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GLAD TO BE BACK
by Charles Alcock
Four years on from the last Farnborough International Airshow a palpable excitement has
returned as the aerospace and defense community reconvenes for the second-largest event on
the global airshow calendar. Interest heightened
over the weekend as the vast site filled with flying
machines and other leading-edge new technology.
Nonetheless, there is also a strong sense that the
industry has not entirely recovered its equilibrium after an unplanned two-year hiatus from
the biennial event.
Rewind in your mind to what it would
have been like on the final day of the 2018

Farnborough show to hear an industry soothsayer telling you that the world would face an
unprecedented global pandemic killing more
than six million people, with existential collateral damage to the travel business, followed by
Russia invading its neighbor Ukraine in a direct
threat to world peace. Then imagine slipping
into a four-year coma and waking up on July 18,
2022, to discover that every word that avgeek
Nostradamus told you that day was true and
that the industry now deals with the shockwaves of severe inflation, supply chain disruption, skills shortages, and market uncertainty.
Whether the industry has maintained a
continues on page 53

EUROPE
Bracing for Brexit Effect

UK and EU aviation companies worry about how
Brexit is affecting their operations | 30

MATERIALS
Making Modern Structures

Collins is targeting old and new customers with
advanced composite materials | 42

OEMs
G800 Arrives in Farnborough

Gulfstream’s G800 made its first international flight
on the way to Farnborough | 52

DEFENSE
RIAT Reopens

Members of the aero-defense industry gathered at
the Royal International Air Tattoo | 54

by Charles Alcock
Eve revealed a cabin mockup for its planned
eVTOL aircraft featuring lightweight seats
made from recycled plastic for the passenger
cabin and single-pilot flight deck at a Sunday
afternoon Farnborough Airshow press conference. Perhaps more significantly, the company
also disclosed a redesign that sees a wing and
canard configuration replaced by a wing and
empennage combination.
The aircraft will feature eight vertical lift
rotors and a pair of pusher propellers and
would operate flights of up to 60 miles on a
full electric charge. With a cruise speed of 125
mph, most of the piloted flights will likely last
no more than around 30 minutes, operating
out of city center vertiports.
The unveiling of the cabin at the Farnborough show represents the first public glimpse
of what it will be like to travel in the newgeneration air taxis. Advanced air mobility
pioneers like Eve expect commercial services
to start in 2025, predicting a rapid scaling up
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Eve unveils
design of
eVTOL and
cabin layout

in the number of aircraft in operation, but the 2026. Its parent company,
company provided little detail before about Brazil’s Embraer, remains the majority sharethe nature of the passenger experience.
holder after merging Eve with special purpose
According to Eve, it now holds provisional acquisition company Zanite.
sales agreements covering deliveries of 1,910
With Embraer’s backing, Eve is working on
aircraft. The company says it expects around key building blocks of what it calls the eco100,000 eVTOLs to fly in commercial service system for advanced air mobility, including air
traffic management and aircraft maintenance.
worldwide by 2040.
The list of operators, flight booking plat- Earlier this year it started working with Dutch
forms, and leasing companies that have com- university TU Delft to investigate the eVTOL
mitted to buy the Eve aircraft now includes “ride quality.”
Republic Airways, Halo Aviation, Blade, Falko,
In June, Eve held its first advisory board
Fahari Aviation (a subsidiary of Kenya Air- meeting in the Portuguese capital Lisbon, genways), Bristow, Helisul Aviação, Flapper, erating feedback and dialog among customers
Helipass, Widerøe Zero, Falcon Aviation, and and partners about several aspects of the urban
Avantto. Eve says it does not intend to operate air mobility market. The event—attended by
aircraft itself but it expects to closely partic- more than 20 participants representing fixedipate in helping its customers create efficient wing and rotorcraft operators, rideshare platforms, and lessors—covered subjects including
air transportation business models.
In May, Eve raised $377 million through an operations, service and support, aircraft perinitial public offering that will fund its plans formance, urban air traffic management, cabin
to bring the new eVTOL model to market in design, and passenger journey.
z

Boeing sees order bump,
cautious on rate ramp
by Kerry Lynch
Boeing, debuting its 737 Max 10 during the
flying display at the Farnborough Airshow, is
encouraged that orders for the Max program
have reached 1,000 since the family’s return
to service and it expects to bring in more
this week.
“I think it’s going to be a robust show,” said
Boeing Commercial Airplanes president and
CEO Stan Deal, noting demand is returning.

Eve co-CEO
Andre Stein
provides details
on the cabin
design of its
eVTOL aircraft,
which appeard
in public for the
first time.

He added: “Stay tuned for Monday.”
Deal addressed concerns regarding risks
surrounding the certification of the Max 10,
saying the company remains focused on the
primary path to certification. To do that, it
must demonstrate to the FAA that the flight
deck configuration in the Max 10 meets an
equivalent level of safety to a more modern
engine indicating and crew alerting system.
But if Boeing can’t accomplish that by yearend, it will have to get an exemption from a
congressionally-set mandate.
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The next step, Deal said, calls for “having
the FAA on the airplane.” Boeing is working
to resolve questions the agency may have, he
explained, and noted that cancellation “is not
a high probability.”
Since returning to service after a worldwide grounding following two fatal accidents,
Boeing has delivered 450 Maxes. However,
as it moves toward certification of the Max 7
and 10, Boeing will maintain the production
rate at 31 monthly despite Airbus’s move to
increase its production of A320s. Deal cited
barriers involving supply chain issues and said
that human capital—the ability to bring back
workers—ranks among the biggest hurdles to
ramping up production.
He conceded that Boeing underestimated
the length of time it would take for workers to
continues on page 53
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Two rockets fire
from a Leonardo
AW149 during the
2021 weapons test
campaign.

AW149 demos weapons
firing capabilities
by David Donald
Leonardo’s contender for the UK’s New
Medium Helicopter requirement, the AW149,
has undertaken weapon firing trials as part
of the effort to optimize the type for military operations. In this first round of trials,
unguided and laser-guided 2.75-inch (70mm
rockets) were fired, although the helicopter’s
open architecture system facilitates the integration of other weapons.
The trials took place in an undisclosed
European country in the final quarter of
2021. More than 200 rockets were fired in the
course of around 70 flight hours. Taking place
by day and night, the trials involved weapons

launched in level forward and diving flight,
while hovering, singly and in salvoes, and at
varying target distances out to 4 km.
Leonardo fit test instrumentation to the
helicopter’s engines, airframe, and weapon
pylons, backed up by cameras. Testing generated a wealth of data, confirming clearance
between weapons and platform and permitting the expansion of the weapon flight envelope. The data has also allowed enhancements
in the pre-launch algorithms and weapon
solutions within the mission system computer.
“It was great to test the integrated mission
and weapon systems that give the AW149 a
true multi-role battlefield capability,” said Lee
Evans, experimental test pilot at Leonardo

Helicopters UK, who piloted and conducted
some of the firings. “The AW149’s tactical
radar and EOD [electro-optic/laser turret]
enable rapid and efficient acquisition and subsequent prosecution of the target. Furthermore, the AW149 is ideally suited as a weapon
platform as its agility allows rapid ‘turn to
target’ maneuvering. The precise handling
qualities allow the pilot to rapidly achieve
pre-launch constraints and ultimately to successfully engage a target.”
The ability to accurately shoot back is one
of four areas being addressed by Leonardo
to make the AW149 highly survivable over
the battlefield. At a basic level, the airframe
incorporates a high degree of crashworthiness
and resistance to battle damage, with multiple
load paths in the airframe, separated systems,
ballistic protection for the cabin and cockpit,
self-sealing fuel tanks, infrared suppression,
and a 50-minute/100-nm ‘run-dry’ capability
in the case of complete oil loss from the main,
intermediate, and tail rotor gearboxes.
Sophisticated computer modeling has been
used to analyze the survivability in a crash
at numerous impact angles and attitudes,
demonstrating that the AW149 meets the most
stringent requirements. The rotor blades have
been demonstrated to retain their structural
integrity for at least 90 minutes after a strike
from a 12.7mm (0.5-inch) round.
The AW149 will also feature Leonardo’s
Modular Advanced Platform Protection System,
which combines laser, missile, and radar warning
receivers with various effectors, including the
Miysis-directional infrared countermeasures. z

Bird Aerosystems expands use of missile-protection technology
Bird Aerosystems has completed installation of its Airborne Missile Protection
and Verification System (AMPS-MV) on
UN Air Operations Mil Mi-17 helicopters
deployed in Africa. Bird’s technology
protects fleets, armored vehicles, and
other ground assets of various governments and related agencies, such as the
United Nations (UN), U.S. government,
and NATO forces. In recent years, Bird
accomplished successful installations on
other UN Air Operations aircraft flying in

regions that include Libya, Iraq, Afghanistan, and Somalia.
The AMPS-MV is deployed in areas of
conflict, providing protection for military and
civilian aircraft against the growing threat
of ground-to-air missiles (man-portable airdefense systems). Bird’s technology detects,
verifies, and foils surface-to-air missiles with
decoys such as chaff and flares as well as
directional infrared countermeasures that
jam the missile’s infrared seeker.
Bird’s AMPS-MV includes the company’s
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patented Missile Approach Confirmation
Sensor, which confirms suspected incoming
missiles detected by electro-optical passive sensors, ensuring that the system will
declare and react upon only real threats.
Ronen Factor, Bird co-CEO and founder,
emphasized the importance of providing
the highest level of protection given current
global hostilities. “As the recent conflict in
Ukraine showed us, the importance of these
systems for the protection of soldiers’ lives
is undoubted,” he said.
C.K.

by James Wynbrandt
The international debut of the new 737 Max
10 leads the Farnborough Airshow presentations from Boeing, which also is highlighting
its sustainability initiatives, defense and space
business, and services at the UK gathering.
Boeing calls the Max 10—largest of the 737
Max family—“one of the most fuel-efficient
[ jets] in class,” and it joins Boeing’s 777-9 in the
airframer’s daily flying and static displays. In
Farnborough, both of the aircraft run on a blend
of sustainable aviation fuel, which Boeing sees
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737 Max 10
makes int’l
debut at
FIA2022

as “a major lever” for reducing carbon emissions.
Since introducing the Max family, Boeing
has received more than 3,300 net orders for
the various Max models.
Boeing also unveiled a modeling tool that
provides actionable insights on strategies for
attaining net zero emissions in the aviation
industry by 2050. For Boeing, that includes
electric propulsion and its joint venture with
Wisk Aero on Cora, an all-electric, pilotless
eVTOL aircraft; the autonomous MQ-25 aerial
refueler; and its Airpower Teaming System, all
of which the company is showcasing.

Boeing: airlines will
need 41,000 aircraft
by Kerry Lynch
Citing the resiliency of the industry postCovid, Boeing is predicting demand for more
than 41,000 new aircraft valued at $7.2 trillion
through 2041 in its latest Commercial Market
Outlook (CMO) released just ahead of the 2022
Farnborough Airshow. This year’s forecast does
not include aircraft deliveries to Russia due to
the ongoing war-related sanctions, reducing
global 20-year demand by about 1,500 airplanes, Boeing explained. “Currently, it’s not an
addressable market for us,” said Darren Hulst,
v-p of commercial marketing at Boeing.
Even so, Hulst noted this year’s view overall is stronger than that projected in the 2021
forecast and more in line with the 2019 CMO.
The strength of the latest forecast comes
amid a rebound in international air travel.
“There’s accumulated savings, there’s pent-up

demand, and a strong labor market,” he said.
While uncertainties could affect the market—
including headwinds from inflation, supply
constraints, and financial market volatility—
he added that “the momentum of the recovery still tends to be the major driving force of
demand for air travel.”
The aerospace giant believes that the global
commercial fleet will grow by 80 percent
through 2041 over pre-pandemic levels of
2019. About half of the new commercial airliners will replace aircraft already in service,
which Boeing said will make the overall fleet
more fuel efficient and sustainable.
The CMO projects Asian markets will
account for 40 percent of demand, while
Europe and North America each will have a bit
more than 20 percent. The fleet in South Asia
will lead global growth at 6.2 percent annually,
the forecast suggests, adding that the region’s
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The 737 Max 10
is the largest
airplane in the
Max family. Boeing
has received more
than 3,300 orders
for the various
Max models.
In the defense, space, and security sector,
Boeing’s display includes a CH-47 Chinook
and an AH-64 Apache helicopter; surveillance
platforms including the P-8A Poseidon and
KC-46A Pegasus; and digitally-advanced programs including the T-7A Red Hawk jet trainer.
Meanwhile, Boeing Global Services is highlighting its “customer-centric services,” as
well as parts, modifications, and sustainment
and training solutions, while Boeing’s exhibit
space (Chalet C201-206) includes an immersive theater to showcase its wide-ranging
aerospace capabilities.
z

fleet will nearly quadruple from 700 aircraft in
2019 to more than 2,600 by 2041.
About 75 percent of deliveries over the forecast period will involve single-aisle aircraft,
which matches last year’s outlook. Hulst pointed
to “churn” in city pairs over the pandemic, with
about 4,000 city pairs served by single-aisle aircraft before the pandemic now not served by
those models. However, 3,500 new city pairs
brings the total single-aisle city pair number to
nearly 97 percent of pre-pandemic levels. “It
demonstrates the versatility of airplanes and airlines in terms of adapting to the market,” he said.
The CMO projects that 30,880 of the deliveries will be single-aisles, 7,230 widebodies,
2,120 regional jets, and 940 freighters, for a
total of 41,170 airplanes.
Meanwhile, Boeing Global Services sees a
$3.6 trillion market in its support segments
over the same time period, citing demand for
maintenance, modifications, converted freighters, digital solutions, and ramped-up training.
“Despite the unprecedented disruption
over the past two years, the aviation industry has shown incredible resilience in adapting to the challenge,” said Ihssane Mounir,
Boeing senior v-p of global commercial sales
and marketing.
z

THE FUTURE
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Meet the strongest and most advanced fleet in Gulfstream history.
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The first U.S. F-35As to be permanently stationed in Europe serve with the 48th Fighter Wing “Liberty
Wing” at RAF Lakenheath in Suffolk, where they are replacing F-15 Eagles.

Cost reductions
make F-35 a winner
for Europe
by Chris Pocock
The F-35 “is a European airplane,”
according to J.R. McDonald, Lockheed Martin v-p for F-35 strategy
and business development. At a
briefing during the recent ILA
Berlin airshow, he noted that 10
European countries now had chosen the stealth fighter and that
the program generated “tens of
thousands” of jobs in the region.
Since he spoke, Greece has lodged
a letter of request to buy 20 F-35s
and possibly more later. The UK
recently committed to a further
26, making a total of 74.
The F-35 Lightning II had a controversial development process,
and questions remain over availability, sustainment, and operating
cost. On the latter, the commander
of Air Combat Command said
that he doubted whether the U.S.
Air Force (USAF) would meet its
goal of $25,000 per hour operating costs by 2025. Last year, it was
$36,000. Similar criticism came
from. Will Roper, who then served
as the USAF’s acquisition chief.
However, McDonald sought
to refute the criticisms. He said
that Lockheed Martin has made
a big effort on the cost per flight

hour, which it halved since 2015.
On reliability, he noted that mean
flight hours between failures had
reached 9.6, against a requirement of six. The maintenance
man-hours per flight hour had
fallen to 4.7, from the target of
nine. However, the latter two statistics refer only to that portion of
the cost of ownership for which
Lockheed Martin carries responsibility. That is 39 percent, with
engine maker Pratt & Whitney
responsible for 14 percent and
the U.S. services 47 percent. The
F135 engine has suffered through
plenty of problems, but they are
not all Pratt & Whitney’s fault.
McDonald said that F-35 customers indicated that the cost of
ownership now runs lower than
that for fourth-generation combat aircraft. The acquisition cost
also is comparable, with the F-35
now below $80 million, he added.
Ownership and acquisition costs
account for the two key reasons
why the F-35 has won so many evaluations against the Boeing F/A-18
Super Hornet, the Dassault Rafale,
the Eurofighter Typhoon, and the
Saab Gripen. In the past year alone,
Canada, Finland, Germany, and
Switzerland have all chosen the
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F-35 rather than those warplanes.
In particular, McDonald noted
that Finland and Switzerland “had
been very transparent” by publishing their evaluation data.
Of these recent wins, the selection by Germany proved notable,
as the country previously had
ruled out the F-35 as a potential
Tornado replacement in favor of
the F/A-18 and EA-18G Growler,
and additional Typhoons. The
incoming Scholz government
reversed that decision and has
agreed to buy 35 F-35As. They will
reside at Büchel, where they will
take over the tactical nuclear role
using U.S.-owned B61-12 weapons. German F-35 crews will train
in the U.S. at the Foreign Military
Sales Pilot Training Center being
established at Ebbing Air National
Guard Base in Fort Smith, Arkansas, where Singapore will train its
F-16 and F-35B aircrew.
While the European nations
largely have embraced the F-35,
the U.S. has also deployed aircraft
to the continent. The first permanently based F-35As are now
at RAF Lakenheath in Suffolk,
where the 48th Fighter Wing parents the 493rd and 495th Fighter
Squadrons. The U.S. Force also
temporarily deployed F-35As
to Spangdahlem in Germany to
bolster NATO’s defense of its
eastern borders. In late June President Biden announced that the
U.S. would deploy another two
squadrons of F-35As to the UK.
In the meantime, the F-35’s
20-year development program
hasn’t officially ended, and

Lockheed Martin is already working on an upgrade for new production aircraft. The cost totals more
than $12 billion, according to the
U.S. Government Accountability
Office (GAO). It consists of “Technical Refresh 3,” which replaces
the core processor, upgrades the
radar, enhances the electronic
warfare system, and introduces a
panoramic display, which enables
the progressive introduction of
new software with an open systems
architecture, designated separately
as Block 4. That includes autoGCAS (ground collision avoidance
system) integration.
One of the most difficult F-35
developments proved to be the
Autonomic Logistics Information
System (ALIS). Designed to track
parts and schedule maintenance, it
never worked properly. The USAF
had to bring in its top software hub,
named Kessel Run, to help Lockheed Martin resolve the problems.
The contractor has revamped the
system and renamed it Operational
Data Integrated Network (ODIN),
with new hardware, more powerful software, and more portability.
McDonald noted that ODIN “is not
just tracking parts, it’s doing big
data analysis to, for instance, predict mean times between failures.”
Lockheed Martin operates
a European assembly line with
Leonardo at Cameri in Italy.
Plans call for the production of
aircraft for Italy and the Netherlands, but other European countries will get some, although not
all, of their jets from Cameri. The
U.S. company continues to court
further opportunities in Europe,
such as Spain. Romania has also
expressed an intention to buy the
type. Following Greece’s recent
announcement, the next European country to buy F-35s could
be the Czech Republic. Lockheed
Martin has responded to a request
for information from Prague
for 18 to 24 aircraft. “They will
decide this year whether to move
forward with us, or hold a competition,” McDonald predicted. z
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While current artwork suggests Tempest will look as shown (with Typhoon for reference), the reality
might be different.

