornets. 

The four nations have plans for 
Praetorian defensive aids suite up-
grades, too, including adding digital 
receivers as well as new signal pro-
cessing algorithms and processor 
capabilities. The countries want the 
capabilities added before the end of 
the decade—around 2028—with Ger-
many’s need perhaps the most criti-
cal, as its Tornados need to be retired. 

Eurofighter CEO Giancarlo Mez-
zanatto said at the Paris Air Show in 
June that the partner nations had 

endorsed a 10-year road map for the 
aircraft’s development and that the 
P4E would demonstrate “how flexi-
ble the Eurofighter system is to in-
clude new capabilities and integrate 
new products.” 

But the pace of Eurofighter up-
grades has slowed, perhaps due in 
part to the different directions the 
partner nations have taken for their 
Future Combat Air Systems (FCAS). 
Germany and Spain are on one side, 
working with France on the European 
FCAS, while Italy and the UK are co-
operating on the Global Combat Air 
Program. The two sides have differ-
ent visions of how the Eurofighter 
needs to evolve to support their 
planned programs and disagree about 

how long to keep the Eurofighter in 
service once the FCAS and GCAP 
have arrived (AW&ST Oct. 25-Nov. 7, 
2021, p. 30). 

Industry had hoped that by now it 
could start addressing the needs of 
the Eurofighter’s Long-Term Evolu-
tion (LTE) program, but this looks 
set to slip toward future upgrade 
phases P5E and P6E. “The further 
you look into the future, the more 
open it is about what precisely LTE 
will entail,” Airbus Defense and 
Space CEO Michael Schoellhorn told 
Aviation Week ahead of the Paris Air 
Show (AW&ST June 5-18, p. 42). 
“There is growing clarity of what is 
going to be part of LTE, but there are 

Eurofighter Typhoon Nations Make 
Progress Toward Upgrade Milestone

>  EUROFIGHTER CONSORTIUM EXPECTS 150-200 NEW ORDERS

>  PHASE 4 ENHANCEMENTS PACKAGE DUE FOR 2028 SERVICE ENTRY 

Tony Osborne Le Bourget, RAF Fairford and Warton, England 

Germany would like the P4E upgrade 
to enable some of its Eurofighters, 
like the one pictured, to take over 

the suppression and destruction of 
enemy air defenses mission from 

the air force’s Panavia Tornados.

PATRIK BRANSMOLLER/GERMAN DEFENSE MINISTRY
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also still some finalizing discussions 
that need to be had.”  

In the UK, BAE Systems has been 
trying to accelerate some of the work 
it is bidding into the LTE program so 
it can be “ready for insertion by the 
customers at whatever appropriate 

point,” BAE Systems Business Devel-
opment Director Anthony Gregory 
said at the company’s Warton, En-
gland, facility in July.

These efforts, known internally 
as Typhoon Tranche 5, include rear-
chitecting the aircraft’s complex 
mission system, enabling the use 
of off-the-shelf multicore computer 
processors. These processors, based 
on Intel Corp.’s Tiger Lake, could in-
crease the aircraft’s computing power 
by 200 times in the first instance—
and raise it further as more process-
ing cores are added. The software is 
being made compliant with the UK’s 
Pyramid open-architecture standard 
as well as enabling the safety-critical 
and mission-critical software to split 
apart, making the aircraft easier to 
upgrade. The company is due to fly 
a Eurofighter with the multicore pro-
cessors installed by year-end.  

BAE is also considering technolo-
gies such as dynamic adaptive sol-
id-state power management systems, 

which could squeeze more electrical 
power from the aircraft’s Eurojet 
EJ200 engines.

Another challenge for the consor-
tium is the speed at which nations can 
implement the upgrades. The RAF is 
arguably several years ahead in oper-

ationalizing the new capabilities. That 
includes the introduction of MBDA’s 
Brimstone missile, now also ordered 
by Spain, and the use of the MBDA 
Meteor beyond-visual-range air-to-air 
missiles by British Typhoons operat-
ing in the Baltic region. The other 
partner nations are only now intro-
ducing the Meteor capability. 

Mezzanatto said one of his objec-
tives during his term as Eurofighter 
CEO was to align the customer fleets 
“as much as possible.” But he added 
that achieving that will be difficult 
given the differing national require-
ments. Indeed, the UK is preparing to 
go a step further in enhancing the air-
craft by adding BAE Systems’ Striker 
2 helmet-mounted display as part of a 
national upgrade for the aircraft.

Pilots will benefit from the helmet’s 
daylight-readable color display and 
integrated night vision when it 
reaches the fleet around 2027-28, 
Group Capt. Matt D’Aubyn, the RAF’s 
Typhoon program director, said at the 

Royal International Air Tattoo in July. 
“[Striker 2] is an absolutely vital 

capability for Typhoon,” D’Aubyn said. 
“Yes, is it a piece of protective equip-
ment, but we are also looking at this 
as an integral part of the aircraft’s 
weapon system.” 

Questions remain as to 
whether the UK will integrate 
the MBDA-developed Spear 3 
small cruise missile onto the 
Typhoon. It is already destined 
for the Lockheed Martin F-35. 
But RAF officials have not de-
finitively said whether the 
weapon is part of the plans for 
the Eurofighter, even though it 
has been tested on the aircraft 
and further tests are coming. 
This is despite significant inter-
national interest in the Spear 3 
and the associated Spear-EW 
decoy development.

Here France could secure a 
lead, as it is looking at integrat-
ing a similar weapon—the 
Armement Air Sol Futur—for 
the Rafale as part of that air-
craft’s upgrade road map.

Despite these challenges, Mezza-
natto said the consortium could secure 
150-200 additional orders in the next 
two years, including top-up orders from 
existing customers as well as from new 
markets. “We are getting prepared 
and fully support our partner compa-
nies on the export market and in order 
to meet all these demands,” he said. 

As reported by Aviation Week, 
Spain is interested in acquiring some 
25 additional Eurofighters for its 
planned Halcon II fighter require-
ment to begin replacing the country’s 
EF-18C/Ds (AW&ST June 5-18, p. 42). 

Other potential new buyers could 
include Egypt and Poland. Top-up 
orders could emerge from Oman and 
Qatar. Saudi Arabia is—at least for 
now—a less likely buyer, given Germa-
ny’s reluctance to support a sale there. 
BAE Systems is leading a campaign 
to sell the aircraft to Turkey as well, 
but this depends on whether the U.S. 
approves deliveries of Block 70 Lock-
heed Martin F-16s to Turkey. 

BAE Systems has taken 
delivery of the first prototype 
Radar 2 and plans to integrate 
it into a Eurofighter for flight 
tests starting in 2024. 

MARK WRIGHT/BAE SYSTEMS 
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The UK wants to secure a seat at 
the table of the world’s hyper-
sonic powers. More than 15 

years after the last UK-led hypersonic 
tests in the Australian desert, the UK 
Defense Ministry plans to set aside £1 
billion ($1.3 billion) over seven years to 
build a sovereign hypersonic weapon 
capability that will allow it to produce 
its own weapons and collaborate in tan-
dem with Australian and U.S. partners 
as part of the AUKUS defense pact.

In addition to the funding, which 
comes from the £6.6 billion that the 
UK Defense Ministry committed in 
2021 to research and development, the 
hypersonic efforts are backed by a 
“clear political intent,” tender docu-
ments published in early July state. In 
short, the goal is to accelerate capabil-
ity development. 

The UK has a history of hypersonic 
flight research. The most recent trials, 
about 20 years ago, studied the HyShot 
dual-mode ramjet/scramjet engine 
while the ministry provided funding 
for the Sustained Hypersonic Flight 
Experiment (SHYFE) to explore tech-
nologies for a hypersonic missile. 
However, with the war in Afghanistan 
draining resources, interest in SHYFE 
faded, and the trials were called off.  

Nevertheless, hypersonic efforts in 
China and Russia continued apace, 
and the emergence of systems such 
as the Chinese DF-17 and Russian Zir-
con has forced the UK and its allies 
to play catch-up. The UK’s newly re-
freshed command paper for structur-
ing its armed services calls for a 
reprioritization to counter future 
threats by investing in novel weapons 
such as hypersonics. 

The UK is looking at a three-track 
approach: buying a strategic Hyper-
sonic Glide Vehicle via AUKUS, collab-
orating on existing weapon programs 
and setting up a national program to 
develop a weapon capability, likely a 
hypersonic cruise missile. 

The newly established Team Hy-
personics is leading the efforts, but 
the collaboration and development 

strands will be done through a Hyper-
sonic Technologies and Capability 
Development Framework Agreement 
with industry.

The effort appears to be entirely sep-
arate from the UK’s work with France 
on the Future Cruise/Anti-Ship Weapon 
program, which aims to produce two 
weapons—one likely to be a high-speed 
but not hypersonic anti-ship weapon. 

Indeed, France has embarked on 
its own hypersonic glide vehicle stud-
ies by launching a demonstrator, the 
eXperimental Maneuvering Vehicle 

(V-MAX) hypersonic glider, over the 
Atlantic Ocean at the end of June. 

The UK’s work is focused around 
AUKUS, with hypersonic weapons 
added to the scope of the trilateral re-
lationship in April 2022. 

“These efforts show the seriousness 
with which hypersonic technologies 
are now seen, especially with regard 
to accelerating efforts to deploy a ca-
pability,” says James Bosbotinis, a UK-
based independent defense and inter-
national affairs analyst. 

He expects the collaboration work 
to prioritize UK integration into the 
Australian and U.S. bilateral Southern 
Cross Integrated Flight Research Ex-
periment program, which could give 
the UK a potential hypersonic capa-
bility within the accelerated schedule. 
The sovereign capability would follow. 

The tender documents from the 

UK Defense Ministry state that most 
of the country’s technological capabil-
ity in hypersonics is at low technology 
readiness levels. The ministry see the 
framework as a way to begin bridg-
ing the gap by working with industry 
and academia. 

The other routes to a UK hyper-
sonic weapon capability are either to 
accelerate the joint U.S.-UK Thresher 
science and technology initiative 
(AW&ST April 6-19, 2020, p. 14), run 
by the UK Defense Science and Tech-
nology Laboratory (DSTL) and the 
U.S. Air Force Research Laboratory, 
or to run a technology demonstration 
program called HyLarc. 

Details about HyLarc are scant, 
however, and the UK Defense Ministry 
did not address Aviation Week’s spe-
cific questions about the program. 
The ministry only provided a state-
ment on the framework saying that 
the documents were to “stimulate in-

dustry interest.” 
The framework 

will acquire capa-
b i l i ty  through 
eight pillars of 
work: design and 
integration, mod-
eling, airframe 
and power gener-
ation, propulsion, 
computing, seek-
ers, lethal pack-
ages,  and low- 
technology-read-
iness-level and 
academic work 
packages.

The new UK effort builds on the 
DSTL’s own hypersonic weapons pro-
gram, running since 2022, which is 
aimed at delivering a hypersonic 
cruise missile technology demonstra-
tor by the middle of the decade. 

Separately, the DSTL is working 
with Reaction Engines, Rolls-Royce, 
the UK Royal Air Force’s Rapid Capa-
bilities Office and the UK’s National 
Security Strategic Investment Fund 
to deliver the Hypersonic Air Vehicle 
Experimental (HVX) Program—an-
nounced at last year’s Farnborough 
Airshow—to explore reusable hyper-
sonic air systems (AW&ST July 25-
Aug. 7, 2022, p. 26). The HVX team is 
working on critical high-Mach/hyper-
sonic technologies, including novel 
air-breathing propulsion architectures, 
innovative thermal management sys-
tems and advanced vehicle concepts. 

UK Planning £1 Billion Effort To 
Secure Hypersonic Weapon Capacity 

>  U.S.-UK THRESHER PROJECT WILL BE ACCELERATED

>  WORK TO BE FOCUSED AROUND AUKUS DEFENSE PACT

Tony Osborne London

The DSTL published this concept 
of a notional ramjet/scramjet-
powered missile to illustrate 
its hypersonic missile  
program.

UK DEFENSE SCIENCE AND TECHNOLOGY LABORATORY
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New analysis of an old problem 
is prompting Pratt & Whitney 
to revamp inspection protocols 

on certain PW1100G geared turbofans, 
potentially pulling hundreds of en-
gines off wing before scheduled shop 
visits over the next two years.

Inspections have been mandated 
since late last year of a certain popu-

lation of high-pressure turbine stage 1 
and stage 2 disks produced between 
2015 and 2021 that are flying on Pratt- 
powered Airbus A320neos. Pratt’s 
previous analysis concluded that the 
checks, which require removal and 
disassembly of the engine, could wait 
until scheduled maintenance shop 
visits. But new analysis from recent 
inspections has led Pratt to conclude 
that more frequent checks are needed, 
the company revealed July 25.

“Based on the current assessment, 
Pratt anticipates by mid-September 
that approximately 200 PW1100 engines 
will be removed for enhanced inspec-
tion,” Chris Calio, president and chief 
operating officer of Pratt parent RTX, 
formerly known as Raytheon Technol-

ogies, said on a July 25 earnings call.
Results from those checks, which 

target the highest-time engines, will 
help determine the next steps. Pratt 
is anticipating that another 1,000 en-
gines will require inspections by mid-
2024, “but the exact number of en-
gines and the timing of those removals 
is not yet finalized,” Calio added.

The affected engines may include 
one of roughly 2,070 PW1100G disks 
flagged by Pratt as containing contam-
inated powder metal (PM) that can 
reduce a part’s service life. The prob-
lem was discovered during the probe 
of a March 2020 engine failure on a 
Vietnam Airlines Airbus A320ceo. In 
that case, a contaminated Interna-
tional Aero Engines (IAE) V2500 HPT 
stage 1 disk failed.

Pratt’s initial analysis flagged a small 
subset of legacy engine parts with the 
issue. It later broadened its root-cause 
analysis and found more affected parts, 
including some on current-generation 
engines in the PW1000G geared tur-
bofan (GTF) family. Further analysis 
flagged the 2,070 disk serial numbers 

listed in a July 2022 service bulletin 
that recommended inspections. The 
FAA and other regulators mandated 
the checks, setting the interval for the 
next scheduled shop visit.

Every inspection yields new data 
that Pratt incorporates into its ser-
vice-life model for the parts.

“Based upon everything that we 
knew until very recently, we believed 
the life of the turbine disk was such 
that we would see these disks in the 
shop and be able to inspect them be-
fore we ever had an issue,” said Greg-
ory Hayes, chairman and CEO of RTX. 
“As we looked at the data again over 
the last couple of months, our safety 
risk-assessment [experts] went 
through their process of updating the 
data based on all the recent findings. 
And they said: ‘You know what, we’re 
not absolutely positive that the lifing 
model is accurate. We want to take a 
look at these disks at a much-acceler-
ated basis.’”

In the long term, the checks will 
lead to new inspection intervals, which 
regulators are expected to mandate. 
However, the near-term ramifications 
for affected operators are unclear. 
Some inspections can be done during 
already scheduled shop visits, while 
others may lead to slight changes in 
airline maintenance schedules.

But many are expected to take 
place well before airlines had planned 
them, which could lead to significant 
fleet disruptions. Pratt is developing a 
“project” shop visit for these cases to 
minimize the required work and re-
lated engine downtime.

“Right now, we’ve got to work through 
how we define the work scope and the 
turnaround time that’s required,” 
Calio said. “GTF is going to have a lot 
of shop visits here in the back half of 
2023 and into 2024. We need to figure 
out how many of those are incremen-
tal and what the true impact of the 
fleet is, but that’s ongoing.”

Pratt has been adding GTF over-
haul capacity to its network as part of 
a planned ramp-up to meet both 
scheduled overhauls and address un-
foreseen problems. Pratt has 13 shops 
and planned to add six more by 2025. 
That timeline may change.

“We’re going to have to accelerate 
some of the tooling,” Hayes said.

The new wave of inspections will 
add complexity for some airlines that 
have seen their GTF fleets plagued 
with durability issues and premature 

Airbus A320neos Will Require Earlier 
Pratt Geared Turbofan Checks

>  ANALYSIS SHOWS CHECKS NEEDED SOONER THAN PRATT THOUGHT

>  MANUFACTURING PROBLEM PROMPTED ORIGINAL INSPECTIONS

Sean Broderick Washington and Guy Norris Colorado Springs

COMMERCIAL AVIATION

Engines from hundreds of Pratt-powered A320neo-family aircraft could face 
unscheduled shop visits over the next year.
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engine removals for years. An Aviation 
Week analysis in April found 11% of all 
PW1000G-powered aircraft, mostly 
A320neos and A220s, were either 
grounded or flying less than once per 
week (AW&ST May 22-June 4, p. 16). In 
many cases, airlines were waiting for 
Pratt to provide needed spares or free 
up slots in engine shops to make repairs.

“We will work through this difficult 
time,” Calio said.

“We’ve got this,” Hayes added. “It’s 
going to be expensive. We’re going to 
make the airlines whole as a result of the 
disruption we’re going to cause them.”

Among the few slivers of positive 
news is that Pratt’s inspections have 
yielded few disks that needed imme-
diate replacement—less than 1% of the 
more than 3,000 examined from mul-
tiple Pratt and IAE engines.

“Of course, if we had to replace the 
turbines, then we’d factor that into 
the turnaround time,” Calio said. “But 
our assumption, based on everything 
that we’ve seen thus far, is that the 

fallout rate [on the new inspections] 
will be very low.”

The issue was corrected on the pro-
duction line in 2021, so recently deliv-
ered engines are not affected. The 
contaminated powder came from HMI 
Metal Powders—a wholly owned Ray-
theon subsidiary—and was processed 
at Pratt’s Columbus, Georgia, manu-
facturing facility.

Clayville, New York-based HMI has 
been the principal supplier of super-
alloy powder and billet to Pratt since 
the mid-1990s. Although nickel-based 
PM superalloys have been used for 
many years in the hot sections of en-
gines, Pratt developed a fourth-gener-
ation PM for the GTF high-pressure 
turbine that was designed to allow for 
operation at higher temperatures. In 
general, the use of PM superalloys 
provides improved strength, creep 
resistance and creep fatigue, as well 
as better low-cycle fatigue properties 
at higher temperatures than conven-
tional superalloys.

Pratt has also developed several 
manufacturing technology innova-
tions for the use of PM, including iso-
thermal forging—sometimes called 
“gatorizing”—and the use of finer pow-
der. Smaller-gauge powder is designed 
to reduce vulnerability to fracture 
initiation and growth, while isother-
mal forging improves low-cycle fatigue 
properties compared with conven-
tional processes.

Although the use of PM is not in 
itself usually the cause of defects in 
the super alloy, the manufacturing pro-
cess has to be controlled carefully to 
prevent contamination of the powder. 
If contamination occurs, it can alter 
the fracture mechanics—increasing 
the potential for defects and faster 
crack growth. It is not known if con-
tamination is at the root of the process 
issue identified by Pratt over the 2015-
21 batch problem. In most PM manu-
facturing, issues with contamination 
are minimized with vacuums or inert 
gas screening and loading. 
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Boeing stakeholders have become so used to bad quar-
terly reports from the Arlington, Virginia-based com-
pany that they gird themselves every three months. 

It may be time to start unclenching their fists.
The aircraft-maker is back to generating cash and on the 

way to meeting key promises made to investors, top man-
agers asserted July 26 as they unveiled financial results for 
the second quarter of 2023 that exceeded Wall Street ex-
pectations in a few meaningful ways.

At the same time, Boeing—citing growing stability 
throughout its commercial aircraft programs—is on pace 
to achieve projected production increases and near-term 
delivery targets. It is further speeding up the resumption of 
777-9 production. And there is even serious talk of hitting a 
monthly production rate of 60 new 737 narrowbodies.

“I would love to get to 60,” Boeing CEO and President Dave 
Calhoun said in a teleconference with financial analysts. “The 
market is there for it, there’s no doubt about it.” In the mean-
time, Boeing is confident in its forecast of 400-450 737 deliv-

Boeing Is Bolstered by 
Production, Research and 
Cash Flow Progress

>   DEFENSE AND SPACE DIVISION CONTINUES  
TO PILE UP CHARGES

>   THE COMPANY REAFFIRMS 737 PRODUCTION RATE 
INCREASES AND DELIVERIES 

Sean Broderick and Michael Bruno Washington and 
Guy Norris Colorado Springs

eries this year despite the recent tailfin assembly issues 
(AW&ST May 22-June 4, p. 26) and the weeklong strike at 
Spirit AeroSystems in Wichita (AW&ST July 17-30, p. 12).

But before Boeing can contemplate rates beyond the 50-
52 per month it has targeted for 2025-26, stabilizing produc-
tion at the new rate of 38 per month takes priority.

“That is the second half of next year,” Calhoun said about 
the next rate break. “That’s when we wind down all our 
shadow factory efforts and we can apply all the labor to 
those rate increases.”

Boeing said 737-7 and 737-10 certification programs are 
progressing. While FAA approval of the 737-7 is still ex-
pected this year, first deliveries will not take place until 
2024, the OEM confirmed separately in its quarterly regu-
latory filing. This aligns with the fleet planning assumptions 
of launch customer Southwest Airlines, which has become 
conservative with 737-7 delivery dates to account for pro-
longed FAA reviews of new aircraft programs, with the last 
two 737 MAX variants topping the list.

The 737-10’s timeline still envisions FAA type inspection 
authorization in 2023, with certification and first deliveries 
in 2024. This is despite significant changes to the model 
compared with the other 737 MAX-family versions, not to 
mention more stringent FAA certification requirements.

Meanwhile, as Boeing begins work to adapt a former 
Delta Air Lines MD-90 into the X-66A Transonic Truss-
Braced Wing research aircraft, Calhoun said he remains 
confident it will pave the way for a 737 replacement. “We 
are intent on proving this technology, and we are hopeful,” 
he said. “If it matures the way we think it will, and NASA 
frankly thinks it will as well, I do think it will see service.”

The ultimate choice of engines still is some time away, Cal-
houn said. “For me to pick and choose the variations and pow-
erplants at this stage is probably not smart. We can use exist-



and around the rear center fuel tank (RCT) that include the 
addition of a Kevlar liner inside the tank and some struc-
tural reinforcements. The Kevlar liner is to slow the outflow 
of fuel in case of a tank puncture, thereby increasing safety 
and fire protection. The RCT has a fuel capacity of around 
13,000 liters (3,400 gal.) and is key for Airbus to be able to 
reach the 4,700-nm range it has promised to customers.

Airbus CEO Guillaume Faury said on a July 26 call with 
reporters that it has taken some time to “get our arms 
around the best way” to address issues raised by EASA. The 
solution that has been found “adds weight on the airplane,” 
Faury confirmed, and performance now needs to be vali-
dated in flight testing.

At the same time, Airbus has identified potential areas 
for weight savings. Faury said Airbus is aiming to “come as 
close as we can to what we have committed to” and has 
anticipated that the aircraft will be very close to matching 
or even surpassing the performance we have promised.”

Nonetheless, Faury reconfirmed Airbus’ target for the 
XLR to enter service in the second quarter of 2024.

The latest production quality issue around the Pratt & 
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A irbus is conducting performance validation flight 
tests of the A321XLR to determine the range penalty 
of added safety measures required by the European 

Union Aviation Safety Agency.
The OEM and the European Union Aviation Safety 

Agency (EASA) early this year settled on modifications to 

Airbus Scrutinizes 
A321XLR Modifications  
for Performance Effects

>   COMMITMENT TO THE MODEL’S SERVICE ENTRY 
IN SECOND QUARTER OF 2024 IS CONFIRMED

>   AIRFRAMER ASSESSES HOW TO OFFSET WEIGHT 
ADDED BY REAR CENTER FUEL TANK FIX

Jens Flottau Frankfurt
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ing power, but we would prefer to have a bigger fan diameter, 
ultimately, and maybe even open-rotor someday,” he said.

Boeing has also formed a sustainability coalition of leading 
U.S. airlines to advise on the design and testing of the X-66A. 
The group includes Alaska Airlines, American Airlines, 
Delta, Southwest and United Airlines—all of which Boeing 
says will provide input on operational efficiencies, mainte-
nance, handling characteristics and airport compatibility.

In North Charleston, South Carolina, 787 production is 
steady at four per month and on track to reach five by year-
end. Boeing is maintaining its full-year delivery forecast of 
at least 70 units despite delivering just 31 in the first half 
and in spite of the discovery of another production quality 
problem requiring predelivery rework.

The latest issue affects midbody stringers and related shims 
needed to ensure the structures meet Boeing’s design require-
ments, sources with knowledge of the issue tell Aviation Week. 
The issue became apparent in late June—787 handovers were 
paused from June 30 through July 18 but have resumed.

It is not clear how many aircraft are affected. Among the 
aircraft flagged for rework, the oldest rolled out in April 
2020 and the newest was built in January 2022, consultancy 
Aero Analysis Partners says.

Rework can be done away from the final assembly line, 
like postproduction join verification that all 787s are going 
through to address a series of nonconformances flagged in 
recent years. Boeing says it had 85 undelivered 787s in in-
ventory on June 30 and expects to have most of them in 
customers’ hands by the end of 2024.

The positive production commentary came as Boeing 
reported what would normally be seen as mixed overall 
financial results, except that it might have turned a corner 
on generating free cash flow (FCF), an important metric of 
financial health for shareholders and debt holders alike.

