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THINGS CONTINUE apace around the international F-35 
programme. The Royal Australian Air Force delivered its � rst 
two aircraft down under, Japan announced its intention to 

order more F-35As and acquire F-35Bs, making it the fourth nation 
to acquire the � fth-gen jump jet, and the UK’s Ministry of Defence 
declared initial operational capability on its � eet of nine F-35Bs 
assembled at RAF Marham, Norfolk. UK Secretary of State for 
Defence Gavin Williamson tweeted: “I am delighted to announce 
that the UK now has nine F-35 Lightning jets ready to be deployed 
on operations around the world. The RAF has long shown Britain 
as its great and global best, and today it lifts our nation to even 
greater heights.”

Ouch, what a ga� e! Our Gav forgot the senior service, the Royal 
Navy. It’s a common assumption that UK F-35s are only operated by 
the Royal Air Force. The fact is, the UK’s Lightning Force is a joint force 
manned by personnel from the Royal Navy, not just the Royal Air Force. 
Perhaps there’s a plan to rename RAF Marham, HMS Nelson after 
Horatio Nelson, a Norfolk lad who rose to the rank of Vice Admiral, and 
is perhaps Britain’s most famous � ag o�  cer. Now there’s an idea.

Also reaching for the stars during our latest production month 
was Virgin Galactic’s WhiteKnightTwo aircraft VMS Eve, which � ew 
above the California desert, on December 13, 2018. It released 
SpaceShipTwo VSS Unity, with pilots Mark Stucky and Frederick 

Sturckow aboard, and speared towards space, its engine burning for 
60 seconds, propelling the spaceplane to a peak speed of Mach 2.9 
and an altitude of 51.4 miles above Earth’s surface. Magni� cent!

As if that wasn’t enough, the � rst step towards a new era of 
supersonic passenger � ights has been taken, with Lockheed Martin’s 
famed Skunk Works facility in Palmdale, California, starting to produce 
components for the X-59 Quiet Supersonic Technology demonstrator.

You can read about all these stories in this issue, along with 
pro� les of the world’s � ve 5G � ghters across 24 pages providing 
details of the aircraft, operations and ongoing development – our 
main theme this month.

AIR International’s March 2019 issue will include coverage of 
Russia’s strategic bombers, and will be on sale in the UK and around 
the globe from February 28.

Mark Ayton, Editor
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The trainee, the novice and the highly 
experienced: the UK's strike aircraft
Seven months after the �rst four UK 
Lockheed Martin F-35B Lightnings 
were delivered to RAF Marham, 
Norfolk, on June 6, 2018, Defence 
Secretary Gavin Williamson 
announced that UK F-35Bs 
had achieved initial operational 
capability (IOC) during an event at 
Marham on January 10, 2019.

The announcement was made 
from inside a brand-new hangar 
that Williamson formally opened, 
along with a new F-35 state-of-
the-art training centre facility that 
is part of over £550 million being 
invested in the Norfolk base.

The MoD con�rmed that UK 
F-35 pilots and ground crew based 
at Marham can now take advantage 
of four state-of-the-art full mission 
simulators, classrooms and full-
scale aircraft trainers. The Lightning 
Operational Conversion Unit, 207 
Squadron, is scheduled to stand up 
at Marham on July 1, 2019.

Williamson’s announcement that 
the UK’s F-35B Lightnings were 
‘ready for operations’ followed the 
formal declaration of IOC-L (Initial 
Operational Capability Land) in 
mid-December.

Contrary to some reports, this 
does not mean the aircraft is fully 
operational and nor does it open 
the way to deploying the aircraft to 
RAF Akrotiri, Cyprus, to participate 
in Operation Shader, �ying missions 
against ISIS in Iraq and Syria.

Williamson said: “I won’t go into 
speci�cs on where they’re going to 
be deployed, but this is a �ghting 
aircraft that is there to be used and 
to keep Britain safe.”

However, he also said: “It is 
important to make sure that you 
are using the right airframes for 
the right types of con�ict . . . 
Sometimes using the F-35 is not 
going to be the most appropriate 
or the most cost-e�cient type 
of �ghter to be using in certain 
con�ict zones where there is going 
to be no real peer-peer threat, and 
we need to match the type of strike 

capability we use with the type of 
threat.”

Though Williamson did not say 
as much, this may also re�ect 
the limited nature of UK F-35B’s 
capabilities at this early point in its 
career, which have apparently led 
to some disappointment.

The UK’s F-35Bs have the dual 
mode Paveway IV as their sole type 
of air-to-ground weapon, with no 
gun and no direct �re weapon, 
while some suggest the AAQ-40 
Electro-Optical Targeting System 
gives an inferior ISTAR capability to 
the Litening III laser designator pod 
used by the Typhoon FGR4.

While 617 Squadron is a 
historically important RAF unit, 
now manned by Royal Navy and 
Royal Air Force personnel and 
comprising some of the UK’s 
�nest aviators, a question mark 
must hang over its declared 
preparedness. The nine F-35Bs 
based at Marham don’t seem to 
have �own much since the �rst 
four aircraft arrived there in June 
(fewer than 200 sorties in total), 
while the simulators apparently 
still aren’t up and running. Some 
have questioned how current 
(let alone combat ready) pilots 
can be with so little �ying time. 
Though No.17 Test and Evaluation 
Squadron have completed 
numerous weapons releases �ying 
from its home station, Edwards Air 
Force Base, California, Marham-
based Lightnings have reportedly 
only dropped a single bomb at 
Aberporth, and without simulators, 
will not have been able to practise 
this crucial skill.

Previous IOC declarations for 
other UK types have been de�ned 
in terms of having a squadron (or 
more) capable of carrying out a 
de�ned role at least as well as the 
precursor aircraft type. On the face 
of it, the F-35 IOC de�nition (nine 
aircraft, plus pilots, weapons and 
logistics support such that they can 
deploy for land-based operations) 

seems less challenging, and more 
like a stock-taking exercise.

Some of the engineers and 
support personnel have expressed 
doubt that the aircraft would be 
going anywhere imminently, as 
there simply aren’t the support 
sta� to support meaningful 
deployments; and in light of the 
US Marine Corps’ experience 
during its �rst F-35B deployment, 
there are real doubts as to how 
deployable the Autonomic Logistics 
Information System might be.

Other questions surrounding 
the F-35B concern the heavy 
manpower requirement for its 
low-observable coatings, and 
the deployability of the UK’s low-
observable repair capability.

Support costs in general remain 
a concern across the entire F-35 
programme, and it is acknowledged 
that there is no chance of achieving 
the kind of incentivised, availability-
based support contracting that has 
driven down Tornado and Typhoon 
operating costs. Suggestions are 
that a great deal of what would 
once have been regarded as 
�rst-line or forward engineering 
activity will now be considered 
depth maintenance, meaning that 
it would have to be carried out at 
the Italian Ministry of Defence Final 
Assembly and Check Out facility at 
Cameri Air Base.

The contractual obligation to 
send aircraft to Cameri for depth 
maintenance will also have an 
e�ect on both cost and availability, 
and it remains unclear what will 
happen if an aircraft is snagged 
for something that requires 
recti�cation in Italy, a snag that 
precludes it from �ying.

There are also reportedly 
concerns about arrangements for 
incorporating national mission data, 
which is of crucial importance for 
operational capability.

It has been suggested by 
individuals close to the programme 
that the rapid pace of activity on 

the UK’s Future Combat Air System 
Technology Initiative programme, 
dubbed Tempest, re�ects a 
recognised need for a combat 
aircraft over which Britain will have 
fuller and more complete sovereign 
control. Some even suggest that 
the UK’s F-35 may turn out to be an 
interim aircraft, though it’s di�cult 
to imagine that scenario, given the 
dependency on the F-35B for the 
UK’s carrier strike capability led by 
two very expensive boats: HMS 
Queen Elizabeth and HMS Prince 
Charles.

However, it is important to realise 
that the UK’s F-35B IOC declaration 
is the start of a process, rather 
than the end, and many of these 
problems will doubtless be solved.

Williamson enjoyed a bountiful 
day at Marham. In addition to his 
F-35 duties, the boss of defence 
also announced that a bill for £425 
million spent over three years under 
Project Centurion has integrated 
and cleared three missile systems 
on the Typhoon FGR4. All designed 
and produced by MBDA, the three 
new sticks in questions are the 
whooping great big Storm Shadow 
conventionally armed stand-o� 
missile, the ground-skimming 
Brimstone precision striker and the 
unfeasibly high-g Meteor air-to-air 
shooter.

No doubt Williamson was 
delighted with this news, since the 
three missiles will �nally enable the 
Typhoon FGR4 to assume most 
of the weapon e�ects currently 
provided by the greatest aircraft 
operated by the RAF since the 
days of Hurricanes, Spit�res and 
Lancasters: the Tornado GR4. After 
nearly 36 years of front-line service 
and nearly 29 years of continuous 
combat deployment throughout 
the Middle East, the Tornado GR4 is 
due to be withdrawn from service 
at the end March 2019. Typhoon 
and Lightning are highly capable 
jets, but the mighty Tonka’s records 
will be tough ones to beat.

Finally delivered: the KC-46A Pegasus
The US Air Force accepted its �rst 
Boeing KC-46A Pegasus, 11-46009, 
c/n 41858, on January 10, 2019.

The historic delivery comes after 
six test aircraft �ew more than 
3,800 �ight hours and refuelled 
A-10C, B-52H, C-17A, KC-10A, 
KC-135R, KC-46A, F-15E, F-16, and 
F/A-18 aircraft in �ight, delivering 
more than 4,000,000lb of fuel in 
the testing process.

Four aircraft are scheduled to be 
delivered to the 22nd Air Refueling 
Wing at McConnell Air Force Base, 
Kansas in the coming weeks, the 
�rst by the end of January. The next 
four will go to Altus Air Force Base, 
Oklahoma for use by Air Education 
and Training Command’s 97th Air 
Mobility Wing’s 56th Air Refueling 
Squadron which stood up at the 
base in August 2016 in anticipation 

of taking the lead in KC-46A 
training.

Boeing has contracts for 52 of 
the 179 Pegasus the US Air Force 
says it needs. As well as the �rst 
aircraft accepted on January 
10, nine more are undergoing 
customer acceptance testing with 
many others nearly complete.

Although this is a major 
milestone for the KC-46A and 

will allow operational testing 
and �ight training to begin, there 
are still de�ciencies that need 
to be addressed. The remote 
vision system for air-to-air 
refuelling is still not working as 
advertised and the US Air Force 
and Boeing will work together to 
�x it at the latter’s expense while 
initial operational testing and 
evaluation continues.
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Deliveries and orders
Last year saw Boeing and 
Airbus each set new company 
records for airliner deliveries, 
despite engine delivery delays 
a�ecting delivery rates for the 
manufacturers’ key programmes. 
Boeing Commercial Airplanes 
delivered 806 airliners and Airbus 
800 aircraft in 2018, according to 

results issued by the companies 
early in January.

The Boeing deliveries 
consisted of 580 examples of 
the 737, plus 145 787s, 48 777s, 
27 767s and six 747-8s, while 
Airbus’ deliveries comprised 
626 A320 Family aircraft, 93 
A350s, 49 A330s, 20 A220s 

and 12 A380s. The Boeing 
deliveries total surpassed 2017’s 
total of 763 deliveries and 
Airbus’ deliveries total likewise 
exceeded the company’s �gure 
for the previous year, which was 
718 aircraft.

Boeing edged Airbus on 
aircraft orders in 2018, booking 

deals for 893 jets (comprising 
675 examples of the 737, 109 
787s, 51 777s, 40 767s and 18 
747s) compared to Airbus’ total 
of 747 orders. Airbus’ 2018 net 
orders comprised 541 A320neo-
Family aircraft, 135 A220s, 40 
A350s, 27 A330s and four A380s. 
Mark Broadbent

Japan set to become the second-
biggest F-35 operator
Japanese plans to add 105 Lockheed 
Martin F-35s to its planned �eet of 
42 which will make it the world’s 
second-largest F-35 operator.

Japan’s chief cabinet secretary 
Yoshihide Suga outlined the plans 
under the country’s Mid-Term 
Defense Program (MTDP), which 
covers �scal years 2019 to �scal 
2023. Japanese Prime Minister 
Shinzo Abe has made it clear 
Japan’s shift in policy away from 
purely defence orientated forces 
to an ability to project power to 
counter hostile activities with 
a more aggressive posture is a 
response to increasing Chinese 
activity in Northeast Asia and the 
threat from North Korea.

Japan’s F-35 �eet is likely to 
comprise 107 conventional take-o� 
and landing (CTOL) F-35As and 40 
short take-o� and vertical landing 
(STOVL) F-35Bs.

No timescale has been published 
for the establishment of the �eet of 
147 F-35s but it is likely that some 
will be built in the United States at 
Lockheed Martin’s Fort Worth plant 
and the rest at Mitsubishi Heavy 
Industries’ (MHI) F-35 �nal assembly 
and check-out facility at Nagoya, 
Aichi Prefecture.

The Nagoya plant has delivered 
ten of 42 F-35As ordered for the 
Japanese Air Self Defense Force 
(JASDF) in 2011. Four others were 
built in Fort Worth. However, 
MHI’s production rate of the 
F-35A, six per year from 2019, is 
probably too low to satisfy JASDF 
requirements as suggested by 
the funding allocation under the 
MTDP. Secretary Suga’s statement 
that: “The security environment is 
getting severe … this plan needs to 
be implemented quickly” supports 
that contention.

The F-35A is slated to supplant 
the JASDF’s F-4 Phantoms as 
well as the air arm’s older F-15 
Eagles, around 100 of which need 
replacing urgently. Looking to 
the future, there is a requirement 
to replace Japan’s entire �eet of 
Eagles, perhaps another 100 aircraft, 
although those more capable F-15s 
are to be upgraded in the near term.

Japan plans to �y its F-35Bs 
from the Japan Maritime Self-
Defense Force’s (JMSDF) two 
Izumo-class helicopter carriers, JS 
Izumo and JS Kaga. The vessels, 
the largest in the JMSDF �eet, will 
be re-designated as multi-purpose 
escort destroyers to comply with 
Japan’s paci�st constitution that 
limits Japan Self Defense Force 
branches to self-defence. Defence 
Minister Takeshi Iwaya said: “The 
Izumo was originally designed as 
a multipurpose escort ship, so it 

wouldn’t pose any threat to other 
countries if �ghter jets are deployed 
on it.”

Shipbuilders Marine United 
Corporation (MUC) say the 27,000-
ton ships, which have always been 
intended to operate jets, can be 
converted relatively easily to �y 
F-35Bs. They have already had their 
�ight decks treated to withstand 
the heat from the nozzle blast from 
the F-35’s single engine. The ships 
elevators are big enough to move 
Lightning IIs between the upper and 
lower decks.

Originally intended as anti-
submarine warfare (ASW) ships 
equipped with seven SH-60K 
ASW helicopters and seven 
AgustaWestland MCM-101 mine 
countermeasure helicopters, the 
Izumo-class vessels would not be 
able to carry a signi�cant number 
of F-35Bs at any one time.

More A220s for North America

The Airbus A220 is set to become 
an even more familiar sight in 
North America after two large 
provisional agreements for A220s 
from customers there were 
converted into �rm orders. JetBlue 
Airways and a start-up carrier, 
codenamed ‘Moxy’, have each 
con�rmed their initial mid-2018 
contracts for 60 examples of the 
A220-300 variant.

These combined 120 aircraft join 
several other orders from major 
operators in North America for the 
A220 (formerly the Bombardier C 
Series): Delta Air Lines’ 90 examples 
(40 A220-100s and 50 A220-300s), 
Air Canada’s 45 A220-300s and 
Republic Airways’ 45 A220-300s. 
The combined total of 300 orders 
for the A220 from North American 
operators means carriers in the 

region accounted for 55% of the total 
number of A220s on �rm order (537 
aircraft) by early January, meaning 
the region will be a key centre of 
operations for the new type.

JetBlue will use A220s to replace 
Embraer E190s. A �eet plan from 
the airline shows it expects �ve 
deliveries in 2020, followed by 
four in 2021, eight in 2022, 19 in 
2023, 22 in 2024 and two in 2025. 

The start-up ‘Moxy’ is a new airline 
venture led by David Neeleman, the 
founder of JetBlue Airways and Azul 
Brazilian Airlines and the controlling 
investor in TAP Air Portugal.

Airbus will produce the A220s for 
JetBlue and the start-up at a new 
assembly facility in Mobile adjacent 
to the A320 Final Assembly Line 
already at the Alabama plant.  
Mark Broadbent

Two North American customers con�rming deals for 60 jets each took �rm A220 orders to 537 in January.  S Ramadier/Airbus
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Lightning delivery
The Royal Australian Air Force delivered its �rst F-35s down under in December 
setting a new �ight record with a very new capability. Nigel Pittaway reports
AUSTRALIA BECAME the seventh 
member of the international 
Lockheed Martin F-35 Lightning 
II community to have aircraft 
located on home soil on 
December 10, 2018, with the 
arrival of the �rst two examples 
at RAAF Base Williamtown, north 
of Sydney.

The two F-35As (A35-009 
and A35-010) were �own on 
the last leg of their journey 
from the United States by the 
Commanding O�cer of 3 
Squadron, Wing Commander 
Darren Clare, and A Flight 
Commander Squadron Leader 
Red Borrman. The unit is the �rst 
operational Australian �ghter 
squadron to convert to the F-35A, 

after previously operating the 
McDonnell Douglas F/A-18A and 
F/A-18B ‘Classic’ Hornet.

The aircraft had begun their 
delivery �ight to Williamtown 
from Luke Air Force Base in 
Arizona and the original plan 
was to stage via Hickam Air 
Force Base, Hawaii and Andersen 
Air Force Base, Guam, prior to 
arriving at RAAF Base Amberley, in 
Queensland, before their �nal leg 
to Williamtown. Their transpaci�c 
ferry �ight was supported by an 
Airbus KC-30A multirole tanker 
transport from 33 Squadron, 
Royal Australian Air Force, but it 
was decided to vary the journey 
to �y direct from Hickam to 
Amberley. According to the Chief 

of the Royal Australian Air Force, 
Air Marshal Davies, the sector set 
the world record for the longest 
ever F-35 �ight to date.