Team Tempest balances
design’s compromises
by Jon Lake
The twin-tailed, delta-winged, “pelicanesque”
configuration of the Tempest sixth-generation
manned fighter concept has become familiar
from numerous CGI artworks and from the
presence of a full-scale mockup at various air
and trade shows. However, there remains a
very real possibility that the actual manned
fighter that will form the cornerstone of the
Tempest project could look nothing like this.
The final size, shape, and configuration of
the aircraft will depend on decisions still not
made. Only when Team Tempest—consisting
of project leader and integrator BAE Systems,
Rolls-Royce, Leonardo, MBDA, and the Royal
Air Force—decides on competing and sometimes contradictory priorities can it determine
precisely which balance of complex compromises will produce an aircraft best suited to
the overall requirement. Those decisions will
have to consider the performance and capabilities of the range of adjuncts and effectors
that also form elements of the overall Future
Combat Air System, since the Tempest core
platform has always been considered one element in a wider system of systems.
That might turn out to be a configuration
like the one to which many have become accustomed, but it could turn into one of a huge

number of configurations that designers have
modeled, exhaustively tested, and analyzed in
minute detail. The ongoing Concept and Assessment phase (launched with a £250 million contract on July 29, 2021) should help narrow some
of the choices, but the future solution will not
start to be formally defined until the issue of the
Outline Business Case 2 in 2024, with the Full
Business Case following in 2025.
Known aspects of the UK requirement will
likely drive the design to a particular weight
class, and probably to a twin-engined configuration. One potential solution would involve
offering different core manned platforms
within the overall FCAS system of systems,
perhaps offering a shorter-range, more agile,
lightweight, and low-cost—and perhaps more
export-friendly—manned aircraft as an alternative to the Tempest, though BAE Systems
appears to have decided against that.
John Stocker, BAE Systems Business Development director for the FCAS program, told
AIN that Team Tempest was preparing for a
crucial decade. “We have a decade-long window to deliver the Tempest capability,” he
said. “That phase of the program from 2025
to delivering the capability in 2035 is a 10-year
challenge. That’s just half the time of a comparable program, such as the Eurofighter, which
took nearly 20 years.”
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Massive technological advances will make
the ambitious timeframe possible. Designers
will accelerate iterative development of the
configuration and of systems and sub-systems,
with a synthetic, digitally twinned approach,
with super-computers “crunching” the vast
numbers of computational fluid dynamics data points that allow virtual testing to
replace some wind tunnel testing.
Some of the technologies that will eventually underpin Tempest remain too immature
for now, but program participants believe they
will be ready when needed. “We’re not quite
there yet, in terms of fatigue and stress,” one
engineer said when describing the use of wire
arc additive manufacturing and hot isostatic
pressing techniques.
Some of the “hard yards” that remain will be
made easier by the expanding partnerships in
the Tempest program. Sweden signed an MOU
with the UK in July 2019 committing both
nations to work together in developing future
combat aviation technologies, thereby becoming part of the wider FCAS initiative (but not
of the Tempest program itself). The UK, Italy,
and Sweden signed a trilateral Future Combat Air System Cooperation Memorandum of
Understanding on December 21, 2020.
Collaboration with Japan has also grown
with the UK contribution of technology to
Japan’s indigenous F-3 fighter program. The
two governments signed a memorandum of
collaboration in December 2021 and plan to
“continue discussions around potential future
fighter subsystem collaboration throughout
2022.” Under the terms of the agreement, BAE
Systems will engage with Japanese companies,
including Mitsubishi Heavy Industries (MHI),
to explore the development of subsystems for
the F-3.
On February 15, the UK and Japan signed
a letter of arrangement to jointly develop a
universal radio frequency sensor technology,
known as the Jaguar (Japan and Great Britain Universal Advanced RF) sensor system,
adding to previous agreements covering
cooperation on air-to-air missiles and a joint
engine demonstrator.
The joint UK-Japan cooperation materialized during a meeting between Japanese
Prime Minister Fumio Kishida and UK Prime
Minister Boris Johnson on May 5, 2022, and
a statement noted that the “UK and Japan
were making significant progress” on the UK’s
Future Combat Air System (FCAS) and that
the “project could become the cornerstone of
the UK-Japan bilateral relationship.”
z
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Embraer finds its stride
after failed Boeing deal
by Gregory Polek
Although Embraer executives
haven’t publicly characterized the
decision by Boeing to terminate
their merger agreement in April
2020 as anything other than a
setback, the Brazilian company
didn’t spend a lot of time wallowing in disappointment. First,
the OEM moved quickly to start
the reintegration of its commercial aviation division, an exercise
complicated by the Covid crisis
but one that it managed to execute to plan. Today, the organization has become simpler and
more agile, allowing for faster
decision-making, according to
CEO Francisco Gomes Neto.
“It was, as you might realize, a
painful and expensive project,”
said Neto as he briefed reporters
at the company’s main facilities
in Sao Jose dos Campos, Brazil. “I
think we did a good job to bring
our commercial division back to
the family. So we are ready in all
aspects—technically, operationally, and with systems as well.”
In fact, one of the commercial division’s highest-profile
projects—a proposed new 70- to
90-seat turboprop—likely would
never have seen daylight if not for
the collapse of the Boeing deal.
Embraer has set a launch target
of early to mid-2023 and during
the event in Brazil reiterated its
intention to establish a strategic
partnership for the program.
Neto highlighted the company’s controlling interest in
eVTOL developer Eve as a prime
example of its commitment to
partnerships. Spun off from the
company’s Embraer X “market
accelerator” in October 2020,
Eve went public last month

with a listing on the New York
Stock Exchange that generated
$377 million in proceeds. Originally expected to draw closer to
$500 million, the initial public
offering confronted an unfortunate set of trading conditions stemming from economic

established that year, the company targeted 2021 and 2022 as
recovery years and 2023 to 2035
for growth, explained Neto. The
results proved dramatic, as the
company saw EBIT improve last
year by $260 million and free cash
flow by $1.2 billion.

Embraer CEO Francisco Gomes Neto addresses reporters at the company’s
2022 Media Day in Sao Jose dos Campos, Brazil.
shock associated with the war
“The good results we saw in
in Ukraine, interest rate hikes, 2021 was not because revenues
inflationary pressures, and con- grew a lot, because in terms of
tinuing global supply chain fra- revenues in 2021 compared with
gility. Nevertheless, executives 2020 we saw growth of about 12
on hand in New York expressed percent,” said Neto. “And we had
confidence that the amount a drop of more than 30 percent
raised will prove sufficient to the year before. The good results
fund the eVTOL’s certification we had [in 2021] were because of
and entry into service, now enterprise efficiency.”
expected in 2026.
For Embraer, the elements
As a whole, the company of enterprise efficiency include
has seen its financial condition higher inventory turns, producimprove dramatically since a tion cycle cuts, a reduction in
nadir in 2020, when it instituted the cost of goods sold, focus on
workforce reductions to address productivity, footprint optimizaCovid and duplicate positions tion, and strong cash generation.
created during the preparation According to Neto, an improvefor the failed Boeing deal. As ment in inventory management
part of a new five-year plan “contributed a lot” to the strong
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cash flow results, as have cuts in
production lead times.
“We gave an internal target to
triple inventory turn of the company,” he said. “We also want to
reduce production lead time of
our aircraft by 40 percent. This
will help us to reduce the working capital, reduce the cost of our
products, and allow more flexibility to our sales team.”
Late last month Embraer said it
signed an agreement with Toyota
do Brasil to incorporate Toyota
Production System (TPS) principles and concepts into its own
industrial operations. During
the first phase of the joint work,
a team of TPS specialists from
Toyota do Brasil will immerse
themselves in Embraer’s daily
operations to evaluate and suggest improvements for the company’s main manufacturing area
at the Ozires Silva unit in São
José dos Campos, Brazil.
Embraer last year already had
managed to cut lead times by 17
percent, added Neto, after conducting a value stream mapping of
the production process and identifying waste and inefficiencies.
Of course, supply chain inefficiencies have constrained the process,
he added, sometimes requiring it
to increase rather than reduce
inventory levels. “So maybe we’ll
have some difficulty this year in
terms of inventory reaching the
target we had defined before, but
we are still putting a lot of focus
on bringing in just the materials
we need, with some reserves, to
avoid the issues [stemming from]
the supply chain,” he explained.
Meanwhile, Embraer has done
its best to address inflationary
pressures with its cost-cutting
efforts and by encouraging supplier productivity. The company
also continues to search for alternative sources of parts supply
“where applicable.”
“I think we are doing pretty well
considering the circumstances,”
said Neto. “But inflation is a negative impact for us.”
z
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War upends Ukraine
aviation industry
Thousands of skilled engineers and
workers in Ukraine have little or no
work after a dozen key aerospace
enterprises suffered destruction or
damage from Russian bombing.
Yet another strike took place on
the night of May 25 when the Russian air force launched four longrange cruise missiles at the Motor
Sich aero-engine plant in Zaporizhzhia. Motor Sich is more than
100 years old and has extensive
experience in turbofan, turboprop,
and turboshaft engine manufacturing. The company has customers
in about 100 countries, to which in
better times it shipped up to 300
engines a year.
The Russian defense ministry
took responsibility for the strike,
saying it was to ensure that Motor
Sich no longer can assemble
unmanned combat aerial vehicles
(UCAV) and their engines.
Several years ago, Turkey
reached a framework agreement
with Ukraine on a long-term partnership in combat aviation. The
deal called for the Ukrainian armed
forces to purchase the Bayraktar
BTB2 MALE UCAV (both readyto-use and kits) and for Turkish
drone manufacturer Baykar to buy
Ukrainian-made engines for the
Akıncı drone and other types.
The Akıncı made its international show debut at Teknofest
Azerbaijan in late May, with an
experimental prototype having
flown 1,000 nm nonstop from Turkey. Two Ivchenko-Progress AI450
engines power the 3,000-pound
drone. The turboshaft version of
the engine has proved itself on a
dozen refurbished Mi-2 helicopters.
Motor Sich attempted to produce rotorcraft and UAVs under
foreign licenses as well as designs

Ukrainian aerospace products, but
they declined.
With sales to Russia prohibited and no orders from the West,
Motor Sich began seeking closer
cooperation with China. In 2017
Beijing-based Skyrizon Aviation
acquired a major stake in Motor
of its own, but the effort bore no
Sich with the promise to invest
fruit. A more successful program
$250 million in existing faciliinvolved the refurbishment of
in-service Mil Mi-2 and Mi-8 helities and help erect a new plant
copters. Because designers retained
in Chongqing.
the original gearboxes (although
The new factory would undertake the production of several
some were “beefed up”), the installation of more powerful engines
Ivchenko-Progress designs, includresulted in better flight perforing the AI222 and D436. The latter powers Antonov’s An-148/158
mance in hot-and-high conditions.
regional jets and could potentially
replace the General Electric CF3410A on the Comac ARJ21, to reduce
China’s dependence on U.S. technologies and supplies.
Alarmed by the possible outcomes, the White House placed
Skyrizon on the Military EndUser (MEU) List and urged the
Ukrainian government to take
action. Consequently, Kyiv prevented Motor Sich from falling
into Chinese hands. In retaliation,
Skyrizon demanded $3.5 billion in
compensation for the disrupted
Motor Sich was able to make rotor blades for the Mi-24 attack helicopters
before Russia destroyed the Ukrainian company’s factory.
investment deal, then escalated the
figure to $4.3 billion.
Meanwhile, Motor Sich gained weaponized jet trainer.
In 2020-2021, the Ukrainian
the ability to produce rotor blades
Today, assembly of the TV3 and government nationalized the aerofor the Mi-24 attack helicopter, AI222 series runs in parallel in both engine plant “to return Motor Sich
allowing the Ukrainian armed Russia and Ukraine. Motor Sich to the Ukrainian people.” Soon
forces to return a dozen of the sells its products in many coun- thereafter, it offered a 50 percent
helicopters to airworthy condition tries that operate Antonov, Mil, and stake to Turkey. As with many
other attempts to raise funding
on the eve of the Russian invasion Kamov designs.
and use them with some success
Motor Sich came under criticism for the ailing aerospace industry,
against enemy targets. Apparently, from the U.S. for exporting AI222- that effort also failed. Because of
that contributed to the Kremlin’s 25F reheated turbofans to China. insufficient investment and orders,
decision to drop bombs on the Those engines power the Hongdu Antonov aircraft are difficult to
L-15 supersonic jet, the trainer for produce in worthwhile numbers,
plant in Zaporizhzhia.
China’s
People’s Liberation Army despite the fact that the An-132
Motor-Sich TV3-117 engines
(PLA)
Air
Force. An evolved ver- and An-178 prototypes successpower refurbished Mi-8 and Mi-24
helicopters. Although the TV3 was sion of that engine could power a fully underwent flight trials and the
developed by chief designer Izotov lightweight carrier-borne aircraft An-140/148/158 saw some revenue
service with Russian, Ukrainian,
at Klimov in St. Petersburg, some intended for the PLA Navy.
of its evolutionary offspring came
Responding to the U.S. critics, and Cuban airlines. Now, after the
from the Ivchenko-Progress design the government in Kyiv took some Russian bombing of Motor Sich, as
house in Zaporizhzhia, where steps to slow the progress of Sino- well as Antonov facilities in Kyiv
Ukrainian cooperation in defense. and nearby Gostomel, future prosMotor Sich also bases operations.
Russia stood as the largest Simultaneously, it offered Western pects for the Ukrainian aviation
customer for Ukrainian-made partners the opportunity to buy industry seem darker than ever. z
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by Vladimir Karnozov