Boeing reported quarterly revenue of $19.75 billion, up 
18% from the second quarter of 2022. It had a net loss of 
$149 million versus a gain of $160 million for the same quar-
ter last year, with comparable per-share results of a loss of 
$0.25 against a gain of $0.32.

Yet Boeing reported an FCF of almost $2.6 billion in the 
latest quarter. Financial analysts had expected a small 
gain at best or even a small cash burn. Company leaders 
further reiterated their earlier promise to deliver $3-5 
billion in FCF by the end of 2023. With the latest results, 
Boeing has generated $1.8 billion in FCF in the first half, 
and executives have already said they expect a stronger 
second- half performance.

Still, the company is haunted by the Boeing Defense, 
Space and Security (BDS) division, where charges on sev-
eral high-profile programs for NASA and the Pentagon have 
reached $12.2 billion, including new red ink (see chart).

BDS revenue for the second quarter was in line with ex-
pectations at $6.2 billion, but the division swung to an op-
erating loss of $527 million for the quarter versus a gain of 
$71 million year over year. Operating margins plummeted 
to -8.5% from +1.1%.

The poor results were primarily driven by losses on fixed-
price development programs—a long-running specter for 
legacy primes—as well as continued “labor instability” and 
supply chain disruption on other BDS programs, Boeing 
said. The NASA Commercial Crew program recorded a $257 
million loss in the latest quarter due to the cascading effects 
of the previously announced launch delay, Boeing says. The 
U.S. Air Force T-7A program recorded a $189 million loss 
resulting from growing estimated costs on production con-
tracts. The Navy MQ-25 program also recorded a $68 mil-
lion loss from schedule delays.

“I think we said that we’re not expecting much at all from 
the BDS portfolio, just to be clear, because these things 
aren’t going to solve themselves in the near term,” Boeing 
Chief Financial Officer Brian West told analysts on the call. 
He said overcoming issues in the BDS programs requires 
managers to achieve a swing of hundreds of millions of dol-
lars in both costs and revenues.

While heartened by the latest FCF and production re-
ports, analysts remain sanguine. “We view the second-quar-
ter performance from Boeing as mixed,” Rob Stallard and 
Karl Oehlschlaeger of Vertical Research Partners say. “On 



Whitney PW1100G engines powering the A320neo family is 
creating a “very critical situation for customers” and “a lot 
of frustration” as airlines aim for maximum aircraft utiliza-
tion during the Northern Hemisphere’s peak summer sea-
son, Faury said. He does not expect a direct or indirect effect 
on Airbus this year, with Pratt under even more pressure 
to deliver replacement engines to airlines. “There might be 
indirect consequences” later based on the new findings, he 
conceded, but Airbus has yet to receive information from 
Pratt about 2024 and 2025 engine deliveries.

In response, Pratt is accelerating inspections for more 
than 1,000 engines—200 alone that have to be removed and 
checked by September and another 1,000 to be inspected 
by the middle of 2024 (see page 18). The affected engines 
have stage 1 and 2 disks flagged by Pratt as containing 
contaminated powder metal that can reduce a part’s service 
life. The aircraft in question were delivered between the 
fourth quarter of 2015 and the third quarter of 2021.

Coinciding with the latest Pratt production problem’s emer-
gence, Faury said supply chain performance is not improving, 
and deliveries are still “paced by a few critical suppliers.”
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On the company’s July 26 earnings call, Faury reconfirmed 
Airbus’ ramp-up goal of producing 75 A320neo-family aircraft 
per month by 2026, but he added that Airbus will no longer 
announce interim targets. The OEM had previously aimed 
to reach a rate of 65 by the end of 2024. “I am not withdraw-
ing a target,” he said. “There is no change to the plan.” As 
part of it, the A220 is to reach 14 aircraft per month around 
the middle of the decade, the A330neo four aircraft per month 
in 2024 and the A350 nine per month by the end of 2025.

Airbus delivered 316 commercial aircraft in the first six 
months of 2023, among them 25 A220s, 256 A320neo-family 
aircraft, 14 A330neos and 21 A350s. The company aims to 
deliver 720 units by year-end, 60 more than in 2022.

The aircraft-maker recorded 1,044 firm orders for the 
first half of 2023, compared with 259 a year earlier. This was 
mainly due to large orders placed by IndiGo and Air India. 
Commercial aircraft revenues were up 16% in the first half 
at €20.3 billion ($22.3 billion), but operating profit fell 38% 
to €1.5 billion, partly because Airbus was building up a larg-
er-than-expected inventory as supply chain constraints 
delayed aircraft deliveries. 

the positive side, there was the Boeing Global Services 
margin, a steadier production rate at Boeing Commercial 
Airplanes and, of course, the cash flow (albeit flattered by 
the timing of deposits). On the flip side, defense continues to 
bleed money, and supply chain remains a challenge.

“So overall, not bad and a much better performance than 
what the company has reported in the not-too-distant past,” 
they add. “But investors hardly need reminding that Boeing 
has been accident-prone, and we see lower-risk/higher- 
quality alternatives in the aerospace sector.” 

$1,200

1,100

1,000

900

800

700

600

500

400

300

200

100

0

Totals $425 $835 $1,128 $319 $1,285 $637 $1,488 $905 $4,429 $759

Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2

Boeing Defense and Space Fixed-Price Contract Charges, 2014-23
(U.S. $ Millions)

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Program Charge Totals
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Source: Data from Boeing quarterly reports compiled by Steve Trimble/AW&ST*Includes $936 million in forward losses on production aircraft.
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SAFETY

A report by French air accident 
investigation agency the BEA 
released July 10 put a spot-

light on three safety issues often con-
sidered long resolved: critical system 
redundancy, equipment standard 
consistency and technical issue re-
porting. The first two may take years 
to truly resolve, given the long cycles 
in rulemaking and fleet 
retrofit, but technical 
answers can be found.

The third problem is 
more concerning be-
cause it points to a cul-
tural issue: pilot hesi-
tancy to report mishaps 
in their aircraft’s techni-
cal logbooks. What the 
BEA investigators found 
substantiates something 
unions have been warn-
ing about for years, 
though with little prior 
evidence. The concept of 
“just culture,” under 
which a pilot feels com-
fortable reporting a 
problem without fear of 
punishment, has yet to 
become universal.

The loss of separation 
between an Embraer 
ERJ170 operated by Air 
France subsidiary Hop 
and a Cessna Model 525 
CitationJet operated by 
Valljet in January 2022 
near Auxerre, France, was caused by 
a failure in the Cessna’s air data sys-
tem, investigators say.

Characterized as a serious incident 
involving a risk of collision, the event 
resulted in a minimal vertical separa-
tion of 665 ft. and a minimal lateral 
separation of 1.5 nm. The Embraer 
was equipped with an airborne colli-
sion avoidance system (ACAS) de-
signed to alert the crew about ap-
proaching traffic. Because it based its 
calculation on an erroneous altitude 
received from the Cessna’s transpon-

French Near-Collision Investigation 
Highlights Lingering Safety Issues

>   DISCREPANCY FOUND IN THE SAFETY EQUIPMENT OF AIRCRAFT 
SHARING AIRSPACE

>  REPORTING TECHNICAL MISHAPS IS STILL PROBLEMATIC FOR PILOTS

Thierry Dubois Lyon

der, the ACAS did not trigger any 
alarm or resolution advisory.

The CitationJet’s air data system re-
lies on two distinct sets. Set No. 1 cor-
responds to the left seat and No. 2 to 
the right seat. Each set includes a pitot 
probe to measure total pressure, two 
static probes for atmospheric pressure, 
an altimeter and an airspeed indicator.

During the incident, set No. 1 failed, 
giving false altitude and speed indica-
tions to the crew, who noticed the dif-
ference between the two sets. The 
standby altimeter could not help, as it 
relies on set No. 1’s static ports.

Asking air traffic control for an al-
titude check did not help, either. The 
controller read the altitude supplied 
by the transponder, itself using data 
from set No. 1. Neither the crew nor 
the controller realized they were rely-
ing on flawed data, and the crew con-
tinued the climb.

Within a few dozen seconds, the 
Cessna’s crew saw the Embraer as the 
controller watched the near collision 
on a radar screen, and the crew de-
cided to switch to set No. 2.

Before the near collision, it was 
impossible to determine which of the 
two sets was showing the correct al-
titude. Large commercial aircraft 
rely on an additional level of redun-
dancy for altitude measurement. “On 
the aircraft I fly, the standby altime-
ter relies on dedicated sensors,” says 
Paul Reuter, professional affairs di-
rector at the European Cockpit As-
sociation pilot union. “It should not 
be technically too difficult to retrofit 
dedicated sensors.”

The BEA report went beyond not-
ing the lack of redundancy. Investiga-

tors pointed out the difference be-
tween the European Union Aviation 
Safety Agency’s (EASA) certification 
rules for small aircraft (CS 23) and 
large aircraft (CS 25). The rules do 
not guarantee the same level of integ-
rity in altitude information. The 
safety of a CS 25 aircraft therefore 
actually depends on the equipment of 
CS 23 aircraft flying in the vicinity, 
the BEA said.

That point is relevant for ACAS in 
addition to altimeters. “Any technol-
ogy that improves safety and affects 

A 2022 near collision demonstrated that 
an air traffic controller cannot determine 
whether the altitude transmitted by an 
aircraft’s transponder is accurate.

NATS
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someone we share airspace with is a 
must-have,” Reuter says.

After examing the Cessna’s air data 
system, BEA engineers could not find 
the root cause of the system error. 
Based on the symptoms the crew re-
ported, they hypothesized the failure 
took place in a flexible duct. A total or 
partial obstruction caused by liquid 
water or ice was likely, they said.

The same problem on set No. 1 had 
occurred in 2017, 2019 and 2021. And 
that is where the BEA’s report ex-
pressed unusual irritation. “The oper-
ator seems to persist in requesting 
that the detection of a technical fault 
in flight be subject to validation by the 
managers directly linked to flight op-
erations,” the BEA stated. Such a pro-
cess breaks EASA commercial air 
transport regulations.

In 2017, the problem was reported 
in the technical logbook, as required, 
leading to maintenance action. In 
2019, it was partially mentioned, but 
with no action taken. In 2021, one 
month before the incident, it was not 
documented at all.

BEA investigators gathered pilot 
accounts suggesting that organiza-
tional practices of charter operator 
Valljet, owner of the Cessna, left sys-
tem malfunctions unreported despite 
their implications for airworthiness. 
They allegedly aimed to avoid flight 
cancellations, which would have af-
fected revenues.

“At some operators, a safety man-
agement system is created only to 
tick a regulatory box. Then, chances 
are their people will feel under pres-
sure not to report technical prob-
lems, such as to avoid aircraft-on-
ground situations,” Reuter says. 
“Reporting challenges do not happen 
only at small operators. Feedback 
from our members shows it also hap-
pens at large carriers. The percep-
tion of pressure may be about balanc-
ing safety against economic damage 
to the company. If you feel reporting 
will hamper your career, then percep-
tion is reality.”

The pressure does not specifically 
come in memos asking pilots to avoid 
reporting technical issues. “It is rather 
an atmosphere, the result of nonverbal 
communications,” Reuter says. “It is 
sometimes ambiguous. People may 
just hear they should get things done. 
Last year, the CEO of a low-cost car-
rier said everyone was fatigued and 
everyone should carry on.” 

https://digital-transformation.aviationweek.com
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The ability to do more with less is what makes—and has 
made—Southwest Airlines great, its pilot union says.

“Now we’re doing less with more,” Southwest Air-
lines Pilots Association (SWAPA) President Capt. Casey 
Murray tells Aviation Week. As a result, the focus of ongoing 
contract negotiations “is about efficiency and about maintain-
ing our position in the industry as a low-cost leader,” he says.

Southwest is the last of the U.S. 
Big Four working toward an agree-
ment with its pilots. The contract 
became amendable in September 
2020, approximately one year after 
those at Delta Air Lines, American 
Airlines and United Airlines—which 
have reached, respectively, a deal, a 
tentative agreement (TA) and an 
agreement-in-principle (AIP).

Near-unanimous votes to autho-
rize potential strike action from 
pilots at American and Delta pre-
ceded the progress after negotia-
tions lagged through the COVID-19 
pandemic years. The United pi-
lots’ union unanimously autho-
rized a vote on whether to strike, 
and in early May, 99% of SWAPA- 
represented pilots voted to autho-
rize a strike, with 98% taking part.

Among North American carri-
ers, Calgary, Alberta-based WestJet has come closest to 
actual strike action, announcing an agreement with hours 
to spare before a work stoppage was set to begin on May 19. 
UPS pilots, who signed a two-year contract extension last 
August, could be next—they are prepared to support a 
strike by their Teamsters-represented delivery driver and 
warehouse logistics colleagues. That action could begin Aug. 
1 if an agreement is not finalized.

“We’re going to honor their lines,” Brian Gaudet, director 
of public affairs at the Independent Pilots Association, told 
Aviation Week June 30. “If the Teamster picket line is up, 
we will not be crossing those lines.”

In the current high-pressure, demand-rich, capacity-chal-
lenged environment, the most recent U.S. airline to achieve 
contract progress is United. The AIP announced July 15 is 
a deal the Air Line Pilots Association, International values 
at $10 billion. It includes significant raises as well as im-
provements to quality-of-work-life provisions, job security, 
retirement and benefits.

Quality-of-work-life provisions and pay have been recurring 
themes during post-pandemic pilot negotiations. For South-

west pilots, that means addressing scheduling—including 
reassignment practices and the resulting fatigue—and ulti-
mately boils down to improved efficiency.

“I feel confident when I say we’re the only labor union in 
the world that is not trying to work less and get paid more; 
we’re trying to provide efficiency so that we work smarter,” 
Murray says. “That’s our main sticking point in negotia-
tions: simply trying to drive some efficiencies in how we are 
being used.”

Emphasizing that focus, SWAPA points to “meltdowns 
that Southwest has [had] from time to time,” including over 
the Columbus Day holiday in October 2021 and the Decem-
ber 2022 holiday season. Following the December disrup-
tion, the Dallas-based carrier began implementing a reme-
diation plan and is budgeted to spend more than $1.3 billion 
on upgrades and maintenance of information technology 
(IT) systems this year.

Describing an “operational drift,” the union, which rep-
resents nearly 10,000 pilots, says the problem is more than 
IT and infrastructure.

“Yes, $1.3 billion does need to be 
spent,” Murray says. “With the focus 
on dividends and buybacks over the 
last decade, there has been a lack of 
investment in infrastructure and IT, 
and that does have to be done. But 
none of that is going to solve the pro-
cess problems of connecting pilots 
and airplanes. . . . There has to be a 
refocusing on efficiency.”

In late June, SWAPA requested 
a release from federal mediation, 
describing an impasse over several 
items including pay. In a July 17 
message to union members, Mur-
ray said a “wasted week of negoti-
ations” had included the take-back 
of agreements on parental leave 
that were set to improve language 
described as being nearly 40 years 
out of date.

He called on leadership to take 
an active role. “To date, in over three years, we have yet to 
see anyone but the company’s negotiator and his team in 
negotiations,” Murray says. “That’s disconcerting, especially 
considering where we are in this process. American, Delta 
and United’s CEOs have been involved, and deals have got-
ten done, and they’ve gotten through some very difficult 
issues on their side. Having senior leadership in there to 
kind of push it along has really helped.”

Southwest Airlines in a statement to Aviation Week said it 
is confident mediation would “continue driving us even closer 
to a final agreement” that benefits pilots and the business.

The airlines that have struck agreements and deals are 
not done raising the bar. Thanks to competitive language, 
pay raises are set to go higher. Within Delta’s and United’s 
terms are provisions intended to outpace or match the other 
on compensation. 

Under Delta’s, a “me too” clause would increase pay as 
much as 1% above higher rates set by United or American. 
Under United’s proposed AIP terms, once Delta executes a 
“snap-up” triggered by either carrier, United pilot pay rates 
would then increase by 1% to match. The United AIP, fea-

U.S. Airline Pilot Contract 
Terms Outpace One Another

>   ONGOING SOUTHWEST PILOT NEGOTIATIONS 
FOCUS ON EFFICIENCY

>   PAY COULD STILL CREEP HIGHER IN DELTA,  
UNITED, AMERICAN AGREEMENTS

Christine Boynton Boston
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Southwest Airlines pilots have yet to reach an 
agreement on a new contract and are calling 
on airline leadership to take an active role.
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turing cumulative raises of 34.5-40.2% over four years, is 
now causing American’s pilots to reexamine their own TA.

That deal, the Allied Pilots Association (APA) says, has 
changed the bargaining landscape. “While our pending TA 
built on some of the gains achieved in the Delta pilots’ agree-
ment, it appears that United CEO Scott Kirby has found 
ways to address pay and quality-of-work-life items for his 
pilots that American CEO Robert Isom and his team have 
repeatedly told us were simply impossible to do here,” the 
APA said in a July 16 statement. In American’s second-quar-
ter earnings call on July 20, Isom told investors: “We’re 
going to match the wages that United is proposing.”

The high-cost contracts are coming during what recent 
analysis by the Swelbar-Zhong Consultancy—shared with 
its Research Lab members and seen by Aviation Week—de-
scribes as “the second half of the deregulation game,” be-
ginning with elements similar to the first half: high fuel 
costs, economic woes, air traffic control issues and “incum-
bents with outsized market power.”

“Halftime was the pandemic; this was an industry reset,” 
Bill Swelbar, the consultancy’s chief industry analyst, tells 
Aviation Week. “I think what’s really interesting here is, 
people were fearful of the big incumbents at the time of 
deregulation. Once again, the biggest incumbents seem to 
have the most market power.”

The large pay hikes, Swelbar points out, are an important 

ingredient in attracting new aviators during what airlines 
say is a challenging time for pilot supply.

Fares will need to be higher if margins are to be main-
tained, he says, noting differences compared to the post 9/11 
bankruptcy period. Rather than lowering costs to compete, 
it is now about higher costs and higher fares to slow the 
growth of lower-cost competitors.

“There have never been increases granted like those be-
ing negotiated today, in my memory,” Swelbar says. “In the 
short run, network carriers win. Southwest and the [ultra-
low-cost carriers] will have little choice but to raise their 
fares, too, to compensate for the rapidly increasing costs. If 
the central theme of the antitrust laws is to promote com-
petition . . . today’s labor/management have negotiated 
agreements that have all but eliminated wage competition 
among and between sectors. Barriers to entry are being 
erected and will impact consumers going forward. The com-
petitive intensity will also be less over time.”

Going forward, the $10 billion question is whether the 
deals will be sustainable in the long term. If looking back to 
history for an answer, one significant factor to note today is 
cash. “What changes this period is these carriers have bal-
ance sheets, and they have liquidity,” Swelbar says. “Histor-
ically, airlines had no balance sheet, no capacity to borrow, 
and while their borrowing capacity is less, post-pandemic, 
they remain very liquid. Time they have.” 
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Work on a slot wind-down plan 
is underway by American 
Airlines and JetBlue Airways 

as they dismantle the Northeast Alli-
ance they launched in February 2021, 
in accordance with a federal ruling 
this spring.

Through their agreement, JetBlue 
is leasing nearly 100 slots from Amer-
ican at New York’s John F. Kennedy 
International Airport (JFK) and 
LaGuardia Airport (LGA) per the rul-
ing, which ultimately found the North-
east Alliance (NEA) to be anticompet-
itive (AW&ST June 5-18, p. 26).

American plans to appeal, although 
JetBlue has announced it will not con-
test the decision. 

“As we go forward we’ll certainly 
share more, but it’s very much our plan 
and our intention that we continue to 
see more New York City-originating 
customers flying with us,” American 

Chief Commercial Officer Vasu Raja 
said during the carrier’s second- 
quarter earnings call on July 20. “This 
chapter is closed—another one might 
open—but we don’t expect any mate-
rial change to our financial outlook.” 

 The two airlines disclosed in fil-
ings July 19 that they were “actively 
working” to submit a slot wind-down 
plan facilitating the return of Amer-
ican’s slots at JFK and LGA—cur-
rently under lease to JetBlue—and 
to end the sharing of other airport 
infrastructure.

The split between the partners on 
a decision to appeal was revealed 
July 5, when JetBlue announced it 
would end the arrangement and in-
stead turn its focus to the second U.S. 
Justice Department-initiated suit it 
faces regarding its potential merger 
with Spirit Airlines. That case goes 
to court in October.

“As it relates to the Spirit combina-
tion, terminating the NEA renders the 
Department of Justice’s concerns about 
our partnership with a legacy carrier 
entirely moot,” JetBlue said July 5. 

“We, of course, respect JetBlue’s 
decision to focus on its other antitrust 
and regulatory challenges,” American 
said in response, while reiterating its 
intent to contest what it called an “er-
roneous” judicial ruling. “JetBlue’s 
decision and reasoning confirm our 
belief that the NEA has been highly 
pro-competitive,” the Fort Worth-
based carrier added.

Ordering the dissolution of the more 
than two-year-old alliance, the May 19 
federal decision found that it “sub-
stantially diminishe[d] competition in 
the domestic market for air travel.” 

American has yet to publicly com-
ment further on an appeal, but it 
could point to the problem it faces at 
JFK of being unable to build a suffi-
cient short-haul feed system due to 
the airport’s severely inadequate 
runway capacity, says Craig Jenks of 
New York-based consultancy Airline/
Aircraft Projects.

“An argument focused more on the 
challenges of operating viably at JFK 
might highlight how that airport has 
been losing long-haul connecting mar-

As Northeast Alliance Wind-Down 
Begins, American Plans an Appeal

>  THE CARRIERS ARE JOINTLY DISMANTLING THE PARTNERSHIP

>  NEW FILINGS REVEAL THE NEXT STEPS FOR THE NEA

Christine Boynton Boston
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ket share, and consequently long-haul 
nonstop viability, to other hubs both 
in the U.S. and elsewhere.” Jenks says. 
“The deal with JetBlue was leading 
American to a better JFK long-haul 
outlook. A successful appeal would 
allow resumption of the deal, assum-
ing JetBlue still wished to go ahead.”

While preparing to launch the alli-
ance, American executives in July 
2020 pointed to a “unique problem” 
they faced when looking at their hubs: 
All the hubs produced unit revenue 
premiums 10-20% higher than the 
industry, excluding infrastructure- 
constrained New York, Boston and the 
West Coast, where they produced a 
10% revenue-per-available-seat-mile 
deficit compared to the industry.

After the NEA’s launch, it did not 
take long to see the benefits. JetBlue 
executives noted at the start of 2022 
that the alliance had already gener-
ated $100 million in codeshare reve-
nue, and in May 2022 Raja noted 
American’s unit revenue improve-
ment in New York had grown sequen-
tially each month.

“We’re starting to see signs where it 
is growing sequentially and even some-
times at a greater rate than the rest of 
the system, which in our domestic sys-
tem is no small shakes,” Raja said at an 
investor conference in May 2022. “I’ve 
never seen New York unit revenue per-
formance outpace the system.”

American certainly saw some trac-
tion from the alliance in the New York 
market, where it had typically strug-
gled. The alliance grew in a phased 
approach to cover 290 daily departures 
from JFK by April 2023, with JetBlue 
operating 190 of those services. At 
LaGuardia, the partners combined 
operated 190 flights, with JetBlue han-
dling 52. From Boston, JetBlue oper-
ated roughly 150 of the 220 daily de-
partures flown under the NEA.

“Raja said very clearly they needed 
JetBlue for JFK hub viability,” Jenks 
notes. “In 2016-19, American was 
building long-haul feed at [Philadel-
phia International Airport] PHL at 
the expense of JFK, because that was 
where it had good feed. However, PHL 
[origin-and-destination] traffic clearly 
is way less than JFK’s, and the NEA 
then gave American the feed that slot 
restraints had prevented it from 
growing organically. What American 
now does on East Coast long-hauls 
remains to be seen.”

Initially, in the proposed terms of 

the final injunction submitted June 9 
at the request of the judge, American 
and JetBlue had sought to keep “pro-
competit ive”  codesharing and 
frequent- flyer portions of the arrange-
ment intact while the Justice Depart-
ment asked the court to reject what it 
dubbed an “NEA Lite.” But less than 
a month after that request, JetBlue 
announced its decision to end the ar-
rangement. Ahead of the NEA’s return 
to court, the federal judge asked for 
“joint or separate positions regarding 
what, if any, impact [JetBlue’s] termi-
nation [of the NEA] has on the pro-
posed terms of the final injunction and 
judgment in this case.”

As a first step, the two said they 
would end codesharing and loyalty 
benefits for travel not yet booked on 
July 21. The July 19 filings next dis-
closed that work on a slot wind-down 
plan was underway.

“[The] wind-down process is far 
enough along that by the time of the 
hearing on July 26, the key conduct 
the court found unlawful—specifically 
capacity coordination and revenue 
sharing—will have ended or will be 
within days of ending,” the carriers 
wrote in the filing.

A court order following the July 26 
hearing took airline action into consid-
eration, striking down some of the over-
sight terms proposed by the Justice 
Department, including appointment 
of a five-year monitor to broadly over-
see an unwinding of the relationship.