The two jets were escorted 
into Williamtown by three 
‘Classic’ Hornets, �own by the 
Commanding O�cers of 75 
Squadron, 77 Squadron and 2 
Operational Conversion Unit 
(OCU), all future operators of the 
Lightning. A fourth Hornet, �own 
by the Executive O�cer of 77 
Squadron, acted as a photo-ship 
during a low-level �ypast of local 
landmarks around Williamtown 
and nearby Newcastle, before the 
aircraft touched down at 10:00hrs. 
A spirited Hornet solo handling 
display, �own by 2018 Hornet 

Right echelon formation with F-35A A35-010 closest to the camera. 
Cpl David Gibbs/Royal Australian Air Force
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Display Pilot Flight Lieutenant Matt 
Trayling, preceded the formation’s 
arrival in the overhead circuit.

After landing, the two aircraft 
taxied to the newly constructed 
secure F-35 facilities at Wiliamtown 
and shut down in front of invited 
guests, who included the Chief 
of Air Force, Defence Minister 
Christopher Pyne, Minister 
for Defence Industry Steve 
Ciobo, Lockheed Martin CEO 
Marillyn Hewson, and Head 
of the international F-35 Joint 
Programme O�  ce Rear Admiral 
Mat Winter, US Navy.

During the formal ceremony 
to welcome the aircraft home, a 
visibly happy Air Marshal Davies 
said: “Today marks a very important 
day for the Australian Defence 
Force and particularly the Royal 
Australian Air Force . . . Welcome 
to the latest chapter of the F-35 

story, the most signi� cant Royal 
Australian Air Force acquisition 
in our 97-year history. The two 
aircraft that landed here today 
mark the latest step in an exciting 
journey for the Air Force, which has 
been over 16 years in the making. 
As our previous Chief [AM Geo�  
Brown] said, the F-35 replaces 
nothing, but changes everything.”

The two F-35As are actually the 
ninth and tenth to be delivered 
to the Royal Australian Air Force 
and by the end of 2019 it is 
expected that eight aircraft will 
be at Williamtown, as 3 Squadron 
works towards initial operational 
capability (IOC) for the type, due 
at the end of 2020. At IOC it is 
expected that between 30 and 33 
aircraft will have been delivered, 
representing the ability of 3 
Squadron to deploy as a combat 
force and the point at which 2 OCU 

can commence full pilot training 
courses at Williamtown. Training 
is currently undertaken at Luke Air 
Force Base, Arizona with the US Air 
Force’s 61st Fighter Squadron, part 
of the International F-35 Training 
Center. The eight aircraft previously 
delivered to the Royal Australian 
Air Force (A35-001 to A35-008) 
form part of the training centre and 
a further two will be delivered to 
Luke from Lockheed Martin’s F-35 
production facility at Fort Worth, 
Texas, during 2019.

Speaking at the arrival ceremony, 
Defence Minister Christopher Pyne 
said: “The government is investing 
over AUD 17 billion to acquire at 
least 72 Joint Strike Fighters. The 
F-35 is the largest acquisition in 
the history of the Royal Australian 
Air Force and is a key part of the 
government’s AUD 200 billion 
build-up in defence capability.”

The two aircraft at Williamtown 
are now undertaking a two-year 
veri� cation and validation (V&V) 
testing phase, aimed at ensuring 
the F-35 can operate within local 
infrastructure and IT systems in 
the lead-up to the declaration 
of IOC. They are also the � rst 
of Australia’s 72 aircraft to be 
hosted on the sovereign version 
of the F-35’s Autonomic Logistics 
Information System and this will 
also form a major part of the 
V&V testing.

After IOC, 77 Squadron will 
convert to the F-35 at Williamtown 
in the 2021–2022 period, followed 
by 75 Squadron at RAAF Base 
Tindal in the Northern Territory 
between 2022 and 2023. Final 
operational capability is due to 
occur at the end of 2023, by which 
time the ‘Classic’ Hornet � eet will 
have retired from service.

Royal Australian Air Force F-35A Lightning II 
A35-009 at RAAF Base Williamtown. 
Sgt Amanda Campbell/Royal Australian Air Force

A Royal Australian Air Force KC-30A 
Multi Role Tanker Transport aircraft 
refuels F-35A aircraft during their 
journey to Australia.� Cpl Dan Pinhorn/
Royal Australian Air Force

Three F/A-18 Hornets lead the � rst two Royal 
Australian Air Force F-35A Lightning IIs, seen in 
this shot performing a stylish formation break. 
Cpl David Gibbs/Royal Australian Air Force
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The selection of the F-35 as 
Australia’s next �ghter capability 
has been controversial from the 
outset and has had its share of 
detractors over the years. It was 
these people AM Davies was 
addressing at the arrival ceremony 
when he said: “The F-35 requires 
a new way of thinking and a new 
way of operating [and] the Air 
Force transformation does not end 
with the arrival of the Joint Strike 
Fighter . . . An integrated Australian 
Defence Force is greater than the 
sum of its parts and the F-35 has 
been a driver for this change. So 
today, ladies and gentlemen, the 
naysayers can take a seat.”

The Australian government’s 
selection of the F-35 was formally 
announced in 2009 with an order 

for an initial tranche of 14 aircraft, 
subsequently increased to 72 in 
2014. The total requirement is for 
up to 100 aircraft, initially intended 
to replace the 71 surviving ‘Classic’ 
Hornets and the Royal Australian 
Air Force’s F-111C. However, the 
acquisition of the Boeing F/A-
18F Super Hornet as a bridging 
strategy against the premature 
retirement of the latter has meant 
a decision on the remaining 28 
F-35As has been deferred.

Defence Minister Pyne said: 
“We haven’t made a decision 
about the last tranche of Joint 
Strike Fighters, if there is going 
to be one. We are currently 
acquiring 72 [aircraft] and we’re 
very happy with the arrival of the 
�rst two.”

Worimi community member John Schultz performs the Smoking Ceremony for 
the F-35A arrival event at Royal Australian Air Force Base Williamtown playing 
the traditional Didgeridoo wind instrument. Sgt Peter Borys/Royal Australian Air Force

Cpl David Gibbs/Royal Australian Air Force
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African country 
getting maritime 
surveillance Citations

Morocco’s maritime 
King Airs
The Royal Moroccan Navy will 
soon receive two King Air 350ER 
aircraft con�gured for the 
maritime surveillance role. The 
aircraft (CN-TMR, msn FL-996 
and CN-TMS, msn FL-1007) 
were both built in 2016 and 
were delivered to France in early 
2018 for mission equipment 
to be �tted, a process which is 
believed to still be underway. 
Equipment for the maritime 
surveillance role includes the 
Leonardo ATOS (Airborne Tactical 

Observation and Surveillance) 
system, Seaspray 7300 radar, 
identi�cation friend or foe 
system, Link 11 datalink and 
EOST23 electro-optical sensor. 
Other additions include ventral 
�ns and bubble observation 
windows. In July 2016 Leonardo 
announced it had been 
contracted to supply two King 
Air 350ER aircraft equipped with 
its ATOS mission system to an 
undisclosed African customer. 
Guy Martin

After delivering a Cessna Citation 
to Angola for the maritime 
surveillance role, Israel’s BIRD 
Aerosystems has received a 
contract from an as yet unidenti�ed 
African client for several 
Citations con�gured for maritime 
surveillance. The company said 
the contract involved ‘several’ 
aircraft, which will be �tted with its 
Airborne Surveillance, Intelligence 
and Observation (ASIO) maritime 
solution as well as its Mission 
Management system. This will allow 
the aircraft to share information 
with ASIO mission management 
stations installed on the customer’s 
ships and at its headquarters. The 
Citations will be delivered as a 

turnkey system, which includes 
overhaul and upgrade, which will 
be carried out by subsidiary BIRD 
Aviation Cyprus. 

BIRD Aerosystems supplied 
a Citation maritime surveillance 
aircraft to the Angolan Air Force 
under a $20 million contract 
in 2017. The aircraft was �tted 
with Leonardo’s SeaSpray active 
electronically scanned array 
multimode surveillance radar and 
a Controp electro-optical sensor 
in a belly fairing. The aircraft also 
has an automatic identi�cation 
system receiver and satellite 
communications systems. More 
aircraft were to be delivered at a 
later date. Guy Martin

A Cessna Citation �tted out with BIRD Aerosystems’ Airborne Surveillance, 
Intelligence and Observation maritime solution as well as its Mission 
Management system.  BIRD Aerosystems

SABCA and 
Sabena 
Aerospace’s 
military MRO
SABCA and Sabena Aerospace have 
teamed up to o�er maintenance, 
repair and overhaul (MRO) services 
to the Royal Moroccan Air Force 
(RMAF). The two companies signed 
a memorandum of understanding 
in November, with the intention of 
using SABCA Maroc for the venture. 
It will initially target Moroccan 
C-130 Hercules transports, but will 
in the future o�er MRO services 
on platforms like the F-16 Fighting 
Falcon, Alpha Jet, Mirage F1 and 
Agusta A109 – SABCA Maroc 
(previously ASM AERO) previously 
modernised Morocco’s Mirage F1s 
and Alpha Jets. SABCA and Sabena 
also plan to o�er such capabilities 
to other countries. Guy Martin

DRC Air 
Force An-26 
crashes
The Air Force of the Democratic 
Republic of Congo (DRC) has lost 
an Antonov An-26B in a crash 
that injured nearly 40 occupants. 
The aircraft (9T-TAB, msn 14301) 
was landing at Beni Airport in 
the northeast of the country 
on December 24, 2018 when it 
overran the runway and broke up 
on impact. All 68 passengers and 
four crew survived the accident, 
but 15 soldiers on board were 
seriously injured. The aircraft was 
one of two An-26Bs left in the 
DRC Air Force’s �eet. The crash 
came four days after a Gomair 
An-26 (9S-AGB, msn 13402) 
crashed near Kinshasa, killing 
�ve crew and one passenger. It 
had been chartered to deliver 
election materials.  Guy Martin

Japan orders second 
KC-46A
Boeing received a $158.95 
million �rm-�xed-price contract 
from the US Air Force to build a 
second KC-46A Pegasus for the 
Japan Air Self-Defense Force 
(JASDF) on December 6.

Work on the tanker/transport 
must be complete by June 30, 
2021. Japan has already ordered 
one KC-46A via the US Air Force 
in a $279 million deal signed in 
December 2017.

The US State Department 
approved a Foreign Military 
Sales (FMS) deal in 2016 
allowing Japan to buy four 

KC-46As, related equipment, 
training, and support for the 
JASDF at a cost of $1.9 billion.

Japan’s �rst Pegasus is 
scheduled for delivery in 
2020, but the whole KC-46A 
programme has been dogged 
by delays, chie�y because of 
Boeing’s failure to achieve 
certi�cation for various aspects 
of the programme. The delivery 
date of the �rst 18 aircraft to 
the US Air Force slipped from 
August 2017 and the �rst one 
was not delivered until January 
10, 2019.

Greece upgrading F-16s
Lockheed Martin was awarded 
a $996.77 million �rm-�xed-
price Foreign Military Sales (FMS) 
contract for F-16 upgrades 
on December 20, 2018.  The 
contract provides for the upgrade 
of 85 F-16 aircraft to F-16V or 
Viper con�guration. Work will 
be performed in Fort Worth, 
Texas and Athens, Greece, and 
is expected to be completed by 
June 30, 2027.  

The manufacturer says the 
F-16V provides near �fth-
generation capability at a fraction 
of the cost. Part of the upgrade 
includes the Northrop Grumman 
APG-83 AESA radar.

The Viper features an airborne 
mission role-change capability, 
allowing an aircraft to change 
between suppression of enemy air 
defences, air-to-ground, air-to-air 

combat, and deep interdiction 
and maritime interdiction missions 
at the press of a button.

The schedule for the work, 
most of which will take place in 
Greece, allows for the �rst two 
years to be spent on engineering 
a prototype and verifying 
systems and procedures. The 
actual work on the 84 jets will 
take place in the third year with 
the fourth and �nal year being 
used for training. 

E�ectively the Hellenic Air 
Force will end up with a �eet of 
new aircraft because nearly all 
the existing airframes, other than 
the fuselage, is replaced when 
the existing Block 52+ aircraft 
are converted to F-16V standard. 
Greece bought 90 Block 52+ 
F-16s (60 F-16Cs plus 30 F-16Ds) 
and 85 survive.
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Final 
Egyptian 
Rafales 
delivered
Rafale DMs 9273/DM13, 9274/
DM14 and 9275/DM15 left the 
Dassault production facilities 
at Bordeaux-Mérignac on 
December 18, 2018 on delivery 
to the 203rd Tactical Fighter 
Wing ‘Storm’s’ 34 Squadron 
‘Wild Wolves’ based at Gebel El 
Basur Air Base outside Cairo. 
The three two-seaters were 
part of an order for 16 two- and 
eight single-seaters announced 
in February 2015. That deal 
included an option to buy 
12 more Rafales and Egypt is 
keen to obtain those jets and 
another 12.  That purchase 
has stalled because of United 
States restrictions on the sale 
of military equipment to Egypt 
that a�ects some weapon 
systems deployed by Rafale. 
The last three single-seat Rafale 
EMs arrived in Egypt in early 
December 2017.

Meteors on QRA

In the early hours of Monday, 
December 10, 2019 the �rst 
operational launch of a Royal Air 
Force Typhoon �ghter carrying the 
Meteor beyond visual range air-
to-air missile took place. Two jets 
launched from RAF Lossiemouth, 
Elgin, Scotland, to investigate, 
at the time, unidenti�ed Russian 
aircraft approaching UK airspace. 
They were supported by a Voyager 
tanker that launched from RAF Brize 
Norton, Oxfordshire. 

Chief of the Air Sta� Air Chief 
Marshal Sir Stephen Hillier said: 
“RAF Quick Reaction Alert Typhoon 
�ghters are now armed with the 
most advanced air-to-air missile 
in the world, the MBDA developed 
ramjet-powered Meteor. Another 
huge leap forward in capability for 
the Typhoon Force, which is proud 
to continue defending the UK and 
our allies, 24/7.” 

The two ‘bogies’ were identi�ed 
as Tu-160 Blackjack supersonic 
bombers with registration numbers 
RF-94100 and Bort number ’10 
red’, named Nikolai Kuznetsov and 
RF-94102 ’02 red’ Vasili Reshtnikov. 
Both bombers are based at Engels 
Air Force Base near Saratov, 
southwest of Moscow. They were 
on their way to Maiquetia Simón 
Bolívar airport outside Caracas, 

Venezuela where the crews were 
met by a delegation headed by 
the Venezuelan defence minister, 
Vladimir Padrino López and the 
chief of Venezuela’s Air Force, the 
Aviación Militar Nacional Bolivariana 
de Venezuela/Venezuelan National 
Bolivarian Military Aviation. They 
were provided an escort by 
Venezuelan F-16 �ghters as they 
approached the airport. Support for 
the bombers was provided by an 
Il-62 Classic airliner and an An-124 
Condor heavy transport. 

The deployment caused 
heightened tensions between 
Russia and the United States, who 
was very critical of the deployment 
as it sees it as Russian provocation. 
The two bombers left for home on 
Friday December 14.

Croatian 
Israeli 
F-16 deal 
in doubt
Croatia selected Israel to 
supply it with 12 F-16 Barak 
multirole �ghters but the 2017 
deal is unlikely to go ahead. 
The US is demanding that 
Israel remove sophisticated 
electronics from the 30-year-
old aircraft before they 
are delivered. It is those 
electronics which made the 
elderly machines desirable 
to Croatia in the �rst place. 
Without US approval the deal 
cannot go ahead, according 
to the terms of end-user 
agreements signed when the 
jets were sold to Israel. The 
United States is o�ering 12 
F-16s from its own surplus 
stock as replacements. Croatia 
has an urgent requirement 
to replace its MiG-21 �ghters 
because of neighbour Serbia’s 
recent acquisition of MiG-29s 
from Russia.

Japan announces 
RF-4E retirement

The Japan Air Self-Defense 
Force will retire its ageing 
RF-4EJ Kai Phantom II 
reconnaissance jets by March 
2020. 
  Japan’s 501st Hikotai 
(squadron) which �ies the 
veteran reconnaissance 
machines from Hyakuri Air 
Base, Ibaraki province will be 

decommissioned at the same 
time. The Japan Air Self-
Defense Force intends to use 
its �eet of F-35A and F-35B 
Lightning IIs to replace part of 
the capability provided by the 
Phantom. The Japan Air Self-
Defense Forceintroduced its 
�rst RF-4Es in 1974 and has 13 
remaining in service.

An RF-4E Kai Phantom II of the JASDF’s 501 Hikotai with the unit’s distinctive 
‘Woody Woodpecker’ tail markings. The squadron has �own the Phantom 
since December 3, 1974. Jerry Gunner

A pilot examines Royal Air Force Typhoon FGR4 ZK332 of 6 Squadron, loaded 
with MBDA Meteor beyond visual range air-to-air missiles on its fuselage 
weapons stations. Royal Air Force Lossiemouth

The Venezuelan defence minister was 
amongst dignitaries who welcomed the 
crews of two Russian Tu-160 Blackjack 
bombers to Caracas in December. 
Venezuelan Ministry of Defence

The two Russian Tu-160 Blackjack bombers that deployed to Venezuela in mid-
December prepare to leave for home on December 14. 
Venezuelan Ministry of Defence
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THE RETURN of six F-16AMs 
to Leeuwarden and Volkel Air 
Bases on January 2 marked the 
end of a signi�cant contribution 
by the Koninklijke Luchtmacht 
(KLu, Royal Netherlands Air 
Force) to the coalition of air 
forces conducting strikes 
against ISIS in Syria and Iraq. 
With multiple missions �own 
every day during 33 months, 
the Dutch F-16s amassed close 
to 14,500 �ying hours in more 
than 3,000 missions over Iraq 
and eastern Syria. The Dutch 
jets employed their weapons 
against ISIS ground targets on 
at least 2,100 occasions.