aero-engines and Antonov aircraft
until 2014, when the government
in Kyiv banned all military and,
effectively, high-tech exports to
its eastern neighbor. The move
prompted the Kremlin to ask local
companies to undertake support
of Antonov An-124 military freighters and outsized cargo aircraft and
their Ivchenko-Progress D18T turbofans. Klimov also established a
second TV3 production line in St.
Petersburg (product designation
VK2500), while Moscow-based
Salyut mastered manufacture of
the Ivchenko-Progress AI222 turbofan for the Yakovlev Yak-130
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water vapor could create hydrogen-propulsion contrails persisting overnight.
Airbus plans to use an A380 to flight-test a hydrogen-fueled GE Passport turbofan
However, whether or not the additional
engine to study any contrails it produces as part of its ZeroE program.
water vapor produced by hydrogen combustion would turn into contrails at all requires
equal clarity, said Arjan Hegeman, general
manager of advanced technologies for GE Aviation. Hegeman is deeply involved in the joint
CFM-Airbus ZeroE project, which will use an
Airbus A380 to flight-test a hydrogen-fueled
GE Passport turbofan engine to study any
contrails it produces.
Contrails from aircraft today develop
when water vapor in the exhaust gases of
hydrocarbon-based aviation fuels creates ice
crystals in the air. The crystals form around
nuclei provided by hydrocarbon-derived
sub-particles also emitted in the engines’
exhaust gases, Hegeman explained. Because
hydrogen-derived exhaust gas contains no
hydrocarbon sub-particles, contrail formation by engines burning hydrogen might prove
very minimal.
But current scientific knowledge on
hydrogen- produced contrail formation
remains incomplete, as does knowledge of
by Chris Kjelgaard
aviation industry. Development of hydro- exactly how ambient air temperatures, humidgen-propulsion systems and the so-called ity, and pressures at different altitudes affect
Aerospace manufacturers agree that the abil- green hydrogen ecosystem “won’t be a serial contrail formation, said Hegeman. Scientists
ity to produce hydrogen in vast quantities process,” said Brian Yutko, Boeing’s vice pres- do know that changes in altitude, winds, and
using only renewable forms of energy such ident and chief engineer for sustainability and routing can reduce it, however.
as solar and wind power will prove the most future mobility.
Changing the routing or altitude of a
critical factor in the aviation industry’s effort
“I think a lot of parallel activities will jet fuel-powered aircraft can also cause
to develop the element as a viable, non-CO2- happen,” said Yutko. “What these airplanes increased CO2 emissions—but a hydrogenemitting fuel. In interviews with AIN, at least will all need once we make them is a sup- powered aircraft wouldn’t create any. So
five major OEMs stressed the need for mas- ply of renewable energy [for fuel-making changing its routing and altitude to reduce
sive investment to develop the complex infra- processes] and green hydrogen.” Within contrail formation would make “further mitistructure required to produce hydrogen on an the same timeframe, aviation must conduct gation [of climate-changing effects] available,”
environmentally sustainable basis and to dis- extensive R&D and scientific study regard- said Llewellyn.
tribute, store and disburse it as a fuel safely, ing questions of non-CO2 effect on climate,
Making hydrogen a viable alternative to
jet fuel will require other areas of research
all of which must happen alongside an effort he added.
to develop hydrogen propulsion systems for
The industry needs to understand and development, according to Yutko. For
whether—or
in what circumstances and instance, combusting hydrogen creates NOx
large and small aircraft.
weather
conditions—the
water vapor pro- formation (and emissions), so researchers
Only if the development of green hydrogen and the infrastructure needed to get it duced as exhaust by combusting hydrogen must find ways to minimize NOx formainto aircraft fuel tanks safely occurs in paral- might create persistent contrails that at night tion in hydrogen-burning turbine engines’
lel with OEMs’ development of primary and could warm the air to foster climate change, redesigned combustors. However, hydrogen
hybrid-electric forms of hydrogen propulsion according to Glenn Llewellyn, vice president combustion’s characteristics do “allow you
to reduce the amount of NOx produced,”
can aviation meet its 2035 estimate of being of the Zero Emissions project at Airbus.
able to replace jet-A as a fuel for large transContrails that disperse during the day noted Llewellyn.
port aircraft, say Airbus, Boeing, CFM Inter- would not create those “radiative forcing”
How the cryogenically cold temperature
national/GE Aviation, GKN Aerospace, and conditions, but combusting hydrogen pro- at which liquid hydrogen gets stored affects
duces about 2.6 times as much water vapor the materials the hydrogen contacts also need
Rolls-Royce.
Many activities need to take place in paral- as does burning jet fuel, said Alan Newby, study, said Yutko. Liquid hydrogen—the only
lel before 2035 to allow for the use of hydro- director of aerospace technology and future form with enough energy density suitable for
gen—in differing forms depending on aircraft programs for Rolls-Royce. So an important powering large, long-range aircraft—causes
continues on page 48
size and mission—as a fuel throughout the question centers on whether that additional

Green infrastructure
critical to hydrogen
propulsion’s success
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Call for vigilance as rate of
accidents trends downward
by Peter Shaw-Smith
Often a topic that air travelers prefer not to contemplate, air accidents are the subject of rigorous
research that shows a continuously improving
safety record over the past eight decades. Nevertheless, data from the Flight Safety Foundation’s
2021 Safety Report identifies risks that need
proactive attention. “Some of the risks, such as
loss of control-in-flight (LOC-I), are well understood and have been documented thoroughly
over the years by the foundation and other organizations,” it said. “Other risks have been less
well studied and require increased attention. In
addition, operational changes brought about by
the Covid-19 pandemic pose potential threats if
not identified and mitigated.”
While about 23 percent of accidents in 2021
could not be classified into accident categories based on available data, the report identified three main risk areas of concern: runway

2021 Accidents

excursions (RE), LOC-I, and controlled flight
into terrain (CFIT), all of which ranked
among ICAO’s five high-risk categories (HRC)
of occurrence.
“LOC-I accidents accounted for 10 percent
of all accidents in 2021 and three of the 11 fatal
commercial accidents, including the year’s
deadliest accident, the January 9 crash of a
Sriwijaya Air Boeing 737-500 that resulted in
62 fatalities,” the report said. Early reports
cited a possible autothrottle problem.
In 2021, commercial passenger and cargo
operations involving aircraft certified to carry
at least 14 passengers suffered 44 accidents.
Of the total, 11 fatal accidents resulted in 123
deaths among passengers and crew, with one
person killed on the ground, data shows. Seven
of the 11 fatal accidents, and 20 accidents in
total, occurred in the cargo segment, said the
Flight Safety Foundation (FSF) report.
Last year, noncommercial operations in
surveying, training, parachuting, and test
flights saw 26 accidents, nine of them fatal, in
which 50 people died. Corporate jets suffered
28 accidents in 2021; nine of them proved fatal
and resulted in 36 passenger and crew deaths.
Mark Millam, director at the Flight Safety
Foundation, told AIN the aviation industry
had seen a remarkable long-term downward
trend in accident rate and numbers in recent
decades. In some sectors, those rates have plateaued with variability in accidents from year
to year. During Covid, the rates proved better
for some sectors and worse for others, but not

Fatal Accidents per year, 1946-2021, and 5-year moving average

Source: Flight Safety Foundation 2021 Safety Report
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outside the degree of normal variability.
“At Flight Safety Foundation, we are expecting to continue the long downward trend
because of the continuing work of our members and other aviation organizations around
the world,” he said. “We know that if the rate
of accidents remains the same, large increases
in traffic would mean that the overall number
of accidents would increase. That is unacceptable and motivates our everyday work to continue to improve aviation safety performance.”
The report said the number of commercial
operation fatal accidents last year increased
from eight in 2020, but fatalities in 2021
declined more than 60 percent, from the 315
passengers and crew killed in 2020’s accidents.
The report also cited two noncommercial
fatal accidents that resulted in four deaths in
2020. A year earlier, commercial operations
recorded 20 fatal accidents that resulted in
285 fatalities among passengers and crew and
another six people on the ground. Noncommercial operations saw three fatal accidents
and six deaths in 2019.
A striking feature of the FSF’s report
appears in a graph representing fatal accidents from 1946 to 2021, along with a five-year
moving average. The report said such accidents had trended steadily downward since
the late 1990s. Since 2012, the total number
of fatal accidents per year has involved 20 aircraft or fewer.
Nevertheless, Millam said the industry
needs to reach a point where it measures years
between accidents rather than the number of
accidents per year. “Some sectors of aviation
are very close to that milestone today, and
ICAO has set an aspirational goal of reaching
zero accidents by 2030 with their Global Aviation Safety Plan,” he said. “We are concerned
with all sectors of aviation, and some sectors
are still further away from the milestone we
are interested in.”
The case of the Malaysia Airlines Flight
MH370 crash on March 8, 2014, has recently
attracted a flurry of interest, spurring hopes that
investigators will eventually solve the mystery
surrounding its disappearance while en route
from Kuala Lumpur in Malaysia to Beijing.
“We continue to hope that evidence will
be found that allows investigators to determine what happened,” Millam said of the
enduring mystery. “Families and friends
of the victims deserve to know [the truth].
Also, figuring out what happened increases
the industry’s chances of preventing a similar failure in the future.”
z

EU’s decarbonization
policies will be costly
by Cathy Buyck

less affordable,” he said. IATA analysis estimates that the joint cost of a mandate for the
use of sustainable aviation fuel (SAF), the
phaseout of free emissions allowances, and
a proposed fuel tax could add €38 per ticket
on an average flight in Europe and €205 on
the average transatlantic flight by 2035. “This
would mark the end of low-cost air travel in
Europe as we know it and reverse decades of

aboard Airbus A320 family and Boeing 737NG
narrowbodies, the Fit for 55 policy measures
would translate into a 22 to 27 percent hike in
operating costs. In absolute terms, operating
costs would increase on average €1,809 per
intra-EEA flight in 2030 compared with 2019
in Eurocontrol’s ‘high scenario’ and €2,087
in it ‘base scenario.’ Eurocontrol bases its
estimates on the three traffic scenarios—
high, base, and low—published in the recent
Eurocontrol Aviation Outlook 2050. It considers forecast traffic growth and the speed
and scope of industry acceptance of policy
measures; for instance, the base scenario
assumes moderate traffic growth—1.2 percent annual aggregate growth between 2019
and 2050—and moderate uptake of SAFs (5

When the European Commission published
its Fit for 55 package of legislative proposals in
July 2021, stakeholders were positive and supportive of the initiative. The industry wanted
to show that its decarbonization pledge and
efforts were genuine and that the public perception of air transport as an irresponsible
polluter, propelled by anti-flying movements
like Flygskam, were unfounded. Yet, the realization is slowly becoming apparent that Fit
for 55’s financial impact will prove significant.
Fit for 55 forms part of the European
Green Deal and the European Climate Law,
which aims to strengthen the EU’s position
as a global climate leader and reduce net
emissions by at least 55 percent compared
with 1990 levels by 2030 across a range of
industries and society. Of the 15 legislative
proposals that comprise Fit for 55, three are
of major importance to aviation: changes to
the EU carbon emissions trading scheme
(ETS); the revision of the Energy Tax Directive, which seeks to introduce an EU-wide
tax on kerosene; and the ReFuelEU Aviation proposal, which aims to accelerate the
uptake of sustainable aviation fuels (SAF).
Fit for 55 includes some other measures that
would affect aviation, such as new electric European airlines have expressed concern about the significant costs of implementing the EU’s Fit for
infrastructure for airports planned under an 55 package aimed at trimming CO2 levels by 55 percent.
Alternative Fuels Infrastructure Regulation
(AFIR) and the implementation of a carbon democratization of flying,” asserted Mikosz.
percent in 2030). The high scenario assumes
tax at the border.
A recent Eurocontrol “think paper” a 1.8 percent annual traffic growth rate and
According to Sebastian Mikosz, senior vice assesses that the cumulative extra cost of the blending of SAFs at percentages higher (10
president for environment and sustainability EU’s decarbonization measures to the avia- percent in 2030) than current European regat the International Air Transport Association tion industry could amount to €62 billion over ulatory requirements.
(IATA), the European Commission’s Fit for the period from 2022 to 2030. The total conImplementing the EU’s policy decarbon55 environmental proposals represent a “vital sists of €29 billion in extra tax costs on ker- ization measures will create “significant extra
opportunity” to deliver a significant boost to osene (applied to intra-European Economic costs for airlines,” affirmed Eurocontrol direcsustainable aviation, unleashing investment Area flights), €23 billion in extra ETS costs tor general Eamonn Brennan. But, he added,
in green technologies and operational efficien- (applied to EU, UK, and Switzerland), and “improvements led by the aviation industry
cies. But, he warned, the Fit for 55 proposals €10 billion in extra fuel mix costs (applied to are capable of bringing the extra cumulative
in their current form would likely amount to all-European Civil Aviation Conference states costs significantly down” while contributing
a missed opportunity. “Instead of promoting based on a 5 percent SAF/95 percent kerosene to the required 55 percent net CO2 emissions
green technologies and operational efficiency mix). The extra cost to the airline industry in reductions by 2030. Industry-led measures
improvements, making flying sustainable for 2030 alone would amount to €14 billion, esti- include the long-delayed implementation of
the Single European Sky, other operational
all, the package aims to reduce flying by raising mates show.
continues on page 48
economic barriers and making it significantly
On a per flight basis, within the EEA and
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Collins and
P&W make
motors for
future flight
aircraft
by Charles Alcock
Collins Aerospace has completed the preliminary design for a new 1-MW electric motor
that will serve as a key component of the new
Regional Hybrid-Electric Flight Demonstrator under development by its Raytheon group
sister company Pratt & Whitney (P&W). The
aircraft engine maker plans to start ground
testing with the Collins motor later this year
in preparation for the start of flight testing in
2024 in Montreal.
The demonstrator program, based on plans
to reduce carbon emissions from regional aircraft, forms part of a wider spectrum of work
on new propulsion technology within the
Raytheon group. The efforts could eventually
result in larger hybrid-electric powertrains for
narrowbody airliners carrying 220 passengers
on 3,000 nm sectors, delivering at least a 30
percent cut in emissions.
Also this week at the Farnborough International Airshow, P&W and Collins are announcing the launch of the STEP-Tech demonstrator
program. They aim to start ground testing the
system in late 2022.
Based at the Raytheon Technologies
Research Center in East Hartford, Connecticut, the project centers on the development
of a 100- to 500-kW high voltage distributed
turboelectric hybrid-electric propulsion system. Initial plans call for the system to apply
to smaller eVTOL aircraft and uncrewed air
vehicles, but the companies said they can
scale up the technology to a 1-MW power rating for larger applications.
The STEP-Tech unit consists of a scalable
turbogenerator, batteries, and a power management system, as well as propulsor units.

Collins Aerospace
has developed
a 1-MW electric
motor to form part
of a hybridelectric propulsion
system, initially
to be deployed on
regional airliners.
The partners completed proof of concept
studies earlier this year.
The new 1-MW electric motor on display in
Farnborough (Raytheon Pavilion C631) builds
on the power generation and distribution
systems for Boeing’s 787 widebody airliner
program produced by the legacy Hamilton
Sunstrand business that became part of Collins Aerospace after the merger of UTC Aerospace and Rockwell Collins. Collins’s Solihull
facility in the UK makes the new units and
plans to soon deliver them to P&W for integration with one of its existing aircraft engines.
According to Collins vice president for
power and controls Bill Dolan, each 1-MW
motor will deliver a fourfold improvement
in power density compared with current
electric motor technology. Initial testing has
been conducted by the University of Nottingham, where in June engineers achieved 400kW power outputs in ground runs. Collins
intends to do further electric motor development work at its new electric power systems
laboratory in Rockford, Illinois, which it calls
The Grid and plans to open in 2023.
At some point, P&W wants to evaluate the
electric motor operating in tandem with its
Geared Turbofan engine. It is also considering options for integrating the Regional
Hybrid-Electric Flight Demonstrator and the
STEP-Tech unit with a new aircraft engine.
Frank Preli, Collins’s vice president for
propulsion and material technologies, said
during a pre-airshow press briefing that the
Raytheon group partners are evaluating a sliding scale of hybrid-electric applications, from
a “mild” basis under which only 5 percent of
power is electrical to 50 percent or more. He
predicted that both parallel and integrated
hybrid-electric propulsion systems could
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become available for new air transport applications starting in the mid-2030s.
Preli noted that the company sees regional
airliners as the early adopters of the new propulsion technology, with anticipated 30 percent energy savings from the start. He said
that the Raytheon subsidiaries have entered
contracts with several major aircraft manufacturers and expect to make available certifiable
propulsion systems for new Boeing or Airbus
single-aisle aircraft. They expect a further
reduction of carbon emissions by enabling
the turbogenerator element of the new powertrains to run on sustainable aviation fuel.
According to Juan de Bedout, Raytheon’s
vice president for aerospace technology, the
group sees as imperative accelerated efforts
to reduce carbon from flights with emissions
from air transport, which scientists expect to
more than double in the coming years and rise
from around 2 percent of global emissions to
18 percent. Last year, Raytheon signed on to
the Air Transport Action Group’s commitment to achieving net-zero emissions by 2050.
The U.S.-based group, which employs
about 58,000 engineers worldwide, feels that
the motor-generator and power management
capability of Collins is a strong match for
P&W’s expertise in developing new turboprops and turbofans. The companies already
collaborate on a related project funded by
the Canadian and Quebec governments to
evaluate hybrid-electric propulsion on a De
Havilland Dash 8-100 turboprop aircraft in
partnership with battery specialist H55.
Rival aircraft engine makers Rolls-Royce
and Honeywell are also working on 1-MW-class
hybrid-electric propulsion systems. Safran is
developing electric propulsion systems of up
to around 600 kW power output.
z
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UK flight disruptions could get worse if BA and others may not employ pilots with only EASA licenses.