The judge also rejected a Justice 
Department-proposed provision pro-
hibiting each airline from entering any 

new agreements that are “substan-
tially similar to the NEA” with other 
domestic carriers—though the defen-
dants did agree to a provision prohib-
iting such agreements with one an-
other for the next decade, he noted.

Although the two airlines have 
jointly begun to dismantle the ar-
rangement, American struck an op-
timistic tone on a July 20 earnings 
call, stating that some of its past 
challenges had since improved. “It’s 
unfortunate the NEA is terminated,” 
Raja said. “Our commitment to the 
customers in the Northeast, and New 
York specific[ally], hasn’t changed. 
However, the circumstances that gave 

rise to the NEA have changed.”
He pointed to the carrier’s slot 

portfolio, which he said now better 
matched demand, being less focused 
on short-haul business-day trips. Op-
erational expenses at JFK had also 
improved, he said, through the co-
location of partners and fleet changes. 
Additionally, onboard its international 
flights from New York, roughly 35-40 
points of load factor were being gen-
erated by American’s international 
partners, he added, describing an in-
tent to grow its New York customer 
base as “very much our plan.”

“Our partnership within the NEA 
was actually a very small amount of 
the onboard load factor that’s there,” 
Raja said. “That’s why when we couple 
both the expense reduction . . . and 
some changes that we can make our-
selves, we believe that we can go and 
really replace a lot of the demand, es-
pecially now that we’ve got such a 

COMMERCIAL AVIATION

JetBlue and American disclosed in July 19 filings they 
were “actively working” to submit a slot wind-down plan 
and end sharing of airport infrastructure.
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larger New York City-originating cus-
tomer base than what we had before.”

American has downplayed any im-
pacts on its own balance sheet, but a 
dissolution of the partnership could 
mean challenging financial repercus-
sions for JetBlue, already dispropor-
tionately affected by a difficult summer 
season of weather and air traffic con-
trol staffing shortage-related delays in 
the Northeast. Regulatory filings last 
year warned that an unfavorable rul-
ing could have an “adverse impact” on 
the New York-based carrier’s business 
and financial results, including opera-
tional costs, “which would not be re-
coverable,” the airline said.

A failure to gain approval for its ac-
quisition of Spirit would add more 
costs. Under the terms of the pro-
posed deal, JetBlue would acquire the 
Fort Lauderdale, Florida-based ultra-
low-cost carrier for $33.50-34.15 per 
share in cash, depending on the timing 
of closing. This includes the monthly 
payments of 10 cents per share it has 
been making to Spirit shareholders 
since the start of the year, which it had 
planned to continue until the transac-
tion is closed or terminated. Should 
the deal fall through for antitrust rea-
sons, JetBlue has agreed to pay Spirit 
a “reverse breakup fee” of $70 million, 
and stockholders would be set to re-
ceive $400 million, less any amount 
paid prior to termination.

Approval of the merger could be a 
welcome reprieve for JetBlue, which 
has projected that a combined com-
pany with Spirit would have annual 
revenues of approximately $11.9 bil-
lion. JetBlue reported operating reve-
nues of $8.1 billion in 2019 and $9.2 
billion in 2022. But should JetBlue fail 
to win its next antitrust case, what 
would its future look like, without the 
NEA and Spirit?

“The industry is in a cyclical up-
swing, with supply simply unable to 
meet demand on several critical 
fronts,” Jenks says. “JetBlue will 
therefore at least benefit from the 
‘rising tide lifting all boats’ upswing 
effect . . . and may deploy competitive 
flair beyond that.”

A final NEA judgment and perma-
nent injunction incorporating ordered 
changes and agreements was due 
from the plaintiffs on July 28 after 
which the judge was expected to re-
view, sign and enter that injunction. 

—With Lori Ranson in Washington
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Under increasing pressure to act 
to ensure U.S. leadership in 
emerging aviation markets in-

cluding advanced air mobility, the 
FAA has released a  slew of plans and 
proposed regulations intended to em-
brace new technologies, including 
electric propulsion.

But seeing the risk aversion that 
has gripped  the FAA  in the wake of 
the Boeing 737 MAX crisis, industry 
and Congress alike  question wheth-
er the regulator can be sufficiently 
forward-looking and fast- moving to 
enable  U.S.  leadership in the face of 
growing competition from Europe 
and China.

On  June 14, the FAA published  the 
 notice of proposed rulemaking 
(NPRM) for the Special Federal Avia-
tion Regulation (SFAR) establishing 
the pilot certifi cation and operating 
rules for powered-lift electric vertical-
takeo� - and-landing (eVTOL) vehicles.

On  July 18, the regulator issued its 
plans for near-term implementation 
of advanced air mobility (AAM), 
called Innovate28  (I28), aimed  at en-
abling eVTOL operations at scale at 
key locations in the U.S. by 2028. The 

 priority is     ensuring their use at  a sig-
nifi cant scale at the Los Angeles 2028  
Summer Olympics .

And  on July 24, the FAA published 
the NPRM for revamped rules for the 
manufacture, certifi cation and opera-
tion of  light sport aircraft. Developed 
under the Modernization of Special 
Airworthiness Certifi cation (Mosaic) 
initiative, this will allow aircraft with 
electric propulsion systems and simpli-
fi ed fl ight controls, a move intended to 
increase their suitability for fl ight train-
ing and personal fl ying  (see page 62).

    Amid this fl urry of activity,  the U.S. 
House of Representatives on July 20  
passed its version of the 2023 FAA 
reauthorization bill,  focusing on reor-
ganizing the regulator in a bid  to reas-
sert U.S. leadership  in aviation. While 
the Senate has not passed its own 
version, the House bill includes new 
provisions for AAM and innovation 
and directs the FAA to meet its 
rulemaking deadlines.

Industry leaders have expressed con-
cerns about key provisions in the FAA’s 
proposed SFAR for powered-lift pilot 
certifi cation and operations. “Getting 
the SFAR out is an amazing accom-

plishment, but there are rules 
in there that are instant indus-
try -killers,” Adam Goldstein, 
founder and CEO of eVTOL 
developer Archer Aviation, 
said on July 18 at a Honeywell 
AAM summit in Washington.

“There are some showstop-
pers in there,”  Jim Viola, pres-
ident of  Helicopter Associa-
tion International,   said at the 
event. “I went through the 
document and put a green 
check on paragraphs that en-
able us or a big red X on those 
that would kill the industry. 

There at least fi ve of those.”
Release of the NPRM follows the 

FAA’s U-turn on eVTOL type certifi -
cation in May 2021, when it decided to 
treat them as a special class of pow-
ered-lift aircraft for which certifi ca-
tion standards and operating rules did 
not exist. “We objected as  an industry 
but said, ‘ OK, you’re the regulator, 
we’re going to go down this path ,’” 
 Pete Bunce, president and CEO  of the 
General Aviation Manufacturers As-
sociation (GAMA),   said at the summit.

“Now they go and publish the SFAR 
and . . . there are a lot of problems with 
it,” he  continued. “It’s like [FAA] spe-
cialists just started throwing stuff 
against the wall and said, ‘This is the 
way we’ve done it all the time,’ without 
thinking about what we really want to 
do.” Viola concurred, noting that parts 
of the SFAR read like the opinions of 
individual inspectors and not the con-
sidered judg ment of the FAA.

Industry concerns with the SFAR 
include the energy reserve require-
ment.  Contending that it lacks opera-
tional data on powered-lift aircraft, 
the FAA is proposing to apply existing 
visual flight rules reserve require-
ments for fixed-wing aircraft to 
eVTOLs: 30  min. for daytime opera-
tions, 45 min. for nighttime.

But for short-range eVTOL air 
taxis, a 45-min. energy reserve can 
double the size of the battery. “They 
are putting an old requirement for 
airplanes onto vehicles that cannot 
 handle it,” Goldstein said. Industry 
wants a performance-based require-

  AAM Leaders Warn About Proposed 
Regulations for eVTOL Operations

>  PILOT TYPE RATING REQUIREMENTS   ARE   ALSO IMPORTANT          

>  ENERGY RESERVE PROPOSAL  IS A CRITICAL CONCERN FOR  eVTOLs

Graham Warwick and Ben Goldstein Washington

ADVANCED AIR MOBILITY

The FAA must meet its 
rulemaking deadlines if 
the U.S. is to lead the AAM 
market, say industry and 
Congress.
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ment. “We have to work to show what 
makes sense,” he said.

“We have been saying for years we 
want performance-based rulemaking, 
not prescriptive,” Viola said. “What 
has happened in this SFAR is you’ll see 
stuff that is very prescriptive. So it’s 
not performance-based and therefore 
it limits the capability of these vehicles 
and what they can do for society.”

Other industry concerns with the 
SFAR include the requirements for 
pilot training to obtain a type rating 
for an eVTOL. These call for powered- 
lift aircraft with dual controls when 
most OEMs are developing eVTOLs 
with single-pilot cockpits, as well as 
full-flight simulators certified to 
Level C or higher.

“They want a rule to certify the sim-
ulator,” Bunce said. “But we know how 
long it takes. It’s years and years. It’s 
not going to work. We need leadership 
within the FAA to talk to the special-
ists and say, ‘No, these machines are 
different.’ In our crawl and walk phases 
we can take pilots and give them a type 
rating in a simulator. They don’t need 
dual-control aircraft, which is another 
showstopper that is in there.”

GAMA is working on a coordinated 
industry response to the proposed 
SFAR, in addition to individual com-
ments. “We have to apply the right 
rules to the right aircraft,” Bunce said. 
“And this is such a critical time. If the 
FAA will listen to industry, take the 
comments that we are all putting to-

gether, I think they can get this right. If 
they don’t, it’s going to be problematic 
and it’s going to put the U.S. behind.”

Some industry leaders urge cau-
tion. “It’s great that the SFAR is out. 
But we need to listen to the FAA’s con-
cerns,” said Rob Scholl, president and 
CEO of Textron eAviation. “We have 
to be sure as an industry of what we 
ask for. The FAA has responded to 
industry’s requirements for timing. 
We must be very careful not to get 
ahead of ourselves. There is work still 
to do on the technology.”

The FAA’s goal is to finalize the 
powered-lift SFAR by the end of 2024, 
enabling commercial air taxi opera-
tions to begin in the U.S. in 2025 as 
planned by Archer and Joby Aviation. 
Concerns that the 2028 target of the 
FAA’s AAM implementation plan 
might shift the agency’s focus later are 
being downplayed.

“The Los Angeles Olympics in 2028 
is a forcing function, an opportunity for 
the U.S. to show leadership in this area 
with hundreds of aircraft at the Olym-
pics,” Archer’s Goldstein said. “But we 
need to get operational in 2025 and 
start laying out the infrastructure.”

That 2028 target does not mean the 
agency has budged from its original 
middecade target for type-certifying 
aircraft, says former FAA acting ad-
ministrator Billy Nolen, now chief 
safety officer with Archer. “The FAA 
hasn’t shifted its target at all. What 
they’re saying is they expect initial 

services in 2025 and then for those 
operations to be at scale by 2028.”

The initial services offered by Ar-
cher and Joby are planned to be low-
er-frequency airport shuttle flights 
concentrated in large cities such as 
Chicago and New York. By 2028, the 
FAA envisions there will be at least 
one—and possibly several—fairly 
dense markets with eVTOL vehicles 
operating at a higher tempo alongside 
drones and commercial aircraft.

The number of air taxis in commer-
cial service will steadily multiply from 
as few as 10 in 2025 to perhaps as 
many as 1,000 by 2028, Nolen predicts. 
“Innovate28 is that key event that co-
alesces all of the FAA’s different work-
streams into a holistic plan of action 
with clearly replicable steps, mile-
stones and accountability,” he says. 
“So the industry knows where they 
stand, what the deliverables are and 
the pathway to getting there.”

While the FAA’s Mosaic NPRM is 
not directly connected to the eVTOL 
SFAR, it would allow sport pilots to 
fly larger and more capable aircraft 
as well as designs with electric pro-
pulsion systems and simplified flight 
controls. This is expected to improve 
safety and reduce the cost of flight 
training. The proposed rule would 
not allow sport pilots to fly pow-
ered-lift aircraft such as eVTOLs, 
“given the complexity and ongoing 
development of those aircraft de-
signs,” the FAA says. 
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range VoloRegion—an early version of which made its first 
flight in June 2022.

“We could have gone for a four- or six-seater right away, 
but then we would not be flying next year,” Hoke says. “The 
batteries just don’t deliver that. Battery development has 
not progressed as fast as hoped.”

As part of its cautious, step-by-step approach, Volocopter 
decided to aim for European Union Aviation Safety Agency 
approval of its two-seater as fast as possible. “It is not a 
great business case,” Hoke says. In fact, Volocopter decided 
to subsidize operations in the first two years. For the com-
pany, the process is more a case of “gaining experience.” 

“And it is a big success anyway because helicopters are 
not allowed where we fly, and we want to show the population 
our technology,” Hoke adds. “Initial reactions will be key.”

The flight-test campaign will begin here, but Volocopter 
is searching for a site more suitable for testing in the win-
ter. Fellow German startup Lilium has moved flight tests 

On Short Final?

>   IT TARGETS AN INTRACITY NETWORK 
SHOWCASE AT PARIS 2024 OLYMPICS

>   VOLOCOPTER PREPARES FOR FIRST FLIGHT  
OF PRODUCTION-STANDARD AIRCRAFT

Jens Flottau Bruchsal, Germany

ADVANCED AIR MOBILITY

Volocopter flew its VoloCity 
2X demonstrator at the 
recent Paris Air Show.

Saint-Cyr 
Suburban  
Vertiport

Volocopter is making the last preparations for the start 
of flight tests that it hopes will lead to certification of 
its VoloCity multicopter ahead of the 2024 Paris 

Olympics. The company plans to fly the production-standard 
prototype in the coming weeks at its main facility here.

If successful, Volocopter would be the first of a series of 
advanced air mobility (AAM) startups to receive regulatory 
clearance for commercial flights that are planned to accom-
pany the Olympic Games next July. Once the Paris project 
is completed, Volocopter has ambitious plans for more 
commercial services in other cities, a larger version of the 
VoloCity, a steep production ramp-up and the introduction 
of its VoloRegion aircraft that is expected to complement 
the intracity missions of its first product.

Volocopter has started work on a larger, piloted version 
of its air taxi that would seat four or five people. “We will 
have at least three, maybe four paying passengers and a 
range of 40 km [25 mi.] operationally,” Volocopter CEO 
Dirk Hoke says, adding that that would make the aircraft 
commercially viable. “We are not looking at maximum 
range with new batteries, but everyday operations. We 
believe the batteries we are testing allow for more, but we 
are conservative, and 40 km is enough to connect almost 
all airports with downtown.”

The larger version would still be a multicopter by design, 
but limiting its speed and range helps make it easier to 
maneuver inside city centers. Hoke expects the aircraft to be 
certified in 2026 ahead of its next big project, the longer- 

VOLOCOPTER



of its uncrewed Phoenix demonstrator to a test facility near 
Ubeda, Spain. A decision on where to test in the winter is 
expected shortly—and it is crucial to facilitate certifica-
tion before July 2024.

Volocopter plans to operate several aircraft on five routes 
in Paris during the Olympics. Among them: a connection 
between Charles de Gaulle and Le Bourget airports, a ser-
vice from Le Bourget to the Austerlitz train station and one 
from Austerlitz to nearby Versailles. Hoke says it took him 
2 hr. by car to get from Charles de Gaulle to Le Bourget 
during the recent Paris Air Show, “a perfect example of 
why you need something like a [VoloCity],” he adds.

VoloCity flights from Charles de Gaulle to Le Bourget will 
cost up to €180 ($200) based on a €10-15 per-kilometer 
charge; the Austerlitz flight from Le Bourget will cost up to 
€300. The next-generation, larger VoloCity and volume 
production are expected to bring costs down to a level 
closer to taxi standards, at around €5 per kilometer.

For Hoke, the Paris trial is all about introducing the AAM 
concept to the public and gauging reactions to operations. 
“We want to wait for the first wave of reactions from the 
general public before entering the next phase,” Hoke says. 
“We have talked with our partners about scaling up the op-
eration and adding routes that are commercially viable.”

The Paris showcase is intended to be followed by ones in 
Rome and at the 2025 World Exhibition in Osaka, Japan. 
Flights are also planned in Neom, Saudi Arabia.

Volocopter has financing in place that will last until the 

beginning of 2024 and is in the process of securing up to 
€500 million more to fund it through 2025, including certi-
fication and the start of commercial operations in Paris and 
Rome. “It would be a good basis for a further financing 
round and eventually an initial public offering,” Hoke says.

Looking ahead, Hoke—who joined Volocopter as CEO in 
September 2022, after serving as CEO of Airbus Defense 
and Space—sees strong consolidation in the AAM sector 
kicking in over the next three years. He estimates that the 
listed AAM startups alone have a combined €4 billion cap-
ital need annually, and that total is much greater when other 
projects are included. “It is challenging to find that capital,” 
Hoke says. “A lot of the promises have not been kept.”

Volocopter’s projects that the intracity traffic will com-
prise around 60% of the AAM market initially, with other 
segments growing later, given what the company’s views as 
a slower-than-expected improvement in battery energy den-
sity. Ultimately, Hoke argues that most market forecasts are 
too conservative in terms of absolute numbers of aircraft 
deployed but too optimistic about the expected timelines.

Initial production is to take place here with annual capac-
ity for around 50 aircraft. In 2027 or 2028, Hoke expects 
Volocopter to produce “hundreds” of aircraft per year and 
estimates around 5,000 Volocopter vehicles of different 
types will fly in the early 2030s. How production will be 
distributed is not clear yet. Hoke does not rule out putting 
more work in Germany, but he notes that France is a key 
market for Volocopter, too. 
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VoloCity’s Planned Paris Routes  Charles De Gaulle  
Airport Vertiport

Le Bourget  
Airport  

Vertiport

Paris  
Heliport  
Vertiport

Austerlitz  
Urban Vertiport

Volocopter plans to fly several routes commercially 
in the Paris area during the 2024 Olympics.

Source: Volocopter

Note: For illustration purposes only.
Route details will be announced closer to launch.



The brainchild of leaders in the Ger-
man Air Force and U.S. National 
Guard, NATO’s Air Defender 2023 ran 
from 26 operating locations through 
most of June—about one year after 
the German government pledged a 
large increase in defense spending 
amid Russia’s invasion of Ukraine.

“They see the war in our neighbor-
hood, Russia against Ukraine. They 
are concerned and they think it’s a 
strong signal of the ability to defend 
our territory, of deterrence,” Lt. Gen. 
Gunter Katz, commanding general of 
Germany’s Air Forces Command, tells 
Aviation Week. “And that’s why, be-
cause they are concerned, some of 
them are afraid, [so] . . . it’s a good 
thing to [send] such a strong signal.”

The subsequent NATO summit in 
Vilnius, Lithuania, in July saw mem-
ber nations commit to spending at 
least 2% of their GDP on defense—a 
figure that was previously a goal but 
is now considered a budget floor. Ad-
ditionally, 20% of that spending is 
planned to be focused on procuring 
major weapons systems, including 
new research and development, ac-
cording to the communique issued at 
the close of the event.

NATO Secretary General Jens Stol-
tenberg said at the summit’s end that 
although Ukraine will not immediately 
become part of NATO because of the 

ongoing war, there will be a path for it 
to join afterward as a broader mes-
sage to Russia. Member nations also 
pledged to send more cruise missiles 
to Ukraine and to begin training of 
Ukrainian F-16 pilots within Romania.

“What we do know is that the more 
military support we provide to 
Ukraine, the more land they are 
able to liberate, the stronger 
their hand will be at the negoti-
ating table,” Stoltenberg said.

During the Air Defender 
event, Russia took notice. U.S. 
Air National Guard Director Lt. 
Gen. Michael Loh says partici-
pating aircraft saw Russia 
watching from the air on the 
eastern edge of the exercise, 
prompting the NATO nations to 
adjust how they flew to avoid 
showing all their capabilities.

“Any time we come together 
to practice and do that stuff, if 
[there are] real-world assets out 
there that are monitoring, we’re 
not going to show all our capa-
bilities—nobody would,” Loh 
says. “It’s [a question of] how do 
we conceal our capabilities? . . . 
We also had some fighters from 
other countries [around] that 
were not anticipated, but it’s 
great training for our folks.”

He compared it to interac-

tions Russian fighters had with U.S. 
aircraft in Syria, which prompted the 
Pentagon to deploy Lockheed Martin 
F-22s to the region. “So we’ve seen 
those same things out there before,” 
Loh says. “Russia was watching.” 

About 200 aircraft operated to-
gether across Europe for more than 
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>  GERMANY AND U.S. AIR NATIONAL GUARD 
LEAD 200-AIRCRAFT AIR DEFENDER EXERCISE

>  NATO NATIONS LOOK TO INCREASE OVERALL 
DEFENSE SPENDING

>  GERMANY’S AIR FORCE IS STARTING A NEW 
MODERNIZATION PLEDGE

Brian Everstine Schleswig-Jagel Air Base, Germany

A
s NATO leaders prepared for one of the most 
anticipated meetings in the organization’s 
recent history, 25 member nations wrapped 
up the alliance’s largest air exercise ever—

one that represented a dramatic shift in the status of 
host nation Germany.
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A German Air Force Panavia Tornado was 
painted in a special scheme for the event.



two weeks during Air Defender. The 
scenarios were designed to practice 
all phases of a potential conflict, start-
ing with large-scale deployments 
from the U.S. It featured the largest 
airlift from the U.S. since the begin-
ning of the Iraq War.

Aircraft practiced establishing air 

superiority with the destruction of 
long- and medium-range surface-to-
air missiles (SAM). U.S. participating 
aircraft included A-10s, Lockheed 
C-130s, Boeing F-15s, Lockheed Martin 
F-16s and F-35s, Boeing KC-135s and 
KC-46s and General Atomics MQ-9s. 
German participants included Euro-

fighter Typhoons, Panavia Tornados 
and Airbus A400Ms. Hungarian Saab 
Gripens, Greek F-16s, Finnish Boeing 
F/A-18s, Spanish F-18s and Turkish 
F-16s also participated, among others.

During a visit by senior-level NATO 
military members in the later days of 
the exercise, Aviation Week observed a 
briefing of a specific scenario. Friendly 
“blue” forces of F-35s and Eurofighter 
Typhoons targeted SAMs from afar 
over the North Sea. Follow-on fight-
ers—including F-16s, Gripens and 
A-10s—then came in to target smaller, 
mobile SAMs. Joint terminal attack 
controllers and special operations 
forces on the ground located and fol-
lowed the mobile SAMs, providing new 
targeting information for the aircraft.

“Red” enemy aircraft played the 
roles of Sukhoi Su-24s and Su-30s, 
with simulated SA-11s and SA-15 
SAMs on the ground. Additionally, 
aircraft defended against a simulated 
long-range bomber strike, with a Ty-
phoon dropping to a low level to 
mimic a cruise missile, Loh says.

The exercise gave Germany a chance 
to train closely with F-35As—in this 
case, Joint Strike Fighters of the Ver-
mont Air National Guard. The F-35 
presence in Europe is increasing as the 
U.S. contingent at RAF Lakenheath, 
England, continues to take on aircraft. 
Berlin has finalized an €8.3 billion ($9.3 
billion) plan to buy 35 of the aircraft, 
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Air National Guard pilots practiced multiple phases of an air war, including 
targeting surface-to-air missiles, as part of NATO’s Air Defender.
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which are set to be based at Buchel air 
base. The German Air Force plans to 
begin training with the aircraft in 
2026, with deliveries to start in 2027. 
German Air Force Commander Lt. 
Gen. Ingo Gerhartz, who was a leader 
in planning the NATO exercise, says 
his service is in the “learning phase” 
with the aircraft.

The massive deployment of Air 
National Guard aircraft comes as the 
U.S. Air Force and Capitol Hill debate 
the future of the fleet. The service is 
continuing a “divest to invest” plan, 
aiming to fully retire A-10s, F-15C/Ds 
and about half of the F-15E fleet. Most 
of the A-10s and F-15s are flown by the 
Air National Guard.

Loh says he is concerned about the 
future of his fleet, pointing out that any 
additional funding the guard receives 
would need to go directly to fighter 
modernization. This would mean the 
guard should be given aircraft fresh 
off the production line, he says, likely 
more F-15EXs.

“You can see that capacity’s an issue 
when you put together a large force 
package to go out there and execute. 
Numbers matter,” he says. “So the 
ability to put fifth-gen, fourth-gen—
the F-15EX is a lot closer to a fifth-gen 
fighter with its capabilities than it is a 
fourth-gen—the ability to put those 
modern assets on the battlefield will 
definitely pay huge dividends.”

The Air Force is in the early stages 
of bringing F-15EXs on board. The 

planned buy changed with each bud-
get request during the previous few 
years. The latest request calls for pur-
chasing 104 of the aircraft. The service 
plans to combine F-15E and F-15EX 
training after the Air National Guard 
closes down the F-15C/D schoolhouse 
training unit in Klamath Falls, Oregon. 
Loh says this puts the guard in a bit of 
a bind, since the F-15E training focuses 
largely on the Strike Eagle’s ground 
strike role while the guard needs its 
F-15EX fleet to focus on air superiority 
for homeland defense.