The F-16s of the KLu’s Air 
Task Force Middle East (ATF ME) 
operated from an undisclosed 
air base in Jordan during two 
periods. The �rst deployment 
began in early October 2014 
and involved eight F-16AMs, 
including two spare aircraft. It 
was meant to last a year, but a 
political decision to prolong the 
Dutch forces’ involvement in the 
battle against ISIS – also (and still) 
including Dutch military training 
personnel in Iraq – meant that 
this deployment ended after 
21 months, on June 30, 2016. 
The Dutch jets initially operated 
exclusively over Iraq, but by 

February 2016 ATF ME’s mandate 
was expanded to attack ISIS 
targets in the eastern part of Syria, 
as well. In the course of 2015, 
the number of assigned F-16s 
was reduced to six, including two 
spares, to decrease the pressure 
of the Middle East ops on both the 
jets and pilots.

The Dutch Falcons operated 
side by side with Belgian F-16s 
until July 2015; the Belgians 
returned home after nine months. 
Both air forces then took turns, 
with Belgian aircraft relieving the 
Dutch ones on July 1, 2016, and 
the KLu taking over again from 
the Belgian Air Component at the 

start of 2018. Yet the cooperation 
between the two air forces at 
their Jordanian base continued, 
as KLu force protection personnel 
guarded the Belgian jets during 
their deployment, and the other 
way around. ATF ME personnel 
rotated every three months: 
rotations 1 to 7 manned the �rst 
deployment in 2014–2016, while 
detachments 8 to 11 took care of 
the 2018 deployment.

The KLu put the 18 months in 
between the two deployments 
to good use with a fully packed 
training schedule in order to 
restore the F-16 pilots’ operational 
readiness in the full mission 

Back Home
Kees van der Mark reports from Volkel Air 
Base on the homecoming of Dutch F-16s 
from what is likely to be their last Middle 
East deployment

At the end of their ferry �ight from 
Jordan, which included a fuel stop 
at Araxos in Greece, the F-16s 
landed at Volkel shortly before 
sunset. All images Kees van der Mark

F-16AM J-146 touches down on Volkel’s runway 06L.
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spectrum. Their training included 
participation in exercise Red Flag 
17-2 and additional training in the 
US during January–March 2017, 
as well as many other exercises at 
home and abroad.

Final year
Last year’s deployment saw six 
F-16s – a mix of Leeuwarden 
and Volkel-based jets – depart to 
Jordan on January 3, 2018. With 
all the facilities still in place, the 
�rst pair of KLu F-16s were able 
to kick o� with the operational 
missions just two days later.

While ISIS lost most of its territory 
during 2018, there was still a lot of 
work left for ATF ME, and the F-16s 
added another 900 or so missions 
to the 2,100 �own in 2014-2016. Air 
Commodore André Steur, the KLu’s 
Director of Operations, said: “Our 
F-16s �ew operational missions 

right up to December 31, the last 
day of our mandate. While we 
keep upgrading our jets, there is no 
denying that these are old airframes 
that need a lot of attention to 
keep them serviceable. I am very 
proud of what our technicians and 
support personnel achieved during 
this deployment, enabling the 
missions to go ahead as planned, 
and our pilots have done a great 
job in executing each mission 
extremely careful and in a very 
professional manner.”

The daily missions included 
both air interdiction – co-
ordinated attacks on preselected 
targets – and close air support for 
coalition forces on the ground. 
Weapons used, apart from the 
F-16’s M61A1 Vulcan gun, included 
bombs like the laser-guided GBU-
12 Paveway II, GPS-guided GBU-
31 and GBU-38 Joint Direct Attack 

Munition and the dual-mode 
GBU-49 Enhanced Paveway II. In 
2015, the KLu also introduced the 
smaller 250lb (113kg) GPS-guided 
GBU-39/B Small Diameter Bomb 
(SDB I), in an e�ort to minimise 
collateral damage.

The F-16s returning on January 
2 had to make the trip without 
tanker support, necessitating 
a single fuel stop at Araxos Air 
Base in Greece. When entering 
Dutch airspace, two aircraft 
went to Leeuwarden and the 
other four landed at Volkel. 
Among the people welcoming 
the pilots at Volkel were Air 
Commodore André Steur and 
Lieutenant General Dennis Luyt, 
the KLu’s Commander in Chief. 
The personnel of the 150-strong 
ATF ME detachment 11 returned 
to Eindhoven Air Base later that 
same week.

Other commitments
The Dutch government 
announced on September 14, 
2018, that ATF ME’s operations 
would not be extended after 
2018. Among the reasons 
for this decision is that the 
KLu is committed to keeping 
F-16s available to the NATO 
Response Force (NRF)’s Very 
High Readiness Joint Task 
Force as well as NRF’s Follow-
on Forces Group during 2019. 
The KLu’s F-16 community 
is also increasingly busy with 
the transition to the F-35A 
Lightning II, with the �rst 
two new jets scheduled for 
delivery to 322 Squadron at 
Leeuwarden in the autumn 
of 2019. Nevertheless, KLu 
F-16s will remain available for 
operational deployments until 
2023 at least.

Following their ferry 
�ight from Jordan, 
three of the four 
F-16s on the Volkel 
taxiway.

After engine shutdown, one of the pilots arriving at Volkel drink’s a bottle of 
Dutch beer while welcomed home by the KLu’s Commander in Chief, Lieutenant 
General Dennis Luyt. 

Among the jets returning from ATF ME’s �nal deployment was J-641, which was 
delivered to the KLu in September 1983. This aircraft carries a tiger striped pod 
on the centreline station, a signature of Volkel’s resident 313 Squadron.
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 AS PART of the habitual training of 
the Spanish national air defence 
system, the Ejército del Aire 
(EA, Spanish Air Force) annually 
conducts various exercises to train 
its combat units in di� erent areas 
of the national territory.

One such exercise is called 
Eagle Eye and is undertaken under 
the direction of the Mando de 
Defensa y Operaciones Aéreas 
(MDOA, Air Operations and Defence 
Command).

MDOA is in charge of planning 
and conducting the mission of 
surveillance, security, control and 
air policing of Spanish sovereign 
air space and areas of national 
interest and responsibility. Eagle 
Eye lasts for a week and involves 
participation of not only EA 
� ghter units but also units from 
the Ejército de Tierra (ET, Army 
Aviation) and the Armada (Navy) 
with the objectives of combining 
synergies and maximizing training 
for units.

Air defence
During the course of 2018 three 
large Eagle Eye exercises were 
planned. In some cases, the event 
was integrated into other important 
air defence exercises organized by 
the EA, such as DAPEX.

Eagle Eye 18/01 took place in 
the southeast of the country (the 
Gulf of Cadiz) during the month of 
March, in which the EA activated six 
Euro� ghters from Ala 11 based at 
Moron de la Frontera Air Base near 
Seville. Integrated into EE 18/01 
was the air defence exercise DAPEX 
18/01, which involved participation 
of Ala 14 Euro� ghters from Albacete 
and a KC-130H Hercules from Ala 
31 at Zaragoza providing in-� ight 
refuelling. Malaga Air Base hosted a 
deployment of 12 EF-18M Hornets 
from their bases at Torrejón 
and Zaragoza, one aeromedical 
evacuation C295M belonging to 
Ala 35 at Getafe, an AS332B Super 
Puma helicopter serving with 803 
Escuadrón at Cuatro Vientos, three 

CASA C-101s from Ala 74 based in 
Salamanca, ET anti-aircraft artillery 
units, and a frigate from the Armada.

The operational phase of 
EE 18/02 took place between 
September 24-28, which coincided 
with DAPEX 18/02. For this event, 
the exercise area was a wide zone 
of the Bay of Biscay in the north of 
the country. Apart from the Ejercito 
de Tierra anti-aircraft artillery units 
and a frigate from the Armada, the 
EA provided six EF-18Ms from Ala 15 
operating from Zaragoza.

Eagle Eye 18/03
Lastly EE 18/03 was held between 
December 10 and 14 with EA 
participation involving the activation 
of six EF-18M Hornets from Ala 12 
operating from their home base at 
Torrejón de Ardoz.

There was a similar execution for 
all three of the Eagle Eye exercises 
planned for 2018, with the only 
variations being the speci� c training 
areas. Using a � ctitious scenario, 

defensive counter air missions were 
� own in response to incursions and 
movements of unidenti� ed aircraft.

Exercise objectives were to 
evaluate the land, naval and air 
assets assigned to the MDOA, and 
improve the procedures needed to 
integrate the three services (land, air 
and sea).

On this occasion, the operating 
area assigned to the exercise was 
in the south east of the country, 
along the coasts of Alicante and 
Murcia. Part of the scenario involved 
the destruction of a radar system 
operated by Escuadrón de Vigilancia 
Aérea No.5 (EVA 5, aerial surveillance 
squadron) located in Alcoy, Alicante, 
and the subsequent rapid activation 
of a mobile radar belonging to Grupo 
Móvil de Control Aéreo (GRUMOCA, 
Mobile Air Control Group).

The GRUMOCA is a rapid 
reaction air force unit charged 
with deploying and operating 
the necessary command, control 
and communications systems 

Spanish air defence
Roberto Yáñez and Alex Rodriguez  report on one of the main air defence exercises in Spain

Eagle Eye is one of the most important 
exercises of its type organized annually by 
Spain, since it involves participation and 
coordination of units and weapon systems 
from all branches of the military. Two Ala 
12 EF-18Ms break away after intercepting 
and identifying a C295 transport aircraft. 
All images by Roberto Yáñez
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needed to support air operations. 
Deployment of the mobile radar 
took place on December 8, 
along with 70 personnel and the 
Segundo Escuadrón de Apoyo al 
Despliegue Aéreo (SEADA, second 
air deployment support squadron), 
which provided support and security 
forces. One of the speci� c training 
objectives of EE 18/03 was to test 
the GRUMOCA’s capability to deploy 
and integrate itself into the national 
Sistema de Mando y Control (SMC, 
aerial command and control system) 
for the � rst time in an exercise of 
this type.

Other forces from the MDOA 
integrated into the SMC included 
an ET anti-air defence unit (Unidad 
de Defensa Anti Aérea, UDAA) 
deployed to the province of 
Alicante, made up of various missile 
batteries; NASAMS, Mistral, Hawk 
and 35/90 cannons, as well as the 
corresponding communications unit 
tasked with guaranteeing the linking 

and integration of the UDAA into 
the SMC. This unit included a force 
protection element made up of an 
infantry company: in total almost 
400 ET personnel participated.

For its part, the Armada deployed 
the frigate Álvaro de Bazán (F101) in 
the anti-aircraft warfare role using 
the Aegis combat system and the 
SPY-1 radar.

A naval air controller undertook 
air control from the frigate while 
integrated into the SMC. At the 
request of the Armada, amphibious 
assault ship Juan Carlos I was 
underway in the Mediterranean 
simulating the opposing forces 
of a � ctional aggressor nation. 
Operating from its � ight deck were 
six AV-8B Harrier strike aircraft from 
9 Escuadrilla and two SH-3D Sea 
King assigned to 5 Escuadrilla in the 
CSAR role.

Other EA aircraft supported 
the exercise as the Red force; 
Euro� ghters from Morón and 

Albacete, EF-18Ms and KC-130H 
Hercules from Zaragoza and CASA 
C-101s from Salamanca. With these 
assets the Red force staged various 
combined air operations, which the 
six EF-18Ms assigned to the Blue 
force had to defend against.

Two independent command 
and control cells were activated 
at the Mando Aéreo de Combate 
(MACOM, Air Combat Command) 
Operations Centre at Torrejon 
Air Base; each was tasked with 
controlling the respective Red and 
Blue force. Under this order of 
battle, the Blue force maintained a 
24/7 alert status to respond against 
attacks staged by the Red force.

With slight variation, the 
sequence of each mission followed 
a similar order: once enemy tracks 
were detected by the Blue force 
SMC, the EF-18Ms from Torrejon 
were launched to intercept. After 
the ensuing air combat, Red force 
aircraft simulated breaking through 

the defensive barrier and continued 
on to attack the frigate, which then 
defended itself by its own means. 
After strikes on the frigate, Red force 
� ghters penetrated Spanish territory 
and attacked the UDAA, which had 
to defend itself with the missile and 
cannon batteries.

One hundred sorties were 
� own during the three days of air 
operations, in which the EA SMC 
and the air defence assets of all 
three services had the opportunity 
to test their capability to respond to 
threats and integrate together.

Spain’s annual air defence 
exercises are planned to achieve 
improved synchronization between 
the various units in order to defend 
the national air space and territorial 
waters 24/7 for 365 days per year. 
A series of Eagle Eye exercises are 
already being planned for 2019 
located in areas around the country 
in order to cover all of Spain’s 
sovereign airspace.

Positioned on the � ight deck tram line of the Juan Carlos I amphibious assault ship, 
an AV-8B+ Harrier Plus prepares to take o�  for an o� ensive counter air mission.

An AV-8B+ Harrier operated by the Armada’s 9 Escuadrilla formed part of the Red force 
which were integrated into combined air operations with Ejército del Aire aircraft.

One of the two SH-3Ds assigned to 5 Escuadrilla that undertook 
various transport and CSAR missions during Eagle Eye 18/03.
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Sea King farewell tour

The � nal three SAR Westland 
Sea King Mk48s in service with 
the Belgian Air Component 
completed a formation farewell 
tour over east and west Flanders, 
Belgium, on December 19, 2018, 
just three months before the type 
was withdrawn from service.

The � nal three aircraft, 
operated by 40 Smaldeel at 
Koksijde Air Base, departed at 
09:55hrs with special anniversary 
marked aircraft, serial number 
RS05, in the lead.

They were supported by a 
Koksijde-based Sud-Aviation 
SA316 Alouette III and a 
Beauvechain-based Agusta 
A109BA. A 40 Smaldeel NH90 
NFH supported the return 
to Koksijde at approximately 
12:45hrs.

The formation � ew over 
ten important landmarks, 
including the Ijzer Tower (Yser) 
at Diksmuide (commemorating 
soldiers killed during World 
War One, the air tra�  c control 

centre at Semmerzake plus Gent, 
Zeebrugge and Ostend.

Belgium acquired � ve Sea King 
Mk48s from November 1976. 
Two aircraft (RS01 and RS03) 
were withdrawn from service in 
December 2008 and August 2013 
respectively. The remaining three 
aircraft will be withdrawn from 
service between January and 
March 2019; RS02 on January 19, 
followed by RS04 on February 
19, and � nally RS05 on March 26, 
2019. Ian Harding

KAI rolls out 
Light Armed 
Helicopter
Korea Aerospace Industries (KAI) 
rolled out the prototype of its 
Light Armed Helicopter (LAH) on 
December 19, 2018.

The helicopter is designed 
to replace the Republic of 
Korea Army’s � eet of Bell 
AH-1S Cobra and McDonnell 
Douglas MD500 Defender 
helicopters and KAI plans to 
produce at least 200 LAHs.

The helicopter has been 
developed by KAI in partnership 
with Airbus Helicopters and 
is derived from the H155B1 
Dauphin. KAI says the � rst � ight 
of the LAH will occur in May 
2019. Nigel Pittaway

The � nal three Belgian Air Component Westland Sea King Mk48 helicopters will be withdrawn from service by the end of 
March 2019. Ian Harding

QintetiQ retires Gazelles

Canadian 
Sea King 
retirement
The Royal Canadian Air Force has 
retired its Sikorsky CH-124 Sea 
King helicopters after more than 
55 years of service to the nation.

The Sea King entered service 
in Canada in May 1963 and was 
originally designated CHSS-3. 
By the time of the � nal � ight 
in December 2018, the type 
had accrued a total of more 
than 550,000 � ight hours. The 
helicopter is being replaced 
in the ship-borne maritime 
helicopter role by the Sikorsky 
CH-148 Cyclone.

A ceremony to mark the Sea 
King’s impending retirement 
was held at Patricia Bay, British 
Columbia, home to the RCAF’s 
443 ‘Hornet’ Squadron on 
December 12, 2018, with the 
� nal � ight expected to occur 
before the end of December. 
Speaking at the farewell 
ceremony, Rear Admiral Art 
McDonald, Deputy Commander 
of the Royal Canadian Navy, 
said: “Today is the day we 
retire a stalwart workhorse and 
celebrate how it provided the 
foundation for continued naval 
aviation success in a Navy-Air 
Force industry partnership. The 
Sea King was more than just a 
helicopter; since its introduction 
in the 1960s it fundamentally 
changed the nature of naval 
operations worldwide.”

Around ten CH-124s will be 
donated to museums and the 
remainder will be disposed of. 
Nigel Pittaway

The Empire Test Pilots School and 
QinetiQ, based at Boscombe Down 
in Wiltshire, moved a step closer to 
an entirely civilian-registered � eet 
on December 18–19, 2018, when 
a number of their military aircraft 
were withdrawn from use.

These comprised Gazelle AH1s 
XX449 and XX453, and Gazelle HT3s 

XZ939 and ZB625 on December 
18 and single Hawk T1 XX154 on 
December 19. The withdrawals 
were marked by low-key formation 
tours of the surrounding area by 
each type.

QinetiQ’s future � eet, 
comprising Pilatus PC-21s (2), 
Grob 120TP-As (2), Airbus H125s 

(4), Agusta A109Es (2), Avro 146 
RJ70s (2) and single Diamond 
DA42, now operates under the 
QinetiQ Civil Flying Organisation 
(QCFO), which was established in 
November 2017. QCFO enables 
QinetiQ to operate civil registered 
aircraft independently of other 
organisations. Ian Harding

One of QinetiQ’s unique blue and white Gazelle HT3s, ZB625, operating over the Salisbury Plain Training Area. Ian Harding
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Leonardo’s TH-119

The TH-119 is a contender for the US Navy requirement to replace more 
than 125 Bell TH-57 Sea Ranger helicopters currently in service. Leonardo

Leonardo Helicopters has 
performed the maiden � ight of its 
TH-119 training helicopter, a type 
aimed at replacing the US Navy’s 
� eet of Bell TH-57 Sea Rangers.