UK, EU aviation players
brace for Brexit effect
by Peter Shaw-Smith and Charles Alcock
Brexit, the political process that saw the “British
Exit” from the European Union after a 2016 vote
and that finally became reality in January 2020,
has presented a worry for the aviation industry
in both the UK and Europe. Even trying to put
to one side the bitter “Remain” versus “Leave”
hardline positions that still divide British voters,
little doubt remains that Brexit has complicated
trading conditions for original equipment manufacturers, airlines, airports, and MROs in both
the UK and the EU. More particularly, the process for issuing approvals and licenses will likely
remain complicated for some time to come.
Given the intense political divisions over
Brexit in the UK, most aviation executives
have shown reluctance to comment publicly
on what it has meant for the industry. However, speaking off the record, many are clearly
unhappy that the treatment of the sector has
taken place along political lines rather than
with the practical considerations so important
to the smooth running of the aviation complex.
The hopes of Britain’s airlines and other
aviation companies that the UK would remain
a member of the European Union Aviation
Safety Agency (EASA) would be dashed. “Exit
Day” took place on January 31, 2020, followed

by a transition period through December 31 of
that year, when EASA membership ended. A
Trade and Cooperation Agreement (TCA) took
effect at the beginning of 2021 and provided
protocols that would oversee commercial relations between the UK and the EU, including a
26-page section on aviation.
The UK’s departure from EASA was not inevitable and could have been avoided if the UK’s
Conservative government had made concessions that would have allowed for a so-called
soft rather than hard Brexit resolution. In the
period between the referendum in June 2016
and the final resolution of the UK’s Brexit settlement with the EU in December 2019, widespread consensus and expectations within the
industry seemed to indicate it would remain an
EASA member state, with minimal disruption.
In March, at the annual conference of the
British Business & General Aviation Association, the group’s chief executive, Marc Bailey,
said that the loss of mutual UK-EU license
acceptance from next January would undoubtedly worsen existing skills shortages, mainly for
British aviation companies.
“Without doubt, there has been an impact
because positions have hardened [between
the UK and the EU],” Bailey commented.
“We expected to see bilateral agreements [on
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immigration and recognition of qualifications]
coming to fruition in a couple of years; it’s not
at the UK Civil Aviation Authority and EASA, but
at a political level that there is not a will to have
them take place, so progress on agreements has
been weaker than a lot of us would have hoped.”
Simon Phippard, a lawyer at the London
office of Bird & Bird, told AIN that the loss
of EASA membership had proved a source
of consternation to the UK aviation industry,
even though the transition period allowed for
mutual recognition of certificates, approvals,
and licenses until the end of 2022. He said that
would effectively mean a dual licensing or dual
compliance regime in the future.
“The classic example would be a European
maintenance provider that held an EASA Part
145 certificate, and among its customers were UK
registered airlines,” he said. “It would no longer
be able to continue providing those functions
unless it also acquired a UK Part 145 approval.
“Similarly, if you hold a commercial pilot
license or an air transport pilot licence issued
by France, Germany, or Lithuania, for example,
under the EASA system, you could exercise
those privileges on a UK-registered aircraft,
just as you could on an Italian or Spanish aircraft. That will come to an end [at the end of
the year].”
In Phippard’s view, the changes that the UK
has made had less to do with mutual recognition between the EU and the UK than with the
UK fixing the consequences of leaving EASA.
“It’s the UK making sure that it’s got all the processes in place to enable the right people to get
the right licenses from the UK,” he said. “As
we go into the summer, there may be fingers
crossed that we don’t have a two-month lapse
over the holiday period, with people suddenly
realizing in October that they’ve got to get
license applications in.”
However, Brexit did not necessarily lead to
recent acute delays at British airports, he added.
“I don’t believe the current reports of troubles
with air transport delivery are a result of postBrexit licensing changes,” noted Phippard. “That,
I think, is a post-Covid skills retention or skills
recovery issue rather than a licensing issue.”
For the 18 months since the UK’s EASA
membership terminated, the UK has continued to recognize EASA licenses, but the reverse
has not been the case, Phippard explained. At
present, the substantive regulations in the UK
almost mirror those of EASA, but with changes
to reflect the fact that a national Civil Aviation
Authority (CAA) now regulates UK civil aviation, not EASA. Debate continues over whether

the UK CAA is sufficiently staffed and funded
to carry out its remit.
Despite the changes, Phippard said he sees
no obvious pitfalls facing the UK aviation
industry beyond 2022. “I think in regulatory
terms, we generally know what we’re looking
at,” he said. “The licensing requirements are
clear. The traffic rights piece between the EU
and UK is settled. We anticipated that it would
be full third and fourth freedom rights: no
limits on tariffs, frequency, schedules, all that
kind of thing. As you know, there are some oldfashioned services agreements out there where
it’s all very prescriptive.
“That’s not the case between the UK and the
EU. If an airline has its operating license and
AOC, it can operate flights across the Channel,
and there’s no time limit on that. One possibility might have been that contingency measures
would have been put in place: ‘We’ll agree to
traffic rights for five years and give ourselves
time to work something out.’ That didn’t happen. The TCA is open-ended.”
ADS, a trade organization representing companies in the UK aerospace, defense, security,
and space sectors, said that Brexit had not presented its only concern of late, with Covid-19
and the Russian invasion of Ukraine posing the
biggest problems in the past two years.
“Following the UK’s exit from the European
Union, it is crucial that the UK and EU work
together to solve outstanding technical issues,
such as those around tariffs on raw materials
crossing to Northern Ireland from the rest of
the UK, recognition by the European Union
Aviation Safety Agency of UK maintenance
approvals, and UK association to Horizon
Europe,” a spokesperson told AIN.
For now, the UK faces exclusion from the
EU’s Horizon Europe funding program for
research and innovation and its budget of €95.5
billion ($102.5 billion). In response to the UK
government’s declared intention to unilaterally renege on its agreement over Northern
Ireland’s border with EU member Ireland, the
European Commission says British companies
cannot participate.
UK aircraft and equipment manufacturers now must seek type certification through
the CAA, with a view to attaining subsequent
approval from Europe’s EASA air safety regulator, adding bureaucracy and cost. However,
the government’s declared doctrine of being a
“rule-maker, not a rule-taker” might be softening
given the CAA’s announcement in May that it
will align its standards for new eVTOL aircraft
with EASA’s special conditions VTOL rules. z

Better threat detection
on new radar menu
by Chris Pocock
Raytheon is promoting a new series of air
defense radars at the Farnborough Airshow
that it claims can detect air threats at greater
distances and higher velocities—from any
direction—including ballistic and hypersonic
missiles. The first radars are being supplied
to the U.S. Army as the Lower Tier Air and
Missile Defense Sensor (LTAMDS). The range
is classified, but Raytheon is marketing lowercost medium-range versions for export,
branded GhostEye. Poland will be the first
overseas customer. Raytheon said that more
than a dozen other countries have expressed
formal interest.
“It’s transformational,” Bill Patterson,
LTAMDS executive director for Raytheon Missiles and Defense, told AIN. “It’s a solid-state
AESA radar with three antennas that constantly views 360 degrees using gallium nitride
[GaN processors] for tremendous power
efficiency.” Raytheon has built its own GaN
foundry in Massachusetts, and Patterson said
the technology will find increasing military

applications. In that case, GaN strengthens
the radar’s signal, enhances its sensitivity, and
increases its reliability.
Last April, Raytheon shipped the first
LTAMDS to the White Sands Missile Range in
New Mexico for testing by the U.S. Army. It is
the first of six such radars being delivered this
year. Patterson said they will integrate easily
with the Army’s new C2 network and Patriot
PAC2 and PAC3 surface-to-air missiles and
with new interceptors that the Army might
introduce. “It can also be used to command
non-kinetic effects,” Patterson added. The
radar operates in C-band.
GhostEye will be an evolving family of
radars, according to Raytheon. The first of
them uses one of the LTAMDS secondary
arrays on a rotator and is designed to work
with the National Advanced Surface to Air
Missile System that Raytheon co-developed
with Kongsberg of Norway and that has
entered widespread use, launching a variety
of missiles against air-breathing threats. “It
is approved for export to all the Patriot partners,” Patterson said.
z

The LTAMDS air defense radar supplied to the U.S. Army by Raytheon is the first of a series of sets
promoted by the company at the Farnborough Airshow.
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L3Harris expands pilot
training capacity
by Charles Alcock
L3Harris Technologies plans to open its
newly-expanded UK pilot training center at
Cranfield this month. The extensive upgrade
to existing facilities is part of the company’s
strategy to support airlines in providing
more efficient ways to train badly-needed
new pilots.
The improved training center, which is
part of the aerospace facilities at the UK’s
Cranfield University, now includes more
classrooms for ground school training and a
trio of Diamond DA42 flight simulators. The
simulators will give ab initio trainees what
L3 calls an ultra-realistic learning experience, while also boosting capacity for safely
conducting exercises in simulators alongside

L3Harris’s expanded flight school at Cranfield
in the UK features Diamond DA-42 simulators
among its new training tools.
airborne flight training. At the same time, the
company is adding EASA flight training to
the curriculum of its flight school in Sanford,
Florida, to allow students to take advantage
of flying conditions and lower costs available
in the U.S. before completing twin-engine
training, instrument ratings, and licensing
in the UK.
Prior to Covid, airlines already faced the
prospect of a shrinking pilot workforce, and
the pandemic has worsened this situation,
according to L3Harris sales and marketing vice
president Robin Glover-Faure. “The industry has probably seen the retirement bubble
accelerate by around three or four years, and
in the past two years there has been about a
50 percent reduction in pilot training, due in

part to the stresses of the pandemic. These
factors combined are causing an unwinding,”
he told AIN.
In the short term, airlines have attempted
to spend their way out of the problem by
paying large bonuses to attract flight crew.
But Glover-Faure feels carriers would do
better to invest in a longer-term strategic
approach to restoring the pipeline of new
pilots. In some cases, he said, the huge
bonuses available actually have made the
situation worse by luring instructors away
from flight schools.
As much as airlines need more pilots, postCovid business conditions continue to batter
their balance sheets, making it hard to find the
funds required to ease the worsening shortage. One option is to guarantee loans of the
$100,000 or so that Glover-Faure estimates
that getting a trainee into an airline right seat
job requires. But while banks advance the
funds, the amount goes on the carrier’s balance sheet as a liability. “But airlines are going
to have to address the reality of this situation,”
he said. “It is not an option to just keep paying
$50,000 sign-on bonuses.”
Meanwhile, L3Harris is also investing
in using data analytics to help pilots fly
more safely and sustainably by burning less
fuel and emitting less carbon. It has established a new division in its commercial aviation training business to concentrate on
those improvements.
“We are making much better use of data
from both simulators and aircraft, turning
this data into play-back insights [during training sessions] into how to achieve efficiencies
in approaches to airports and energy management, and in managing situations like a
single-engine failure after takeoff,” said Glover-Faure. “Until recently, we’ve had a feast of
data but a famine of insight.”
With the air transport sector now committed to achieving net-zero carbon objectives, it
is imperative for the flight crew to understand
how they can contribute. In L3Harris’s view,
building those considerations into the syllabus
from the start of ab initio training will embed
them in their mindset from the start.
z
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GE Aviation steps
up toward net zero
GE Aviation is ramping up research on
multiple fronts, including three partnership demonstration programs launched
over the past year, as it progresses
toward its goal of net zero by 2050.
GE invested $1.6 billion in aviation
research and development in 2021,
including emissions-reducing technologies. Allen Paxson, v-p and general manager of GE Aviation commercial program
strategy, said the company has outlined
its technology “building blocks” for the
future to further improve fuel efficiency
and ensure their compatibility with lowercarbon fuels. “We currently have one of
the most robust innovation pipelines in
our company’s more than 100-year history to help the industry become more
sustainable,” he explained.
Since June 2021, the engine maker
has participated in three separate
partnership demonstration programs,
including one between Airbus and
CFM International—a 50-50 joint company between GE and Safran Aircraft
Engines—to develop and test a hydrogenpowered engine. GE also has joined
an initiative with NASA and Boeing to
develop and fly a megawatt hybridelectric propulsion system. CFM is moving forward with its RISE (Revolutionary
Innovation for Sustainable Engines)
program involving new architectures
such as open fan. The program has a
goal of achieving at least 20 percent
lower fuel consumption and CO2 emissions compared with the most efficient
engines today.
Other sustainable efforts surround
gaining efficiencies through advanced
materials such as ceramic matrix composites and system technologies such
as optimized flight paths and GE Digital’s FlightPulse flight analytics tool. K.L.

Pratt & Whitney transforming
through digitalization
by Chris Kjelgaard
Pratt & Whitney’s embrace of digitalization and data distribution
throughout its organization has
led to more efficiency in manufacturing, less waste, and better
alignment with suppliers and
customers, according to Jeana
Thomas, the company’s vice president and global chief information
officer. In a pre-show interview
with AIN, Thomas added that
Pratt’s digitalization efforts also
have made employees’ jobs simpler and quicker to perform and
empowered them to make critical
manufacturing and business decisions more easily.
At the same time, P&W engages
constantly with its suppliers and
customers to help them automate
their processes and, increasingly,
work mutually to create design,
supply-chain, sustainment, and
operational improvements by sharing data, according to Thomas. Not
only does that effort help create
efficiencies for all throughout their
businesses, but it helps eliminate
human error, she said.
Like most large companies,
P&W has worked to drive digitalization for many years. “We’ve
had a really long roll-out of digital tools,” said Thomas. But today
there remain many areas where
P&W reckons increasing digitalization and automation will
make its business still more efficient and customer-responsive
while allowing the OEM and its
entire supplier base to become
more adaptable and agile to market requirements.
Internally, P&W strives to
make its factories and partssupply facilities as completely digitally connected as possible. The
1.2 million-sq-ft turbine airfoil

manufacturing facility P&W plans
to open late this year in Asheville,
North Carolina, will become its
most connected, most automated
factory ever. All the facility’s
machines will connect digitally
within its first year of operation,
resulting in “data flowing to
employees across the entire shop
floor, [providing] ‘Industry 4.0’
capabilities,” said Thomas.

parts-standards data produced by
suppliers. Knowing the exact standard for every part and providing
two-way sharing of parts design
and manufacturing-demand data
improves predictability of parts
quality and reliability of parts
delivery for everyone.
Such data also informs P&W’s
sustainment operations, including
the advanced, integrated supply-

Pratt & Whitney expects its digitalization efforts not only to improve
efficiency but help attract new talent to the engine manufacturer.
By going beyond the traditional chain support center P&W said in
siloed approach and sharing data March it will build in Bangalore.
with its suppliers to work coop- Parts-manufacturing and availabileratively on parts designs, P&W’s ity data hold a key to P&W’s drive
design process has become faster to establish “a global supply-chain
and more efficient, she said. Shar- ecosystem” highly attuned to cusing parts data throughout the tomer requirements, said Thomas.
company’s design, manufacturing,
So does the huge engine
and inventory-sustainment oper- parts-configuration database
ations allows its manufacturing in the company’s enterprise
and supply processes to become resource planning (ERP) system,
more automated and leaner, par- which forms part of P&W’s Custicularly in additive manufactur- tomer Oriented Results & Exceling, producing less waste and lence (CORE) operating system,
reducing CO2 emissions. Parts she said. Together with the predata-sharing also ensures P&W dictive-maintenance algorithms
can provide “the right part, at the in the ERP system, the partsright time, at the right place, to configuration data that identifies
deliver on our customer commit- every part in every engine model
ment,” said Thomas.
P&W makes helps enable CORE’s
Additional supply-chain bene- predictive lifecycle management
fits arise from P&W’s interactive (PLM) module to provide the
portal for suppliers. The portal company’s customers with premakes administrative procedures dictive maintenance services.
easier and allows P&W to extract
Engine health monitoring

functions provided by the
advanced diagnostics and engine
monitoring (ADEM) platform in
Pratt’s EngineWise suite of aftermarket and MRO services also
have proved critical to the company’s engine predictive maintenance capabilities. Together, the
CORE PLM module and ADEM
allow P&W to offer customers
engine part “trend-monitoring
and troubleshooting, and maximize time on wing,” she said,
thereby enhancing customers’
maintenance-planning.
The EngineWise portal offers
customers another P&W digital product designed to make
engine maintenance information easier to access. Designed
to automatically size its display
to any device’s available screen
size and definition and viewable
via any popular Web browser
using standard browser controls,
P&W’s cloud-based interactive
electronic technical publication
(IETP) displays technical data
stored on a DVD or external drive.
P&W’s efforts to make
employees’ jobs easier by means
of digitalization include other
cloud-based services aimed at
reducing workload. One service —
an “insights-driven dashboard”—
provides access to monthly
billing information and a workflow tool designed to reduce the
manual labor involved in billing
operations, said Thomas. Another
cloud-based service allows
employees to manage contracts.
The portal provides “a contractual system of record which has
integrated, consistent ways to
manage negotiation and administration,” she said.
Every effort to advance digitalization represents a major internal cultural change, according to
Thomas. “I absolutely believe digitalization is critical to attracting
the right talent going forward,”
she said. “We’re making sure
we’re upscaling it through the
entire organization and along
with our customers.”
z
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BAE Systems’ PHASA-35 is designed to operate unmanned in the
stratosphere, above weather and conventional air traffic.