“The pilots here in the National 
Guard, will be focused on air-to-air 
[and] air superiority,” he said during 
the guard’s largest air exercise in Ger-
many, which included aging F-15Cs set 
to be replaced by -EXs. “That’s what 
I really need them to focus on.”

The Air Defender exercises in Ger-
many came more than a year after 
Chancellor Olaf Scholz announced 
plans for a large increase in the coun-
try’s defense spending beyond NATO’s 
2% goal. Before the announcement, 
Germany was spending approximately 
1.5% of its GDP on defense. Much of the 
promised increase has yet to come to 
fruition, with major plans announced 
but not appropriated. This includes 
the F-35 buy and a new Berlin- led air 
defense effort called the European Sky 
Shield Initiative.

In February, Scholz said Germany 
had been neglecting the German 
Armed Forces and that he wanted to 

reverse that with a special fund of 
€100 billion for the military spurred 
by a change in the country’s constitu-
tion. Critics have said the govern-
ment has been moving too slowly on 
that plan. Among them is Michael 
Schoellhorn, CEO of Airbus Defense 
and Space, who says the company has 
not received any orders and that its 
A400M is being held back by export 
restrictions.

In addition to F-35s, the fund is ex-
pected to support procurement of 
more helicopters and maritime pa-
trol aircraft.

At the close of the exercise, Katz 
said the new defense fund is part of a 
broad change in the nation’s percep-
tion of the military, which was largely 
unpopular due to Germany’s history. 
“Nowadays people are, I would say, 
proud of the military, proud of having 
us, and they thank us for what we are 
doing,” he says. “It’s good to see the 
mindset of the people changed. They 
accept the huge amount of money we 
are getting; they accept that we’re do-
ing such an exercise.”

With the unprecedented amount of 
military aircraft operating in busy 
Euro pean airspace, Katz said they ex-
pected a large number of flight disrup-
tions and public complaints about 
delays and noise. But he said they re-
ceived “hardly anything.” “People ac-
cept it’s their price for peace and sta-
bility, and they accept that their flight 
is delayed for 15 min.,” he noted.  

DEFENSE

A U.S. Air National Guard F-16 taxied by a line of other F-16s 
and A-10s before taking off as part of the June exercise.
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 The Globemaster III deployed from 
South Carolina to the  Asia-Pacifi c re-
gion for the U.S. Air Force’s Mobility 
Guardian 2023 exercise, the largest of 
its kind in the service’s history,    de-
signed to practice airlift and refueling 
across the region and into the  first 
island chain near China. The Philip-
pine base already had U.S. A-10 attack 
jets,  Lockheed Martin F-22 fi ghters, 
U.S. Marine Corps helicopters and a 
U.S. Navy  Boeing P-8 on the  fl ight line 
for a separate exercise, which kicked 
off just as  U.S. Defense Secretary 
Lloyd Austin reached an agreement 
with the Philippines’ new defense min-
ister , Gilberto Teodoro, to increase 
U.S. and allied deployments to other 
locations in the country.

This series of exercises and new 
basing agreements showcases how the 
U.S. and its partners are preparing to 
fi ght a new type of war in the Pacifi c 
and are working to identify capability 
gaps  they want to  address quickly.

“We cannot fi gure this out on the 
run. We have to do it now,” says  U.S. 
Air Force Gen. Mike Minihan,  com-
mander of Air Mobility Command 
 (AMC) and an outspoken advocate for 
preparing for a potential confl ict  as 
soon as possible. “There’s no doubt in 
my mind that we will, and there’s no 
doubt in my mind that we would be 

successful tomorrow. But the point is 
not to be comfortable with where we 
are. The point is to keep driving im-
provements so that we adopt that 
deterrence model. We have that de-
terrence,   [and]  we need to maintain it  
so that any potential adversary wakes 
up and looks at us and says, ‘I don’t 
want a piece of that.’”

The U.S. and its allies  have been 
fi ghting for decades in  environments 
in Middle East where surveillance 
assets  could loiter above targets on 
land before tracking and striking at 
them.  They relied on large, fixed 
bases that  for the most part did not 
 require heavy defenses. Airlifters and 
refuelers could fly wherever they 
wanted and  did not need increased 
situational awareness. None of that 
 would be the case in a potential Pacifi c 
confl ict, and  this series of exercises  
is showcasing what the Pentagon 
 must  do to be prepared.

Minihan, who  made headlines by 
predicting in a leaked memo that the 
U.S. could go to war with China in 
2025, warned the  Air Force early in his 
tenure that it is not ready for a fi ght in  
the region. The joint force cannot op-
erate in the first island chain, but it 
would be ready by a self-imposed dead-
line of August 2023, he  contended. 
Mobility Guardian was  the test of that 

readiness, and Aviation Week embed-
ded with Minihan and AMC for a week 
of the gigantic exercise.

About 70 aircraft from the U.S., 
Australia, France, Japan and the  UK 
operated from dozens of bases rang-
ing from Australia to Alaska for Mo-
bility Guardian. Participants focused 
on deploying aircraft, materiel and 
personnel over long ranges  as well as 
command and control, refueling, 
aeromedical evacuation and operat-
ing from austere locations. The tank-
ers connected with fi ghters operating 
as part of  the Cope Thunder exercise 
in the Philippines and Northern Edge 
in Alaska, along with other real-world 
events. All told, more than 200 air-
craft from at least six nations trained 
together in the series of events.

Minihan says the first challenge  
is also the most obvious  for any op-
eration in the Pacific:  distance. The 
vastness of the  ocean poses problems 
in every mission—referred to by a 
phrase that has become cliche , “the 
 tyranny of distance.” This challenge 
was seen in his own 24- hr. direct 
deployment from Virginia to Japan 
on a C-17, while another C-130J was 
cleared for a 44- hr. nonstop mission 
to the Philippines, unprecedented for 
the type. Mobility Guardian spanned 
several time zones over the interna-
tional dateline.

A critical mission that needs to 
change in the Pacifi c is aeromedical 
evacuation (AE). For decades, AE has 
focused on groups of highly specialized 
medical teams working on a small num-
ber of aircraft—fl ying hospitals with a 
full cadre of doctors and nurses  and 
high-tech operating rooms—to bring 

‘TYRANNY OF DIST ANCE’
DEFENSE

Brian Everstine Clark Air Base, Philippines

T
he  Boeing C-17  with call sign Reach 105  was packed full 
of U.S. Marines, tons of fuel equipment and vehicles 
plus a commander’s entourage as it touched down at 
this Philippine air base in a moment that exemplifi ed  

 U.S. and allied plans for —and readiness in—the Pacifi c.

36    AVIATION WEEK & SPACE TECHNOLOGY/JULY 31-AUGUST 13, 2023 AviationWeek.com/AWST 



relatively small numbers of injured 
troops back to higher echelons of care 
quickly.  That  would not happen in a 
fight in this region, Minihan says. 
There  would be far more casualties 
spread across a far larger area, mean-
ing dispersed care at several locations 
and quick-reacting aircraft outfi tted 
with improved  communications sys-
tems are required.

“AE is a contract. It’s a non negotia-
ble part of our mission,  and the way  it 
will be executed will be much di  erent 
than the last three decades in the des-
ert,” he says. “I view that as one of our 
greatest challenges: How do I take 
something that was a few airplanes 
with a lot of expertise and make it a 
lot of airplanes with less expertise ?”

 The  command currently has 11 
people on a team doing AE on one 
aircraft.  Mobility Guardian looked at 
bringing on smaller groups of medical 
personnel  onto more aircraft.  U.S. 
and New Zealand crews fl ew on a  UK 
Airbus A400M in Hawaii to see how 
they could work together, in one ob-
served example.

“In a peer-to-peer confl ict, you are 
not going to be able to do that same 
level of care,” says Maj. Gen. Darren 
Cole, AMC  director of operations. “It 
is going to be massive here, and what 
we are fi guring out is what level of care 
we can provide and what capacity  and 
how  we can make more capacity.”

The headquarters for most of the 
mobility forces was Andersen  AFB  in 
Guam—a sprawling, fortifi ed location 
that hosts strategic bombers along 
with scores of other aircraft. The base 
is a critical piece of the military’s pres-
ence in the Pacific and hosts large 

amounts of war reserve materiel in 
addition to  aircraft and personnel. 
The island has become so important 
that  the defense of Guam has become 
a top priority for U.S. Indo-Pacific 
Command,  which has received billions 
of dollars of additional funding from 
Congress for things such as Aegis 
Ashore missile defenses.

The location is vulnerable, as evi-
denced by a May super typhoon that 
damaged the entire island and the 
base. The storm severely altered plan-
ning  for the exercise, and Minihan’s 
orders were to treat it like an attack. 
Aircraft needed to be based  elsewhere  
and play into operations di  erently  to 
provide space for the island to recover.

This dispersal to other operating 
locations is the main goal of the Air 
Force’s Agile Combat Employment 
doctrine, using small groups of aircraft 
and personnel moving quickly to com-
plicate an enemy’s targeting plans. The 
 Marine Corps is undergoing a similar 

shift to expeditionary advanced base 
operations,   and the Army is experi-
menting with multi domain task forces.

Protecting these austere locations 
is  compelling the Air Force to  recon-
sider its defenses and   call for a 
broader doctrine change. Current U.S. 
doctrine is for the Army to provide air 
base defense at a hub, but the Army 

 will not protect aircraft that move out 
to protect maneuvering forces, says 
 Col. Richard Tanner,  deputy director 
of air operations for Pacifi c Air Forces.

“We put very scarce, hard-to-come-
by and, at the speed of war, irreplace-
able assets out into all of these little 
airfi elds,” he says. “And so we, the Air 
Force, are also recognizing a need to 
invest in modest integrated air and 
missile defense capabilities.” 

Potential enemies have large arse-
nals and can target anything, “but 
they cannot persistently target every-
thing,” so the Air Force needs to be 
able to move to avoid big barrages and 
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U.S. aircraft have increased operations in the Philippines 
under a new agreement between the  nations.

French and  UK  Airbus A330 Multi-Role Tanker Transports  (right) joined 
U.S. Air Force C-17s in Guam  for a large-scale mobility exercise across the Paci� c.
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gion for the U.S. Air Force’s Mobility 
Guardian 2023 exercise, the largest of 
its kind in the service’s history,    de-
signed to practice airlift and refueling 
across the region and into the  first 
island chain near China. The Philip-
pine base already had U.S. A-10 attack 
jets,  Lockheed Martin F-22 fi ghters, 
U.S. Marine Corps helicopters and a 
U.S. Navy  Boeing P-8 on the  fl ight line 
for a separate exercise, which kicked 
off just as  U.S. Defense Secretary 
Lloyd Austin reached an agreement 
with the Philippines’ new defense min-
ister , Gilberto Teodoro, to increase 
U.S. and allied deployments to other 
locations in the country.

This series of exercises and new 
basing agreements showcases how the 
U.S. and its partners are preparing to 
fi ght a new type of war in the Pacifi c 
and are working to identify capability 
gaps  they want to  address quickly.

“We cannot fi gure this out on the 
run. We have to do it now,” says  U.S. 
Air Force Gen. Mike Minihan,  com-
mander of Air Mobility Command 
 (AMC) and an outspoken advocate for 
preparing for a potential confl ict  as 
soon as possible. “There’s no doubt in 
my mind that we will, and there’s no 
doubt in my mind that we would be 

successful tomorrow. But the point is 
not to be comfortable with where we 
are. The point is to keep driving im-
provements so that we adopt that 
deterrence model. We have that de-
terrence,   [and]  we need to maintain it  
so that any potential adversary wakes 
up and looks at us and says, ‘I don’t 
want a piece of that.’”

The U.S. and its allies  have been 
fi ghting for decades in  environments 
in Middle East where surveillance 
assets  could loiter above targets on 
land before tracking and striking at 
them.  They relied on large, fixed 
bases that  for the most part did not 
 require heavy defenses. Airlifters and 
refuelers could fly wherever they 
wanted and  did not need increased 
situational awareness. None of that 
 would be the case in a potential Pacifi c 
confl ict, and  this series of exercises  
is showcasing what the Pentagon 
 must  do to be prepared.

Minihan, who  made headlines by 
predicting in a leaked memo that the 
U.S. could go to war with China in 
2025, warned the  Air Force early in his 
tenure that it is not ready for a fi ght in  
the region. The joint force cannot op-
erate in the first island chain, but it 
would be ready by a self-imposed dead-
line of August 2023, he  contended. 
Mobility Guardian was  the test of that 

readiness, and Aviation Week embed-
ded with Minihan and AMC for a week 
of the gigantic exercise.

About 70 aircraft from the U.S., 
Australia, France, Japan and the  UK 
operated from dozens of bases rang-
ing from Australia to Alaska for Mo-
bility Guardian. Participants focused 
on deploying aircraft, materiel and 
personnel over long ranges  as well as 
command and control, refueling, 
aeromedical evacuation and operat-
ing from austere locations. The tank-
ers connected with fi ghters operating 
as part of  the Cope Thunder exercise 
in the Philippines and Northern Edge 
in Alaska, along with other real-world 
events. All told, more than 200 air-
craft from at least six nations trained 
together in the series of events.

Minihan says the first challenge  
is also the most obvious  for any op-
eration in the Pacific:  distance. The 
vastness of the  ocean poses problems 
in every mission—referred to by a 
phrase that has become cliche , “the 
 tyranny of distance.” This challenge 
was seen in his own 24- hr. direct 
deployment from Virginia to Japan 
on a C-17, while another C-130J was 
cleared for a 44- hr. nonstop mission 
to the Philippines, unprecedented for 
the type. Mobility Guardian spanned 
several time zones over the interna-
tional dateline.

A critical mission that needs to 
change in the Pacifi c is aeromedical 
evacuation (AE). For decades, AE has 
focused on groups of highly specialized 
medical teams working on a small num-
ber of aircraft—fl ying hospitals with a 
full cadre of doctors and nurses  and 
high-tech operating rooms—to bring 
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As the U.S. Air Force acceler-
ates studies for its future ae-
rial refueling and cargo fleets, 

one key point is becoming clear: The 
service will need to buy multiple air-
craft to replace each type. 

The Air Force has started an analy-
sis of alternatives for what it calls the 
Next-Generation Air Refueling System 
(NGAS) to come online in the 2030s 
following the acquisition of Boeing 
KC-46s and to replace the remainder 
of its Boeing KC-135s. Subsequent to 
that will be the Next-Generation Airlift 
(NGAL) program to replace Boeing 
C-17s and Lockheed Martin C-5s. 

Gen. Mike Minihan, commander of 
Air Mobility Command, says these 
studies show the need for a series of 
aircraft—from the small and exquisite 
to the large and simple. “I think there’s 
an absolute, mandatory need to look 
at the problem in terms of a system as 
opposed to just one thing that has to 
do everything,” Minihan says.

Within the past year, the Air Force 
has overhauled its refueling fleet mod-
ernization plans. Instead of the KC-Y 
“bridge tanker” program originally 
planned to follow the acquisition of 

179 KC-46s, the service aims to extend 
the KC-46 procurement by a few 
dozen and field the NGAS earlier.

“These future mobility concepts 
may be very different than our tradi-
tional ones,” Air Force Secretary 
Frank Kendall said last fall. “We need 
capabilities that can survive the threat 
of long-range air-to-air missiles. You 
must be able to bring mobility assets 
into a contested environment.”

Amid the command’s massive Mo-
bility Guardian exercise in the Pacific, 
Minihan laid out for Aviation Week his 
vision for the NGAS. He sees three 
roles for refuelers. The first, and the 
bulk of the refueling mission, would be 
done in very permissive environments 
such as exercises at home and refuel-
ing fighters off the coast of California. 
This could be performed by a typical 
commercial-based tanker such as the 
KC-135 or KC-46.

The second would be closer to a 
fight in the Pacific. These aircraft 
would need to be more survivable and 
have improved connectivity to com-
municate with the combat fleet. They 
would be similar to the upgraded 
KC-46s, following block upgrades and 

other enhancements, Minihan says.
Third would be an entirely new type 

of tanker that is small, survivable and 
able to operate in the same areas as 
fighters. “For the high-end stuff that 
needs to go into the scariest part of the 
weapon engagement zones, that 
doesn’t need to be everything,” Mini-
han says. “That can be a small fleet of 
very capable aircraft that can be a 
bucket brigade—that can be the exqui-
site gas that needs to be [sent] forward 
so the kinetic team can be successful.”

For this, Minihan wants the mobil-
ity forces to take advantage of the Air 
Force work on its Next-Generation 
Air Dominance (NGAD) fighter, the 
Northrop Grumman B-21 bomber and 
the new plan for uncrewed Collabora-
tive Combat Aircraft. Given the 
money spent on these, Minihan asks: 
“What of that can I bring into my fleet 
now and take advantage of?”

Additionally, Minihan points to the 
carrier-based MQ-25 Stingray tanker 
Boeing is developing for the U.S. Navy 
to take on the Boeing F/A-18s’ refuel-
ing mission.

“It’s not hard for me to imagine that 
the MQ could get gas, give gas,” he 
says. “I could put it on station 2 mi. off 
my right wing, put it on a holding pat-
tern 50 mi. behind me, or I could send 
it forward 200 mi. into a highly con-
tested environment and have the au-
tomation for a person in the loop to 
make an orchestra of all that.”

The NGAL, which is likely to be re-
named the Next-Generation Airlift 
System, should have a similar ap-

The U.S. Air Force Has a Wish List 
for Next-Gen Tankers and Airlifters

>  IT COULD PURSUE AN MQ-25-LIKE REFUELER

>  THE SERVICE IS SPEEDING UP ITS MOBILITY RECAPITALIZATION

Brian Everstine Joint Base Pearl Harbor-Hickam, Hawaii

be prepared to recover operating 
bases, he says.

Targeting is also a persistent prob-
lem for offensive operations, one that 
is growing more acute as exercises 
continue. At Northern Edge, more 
than 160 fighters and bombers came 
together in Alaska, bolstered by Mo-
bility Guardian’s refuelers, to focus on 
this issue. “That’s one of the things 
we’ll have to do better as an Air 
Force. . . . We do not currently have a 
lot of abilities to prosecute maritime 
targets,” Tanner says.

An emerging problem in a China 
scenario is that Beijing’s ample fleet of 
destroyers can both target aircraft 
and protect themselves. In the Pacific, 
the Air Force cannot rely on having 
intelligence, surveillance and recon-

naissance aircraft up and ready to 
track these targets for fighters and 
bombers. This would mean more tac-
tical reconnaissance from space pro-
viding targeting information. And in a 
Taiwan Strait scenario, aircraft would 
need to move beyond the destroyers 
and hit amphibious ships that could 
be part of an invasion force.

In addition, the Air Force needs 
more munitions capacity to strike 
these targets, due to the limited mag-
azine depth of systems such as the 
AGM-158C Long-Range Anti-Ship 
Missile and Kongsberg Joint Strike 
Missile, which the service is buying. 

“We’re trying to look at what the 
next generation of those capabilities is 
going to look like,” Tanner says. “How 
are we going to get the platforms that 

can deliver those capabilities into an 
area where they can actually engage? 
How do you get them escorted, refu-
eled to those engagement locations?”

With mobility aircraft required to 
connect these fighters and bombers to 
targets across the region, Mobility 
Guardian’s leaders say their exercise 
showed that change needs to come, 
and progress is being made.

“We have a stark recognition that 
you have to change the way you oper-
ate. Anytime you build a plan, it’s built 
on certain facts and assumptions,” 
Cole says. “Those facts and assump-
tions don’t apply in this future fight. So 
it is absolutely critical that you prac-
tice what we think our new facts and 
assumptions are . . . and get ready for 
it as quickly as you possibly can.” 

DEFENSE



proach. The Air Force needs new ways 
to deliver cargo in a high-threat envi-
ronment where traditional airlifters 
such as the Lockheed C-130 and C-17 
would not survive.

It is a question of not only “‘Can I 
get cargo forward into a high-threat 
environment?’” Minihan says, “but 
also: ‘Can I get cargo forward to a ma-
neuvering unit that doesn’t have a 
runway from which I can operate?’” 
He adds: “Does it have to be manned? 
Can it be unmanned? Does it have to 
be 10,000 lb. or 5,000 lb.? Can I do ver-
tical lift? Can I do it on an airship [or] 
a slow-moving low-altitude blimp? 
There’s a lot of opportunity when it 
comes to how you approach that.”

Minihan says the command is 
closely following ongoing experiments 
such as the Defense Innovation Unit’s 
blended wing body demonstrator pro-
gram and DARPA’s Speed and Runway 
Independent Technologies and Lib-
erty Lifter demonstrator. He says he 
also has been meeting with the Air 
Force Research Laboratory on de-
signs that have not been announced. 
Technology from the B-21 and NGAD 
should be adopted, he says.

“I want to develop a headquarters 
that thinks about the next generation 
of systems, not just when the current 
generation is failing,” he says. “We 
need to create a muscle memory and 
a capability that survives the actual 
acquisition of the airplane.”

For the current fleet, experiments 
and exercises such as Mobility Guard-
ian have revealed a critical need for 
improved connectivity. Tankers and 
airlifters require better situational 
awareness and instant communica-
tion with combat aircraft and com-
mand and control.

“This pounding drum of connectiv-
ity in the mobility fleet is paramount,” 
he says. “If I have to key my mic to 
know what’s going on, then we are 
condemned to an old architecture of 
employing airpower, especially when 
it comes to cargo and, most important, 
when it comes to aerial refueling. The 
Vietnam planners could come in and 
lay out our scheme if I’m condemned 
to having to key a mic to know what’s 
going on or relying on a brief I re-
ceived 6 hr., 10 hr. or 12 hr. ago.”

During Mobility Guardian, Air Mo-
bility Command aircraft experimented 
with a series of new connectivity sys-
tems. These included the Sierra Ne-
vada Corp. Airlift and Tanker Open 

Missions System, which uses a small 
antenna to provide multiple data 
links and other secure communica-
tions with limited modification to the 
aircraft, Minihan says. Additionally, 
the Air Force is expanding the Col-
lins Aerospace Real-Time Informa-
tion in the Cockpit data link modifi-
cation, originally for KC-135s, to 
other mobility aircraft including 
C-130s and C-17s.

Lt. Col. Matthew Novotney, the ex-
periment lead for Mobility Guardian, 
says the overarching goal for these 
experiments is to move beyond airlift-
ers and refuelers just receiving data. 
Existing systems such as the Roll-On 
Beyond-Line-of-Sight Enhancement 
for KC-135s help the tankers improve 
their situational awareness, but that 
does not go both ways.

During the exercise, a major exper-
iment with the Tanker Intelligent 
Gateway (TIG) system was con-
ducted using a payload similar to that 
in the E-11A Battlefield Airborne 
Communications Node. The TIG, in-
stalled in a KC-135’s limited cargo bay, 
sent and received data over several 
data links, including beyond line of 
sight, to “tap into the full picture” of 
the airspace. Novotney says the sys-
tem is capable enough that an air 
battle manager could fly on the 
KC-135 to perform some of the mis-
sion traditionally done by aircraft 
such as a Boeing E-3 AWACS. 

Mobility Guardian is the third ex-
ercise in which the system was used; 
it is currently installed on just one 

KC-135 with the Utah Air National 
Guard and Air Force Reserve Com-
mand Test Center. Congress provided 
more funding for TIG to help it be-
come a full program.

In addition to data, the Air Force 
used a new, alternate navigation sys-
tem called MagNav designed as a 
collaboration with the Air Force Re-
search Laboratory and the Massa-
chusetts Institute of Technology’s 

Lincoln Lab. The system, flown on a 
C-17, navigates Earth’s magnetic field 
using artificial intelligence to “zero 
out” the C-17’s interference. The aim 
is to tap magnetic fields to help an 
aircraft navigate in an environment 
without GPS.

These promising experiments are 
just the latest in a series of similar 
systems being evaluated by Air Mo-
bility Command with no real program 
of record to show for it yet. Minihan 
says he wants Mobility Guardian to 
show gaps in capability that can be 
closed relatively cheaply by outfitting 
the fleet with proven, available tech-
nology. In turn, it would be manda-
tory to define the requirements for 
next-generation aircraft.

“I think we can get there; this is go-
ing to be a thing I want to close. I in-
tend to get it at scale,” Minihan says, 
adding that he would be happy to see 
similar systems installed in about 10% 
of the fleet at first, depending on fund-
ing. “We have got to infuse this across 
the fleet. It has got to be there, and I’ll 
take that as a personal challenge as 
one to close,” he says. 
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A KC-135 refueled a KC-46 as part 
of the Air Force’s Mobility Guardian 
exercise in the Indo-Pacific.
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premier military power. In the Indo-Pacific, the U.S.’ other 
treaty allies, save the Philippines, all have the F-35.

That said, “the F-35 is perhaps overkill for Thailand’s 
defense needs,” says Drew Thompson, a visiting senior 
research fellow at the Lee Kuan Yew School of Public Pol-
icy at the National University of Singapore (NUS) and a 
former Pentagon official. “For a continental country, it is 
pretty secure in its geography.”