The � rst � ight occurred 
at the company’s plant in 
Philadelphia on December 20, 
2018, and Leonardo says US 
Federal Aviation Administration 
certi� cation is due to follow 
in early 2019. The TH-119 is 
a variant of the company’s 
AW119 Koala single-engine IFR 
helicopter.

The US Navy has a 
requirement for a new training 

helicopter to replace the � eet of 
more than 125 TH-57s currently 
in service.

Leonardo’s Director of US 
Government Sales, Andrew 
Gappy, said: “Already made in 
the United States, the TH-119 
is an a� ordable, o� -the-shelf 
teaching helicopter that 
combines proven performance, 
� exibility and safety. It is built 
to accomplish every current 
US Navy undergraduate 
training mission and � ight 
skill manoeuvre, with plenty 
of room to grow over the 
venerable TH-57.” Nigel Pittaway

Heeres� ieger search 
and rescue H145s

Germany’s Bundesamt für 
Ausrüstung, Informationstechnik 
und Nutzung der Bundeswehr 
(Federal O�  ce of Bundeswehr 
Equipment, Information 
Technology and In-service 
Support) has placed an order with 
Airbus Helicopters for seven H145 
helicopters, for delivery in 2020.

The H145s will be based at 
Niederstetten, Holzdorf and 

Nörvenich, used in the SAR role 
and replace the � eet of Bell 
UH-1D Iroquois currently in 
service with the Heeres� ieger’s 
Transporthubschrauberregiment 30 
at Niederstetten. 

The Luftwa� e currently operates 
15 H145M helicopters, � ying with 
LuftTransportGruppe at Holzdorf in 
support of German Special Forces. 
Nigel Pittaway

The new H145s will replace the venerable Bell UH-1D helicopter on SAR duties 
with the Heeres� ieger from 2020. Airbus Helicopters
The new H145s will replace the venerable Bell UH-1D  helicopter on SAR duties 

Hungary orders 
H225Ms

Airbus Helicopters announced 
on December 14, 2018, that the 
Hungarian Ministry of Defence 
has ordered 16 H225M helicopters 
equipped with Airbus’ HForce 
weapons system. The helicopters 
will be used for combat search 
and rescue, special operations and 
transport missions.

Hungary becomes the ninth 
country to have selected the 
H225M, following Brazil, France, 

Indonesia, Kuwait, Malaysia, 
Mexico, Singapore and Thailand.

Airbus Helicopters also signed 
a memorandum of understanding 
with the Hungarian government 
on December 17, 2018, for 
industrial cooperation on long-
term aviation projects, with an 
initial focus on the production 
of precision components for 
helicopter dynamic systems. 
Nigel Pittaway

Hungary’s order for H225Ms forms part of the Hungarian government’s 
‘Zrinyi 2026’ armed forces modernisation programme. Airbus Helicopters

SB-1 De� ant 
breaks cover

Boeing and Sikorsky displayed 
their SB-1 De� ant compound 
helicopter, a Sikorsky model 
S-100 registered N100FV (c/n 
0001), at the company’s facility 
in West Palm Beach, Florida, on 
December 2, 2018. The De� ant 
has been developed in response 

to the US Army’s Joint Multi-
Role technology demonstrator 
programme, which will help to 
inform the Army’s Future Vertical 
Lift programme, which calls for a 
medium-lift helicopter to enter 
service in the early 2030s.
Nigel Pittaway 

The SB-1 De� ant is Boeing and Sikorsky’s response to the US Army’s 
requirement for a medium-lift utility helicopter under its Future Vertical Lift 
programme. Boeing
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Embraer recently passed a landmark 
in its E-Jet programme when it 
delivered the 1,500th example of 
its regional jet family. The Brazilian 
manufacturer handed over the 
aircraft, a �rst-generation E175, 
to Seattle-based Alaska Air Group 
subsidiary Horizon Air. The aircraft 
is con�gured with 12 �rst class 

seats, 12 in premium class and 52 in 
economy. Four more E175s will be 
delivered to Horizon in 2019, to take 
its total to 30. Horizon has more 
than doubled its E175 �eet since 
introducing the type in 2017.

Embraer launched the E-Jets 
programme 20 years ago this year, 
with the four di�erent variants (E170, 

E175, E190 and E195) introduced over 
a period of several years in the early 
2000s. The E175, E190 and E195 have 
been re-engined with Pratt & Whitney 
geared turbofans and received 
airframe and systems improvements 
in the E-Jets E2 programme, to 
deliver double-digit reductions in fuel 
burn and maintenance costs from the 

�rst-generation models. The E190-E2 
entered service in 2018 with the 
E195-E2 due to follow this year and 
the E175-E2 in 2021. Since entry into 
service, E-Jets have been operated 
by more than 70 customers in 50 
countries.

The milestone E175 delivery 
occurred four days after Embraer 
delivered Air Astana’s �rst E190-E2. 
The Kazakhstan national carrier is 
leasing �ve E190-E2s from AerCap. 
The initial jet, P4-KHA (c/n 20012), 
features a distinctive livery designed 
to draw attention to the threat 
of the extinction faced by the 
snow leopard, an o�cial symbol 
of Kazakhstan and native to the 
country’s southern mountain ranges.

Peter Foster, President of 
Air Astana, which has operated 
E190s since 2011, said: “We 
know Embraer’s E-Jets well, and 
have high expectations for their 
new generation aircraft in terms 
of economics, environmental 
impact, and levels of comfort and 
convenience for our customers.” 
Mark Broadbent

E-Jets milestone

A319neo certi�ed, but why low sales?

Five airframe/engine variants 
in the Airbus A320neo range 
have now been certi�ed, after 
the A319neo powered by CFM 
International LEAP-1A turbofans 
received joint type certi�cation 
from the European Aviation Safety 
Agency and Federal Aviation 
Administration late in 2018. The 
approval followed what Airbus 
called an “intensive certi�cation 
�ight test programme” involving 
over 500 �ight hours following the 
A319neo’s �rst �ight in March 2017.

The A319neo is the shortened-
fuselage member of the A320neo 
Family, seating 140 passengers 
in two classes or up to 160 in a 

high-density layout, with a range 
of up to 3,750 nautical miles 
(6,945km). It has sold very slowly, 
with Airbus orders and deliveries 
data indicating just 55 orders by 
the start of 2019, meaning the 
variant accounts for less than 
0.5% of the total 6,526 orders 
for A320neo Family variants 
recorded by that date.

Market demand is the 
most important reason why 
A319neo sales have been so low 
compared to the other variants, 
with the larger A320neo and 
A321neo better catering for the 
capacity needs of most carriers. 
Possibly another factor in the 

sales performance is that Airbus 
now also o�ers the A220 for 
the area of the market where 
the A319neo sits. Sales of A220s 
continue to tick along, with 
the recent con�rmations of 
tentative deals in the United 
States taking the total �rm 
orders backlog for that aircraft 
to more than 500 examples.

Although the A319neo’s sales 
are low relative to its sister aircraft, 
the variant remains part of Airbus’ 
single-aisle narrowbody airliner 
line-up. It o�ers hot-and-high 
performance and the long range 
demanded by some carriers and, 
crucially, it is also the basis for 

the ACJ319neo (Airbus Corporate 
Jets) model. As Airbus noted, the 
A319neo’s certi�cation paves the 
way for the ACJ319neo to enter 
service with VIP operators this year.

The other certi�ed A320neo 
family variants are the A320neo 
powered by Pratt & Whitney 
PW1100G-JM engines (the A320-
271N), certi�ed in November 
2015, and the LEAP-1A-powered 
variant (the A320-251N), certi�ed 
in May 2016. The A321neo with 
the PW1100G-JM (A321-271N) 
was certi�ed in November 2016 
and with the LEAP-1A (A321-251N) 
following in March 2017.  
Mark Broadbent

The A319neo has secured its European and Federal Aviation Administration certi�cation, but the orders backlog for the type remains very small, with the type 
representing less than 0.5% of all A320neo Family orders. Airbus

Air Astana’s initial E190-E2 in its snow leopard livery, designed by Embraer in the style of the ‘Pro�t Hunter’ nose art that 
features on the manufacturer’s E-Jets E2 test and demonstration aircraft, and applied by hand to the aircraft. Embraer
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Expanding an airline

European airline company 
International Airlines Group (IAG) is 
planning ambitious growth for Level 
by expanding the low-cost unit’s �eet 
by more than four times its current 
size over the next few years.

Level currently operates nine 
aircraft, consisting of �ve A330-
200s (three based in Barcelona, two 
at Paris-Orly) and four A321s (all 
based in Vienna). This year will see 
a relatively modest capacity growth, 
with the additions of two A330s (one 
each at Barcelona and Paris-Orly) 
and three more A321s at Vienna 
taking the �eet to 14.

The longer-term intention is 
to expand to 42 aircraft by 2023, 
indicating the carrier is planning to put 
28 aircraft into service in the 2020–

2022 timeframe. The airline’s Chief 
Executive O�cer Vincent Hodder 
told the IAG Capital Markets Day in 
late 2018 that Level has “undisclosed 
aspirational targets, which have us 
becoming even bigger than that”.

Although there were no details 
about the mix of types that will make 
up Level’s future �eet and where they 
will be based, Hodder explained in 
more detail exactly how Level slots 
into IAG’s portfolio alongside the full-
service airlines, British Airways and 
Iberia and value carriers, Aer Lingus 
and Vueling.

According to a transcript of the 
presentation, Hodder said that 
compared to the traditional vertical 
organisational structure by which 
airlines are typically run, Level is more 

akin to companies such as Amazon, 
where the business is composed of 
modular elements. There is a central 
airline management company, but the 
bases in Barcelona, Paris and Vienna 
are separate units. (Barcelona is run 
by Iberia and Paris by the former BA 
subsidiary OpenSkies, with the Vienna 
operation a franchise operated by 
ANISEC delivered by Vueling.)

Hodder emphasised why this 
structure is relevant to IAG’s growth 
plans: “If I can’t deliver the right 
cost base in the French operation, 
the other production units can take 
[aircraft] and we can deploy the 
aircraft in di�erent ways to ensure 
that [at] every point in time, we have 
the lowest cost of production.” 
Hodder believes this ability to move 

aircraft around “is much more di�cult 
to do in a single large airline, where 
the cost base is structured around a 
vertically integrated chain. It’s a really, 
really competitive cost base delivered 
by cooperation between di�erent 
parts of the IAG Group.”

Hodder thinks another advantage 
to Level’s structure is: “It’s almost 
in�nitely scalable, and it’s equally not 
tied to the historical structures that 
are put in place by bilateral relations 
between governments that set out 
how tra�c rights work. If we chose 
to work with an African production 
unit, we could access African tra�c 
rights in exactly the same way. We 
have the ability to grow the number 
of production units trading a highly 
scalable solution.” Mark Broadbent 

TUI grows 737 MAX �eet

More than �ve years after receiving 
its initial Boeing 787-8 Dreamliner, 
TUI Airways was once again the �rst 
UK airline to take delivery of a new 
Boeing commercial airliner, with 
its initial 737 MAX 8, G-TUMA (c/n 
44593), named Kittila. The aircraft 
arrived at Manchester, from where 
it conducted its inaugural rotation 

to Malaga. A second jet, G-TUMB 
(c/n 44595), named Menorca, 
followed shortly afterwards.

TUI Airways, formerly Thomson 
Airways, is part of the TUI Travel 
Group’s stable of airlines across 
Europe. The carrier is set to 
receive 32 737 MAX 8s, which will 
replace the 737-800s in its �eet 

on both short and medium-haul 
routes over the next �ve years. 
Sister airlines TUI Belgium and 
TUI Nordic received their initial 
737 MAX 8s early in 2018 and TUI 
Netherlands its �rst example in 
December 2018, with Germany-
based TUI�y due to receive its 
initial 737 MAX 8 in early 2019. The 

TUI Group has ordered 72 737 MAX 
8s for its airlines in total.

The TUI Airways 737 MAX 8s 
feature a new personalised in-
�ight entertainment system called 
Navigate, where passengers can 
use their own electronic devices to 
stream entertainment content.   
Mark Broadbent

The �rst of 30 Boeing 737 MAX 8s for TUI Airways’ UK operation arrives on a stereotypically overcast Manchester day. TUI Airways

Level will add three more Airbus A321-211s in Vienna this year to join the seven examples already operated from there, including OE-LCF (msn 1966) seen arriving at 
London Gatwick in December 2018. Richard Vandervord
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Boeing 717s for scrapping

Three ex-Turkmenistan Airlines Boeing 717-200s photographed at Kemble Cotswold Airport in Gloucestershire in December. The aircraft are EZ-A101 (c/n 55153), 
EZ-A102 (c/n 55154) and EZ-A106 (c/n 55186), with EZ-A107 (c/n 55187) also on the air�eld. All will be parted out and scrapped. Ian Simpson

An-12 into Stansted

Antonov An-12BK UR-CAJ (c/n 8346106), operated by Ukraine Air Alliance. is photographed arriving at London Stansted in December. Richard Vandervord

Bell Geospace BT-67

Bell Geospace Basler BT-67 C-FTGX departing Bournemouth in December. The aircraft was transiting through the Dorset airport from Goose Bay, reportedly on its 
way to conduct survey work in Croatia. Richard Vandervord



Herb Kelleher 1931-2019
Herb Kelleher, the founder of Southwest 
Airlines, died on January 3, 2019. Kelleher is 
regarded as the father of the low-cost airline 
industry, pioneering the concept of cheap 
� ights in a single-class cabin without reserved 
seats and a business model based around high 
aircraft utilisation and short turnaround times. 
Ryanair boss Michael O’Leary’s words, “without 
Herb there would be no low-fares airlines 
anywhere”, re� ected widespread recognition 
across the industry of Kelleher’s impact on the 
airline business. Kelleher established Southwest 
in 1967 to provide cheap � ights between 
Houston, Dallas and San Antonio and over the 
decades it has grown to become one of the 
largest airlines by � eet size, with more than 700 
Boeing 737s in service. Mark Broadbent

Lufthansa A380 repaint
The � rst Lufthansa’s Airbus A380 to be 
repainted in the German carrier’s new livery 
returned to service recently. The jet, D-AIMD 
(msn 48), was repainted in the revised design 
in Guangzhou, China, before returning to its 
Munich base and resuming daily � ights. By the 
end of 2019, a quarter of the airline’s � eet will 
have been repainted into Lufthansa’s revised 
livery, released last year to a mixed reaction. 
With more than 300 aircraft used by Lufthansa 
mainline and its partners, the repainting 
process for the entire � eet is not due for 
completion until 2025. Mark Broadbent

MAEL enters administration
Monarch Aircraft Engineering Limited (MAEL), 
established in 1967 and headquartered at 
London Luton Airport, entered administration 
in January. The company, which provided 
base maintenance, line maintenance, � eet 
technical support and a training academy, 
underwent restructuring in October 2018 and 
in December announced it was in talks with 
potential partners with a view to selling all or 
parts of the business. Its UK line maintenance 
operations at Gatwick, Birmingham, East 
Midlands, Newcastle and Glasgow have 
largely transferred to the Morson Group, 
with the Luton Airport line maintenance 
operations transferring to Storm Aviation. 
Certain Gatwick-based employees have also 
transferred to Boeing and some operations 
at Manchester and Birmingham Airports 
have been transferred to Flybe. No o� er 
was received for base maintenance, which 
undertakes aircraft overhaul and major heavy 
maintenance programmes at Luton and 
Birmingham, so operations were suspended 
immediately, resulting in the redundancy of 
around 250 employees. Administrators KPMG 
will be seeking a purchaser for MAEL’s base 
maintenance facilities. Mark Broadbent

Qatar Airways buys into China 
Southern Airlines
Qatar Airways has continued its strategy of 
investing in airlines worldwide by buying 5% 
of China Southern Airlines, the sixth-largest 
airline worldwide by passengers carried, 
with 84 million passengers in 2016, so the 
partnership clearly presents an opportunity 
for Qatar Airways to access the fast-growing 
Chinese market. It is the latest investment by 
the Gulf carrier in airlines worldwide after it 
earlier purchased a 20% stake in IAG, 9.9% of 
LATAM and 9.9% of Cathay Paci� c Airways . 
Mark Broadbent
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INNUMBERS INBRIEF

Data covers orders announced December 4, 2018-January 7, 2019. Key: LOI – Letter of Intent, MOU –Memorandum of Understanding. Compiled by Mark Broadbent

Customer Aircraft Number Date

Flyadeal 737 MAX 8 30 plus 20 options, 
purchase commitment

December 21

Green Africa 
Airways

50 plus 50 
options

December 21 October 1

BOEING

2
NEW BOEINGS FOR ROYAL AIR MAROC
Royal Air Maroc has taken delivery of two new Boeing models 
as it expands and modernises its � eet. First into service was 
the 787-9 Dreamliner, CN-RAM (c/n 64625), which began 
� ying to New York ten days after its delivery on December 11, 
2018. Another three 787-9s are on order. On December 21, 
2018, Royal Air Maroc received its � rst 737 MAX 8 (CN-MAX, 
c/n 60008), with three more due over the coming months. 
The carrier already operates 737NGs and 787 MAX 8s, which 
contribute to its � eet of 60 Boeings. Guy Martin

787
DREAMLINERS DELIVERED
Boeing in December handed over the 787th example of 
its 787 Dreamliner to come o�  its production line. The 
milestone aircraft is 787-8 B-1168 (c/n 38797) and was 
delivered to the lessor AerCap, which is leasing it to China 
Southern Airlines. The aircraft features special ‘787’ titles 
in both English and Chinese along the forward fuselage. 
The � rst 787 was delivered to All Nippon Airlines in 2011, 
since when the total 787 � eet has � own nearly 300 
million passengers on more than 1.5 million � ights. Boeing 
says the 787 has opened no fewer than 210 new non-
stop routes since entering service. China Southern now 
operates ten 787-8s and eight 787-9s. Mark Broadbent

Customer Aircraft Number Date

Avolon A320neo 75 December 7

A321neo 25 December 7

JetBlue A220-300 60 (� rms July 10, 
2018 MOU)

January 3

Start-up US airline A220-300 60 (� rms July 10, 
2018 MOU)

January 3

Vistara A320neo 13 November 22, 
announced 
December 10

AIRBUS

Customer Aircraft Number Date

Aviation PLC ATR 72-6008 January 3

ATR

Customer Aircraft Number Date

Air Kiribati E190-E2 2 plus 2 purchase rights December 19

Azul Brazilian 
Airlines

E195-E2 21 (� rms July 17, 2018 LOI) December 19

Republic AirwaysE175-E2 100 (� rms July 17, 2018 LOI) December 20

EMBRAER

Customer Aircraft Number Date

Thai Kom Airlines SSJ-100 6, LOI December 27

SUKHOI

100
737 MAX FOR GREEN AFRICA
Green Africa Airways has committed to acquiring up to 100 
737 MAX 8 aircraft, split into 50 � rm orders and 50 options in 
what is potentially Boeing’s largest aircraft agreement from 
Africa, worth $11.7 billion at list prices. The late December 
announcement comes as the airline gears up to begin 
commercial operations after receiving its Air Service License 
in May 2018. It is being led by Chief Executive O�  cer and 
founder Babawande Afolabi, a former investment banker 
for Morgan Stanley. The airline plans to operate in Nigeria 
before moving across Africa. Guy Martin

4
ETHIOPIAN AIRCRAFT TO GHANA
Ethiopian Airlines will supply four aircraft to establish a new 
national carrier for Ghana. Ethiopian will be the majority 
shareholder (49%) in the as-yet unnamed airline. The 
Ghanaian government and private investors will hold the 
remaining 51% of the airline, which will take the place of the 
defunct Ghana Airways and Ghana International Airlines. 
Operations will commence in early 2019. Guy Martin

Boeing
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IN THE January issue of AIR 
International, we reported on the 
new Chinese high-speed all-wing 
unmanned combat air vehicle 
designs and futuristic drones, 
displayed at Airshow China in 
Zhuhai in November 2018.