British HAPS projects aim
for the solar heights
by Chris Pocock
The two British projects to
develop solar-powered HAPS
(high altitude pseudo-satellites,
alternatively known as high altitude platform stations) appear
to be leading the field now that
most similar efforts in the U.S.
and elsewhere have foundered.
However, despite a development
history stretching back over 20
years, the Airbus Zephyr and the
BAE Systems PHASA-35 still have
not achieved operational status.
Both efforts stem from pioneering work done by QinetiQ
here at Farnborough from 2001
onwards. Airbus Defence and
Space bought the Zephyr project from QinetiQ in 2013. However, some of the engineers left
to form their own company,
Prismatic, and developed a rival
design named PHASA-35. PHASA
stands for persistent high altitude
solar aircraft, and 35 denotes its
wingspan. BAE Systems bought
Prismatic in 2019.
As the designs have matured,
they have benefited from

advances in solar cell and battery
technology, composite structures,
and the miniaturization of potential payloads. Both are designed
to fly at 60,000 to 65,000 feet
for months at a time. The latest
Zephyr-S version weighs about 75
kg, has a wingspan of 25 meters,
and carries a payload that varies
according to the performance
required, according to Airbus.
The PHASA-35 weighs twice as
much and carries a payload of 15
kg. According to Phil Varty, BAE’s
head of business development for
PHASA-35, its payload is double
that offered by the Zephyr. He
told AIN that the larger size and
payload of the PHASA-35 “hits the
sweet spot.” Airbus plans a larger
Zephyr with a similar weight.
Airbus has envisioned no fewer
than 12 applications in the “see
and sense” category, using a variety of sensors including EO, IR,
and hyperspectral imaging, radar
imaging, laser imaging detection
and ranging (LIDAR), passive
radio frequency monitoring (e.g.
for SIGINT), and the maritime
auto identification system (AIS).

But communications connectivity currently appears to be the
most promising market. Compared with satellites, the HAPS
are immeasurably cheaper to
build and offer flexibility of coverage, with no fixed orbit. According to Varty, no communications
satellite in geostationary orbit
can handle 4G or 5G, and they
also suffer from a latency problem. Of course, a HAPS also can
return to the ground for maintenance and upgrades and swap
payloads if required.
Last January, Airbus signed
an MoU with Nippon Telegraph
and Telephone Corp (NTT), plus
Docomo, Japan’s leading mobile
phone operator, and Japanese
broadcast satellite specialist SKY
Perfect JSAT. They will study
a wideband connectivity ecosystem that would employ the
Zephyr as well as satellites. The
trio noted that a HAPS can connect to the nearest terrestrial
network gateway and extend
the reach of existing mobile services directly to end-user devices,
providing service options
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including rural, emergency, and
maritime connectivity.
However, BAE’s Varty says that
defense communications, rather
than commercial, is the main
market. In particular, BAE Systems eyes the U.S. market and has
talked of “a wide Department of
Defense and federal agency customer base.” The first flight of the
PHASA-35 in Australia in February
2020 occurred under the sponsorship of the UK Defence Science
Technology Laboratory (DSTL)
and Australia’s Defence Science
and Technology Group. Earlier, in
2015, Airbus signed a demonstration contract with the UK Ministry of Defence for communication
applications, using three “production standard” Zephyr-Ss built in
2017-18. But in 2019, two of them
crashed while flying from Wyndham in Western Australia, where
Airbus had established a launch
site the previous year. It said that
it chose the location “due to its
largely unrestricted airspace and
reliable weather.” Jana Rosenmann, head of unmanned systems
at Airbus, called the site “our gateway to the stratosphere and the
main flight base for Zephyr going
forward.” Airbus had previously
performed test flights from a desert base in Arizona in the U.S.
The crashes illustrated a major
challenge to HAPS operations—
the vulnerability of their fragile

structure to adverse weather
conditions, especially during
climb and descent through the
troposphere. When coupled with
the need to coordinate with air
traffic control (ATC), it’s not surprising that both projects have
chosen remote areas to conduct
their flights. Regular operations
of PHASA-35, as well as Zephyr,
will happen in unpopulated areas
as well; even a seven-day transit
to a desired operational area is
negligible within the context of
multi-month endurance.
At present, air vehicles flying
above 60,000 feet do not need to Airbus Defence and Space’s Zephyr-S high altitude pseudo-satellite has a wingspan of 25 meters and weighs 75 kg.
coordinate with ATC. However,
the FAA has published a proposal of 76,100 feet. The Zephyr also operations also involved low-level
Facebook and Google have
for traffic management in the conducted four low-level flights, flights, but Varty told AIN that funded solar-powered HAPS
Upper Class E airspace within so its flying hours to date have because the wing has the same with the ambition of filling the
which HAPS operate, including totaled 2,435. Airbus said that Reynolds number as the full-scale gaps in worldwide internet covshared situational awareness to the flights demonstrated multi- vehicle, it would perform the same erage. Both projects have founple payload integrations as well at high altitude. The company has dered. Google then turned to
aid separation.
as
precise stratospheric maneu- also done ground tests on the avi- high-altitude balloons in Project
Operating in the stratosphere
verability
and station-keeping. onics and flight control system, Loon, which demonstrated some
brings its own problems: intense
Despite
the
earlier crashes, the and cold-soak tests for 72 hours utility in remote locations and as
solar radiation and UV, low pressure that can cause arcing prob- UK Ministry of Defence remains on various subsystems. It also has a substitute for ground base stalems in electrical components, enthusiastic. Officials said that tested a communications sensor tions damaged in the Puerto Rico
and very low temperatures that the campaign marked significant payload provided by DSTL and a earthquake in 2017. The scheme
vary markedly between day and progress and called Zephyr “an datalink. It expects to fly to alti- required massive computational
night. The batteries on a HAPS important program within UK tude this year.
power to accurately model the
must allow for enough charging Strategic Command.”
In the U.S., government-funded winds in the upper atmosphere
during the daytime to power the
The PHASA-35 has flown only solar-energy projects such as so that the positions of the balonce,
in 2020 at low level. BAE Pathfinder, Helios, Solar Eagle, loons could be adjusted through
vehicles all night. According to
Varty, the best conditions exist Systems planned to fly it again and Vulture led nowhere. Sev- control of the gas volume. But
within 20 degrees of the equa- in the U.S. in 2021, this time to eral solar-powered airship devel- they still experienced unwanted
tor, where there is a lot of solar altitude, but Varty said that the opments, including HiSentinel, drift, and Google has ended
energy and the hours of daylight weather conditions were unusu- HALE-D, and ISIS, failed. (More the project.
versus nighttime do not vary ally unfavorable, with the jet- recently, a Thales and Alenia
That leaves AeroVironment,
stream farther south than usual. combine has been developing a which has worked on solarmuch by season.
The Zephyr has collected consid- However, the company has flown similar concept, which has made powered aircraft for 40 years,
erably more flying experience than a quarter-scale vehicle at Warton limited progress and is scheduled mostly with funding from NASA.
the PHASA-35. As long ago as 2010, in the UK, and in Spain. Those to fly next year).
Its current project, called the
the Zephyr 7 set a then-world endurSunglider, employs a much larger
and more complex airframe than
ance record for an unmanned aerial
vehicle: 14 days, 22 minutes. Here at
that of the Zephyr or PHASA-35,
with a 78-meter wingspan and
Farnborough, in 2018, Airbus invited
10 propellers. The company has
showgoers to follow a test flight over
Arizona of the first Zephyr S in Arifocused its efforts on commercial
zona in real time.
telecommunications, in a joint
venture with majority Japanese
Last September, Airbus compartner SoftBank. “We look forpleted another test campaign
in Arizona, which achieved 36
ward to maintaining our momendays of stratospheric operation
tum toward aircraft certification
over two flights and a world alti- Designed for telecommunications services, AeroVironment’s Sunglider
and commercialization,” the
tude record for this UAV class features a 78-meter wingspan and carries 10 propellers.
company said.
z
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Aeralis’s modular jet trainer makes gains
by Jon Lake
British military jet developer Aeralis has made great strides over
the past couple of years, having
gained significant investment
from Qatar-based Barzan Holdings as well as a contract from the
UK Royal Air Force’s Rapid Capabilities Office (RCO). The new
funding has allowed the company
to press on with the design of its
innovative modular jet trainer
aircraft. Originally developed as
the Dart Jet in 2015, the aircraft
uses a common core fuselage
with replaceable wings, tail units,
and powerplant pods to create
different variants.
Aeralis partnered with engineering and design consultancy
firm Atkins to work on the
advanced jet trainer and the basic
jet trainer variants of the aircraft
in 2019, and since then the company has teased a range of other
potential future variants, including uncrewed combat, air-to-air
refueling, and ISR versions.
“We started in the training
space for a very good reason,
and that was really to focus on
keeping the aircraft small for the
training market, to control cost
and complexity,” Aeralis CEO
Tristan Crawford told AIN. “But
more and more customers say
that even with that size of airplane, if you can reconfigure it
and put a slightly different wing
on it or choose a slightly different
engine, I can use it to do so many
other things and I get the cost
efficiency. The requests we’re
having to look at are ISR, tanking, uncrewed—and obviously,
we’re looking at weaponization
as well, and the efficiencies just
accrue and accrue and accrue. So
for us, the potential is for this to
grow into a true system of systems, an air system that generates even more affordability for

the customer. That’s really, really
exciting for us.”
Last year Aeralis signed a
three-year contract with the
RCO for research and development into the company’s modular
approach to the design and development of future aircraft, and to
gain an understanding about how
the Aeralis design might support
UK Ministry of Defence (MoD)
efforts to rationalize the future
RAF fleet. The service has shown
considerable interest in how the
modular concept could fit into

Thales UK to further develop
training and simulation systems,
and in September 2021 Aeralis
entered into agreements with
Atkins and Siemens to collaborate on the company’s new Smart
Integrated Digital Enterprise,
known as Aerside.
After months of seeing only
CGI renders of the design and
occasional small-scale desk models, Aeralis displayed two life-sized,
full-scale mockups of the aircraft
at the DIMDEX exhibition in Qatar
in March 2022. It showed one

as streamlined and cost-effective
as possible.
April 2022 also saw Aeralis
sign the second phase of its program with the MoD, which plans
to provide a route to exploit
the potential of the ministry’s
Pyramid open mission system
architecture. “Over the last year
we have delivered some exciting
insights into the digital backbone
required for the development of
new military aircraft, and we
look forward to continuing this
important work in partnership

Originally developed as the Dart Jet, UK-based Aeralis continues work on its advanced jet trainer. The company is
also considering uncrewed versions of the airplane for ISR, combat, and air-to-air refueling missions..
the family of adjuncts and effectors in development under the
FCAS/Tempest program.
Aeralis signed a memorandum
of understanding with Rolls-Royce
in March 2021, launching an initial
exploration of future propulsion
requirements and options, though
neither company has confirmed
press reports that the prototype
would fly under the power of a
Rolls-Royce Adour turbofan. That
powerplant is slimmer than some
competing newer designs, such as
the Honeywell/ITEK F124, with
relatively modest fan module and
casing diameter design constraints
in the powerplant pod.
Also in March 2021, Aeralis
signed a teaming agreement with

of them in a semi-disassembled
state to demonstrate how the
aircraft’s common-core fuselage
can form the basis of a number
of different aircraft variants. The
other appeared in the advanced
trainer configuration.
Since then, Aeralis announced
a partnership agreement with
Hamble Aerostructures in April
2022, which covers integrated
manufacturing design support for
the common core fuselage and
canopy. The contract will support
the development of the structural
design to achieve the key preliminary design review milestone
and should ensure that, by the
time the aircraft enters full-scale
production, the operation will be
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with the RAF,” Crawford said.
In June 2022, Aeralis opened
a new ‘Enterprise Hub,’ consisting of a hybridized office and
design engineering space in the
Aztec West business park on the
northern edge of Bristol, close to
several companies and entities
with whom Aeralis has already
established working relationships,
including the MoD, Atkins, and
Rolls-Royce. Bristol lies in the
heartland of British aerospace
and defense manufacturing, and
enjoys excellent transport links,
and a wealth of engineering and
design expertise in the region.
The company reportedly aims to
ready a demonstrator by 2025 and
offer a saleable product by 2028. z

LEADING THE WAY FOR BUSINESS AVIATION

06 - 08 DECEMBER 2022 | DWC, DUBAI AIRSHOW SITE

WWW.MEBAA.AERO | FOLLOW US ON:

#MEBAASHOW

Vertical Aerospace’s eVTOL is one of several new electric aircraft set for commercial service this decade.

Aviation’s electric dreams
fast approaching reality
by Charles Alcock

wings and wiring systems along- IPO involved a merger with a speside aircraft engines group cial purpose acquisition company
When the last Farnborough Inter- Rolls-Royce (electric propulsion (SPAC) called Broadstone.
national Airshow took place four system), Honeywell Aerospace
To date, the company has
years ago, the aviation industry (flight controls), and Solvay (com- announced provisional sales
focused more on the concept of posite materials). Vertical expects agreements potentially covering
a more-electric aircraft than the the aircraft to fly to a range of deliveries of 1,350 aircraft with
reality. At the 2022 event, for more than 100 miles and operate a combined value of $5.4 billion
which environmental sustainabil- at cruise speeds of up to 200 mph. (implying a unit purchase price of
ity accounts for one of the major
In December 2021, Vertical com- $4 million). Commitments have
themes, electric aviation will pleted an initial public offering on come from high-profile customers
play a far more prominent role as the New York Stock Exchange that including Virgin Atlantic (which
some of the most ambitious start- raised around $300 million. The plans a network of vertiports in
ups exhibit alongside established
aerospace players.
One of the upstarts arguably
ranks as the UK’s current strongest prospect in the fast-emerging
advanced air mobility (AAM) sector. Bristol-based Vertical Aerospace (Stand 41000) is assembling
the first full-scale prototype of its
four-passenger VX4 eVTOL and
aims to start test flights before
the end of this year as it pushes
ahead with its goal of achieving
concurrent UK and EASA type
certification in 2024.
Work at the Filton facility of
Vertical Aerospace partner GKN The Lilium Jet eVTOL would carry six passengers on flights up to 155 miles
Aerospace involves providing at a top speed of 175 mph. A planned stretch version could seat 15..
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the UK), American Airlines, leasing group Avolon, Japan Air Lines,
Gol, Iberojet, and Bristow.
Lilium (Stand 1111) aims to
deliver more range and payload
with its eVTOL vehicle, now
expected to receive type certification in 2025. The initial Lilium
Jet model will seat up to six passengers and offer a range of 155
miles at speeds of up to 175 mph,
while a later stretched version
could accommodate between 10
and 15 seats.
The Lilium design differs significantly from many lift-andcruise configurations under
development by eVTOL developers. Its propulsion system relies on
30 ducted fans, each with its own
electric motor, built into the wing
and canard.
Last year, the German company also raised funds via a SPACbacked New York Stock Exchange
listing and in June arranged an
additional $75 million equity line
of credit with Tumim Stone Capital. In May, it selected Honeywell
and Japanese automotive group
Denso to supply electric motors.
Other partners include GKN, components maker Aernnova, and battery technology group Livent.
Lilium’s engineering team
aims to agree on the details of
its certification program with
EASA before the end of the year.
It aims to achieve concurrent
approval with the U.S. FAA and
Brazil’s ANAC agency under the
bilateral agreements with the
European Union. Earlier this year,
it resumed flight testing with its
smaller-scale technology demonstrator aircraft in Spain.
Lilium continues to work on
plans for scheduled regional services in markets such as Florida,
where it partnered with airport
and railways group Ferrovial to
develop a network of vertiports
in cities including Orlando and
Miami. Fractional ownership
group NetJets, which earlier this
year signed purchase rights for 150
Lilium Jets, plans to get involved

in operating the Florida services.
Other provisional customers
include Brazilian airline Azul,
which has committed to 220 aircraft for domestic flights.
Even following a business combination and initial public offering with Zanite Acquisition in
May, Brazilian airframer Embraer
(Stand C105) remains the majority
shareholder in advanced air mobility group Eve. The $377 million
raised in this most recent eVTOL
stock flotation proved less than
anticipated, as have several others
over the past 12 months or so, but
Eve characterizes its plans to bring
a four-passenger vehicle to market
in 2026 as robust and well-financed.
The company has reported provisional sales agreements, which like
all others in the sector appear not
backed by any deposit, for more
than 1,800 aircraft.
According to Embraer, its backing in terms of both engineering
and certification experience and
its global customer support network will prove key advantages
for Eve. The company has already
agreed on the basis for type certification with ANAC.
So far, however, Eve has
revealed very little about how far

work on its full-scale prototype
has advanced. Co-CEO Andre
Stein told a press conference in
February that the company will
start flight testing this year and
emphasized that it has made
extensive use of a simulator for
early development trials.
Like many other eVTOL aircraft
pioneers, Embraer advocates for
the need to develop a so-called
ecosystem to support operations.
The company has established multiple partnerships worldwide with
companies such as Skyports that
aim to develop vertiports in cities worldwide including London,
Miami, and Rio de Janeiro.
Earlier this year, Eve partnered
with prospective customer Helisul
Aviation to operate a month-long
trial for planned urban air mobility
services in Rio de Janeiro. Using
Helisul’s existing helicopter fleet,
the partners sought to demonstrate
how efficient new connections
could be established across the
sprawling Brazilian city. As it seeks
to develop an air traffic management system to meet the needs of
eVTOL operations, Eve maintains
an advantage through its Embraer
sister company Atech, which works
directly with the Brazilian air force’s

Many eVTOL players are startups, but OEMs Embraer Eve (above) and Airbus
(below) have begun work on entries of their own for the UAM/AAM market.