The U.S. has closely guarded the F-35’s technical secu-
rity, holding back the United Arab Emirates’ purchase of 
the advanced fighter jet because of concerns about a Chi-
nese telecommunications network. Turkey was an original 
partner in the development of the Lockheed Martin 
fighter, but its deal was scuttled after Turkish President 
Recep Tayyip Erdogan purchased the Russian S-400 air 
defense system. The U.S. has reportedly offered to sell 
Thailand its Lockheed Martin F-16 Block 70 and Boeing 
F-15EX Eagle II fighters instead of the F-35, although the 

Royal Thai Air Force 
(RTAF) may opt in-
stead for another fleet 
of Saab Gripen fighters.

Meeks suggests that 
Thailand show the U.S. 
it can appropriately 
safeguard the F-16’s 
active, electronically 
scanned array radar 
technology. “Then you 
can have an actual hon-
est conversation about 
the F-35,” he says. 

In addition to specific 
technology-related risks, 
the U.S. is concerned 
about the broader deep-
ening security relation-
ship between Thailand 
and China. In the past 
decade, the Thai and 
Chinese militaries have 
begun training together 
regularly, and the coun-
tries signed 10 major 

arms deals between 2014 and 2019, among them a $1.3 bil-
lion package including three diesel-electric submarines 
and 48 battle tanks comprising Thailand’s largest arms 
purchase to date. 

“China didn’t have as much to offer in the 1990s when it 
was still busy ripping off Soviet tech and reverse engineer-
ing,” Thompson says. “But as China’s defense industry has 
moved up the quality ladder and the innovation ladder, it 
has a better menu to offer its customers.” 

Although Chinese defense equipment has some short-
comings compared to equipment produced in the U.S., 
“when you factor in affordability and potential financial 
shenanigans that may appeal to a client, then yes, China is 
a good option,” Thompson says. 

The Thai military continues to have close ties with the 
People’s Liberation Army (PLA), from which it has ac-
quired surface-to-air missiles, ships and submarines. The 
RTAF and People’s Liberation Army Air Force (PLAAF) 
have conducted a joint exercise known as Falcon Strike 
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In late May, the Royal Thai Air Force said the U.S. had 
denied its request for Lockheed Martin F-35A Light-
ning II fighters, an outcome that unfolded as China 

looms ever larger in Asia’s regional security picture—and 
in Thailand’s orbit.

The U.S. said it rejected the request because current 
production rates and orders meant it could not deliver the 
F-35 to new buyers for at least 10 years—and because Thai-
land lacks the readiness to receive the F-35. Thailand 
would need to improve everything from the quality of its 
airfields and air base security to maintenance and pilot 
capabilities, according to the U.S. 

That was just part of the story. “From a U.S. government 
standpoint, [Thailand’s request for the F-35] was never 
seriously considered,” Trey Meeks, managing principal at 
consultancy Asia Group in Washington and former colonel 
in the U.S. Air Force, tells Aviation Week. “They do not 
have a good record with tech security.”

These events illustrate the challenges the U.S. must man-
age in balancing security alliances in the Indo-Pacific region 
with arms sales as it faces the most precarious geopolitical 
environment since the Cold War. 

As a U.S. treaty ally, Thailand understandably would 
seek the F-35, the most advanced fighter jet of the world’s 

U.S.-Thai Military Alliance 
Is at a Crossroads

>  DESPITE THAILAND’S BURGEONING TIES WITH 
CHINA, THE U.S. MILITARY IS MAKING PROGRESS

>  AMERICAN ARMS EXPORTS FACE CHALLENGES  
IN THE INDO-PACIFIC REGION

Matthew Fulco Washington and Chen Chuanren Singapore
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The U.S. denial of Thailand’s 
request for the F-35 speaks 

to underlying problems in 
bilateral defense ties.

PATRICK BARRON/ALAMY STOCK PHOTO



five times since 2015 during which Thailand deployed Saab 
Gripen Cs against advanced Chinese Chengdu J-10s and 
Shaanxi KJ-500 airborne early warning aircraft. In 2022, 
Thailand also used German- made Dassault/Dornier Alpha 
Jet light attack aircraft. 

Under an agreement between the Thai and U.S. air 
forces, the RTAF’s F-16 and F-5 fighters are barred from 
participating in a joint exercise with China, presumably to 
prevent the PLAAF from gathering technical insights 
about those aircraft.

Thailand and China kicked off the 2023 Falcon Strike ex-
ercise on July 10 at Udorn Royal Thai Air Force Base. The 
exercise included Chinese fighter jets, bombers, airborne 
early warning aircraft and ground-to-air missile installa-
tions and is intended to “strengthen military cooperation 
between the two countries and maintain regional peace and 
stability,” Chinese state news agency Xinhua said.

Boripat Ratchaneepun, 
an officer with the RTAF 
directorate of operations, 
said the drill is intended 
to improve “mutual trust 
and friendship” between 
the RTAF and PLA, Xin-
hua reported. 

Meanwhile, Thailand and 
China are slated to hold 
joint army exercises Aug. 
16- Sept. 2 and joint naval 
exercises Sept. 3-10, accord-
ing to The Bangkok Post.

“Thailand is broadly di-
versifying its security pol-
icy,” says Benjamin Za-
wacki, a Bangkok- based 
expert on Southeast Asian 
security and author of 
Thailand: Shifting Ground 
Between the U.S. and a Ris-
ing China. While “the Thais 
would still prefer American 
weaponry,” they can obtain more from China at a lower price 
and receive delivery much more quickly, he notes. 

Thitinan Pongsudhirak, a professor of international re-
lations and political science at Chulalongkorn University 
in Bangkok, traces the deepening Sino-Thai military ties 
to changes in Thailand’s political system that began nearly 
a decade ago. “The Thai military had to seek support from 
China as Thai politics turned more authoritarian after the 
May 2014 coup, including arms procurement and high-level 
visits,” he tells Aviation Week. 

The Obama administration responded strongly to the 
coup, suspending roughly $4.7 million in military aid, can-
celing small-scale military exercises and halting an officer 
exchange program. In addition, then-Secretary of State 
John Kerry warned: “This act will have negative implica-
tions for the U.S.-Thai relationship, especially for our rela-
tionship with the Thai military.” 

“The U.S. has not always treated Thailand as a respected 
ally,” NUS’ Thompson says. 

For its part, the Pentagon has not sought to distance 
itself from the Thai military. U.S. military commanders 
value their access to the U-Tapao Royal Thai Navy Airfield 

on the Gulf of Thailand, which has one of Asia’s longest 
runways. During the Vietnam War, U-Tapao served as a 
staging center for U.S. Boeing B-52 bombing runs into 
Cambodia and Vietnam.

In exchange for its support of the U.S. in Vietnam, Thai-
land received $1.1 billion in economic and military aid and 
an additional $530 million from the U.S. Agency for Inter-
national Development, according to research by Richard 
Ruth, a professor at the U.S. Naval Academy. Foreign invest-
ment poured in, and the tourism industry boomed in the 
decades after the war ended, helping Thailand become an 
upper-middle-income economy by 2011. 

Given this history, it is not surprising that Thailand has 
high expectations of its treaty alliance with the U.S. and 
would feel justified in requesting the F-35, Zawacki says. 
Yet he acknowledges that the treaty-ally paradigm creates 
unrealistic expectations on both sides. While Washing-

ton’s other Indo- Pacific 
treaty allies generally see 
China in a similar light to 
the U.S., he says that in 
Thailand’s case, “it is like 
trying to fit a square peg 
in a round hole.” 

At the same time, the 
U.S.-Thai alliance does ap-
pear to have staying pow-
er. Thailand has remained 
a major buyer of U.S. arms 
exports, with more than 
$3 billion in active Foreign 
Military Sales, according 
to the U.S. State Depart-
ment. In fiscal 2019-21, 
Washington authorized 
the permanent export 
of more than $605.9 mil-
lion in defense articles to 
Bangkok via Direct Com-
mercial Sales.

Among what the State 
Department describes as “significant implemented sales” 
are the Boeing AH-6i Little Bird, Sikorsky UH-60M Black 
Hawk and Eurocopter (now Airbus Helicopters) UH-72A 
Lakota helicopters; F-16A/B Block 15 aircraft Midlife Up-
grades; and RGM-84L Harpoon Block II and Evolved Sea-
Sparrow missiles. 

A source with knowledge of U.S.-Thai ties tells Aviation 
Week that bilateral military exchanges have increased 
180% since 2018. 

“The military-military component of the Thai-U.S. alli-
ance remains robust,” Chulalongkorn University’s Pong-
sudhirak notes. Both the U.S. and China have boosted their 
exchanges with Thailand’s military. “But the increase with 
China attracts more attention because it’s new and be-
cause of U.S.-China competition,” he adds. 

In light of the ruling junta’s major setback in the May 
election, Pongsudhirak says: “I anticipate that Thailand’s 
new post-election and relatively more democratic govern-
ment will reorient and recalibrate to aim for a more bal-
anced approach, as Bangkok will not need China’s support 
as much because Western democracies will view the poll 
and post-poll government favorably.”  
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One of the more common laments 
throughout the history of war-
fare is that too many military 

planners, defense ministry officials 
and equipment suppliers assume the 
next conflict will resemble the last. 
Yet the opposite appears to be hap-
pening with resilient precision navi-
gation and timing.

The Landshield system, developed 
and built by RTX in Scotland, is a low-
SWAP (size, weight and power re-
quirement) anti-jamming antenna. It 
helps the platforms on which it is in-
stalled continue to receive space-
based precision navigation and timing 
(PNT) signals while an adversary is 
using high- powered jammers. 

The sensor division’s head of strat-
egy, Toby Marshall, notes that while 
Landshield has been in service for 
about six years,  some of its capabili-
ties are only now becoming routinely 
required. Marshall says the company 
is not seeing changes to customer 

requirements, “[but they] are seeing 
things they thought might happen ac-
tually happen.” These include PNT 
spoofing—a form of jamming where 
the genuine signal is prevented from 
reaching the device and a fake position 
and/or time signal is received instead.

During a briefing at the Royal Inter-
national Air Tattoo here, after the 

company announced a contract exten-
sion with the UK Defense Ministry, 
which has ordered more than 1,000 
Landshields, Marshall explained some 
of the ways in which the technology 
has adapted to changing requirements 
and battlefield realities. For spoofing, 
these include validating that the signal 
being received is the one expected and 
rejecting data from unauthorized 
sources, as well as improvements to 
the anti-jamming capability.

“The software’s been updated to 
take into account different jamming 
scenarios, adding things in like 
direction- finding,” he says. “The next 
stage is to work out how we can start 
to characterize the jammers.”

In an almost contemporary pro-
gram, RTX subsidiary Collins Aero-
space developed the NavHub anti- 
jamming receiver. The two companies 
collaborated on joint pitches of the 
complementary products prior to 

their 2020 merger. Graham Daven-
port, Collins’ mission systems mar-
keting director, says one European 
customer is buying a combined Land-
shield/NavHub system.

The German military has bought a 
large number of NavHub units for use 
on “almost all their vehicles,” he says. 
Integrating inertial systems—such 
as those built at Collins’ Plymouth, 
England, site—alongside the anti- 
jamming antenna and receiver can 
provide further resilience.

Neither Collins nor RTX will say 
whether their technology is deployed 
on platforms being used in Ukraine, or 
how they are pulling any insights from 
that conflict into ongoing develop-
ment. However, in announcing the 

July 18 refresh of the UK De-
fense Command Paper, Defense 
Secretary Ben Wallace told the 
BBC that Ukraine has “tragi-
cally become a battle lab,” and 
he singled out “the power of 
electronic warfare” emerging as 
of critical importance. 

Moreover, a defense indus-
try source tells Aviation Week 
that “a massive amount has 
been learned about what the 
Russians are doing and are ca-
pable of doing.”

An issue that needs to be 
addressed is ensuring that a 
platform-based anti- jamming 
capability can both enable and 
prevent conflict with compo-
nents integrated into other sub-

systems. Various systems rely to some 
degree on space-based navigation and 
timing—and so many systems already 
include some form of resilient PNT 
receiver technology. If multiple sub-
systems each report their own version 
of the vehicle’s position, how will any 
differences be reconciled?

“There are ways around it,” Marshall 
says. “You can create a [radio fre-
quency] network in the vehicle. But it 
all requires someone to think it through 
and come up with a solution design. We 
could do that, but obviously that’s now 
no longer just buying a relatively low-
cost antenna or a Nav Hub and putting 
in a system. Now you’ve got to do more 
work to integrate. But the alternative is 
that you buy a Landshield antenna for 
every single GPS receiver you’ve got.”

RTX developed Landshield initially 
for land platforms, but Marshall says 
the system has also been installed on 
larger uncrewed aircraft. 

New Systems Aim To Shield 
Battlefield Assets From Jamming

>   GERMANY IS PURCHASING COLLINS’ NAVHUB RECEIVERS 

>  RECONCILING CONFLICTING POSITIONING DATA POSES CHALLENGES

Angus Batey RAF Fairford, England 
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An engineer prepared equipment 
in an anechoic chamber at RTX’s 
Harlow, England, facility before 
electromagnetic interference tests 
on the Landshield anti-jamming 
antenna system.
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Since the late 2010s, Thales has 
endeavored to connect elec-
tronic flight bags—with their 

user-friendly interface and faster in-
ternet service capability—to the flight 
management system, a certified piece 
of equipment that can be likened to 
the brain of the aircraft.

In Thales’ vision, flight management 
systems (FMS) can benefit from large 
amounts of up-to-date data in flight. A 
feature of its concept is the use of 
“open-world” data, such as weather 
updates from internet sources. To 
keep the avionics segregated from a 
potential threat in the open world, 
data is retrieved at the electronic 
flight bag (EFB) level. The flight crew 
would use the EFB to devise or alter 
the flight plan, and elements of that 
preparation would be sent to the FMS, 
which would then compute the trajec-
tory with the required integrity.

The aim is to make pilots more 
comfortable with plan changes, in-
crease safety through information 
updates in flight and ultimately im-
prove route fuel efficiency.

Thales’ proposed acquisition of Cob-
ham Aerospace Communications (also 
called AeroComms), a specialist in 
cockpit communication systems, would 
add a powerful technology brick to the 
offering: secure broadband satellite 
communications. It would also ad-
vance a second aspect of Thales’ future 
avionics concept: more autonomous 
flight. “Our intention is to progress 
faster toward secure communications 
between the cockpit and the ground, 
via satellites, at higher data speeds,” 
says Yannick Assouad, executive vice 
president for avionics at Thales.

She says both applications are be-
ing addressed. “First, modifying flight 
plans with up-to-date, cybersecured 
data in flight, aiming at optimized op-
erations,” Assouad says. “Second, pro-
gressing toward more autonomous 
flight. Some tasks may be automated 
while one of the pilots takes a rest on a 
long-haul flight. The over arching idea is 

to avoid human error and transition to 
task monitoring from task execution.”

Airbus has selected Thales’ Pure-
Flyt FMS for the A320, A330 and 
A350, so the concepts can be expected 
to crystallize within the next few 
years. “For the A320, we plan to start 
linefit installations in 2026,” Assouad 
says. “Retrofit will follow from 2027.”

The unit includes a securely con-
nected FMS and a pilot assistant capa-
ble of working out a new flight plan. 
“It needs connectivity to update data 
in flight, and that is what AeroComms’ 
technology will provide,” Assouad says.

Among AeroComms’ products is a 
secure satellite communications ter-
minal that uses Inmarsat L-band con-
nectivity. To rely on satellite connec-
tivity, however, redundancy is required. 
“Both AeroComms and Thales had 
begun the development of an L-Band 
solution with Iridium,” Assouad notes. 
“Upon closure of the [AeroComms] 
deal, we will be merging the two Irid-
ium developments, and the terminal 
will link to both Inmarsat and Iridium.”

The adoption of secure broadband 
satellite communications in the cock-
pit is expected to grow quickly. A new 
aircraft entering service in 2035 will 
be delivered with secure broadband 
cockpit communications as standard 
equipment, Assouad predicts.

AeroComms’ L-Band system is in-
stalled on 20% of the A320neo- family 
aircraft Airbus delivers, Assouad says. 
The company has won a series of con-
tracts this year, CEO Nicolas Bonleux 
reports. In June, it announced the de-
livery of its Light Cockpit Satellite Com-
munications System (LCS) on China 
Eastern Airlines’ Airbus A320neos.

Compared with previous hard-
ware, it offers two separate aircraft 
communication network domains and 
up to 80 times the data transfer ca-
pacity. In addition, the LCS offers 
approved secure internet-protocol -
based aircraft an Aircraft Communi-
cation Addressing and Reporting 
System and voice services when con-
nected to Inmarsat’s Swift Broad-
band- Safety satellites.

Thales is negotiating to acquire 
AeroComms from Advent Interna-
tional. The $1.1 billion deal is expected 
to close in the first half of 2024, after 
regulatory approvals. Employee rep-
resentative bodies of both Thales and 
Cobham Aerospace Communications 
will be consulted.

Based in Rungis, France, near Par-
is-Orly Airport, Cobham Aerospace 
Communications employs 690 staff 
in France, Canada, Denmark, South 
Africa and the U.S. The company is 
the product of a number of previous 
mergers and became an autonomous 
entity when Advent took over the 
Cobham group. Cobham Aerospace 
Communications anticipates reve-
nues of $200 million this year.

The company usually derives 70% 
of its revenues from civil work and 
30% from defense projects, while re-
search and development spending 
stands at 15% of its revenues—a high 
level, comparable to Thales’ 20%. 

Thales Advances Secure Satcom With 
Cobham AeroComms Acquisition

>  INMARSAT AND IRIDIUM CONNECTIONS SHOULD ADD REDUNDANCY

>   EASIER FLIGHT PLAN UPDATES COULD RESULT IN MORE  
FUEL-EFFICIENT ROUTES

Thierry Dubois Lyon
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Thales aims to make pilots more 
comfortable with flight plan changes.
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After a decade of development, 
it is not the all-new, methane- 
fueled BE-4 main engine—

manufactured by startup Blue Ori-
gin—that is delaying the debut flight 
of the United Launch Alliance Vulcan 
rocket. Instead, the postponement is 
due to an unexpected modification of 
the Centaur upper stage, a vehicle with 
more than 60 years of flight heritage.

The latest Centaur design, known 
as the Centaur V, is nearly twice the 
size of the current Centaur III that 
flies on United Launch Alliance 
(ULA) Atlas rockets. Designed for 
high-energy, long-duration missions, 
the Centaur V is a 40-ft.-long, 18-ft.-
dia. vehicle built from stainless steel 
sheets thinner than a dime. The met-
al is welded to form a cylinder with 
domes at the top and bottom. The 
vehicle is propelled by liquid hydro-
gen and liquid oxygen.

ULA was about halfway through its 
15th Centaur V structural test at 
NASA Marshall Space Flight Center 
on March 29 when a hydrogen leak 
developed from a crack near the vehi-
cle’s forward dome. The leak contin-
ued for about 4.5 min., growing in size 
and gathering above the stage.

“It reached a flammable concentra-
tion, found an ignition source and 
caught fire because it’s in an enclosed 
space,” ULA CEO Tory Bruno told re-
porters on July 13. “It overpressured, 
and that damaged the test stand and 
also severely damaged the test article.”

It took a while to access the stand, 
as the Centaur V’s liquid-oxygen tank 
had been filled with 100,000 lb. of liq-
uid nitrogen for the test that took sev-
eral days to boil off. Then all the test 
equipment that had fallen on top of the 
damaged vehicle had to be removed—
including a mass simulator, a mechan-
ical loading structure and platforms.

ULA retrieved the remains of the 
damaged forward dome, which had 
caved in and been torn into fragments, 
to determine the cause of the leak—it 
turned out to have originated adjacent 
to a door at the top of the dome.

“The door is a very thick, stiff stain-

less-steel structure,” Bruno said. “Be-
tween that, the milled regions and the 
long-seam welds which radiate out-
ward from the center to the outer 
periphery where it connects to the 
cylinder, we have a very complicated 
load- and stress-state.

“We discovered there was a stress- 
riser, or a load intensification, right at 
that spot,” Bruno said. “We would ex-
pect to have a certain load profile 
across that dome, but right in that 
narrow region the loads went way up 

because of this complicated geometry.
“The coarser analysis we did sev-

eral years ago to determine the load 
design to design to did not catch that,” 
Bruno added. “And that particular 
phenomenon was not present on Cen-
taur III because of its smaller scale 
and slightly different geometry.”

The unanticipated 
higher load was not 
the only problem. 
ULA had switched 
from a gas tungsten 
arc welding process 
for the seams on the 
Centaur III tanks to 
finer- detailed laser 
welding for the Cen-
taur V. Those laser 
welds turned out to 
be less strong than 
samples, Bruno said. 

“The higher loads 
and somewhat lower 
strength on the welds 
are what caused the 
crack to begin,” he 
added.

ULA had already 
decided to return to 
arc welding on the 
Centaur V’s 12-ft. 
seams because the 
precision of the posi-
tioning needed to set 
up the robotic laser 
welding technique 
was not saving pro-
duction time as an-
ticipated, Bruno said.

Fixing the Cen-
taur V is relatively 
simple: ULA is mak-
ing the top of the 
dome a l i t t le  bit 
thicker. “The correc-
tive action is a pretty 
l o w- t e c h  t h i n g,” 
Bruno said. “We will 
simply put in an-

other layer of stainless steel . . . a ring 
doubler on top of the welds around 
that door and weld that on. Then add 
strips of stainless steel from there 
outboard down the dome about 2 ft. 
to cover that much of the weld. After 
that, the stresses are so low that you 
have no concerns.”

ULA began the work well before its 
accident investigation concluded, and 
it expects to have the first modified 
Centaur V ready for testing to sup-
port a Vulcan Centaur launch before 

ULA Revamps Plan for Vulcan Debut

>  U.S. SPACE FORCE STICKING WITH TWO-FLIGHT CERTIFICATION PLAN

>   DELAY BUMPS NATIONAL SECURITY SPACE LAUNCH MISSION TO 
SECOND QUARTER OF 2024

Irene Klotz Cape Canaveral

SPACE

This Centaur V, pictured being hoisted atop the Vulcan 
Cert-1 booster in the Vertical Integration Facility at 
Cape Canaveral SFS Launch Complex-41 in February, 
was previously assigned to fly the first Vulcan mission. 
It will be retrofitted and reassigned. 
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year-end. ULA plans to use the flight 
article to complete structural testing, 
Bruno noted.

The mission, known as Cert-1, is the 
first of two required before ULA will 
be allowed to fly U.S. national security 
satellites on the new booster. Cert-1 
will carry a commercial lunar lander 
for Astrobotic, two demonstration 
satellites for Amazon’s planned high- 

speed-internet Kuiper network and 
other secondary payloads. Cert-2, 
targeted for early 2024, would launch 
Sierra Space’s first Dream Chaser 
cargo ship to the International Space 
Station for NASA.

Meanwhile, ULA plans to use the 
Centaur assigned to the Cert-2 mis-
sion to complete certification testing. 

The Centaur V earmarked for the 

first National Security Space Launch 
(NSSL) mission, which is expected to 
be Vulcan’s third flight—and the first 
to undergo the modification—will be 
used for Cert-1.

The upper stage previously planned 
for Cert-1 will be retrofitted and most 
likely flown on Vulcan’s third flight, the 
NSSL mission now targeted for the 
second quarter of 2024. 
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U.S. Space Force Stirs Up Competition for Launch Services

Irene Klotz Cape Canaveral
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The U.S. Space Force is preparing for a wide array 
of launch service offerings as part of its upcoming 
National Space Security Launch Phase 3 program, 

which features on-ramps for new contenders.

WITH THE DEMAND FOR NATIONAL SECURITY SPACE 
Launch services expected to surge, the U.S. Space 
Force plans to add a third provider to its list of con-
tractors capable of handling the full range of its 
mission requirements.

Previously, two compa-
nies were expected to be 
selected in the full- service 
Lane 2 portion of the up-
coming National Security 
Space Launch (NSSL) 
Phase 3 competition, with 
approximately 39 mis-
sions split 60-40. The 
arrangement echoes the 
Space Force’s current 
NSSL Phase 2 program, 
which has contracts with 
United Launch Alliance 
and SpaceX.

But with the number 
of missions in Lane 2 ex-
pected to reach 58, the 
Space Force plans to so-
licit three companies in 
a follow-on draft request 
for proposals, Col. Douglas Pentecost, deputy pro-
gram executive officer for the Assured Access to 
Space program at U.S. Space System Command, 
told reporters during a July 19 conference call.

Competing companies would be required to be 
able to execute the entire range of NSSL missions, 
including the most challenging deliveries into cis-
lunar orbit and direct placement into geostation-
ary (GEO) orbit. However, the third-place awardee—
determined by best value—would receive just 
seven missions, including five GPS and two direct-
inject-to-GEO launches.

“It’s going to challenge that provider to be able 
to meet our full requirement set, but it does limit it 
to those seven [missions] so we’re not having to do 
multiple integration studies,” Pentecost said.

The five GPS missions 
previously were to be 
awarded among the 
Lane 1 vendors, which are 
expected to lure compa-
nies such as Rocket Lab 
and Firefly Aerospace that 
currently do not provide 
heavy-lift launch services.