Less daring, but money-
generating, Chinese UAVs in the 
medium-altitude long-endurance 
class were also on show. Most of 
these replicate the classic layout 
of American General Atomics 
Predator.

Pterodactyls for export
A few weeks after Airshow China, 
on December 25, 2018, the Aviation 
Industry Corporation of China 
(AVIC) ceremonially unveiled the 
100th Wing Loong I intended for 
export. It is not known who is going 
to receive the milestone aircraft.

Wing Loong I systems have 
been sold to the United Arab 
Emirates (starting in 2011), Saudi 
Arabia, Kazakhstan, Pakistan, Egypt, 
Indonesia and Uzbekistan. Saudi 
examples saw combat in Yemen, 
while Iraq has used the system 

during the campaign against the 
Islamic State group.

The Wing Loong, or Pterodactyl, 
is the export name of the Yilong 
(Winged Dragon) system developed 
by Chengdu Aircraft Design and 
Research Institute (CADI), a part 
of the state-owned AVIC. The 
prototype of the initial and the 
most widespread Wing Loong I 
version � ew in October 2007. The 
type has entered service with the 
People’s Liberation Army Aviation 
Force designated the GJ-1 (Gongji, 
meaning attack).

When presenting the 100th export 
drone, Li Yidong, who has headed 
Chengdu’s UAS programmes since 
2010, told Chinese TV that, apart 
from the 100 Wing Loongs already 
produced, “we still have 100 more 
orders to be ful� lled”.

According to CAI, the Wing 
Loong I’s endurance is 20 hours. 
The aircraft’s service ceiling is 
22,966ft, maximum speed is 151kts 
(280km/h) and its take-o�  weight 
1,200kg (2,646lb), including 275kg 
(606lb) of fuel and a 200kg (441lb) 
weapons payload.

Speci� cations given by one of the 
operators, Kazakhstan, di� er from 
those of the manufacturer, with the 
operator quoting take-o�  weight as 
1,100kg (2,425lb) and service ceiling 
as 16,404ft.

The Wing Loong I has a 
14m-long (45ft 11in) straight wing 
and 9.05m-long (29ft 7in) fuselage, 
V-shaped tail and turbocharged 
100hp (74kW) Rotax 914 piston 
engine with pushing propeller.

Typical for UAVs of this class is 
an electro-optical payload with an 
infrared camera, TV camera and 
laser target designator mounted 
under the nose. The ordnance 
is carried on two underwing 
hardpoints.

Debuting at Airshow China 2018 
was the Wing Loong I-D version 
(presented two years earlier in the 
form of a small model). With a 
take-o�  weight of 1,500kg (3,307lb) 
it is a vehicle of virtually the same 
class as the � rst of the Pterodactyls, 
but it has several signi� cant 
improvements. Seventy percent of 
the airframe’s weight is composite, 
the aerodynamics have been 

improved, the wingspan lengthened 
to 17.6m (57ft 9in) and a more 
powerful diesel engine installed.

All these features enable the I-D 
version to carry 400kg (882lb) of 
ordnance on four underwing pylons 
and remain airborne for 35 hours. 
The Wing Loong I-D’s maiden � ight 
took place on December 23, 2018, 
lasting 30 minutes.

Wing Loong II in service
The largest drone of the Wing 
Loong family is the Wing Loong II. 
Approximate in size to the MQ-9 
Reaper system, a Wing Loong II was 
presented on the static display at 
Zhuhai in two locations, in the AVIC 
section and People’s Liberation 
Army Air Force section.

Only the latter aircraft (number 
53130) was a debut, for the � rst 
time displayed in the colours 
of the People’s Liberation Army 
Aviation Force and with the military 
designation GJ-2. The production 
version for People’s Liberation 
Army Aviation Force has no large 
winglets, a characteristic of the 
vehicles presented previously.

Blooming 
Chinese drones
There are numerous Chinese medium-altitude long-endurance UAVs 
now in service or development, as Piotr Butowski tells us

Debuting at Airshow China 2018 was the Wing Loong I-D version, which features 70% composite construction, a wider wingspan and a more 
powerful engine than earlier Wing Loong variants. This aircraft � ew on December 23, 2018. All photos Piotr Butowski
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The Wing Loong II has a take-o�  
weight of 4,200kg (9,259lb), three 
times heavier than the previous 
versions. It carries 480kg (1,058lb) 
of payload and can remain airborne 
for 20 hours at an altitude of up 
to 29,528ft. It is powered by an 
AEP50E turboprop engine of 
Chinese production, rated at 500hp 
(368kW). The maiden � ight of the 
prototype took place on February 
27, 2017.

The Wing Loong II is actively 
advertised by AVIC and has been 
displayed at several international 
air shows, including Le Bourget 
in June 2017, Dubai in November 
2017 and Singapore in February 
2018. Reported export customers 

for the Wing Loong II are the 
United Arab Emirates and Egypt. 
Licence production of 48 drones 
is expected to be launched by 
Pakistan.

Li Yidong said two years ago 
that the Wing Loong II had 
received a large foreign order, “the 
largest in [the] history of Chinese 
UAVs”. Media in Saudi Arabia claim 
it was the delivery of 300 systems 
for the nation. However, in March 
2017, King Abdulaziz City for 
Science and Technology signed an 
agreement with another Chinese 
company, the China Aerospace 
Science and Technology 
Corporation (CASC), to open an 
assembly facility in Saudi Arabia 

for CASC’s competing CH-4 
Caihong (Rainbow) system. These 
reports are di�  cult to interpret.

Apart from the Wing Loong 
series, CADI also presented the 
Yunying (Cloud Shadow) drone 
at Zhuhai. This is of similar 
purpose and weight class to the 
Wing Loong, but is powered by a 
turbojet engine. The advantages 
of the jet engine are high � ight 
altitude (up to 44,291ft) and speed 
(320kts/620km/h). The penalty 
for that performance is shorter 
endurance: six hours with a 200kg 
(441lb) payload or � ve hours with 
400kg (882lb) payload.

The Cloud Shadow is not new; 
it was displayed at Zhuhai two 

years ago and abroad in Dubai in 
November 2017. The vehicle has 
been � ying since May 16, 2016, but 
nothing has been heard about its 
production or orders.

Another jet-powered drone 
made its debut at Zhuhai: the 
reconnaissance-combat WJ-700 
presented by China Aerospace 
Science and Industry Corporation 
(CASIC). The WJ-700 has a take-o�  
weight of 3,500kg (7,716lb) and 
endurance of 20 hours; other data 
was not disclosed.

Rainbow series
Airshow China also saw CASC 
present already-known drones 
from the Caihong (Rainbow) series: 

The jet-powered CADI Yunying 
(Cloud Shadow) has a ceiling of 

44,291ft and speed 320kts.

Making its debut at Zhuhai was the China Aerospace Science and Industry 
Corporation WJ-700 reconnaissance-combat system.

The CH-5 was presented with four AR-1B and four smaller AR-2 missiles. The 
smaller CH-4 is in the background.
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the CH-4 with a 1,330kg (2,932lb) 
take-o�  weight and 30 hours’ 
endurance, and the CH-5 with 
3,000kg (6,614lb) take-o�  weight 
and 40 hours’ endurance. The 
CH-4 is an equivalent of the Wing 
Loong I and the CH-5 an equivalent 
of the Wing Loong II.

The only novelty in the display of 
the CH-4 and CH-5 at Zhuhai was 
new ventral pods with electronic 
equipment and new weapons. The 
smaller CH-4 appeared with four 
AR-1 and AR-1A guided missiles and 
the larger CH-5 with four AR-1B 
and four smaller AR-2 missiles.

None of these Rainbow drones 
has entered service in China; 
instead, the CH-4 has become 
one of the best-selling UAVs on 
the international market. Starting in 
2015, the CH-4, including the armed 
CH-4B version, was purchased 
by Algeria, Egypt, Iraq, Jordan, 
Saudi Arabia and the United Arab 
Emirates. Apparently, most buyers 
of Chinese UAV systems are Middle 
East countries, which for several 

reasons do not want or were denied 
purchase of the world’s most 
popular US or Israeli systems.

Tengden for military and 
commercial users
Sichuan-based Tengden together 
with Poly Technologies, which 
debuted in Zhuhai with a huge 
transport drone TW356 (see AIR 
International, January 2019), also 
presented some smaller combat 
reconnaissance UAVs in a twin-
boom con� guration with two 
turboprop engines, similar to the 
Israeli Heron.

The TW328 (or TB) vehicle was 
� tted with four pylons for weapons 
or reconnaissance pods. Among 
possible loading options, CM-502KG, 
C-701K and FT-9 missiles were 
presented, as well as two types of 
the guided bombs. The TW328 has a 
20m (65ft 7in) wingspan and 2,800kg 
(6,173lb) take-o�  weight. It can 
remain airborne for up to 45 hours 
at an altitude of up to 26,247ft and 
speed of up to 151kts (280km/h).

Nearby, there was the same 
system in a civil version named 
Scorpion, designed to transport 
freight using underwing containers. 
An initial version of the system 
demonstrated its freight delivery 
capability by dropping supplies in 
late 2017.

Airborne early 
warning drone
The JY-300 Tianshao (Sky Whistle) 
presented in the China Electronics 
Technology Group Corporation 
(CETC) booth is an airborne early 
warning radar integrated into a 
conventional drone not dissimilar to 
the shape of the General Atomics 
Predator.

The JY-300 has been developed 
by the 38th Research Institute of 
CETC. A characteristic feature is 
the integration of the sensors into 
the airframe structure, including 
conformal active electronic 
scanned array radar aerials at the 
leading and trailing edges of the 
wing (which was not visible on the 
displayed mock-up) and along the 

sides of the forward fuselage. The 
JY-300 made its � rst 30-minute 
� ight at Shaanxi Pucheng airport in 
October 2018.

Shipborne drone
The Aeromarine Intelligent 
Equipment Company, a subdivision 
of China Shipbuilding Industry 
Corporation, demonstrated a 
mock-up of its HK-5000G armed 
reconnaissance UAV. This system is 
intended for operation from ships 
and is therefore equipped with a 
folding wing.

The design is at a very early 
stage and the data given by 
the company representative 
during the show, a take-o�  
weight of 5,000kg (11,023lb) and 
endurance of 12 hours, is liable 
to change. Given the drone’s 
weight and its moderate-thrust 
engine, the UAV will have to 
use a catapult. Only China’s 
third aircraft carrier will use an 
electromagnetic catapult; the 
present two carriers use a ski 
jump take-o� .

Although not visible on the mock-up, the China Electronics Technology 
Group Corporation JY-300 Tianshao (Sky Whistle) is designed to have sensors, 
including conformal active electronic scanned array radar, integrated into the 
airframe structure.

The HK-5000G armed reconnaissance UAV is intended for operation from ships 
and is therefore equipped with a folding wing.

The twin-boom Scorpion is a civil version of the Tengden TW328 designed to transport cargo.



www.airinternational.com   |  27www.facebook.com/airinternationalmagazine

SCENE

VSR700 �ies fully unmanned

ApusDuo airborne Algeria 54 
and 55
Algeria’s military is now 
operating United Arab 
Emirates-designed UAVs. In 
December 2018, video footage 
shared by the Algerian Ministry 
of Defence revealed the 
country’s military is using the 
Adcom Systems Yabhon United 
40 as the Algeria 54 and the 
Yabhon Flash-20 as the Algeria 
55 aircraft. The Yabhon United 
40s were armed with what 
appeared to be small-diameter 
bombs and conducted a live-
�re demonstration for o�cials.

The Algerian Ministry of 
Defence claims the Algeria 54 
and Algeria 55 UAVs have been 
domestically built. In addition 
to Denel Seeker UAVs, Algeria is 
now also operating the Chinese 
CH-3 and CH-4 systems, 
which were seen in operational 
service in October 2018, with 
the CH-4 �tted with weapons 
hardpoints. Guy Martin

A Californian start-up developer 
intends to add to the growing 
number of unmanned systems 
o�ering high-altitude long 
endurance (HALE) persistence 
with a system called ApusDuo. The 
company recently undertook test 
�ights of a prototype scale model 
of the solar-powered system.

UAVOS says ApusDuo provides 
an “innovative solution” in the HALE 
environment, because it has what 
the company calls an “extended 
aspect-ratio �exible wing” designed 
to analyse the deformation of the 
wingspan. Deformation relates to 
the way a wing bends and twists 
due to structural de�ections and 
aerodynamic loads. The idea on 
ApusDuo is that the system accounts 
for any deformation and adjusts lift 
at the required section to distribute 
aerodynamic loads evenly across the 
wingspan, reducing structural weight 
and optimising the aircraft’s control.

UAVOS says ApusDuo is designed 
“for long continuous monitoring 
of the area of interest on the 
Earth’s surface and obtaining of 

valuable information in real time”, 
with the company saying there 
are opportunities for its product 
in non-military areas and defence 
and security tasks. The company 
says ApusDuo will have various 
applications, including video 
surveillance and monitoring, 
communications relay (for 
example, providing broadband 

coverage), jamming, radio link 
range extension and retransmission, 
target designation and serving as a 
research platform for meteorology 
and hydrology. The system will have 
a 49ft (15m) wingspan, a maximum 
take-o� weight of 51lb (23kg) and 
an operational altitude of around 
50,000ft, where its airspeed will be 
52kts (96km/h). Mark Broadbent

A prototype of the UAVOS ApusDuo on a test �ight. The system has an extended 
aspect-ratio �exible wing to distribute aerodynamic loads across the span. UAVOS

Airbus Helicopters’ VSR700 
demonstrator F-WVSR 
recently undertook its �rst fully 
autonomous �ight from Istres in 
southern France. The helicopter 
completed a 30-minute �ight, 
during which it successfully 
executed a variety of �ight 
patterns in autonomous mode 
while being piloted and monitored 
from a ground control station 
located at the base. The purpose 
of the �ight, the manufacturer 
said, “was to establish compliance 
with the demanding regulatory 
and safety systems necessary for 
future unmanned �ight in France”.

The VSR700 undertook its �rst 
�ight in 2017 as an optionally 
piloted vehicle with a safety pilot 
on board. Subsequent �ights to 
validate the aircraft’s diesel engine 
and automatic �ight control 
systems have also been carried 
out with a pilot aboard, so the 
fully autonomous December 
2018 �ight from Istres was an 
important step in the system’s 
development schedule. The next 
major milestone, due later this 
year, is the roll-out of the �rst fully 
�edged VSR700 prototype.

The VSR700 is a light 
(700kg/1,543lb) tactical UAV, 
based on the Guimbal Cabri G2 
light civil helicopter. It is being 
designed to carry an operational 
payload of 150kg (330lb) and 
have around eight to ten hours’ 

endurance. The civil-certi�ed G2 
and its low-consumption diesel 
engine is intended to provide a 
proven platform from which to 
develop the system and thereby 
provide a low operational cost. 
The VSR700 is intended to ful�l 
requirements for unmanned 
systems in maritime environments 

and is being designed to operate 
on vessels ranging in size from 
small corvettes to major warships, 
although Airbus Helicopters 
stresses it is intended to 
complement manned helicopters 
rather than replace them.