ZeroAvia aims to convert existing regional airliners such as the Dornier
Do-228 with electric-hybrid systems that use hydrogen fuel cells.
Department of Airspace Control.
Another major aerospace
group committed to supporting
the advanced air mobility sector—
Airbus (Stand E009)—unveiled
plans for the CityAirbus NextGen
vehicle in September 2021. The
fixed-wing model, which features
eight sets of electric motors and
propellers, will carry up to four
passengers on flights of up to 50
miles at speeds of 75 mph.
The European company’s
eVTOL plans accompany its
declared ambitions to certify a
hydrogen-powered airliner by
2035 through its ZeroE program.
It aims to achieve the first flight
with a full-scale CityAirbus prototype in 2023 en route to EASA type
certification in 2025.
Vertical lift aircraft are not the
only avenue for electrifying aviation, as several fixed-wing types
also have entered development.
Three years ago Eviation Aircraft
(Stand 1000) introduced its six-to
nine-seat Alice aircraft, and the
company has made significant
changes to the design since then.
Input from prospective customers
and improved propulsion technology led to a redesign that saw a trio
of 350 kW electric motors replaced
by a pair of 650 kW units now fitted by the tail, instead of mounted
on the wingtips. Sister company
MagniX manufactures the motors.
The U.S.-based start-up aims to
complete FAA Part 23 type certification and EASA bilateral approval
in 2024. It already holds commitments for 75 aircraft from New
England-based carrier Cape Air,

and express delivery giant DHL
expects to take an initial dozen
units in a freighter configuration.
Meanwhile, ZeroAvia (Stand 1010)
wants to convert existing regional
airliners to a propulsion system
based on hydrogen fuel cells, starting with a 19-seater in 2024.
Taking a somewhat similar
approach, Cranfield Aerospace
Solutions (Stand 4530) continues
work with two regional airlines in
the UK and Germany to convert
nine-seat Britten Norman Islanders
to hydrogen power. It aims for supplemental type certificate approval
by 2025, and in the longer term to
expand the scope of its technology
to power a 100-seat aircraft.
Rolls-Royce (Stand C41160) is
also working with Embraer and
Scandinavian carrier Wideroe
on a joint study for a new-build
zero-emissions airliner. Several
propulsion options remain under
consideration, including allelectric, hydrogen fuel cells, and
a hydrogen-fueled gas turbine.
Rolls also has partnered with Italy’s Tecnam in the development
of the P-Volt derivative of its
P2021 nine-seat commuter.
Earlier this year, Rolls-Royce
and Honeywell achieved milestone power outputs of 1 MW in
ground testing of their respective hybrid-electric powertrains.
Rival engine maker Safran (Stand
B038) provides versions of its
EngineUs electric propulsion
systems to aircraft manufacturers including Bye Aerospace, Diamond, Aura Aero, and Chinese
eVTOL start-up TCab Tech.
z
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Boeing staged a display of its entire
737 Max family on June 14 in Seattle.

Boeing makes headway
as regulators keep vigil
by Gregory Polek
A stricter regulatory environment resulting
from the twin fatal crashes of the Boeing 737
Max in 2018 and 2019 undoubtedly has slowed
certification progress on the latest variants,
the Max 7 and Max 10. But recent legislation
that requires a modern crew alerting system in
new aircraft certified after next January 1 perhaps presents the most pressing concern for
Boeing, which must demonstrate to the FAA
that the current cockpit configuration in the
Max 10 ensures an equivalent level of safety
to aircraft with an engine indicating and crew
alerting system (EICAS). If the Max 10 does
not gain certification by the end of the year,
Boeing will need to get an exception to extend
the effective deadline or face the prospect of
redesigning the avionics system to include an
EICAS, which would cost it not only valuable
time but erode the commonality between
variants so valued by airline customers.
Addressing reporters during one of a series
of briefings held in the Puget Sound area
ahead of the Farnborough Airshow, Boeing
vice president for 737 Max return to service
Mike Fleming expressed satisfaction with
the performance of the airplane during flight
testing. He noted that program members had
nearly completed all engineering test points
and nearly finished performance testing as
well as testing of the new, heavier main landing gear. Crews have also flight tested an
enhanced angle-of-attack system on both test

aircraft. Investigators determined that faulty
AOA data contributed to the crashes that led
to the type’s grounding in March 2019.
Fleming conceded, however, that whether
or not the airplane gains type inspection
authorization (TIA) in time for certification
by the end of the year rests with the FAA’s
approval of development assurance work,
during which Boeing needs to complete items
such as fault hazard analysis. “Once we get
that information and provide it to the regulator and we get their buy-in, they’ll typically
grant type inspection authorization, then
we’ll go fly the airplane,” he explained, adding
that the company has gotten “roughly halfway
through” the process.
Fleming insisted that, despite the time
pressure that resulted from the legislation
known as the Aircraft Certification, Safety,
and Accountability Act (ACSAA), Boeing will
not rush through any of the required steps.
Addressing a question about whether he personally thought Boeing would meet the cutoff
date, Fleming answered, “it’s indeterminate.”
Neither would he identify a time for when Boeing might have to ask for a deadline extension.
“I think, personally, this will sort itself out
because we’re all trying to do the right thing,”
said Fleming, referring to Boeing, the FAA,
and Congress. “We believe the 737 is safe. We
believe the crew alerting is safe. We believe
the commonality is one of the key safety features of our family of the 737 airplane.”
The Boeing v-p did characterize the new
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regulatory regime as a challenge, however.
“It’s taking longer to get approval on our documents than it has in the past,” he conceded.
“There’s no secret about that. I think there’s a
level of rigor on both sides in terms of going
through these documents and making sure
that we’ve got everything that’s in there. And
I think that’s what makes it a little bit of a
challenge for both us and the FAA…We’re sort
of learning as we go here on all sides.”
Of course, the more rigorous regulatory
processes have not only affected the Max. The
troubled 777X widebody, for example, won’t
gain certification before 2025, some five years
later than originally planned, due largely to
the changes. However, Fleming wouldn’t
attribute the delays solely to the new regulatory regime, adding that “different issues” had
arisen. Although he did note the problems discovered with the GE9X engines in 2019 as one
factor, he discussed few details for the latest
of now four separate delays other than “technical things and documentation issues.”
Asked about a flight control problem on
December 8, 2020, that led to an uncommanded pitch event, Fleming insisted the
crew maintained control during the entire
incident and that the company quickly understood the nature of the problem and solved it
with a software change.
“There are always issues that you find on the
airplane, any airplane, even after they’re certified, and you go through the test program and
you find things, and that’s why you conduct
test programs—to make sure that you go out
and you find things,” he said.
“So I don’t want to give anybody the impression here that we’re pointing fingers at the
regulatory process as being all the driver of
what’s happening here…I would tell you that
when we moved the airplane program, it
wasn’t just the regulatory environment. It did
have to do with our ability to complete some
of the work that we needed to do in that environment on the processes.”
Separately, Fleming reported that the
smallest member of the 737 Max family, the
Max 7, had completed flight testing last year
but that Boeing continues to conduct documentation work to satisfy the ACSSA legislation. “We’re in the process of working through
all of the documentation requirements to provide the FAA,” he noted. “Service-ready activity is already underway and by virtue of the
fact that it’s nearly identical to the 737-8 and
-9, we expect it to go into service and perform
just like [those airplanes].”
z

REGISTER FOR THE WORLD’S LARGEST
BUSINESS AVIATION EVENT
Join over 23,000 industry professionals for the most important three days of business
aviation, with 1,000 exhibitors, 2 aircraft displays – one inside the exhibit hall and the
other outside at Orlando Executive Airport, and more than 50 education opportunities.
Visit the NBAA-BACE website to learn more and register.

REGISTER NOW | nbaa.org/2022

Structures business
broadens Collins’s reach
by Chris Kjelgaard
Aware of every aerospace sector’s growing
need for lightweight, more resilient structural
materials capable of operating in the harshest environments, Collins Aerospace created
its new Advanced Structures business unit as
a strategic initiative designed specifically to
address that market opportunity, according to
the unit’s leader.
Samir Mehta, formerly head of Collins’s
Mechanical Systems business, assumed the presidency of the new Advanced Structures unit in
January, when the company merged its Mechanical Systems and Aerostructures businesses. The
new unit employs about 15,000 people.
By fusing the two units’ respective capabilities and building upon them with the aid of the
Dutch Thermoplastic Components business it
acquired in December 2021, Collins planned
to create advanced new technologies and
products for all aerospace manufacturing sectors, from eVTOL aircraft to next-generation
hypersonic vehicles.
Collins moved away from an organizationalsilo approach. “The thought was rather to
work across organization lines where [each
unit’s skills] were considered to be individual
distinct capabilities, to create an organization
where the primary focus is to advance the
strategic initiative of advancing lightweight,
resilient materials,” Mehta told AIN.
Collins increasingly noticed that every one of
its aerospace customers had voiced demands for
lighter but more durable and resilient materials,
according to Mehta. Each customer expressed
different reasons for its requirements, but the
demand was ubiquitous and kept growing.
“Once you have that foundational demand,
by combining the capabilities of Mechanical
Systems and Aerostructures, you can take the
best of the best and create more complete
solutions for customers,” he said. Mehta aims
to further that goal by securing ample R&D
investment and by rotating the engineers
and designers in each Advanced Structures
business among its other businesses. The
approach ensures that they know each business well, so all can work together closely.
Collins’s new thinking includes leveraging

the high competence it has developed in the
Wheels and Brakes unit of its Mechanical Systems business in creating a very pure, highly
durable formulation of carbon—which the
company calls carbon-carbon—for the carbon
brakes it manufactures for large commercial
aircraft. The company supports the technologies under development at Raytheon to create
next-generation hypersonic aircraft by sharing
with the parent company details of the carboncarbon manufacturing and technological capabilities for manufacturing heat-resistant carbon
aerostructures for those vehicles.

eVTOL aircraft and for the lightweight electric motors and actuators they will require,
according to Mehta.
Another cross-business application under
study at the Advanced Structures unit, this
time for Collins’s BE Aerospace aircraft interiors business, involves using thermoplastic
carbon-fiber composite materials to manufacture stronger and lighter passenger seats.
Because thermoplastic parts can be welded
together into complex structures, they will
not need many of the hinges, fasteners, screws,
and other metal parts required by today’s airline seats made of thermoset composites or of
metals. Collins continues development work
on a thermoplastic economy seat 4 kg lighter
than a conventional one.
Collins has calculated that every kilogram of
weight saved in an airliner seat reduces the aircraft’s CO2 emissions by 1 kg every 10 flight hours.

Collins
Aerospace’s
furnaces in
Pueblo, Colorado,
prepare carbon
for use in aircraft
brakes.
Two other examples of Advanced Structures’
merger-reinforced capabilities not only apply to
conventional aircraft applications but also to the
burgeoning eVTOL sector, said Mehta.
Advanced Structures’ aerostructures business has gained extensive experience in manufacturing carbon-fiber composite materials into
complex shapes that “fit appropriately to the
application,” he said. The carbon-fiber engine
nacelles and cowls Collins makes represent the
most visible examples of that capability.
Meanwhile, the Actuation Systems part
of Advanced Structures Mechanical Systems
brings expertise in designing and manufacturing compound harmonic drives, powerful
small electric motors used to actuate aircraft
control surfaces, landing gear retraction, and
nosewheel steering.
Together, those two technologies can apply
to manufacturing the very thin, very strong
composite wings and control surfaces of
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So, for a 200-seat aircraft flying 1,000 four-hour
sectors a year, a 4 kg reduction in passenger-seat
weight would reduce the aircraft’s CO2 emissions by 353 tonnes annually—equivalent to taking 76 cars off the road for a year.
Along with merging the Aerostructures and
Mechanical Systems businesses, Advanced
Structures aims to cooperate with other Collins
business units. Today many of Collins’s Wheels
and Brakes customers prefer to pay for the carbon-carbon brakes on their airliners on a payper-landing basis, said Mehta. But Collins plans
to commit its Connection Aviation Solutions
unit to offering airlines per-aircraft data analytics showing how the pilots of each aircraft use
the brakes during taxiing and how they could
reduce that safely. The arrangement would prolong brake life, reduce solid waste, emissions
and maintenance, and Collins would offer customers using the service lower-cost brake payment rates.
z

CR929 widebody
suffers delays due
to lack of engine
Escalating economic sanctions against Russia imposed by the West have all but assured
Rolls-Royce or General Electric cannot supply an engine for the planned Sino-Russian
CR929, forcing a significant delay to service
entry of the widebody twinjet, at least until
2030. Shanghai-based Commercial Aircraft
International Corp. (CRAIC), a 50/50 joint
venture between China’s Comac and Russia’s
UAC, manages the project.
Soon after CRAIC’s founding in 2017, it
began searching for a powerplant in the 77,000pound thrust range. Because China and Russia produced no suitable engine, the partners
decided to use either the Rolls-Royce Trent
1000 or General Electric GEnx-1B76 on prototypes and early-delivery airplanes. That, theoretically, would have allowed for first flight in
2022 or 2023 and shipments to begin in 2025.
Yet the deepening rift between East and
West prevented the U.S. and UK manufacturers from obliging CRAIC, and so the company
will likely have to wait for an engine to come
from Eastern sources.
China’s AECC had begun developing the
CJ-2000 turbofan using Ukrainian technology
and components, but the project now appears
likely to go nowhere after the Russian air force
destroyed the Motor-Sich aero-engine plant
in Zaporizhzhia on May 26. An earlier plan
for a close relationship between Chinese and
Ukrainian aero-engine industries fell through
after the government in Kyiv vetoed the sale of a
major stake in Motor-Sich to Chinese investors.
The only hope now lies with the PD-35 from
Aviadvigatel, a member of Russia’s United
Engine Corporation (UAC). Its experimental
gas-generator (engine core) entered trials last
autumn. Now the core is undergoing a second
testing phase at Baranov’s Central Institute of
Aviation Motors in Moscow.
This year, Russian manufacturers began
making experimental parts for the PD-35’s
fan, which measures 122 inches in diameter.