Lane 2 contenders would 
not know in advance 
whether they might win 
the 60% award, the 40% 
award or the third, “best- 
value” slot—with just sev-
en missions guaranteed. 
The company awarded 
the 60% share of the 
NSSL Phase 3 program 
can expect to win 30-31 
missions during the five-
year ordering period be-

ginning in fiscal 2025; the company awarded 40% 
would receive about 20 missions.

Lane 1 service providers can expect to compete 
for another 30 missions, Pentecost added.

Companies competing for Lane 2 awards with a 
new launch vehicle could win a contract, provided 
they have a plan for certification of the new boost-
ers by 2027. Actual flight assignments would be 
made after a launcher’s successful debut. 

Non-U.S. vehicles such as Arianespace’s upcom-
ing Ariane 6 are not eligible to compete in the NSSL 
Phase 3 program. 
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 In pursuit of this, the agency  in mid-July launched four 
 Starling  cubesats,   small satellites designed to fl y in formation 
autonomously as they orbit Earth.  The six-unit cubesats, 
launched from Mahia, New Zealand, on a Rocket Lab Electron 
rocket, will be placed in  sun-synchronous orbit about 355  mi. 
above Earth for six months  while fl ying about 40 mi. apart. 

NASA  Ames Research Center at Mo� ett Field, California, 
is leading the Starling mission . Blue Canyon Technologies 
designed and manufactured the spacecraft buses.

 Each Starling will use a commercial star tracker —a de-
vice to help satellites navigate and orient themselves by 
measuring the position of the stars—to locate its fellow 
travelers and stay in a relatively tight formation. The Star-
ling Formation-Flying Optical Experiment  portion of the 
mission will use the star trackers to pick up light from 
companion spacecraft  and   will tap specialized software to 
coordinate swarming.

 NASA  intends to test that software’s ability to plan and 
complete spacecraft maneuvers without direct input from 
 human s as part of the Reconfi guration and Orbit Mainte-
nance Experiments Onboard phase of the mission.  In the 
autonomous maneuvering program  developed by Emer-
gent Space Technologies , the spacecraft  would plan  as well 
as execute their trajectories .

NASA also wants to see if the spacecraft can reconstitute 
themselves into a travel ing mesh network, a communica-
tions system  through which information can be  routed via 
di� erent paths depending on  the strongest signal. NASA 
will  test  its Mobile Ad-hoc Network  using all four Starling 

Formation Flyers
SPACE

NASA  plans to test 
satellites � ying in   
passive  safety  
ellipses  in low 
Earth orbit.

>  NASA’S STARLING CUBESATS TO 
DEMONSTRATE AUTONOMOUS 
FORMATION FLYING 

Garrett Reim Los Angeles

>  AUTONOMOUS MANEUVERS  COULD 
 HELP  AVOID  COLLISIONS  ON ORBIT

>  ABILITY TO TRAVEL   AS A MESH
NETWORK COULD EXPAND 
COMMUNICATIONS 

N
ASA is   seeking    ways for satellites to 
cooperate autonomously—without 
real-time commands from mission 
control  on Earth  —to  enhance  scien-

tifi c data collection on  deep- space missions  and 
pave the way for orbiting spacecraft to avoid 
collisions automatically.



NASA

satellites, each communicating through two-way S-band 
crosslink radios provided by Cesium Astro.

The space agency also wants to test the ability of the 
satellites to collect and analyze scientific data as a swarm. 
During the Distributed Spacecraft Autonomy experiment, 
the Starling satellites are planned to work together to op-
timize data collection about Earth’s ionosphere. Autono-
mous data collection is expected to improve NASA’s abil-
ity to make scientific observations in deep space, where 
the distance from Earth makes communications with 
spacecraft difficult and slow.

Over the course of the mission, Starling spacecraft will 
fly in two formations. Initially, the satellites will travel in 
line in a “string of pearls” formation. Then the cubesats will 
continue to fly one after another but swirl in what NASA 
calls passive safety ellipses.

“In the ‘string of pearls’ formation, all four spacecraft 
will be in line one behind the other, approximately 40 mi. 
apart,” says Howard Cannon, project manager for Starling. 
“In the passive safety ellipse formation, the four spacecraft 
still follow each other with the same spacing, but they ro-
tate in an ellipse around the centerline of the average ve-
locity vector. Since they will be at different distances from 
the velocity vector, the ellipses are safe in that even if they 
begin to get closer, they remain safe from the standpoint 
of [not] running into each other.”

NASA sees multiple applications for small, swarming 
satellites. For instance, groups of cubesats could provide 
navigation services or be communication nodes for deep-
space missions. The ability of multiple satellites to gather 
data from different positions could allow the spacecraft to 
act like one large instrument, potentially helping to find re-
sources on the Moon. Telescopes mounted on multiple small 
spacecraft observing an object could create a larger field of 
view than is possible with a single big space telescope.

The autonomous swarm technology also might be useful 
for commercial satellites orbiting Earth. After its primary 
mission is complete, NASA will attempt Starling 1.5—a 
demonstration in which the cubesats are to test advanced 
space traffic management techniques in coordination with 
SpaceX’s Starlink communications satellites.

The Starling and Starlink satellites 
would communicate their future tra-
jectories to their ground stations, 
and that data would be forwarded to 

a space traffic management hub, 
which would analyze the data for po-
tential collisions and relay that infor-
mation to operators.

“The methods and technologies devel-
oped for this may be utilized by the De-
partment of Commerce as they develop 
plans for traffic management services 
in low Earth orbit,” Cannon says. 

Neuromorphic Camera 
Promises High-Speed 
Performance for Smallsats

>   THE CAMERA SENSOR HOLDS POTENTIAL FOR 
VARIED MISSIONS, INCLUDING MISSILE DEFENSE

>   EVENT-BASED CAMERAS RECORD CHANGES 
ONLY AT PIXEL LEVEL

Garrett Reim Los Angeles

When a dragonfly hunts a mosquito, it does not chase 
the insect; the four-winged arthropod calculates 
where the bloodsucker is going and intercepts it. 

Dragonflies have a catch rate of more than 95%—one of the 
highest in the animal kingdom.

“It does that with a tiny brain, terrible visual system and 
a microwatt of power,” says Gregory Cohen, deputy director 
of the International Center for Neuromorphic Systems at 
Western Sydney University (WSU) in Australia. “That’s a 
problem we really struggled to deal with using full supercom-
puters, graphics processing units and all this stuff we have 
right now. So clearly, the dragonfly is doing it the easy way.”

Dragonflies and other living organisms, including hu-
mans, are the inspiration for the U.S. Air Force Research 
Laboratory’s (AFRL) Falcon Neuro, a pair of experimental 
neuromorphic cameras that have been flying mounted on 
the outside of the International Space Station (ISS) since 
2022. The laboratory calls the mission the first demonstra-
tion of neuromorphic cameras in space.

Whereas a conventional video camera continuously re-
cords video using all its pixels, a neuromorphic camera—
also known as an event camera—records data only from 
pixels that sense a change in light. The method echoes how 
human eyes transmit more signals to the brain in response 
to changes but fewer for static scenery.

“If you see something weird, you tend to [look at] that 
directly and then you deal with that information,” Cohen 
says. “We work on novelty, and these cameras are essen-
tially doing the same thing.”

The AFRL sees neuromorphic cameras as promising for 
small satellites, the performance of which is constrained by 
size, weight and power.

Falcon Neuro’s cameras are based on Inivation’s Davis 
240C, customized by WSU and controlled by electronics 
developed by U.S. Air Force Academy cadets. From their 
perch on the ISS, the neuromorphic cameras’ primary mis-
sion has been recording lightning and sprites streaking 
across the planet’s atmosphere.

“If you happen to have a normal camera that takes 
frames, you have to be really lucky to catch [a photo of light-
ning],” Cohen says. “Our camera sensor can be really fast, 
[with] really low power and a really low data rate.”

The Falcon Neuro cameras capture events that occur in 
fractions of a second, such as a lightning flash, across rela-
tively long periods of time. 

“Exactly how fast you can render the data depends on 
how much contrast there is between the target and the 
background,” says Matthew McHarg, principal investigator 
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for Falcon Neuro and director of the Air Force Academy’s 
Space Physics and Atmospheric Research Center. “Lightning 
has a lot of contrast, allowing Neuro to render at 1,000 
[frames per second].” 

A comparable high-speed camera might capture only seconds 
of footage before running out of memory and could cost hun-
dreds of thousands of dollars, Cohen says. “You get the benefit 
of a high-speed camera without all the costs,” he explains.

Because a neuromorphic camera uses a sensor that re-
cords only changes, there is less data to be processed, stored 
or transmitted.

“When nothing’s happening, you get no data,” Cohen says. 
“The sensor itself does the heavy lifting. That’s really where 
you save so much power because you don’t have to search 
through millions of pixels for what you care about.”

In addition to capturing lightning, Falcon Neuro has detected 
orbiting satellites and spotted stars, as well as tracked ships 
on Earth, Cohen says. A follow-on, higher-definition neuro-
morphic camera, Falcon ODIN (Optical Defense and Intelli-
gence through Neuromorphics), is planned for launch in 2025.

Phase Four says it has built and 
tested a next-generation radio- 
frequency thruster for space-

craft that equals the performance of a 
Hall-effect thruster.

The achievement, demonstrated 
over several weeks of testing in a vac-
uum chamber, is an important mile-
stone in the Hawthorne, Califor-
nia-based company’s attempt to push 
the propulsion type into the main-
stream of the small satellite industry.

“We’ve decided to develop a new 
technology in a conservative field—in 
aerospace—which is a hard thing to go 
into business for,” says Umair Siddiqui, 
Phase Four chief technology officer. “A 
lot of people say: ‘Oh, this technology 
will never work.’ The point of [this test-
ing] is to basically prove to the world 
that, yes, a cathodeless thruster can 
meet or exceed these targets.”

The company’s next-generation 
radio-frequency (RF) thruster, the 
Maxwell Block 3, has shown perfor-
mance using krypton propellant in 
the range of a typical Hall-effect 
thruster, Siddiqui says. Phase Four 
defines that comparable range as 250-
800 watts of operating power, specific 

Phase Four Says Its RF Thruster 
Matches Hall-Effect Performance 

>  PROPULSION TYPE MIGHT ENABLE VERY-LOW-ORBIT SPACEFLIGHT

>  RADIO-FREQUENCY THRUSTER CAN USE A VARIETY OF PROPELLANTS

Garrett Reim Hawthorne, California

impulse of 600-1,300 sec. and thrust 
levels of 8-18 millinewtons. The com-
pany declines to give specific perfor-
mance metrics but says it plans to 
post more detailed figures soon, when 
it anticipates exceeding the perfor-
mance of a Hall-effect thruster.

A type of electric propulsion that 
has been used for decades for satel-
lite orbital station-keeping and deep-
space exploration, Hall-effect thrust-
ers are a trusted technology among 
satellite operators. They ionize a 
propellant, such as xenon, to create 
an ionized plasma, which is then ac-
celerated using an electric field to 
create thrust.

Phase Four says its radio-frequency 
system not only will have higher per-
formance, but it will also be less ex-
pensive than a Hall-effect thruster—
ideal for operators of low-Earth-orbit 
(LEO) constellations such as the U.S. 
Space Development Agency and One-
Web. The company’s thruster uses 
radio- frequency energy to heat a pro-
pellant into ionized plasma that is then 
ejected away from a spacecraft by a 
permanent magnet, creating thrust.

Phase Four has on orbit eight exam-

ples of its current product, the Max-
well radio-frequency thruster. Collec-
tively, those have logged more than 
5,000 days in space since 2021. Ca-
pella Space, an operator of satel-
lite-based synthetic aperture radar, is 
one customer. Other customers have 
not been disclosed but tend to be 
“Earth-facing” LEO satellite opera-
tors, Siddiqui says. The thrusters 
were developed with small satellites 
weighing 110-1,100 lb. in mind.

Because a radio-frequency thruster 
system uses a permanent magnet in-
stead of an electromagnet, as a typical 
Hall-effect thruster does, it is a sim-
pler system, Phase Four says.

“There’s no cathode. There’s no 
heater. There’s no igniter. There’s no 
separate power supply for the anode 
and the cathode,” Siddiqui says. 
“There’s physically significantly fewer 
power electronics that go into the 
[power processing unit]. Our bill of 
materials is a lot simpler. The time to 
build is a lot [shorter]. All of those 
cascade and add up to a competitive 
price point.”

Phase Four says it has higher profit 
margins on its thrusters. Simplicity 
also means a 75% reduction in lead 
time, it says. The company’s new fa-
cility in Hawthorne should be able to 
produce 130 units per year. The first 
examples of the Maxwell Block 3 are 
anticipated to be ready for delivery 
in early 2024.

Because radio-frequency thrusters 
can be used with a variety of propel-
lants—including xenon, krypton, 

NASA



iodine, water vapor, nitrogen and oxy-
gen—Phase Four says the system 
could ingest propellant in situ.

“If you’re able to achieve high [spe-
cific impulse] with water vapor, then 
all of a sudden you can go to the Moon, 
mine water vapor and come back,” 
Siddiqui says. “Water vapor is abun-
dant, especially in the outer Solar Sys-
tem, and so now suddenly you have 
natural gas stations.”

A radio-frequency thruster also 
could power spacecraft flying in very 
low Earth orbit (VLEO), a region 

roughly 125-186 mi. above the surface 
of Earth. There, atmospheric density 
creates friction and makes long-dura-
tion flight difficult for conventional 
spacecraft. However, a radio-frequency 
thruster could harvest gases from the 
atmosphere, such as nitrogen, oxygen 
and atomic oxygen, and then use them 
as propellant to stay aloft. Phase Four 
is designing a two-stage radio-frequency 
propulsion system for that purpose 
and is testing it using nitrogen in a 
vacuum chamber.

“It’s designed to resonantly accel-
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Falcon Neuro is fast 
enough to capture 

flashes of lightning.
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The AFRL sees a variety of potential military missions for 
neuromorphic cameras, including detecting hypersonic re-
entry vehicles or fast-moving aircraft. 

Neuromorphic cameras fit into the U.S. Space Force’s 
plans to launch hundreds of small satellites for roles previ-
ously handled only by its biggest spacecraft. The Space Force 
has tasked multiple military agencies with shrinking pay-
loads, including missile-tracking sensors, to fit that vision.

For example, in 2020, The Aerospace Corp. demon-
strated a three-unit cubesat carrying an off-the-shelf, un-
cooled, commercial infrared camera that spotted and 
tracked several rocket launches. Because the experimental 
satellite was so small—with limited power generation and 
storage capacity—it had to be preprogrammed to record 
scheduled rocket launches. That is not practical for war-
time missile defense.

Cohen says infrared neuromorphic cameras are a next 
step for research. “When you look at the infrared spectrum, 
all you care about is change,” he says. “These cameras are 
extremely well-suited to that.” 

erate gases of a certain molecular 
weight,” Siddiqui says. “Nitrogen, oxy-
gen and even water vapor are roughly 
in the same mass range.”

The potential for VLEO spacecraft 
to carry electro-optical, infrared or 
radar sensors closer to a target has 
made the technology interesting to 
the U.S. Defense Department. 

“There are a lot of intelligence ap-
plications,” Siddiqui says. “Whoever 
can get into the VLEO environment 
first has a national advantage over 
their peer adversaries.” 

Vacuum chamber testing 
shows promising results 
for radio-frequency thrusters.
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W ith the belated approval of 
their combination now con-
firmed, geostationary-orbit- 

satellite operators Viasat and Inmarsat 
can pursue the vision of a multi orbit, 
multiband network they each had be-
fore becoming a satellite communica-
tions powerhouse.

Inmarsat’s concept, Orchestra, was 
intended to be an interconnected “dy-
namic mesh network” combining the 
company’s L-band and Ka-band geo-
stationary orbit (GEO) satellites with 
a new low-Earth-orbit (LEO) constel-
lation and terrestrial 5G communica-
tions. Viasat also envisioned a multi-
orbit system but has not named it.

“I don’t know what subbrands we 
will continue to use,” says James Per-
son, director of business development 
and strategy for Viasat’s business avi-
ation unit. “The only brand decision 
we have made is that the future com-
pany is called Viasat.”

But as the saying goes, space is 
hard. On July 12, Viasat disclosed that 
its recently launched ViaSat-3 Amer-
icas Ka-band satellite had experienced 
“an unexpected event” during deploy-
ment of a reflector antenna that may 
affect its performance. The company 
did not name the reflector supplier, 
although website Ars Technica iden-
tified it as Northrop Grumman’s Astro 
Aerospace business, quoting a past 

interview with a Viasat executive. 
During launch, the reflector folds up 
against the Boeing-manufactured 
702MP+ satellite bus.

Viasat has described the mesh-like 
reflector antenna, which is tethered to 
a boom in space, as exceptionally large 
for a commercial broadband satellite. 

ViaSat-3 Americas is expected to 
vastly increase Viasat’s coverage and 
capacity over the Americas for airlines 
and other aviation users. Its possible 
malfunction caused the company’s 
share price on the Nasdaq exchange 
to plummet and led to media specula-
tion of a mid-nine-figure insurance 
payout if the satellite is a total loss.

The company says it will provide an 
update on the status of ViaSat-3 
Americas and any necessary contin-
gency plans during an earnings call 
scheduled for Aug. 9.

Announced in November 2021, Via-
sat’s acquisition of London-based 
Inmarsat was slowed from its planned 
closing date in the second half of 2022 
when the UK Competition and Mar-
kets Authority and the European 
Commission (EC) launched antitrust 
investigations. Once the authority 
signed off on the acquisition in early 
May, approvals by the U.S. Federal 
Communications Commission and EC 
soon followed.

Viasat announced the completion of 

the transaction on May 31, uniting two 
companies with a combined annual 
revenue of more than $4 billion and 
over 8,000 employees. The antici-
pated merger of Luxembourg-based 
satellite operator SES and U.S.-based 
Intelsat would have created a com-
pany of similar scale, but it has been 
called off, SES confirmed in June.

Aviation Week visited Viasat’s 
Carlsbad campus near San Diego 
soon after it passed a 30-day internal 
integration milestone with Inmarsat. 
New colleagues had recently social-
ized in the same courtyard where Via-
sat employees gathered April 30 to 
watch the launch of ViaSat-3 Ameri-
cas, the first terabit-class communi-
cations satellite, from Kennedy Space 
Center in Florida.

Six months before the launch of 
ViaSat-3 Americas, President Joe 
Biden touted the CHIPS and Science 
Act from a stage outside the company 
cafeteria. During his remarks, Biden 
recognized Viasat’s provision of dual, 
hybrid Ku-/Ka-band terminals on the 
VC-25 (Boeing 747) that serves as Air 
Force One, identified by two radomes 
atop its fuselage.

Inmarsat and Viasat both have de-
fense and government customers, and 
each provides satellite connectivity to 
other markets such as the maritime 
industry. Where their verticals closely 
align is in supplying broadband, 
Ka-band service to airlines and busi-
ness aviation aircraft.

Combined, Inmarsat and Viasat de-
liver inflight connectivity to 60 air-
lines, including 3,100 in-service air-
craft and 2,000 more under contract, 
as well as 1,650 business jets. Under an 
agreement announced in May 2022, 
new Southwest Airlines Boeing 737 
MAX 7/8 airliners come factory- 
equipped with Viasat antennas, mo-
dems, wireless access points and other 
enabling hardware and software.

Culturally, the Inmarsat-Viasat 
union joins a British company estab-
lished in 1979 as an intergovernmental 
organization—later privatized—to de-
velop a satcom network for ships with 
a Southern California startup formed 
in 1986 by alumni of Linkabit, a tech-
nology company that led to the cre-
ation of Qualcomm as well as Viasat.

The combined companies have 19 
in-service satellites, with eight GEO 
satellites planned for launch in the 
next three years. Inmarsat brings 
to the table flight-deck-oriented, 

Viasat and Inmarsat Pursue  
Joint Vision as One Company

>  MALFUNCTION OF VIASAT-3 AMERICAS COULD ALTER PLANS

>  VIASAT AIMS TO BUILD A MULTIORBIT NETWORK

Bill Carey Carlsbad, California

SPACE

Viasat supplies dual, hybrid Ku-/Ka-band satellite communications terminals, 
like the one pictured, on the Boeing 747 that serves as Air Force One.
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narrowband L-band connectivity, 
with seven total L-band or combined 
L-/Ka-band satellites in space. Inmar-
sat also operates an S-band satellite 
for the European Aviation Network, 
a broadband service for domestic 
European airspace that integrates 
terrestrial 4G LTE connectivity from 
Deutsche Telekom. Through a part-
nership with Space Norway, it plans 
to operate Ka-band payloads on two 
highly-elliptical-orbit satellites that 
are to provide coverage of the Arctic 
region at latitudes beyond the reach 
of GEO satellites.

While Inmarsat service and hard-
ware is provided through partner re-
sellers and manufacturers, Viasat 
builds much of its own equipment. 
The company manufactures the an-
tennas used in its satcom terminals 
for business and air transport aircraft 
at a facility in Duluth, Georgia. It 
builds ViaSat-3 satellite payloads in 
Tempe, Arizona, along with compo-
nents including radio-frequency inte-
grated circuits used in transmit/
receive assemblies.

The acquisition should not affect 
Inmarsat’s relationships with its value- 
added resellers, which include SITA, 

Collins Aerospace and Thales for com-
mercial aviation, Viasat executives say. 
“Those relationships are valued with 
the resellers,” notes spokesperson 
Scott Goryl. “At this point, there is no 
intention to make any changes there 
or ride the contracts out or whatever 
the case may be.”

Honeywell, Satcom Direct and Isra-
el’s Orbit Communication Systems 
build Inmarsat Ka-band terminals for 
business aircraft. To operate on Via-
sat’s network, the terminals would 
have to incorporate Viasat’s waveform, 
which could be done by inserting an 
additional modem card, Person says.

The two companies are in harmony 
on development of a communications 
network based on a multiorbit, multi-
band architecture. That would entail 
launching new LEO satellites or leasing 
capacity from existing constellations 
such as SpaceX’s Starlink. Inmarsat 

referenced “a small, targeted constel-
lation” of 150-175 LEO satellites when 
it unveiled Orchestra in July 2021. More 
recently, executives of both companies 
have been quoted as saying they are 
open to partnering on LEO capacity.

“We don’t have the answer for what 
we’re going to call it yet, but we are 
very much aligned on the philosophy,” 
Person says. “On Day One, our legacy 
Inmarsat friends said, ‘Here’s our vi-
sion for what Orchestra delivers and 
here’s our filings for those satellites,’ 
and the Viasat team said, ‘Here’s what 
our vision was for multiorbit and here’s 
our filings.’ We’re going through that 
very [integration] process right now 
because clearly it doesn’t make sense 
to do both plans independently—
we’re one company now. We haven’t 
announced that, frankly, because we 
haven’t figured out which one we’re 
going to go with yet.” 
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Viasat’s base in Carlsbad, 
California, near San Diego is 

set to be the headquarters of 
the combined business, while 

Inmarsat’s London offices are to 
be the international headquarters.
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The 6.1 billion rupee ($74 million) 
3,900-kg (8,600-lb.) mission, which 
includes a companion 26-kg rover, is 
targeted to touch down near the Moon’s 
little-explored south pole around 
Aug. 23. If successful, India would join 
the former Soviet Union, the U.S. and 
China on the short list of countries that 
have accomplished a lunar landing. 

As many as four more Moon mis-
sions are poised to launch this year, 
including:
■ Luna 25, which is set to be Russia’s 
first foray to the Moon since the 1976 
Soviet-era Luna 24 returned with 170 
grams (6 oz.) of lunar soil. Launch is 
planned for Aug. 11.
■ Japan’s Smart Lander for Investi-
gating Moon, which aims to demon-
strate the pinpoint landing technology 
necessary for future lunar probes. 
Launch is targeted for Aug. 26.
■ Commercially developed and oper-
ated landers owned by U.S.-based 
Intuitive Machines and Astrobotic, 

which are set to attempt missions for 
NASA and other customers (AW&ST 
July 17-30, p. 32). Launches onboard a 
SpaceX Falcon 9 and United Launch 
Alliance’s first Vulcan rocket are 
planned for the third and fourth quar-
ters, respectively.

Two previous private efforts to land 
spacecraft on the Moon failed—one by 
Israel’s SpaceIL in 2019 and the other 
by Japan’s Ispace in April 2023.

The Indian Space Research Orga-
nization (ISRO) Launch Vehicle Mk. 
3 rocket (LMV3)—previously called 
the Geosynchronous Satellite Launch 
Vehicle Mk. 3—launched the Chan-
drayaan-3 mission on schedule at 

AIMING  
FOR THE  

MOON

SPACE

> MISSION SHOULD ENTER SECOND  
  LUNAR TRANSFER PHASE SOON

> INDIA’S CHANDRAYAAN-3 WILL  
 ATTEMPT A SOFT LANDING

> CHANDRAYAAN-2 ORBITER’S CAMERA  
 IS SLATED TO WATCH OVER THE LANDING

Apurva Mahajan Washington

T
he Indian Space Research Organization’s Chandrayaan-3 
is heading to the lunar south pole on a quest to make 
India the fourth country to land a spacecraft on the 
Moon. The nation’s last attempt at a soft landing 

crashed into the surface. This time, the space agency has 
designed the new lander, Vikram, to withstand failure.
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INDIAN SPACE RESEARCH ORGANIZATION

Following a partly successful 
second foray to the Moon, 

India launched the Chandrayaan-3 
mission on July 14, aiming to 

put a lander and a small rover 
on the lunar south pole.
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MISSIONS TO  
THE MOON

With Chandrayaan-3, India is aiming to join the elite club of nations that 
have landed spacecraft on the lunar surface. Its journey began about 15 
years ago, with the successful insertion of Chandrayaan-1 into the Moon’s 
orbit. Here is a look back at international missions to the Moon since then. 