Last year, a Naval Group/Airbus 
Helicopters consortium was 

awarded a contract by France’s 
Direction Générale de l’Armement 
procurement agency to test the 
VSR700 from a Marine Nationale 
(French Navy) vessel as part of 
preparations to introduce a UAV 
launch system on to Marine 
Nationale vessels in the mid-
2020s. Mark Broadbent

The Airbus Helicopters VSR700 demonstrator �ying completely unmanned. A �rst full prototype of this system is due to 
be rolled out later this year.  Airbus Helicopters
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Luftwa�e extends Heron 1 contract

Germany’s Bundesamt für 
Ausrüstung, Informationstechnik 
und Nutzung der Bundeswehr 
(BAAINBw) has extended operations 
of its IAI Heron 1 unmanned aerial 
systems in Afghanistan and Mali 
until the middle of 2020.

The Heron 1 capability is 
operated by Airbus Defence & 
Space Airborne Solutions on behalf 
of the German government.

Under the services model 
contract, Airbus is responsible for 

the provision of the Heron 1 system, 
together with maintenance and 
repair to meet an agreed availability.

The recent extension of the 
contract, announced in Bremen 
on December 12, 2018, extends 
operations in Mali by more than 
a year.

The Luftwa�e has been operating 
the Heron 1 in both Afghanistan and 
Mali, beginning in 2010 and 2016 
respectively and more than 46,000 
operational �ying hours have been 

notched up. The UAS capability is 
used to support German armed forces 
contingents in both countries in the 
detection of improvised explosive 
devices, convoy and patrol escort, 
route exploration and supervision and 
other military support tasks.

Airbus signed a contract with 
the BAAINBw in June 2018 for 
the future supply of the larger IAI 
Heron TP Medium Altitude Long 
Endurance remotely piloted aircraft 
systems for future operations.

Ralf Hastedt, Head of sales 
and business solutions for Airbus 
Defence and Space, said: “In 
Afghanistan and Mali, the services 
model has proven its performance 
capability by reaching a system 
availability of more than 98%. The 
proven capability of the Heron 
system to support worldwide 
deployment missions is re�ected in 
these contract extensions as well as 
in the signed contract on the next 
Heron TP.” Nigel Pittaway

The Luftwa�e will continue Heron 1 operations in Afghanistan and Mali until mid-2020. Airbus Defence & Space

US Coast Guard accepts another Minotaur HC-130J
The latest US Coast Guard 
Lockheed Martin HC-130J Super 
Hercules to be retro�tted with the 
Minotaur long-range surveillance 
system (serial number 2006) was 
delivered to Coast Guard Air Station 
Elizabeth City, North Carolina on 
November 16, 2018.

Installation work was performed 
by L-3 Systems’ Integrated Systems 
Platform Integration Division at 
Waco, Texas.

The Minotaur mission system 
architecture integrates sensors, 
radar and Command, Control, 
Communications, Computers, 

Intelligence Surveillance and 
Reconnaissance (C4ISR) systems, 
enabling crews to gather and 
process surveillance information, 
which can be shared with other 
assets during a mission. Originally 
developed by the US Navy, the 
system is used by several US military 
and Department of Homeland 
Security platforms.

The US Coast Guard is �tting 
the Minotaur system to its 
�xed-wing surveillance �eet, 
including HC-130J Hercules, HC-
144 Ocean Sentry and HC-27J 
Spartan platforms.

The �rst HC-130J to be part of 
the retro�t process (serial number 
2003) was inducted in July 2015 
and began test �ying in June 2016, 
before being delivered back to the 
Coast Guard in June 2017.

The service intends to acquire 
22 HC-130J Super Hercules to 
replace older HC-130H Hercules 
and currently operates 11 aircraft. Of 
these, two (serial numbers 2009 and 
2010) were modi�ed with Minotaur 
on Lockheed Martin’s C-130J/L-100 
production line in Marietta, Georgia, 
and the remaining nine are cycling 
through the upgrade process.

Aircraft 2006 is the �rst aircraft 
to incorporate a multi-function 
control display unit to control 
mission system radios and enhance 
interaction with the Minotaur 
software. The display unit has been 
designed by the US Coast Guard 
in conjunction with the US Navy 
and John Hopkins University in 
Baltimore, Maryland and intended 
to eliminate technical issues and 
reduce the cost of obsolescence. 
Coast Guard Air Station Elizabeth 
City is the primary base for the 
Coast Guard’s HC-130J Super 
Hercules. Nigel Pittaway

SAR-optimised Falcon 50M
France’s Direction Générale de 
l’Armement (DGA or Directorate 
General of Armament) accepted 
the �rst Dassault Falcon 50M 
optimised for the search and 
rescue (SAR) role on November 
29, 2018.

The Falcon 50M, upgraded by 
Dassault, features a specially-
designed hatch to enable the 
deployment of SAR equipment. At 

the handover event at Bordeaux-
Mérignac the DGA also signed 
a contract with Dassault for the 
modi�cation of the remaining 
three similar Falcon 50Ms in 
the Aéronavale (French Naval 
Aviation) �eet. The remaining 
three aircraft are expected to be 
delivered back to the Aéronavale 
in 2019 (two aircraft) and one in 
2020.

The Aéronavale has a �eet 
of eight Falcon 50s, the �rst of 
which entered service in March 
2000. Four aircraft, designated 
Falcon 50Mi (intervention), are 
already SAR-dedicated and 
capable of dropping equipment, 
including markers and buoys. The 
other four, designated Falcon 
50M Surmar, were modi�ed 
from the baseline Falcon 50B 

con�guration between 2013 and 
2016. Modi�cations included 
observation windows, the Thales 
Ocean Master 100 radar and 
a multi-spectral sensor, but 
until now did not have a SAR 
capability.

All eight aircraft are assigned to 
the Aéronavale’s 24 Flotille (24F) 
based at BAN Lann-Bihoué, near 
Lorient.  Nigel Pittaway
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NATO E-3 upgrade programme complete

Boeing announced on December 
18, 2018, it had delivered the �nal 
upgraded E-3A Sentry Airborne 
Warning and Control System 
(AWACS) back to the North Atlantic 
Treaty Organisation (NATO).

The aircraft was the 14th NATO 
E-3A to be upgraded by Boeing 
and �tted with a digital �ight deck 
and modernised avionics systems. 
The upgrades include �ve full-
colour digital displays, which will 
ensure compliance with current 
and future air tra�c control and 
navigation requirements, as well as 
allowing NATO to consolidate crew 
responsibilities during each mission.

The �rst aircraft was upgraded 
by Boeing in Seattle and delivered 
back to NATO in November 2016. 
Work on the remaining 13 aircraft 
was undertaken by Boeing at 
Manching, Germany.

Brigadier General Mike Hain, 
General Manager for the NATO 
Airborne Early Warning and 
Control Programme Management 
Agency, said: “The Communication 
Navigation Surveillance/Air Tra�c 
Management modernisation 
project enables the NATO E-3A 
�eet to meet current and foreseen 
European air tra�c management 
requirements.”

All 14 upgraded aircraft are 
operated by the NATO Airborne 
Early Warning Force (NAEWF), 
based at Geilenkirchen Air Base, 
Germany, but are registered in 
Luxembourg. The NAEWF was 
formed in 1982 and was NATO’s 

�rst integrated multi-national 
�ying unit.

NATO acquired 18 E-3As but 
one was lost in a runway overrun 
accident after a rejected take o� 
at Préveza-Aktion Airport, Greece 
in 1996. Two further two aircraft 

are stored at Davis Monthan Air 
Force Base, Arizona with the 309th 
Aerospace Maintenance and 
Regeneration Group and a third, 
serial number LX-N90458, was due 
to arrive for storage at the end of 
2018. Nigel Pittaway

The fourteen remaining Boeing E-3A Sentry aircraft operating with the NATO Airborne Early Warning Force have now completed the CNS/ATM modi�cation. NATO
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A SIGNIFICANT proportion of the 
active Tu-22M3 Back�re-C �eet 
in the Russian Air and Space Force 
Long-Range Aviation Command, 
built in the second half of the 
1980s and the early 1990s, is slated 
for a major upgrade to render the 
aircraft able to remain in service 
until the late 2030s. The e�ort, 
however, is still lagging behind 
the original schedule by about 
a year; roll-out of the prototype 
Tu-22M3M at Tupolev’s KAZ plant 
in Kazan was reported last August 
and its maiden �ight took place on 
December 28.

The upgrade contract was signed 
between Tupolev and the Russian 
MoD back in 2016 and covers 
bringing four aircraft up to Tu-
22M3M standard for use in the test 
and evaluation.

Features of the Tu-22M3M 
include all-new mission avionics and 
electronic warfare suites, systems 
that have high commonality with the 
new package foreseen for integration 
on the upgraded Tu-160M and the 
newly built Tu-160M2 Blackjack.

According to Tupolev, 80% 
of the Tu-22M3M’s avionics are 
new, including the navigation, 

communication, electronic warfare 
and targeting suites, as well as 
the engine and fuel management 
systems.

There are hints that the highly 
upgraded Back�re-C will be 
powered by the Tu-160M2’s NK-
32-02 engines, which would 
extend the Tu-22M3M’s range up 
to 5,400 nautical miles (10,000km), 
but NK-32-02 engines were 
not �tted on the �rst prototype. 
Another uncon�rmed hint implies 
the upgraded Back�re-C will also 
receive an in-�ight refuelling probe 
to further increase range.

Service life of the upgraded 
Back�re-C is set to be extended 
to 45 or even 50 years according 
to Alexander Konyukhov, Director 
General of Tupolev. Its arsenal will 
be enhanced with new air-launched 
cruise missiles, guided and unguided 
bombs, and is likely to include the 
Kh-47M2 Kinzhal hypersonic air-to-
surface missile. Originally developed 
for the MiG-31, the Kh-47M2 is 
primarily designed for the anti-
shipping role.

Comprehensive testing is 
expected to take no less than 
three years, while aircraft upgrade 

production is slated to proceed 
in parallel with the �ight-test 
programme. This approach is set 
to result in the �rst Tu-22M3M 
deliveries to the LRAC’s front-line 
units by about 2022.

As many as 30 Back�re-Cs are 
planned to be eventually cycled 
through the Tu-22M3M upgrade, but 
these would be covered by a future 
new contract.

One hundredth Su-35
Russia’s United Aircraft Corporation, 
the umbrella holding company 
controlling the �xed-wing aircraft 
design bureaus and manufacturing 
plants, announced that the 100th 
Su-35 �ghter has been produced. A 
milestone for the Su-35, the event 
was celebrated during a December 
11, 2018, handover ceremony for the 
�nal batch of Su-35s built last year 
for the Russian Air and Space Force 
(RuASF); four Su-35s were present at 
the event.

The Su-35 is the most modern 
multi-role derivative of the Su-27 
Flanker family, boasting thrust-
vectoring engines and much-
re�ned aerodynamics, and an all-
new avionics suite. The type has the 
capability to deliver a large arsenal 
of air-to-air and air-to-ground 
guided weapons.

New Flankers, upgraded 
Flankers and a Back�re’s 
maiden �ight

By Alexander Mladenov

The People’s Liberation Army 
Air Force took its last Su-35s 
on strength in November 2018. 
via Chinese internet
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Initially developed for export 
customers only, as a privately funded 
venture by Sukhoi, the Russian 
MoD ordered 48 Su-35s under 
a development and production 
contract signed in August 2009. 
A second contract, signed in 
December 2015, covered 50 more 
Su-35s, ten are due to be delivered 
to the RuASF in 2019 and 2020.

A third follow-on order, 
comprising up to 50 more Su-35s in 
an enhanced con�guration, is likely 
to be placed by the Russian MoD 
after 2020.

According to Russia’s Centre 
for Analysis of Strategies and 
Technologies, an independent 
defence think tank, the Su-35 
export contract between Russia 
and China is valued at about $2.5 
billion. Chinese Su-35s feature 
an export-standard downgraded 

radar, new identi�cation friend 
or foe, electronic warfare and 
communications suites in addition 
to a newly integrated receiver for 
China’s BeiDou satellite navigation 
system. The last Chinese Su-35s 
were delivered in November 2018.

In February 2018, Russia and 
Indonesia signed a contract for 11 
Su-35s, priced at $1.14 billion, a 
proportion of which is set to be paid 
by the means of barter deliveries of 
Indonesian-made consumer goods 
and raw materials to Russia. First 
deliveries are expected in August 
2019 provided all conditions for the 
payment are satis�ed.

The number of Su-35s built 
at Sukhoi’s KnAAZ plant in 
Komosmosk-on-Amur by the end 
of 2018 is reported as 102; 78 for 
the RuASF between 2011 and 2018, 
and 24 export-standard examples 

for China’s People’s Liberation Army 
Air Force between 2016 and 2018.

Su-27SM3 deliveries 
complete
The Russian MoD announced 
deliveries of Su-27SM3 Flankers, 
contracted for 2018 were complete.

The Flanker upgrade and 
life-extension work has been 
undertaken by Sukhoi’s KnAAZ 
aircraft plant at Komsomolsk-on-
Amur in Russia’s Far East under a 
multi-year contract covering 36 
Su-27s.

Built in the late 1980s, the 
aircraft’s service life after the 
upgrade, combined with a structural 
overhaul was increased by 2,000 
�ight hours.

A contract between the Russian 
MoD and Sukhoi for the upgrade 
was signed in mid-2015, but its 

execution has proven to be a 
rather protracted e�ort. The �rst 
four aircraft were not handed over 
to the RuASF before December 
2017. Those aircraft were delivered 
to the Krymsk-based 3rd SAP, a 
composite air regiment on the 
Black Sea coast with two assigned 
squadrons each equipped with 
a mixture of new Su-27SM3s, 
upgraded Su-27SM3s and non-
upgraded Su-27Ps.

According to the Centre 
of Analysis of Strategies and 
Technologies, the future of the Su-
27SM3 upgrade at KnAAZ is unclear. 
There is a high probability the 
contract had been terminated at the 
mutual convenience of both parties 
after the last examples from the 
2018 programme were delivered, 
thereby limiting the contract’s 
scope to ten aircraft only.

This is the Tu-22M3M prototype shown at its roll-out ceremony at the KAZ plant 
in Kazan last August. United Aircraft Corporation

First �ight of the Tu-22M3 took place at Kazan on December 28, 2018. Zvezda TV/
Russian MoD

KnAAZ built 102 Su-35 
�ghters between 2011 
and 2018, including 
24 for the People’s 
Liberation Army Air 
Force. Andrey Zinchuk
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“REAL STUPIDITY beats arti� cial 
intelligence every time,” wrote 
the late Sir Terry Pratchett. 
Despite this, the US Department of 
Defense and the armed services – 
coordinated with entities such as 
the Algorithmic Warfare Cross-
Functional Team and the Joint 
Arti� cial Intelligence Center, which 
opened in 2018 – are today making 
extensive investments in arti� cial 
intelligence (AI).

Speaking at the C4ISR annual 
conference in Washington DC on 
May 10, 2018, Dr Richard Linderman, 
Deputy Director for Information 
Systems and Cyber Technologies 

in the O�  ce of the Assistant 
Secretary of Defense, Research 
and Engineering, said: “Lots of 
breakthroughs are coming through 
in AI. The Department of Defense 
can bene� t broadly . . . get its job 
done with greater e�  ciency and 
speed, and for less money.”

Yet the investment of the 
Department of Defense – indeed, 
of the entire US government – is 
only a fraction of that being made 
by the commercial sector; but 
because these users are looking 
at di� erent problems, their 
technology may not be directly 
applicable to use with manned and 
unmanned aircraft. The emergence 
of AI capabilities will likely shape 
the future of US airpower.

The Air Force Research 
Laboratory’s Autonomy Capability 
Team 3 was formed in 2018 as a 
rapid response AI capability. The 
Air Force is making AI one of its 
development priorities, alongside 
hypersonic and directed energy 
technologies, and will be critical in 
making operations work in the near-
instantaneous timelines that these 
technologies will make possible. 
Speaking at the Air Force Association 
Air, Space and Cyber Conference 
in National Harbor, Maryland, on 
September 17, 2018, General Tod 
Wolters, Commander, US Air Forces 
in Europe, described AI as fantastic. 
He said: “If your forces can’t operate 
at the speed required to take 
advantage of AI, you are challenged.”

AI in airpower
AI’s roots in military aviation go back 
much further, to the development 
of the automatic pilot in the 1920s. 
In the 1930s, the US Norden 
bombsight was one of a number 
of systems that weaponised the 
autopilot, using the system to � y 
the aircraft on a bomb run until it 
reached the release point for the 
target where the bombardier had 
put in the crosshairs, when it would 
automatically release bombs at pre-
set intervals. When the heat-seeking 
air-to-air missile � rst entered service 
in the 1950s, it had to be capable 
of autonomous � ight – using lag 
pursuit and lead pursuit models with 
inputs from the seeker head – long 
before there were any computer 

Arti� cial intelligence 
and the future of US 
airpower

By David C Isby

BELOW: Members from the 7th Reconnaissance Squadron based at 
Beale Air Force Base, California prepare to launch an RQ-4 Global 
Hawk at Naval Air Station Sigonella, Italy. The RQ-4-equipped 7th 
Reconnaissance Squadron conducts high-altitude surveillance and 
reconnaissance missions including peacetime intelligence gathering, 
contingency operations and conventional warfare around the world. 
If successful, the algorithms developed as part of Project Maven 
could potentially be applied to the RQ-4 Global Hawk UAV system. 
SSgt Ramon Adelan/US Air Force
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chips to � t inside the missile 
guidance system. Once launched, 
a heat-seeking air-to-air missile 
could not be recalled; it would � y 
autonomously until it hit a target 
or was destroyed at end-of-run. 
Military aviation used AI since long 
before the term itself was in use.

Discussing AI during a brie� ng 
at the Defense One Tech Summit 
in Washington DC on June 26, 
2018, Mark Tapper, Special Adviser 

to the Deputy Chief of Sta�  for 
Intelligence, Surveillance and 
Reconnaissance, Headquarters 
US Air Force, said: “It’s about how 
you take the power of things that 
operate in space, things that operate 
in cyberspace, things that operate 
in the air and terrestrially and 
subsurface to create e� ects in the 
battlespace. So how do you leverage 
the power of all those data streams 
and � t them together in new ways?”