Because of the fan’s size and curved geometry,
it must use composite blades.
Schedules call for the completion of the
first complete engine next year. Should testing prove successful, Aviadvigatel will set
the PD-35’s final configuration in 2025 and
start serial production in 2028. If so, the first

VLADIMIR KARNOZOV

by Vladimir Karnozov

1,200 aircraft in the CR929 class. Together with
exports, that justifies plans for a production
run of 800 over a period of 20 years. The project will require $20 billion to pay for research
and development, preparation for production,
and an after-sales support system.
Because CRAIC will place the CR929
assembly line in Shanghai, the factory there
will export airplanes to Russia, where official
estimates call for a need for between 50 and
120 units. In view of recent U.S. and European
Union decisions to ban sales of jetliners to
Russian airlines, the latter might need more
airplanes to compensate for canceled Airbuses and Boeings and airplanes prematurely
withdrawn from service due to a lack of spares
and technical support from OEMs.
The first deliverable CR929s will not likely

A model of the CRAIC CR929 widebody appears at Moscow’s MAKS 2021 air show.
deliverable examples could appear in 2029
or 2030.
Late last year, the Kremlin allocated an
extra 44.6 billion roubles ($750 million) for
development of the engine. On May 27, the
SibProektNIIaviaprom scientific-research
institute in Novosibirsk reported the completion of the plan for how to establish an
experimental production facility for PD-35
developmental prototypes.
The partners optimized the PD-35 design
for the CR929-600. This first family member
would weigh 540,000 pounds and carry 280
passengers 6,480 nm. The first metal was cut
on a structural member in September 2021.
Two months later, Russia’s AeroComposite
company reported commencing the manufacture of technology prototypes for the CR929’s
composite wing.
According to China’s Plan for Civil Aviation
Development 2021-2025, the country needs

become available before 2029, so Russia
believes the four-engine Il-96 can bridge the
gap in the interim. Over the short-term, UAC
will keep producing two Il-96-300s annually
while admitting that the airplane’s high perseat fuel burn makes it unattractive to airlines. This year, the company hopes to fly an
improved and stretched Il-96-400.
“In case of necessity, this Il-96 can be
launched into a limited series for commercial
airlines,” said Yuri Borisov, deputy prime minister responsible for the military-industrial
complex in the Russian government. “Perhaps
two to three airplanes a year will do. Right now,
no more are needed.”
The Il-96-400M will serve as the first application for the PD-35. Reducing engine count
from four to two will improve the type’s performance and help stimulate airlines to place
more orders, potentially justifying an annual
output of three to four airframes.
z
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GE Bromont’s production center boasts
a robots-to-operators ratio of 1:2.

GE automation R&D center
focuses on MRO challenges
by Chris Kjelgaard
One of GE Aviation’s lesser-known success
stories, the GE Bromont Global Robotics
and Automation R&D Center, is developing
robotic technologies to automate internal and
external inspections of engines arriving at GE
maintenance shops.
Founded in 2011, the automation center of
excellence emerged as an adjunct to GE Aviation’s compressor blade- and vane-manufacturing facility in Bromont in southeastern Québec.
Opened in 1982, the facility is GE Aviation’s
most automated production plant, and GE
established the R&D center to find ways to automate the factory’s procedures to make production more efficient in terms of unit time and cost.
The world average ratio of robotic production systems to machine operators stands at
about 1:100; in Singapore, where production
is more automated than in any other country,
the ratio now equates to about 1:10, said Eric
Dube, director of GE Aviation’s Global Automation and Robotics R&D Center. But GE Bromont’s production has become so automated
that it boasts a robots-to-operators ratio of 1:2.
GE characterizes the R&D center’s mission as a success. Dube said that the Bromont
blade-production facility has averaged a 6.4
percent reduction annually in unit production

cost, but from 2018 to 2019 the cost reduction
grew to more than 10 percent.
He attributes the improvement to GE Bromont’s application of many of the automation
solutions developed by the R&D facility—
which works closely with the GE Research
Center in Niskayuna, New York—for GE Aviation and other GE production subsidiaries.
One such project involves automating the
production of hybrid-electric engine systems,
according to Steeves Bouchard, chief engineer
for GE Bromont.
Bouchard told AIN that the automation
center has now developed about 120 successful robotics and other automation systems
installed at GE facilities globally and offered
to external customers.
Most of the center’s initial R&D work
involved robotics projects, according to
Bouchard. Within the past five years, it has
used that expertise to automate internal
borescope inspections of engines inducted
for maintenance before and after engine
strip-down and rebuild. The R&D center is
studying the use of automated ground vehicles (AGVs) and drones to perform external
inspections, and AGVs to conduct internal
borescope inspections.
If GE can automate inspections fully, it could
create a big advantage for GE’s MRO shops, said
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Bouchard. “If you digitize your inspection, you
can automate the repair,” he explained. “You
can get the part, find the defect, weld it, blend
it, inspect it, and ship it [without any human
involvement other than oversight.]”
Another of the center’s MRO-related
solutions uses digital cameras to perform
the visual portion of fluorescent penetrant
inspections (FPIs) of engine metallic parts
for signs of cracking. Mechanics require a lot
of training to perform FPIs properly and, for
some parts with convoluted topologies, operators need complex arrangements of tented
mirrors to see the entire part, said Bouchard.
Using a digital camera provides a better view.
Now the center has begun work on artificial
intelligence-based tools to create a fully automated inspection system for non-destructive
testing of engine parts. It aims not only to create the capability to detect and locate cracks
but to do so with a better detection rate than
possible with human inspection.
One automated inspection tool the center already has developed uses a 3D sensor
to detect and measure the depth of visible
defects in parts. Not only does the sensor
inspect turbine and compressor blades, but it
can also inspect any piece of engine hardware,
said Bouchard. The tool measures defects
more reliably than human inspectors and has
reduced the rejection rate of inspected blades
by more than 30 percent.
Dube expressed particular pride in the
approval of GE Aviation’s investment review
board of the center’s proposal to install a newly
developed robotic system for handling large
parts weighing 400 to 500 pounds at the company’s factory in Lynn, Massachusetts.
The board determined the project provided
“instantaneous payback” in costing less to
install than traditional production machinery. The system has also lowered production
costs by $2 to $3 million per year, according
to the company.
Another development project involves an
automated way to solve the “bin picking” challenge by using robots with pressure sensors
controlled by artificial intelligence algorithms.
Simple for humans but not for robots, picking
highly reflective parts with complex surfaces
from storage bins and placing them exactly
where needed for the next production step
has proved a challenge for GE Aviation.
The center planned to demonstrate the first
such system at GE Bromont in early June. If that
proves successful, the GE Bromont production
facility could install 20 systems, said Dube. z
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Will hackers bring down
airplanes one day?
by Peter Shaw-Smith
The increasingly complex—and
networked—nature of international civil aviation appears vulnerable to new dangers at a time
the industry’s successful reemergence from the coronavirus pandemic ranks as its top priority.
Ever since 2017, the caseload
involving cyber-attacks on airlines has evolved rapidly. Cathay
Pacific, British Airways, Bangkok
Airways, Air Canada, Singapore
Airlines, and EasyJet have all
fallen victim to highly costly and
widely reported data breaches.
In recent years, the aviation
industry has had to deal with
a new breed of threats, which
could center on penetration of

the aircraft’s avionics using networks associated with communications or in-flight entertainment
(IFE) systems, for example.
Benign hackers have documented
many cases.
At the Future Aviation Forum
in Riyadh on May 10, Professor
Khaled Alghathbar, Saudi Arabia’s
National Cybersecurity Authority
governor’s advisor, told a panel on
aviation security and safety that
the industry faced increasing risk
of cyberattacks and disruption.
“In the past few years, we have
seen cybersecurity attacks on
multiple fronts, mostly focusing
on data breaches,” he said. “However, we have already started seeing threats further up the value
chain, attacking the supply chain

and broader ecosystems. It is a
matter of time before that could
go further into safety and availability to cause devastating disruption. All I can say is it is not a
question of if, but when.”
AIN contacted representatives of three U.S.-based and
four major international airlines
on avionics security but did not
receive a single acknowledgment of its interest in reporting
on the topic.
Tom Evans, a barrister at law
firm DAC Beachcroft in London, said that in contrast to
data breaches, new risk levels
existed when it came to operational technology for airlines at
aerodromes or air traffic control
centers. “It’s not so easy to see
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the commerciality of that threat,
whereas it is quite straightforward for a threat actor to hack
into someone’s system, encrypt
and exfiltrate their data, and then
say: ‘Unless you pay me a ransom,
I’m going to publicize all your
data on the dark web,’” he said.
“If you are talking about hacking a networked piece of operational technology for the purpose
of threatening physical damage,
you are at a very different level of
threat and risk to someone who’s
just trying to steal something to
make money. Inevitably, there’s far
more of a political element, I think,
to any of that kind of behavior, and
you are probably verging more
into the territory of terrorism.”
He said dangers to aircraft in
flight were becoming an ever more
realistic threat: “So much more of
our technology, to make systems
work is networked or connected
in some way to the internet. That
could be for fault diagnostics or
safety monitoring, or because a
third-party supplier monitors a

particular piece of equipment for someone traveling on an airplane,” of IT and operational technol- in technologies and processes that
performance data. For all of those he told AIN. “Anything that hap- ogy platforms and the desire to led to the increase of the cyberreasons, elements of operational pens must be seen as an accident, enrich information to give pas- attack surface.”
technology are connected to a otherwise there will be hell to pay. sengers more insight and allow
Aviation needs to analyze and
network that makes them inher- I need to carry out three activities. engineers on the ground to mon- address many cyber threat sceently vulnerable.”
One, I need the passenger man- itor a flight. “We have opened a narios, making ICAO the ideal
The doomsday scenario of ifest to know when my target is remote entry point to gain access forum for that process, he said.
someone hacking a network to traveling. Two, I need access to to something that was once pretty “ICAO is more concerned about
remotely take control of an air- the flight systems. Three, I need a locked down,” said Haskins. “The cyber threats that would have
plane or make it fall out of the way to hide all the evidence.”
danger here is a cyberattack that potential impacts on aviation
sky or take control of a national
In addition to several well- causes a kinetic outcome. These safety, security, or continuity,”
air traffic control system appears publicized data breaches, Haskins things have already happened explained Karaky. “Such threats
some way off. At least outside of said various security research- elsewhere, and lives have unfor- are not limited by national bornation-state capabilities, such ers had managed to gain access tunately already been lost due to ders, as addressing them requires
capacity has yet to become wide- to flight systems, sometimes these types of events.”
a global framework that is harcausing unfortunate incidents.
Haskins believes that if the trav- monized, consistent, holistic
spread, Evans believes.
“One of the few things that we “It doesn’t matter if this is the eling public starts selecting airlines across aviation stakeholders and
can say with certainty, over the opening sequence for the next based on their adoption of security domains, and in line with global
past 30 or 40 years of the inter- spy movie or if it really is some- and safety measures, more airlines air transport priorities.”
net age is that changes in tech- thing that has happened,” he said. would consider this a priority.
In 2020, Michael Vanguardia,
nology happen very rapidly,” he “What matters is what the airlines
Rashad Karaky, an aviation associate technical fellow for
said. “They can be fundamental are doing to take this seriously.”
cybersecurity officer at the Inter- product cybersecurity at Boeing,
in nature to the way that we do
He cites a legacy case where national Civil Aviation Organ- gave a presentation called Operation Reverse Thrust—Boeing’s
things and live our lives and can
strategy
for security researcher
be unpredictable for laypeople.
How the threat manifests itself
engagement. In it, he hinted that
is very difficult to predict, and
Boeing would like to improve dialogue with benign hackers.
because of that, we have to take
it seriously.”
He referred to a changing
industry dynamic, with OEMs
Ultimately, whether an inhersuch as Airbus, Boeing, and supent vulnerability in a network
pliers like GE, Collins, and Honsystem would allow a bad actor
eywell
coming together to work
to manipulate the system in such
a way that it could cause physiwith researchers and regulators.
cal damage stands as a crucial
Neil Haskins, co-founder and CEO, Ronin
“In some cases, I think it’s going
question. “I don’t have an answer
to lead to a more secure indusabout that,” said Evans. “You’d hackers targeted a moving car, ization (ICAO), said recent try,” he said. “These technology
need to talk to the developer of something the manufacturer had developments in technology in threats are rapidly evolving. We
the software, or the cybersecurity said couldn’t happen. “Fast for- the realms of safety, security, have got to do something and
resilience people, who patch that ward a few years, and hackers air navigation, and facilitation we have got to stay ahead of the
software for vulnerabilities.”
from the same company use their among national authorities and game. The message is we need
One prominent benign hacker research to gain access to IFE sys- agencies, airlines, air navigation to proactively collaborate with
contacted by AIN refused to tems and find out that they aren’t service providers, and ground industry and the researchers, and
discuss his research, citing his quite as segregated from avionics handlers meant that civil avi- this will likely lead to reduced
recent report. AIN understands as everyone thinks,” he said. “We ation had become a “system cyber risk within our space. It is
that airlines, OEMs, and others don’t take a huge amount of pleas- of systems.”
much easier to solve a problem
willfully attempted to discredit ure when we find out how thin the
when
we’re working together
“This exposed the sector to
than
when
we’re combative. I
cybersecurity
threats
in
which
his findings.
line is for aircraft safety. Our goal
hope
we
can
bring some more
a
successful
cyber-attack
might
Neil Haskins, co-founder and is to highlight areas of risk and
CEO of Ronin, a UAE-based drive manufacturers to mitigate have negative impacts on finan- of you within this space to work
data security services provider, issues. I don’t expect the airlines cials, reputations, continuity of with us on this journey.”
imagines a scenario where bad to have security researchers of the services, and even on the safety
Despite the conciliatory note
actors obtain complete control caliber we do, but they do have the and security of people and assets,” sounded by Vanguardia, Boeing
of an inflight passenger aircraft budgets to retain organizations he said. “Lately, the Covid-19 pan- declined to direct AIN’s request
with 300-plus people on board. like ours to carry out this work.”
demic was also a catalyst for cyber for comment on the topic to the
“Imagine I’m a motivated, skilled
He said a very real problem threats in general, including on appropriate officials on the eve of
z
threat actor, and my target is existed with the convergence civil aviation. It entailed a change the Farnborough Airshow.

 We don’t take a huge amount of

pleasure when we find out how thin
the line is for aircraft safety. Our goal
is to highlight areas of risk and drive
manufacturers to mitigate issues. 
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Decarbonization
continued from page 24

improvements, higher-than-mandated SAF
uplift, and accelerated fleet updates and
renewal. Together, they could reduce the cost
of the EU’s decarbonization measures by €45.7
billion in the high scenario and €34.8 million
in the low scenario and account for 24.1 percent and 13.4 percent of the net emissions savings, respectively, the paper finds. “The vast
majority of the remainder would thus need to
rely on market-based measures such as ETS
and Corsia,” it concludes.
The upcoming changes to the aviation
ETS, however, do not sit well with the industry. “Phasing out free allowances by 2025,
even before decarbonization technologies
such as SAFs are widely available, will only
make traveling in Europe more expensive. It
will not speed up the deployment of clean
fuels or more efficient aircraft,” remarked

Infrastructure
continued from page 20

“material embrittlement” in various materials. How embrittlement will affect OEMs’
choices of materials for aircraft fuel tanks and
fuel-handling systems and its effects on part
lives must be understood.
Boeing and GKN Aerospace are cooperating with government and industry partners
to develop fuel tanks large enough to hold
the amounts of hydrogen required by large

Laurent Donceel, senior policy director at
Brussels-based airline trade body Airlines for
Europe (A4E).
Speaking at A4E’s in-person aviation summit earlier this year, Lufthansa Group CEO
and A4E chairman Carsten Spohr asserted
that Europe can become a global leader in
decarbonizing aviation. But, he added, achieving net-zero emissions by 2050 should not
erode the competitiveness of European airlines nor lead to carbon leakage. Lufthansa
and its sister airlines Swiss, Austrian Airlines,
Brussels Airlines, Eurowings, and Air Dolomiti are part of the aviation alliance Fit for 55
created in January to call for changes to the
commission’s proposals, claiming they risk
skewing the “level playing field” and transferring activities and CO2 emissions to a country
or region with less stringent environmental
rules or concerns.
In a recent economic analysis of the Fit
for 55 proposals, the Institute of the German
Economy (IW) pointed to similar concerns

and stated they could lead to “severe market distortions to the detriment of European
airlines.” The EU Commission’s climate protection plans would primarily make flights by
European airlines, including direct connections to other continents, more expensive
while for airlines from neighboring regions,
only the flight to their home hub would
become more expensive, not the onward flight
from there. “In particular, nearby hubs such
as London, Istanbul, or Zurich would gain a
competitive advantage in this way. But flights
of the Gulf airlines via Dubai or Doha would
also be less expensive compared to direct
flights from the EU,” according to the study
by the German Economic Institute titled EU
Climate Policy Could Make Direct Flights
More Expensive.
“It is to be feared that due to the resulting
distortions of competition caused by the EU
plans, both passengers and cargo will migrate
to non-European airlines in the future,” it
concluded.
z

aircraft for long flights and made of materials
not prone to hydrogen embrittlement. Carbon
fiber composites appear particularly suitable.
In partnership with DARPA and NASA, Boeing has developed an all-composite, reducedmass, cryogenic rocket fuel tank the OEM said
is one of the biggest ever made and tested.
GKN Aerospace, meanwhile, has started three
hydrogen fuel-tank projects, said Max Brown,
v-p of technology for GKN’s future advanced
technologies initiative.
One, in the UK, centers on thermosetcomposite fuel tanks. Another, in the