2022 Dec. 11 | Ispace Hakuto-R Mission 1 
This private Japanese mission is scheduled for a soft landing on the Moon’s near 
side on April 25, 2023, but communication is lost during the final moments before 
landing as the spacecraft runs out of fuel and crashes onto the Moon’s surface.

Nov. 16 | NASA Artemis I 
The mission sends NASA’s uncrewed Orion capsule spacecraft into lunar orbit as 
a test to prepare for future crewed Artemis flights. Orion circles the Moon twice 
before reentering Earth’s atmosphere and splashing down in the Pacific Ocean 
on Dec. 11, 2022.

2019 Feb. 22 | SpaceIL Beresheet 
The first private attempt to land on the Moon and Israel’s first lunar mission, 
funded by Israeli nonprofit organization SpaceIL, aims to measure the magnetic 
field and anomalies at Mare Serenitatis. It ends when the team loses communica-
tion with the spacecraft right before the touchdown attempt, resulting in a crash 
landing on April 11, 2019.

2018 Dec. 7 | Chinese National Space Administration (CNSA) Chang’e 4 
The mission results in the first successful soft landing on the far side of the Moon 
on Jan. 3, 2019. Chang’e 4 comprises a lander and rover, Yutu 2, each containing 
scientific payloads to study the geophysics of the area.

2013 Sept. 7 | NASA LADEE (Lunar Atmosphere and Dust Environment Explorer) 
The mission is designed to collect measurements pertaining to the lunar atmo-
sphere, lunar dust and conditions near the lunar surface. LADEE does not have 
the fuel needed to maintain a long-term orbit, so the spacecraft is intentionally 
crashed into the Moon on April 8, 2014.
 
Dec. 1 | CNSA Chang’e 3 
China becomes the third country to soft-land on the Moon, following the U.S. and 
Soviet Union. The mission sends a lander and rover, Yutu, to the lunar surface. Yutu 
continues to operate until Aug. 3, 2016.

2011 Sept. 10 | NASA GRAIL (Gravity Recovery and Interior Laboratory)
The mission sends two nearly identical washing-machine-size spacecraft (Ebb 
and Flow) into low lunar orbit to measure the Moon’s internal structures and 
create a map of its gravitational field. Ebb and Flow are decommissioned before 
a deliberate impact on the Moon on Dec. 17, 2012.

2010 Oct. 1 | CNSA Chang’e 2 
China’s second mission to the Moon, originally designed as a backup satellite for 
its predecessor mission, Chang’e 1, is a technical test satellite for future missions. 
The other main objective is to take high resolution pictures of the Moon’s surface 
to choose a landing satellite for Chang’e 3. 

2009 June 18 | NASA LCross (Lunar Crater Observation and Sensing Satellite)
The satellite is launched alongside NASA’s Lunar Reconnaissance Orbiter right 
after ISRO’s Chandrayaan-1 discovered water on the Moon. The spacecraft delib-
erately crashes into the Moon on Oct. 9, 2009, while sending real-time data back 
to Earth to support the identification of water in the lunar regolith.

2008 Oct. 22 | ISRO Chandrayaan-1 
India’s first deep space mission, consisting of an orbiter and a Moon Impact Probe, 
achieves lunar orbit and discovers water molecules on the lunar surface. The 
probe goes into freefall and crashes onto the lunar surface at the lunar south 
pole on Nov. 14, 2008.
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5:05 a.m. EDT (2:35 p.m. local time) 
from the Satish Dhawan Space Center 
in Sriharikota, India, on July 14. It was 
the rocket’s fourth operational mission.

“All of our spacecraft parameters 
are normal, including the power gen-
eration in both   propulsion module and 
lander module,”  Chandrayaan-3 Proj-
ect Director P. Veeramuthuvel said 
after the launch.

“Wishing you safe travels to the 
Moon,” NASA Administrator Bill 
Nelson  commented on  X, formerly 
known as Twitter. “We look forward 
to the scientifi c results to come from 
the mission.”

 The planned 40-day trip to the Moon 
is divided into three phases. In  Phase 1 , 
the Earth-bound maneuver phase ,  the 
spacecraft orbits  Earth while periodi-
cally increasing its distance from the 
planet. So far,  it has performed five 
orbit-raising maneuvers.

The fi rst fi ring on July 15—the day 
after launch—left Chandrayaan-3 in 
an elliptical orbit that stretched as far 
as 41,762 km  (26,000 mi.) and came as 
close as 173 km from Earth. The second, 
third and fourth fi rings occurred on 
July 17, 18 and 20. The  fi fth maneuver 
occurred on July 25 and was expected 
to place Chandrayaan-3 into a 127,609 
X 236- km orbit,  ISRO says. 

After the Earth-bound maneuvers 
are complete, the mission  is to transi-
tion to Phase 2 : the lunar transfer 
phase. The TransLunar Injection 
burn, scheduled for Aug. 1, is intended 
to send the spacecraft  toward the 
Moon and into lunar orbit.

When Chandrayaan-3 reaches lunar 
orbit,  targeted for Aug. 5, Phase 3  is 
planned to begin. The spacecraft  is 
slated to orbit the Moon multiple 
times, gradually  approaching the  sur-
face with each pass. Once it  reaches a 
100- km orbit above the lunar surface, 
the lander and rover  are planned to 
detach and attempt to touch down.

Chandrayaan-3, which does not 
include an orbiter,  is designed to use 
the Chandrayaan-2 orbiter as a data 
relay spacecraft, the ISRO said. The 
2019 Chandrayaan-2 mission’s orbit-
er  placed itself around the Moon and 
remains operational , surpassing its 
expected one-year design life.  The 
Chandrayaan-2 program   ended with  
its lander and rover crashing into 
the Moon’s surface during the fi nal 
descent phase.    

Chandrayaan-1—the first Indian 
lunar mission, launched by a Polar 

Satellite Launch Vehicle in October 
2008—completed more than 3,400 
orbits around the Moon until commu-
nications were lost in August 2009. 
That orbiter made the fi rst discovery 
of water molecules on the lunar sur-
face,  specifi cally  in the polar regions.

Building upon its predecessors’ ca-
pabilities, the new Vikram lander has 
a higher landing velocity tolerance, 
 ISRO Chairman S. Somanath told The 
Times of India in a June 29 interview. 
This means it should not break or 
crash at a vertical velocity of 3 m/sec. 
 (10 ft./sec.)—an increase from Chan-
drayaan-2, which was designed for a 
2- m/sec. touchdown velocity.

Since the  lander’s mass was in-
creased by around 200 kg,  it  re-
quires a minimum of two  engines to 
land, Somanath  said in the interview. 
Vikram also carries more fuel this 
time, he said.

   The lander  is equipped with im-
proved technology  as well, such as 
a  laser  doppler  velocimeter sensor, 
which examines lunar terrain and 
provides three velocity vector compo-
nents, and  lander  horizontal  velocity 
cameras to hedge against failures.

“Instead of a success-based design, 
the ISRO has this time opted for a fail-
ure-based design,” Somanath said at 
the   Space Economy Leaders Meeting 
 in Bengaluru, India, in early July. “We 
looked at sensor failure, engine failure, 
algorithm failure, calculation failure. 
There are di¢ erent failure scenarios 

calculated and programmed inside.”
   ISRO is targeting a larger landing 

ellipse this time, aiming for a 4.2 X 2.5-
km region near the Moon’s south pole. 
 The agency expects to have a clear 
view of the landing site ahead of 
touchdown via Chandrayaan-2’s cam-
era, so it will not rely solely on pictures 
from the lander itself, Somanath said. 

 The lander and rover are designed 
to last for one lunar day,  the equiva-
lent of about 14 Earth days.  They 
carry an array of scientifi c payloads 
that  are to perform experiments on 
the lunar surface.

Vikram carries Chandra’s Sur-
face Thermophysical Experiment ,  
designed to measure the thermal 
properties of the lunar surface near 
the polar region; the Radio Anatomy 
of  Moon-Bound Hypersensitive Ion-
osphere and Atmosphere Langmuir 
 probe   to measure  changes in the 
near -surface plasma ions and electron 
density over time ; and the Instrument 
for Lunar Seismic Activity  to measure 
seismic activity in the area surround-
ing the landing site    as well as analyze 
the lunar crust and mantle structures.

In addition to the ISRO payloads, 
the lander  carries a NASA-provid-
ed Laser Retrorefl ector Array . This 
passive instrument can provide lunar 
ranging by refl ecting laser light from 
other spacecraft, enabling it to mea-
sure the distance between the two.

On the rover, Pragyan,  an Alpha 
Particle X-Ray Spectrometer    is planned 
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LVM3-M4 Vehicle Characteristics

Height (m [ft.]) ...........................................................43.5 (143)
Payload Mass (kg [lb.]) ......................................3,895 (8,587)
Liftoff Mass ..................................................................... 642 tons

Propulsion Stages
Strap-  On Motors ...............................................2 X S200 (Solid)
Core Stage .............................................................. L110 (Liquid)
Upper Stage .................................................................C25 (Cryo)
Payload Fairing Diameter (m [ft.]) ...............................5     (16.4)

to infer the mineral and chemical com-
position of the lunar surface  and a 
 Laser- Induced Breakdown Spectro-
scope    is slated to determine the ele-
mental composition of the lunar soil 
and rocks near the landing site.

The propulsion module has an ex-
perimental payload of its own, the 
 Spectro-Polarimetry of Habitable 
Planet Earth ,  intended to study the 
signatures of the polarization of light 
 on Earth in the near-infrared range.

Standing 43.5 m  (140 ft.)  tall, the 
LMV3 is a three-stage rocket that in-
cludes a pair of solid S200 strap-on 
motors. With 204 tons of solid propel-
lant, the S200s are among the largest 
solid boosters in the world.

The rocket’s L110 liquid-fuel core 
stage is powered by two Vikas engines 
fueled by 115 tons of unsymmetrical 
dimethylhydrazine and water. The 
rocket  is designed to take off with 
the simultaneous ignition of the S200 
boosters. The core stage  ignites at 113 
sec.  after  lifto� ,   and booster burnout 
occurs  21 sec. later. The L110 is de-
signed to continue fi ring until 313 sec. , 
at which point it  separates, leaving 
the rest of the ascent to a high-thrust 
C25 upper stage fueled by 28 tons of 
liquid oxygen and liquid hydrogen.

The LMV3 can carry up to 4,000 
kg  to geostationary transfer orbit 
and 8,000 kg into low Earth orbit. In 
March, an LMV3 launched 36 One-
Web satellites.  ISRO is developing a 
human-rated version of the rocket to 
carry astronauts. “We are in the pro-
cess of increasing the launch frequen-
cy of this vehicle, considering national 
requirements as well as satellite de-
mand,” noted Chandrayaan-3 Mission 
Director S. Mohan Kumar. 

—With Irene Klotz in Cape Canaveral

 After several swings 
around Earth, each moving 
Chandrayaan-3 farther away, 
the spacecraft  is to head 
toward the Moon on Aug. 1 , 
with a � nal phase of orbits 
there  bringing it closer
to the lunar surface. 
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RESEARCH AND TECH-
nology programs aiming 
to power aircraft with hy-
drogen are well underway. 
Despite the ambitious na-

ture of Airbus’ goal of putting the first 
hydrogen-powered commercial air-
craft in service in 2035, the funding 
and skills behind those programs give 
reasonable hope it can be met. 

While ensuring enough hydrogen is 
available at airports is another matter, 
it has climbed higher on the agendas 
of airport operators, and production 
projects abound. A snowball effect has 
started, and the question is how large 
the effort will grow.

“More people are talking about in-
frastructure,” says Robin Riedel, co-
leader of the McKinsey Center for 
Future Mobility. “Not just geeks—air-
port CEOs are talking about it.”

But there are still major uncertain-
ties about the timing and degree of in-
vestment. “We are not seeing massive 
investment,” Riedel notes. “And 90% of 
it is outside the airport sector, accord-
ing to the World Economic Forum.”

Would-be manufacturers of hydro-
gen-powered aircraft have yet to an-
swer this question effectively. “When 
will they produce aircraft so airports 
know when they have to care?” Riedel 
says. Startup companies plan to have 

hydrogen-powered aircraft in service 
well before Airbus—Universal Hydro-
gen, for one, is targeting 2025-26.

Airbus sees itself as a catalyst. “We 
launched the hydrogen hub at airports 
concept in 2020,” says Christophe Ar-
nold, head of hydrogen infrastructure 
at Airbus. To make hydrogen propul-
sion economically viable in aviation, 
airports will have to be hydrogen 

hubs, producing and using as much of 
the fuel as possible.

Airbus also is betting on other in-
dustries, such as road and rail trans-
portation, to help realize that vision. 
“In 2035, we will have a mature hydro-
gen ecosystem, thanks to other sec-
tors,” Arnold says. “The production of 
decarbonized hydrogen is growing fast 
everywhere in the world.”

Sakowin, a French startup partici-
pating in Paris airport operator 
Groupe ADP’s H2 Hub Airport proj-
ect, has made progress toward pro-
ducing hydrogen from methane. It is 
targeting green generation of hydro-
gen, with solid carbon as a byproduct.

“Our strong point is the ability to 
produce large volumes of hydrogen on 
site,” says Sakowin President Gerard 
Gatt. “For Paris [Charles de Gaulle] 
Airport, ADP has set a target of 500 
metric tons of hydrogen per day.

“Despite many European countries’ 

desire to get rid of natural gas im-
ports, gas will remain indispensable in 
the short term,” Gatt says. “Transi-
tioning to renewable or nuclear ener-
gies calls for long construction cycles. 
Our solution is more pragmatic; it can 
accelerate the energy transition.”

Sakowin’s process, methane plasm-
alysis, is adapted from methane pyrol-
ysis. “In our reactor, plasma is as ho-
mogeneous as possible so energy can 
be distributed evenly,” Gatt says. “As 
a result, we maximize the production 
of hydrogen (as opposed to carbon) in 
the reaction. What is special about our 
technology is that it will be competi-
tive, whatever the market price of 
solid carbon as a byproduct.”

Solid carbon could be valuable in 
industrial agriculture, which tends to 
consume the soil’s carbon, reducing its 
water retention capacity, Gatt says. 
Returning carbon to the soil would 
help plants grow.

Compared with water electrolysis, 
Sakowin’s technology cuts electric 
power needs by a calculated factor of 
5:1. A methane molecule requires much 
less energy to dissociate than a water 
molecule. And the surface Sakowin’s 
production units require is compatible 
with an airport, which is not the case 
for water electrolysis powered by a 
photovoltaic farm.

Sakowin’s process is designed to 
decarbonize natural gas. “If we use 
biomethane, our technology becomes 
a sink for CO2,” Gatt adds.

With ADP, Sakowin is considering a 
pilot production unit of 100 kW, which 
corresponds to 200 kg (440 lb.) per day 
from local biomethane. The accompa-
nying gas station will be able to deliver 
biomethane, hydrogen and electricity. 
Designed with Groupe ADF and Karr-
green, it will fuel ground vehicles. “In 
2025, the pilot unit at an ADP airport 
will be part of the total 15 pilot units in 
operation by then,” Gatt says.

Since 2021, the process’ technology 
readiness level (TRL) has grown to 
TRL 5 from TRL 4, meaning it has been 
validated in a relevant environment as 
opposed to a laboratory. In 2022, 
Sakowin delivered a 3-kW prototype.

This year, delivering a 6-kW unit will 
grow maturity to TRL 6, an advanced 
stage that usually allows the launch of a 
product. “With the 6-kW prototype, we 
have built a system that works continu-
ously, without any overheat phenome-
non or unexpected stop,” Gatt says.

In 2024, a beta test 100-kW unit is 

Hydrogen Propulsion Progress Puts 
Infrastructure in the Spotlight

SUSTAINABILITY

>  AIRBUS IS GATHERING CLEARER IDEAS ON AIRPORT NEEDS

>  FUNDING HAS YET TO GROW BEYOND NASCENT STAGE

Thierry Dubois Lyon
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In the Sealhyfe demonstration 
project, green hydrogen is being 

produced offshore.



planned to start operations, bringing 
the TRL to 7 before the 2025 delivery 
to ADP.

Public investment fund Bpifrance 
has provided Sakowin €9 million ($10 
million) in 2022-23. Four industrial 
companies are in the investors pool: 
Ponticelli, Groupe ADF, Saint-Gobain 
and Aes Dana.

Larger quantities of green hydrogen 
may come from offshore. “Producing 
hydrogen at a competitive cost will be 
even more possible with offshore in-
stallations,” says Thomas Creach, chief 
technical officer at green hydrogen 
producer Lhyfe. “The idea is to get the 
energy from where it is cheap and sta-
ble.” Transporting hydrogen to shore 
is more cost-effective than conveying 
electric power over long distances.

The Sealhyfe demonstrator aims to 
prove hydrogen can be produced at an 
industrial scale at sea. The production 
unit is situated 23 km (14 mi.) off the 
coast of Le Croisic, France. “We chose 
a location with an existing floating wind 
turbine,” Creach explains. “We inte-
grated our production unit—1 megawatt, 
creating 400 kg of hydrogen per day—
on a floating platform. We made it com-
pact and worked to reduce mainte-
nance needs. We also designed software 
tools to operate it remotely.”

The production unit was inaugu-
rated in September 2022 and re-
mained docked in the port of Saint-
Nazaire, France, until May. During the 
period, tests validated the develop-

ments and a few modifications were 
made. Then the platform was towed 
to the current location to show it can 
withstand tough conditions, such as 
10-m-high (33-ft.) swells.

In June, the anchored production 
unit was connected to the wind tur-
bine and has since been producing up 
to 400 kg of hydrogen per day. Hydro-
gen is released into the atmosphere, 
however, as a pipeline would have 
taken two or three years to be autho-
rized, Creach says.

“There is no business case for 400 
kg per day,” he emphasizes. “Business 
cases can be found for producing 100 
or 200 times more. We are going to bid 
in the Netherlands for a 500-mega-
watt project involving wind turbines 
and hydrogen production units and in 
Germany for a 1-GW project along the 
same lines.”

In the meantime, Lhyfe’s Hydrogen 
Offshore Production for Europe proj-
ect is planned to be 10 times the size of 
Sealhyfe and produce 4 metric tons of 
hydrogen per day. Located off the 
coast of Ostend, Belgium, it is designed 
to be a semi-floating installation and 
jacked up instead of anchored. A pipe-
line would deliver hydrogen to local 
customers. The effort has received 
€20 million under an EU research and 
technology project, and production is 
planned to start in 2026.

How can hydrogen coming from afar 
be delivered? “Road tankers feeding 
the airport are a nice solution,” Airbus’ 

Arnold says. “You can scale it up easily. 
However, there is a limit to the number 
of such trucks you can put on the road. 
Another valid option is an under-
ground pipeline of gaseous hydrogen.”

Airbus has created partnerships 
with several airports in France, 
South Korea, New Zealand and Sin-
gapore to study hydrogen ecosys-
tems. “We have learned a lot,” Arnold 
says. “We have identified two major 
challenges. First, a liquid hydrogen re-
fueling truck must ensure a fast turn-
around to maintain flight connections. 
Second, in the long term, access to the 
energy grid must be created for the air-
port. If you want to produce and/or 
liquefy hydrogen on site, you need a 
large amount of electric power or ac-
cess to gaseous hydrogen pipelines.”

An underlying question, McKinsey’s 
Riedel notes, is whether electrons will 
come from a sustainable source. “We 
have not decarbonized the grid,” he 
says. “The assumption is we will have 
plenty of electricity and treat it as a 
commodity. And yet we have to create 
that capacity; it is not a trivial question. 
As for nuclear energy, its environmen-
tal relevance is a philosophical matter.”

With Air New Zealand, Airbus has 
studied how to equip a minimal num-
ber of airports and cover an entire 
domestic network, Arnold adds.

Safety procedures will need to be 
adapted from those created for Jet-A1. 
“Hydrogen posing a far greater safety 
challenge is a myth,” Arnold says. 
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Air Transport Sector Braces for 
Increased Climate Change Impact 

>   EUROCONTROL WARNS OF EFFECT ON INFRASTRUCTURE

>   UNITED AIRLINES TO PLAN BUFFERS FOR EXTREME WEATHER

Thierry Dubois Lyon and Christine Boynton Boston

Signs are converging that climate 
change has begun to affect com-
mercial air transport, with more 

frequent storms, higher summer tem-
peratures and increasing turbulence 
as just a few examples of the phenom-
enon. As such, aviation should prepare 
for structural changes—as opposed to 
incremental adaptation—and accom-
panying costs. That realization is all 

the more urgent for the sector as 
global warming appears to be happen-
ing even more quickly than projected.

The weekend of June 24 will be re-
membered as the stormy start of the 
official summer season in the U.S. 
northeast. Some of the most intense 
difficulties occurred with United Air-
lines at Newark Liberty International 
Airport (EWR) in New Jersey.

“Airlines can plan for things like hur-
ricanes, subzero temperatures and 
snowstorms, but United has never 
seen an extended limited operating 
environment like the one we saw this 
past week at Newark,” CEO Scott 
Kirby wrote in a July 1 message to staff. 
Pointing to “truly unprecedented se-
vere weather” at EWR, he added, “se-
vere restrictions” on June 24-27 had 
reduced the total number of aircraft 
able to depart EWR by 60-75% for an 
average 6-8 hr. each day.

“Airlines, including United, simply 
aren’t designed to have their largest 
hub have its capacity severely limited 
for four straight days and still operate 
successfully,” he wrote.

The event revealed room for im-
provement, including investments in 
crew technology and changes to sched-
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The probability of encountering moderate-or-greater clear-air turbulence has increased over the last four decades. 
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uling at EWR. Being better prepared 
to recover quickly from disruptions 
will be key to confront future chal-
lenges, he noted. “We’re heating the 
atmosphere—thermodynamics 101, 
we’re going to have more thunder-
storms,” Kirby said at a July 11 event in 
Washington. “Dealing with climate 
change is a business imperative.” 
(AW&ST July 17-30, p. 19)

Eurocontrol, the organization in 
charge of air traffic management in 
Europe, is again warning the aviation 
industry about the risks climate change 
is posing to flight operations.

The organization sounded the 
alarm in 2021 and is this time present-
ing new, striking cases in point. “The 
industry needs to mitigate the very 
real impacts climate change has on its 
own operations,” Rachel Burbidge, en-
vironmental policy officer in Euro-
control’s aviation sustainability unit, 
said during a recent episode of Euro-
control’s “Raising the Bar” podcast.

Among the most significant threats 
are much higher temperatures, which 
affect aircraft performance. Typically, 
hot weather translates into longer 
takeoff distances, so a consequence of 
climate change may be a requirement 
to extend runways.

Extreme temperatures may also 
affect employee and passenger health, 
Burbidge said, and stronger storms 
may damage infrastructure. Due to 
sea level rise, airport capacity may be 

reduced, she added—falling short of 
acknowledging some airports may 
simply become unusable.

As seen last summer, heat waves 
may degrade materials on runways 
and other surfaces. Other extreme 
weather events include heavy rainfall 
that increases flooding risk. At the op-
posite end of the spectrum of hazards, 
droughts could cause water shortages 
that could affect every human activity, 
including airport operations.

Those disruptions will also have fi-
nancial outcomes. Delays due to a ma-
jor storm, flying additional distances 
and burning extra fuel to avoid a 
stormy area will add to costs. In 2019, 
storm-induced costs in the Eurocontrol 
area (all of Europe, extending to Tur-
key) amounted to €2.2 billion ($2.4 bil-
lion), Burbidge says. That total com-
prises inefficiencies, extra fuel burn 
and lost passengers.

What if an airport closes due to a 
major weather event? “We found that 
the cost of diverted and canceled 
flights in the case of a one-day closure 
in a large airport—100,000 aircraft 
movements per year—could be around 
€18 million,” Burbidge says.

“It is really important to start 
adapting and building resilience now 
to reduce those costs and damages 
further along the line,” she adds.

Moreover, in just a few years, tour-
ism may be reshaped. Some coun-
tries may become unsuitable for 

tourism in the summer due to pro-
longed heat waves. Some other 
places may turn attractive in more 
seasons, such as spring and fall, in 
addition to summer.

“The most important thing for any 
organization is to carry out a risk as-
sessment,” Burbidge says. Such an anal-
ysis shall identify specific risks, suitable 
adaptation and resilience measures.

A warmer climate means more en-
ergy in the atmosphere. Therefore, 
turbulence can be expected to grow 
both in occurrences and strength. 
Recently published research by 
Mark Prosser, a graduate student at 
the University of Reading in England, 
shows clear-air turbulence—a phe-
nomenon that is challenging to fore-
cast or detect—increased between 
1979 and 2020.