Today’s AI in military aviation has the 
potential to use powerful high-speed 
computing capabilities to enable video 
feed (and other sensor data) analysis, 
swarming control, mission planning, 
enhanced automation, machine 
learning and algorithmic warfare 
capabilities. AI enables computers 
capable of machine learning – a 
critical element of AI capability – to 
direct the use of the limited human 
analysis capability. Machine learning 

makes it possible for AI to ingest vast 
amounts of data and start it on the 
path to becoming decision-grade 
information and analytics.

Starting with ISR
When the Air Force Next-Generation 
ISR Flight Plan was released 
on August 1, 2018, the service 
recognised the importance of AI 
for intelligence, surveillance and 
reconnaissance (ISR).

ABOVE: Current large unmanned platforms like this Gray Eagle provide ISR and strike capabilities but need a runway to take o� . These systems also have lower airspeeds 
and depend on data links and GPS signals. Future systems will need to be more independent to operate in a complex battlespace and are likely to use AI. AMRDEC
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Deputy Chief of Sta�  for 
Intelligence, Surveillance and 
Reconnaissance, Headquarters 
US Air Force, Lieutenant General 
Veralinn Jamieson recommended 
continued investment in AI that both 
manned and unmanned platforms 
and sensors could use to process 
and share data autonomously.

At an Air Force Association 
Mitchell Institute brie� ng in 
Arlington, Virginia, on August 2, 
Jamieson said: “Machine learning 
will remove airmen from having 
to identify objects, but will instead 
allow airmen to critically think, using 
a variety of di� erent skill sets and 

assisted by the same computing 
capabilities.”

Data processing is perhaps 
the highest-priority near-term 
application for AI. Today, airborne ISR 
sensors collect vast amounts of data, 
most of which is never analysed.

Dr Tapper said: “Some 85% 
of the total take ends up on the 
� oor, unexamined. Let’s have an 
algorithm that looks at FMV [full 
motion video] and provides cues 
and prompts to human analysts.”

AI algorithms are already being 
applied to help identify objects in 
the FMV feed from UAVs. A project 
originated under former Deputy 

Secretary of Defense Dr Robert 
Work dubbed Project Maven was an 
algorithmic warfare cross-functional 
team, developing and testing 
algorithms to process, exploit and 
disseminate FMV automatically.

In December 2018, an Insitu 
ScanEagle low-altitude long-
endurance UAV operated by US 
Special Operations Command 
in the Central Command area or 
responsibility was collecting FMV 
that was analysed by Project Maven 
algorithms.

If successful, the Project Maven 
approach could potentially be 
applied to larger UAVs such as the 

A student pilot on Air Education and Training Command’s Pilot Training Next programme, uses a virtual reality � ight simulator 
at the Armed Forces Reserve Center located at Austin-Bergstrom International Airport, Texas. Pilot Training Next is an initiative 
to explore and potentially prototype a training environment that integrates various technologies to produce pilots in an 
accelerated, cost-e�  cient, learning-focused manner. The six-month programme uses a variety of technologies including 
virtual and augmented reality, advanced biometrics, AI and data analytics. Sean Worrell/US Air Force

A ScanEagle unmanned aerial vehicle sits ready for launch at Kandahar Air� eld, Afghanistan. ScanEagle missions include ISR for the NATO-led Resolute Support 
e� ort. In December 2018, US Special Operations Command used a ScanEagle to collect full motion video of targets in a combat zone which was automatically 
processed, exploited and disseminated by algorithms developed under Project Maven. Lt Kristine Volk, Resolute Support Public A� airs/US Navy
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General Atomics MQ-9 Reaper and 
the Northrop Grumman RQ-4 Global 
Hawk. The Air Force has already 
requested $11 million be reallocated 
to add Project Maven-generated 
algorithms to the Distributed 
Common Ground System for use 
with FMV from the MQ-9 Reaper 
UAV and the Gorgon Stare wide-
area motion imagery sensor, also 
mounted on an MQ-9 Reaper.

The new capability will add 
precision geo-coordination 
capabilities to allow the 
system to produce actionable 
intelligence automatically.

In the summer of 2018, the US 
Army competed between AI-driven 
electronic warfare capabilities that are 
now being integrated with prototype 
systems to monitor a broad spectrum 
of threat electronic emissions, and 
use machine-learning with user-
de� ned objectives to identify which 
ones need to be monitored and 
recorded, which can be ignored and 
which should be jammed. The Army 

is standing up a cross-functional task 
force that, in conjunction with US 
Army Paci� c, will use the prototype 
systems in exercises by 2021.

AI and UAVs
The use of AI opens the door to a 
range of UAV innovations, including 
improvements in swarming, attritable 
and long-endurance air vehicles. 
The 2018 revision of the Department 
of Defense Unmanned System 
Integrated Roadmap stressed the 
importance of AI and machine 
learning, which will enable the 
development of systems capable 
of learning to use expanded and 
improved functionality.

The Department of Defense 
Strategic Capabilities O�  ce’s Project 
Avatar is looking at AI technologies 
that would enable a multi-service 
use of semi-autonomous UAVs 
teamed with manned � ghters. 
Swarming tactics by UAVs also have 
the potential to be brought into 
service in the near term. The US 
Defense Advanced Projects Research 
Administration (DARPA) has been 
working on this for some years 
with its air-launched Gremlin UAV 
system. Other DARPA AI applications 
for UAVs include Fast Lightweight 
Autonomy, a quadcopter UAV that 
uses AI to manoeuvre autonomously 
without a human in the control loop. 
Another DARPA initiative is Project 
Code or Collaborative Operations in 
Denied Environment, which allows 
groups of multiple UAVs to work 
together in denied environments, 
including carrying out complex 
swarming tactics.

AI and training
Lieutenant General Steven Kwast, 
Commander, Air Education and 

Training Command, sees AI as 
having the potential to revolutionise 
US Air Force training and likens AI 
to a coach in � ight training. General 
Kwast’s command has incorporated 
AI in T-6A Texan trainer aircraft and 
their associated simulators as part of 
its Pilot Training Next programme.

Discussing AI’s use, General 
Kwast said: “Using AI capability in 
a simulator coaches you during 
the � ight, watches, sees how you 
are learning, and helps you adjust 
your learning.”

General Kwast described the AI 
capabilities available to AETC as: “. . 
. tools that can accentuate the job 
we want to do. We can now a� ord 
to give a simulator to every student. 
When you give the power of control 
to individuals, it’s a game-changer. 
In the future of airpower, the fastest 
learners will be the big winners.”

What comes next?
For integrating AI into multi-
domain war� ghting, US Army 

Major General David Bassett thinks 
widespread experimentation is 
what needs to come next. Speaking 
at the C4ISR annual conference 
in Washington DC on May 10, 
2018, he said: “One of the things 
changing in the culture is the desire 
for experimentation, although the 
services have yet to determine how 
to get from experimentation to a 
� elded capability.”

Bassett thinks “putting developer 
and operator together to mature 
the model” o� ers great potential, 
especially if it is used in simulated 
operational conditions in exercises. 
He said: “The experimentation 
culture is a wonderful truth detector 
in terms of maturity . . . You are not 
going to innovate something you 
don’t understand deeply.”

However, General Bassett 
also aired cautioned in terms of 
AI and the need to bring new 
capabilities into the US military: 
“They are all on a path to a 
journey we can’t complete.”

A student pilot uses a virtual reality � ight simulator, at the Armed Forces Reserve Center at Austin-Bergstrom International 
Airport, Texas as part of the Pilot Training Next programme. Sean Worrell/US Air Force

A computer-generated image of AI-powered, tube-launched drones capable of 
autonomous swarming, communications relay, ISR, and close air support. Major 
Rodney Ellison/US Air Force

A student pilot gives hand signals 
to ground maintenance personnel 
during pre-� ight procedures at 
Austin-Bergstrom International 
Airport, Texas as part of his � ying 
training on the Pilot Training Next 
programme. Sean Worrell/US Air Force
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T
he Lockheed Martin F-22 Raptor 
stealth � ghter remains the 
cutting-edge US Air Force air 
combat specialist after 13 years 
of operational service and it is 

planned to remain so through the 2030s. 
Maintaining its overmatching capability 
demonstrated over Syria, operating as 
part of the Operation Inherent Resolve 
coalition, will require upgrading the aircraft 
to counter the Chinese J-20 and Russian 
Su-57 stealth � ghters.

While they � red no weapons in air-to-
air combat, which is their speciality, F-22s 
provided enhanced situational awareness 
from their onboard sensors.

Today, F-22 deployments to the US Central 
Command (CENTCOM) area of responsibility 

(AOR) have been reduced, although they 
still can be called on to contribute to the 
overall Air Force e� ort, which in late 2018 saw 
eight � ghter squadrons deployed. In these 
deployments, according to General Mike 
Holmes, Commander, Air Combat Command, 
speaking in Washington on September 18, 
2018: “The lesson learned from the F-22 over 
Syria is that the airplane works the way we 
would like it to against a more complex threat. 
We used it as an experienced quarterback, to 
take information that its sensors were able to 
detect and pass it on to rest of the joint force. 
An F-22 can � y within 10 miles of Russia’s 
top-line aircraft. The F-22 has given us an 
opportunity to sort through this in a way no 
other aircraft can and provide decision-makers 
with more time and better intelligence.”

A changing game
At the time, the Air Force was presented with 
a series of new challenges that will a� ect its 
F-22s. The new US National Defense Strategy 
document, issued in early 2018, has great 
power competition as its primary focus. Great 
powers today are those that operate or want to 
operate stealth � ghters. This has made the F-22 
and its low observable capability – designed to 
meet the high-technology threats of the last 
years of the Cold War – once again central to 
Air Force capabilities. Air-to-air combat is no 
longer seen as secondary, which has led to 
planned F-22 procurements being curtailed. 
The requirements of the counterinsurgency 
and counterterrorist operations were the daily 
concern. The F-22 has become more important 
to US national security.

David C IsbyDavid C IsbyDavid C IsbyDavid C IsbyDavid C IsbyDavid C Isby

 Rescuing the righteous Raptors Rescuing the righteous Raptors Rescuing the righteous Raptors Rescuing the righteous Raptors
An F-22 parked on the 
� ight line on a foggy 
morning at Langley Air 
Force Base, Virginia. 
Senior Airman Bryan 
Myhr/US Air Force
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For the F-22 force, this meant a greater 
emphasis in 2018 on the commitment to 
keep alert aircraft on the ground in Alaska and 
Hawaii, now that Russian Tu-95H and Tu-142 
Bear bombers have revived the Soviet-era 
practice of cruising in international airspace. 
In recent years, CENTCOM commitments 
had reduced opportunities F-22 participation 
both in largescale training exercises and for 
deployments for friendly countries to provide 
training opportunities to their host US units 
and allied air arms and local familiarisation for 
the Raptor operators.

Unlike other US Air Force � ghters, which 
would sometimes deploy to CENTCOM as 
an integral squadron-sized force, the F-22s 
would deploy one six-aircraft � ight at a time, 
based on the Rapid Raptor deployment tactics 

to the Paci� c Air Forces (PACAF) theatre. 
These deployments were halted in 2014 when 
F-22s started deploying to CENTCOM, but 
resumed in May 2018 when 14 F-22s from 
the 525th Fighter Squadron at Elmendorf Air 
Force Base, Alaska, went to Kadena Air Base, 
Okinawa.

However, to sustain a � ight of F-22s in 
the CENTCOM AOR over the course of a 
multi-month deployment – rather than the 
short training deployments to the PACAF 
theatre – required a signi� cant percentage of 
a squadron’s type-speci� c ground equipment 
and trained maintainers to be deployed, 
which reduced the training opportunities 
for the pilots and maintainers that did not 
deploy. Speaking at a brie� ng in Washington 
DC on December 5, Lieutenant General Mark 

Kelly, Deputy Chief of Sta�  for Operations, 
Headquarters US Air Force, said: “Our high 
operational tempo has come at a cost. There 
have been fewer high-end opportunities that 
our new National Defense Strategy requires.”

The storm hits
The F-22 force’s ability to respond to the 
changes in national strategy was challenged 
by Hurricane Michael. On October 10, 2018, 
it hit Tyndall Air Force Base, Florida, one of 
the major F-22 bases. A reported 33 of the 
55 F-22s based there had been evacuated. 
The remainder were either not able to be 
made � yable in the limited warning time 
available – hours rather than days – or 
were thought to be safe inside reinforced 
concrete hangars.

 Rescuing the righteous Raptors
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News reports stated that up to 17 F-22s 
and the simulator facility were damaged. On 
October 16, then-Secretary of Defense James 
Mattis said: “Based on an initial review, it looks 
like all the planes are � xable.” However, there 
has been no o�  cial announcement of the 
number of F-22s damaged in the storm. All of 
the a� ected F-22s had reportedly been made 
su�  ciently airworthy to � y out for repair by 
November. One had to be very carefully moved 
away from a very unstable concrete wall.

The F-22 is unlikely to return to Tyndall on 
a permanent basis. With Congress providing 
additional rebuilding funding, the Air Force is 
instead planning to turn it into a base for three 
Lockheed Martin F-35A Lightning II squadrons.

Tyndall had been home to the 95th Fighter 
Squadron, with up to 24 combat-coded Block 
30 and Block 35 F-22s assigned, with the 
remaining based F-22s being Block 20 aircraft 
operated by the 43rd Fighter Squadron and 
the associated Air Force Reserve 301st Fighter 
Squadron; the 43rd FS is the F-22 training unit.

Since the hurricane, the 43rd FS and its F-22s 
have been operating from Eglin Air Force Base, 
Florida, though most (those assigned to the 95th 
FS) evacuated to Langley Air Force Base, Virginia, 
home of the F-22-equipped 1st Fighter Wing.

Despite Tyndall being out of action for 
the foreseeable future, its assigned missions 
continue. On December 14, F-22s from the 
Langley-based 27th Fighter Squadron deployed 
to Eglin to participate in planned Combat 
Archer. Staged by the 83rd Fighter Weapons 
Squadron based at Tyndall, Combat Archer is 
the US Air Force Weapon System Evaluation 
Program for air interception missiles, which has 
been temporarily relocated to Eglin.

The Air Force has started to rebase Block 30 
and Block 35 F-22s permanently to Elmendorf 
Air Force Base, Alaska, and Hickam Air Force 
Base, Hawaii. The � rst former Tyndall F-22s 
arrived at Elmendorf on December 17 and will 
allow the two resident squadrons based there 
to increase the number of primary aircraft 
assigned from 21 to 24.

Restoring readiness
The F-22 was already facing readiness problems 
even before the Hurricane Michael hit Tyndall. A 
report by the Government Accountability O�  ce 

A crew chief assigned to the 1st Aircraft Maintenance Squadron based at Langley Air Force Base, Virginia, 
sweeps debris o�  an F-22 at Tyndall Air Force Base, Florida on October 18, 2018.

This shot shows how much debris collected on the low-
observable surfaces of an F-22 during Hurricane Michael. 
SSgt Matthew Lotz/US Air Force
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(GAO) in July 2018 had identi� ed many of the 
causes, including the need to deploy F-22s to 
the CENTCOM AOR and have F-22s sit alert in 
Alaska and Hawaii. The force is also dispersed 
over a number of bases, spreading out 
capabilities, but making the specialised support 
they required less economical to provide (likely 
a reason the Air Force decided not to return 
F-22s to Tyndall). The GAO considers that 
F-22 pilots are not getting the most bene� t 
of their � ight hours because of the limitations 
of most air combat training areas, and the 
lack of dissimilar air combat adversary aircraft 
with comparable performance, an issue that is 
particularly acute for the Hickam-based F-22s, 
but less so for Langley-based F-22s that have 
Northrop T-38s collocated for such training. It 
also identi� ed the F-22 as a jet that is having to 
endure a shortfall of maintenance personnel, 
particularly at depot level to a greater extent 
than other Air Force � ghters. F-22 depot level 
maintenance is undertaken in a purpose-built 
facility, part of the Ogden Air Logistics Complex 
at Hill Air Force Base, Utah.

In a memorandum dated September 17, 
2018, former Secretary of Defense James 
Mattis directed the mission-capable rates 
of four key US tactical aircraft – including 
the F-22 – were to be increased to 80% 
and their operations and maintenance costs 
simultaneously reduced, all within a year.

Department of Defense � gures (the US Air 
Force and NATO use di� erent methodologies 
and criteria) had shown a 2017 mission-
capable rate of 49% for the F-22. This was the 
result of a multi-year decline in F-22 readiness, 
starting at 73% in 2014, decreasing to 67% in 
2015 and 60% in 2016. The decline was the 
steepest of any major Air Force aircraft and 
re� ected the impacts of having to deploy 
F-22s to the CENTCOM AOR at the same time 
budget caps and sequestration made it di�  cult 
to procure additional spare parts required by 
the deployments.

Before Mattis’ directive, the Air Force had 
already been planning on implementing a 
similar programme to achieve a 72% mission 
capability rate for the F-22 � eet by the end of 
� scal year FY2022. In the preceding year, the 
Air Force had made signi� cantly increased 
funding to improve readiness for 204 of its 

Approximately 40 crew chiefs and avionics specialists assigned 
to the 1st Aircraft Maintenance Squadron travelled from Langley 
to Tyndall to assist with returning F-22s to � ight operations. SSgt 
Matthew Lotz/US Air Force

A crew chief tows an F-22 aircraft on the � ight line at 
Tyndall Air Force Base, Florida, Oct. 21, 2018. Ground 
immediately adjacent to the � ight line is strewn with 
debris torn from buildings during Hurricane Michael. 
SSgt Matthew Lotz/US Air Force

The backdrop of this shot of a crew chief sweeping debris o�  an F-22 shows the type of hangar used for aircraft 
maintenance at Tyndall and its damaged condition after Hurricane Michael. SSgt Matthew Lotz/US Air Force
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squadrons (including the operational F-22 
squadrons). The Air Force, short of some 
4,000 technicians in 2017, expects to close 
the shortfall to nearly zero in 2019.