Netherlands, involves thermoplasticcomposite tanks. The third, in Sweden,
focuses on metal fuel tanks. GKN plans to
compare the results to see which material
appears best for storing liquid hydrogen.
Airbus based its 2035 estimate for entry
into service of hydrogen-powered large transport aircraft on its ability to mature and flighttest the required technologies sufficiently by
2026. Aircraft development, production, and
certification would then take another nine
years. “We think that timeline is challenging
but achievable,” said Llewellyn.
However, by using modular, fuselage-wide
tanks and powertrains developed in-house
to drive hydrogen fuel cell-powered electric motors, well-backed start-up Universal
Hydrogen reckons it will certify modified,
hydrogen-powered, seat/mile cost-competitive ATR and Dash 8 regional turboprops for
service by 2025.
“The vision of Universal Hydrogen…is to
influence the conversation around the use
of hydrogen as a fuel source, particularly for
the single-aisle market,” said Rod Williams,
Universal Hydrogen’s chief commercial officer. “We believe that when our products
are in commercial service by 2025 it will be
uncontroversial and irrefutable that the nextgeneration single-aisle aircraft will be powered by hydrogen.”
z

Airbus is conducting the ZEROe program research on hydrogen technology at its Zero Emissions
Development Centre in the UK.
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Upgraded CFM Leap-1A
to power A321XLR
by Chris Kjelgaard
CFM International will supply a version of the
Leap-1A that generates 34,000 pounds of maximum takeoff thrust for highest-gross-weight
or hot-and-high Airbus A321XLR missions,
CFM president and CEO Gaël Méheust told
AIN just ahead of the Farnborough Airshow.
Designated the Leap-1A35A, the highest-thrust
version of the engine type certificated by CFM
so far will physically replicate all other Leap-1A
engines and will obtain its thrust increase purely
by means of a data plug that updates the engine
control, according to Méheust.
While CFM already has included the Leap1A35A in its EASA and FAA Type Certificate
Data Sheets (TCDSs) for existing Leap-1A
variants, the latest revision of the FAA TCDS
(Revision 7) indicates that CFM so far has certified the Leap-1A35A for only 32,160 pounds
of maximum takeoff thrust. That suggests
CFM will need to complete a further certification exercise to increase the version’s
maximum takeoff thrust to 34,000 pounds—
though given Méheust’s unequivocal confirmation of the Leap-1A35A’s increased thrust
level, the work might well prove minor and
require CFM only to submit a paper analysis
to the regulators.
CFM is “extremely proud that the Leap-1A
was the first engine to fly on the A321XLR,”
said Méheust, adding that the engines in the
A321XLR flight-test program have “performed
perfectly.” In advance of the A321XLR’s first
flight and during the flight-test program, CFM
has not performed any specific engine tests to
support the A321XLR program, he said, because
the engine is identical to all other Leap-1As
already powering A320neo-family aircraft.
Méheust also revealed that the Leap engine
family has passed the 20 million flight-hour
mark in commercial service and achieved a dispatch reliability rate higher than 99.95 percent.
He said the 99.95 percent figure represents
an even better average than that achieved
by CFM’s production record-breaking firstgeneration engine family, the CFM56, over its
nearly 40 years in service. Méheust noted it
took the CFM56 25 years of service before its

design reached the extremely high dispatch
reliability for which the family has become
known, whereas CFM has achieved equal dispatch reliability with the Leap family in just
six years of commercial service.
On a rolling 12-month basis, inflight shutdowns of Leap engines occur only once in
every one million flight hours on average,
according to Méheust. The highest time on
wing achieved to date by a Leap engine stands
at 17,000 flight hours and counting, while
the highest-cycle example has accumulated
approximately 10,000 cycles.
The most publicized early-service Leap
technical “teething issues” involved only a
limited number of engines, and CFM has
developed solutions it either has already retrofitted “or are about to be” or has identified

and production of Boeing 737NG-based military P-8 Poseidon and E-7 Wedgetail aircraft,
but (counting announced orders and commitments only) CFM’s Leap production backlog
stands in excess of 10,000 engines, he said.
GE Aviation and Safran Aircraft Engines,
the two CFM joint-venture partners, now
have dedicated more than 1,000 engineers to
work on CFM’s RISE next-generation engine
technology development initiative, which
involves more than 300 different tests across
some 150 test vehicles, rigs, and assemblies,
according to Méheust. Later CFM will move
to building and testing entire engines, which it
expects to begin flight-testing “in the middle
of the decade.”
CFM has already completed wind-tunnel
tests to understand the combined fan-andstator vane interaction of its planned open
fan architecture for an eventual production
engine developed from its RISE studies, said
Méheust. Engineers have designed the large
stator vanes installed on the nacelle behind
the 4-meter-long fan blades to “optimize the
airflow throughout the engine,” he said, adding that CFM eventually expects to “qualify

The Airbus
A321XLR will
benefit from a
more powerful
Leap-1A
turbofan under
development
by CFM.
design fixes and is working to retrofit them,
said Méheust. The only remaining Leap reliability objective for CFM involves “work on a
better time on wing for engines operated by
customers in hot and harsh environments,” he
added, identifying those customers as based in
the Middle East “and to a lesser extent India.”
Méheust said the CFM56 family had accumulated 1.2 billion flight hours by the opening
date of Farnborough Airshow 2022 and CFM
has delivered more than 50,000 engines from
the CFM56 and Leap families. Production of
CFM56s has fallen to a residual level to support commercial spare-engine requirements
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the open fan architecture as a new method
of propulsion.”
Méheust revealed that within the RISE
research and development program CFM also
has completed testing scaled hybrid-electric
power solutions for future production-engine designs. Although he wouldn’t confirm
how CFM’s design obtains the required additional electrical power, he said CFM’s hybridelectric architecture uses electrical power
both to augment the thrust produced by the
open fan for takeoff and other high-thrust
phases of flight and to provide electrical power
for other aircraft functions during flight. z

by Kerry Lynch
Pratt & Whitney has started FAA Part 33
certification testing for the next iteration
of its Geared Turbofan (GTF) engine, the
Advantage, the company announced today.

The Advantage, the next version of P&W’s
Geared Turbofan, will power Airbus’s A320neo.
Combined with development testing already
completed, the GTF Advantage has now
accrued more than 2,000 hours, including a successful trial involving 100 percent
sustainable aviation fuel completed earlier
this year.

Plans call for testing on-wing on the
company’s flying test bed in Mirabel, Canada, later this year, along with the start of
validation trials on the Airbus A320neo in
Toulouse, France.
Unveiled in December for the Airbus
A320neo, the 34,000-pound-thrust GTF
Advantage will reduce the aircraft’s current
fuel consumption by another 1 percent and
produce a 17 percent improvement when
compared with prior-generation engines. To
enter service in 2024, the engine will enable
increases in payload and range, Pratt & Whitney added.
“GTF Advantage provides more thrust
while running cooler, with more airflow and
improvements in aerodynamics, coatings,
and clearance control,” said Jim Pennito,
v-p of A320neo family engines at Pratt &
Whitney. “We’re able to do all this thanks
to our revolutionary geared fan, which gives
us an architecture with a long runway for
the future.”
The GTF family has combined to deliver 15
million service hours aboard more than 1,300
Airbus A320neo, Airbus A220, and Embraer
E-Jets operated by 62 carriers.
z

GKN Aerospace to lead Dutch R&D consortium
Under the Dutch “Luchgtvaart in Transitie”
consortium, GKN Aerospace will lead two
ground-breaking collaborative research and
development (R&D) programs focused on
electrification and thermoplastics to support
development of sustainable aviation technologies. The Dutch Growth fund has awarded
€112 million for the two multi-year programs,
from a total of €383 million funding for the consortium, to be matched by industry investment.
The electrification R&D program will
explore and develop advanced high-voltage/
high-power wiring and distribution systems

required for electrical aircraft and hydrogen
fuel cell systems—of lower weight and volume than today’s equivalent electrification
hardware. The project will also cover the
development of cost-efficient design and
assembly automation technologies.
The research on thermoplastic composites—materials at least 10 percent lighter
than traditional aircraft structural components—centers on “lightweighting” technologies that will lead to lower-weight airframe
structures. GKN will also explore new materials and processes for scalable high-volume

DAVID McINTOSH

Cert testing underway
for next Geared T-fan

Embraer’s E190-E2 Tech Shark waits for the
move to the Brazilian company’s static display, where it poses alongside the E195-E2
Tech Lion and a Super Tucano turboprop.

production of sustainable components.
John Pritchard, GKN Aerospace president
for civil airframes, called advances in electrification and thermoplastics “a critical stepping stone for the aerospace industry and its
move to more energy-efficient aircraft.”
Some 100 specialized engineers and
operators from consortium members including the Royal Netherlands Aerospace Centre,
Technical University of Delft, Lucht en Ruimtevaart Nederland, and the Netherlands
Aerospace Group will work together on the
two programs, based at GKN Aerospace’s
centers of excellence in Hoogeveen, Papendrecht, and Hoogerheide.
J.W.
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G800 trip
is model’s
first int’l
flight
by Kerry Lynch
Following its June 28 initial flight, Gulfstream
Aerospace’s new top-of-the-line flagship, the
G800, completed its first international trip as
it arrived in Farnborough to participate in the
airshow on Friday. The aircraft flew from Gulfstream’s headquarters in Savannah, Georgia, to
its customer support facility at the UK airfield.
Gulfstream rolled out the first G800 as it formally unveiled the aircraft in October, setting a
new range bar for purpose-built business jets at
8,000 nm. The aircraft will succeed Gulfstream’s

Gulfstream’s newest jet, the G800, arrived at Farnborough International Airport on Friday after a
nonstop flight from the manufacturer’s Savannah, Georgia headquarters.
G650ER with the same fuselage but incorporate
elements found on the G700 including its Honeywell Epic-based Symmetry flight deck, dual
head-up displays with combined vision system
and active control sidesticks, and predictive
landing performance system.
Since its first flight last month, the aircraft
has checked off additional initial tests, including a long-duration flight of more than eight
hours and operations beyond its maximum
operating speed of Mach 0.925 and maximum
altitude of 51,000 feet.
“To take the G800 on this transatlantic trip
so close to first flight is extraordinary,” said

Virgin Atlantic to fly UK
eVTOL air taxi trials
by Hanneke Weitering
Plans to launch eVTOL air taxi services in the
UK have received a boost from a £9.5 million
($11.3 million) government grant to demonstrate
the feasibility of advanced air mobility (AAM).
The investment in a consortium including Vertical Aerospace, Virgin Atlantic Airways, Atkins,
Skyports, and air traffic management group
NATS, as well as London Heathrow, Bristol, and
London City airports came on Monday as part of
the UK Research and Innovation agency’s ongoing Future Flight Challenge.
The Advanced Mobility Ecosystem Consortium will develop technologies and infrastructure to accelerate service entry of all-electric
aircraft like Vertical’s four-passenger VX4.
The consortium plans to conduct two test
flights with the VX4 eVTOL, which Virgin Atlantic will operate. One of those test flights will see

the aircraft fly from Bristol Airport to an undisclosed airfield in southwest England. The VX4
will fly from Heathrow Airport to a new “Living
Lab” vertiport built and operated by Skyports at
an undisclosed general aviation airport near the
UK capital. The team will also conduct a simulated VX4 flight from London City to Bristol
Airport to demonstrate urban connectivity.
“Our roadmap sets out how air taxis could
be in use in the UK by 2030, but a lot needs
to occur for that to happen,” commented
Future Flight Challenge director Gary Cutts.
“By bringing technical developments from
across the aviation industry together into one
network, and undertaking early demonstration in the real world, the Advanced Mobility
Ecosystem Consortium could accelerate the
timescale for AAM introduction by years.”
Bristol-based Vertical Aerospace has indicated it intends to start test flights with the first
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Gulfstream president Mark Burns. “Thanks
to our strategic planning and the investments
Gulfstream has made in our aircraft, we are
able to fly the G800 with remarkable efficiency and bring the aircraft directly to customers early in the flight test program, as we
have in Farnborough.”
Gulfstream’s Farnborough service center
opened in 2020 and since has grown to employ
more than 200 workers and has obtained 30 foreign regulatory approvals. Encompassing 20,903
sq m (225,000 sq ft), the facility can accommodate up to 13 of Gulfstream’s largest aircraft,
including the G650ER, G700, and G800.
z

VX4 prototype later this year. Plans call for the
two flights of Virgin Atlantic’s VX4 to take place
in the spring of 2024, around the same time that
the manufacturer expects to achieve type certification for the new aircraft, followed by service
entry in 2025. It will fly to a range of more than
100 miles and a cruise speed of 202 mph.
On July 15, American Airlines reserved delivery slots and made pre-delivery payments for 50
of the VX4 vehicles. In June 2021, the U.S. airline
placed a conditional preorder of up to 250 of Vertical’s aircraft, with an option for an additional
100 units.
“Our partnership with Vertical is a great
example of progress in our commitment to
reducing carbon emissions throughout our
airline and the industry,” said American Airlines CFO Derek Kerr.
Meanwhile, European business jet operator
FlyingGroup has conditionally preordered up
to 50 VX4s.
Vertical says it now carries an order backlog of up to 1,400 VX4s between FlyingGroup,
American Airlines, and other customers,
including Virgin Atlantic, leasing group Avalon, and helicopter operator Bristow. The total
value of the preorders amounts to about $5.6
billion, according to the manufacturer.
z

Defense focus shifts
from Farnborough
by Chris Pocock
Years ago, the Farnborough International
Airshow enjoyed the undivided attention of
aerospace and defense professionals from
the UK and overseas. But not anymore.
The Royal International Air Tattoo and the
preceding Global Air & Space Chiefs’ Conference now attract significant numbers of
senior defense officials and industry leaders.
For many of them, the period starts with
the Chiefs’ Conference in London. Although
organized by The Air & Space Power Association, the UK Royal Air Force contributes major input to the program and to the
invitation list. This year no fewer than 450

The hospitality chalets at the Royal International
Air Tattoo all feature private gardens on the
flight line and centrally organized catering.
delegates registered to attend, including 60
air chiefs or their deputies. The event was
live-streamed to many more, especially
overseas. Topics included hybrid warfare,
multi-domain operations, information superiority, ethics and morals, and sustainability.
Speakers included 15 senior RAF leaders, the
chief of the U.S. Air Force, and well-informed
academics. Industry speakers from Airbus
Defence & Space, BAE Systems, Leonardo,
Lockheed Martin, and Microsoft all agreed
to participate.
Most of the conference delegates moved
on to the Royal International Air Tattoo
(RIAT) at RAF Fairford in Gloucestershire.
RIAT originated as an airshow for enthusiasts organized by enthusiasts. It is now the

world’s largest military airshow, a three-day
spectacle still appealing to legions of enthusiasts, but also a major corporate event.
After two years without a show because
of the pandemic, organizers prepared for
pent-up demand that was expected to draw
170,000 people to view the eight-hour flying
display and more than 200 aircraft.
More than 30 aerospace companies offered
hospitality to their invited guests. Most of
them were situated in a long marquee that
shared an entrance and a corridor linking
their individual chalets to allow guests to
network with those from other companies.
Organizers offered various sizes of chalets;
they all feature private gardens on the flight
line. Unlike at Farnborough, RIAT centrally
organizes the catering, which it considers a
big plus.
Farnborough retains its status as a major
international trade show, second only to the
Paris Air Show in size. The organizers say
they expect 80,000 visitors and more than
1,000 exhibitors, two-thirds of them from
outside the UK. Innovations will include the
Aerospace Global Forum, intended to “drive
climate action and transform our industry.”
Various leaders from aerospace companies,
airlines, think tanks, lobby groups and governments will participate over five days. But
the event is not free: a ticket for all five days
costs £795 plus VAT.
The show includes four trade days, running
Monday to Thursday. Show organizers set
aside Friday to appeal to young people considering careers in the aerospace industry with
dedicated hands-on exhibits and activities and
a careers hub. Organizers also have promised,
“inspirational speakers from across aviation
sharing their stories.” Entry will be free for
anyone 21 years old or younger. Anyone older
will have to pay £32.
Friday marks the only opportunity for the
public to enter the Farnborough International Airshow, and this year show planners
have canceled the traditional weekend flying display. However, Farnborough is promising a full flying display on all five days of
the show.
z
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