For example, at an average point 
over the North Atlantic between 1979 
and 2020, the total annual duration of 
moderate or greater clear-air turbu-
lence increased by 37%, to 96.1 hr.

Moderate turbulence is defined as 
the point at which unsecured objects 
begin to move and at which people 
find it difficult to move around inside 
the cabin. Strong turbulence (at the 
upper end of the moderate-or-greater 
category) can injure those inside the 
cabin. And additional airframe fatigue 
caused by turbulence requires more 
maintenance. Again, such changes will 
call for aviation to adapt. 

M
ARK PRO

SSER/UN
IVERSITY O

F READ
IN

G



AviationWeek.com/AWST AVIATION WEEK & SPACE TECHNOLOGY/JULY 31-AUGUST 13, 2023    59

I
n the two years since the GE Aerospace- 
Safran CFM International joint venture 
revealed plans to target development of an 
open fan concept for its next-generation, 

single-aisle airliner engine, the program has 
been kept under wraps and technological prog-
ress has gone largely unreported.

Mohamed Ali, vice president and general manager for en-
gineering at GE Aerospace. More than 100 components, 
systems, subsystems and module tests have been con-
ducted at GE and Safran so far as part of technology mat-
uration work aimed at proving aspects of the concept 
ahead of full-up integrated engine tests around the middle 
of the decade.

Tests have included the use of supercomputers to ana-
lyze the engine design. Other advanced computing tests 
are ongoing to assess areas including the high-pressure 
(HP) turbine design and, along with Airbus, modeling of 
the open-fan noise and installation characteristics. The 
tests with Airbus, conducted at the company’s facility in 
Hamburg, Germany, indicate that noise levels of the open 
fan will be lower than those of the Leap, Ali says. “So these 
are very encouraging results,” he adds. “It keeps us saying 
we’ll keep moving with the program, and it’s quite exciting 
for us to be working with all the airframers.”

CFM has been using Frontier, a recently commissioned 
supercomputer at the U.S. Energy Department’s Oak Ridge 
National Laboratory in Tennessee, to model the perfor-
mance and noise levels of the open fan. With the processing 
power of around 37,000 graphics processing units, GE says 
the Energy Department’s Frontier supercomputer can 

model the vastly complex unsteady-flow characteristics of 
the open fan in fine detail and at full scale.

The 13-ft.-dia., single-stage fan and stator design is a key 
element of the configuration, which is targeting a 20% re-
duction in fuel consumption and CO2 emissions compared 
with current single-aisle engines. However, as the first open 
fan design of this type, scale and puller configuration, there 
are many unknowns about how the interaction between the 
rotating fan stage, static stator stage, nacelle and installa-

Battle Lines

>   TESTS SHOW THE OPEN FAN IS QUIETER THAN 
THE LEAP

>   SWITCH PROGRAM’S EARLY FOCUS IS AIRFRAME 
INTEGRATION

>   NEXT-GENERATION SINGLE-AISLE ENGINE  
TECHNOLOGY PLANS FIRM UP

Guy Norris Colorado Springs

PROPULSION

The open fan’s small core is graphically 
represented in this view of the mockup 
displayed at the recent Paris Air Show.
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Now this—and the competitive landscape—is changing. 
CFM is providing new testing detail about its Revolutionary 
Innovation for Sustainable Engines (RISE) technology ini-
tiative, while a potential challenger in the form of the MTU 
Aero Engines-led Sustainable Water-Injecting Turbofan 
Comprising Hybrid-Electrics (Switch) program is quickly 
taking shape based on Pratt & Whitney’s baseline PW1000G 
geared turbofan (GTF) architecture.

“RISE isn’t anymore just on paper—it’s for real,” says 
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tion might affect the performance and noise levels. GE 
worked with the laboratory to develop computational fluid 
dynamics software for Frontier that could simulate air 
movement of a full-scale open-fan design.

Frontier, which is a Hewlett Packard Enterprise-made 
Cray EX supercomputer with more than 9,400 nodes, can 
analyze data at more than exascale speed, or over a quintil-
lion calculations per second. Exascale computers are digital 
computers roughly similar to earlier-generation supercom-
puters but with much more powerful hardware. By running 
full-scale fan flow simulations, GE says it has been able to 
identify interaction areas and make design changes where 
appropriate ahead of testing with full-scale hardware.

“The open fan obviously steals quite a bit of the show 
because it’s the most visible part of the program, but there’s 
quite a lot going on behind it,” Ali says, referring to other 
new design areas including a high-power gear system and 
a compact, high-pressure core to boost thermodynamic 
efficiency. RISE will also include a recuperating system to 
preheat combustion air with waste heat from the exhaust. 
The demonstrator will feature a broad range of advanced 
materials, such as ceramic matrix composites, in the hot 
section and resin-transfer-molded composite fan blades.

Both GE and Safran have also made and demonstrated new 
additively manufactured heat exchangers designed to han-
dle the thermal challenges of the compact core. Meanwhile, 
related work on small core technology is underway by GE for 
the Turbofan Engine Power Extraction Demonstration under 
NASA’s Hybrid Thermally Efficient Core project. “They’re 
showing us superior results because of the geometries that 
you can never achieve using anything other than additive 
manufacturing,” Ali says, referring to the heat exchangers.

“We have designed new turbine blades and nozzles using 
our supercomputing capability, and we got fascinating, rev-
olutionary results in terms of fuel-burn improvements as 
well as durability,” Ali says. Tests of the first full high-speed, 
low-pressure (LP) turbine stage have also begun at GE’s Even-
dale, Ohio, facility using an F110 military donor engine—a 
high-performance gas generator with the closest available 
configuration to the F101, which formed the original core of 
the CFM56. The work, which began in June, is focused on 
the aerodynamic performance of the blades as well as demon-
strating the advanced cooling system of the new design. High-
speed LP turbine tests are also underway at Safran’s site in 
Villaroche, France, alongside static and vibration tests.

“Now we have also started to procure material for the en-
gine demonstrator, including forgings. So it’s real parts for a 
real engine,” CFM President and CEO Gael Meheust says.

The Switch program, which is pursuing a 25% reduction 
in fuel burn compared with current engines, is also gathering 
momentum. Led by MTU with partners Airbus, Collins 
Aerospace, GKN Aerospace and Pratt & Whitney, the re-
search and technology program is being conducted under 
the European Union’s Clean Aviation public-private part-
nership initiative and combines a complex water-enhanced 
turbofan (WET) concept with a hybrid-electric architecture.

The WET cycle incorporates a condenser to collect water 
from the engine exhaust gas and a heat exchanger to vapor-
ize it into steam. The steam is then injected into the combus-
tor, increasing the mass being accelerated out of the engine 
and boosting thrust. The process also serves to cool the tur-
bine inlet temperature, thus improving fuel efficiency. Under 
the concept, the reduced temperature profile also eliminates 
most of the combustor hot spots where nitrogen oxides form.

“We’re putting a lot of focus right now on the integration 
part of the engine concept into the aircraft and working 
very intensely with Airbus on that,” says Claus Riegler, 
MTU’s senior vice president of technology and engineering 
for advanced programs. “The WET concept features two 
significant heat exchangers, which come obviously with 
volume, size and weight. And therefore, smart integration 
is vital and that’s what we are currently focusing on.

“We’re also starting to look into special operating cases 
aside from typical cases like takeoff, climb and cruise,” 
Riegler adds. “And we will learn a lot about how this hybrid 
engine configuration reacts potentially differently to more 
traditional engine configurations.”

For the hybrid-electric system, which will be initially tested 
separately from the WET cycle in a modified PW1100G, 
Collins Aerospace is supplying a 500-kW motor generator 
for the HP spool and a 1-megawatt motor generator on the 
LP shaft. The electric system will be used for taxiing and 
boosting power for takeoff, as well as other transient phases.

“We are currently developing requirements, plugging 
those into the system and working very closely with Airbus 
to understand the requirements for the electrical compo-
nents,” says Marc Holme, senior director of engineering at 
Collins Aerospace. “We are also working with Pratt & Whit-
ney to look at how those will integrate within the engine to 
make the necessary interfaces.”

In addition, Pratt is “working closely with Collins in terms 
of the integration of the electrical motors into the engine 

Tests of the RISE high-speed, low-pressure turbine are 
underway in an F110 at GE’s facility in Evendale, Ohio.
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and continuing the overall definition of requirements that 
are necessary for this engine,” adds Graham Webb, Pratt’s 
chief sustainability officer.

On a related front, GKN is working on the structural 
integration of the electric motor while also providing a 
new, high-voltage wiring system. “We are working heav-
ily with Collins on that,” says Henrik Runnemalm, vice 
president of the Global Technology Center at GKN Aero-
space. “And then on the WET side of the program, we are 
preparing a number of technology bricks in order to 
prove that this concept will work and we understand fully 

what’s going on with the different technologies.”
As with the RISE effort, Switch is targeted at maturing 

propulsion technology for possible entry into service around 
the mid-2030s. The hybrid-electric element of the program 
will be ground-tested in a complete engine, while compo-
nents and subsystems of the WET cycle will be tested under 
Phase 1 of the program, which runs through 2025. A second 
phase, set to run from 2025 to 2030, would likely culminate 
in flight tests of the fully integrated Switch to mature it 
sufficiently to a level at which it could be ready for full-scale 
development by the 2035 time frame. 

Elements of MTU’s WET cycle will be tested with Pratt’s electrified GTF under Switch.

MTU AERO ENGINES

http://www.aeroengineconference.com


TECH
TAKE strel. The eVTOL vehicle is being devel-

oped with the help of Bell and Pipistrel 
as well as Textron’s Beechcraft and 
McCauley propeller business units.

Bell is developing the composite air-
frame, flight control system and lift ro-
tors, Pipistrel the batteries and McCau-
ley the propellers, while Beechcraft has 
responsibility for testing, eAviation 
President and CEO Rob Scholl told a 
Honeywell advanced air mobility sum-
mit in Washington in July 18.

Development of the Nexus is taking 
advantage of Bell’s expertise with heli-
copters and tiltrotors as well as Textron 
Aviation’s experience certifying a large 
number of Cessna and Beechcraft fixed-
wing aircraft, he said. The company is 
aiming for service entry around the end 
of the decade.

FAA Rule Would 
Clear Path for 
Electric Aviation

The FAA is proposing changes to the 
regulations for light sport aircraft 
(LSA) that would allow electric propul-
sion systems and simplified flight con-
trols in a move aimed at increasing their 
suitability for flight training and per-
sonal flying (see page 28).

Intended to enable deployment of a 
new class of lower-performance aircraft 
that would be less expensive to produce 
and operate than general aviation air-
craft certified under Part 23, the LSA 
rules introduced in 2004 set a weight 
limit of 1,320 lb., or 1,430 lb. for opera-
tion on water.

The rule also established a sport pilot 
certificate that enables pilots to fly cer-
tified LSAs with less training than a 
private pilot license. As of January, al-
most 4,460 airplanes had been manu-
factured and 7,000 sport pilots certified 
since the rule was finalized.

Now the FAA is proposing to remove 
the LSA definition and establish a new 
regulation that would set performance 
limitations and design requirements for 
the aircraft that sport pilots can oper-
ate. Limits on amateur-built, experi-
mental and restricted-category aircraft 
also would be updated.

The rule would not allow sport pilots 
to fly powered-lift aircraft, including 
eVTOL vehicles, “given the complexity 
and ongoing development of those air-
craft designs,” says the FAA, which ex-

Textron’s Nexus 
eVTOL Tested in 
Wind Tunnel
Textron eAviation has begun wind tun-
nel testing of its Nexus electric verti-
cal-takeoff-and-landing vehicle as it 
works toward flying a full-scale demon-
strator by the end of 2024.

The 23%-scale powered model is be-
ing tested in the RUAG wind tunnel in 
Emmen, Switzerland, to validate the 
performance, stability and control of the 
design and confirm the speed and range 
estimate for the preliminary design.

The piloted, three-passenger Nexus 
is designed to fly 100 nm at 120 kt. on 
all-electric propulsion. The winged 
electric vertical-takeoff-and-landing 
(eVTOL) aircraft has six tilting propel-
lers for vertical and forward flight, plus 
two lift rotors.

Wind tunnel testing will evaluate the 
propellers at the full range of conver-
sion angles and power levels and will 
provide data related to tail size, engine 
power requirements, transition strate-
gies, hover net thrust and aerodynamic 
drag, Textron eAviation says.

The Nexus program is one of two 
divisions within Textron eAviation. 
The other is Slovenia-based Pipistrel, 
which produces the Velis Electro elec-
tric trainer and is developing the 
Nuuva V300 eVTOL large, uncrewed 
cargo aircraft.

The Nexus was started within Tex-
tron company Bell but transferred to 
the new eAviation business unit after it 
was established in March 2022 follow-
ing the agreement to purchase Pipi-
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pects that future rulemaking may con-
sider these aircraft.

The proposed rule removes the 
weight limit on LSAs but also increases 
the limit on stall speed to 54 kt., indi-
rectly limiting maximum weight to 
around 3,000 lb. Maximum speed is 
raised to 250 kt. and seating capacity to 
four, allowing more capable aircraft.

The proposed rule would “remove 
prescriptive weight limits that hinder 
incorporation of safety-enhancing 
designs and equipage; enable more 
robust aircraft for the pilot training 
environment; enable increased capac-
ities for passengers, fuel and cargo; 
enable electric propulsion; and enable 
faster, higher-performing aircraft 
more suitable for personal travel,” 
the FAA says.

Developed with industry collabora-
tion under the Modernization of Special 
Airworthiness Certificates (Mosaic) ini-
tiative, the notice of proposed rulemak-
ing for the new regulation was published 
July 24 as the Experimental Aircraft As-
sociation AirVenture 2023 show opened 
in Oshkosh, Wisconsin.

In addition to allowing more complex 
aircraft with retractable landing gear 
and variable-pitch propellers, a key pro-
vision of the proposed rule is a change 
in language to “powered aircraft” from 
“engine-driven.” This removes the ex-
isting barrier to using electric propul-
sion in LSAs.

Makers of electric light aircraft in-
cluding Textron-owned Pipistrel are 
waiting for the Mosaic rule to unlock 
the U.S. market for electric trainers 
that can dramatically reduce the costs 
of flight training. While sport pilots will 
be able to fly four-seat aircraft, they will 
be allowed only one passenger.

Another key provision of the rule 
would permit aircraft with simplified 
flight controls instead of traditional 
primary flight controls. These would 
be required to enable the pilot to con-
trol the aircraft without direct manip-

By Graham Warwick

For the latest, go to AVIATIONWEEK.COM
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The Nexus eVTOL has six tilting 
propellers for lift and thrust plus two 
lift rotors for vertical flight.

PIPISTREL

The revamp of FAA light sport rules 
would open the U.S. market to electric 
trainers like Pipistrel’s Velis Electro. 
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a full-scale demonstrator and re-
chargeable battery pack for testing. 
Malmo’s proximity to the European 
mainland and its focus on interna-
tional operations “make the airport an 
ideal test arena for the continued de-
velopment of Swedish electric avia-
tion,” says Karin Ohrstrom, Malmo 
Airport director.

Supporting the ELISE Phase 3 proj-
ect is an advisory board including: 
Swedish regional airport operator 
SRF, RISE (Research Institutes of 
Sweden), Bromma Air Maintenance 
and Swedish air navigation service 
provider LFV, as well as the Swedish 
Transport Agency and Swedish Trans-
port Administration.

BAE UAV Flies in 
the Stratosphere
BAE Systems’ PHASA-35 solar-pow-
ered uncrewed aircraft system has 
lofted into the stratosphere for the 
first time.

On the 24-hr. flight, which took place 
in late June from Spaceport America 
over the White Sands Missile Range in 
New Mexico, the high-altitude pseu-
do-satellite (HAPS) reached an alti-
tude of more than 66,000 ft., BAE says.

The short stratospheric flight al-
lowed engineers to assess the perfor-
mance of the aircraft at high altitudes 
and was the first in a series of trials 
planned to confirm the PHASA-35’s sys-
tem performance.

BAE joins a small list of companies 
including Airbus that have successfully 
flown a solar-powered, long-endurance 
uncrewed aircraft system (UAS) in the 
stratosphere.

The PHASA-35, which was devel-
oped by Alton, England-based subsidi-
ary Prismatic, made its first flight in 
February 2020 at Woomera in Australia 
and completed cold soaks in a simu-
lated stratospheric environment to 
prove its mettle before the flight.

Like Airbus’ Zephyr, the PHASA-35 
uses solar cells covering the upper sur-
face of the wing and horizontal stabi-
lizer to provide power to the electric 
motors and onboard systems. The cells 
also recharge the aircraft’s lithium-ion 
batteries to provide power at night. 

The PHASA-35 uses U.S. startup 
Amprius Technologies’ high-energy- 
density silicon-anode lithium-ion bat-
tery cells. In October 2022, Amprius 

ulation of the control surfaces (i.e., fly-
by-wire), prevent loss of control and 
enable the pilot to discontinue the 
flight quickly and safely.

Heart Plans ES-30 
Ground Demonstrator
Swedish startup Heart Aerospace is to 
build a full-scale nonflying demonstra-
tor of its planned ES-30 electric re-
gional aircraft for charging and taxiing 
tests at Malmo Airport in southern 
Sweden.

The demonstrator is to be built un-
der Phase 3 of the Electric Aviation in 
Sweden (ELISE) program, supported 
by 20 million krona ($1.9 million) in 
funding from government innovation 
agency Vinnova.

The project will run until the spring 
of 2025. In addition to Heart and Swed-
ish airport operator Swedavia, the 
charging and taxiing tests will involve 
Swedish carriers Braathens Regional 
Airlines and SAS as well as Swedish 
battery-maker Northvolt. The 30-pas-
senger ES-30 is planned to fly in 2026 
and is aimed at service entry in 2028.

Gothenburg-based Heart emerged 
from the ELISE project, which was 
launched in 2018 to promote electric 
aviation in Sweden. The 9.2 million 
krona second phase of the project, 
which ran from January 2020-July 
2022, resulted in the design of the 19-
seat ES-19 electric regional airliner.

Heart subsequently decided to de-

velop a larger aircraft, the ES-30, 
based on input from initial customers 
including United Airlines and Mesa 
Airlines, which together have placed 
preorders for 200 aircraft. The ES-30 
has an all-electric range of 200 km (124 
mi.), increasing to 400 km with a hy-
brid-electric reserve system.

Running from May 2023-April 2025, 
ELISE Phase 3 is planned to produce 

entered into a three-year cooperation 
agreement with BAE to investigate 
business opportunities for the batter-
ies in electric products being devel-
oped by the UK company. Airbus, 
which is an investor in Amprius, also 
is using the company’s silicon-anode 
cells in its Zephyr HAPS.

“The aircraft performs exactly as we 
expected, and in many areas exceeded 
expectations,” says Phil Varty, BAE Sys-
tems business manager for UAS.

Named for its 35-m (115-ft.) wing-
span, the PHASA-35 weighs 150 kg 
(330 lb.) and can carry a payload of 15 
kg. With expected improvements in 
battery technology and motor effi-
ciency, the PHASA-35 could poten-
tially stay airborne for up to a year, but 
Varty says there will be an incremental 
approach to increasing the endurance 
of flights.

BAE sees defense as a primary cus-
tomer, namely for missions such as 
communications relay and surveil-
lance. But with civil certification, 
PHASA-35 could also provide 4G and 
5G wireless connectivity to the ground 
as well as support disaster relief mis-
sions and border protection tasks.

The first flight trial was sponsored 
by the U.S. Army’s Space and Missile 
Defense Command Technical Center, 
and the next flight is to be supported 
by the UK Defense Ministry and carry 
a payload.

“PHASA-35’s first stratospheric 
flight demonstrates that this vehicle is 
on track to become the go-to system for 
long-endurance, high-altitude and com-
munications applications in the future,” 
says Prismatic CEO Dave Corfield.

The PHASA-35 program sits within 
BAE’s newly established FalconWorks 
business for advanced research and 
development and is part of the compa-
ny’s Air sector. BAE purchased Pris-
matic in September 2019. 

—Tony Osborne in London
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A full-scale nonflying ES-30 demon-
strator will be used for taxiing and 
battery charging tests.  

BAE Systems’ PHASA-35 solar-powered 
uncrewed aircraft exceeded 66,000 ft. 
altitude during the flight.
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Aviation Education for the AAM Future

VIEWPOINT

Audience interest in the slate of advanced air mo-
bility prototypes unveiled at the 2023 Paris Air 
Show made clear that the sector has reached a 

breakthrough moment. 
But preparing for this new mode of air travel—which 

cannot rely entirely on legacy industry technologies, pro-
cesses, training, certifications or infrastructure—involves 
inherent difficulties, according to a government account-
ability report published last 
year. Bridging that gap was the 
focus of an Aviation Week 
panel at the air show. It was an 
honor to join panelists from 
CAE, the Vertical Flight Soci-
ety, Archer, Volocopter and the 
Aerospace Industries Associa-
tion. My role was to share the 
aviation education perspective. 

From that vantage point, 
Embry- Riddle Aeronautical Univer-
sity faculty are in constant discus-
sion about the ways in which ad-
vanced air mobility (AAM) is usher-
ing in a new era in flight, one that 
requires reconsideration of engi-
neering, operations, maintenance, 
the global airspace system and 
other core components of aviation. 
Among the voices in this discussion 
are leading electric vertical-takeoff- 
and-landing aircraft manufactur-
ers, industry advisory board members and academics. 

Embry-Riddle’s Unmanned Aircraft Systems (UAS) de-
gree programs offer coursework that introduces AAM 
concepts, including infrastructure development, such as 
vertiports and modifications to the airspace to accommo-
date these systems. A suite of courses in AAM is under 
development and will constitute a minor course of study 
for students wanting to pursue this field.

As venture capital and research and development are 
directed toward building and certifying the first generation 
of these new aircraft, engineering programs are adapting. 
For example, Embry-Riddle’s Eagle Flight Research Center 
draws students from diverse disciplines—electrical, aero-
space and mechanical engineering—to develop electrified 
and hybrid-propulsion aircraft. We have also introduced a 
course for engineers on the fundamentals of electrified 
propulsion, battery technology and variable-pitch rotors. 

And thanks to a $1.4 million grant from NASA, research-
ers with Embry-Riddle, Boston University, Virginia Tech, 
Tuskegee University and Joby Aviation are studying how 
air taxis can take off and land quietly at vertiports in dense 
urban environments where winds are unpredictable.

Air traffic management is another main operational 
concern. Our students recently used sophisticated vir-
tual simulators at the air traffic control (ATC) laboratory 
at our Prescott, Arizona, campus to test Reliable Robot-
ics’ new communication system for remotely piloted, 

highly autonomous aircraft. Chad Healy, senior human 
factors engineer at Reliable Robotics, which specializes 
in safety- enhancing aircraft automation systems, said that 
having access to highly trained students and a robust 
ATC simulation environment is providing valuable data 
“that will help us refine our system.” 

Thanks in part to FAA regulation changes, aviation 
maintenance programs are providing more relevant 

coursework and higher-level 
training for the complex de-
signs, electronics, avionics, 
communication and naviga-
tion systems in aircraft today. 
This positive trend has opened 
the door for maintenance pro-
grams to include AAM subject 
matter such as electricity and 
composite structures.

Stephen Ley, associate pro-
fessor in the School of Aviation Sci-
ences at Utah Valley University, and 
Zackary Nicklin, UAS program man-
ager at Northland Community and 
Technical College in Minnesota, re-
cently told Aviation Week that they 
are collaborating on EVPro+ train-
ing at their institutions (Inside MRO 
July, p. MRO13).

Preparing pilots for AAM air-
craft—which often employ vertical 
and horizontal flight modes and dif-

ferent flight controls—is a significant hurdle, and training 
standards are just beginning to be defined. In June, the 
FAA proposed a comprehensive rule for certifying pilots 
of powered-lift aircraft. 

Companies are developing training for their propri-
etary AAM aircraft, but aviation schools will be critical to 
developing a training pipeline for pilots skilled in the con-
trol logic and autonomous systems used in AAM. Our ex-
perience with augmented reality, virtual reality and simu-
lation will also prove helpful in validating training methods.

These new aircraft will collect vast amounts of flight 
data. Leveraging this data and conducting predictive 
analysis will be critical to providing a safe way for them to 
enter an already congested airspace.

Though AAM aircraft will use increasing levels of auto-
mation, cockpit skills will still be crucial as this new avia-
tion environment emerges. Broadly known as “headwork,” 
these skills include situational awareness, decision-mak-
ing, teamwork, communication, anticipation and continu-
ous learning. When AAM enters the airspace, unexpected 
hazards are likely to arise, and strong headwork will be 
needed to mitigate them. 

As rulemaking and certification continue to advance, 
and industry rolls out its innovative and exciting proto-
types for AAM, one goal must remain above all: safety. 

P. Barry Butler is president of Embry-Riddle Aeronautical University. 

By P. Barry Butler

“THOUGH AAM AIRCRAFT 
WILL USE INCREASING 

LEVELS OF AUTOMATION,  
COCKPIT SKILLS WILL 
STILL BE CRUCIAL.”
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