That said, the issue is unlikely to go away, 
because some maintainers have been driven 
to look for civil-sector employment, a fact 
caused by a widespread need for 12-hour 
days and weekend work since the Air Force 
started to close the readiness gaps.

Orders were placed for spare parts, 
which required alternative sources to be 
identi� ed, because the original equipment 
manufacturers were no longer able to 
supply them. Lt Gen Kelly said: “My concern 
is with the supply depots having parts 
we need.” He identi� ed parts availability 
as critical in determining the size of the 
F-22 maintenance backlog now that the 
personnel shortages are being addressed, 
although bringing the new technicians up to 
speed will take some years.

Kelly added: “Sustainment of the supply 
chain enterprise is one of hardest things a 

F-22 05-4101/TY during a demonstration at Dannelly Field, near Montgomery, Alabama. 
Senior Airman Hayden Johnson/US Air National Guard

F-22 Raptor 08-4155/FF � ies alongside 
a KC-135R Stratotanker assigned to 
the 434th Air Refueling Wing based at 
Grissom Air Reserve Base, Indiana, after 
conducting aerial refuelling during 
Exercise Northern Lightning 18-2. 
TSgt Mary Greenwood/US Air Force
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modern air force executes and is often the 
point where a modern air force fails.”

On December 1, Secretary of the Air Force 
Heather Wilson announced overall readiness 
was some 15% above the 2017 baseline, 
although she did not provide speci� cs by 
type of aircraft. Lt Gen Kelly said the Air Force 
was not planning on reaching Mattis’ goals 
by retiring older or less reliable � ghters or 
reducing � ight hours. He said: “The folks who 
think we can’t keep � ying and raise our MC 
[mission-capable] rate, they’re probably very 
well-intentioned people that haven’t been 
raised in the operations and sustainment of 
an airplane.”

Well intentioned or not, the operations 
and sustainment of a � ghter force when the 
average aircraft is about 30 years old and the 
operational tempo remains high is certainly 
going to be challenging and expensive.

The F-22’s stealth technology imposes 
sustainment challenges – and a 10–20% 
premium in per-hour operating costs – 
beyond that on the more-advanced F-35.

Commenting on the Raptor, Lt Gen 
Kelly said: “With the F-22, if we don’t have 
a part we need, we may have to cut into 
the low observable coating to get the part 
. . . Low observable platforms need more 
maintenance, but our team is working hard.”

Deputy Chief of Sta�  for Logistics Lieutenant 
General Warren Berry is currently meeting with 
commercial airlines to learn more about how 
they use onboard sensors and determine how 
similar technology could be integrated on older 
� ghters, that, unlike the F-35, were not designed 
from the outset to employ it. Such technology 
would allow maintainers to see inside an aircraft 
and identify potential problems, according to 
Kelly, “without having to peel back the skin”.

F-22 upgrades
The F-22 System Program O�  ce (SPO) 
has implemented a recovery plan to bring 
mission capability rate up. The SPO has 
also implemented a range of upgrades in 
procedures to improve F-22 readiness, and 
has transitioned to agile commercial practices 

in software development and procurement. 
The Department of Defense is also working 
on this issue, tasking the Defense Innovation 
Unit Experimental with bringing agile 
methodologies to F-22 upgrades.

The Air Force created a new programme that 
would use the new Section 804 rapid prototyping 
authority to provide operational capabilities to 
the F-22 force in two stages, starting in late 2019 
and completed within the next � ve years. The 
new F-22 Capability Pipeline Program will provide 
Link 16 datalink, Mode 5 IFF and unspeci� ed 
electronic warfare enhancements; an anti-jam 
GPS capability is projected as a follow-on.

While the GAO, in a December 2018 study, 
presented an option of immediately retiring the 
F-22 to save some $28 billion over ten years, the 
Air Force appears to be committed to keep the 
type operational as planned. Making this occur in a 
way that will not take too long and cost too much 
money at a time when multiple procurement 
programmes need funding is likely to prove even 
more challenging than recovering from storm 
damage and decreased serviceability. AI

“Folks who think we can’t keep � ying and raise our mission-capable 
rate, they’re probably well-intentioned people that haven’t been 
raised in the operations and sustainment of an airplane”
Lieutenant General Mark Kelly, Deputy Chief of Sta�  for Operations, Headquarters US Air Force
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US Air Force F-35As: building, 
� ying and sustaining
On the morning of December 5, seven 
Lockheed Martin F-35A Lightning IIs took 
o�  from Edwards Air Force Base, California, 
on a simulated combat mission; the 
mission was the long-awaited start of initial 
operational testing and evaluation (IOT&E). 
Originally scheduled to be completed by 
July 2018, the Joint Operational Test Team 
(JOTT) will carry out IOT&E � ying from 
Edwards and Naval Air Weapons Center 
China Lake, California, through the summer 
of 2019. With Marine Corps F-35Bs and 
Navy F-35Cs taking part, F-35s will � y over 
30 simulated missions, including o� ensive 
counter-air, defensive counter-air, close air 
support (CAS) and suppression of enemy air 
defence scenarios.

The CAS scenarios are a follow-up to 
preliminary evaluation missions � own in July 
2018, which have attracted press attention in 
comparison with the A-10 Thunderbolt II and 
the di� erent ways the two aircraft carry out 
the CAS mission. Newly appointed Senator 
Martha McSally (Republican of Arizona), 
a former A-10 pilot, has been a strong 
advocate of a � y-o�  between the two aircraft 
and may use her new position to leverage 
this interest.

Successful completion of IOT&E is 
required for the F-35A’s transition from 
low-rate initial production (LRIP) to full-
rate production. On December 6, the day 
before the � rst IOT&E mission at Edwards, 
Vice Admiral Mathias Winter, Program 
Executive O�  cer, F-35 Lightning II, said: 
“The start of formal operational testing 
is a milestone more than 18 years in the 
making. By the end of 2019 there will be 
almost 500 aircraft delivered. Production 
ramp-up will continue as operational 
testing concludes in the summer of 2019 
and the programme enters a full-rate 
production decision in the fall.”

Lowering costs
Lot 11, the most recent F-35 LRIP production 
lot has seen further reduction in unit cost. 
Winter said: “The Lot 11 F-35A unit price, 
including aircraft, engine and fee, is $89.2 
million; this represents a 5.4% reduction from 
previous lot aircraft . . . As production ramps 
up, we are working with industry to drive 
further cost reductions. We are on track to 

reduce the cost of the F-35A to less than 
$80 million by 2020 — which is equal to or 
less than legacy aircraft, while providing a 
major leap in capability.”

While production costs are coming 
down, managing sustainment costs, critical 
to the success of the F-35, has become 
a Joint Program O�  ce (JPO) priority. 
Work is ongoing on the priority between 
the JPO, the Department of Defense, the 
armed services, Lockheed Martin and other 
contractors. On December 3, the JPO 
issued a request for proposals for contractor 
participation in a sustainment supply chain 
risk management review of the problems.

For over a year, the Air Force has served 
notice that unless the F-35A’s sustainment 
costs come down it will be unable to 
a� ord its planned � eet of 1,763 aircraft. In 
its October 2017 report, the Government 
Accountability O�  ce (GAO) identi� ed the 
F-35’s sustainment chain as a major reason 
why the F-35’s serviceability was so far 
below the required level. Testifying to the 
Senate Armed Services Committee (SASC) 
on October 10, 2018, the GAO’s John 
Pendleton said: “The F-35 is proving so 
costly to operate and sustain that it actually 
jeopardises the programme.”

Increasing mission capable rate
The mission capable rates of four key US 
� ghter aircraft – including all versions of 
the F-35 – are to be increased to 80% 
and their operations and maintenance 
costs simultaneously reduced, all within 
a year, then-Secretary of Defense James 
Mattis directed in a memorandum dated 
September 17.

The F-35A’s � eet-wide average mission 
capable rate for 2017 was 55%, the result of 
a multi-year decline from 68% in 2015 and 
65% in 2016. These averages do not show 
that the mission-capable rate varies widely 
among F-35As Early-production aircraft 
based at Eglin Air Force Base, Florida su� er 
the lowest rates, because the aircraft often 
use non-standard components that are 
di�  cult to repair and replace; aircraft built 
in more recent LRIP lots show the highest 
mission capable rates.

Speaking at a brie� ng in Washington DC 
on October 10, 2018, Patrick Shanahan, then 
Deputy Secretary of Defense, saw improving 
F-35 mission capability as being a major 

goal of Mattis’ directive. He said: “It probably 
doesn’t make a lot of sense to generate a lot 
of activity to make something that is older 
more reliable, but when you think about 
the Joint Strike Fighter and the hundreds 
of aircraft we’re going to take, 80% should 
be the minimum; it shouldn’t be some 
aspirational goal.”

Parts availability has been identi� ed 
as being a major cause of falling F-35A 
mission capable rates. In 2017, a GAO report 
identi� ed the US capability to perform 
depot level part repairs as lagging six years 
behind schedule. At that time, the average 
part repair backlog time was 172 days. In 
its report, the GAO reckons the 22% of the 
time that F-35s were not able to � y was 
caused by a shortage of parts.

Building the force structure
Despite the problems, the number of 
F-35As delivered to the US Air Force has 
been steadily increasing. On December 
10, the 388th Fighter Wing at Hill Air Force 
Base, Utah, welcomed its 50th F-35A. It was 
also the � rst F-35A delivered to the 421st 
Fighter Squadron. This will be the 388th’s 
third F-35A squadron at Hill; the wing 
will reach its full strength of 78 F-35As by 
the end of 2019. On November 19, 2018, 
the 388th demonstrated its operational 
readiness by launching 35 F-35As within 11 
minutes, as might be required at forward 
bases in the event of attacks by ballistic or 
cruise missiles.

Three squadrons of F-35As will be 
based at Tyndall Air Force Base, Florida, a 
decision made by the Air Force following 
the widespread damage caused to the base 
by October’s Hurricane Michael and the 
enforced displacement of 55 F-22 Raptors 
assigned to the resident 325th Fighter Wing.

Congressional reconstruction funding 
granted for the rebuilding of Tyndall 
with hangars and structures speci� cally 
designed from the outset for F-35As could 
make the base ready as early as FY2023, 
without a� ecting current Air Force F-35A 
equipment plans.

Commenting on the Tyndall decision on 
December 13, General David Goldfein, Chief 
of Sta�  of the US Air Force, said: “Bringing 
this new mission [the F-35 multi-role 
mission] to Tyndall [helps] ensure that the Air 
Force is ready to dominate in any con� ict.”

David C Isby  updates the status of America’s growing F-35 Lightning II � eet

America’s F-35s:
�  ying and deploying
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F-35A Lightning IIs assigned to the 388th Fighter 
Wing over the Utah Test and Training Range on 
November 19, 2018, during a combat power 
exercise aimed at verifying the wing’s ability to 
quickly employ a large force of jets against air and 
ground targets. SSgt Andrew Lee/US Air Force

America’s F-35s: 
and deploying
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US Marine Corps F-35Bs: combat 
and new capabilities
The US Marine Corps is introducing its 
F-35Bs at the same time as it is refocusing 
its airpower, shifting from participation in 
coalition e� orts in Afghanistan, Iraq and Syria, 
and instead being ready to function as part 
of an expeditionary force, operating primarily 
with US Navy assets, potentially against highly 
lethal weapons used by a peer competitor.

Speaking at a brie� ng in Washington DC on 
November 9, Major General David Co� man, 
Director of Expeditionary Warfare, US Marine 
Corps, said: “The F-35 is showing the way 
toward this. You’ve got to be able to exploit 
what’s on them or exploit what’s on other 
things — platforms, payload, sensors — all 
integrated in the wider network.”

Embarked deployment
US Marine Corps F-35Bs have continued 
their shipboard deployment to the Central 
Command area of responsibility, which 
included the F-35’s and the F-35B’s � rst 
combat use, over Afghanistan on September 
27. Marine Lieutenant General Steven Rudder, 
Deputy Commandant for Aviation, told 
a Senate Armed Service Committee this 
deployment is intended to demonstrate “a 
concept of having a forward force that has a 
capability to maintain contact and actually be 
able to use its new capabilities against a higher 
peer competitor”.

In December 2018, Marine Fighter Attack 
Squadron 211 (VMFA-211) ‘Wake Island 
Avengers’ was operating F-35Bs from the 
amphibious assault ship USS Essex (LHD-2) 
in the Arabian Sea, conducting exercises with 
the aircraft carrier USS Stennis (CVN 74) and 
its air wing, included aerial refuelling F-35Bs 
from F/A-18 Super Hornets.

To increase Marine Corps digital 
interoperability, an urgent operational needs 
statement has been issued to enhance F-35B 
capabilities. During VMFA-211’s cruise, for 
the � rst time, an F-35B made a datalink 
connection with the USS Essex’s ship self-
defence system, making the F-35B part of 
an expeditionary warfare network. The ship’s 
self-defence system is a Raytheon product 
and the type of datalink used was Link 16.

In addition to developing and re� ning new 
tactics, lessons from the current deployment 
will be used when 20 F-35Bs are embarked 
on board an America-class amphibious 
assault ship, planned for FY2020.

Working with the Air Force, the Marines are 
putting in place tactics to optimise the F-35’s 
strengths. Rudder told the SASC: “A legacy 
aircraft . . . would � y with a wingman that you 
can either see or is not that far away. F-35, 
you might be 10 or 15 miles apart [between 
aircraft] or maybe, 50 or 60 or 70 miles apart 
between a � ight of four.”

General Kelly said: “F-35s in exercises 
at Eielson [Air Force Base, Alaska] get a 
situational awareness network feed as soon as 
they take o� , so they know what � ght they are 
taking o�  to. As soon as their nose gear door 
shuts, an F-35 is contributing to the network . 
. . We need to talk to allies and partners on the 
network, because this is a networked � ght.”

In October 2018, the Marines Corps 
announced it had demonstrated, during 
live-� re testing at the Yuma Proving Ground, 
that an F-35B, using its onboard synthetic 
aperture to detect a terrestrial target, could 

automatically create and send Variable 
Message Format K-series messages to the 
Raytheon Advanced Field Artillery Tactical 
Data System. The messages were used by an 
M142 High Mobility Artillery Rocket System 
that scored a direct hit on the shipping 
container being used as a target. The test 
showed an F-35 can prosecute a target 
without having to take direct kinetic action, 
action that would reveal its location.

VMFA-211’s current deployment has put 
its F-35Bs at the end of a logistics chain 
stretching halfway across the world. One 
sustainment issue being addressed during the 
deployment is to determine what F-35B (and, 
later, F-35Cs) intermediate-level maintenance 
and support capabilities need to be embarked 
and which can remain ashore. Eventually, 
parts requiring repair will be � own o�  the ship 
by the Navy’s forthcoming CMV-22 Osprey 
carrier onboard delivery tiltrotors.

Current F-35B intermediate-level 
maintenance capability aboard an amphibious 
assault ship includes the gun pod, engine 
component and low observable material 
repair. More limited repair procedures 
are possible for hydraulic 
components and airframe 
structures.

Lessons 
from the 
Marine Corps’ 
F-35B deployment 
will be used to help � x 
ongoing operational issues 
with the F-35’s Autonomic 
Logistics Information System 
(ALIS), currently deployed with all US 
and international users in its upgraded 
Block 3.0 con� guration. This latest 
con� guration of ALIS is designed to be 
integrated with the aircraft’s Block 3F 
software currently used by operational 
F-35s, and to reduce the number of 
false fault indications that troubled earlier 
versions of the system. Heather Wilson, 
Secretary of the Air Force, was one of many 
to voice frustration about ALIS, telling the SASC 
on October 10, 2018, “It cannot scale. It has 
huge problems. It drives the maintainers nuts.”

Fixes to ALIS are being handled by the F-35 
JPO and Lockheed Martin, which is planning 
for the release of two upgraded versions of 
the ALIS software before the end of 2019. The 
upgrades are being made with inputs from the 
Naval Research Laboratory and from software 
specialists at the Air Force’s Boston-based 
Kessel Run Experimental Lab; KREL is managed 
by the Air Force Life Cycle Management 
Center’s Battle Management Directorate at 
Hanscom Air Force Base, Massachusetts.

The Kessel Run team comprises programmers 
from Lockheed Martin and the Air Force, and 
Air Force maintainers. The team is determining 
where problems reside within ALIS and is trying 
to develop and issue rapidly software tools 
designed to improve ALIS. Heather Wilson 
announced the KREL Mad Hatter programme 
in October 2018. One can only assume that the 
name Mad Hatter was chosen to link Boston, the 
Boston tea party and the curiosity felt by Alice at 
the Mad Hatter’s tea party.
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F-35B Lightning II’s assigned to 
Marine Fighter Attack Squadron 211 
(VMFA-211) ‘Wake Island Avengers’, 
and the 13th Marine Expeditionary 

Unit, during a combat mission over 
Afghanistan on September 27, 2018. 

SSgt Corey Hook/US Air Force
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A prototype predictive maintenance 
software system for the F-35 has been 
developed by California-based C3 for the 
Department of Defense’s Defense Innovation 
Unit Experimental; it may be operational as 
early as mid-2019.

Frustration with ALIS remains widespread, 
however. Vice Admiral Paul Grosklogs, 
Commander, Naval Air System Command, 
told an SASC on March 6, 2018: “One of our 
challenges right now, quite honestly, is us — 
the government — gaining insight into the 
software and the coding within ALIS. Right 
now, much of that is held as proprietary and 
we have limited rights and access to the 
data coming out of ALIS. That is one of the 
challenges that Admiral Winter is tackling.”

US Navy F-35Cs: 
on course to IOC
There are no international users envisioned 
for the F-35C. The US Navy and US Marine 
Corps will � y it, primarily from aircraft carriers 
and expeditionary bases ashore. It will be 
the last of the three F-35 variants to become 
operational, re� ecting a test programme that 
re� ects the complexities of carrier operations, 
including wing folding and the ability to carry 

stores on the outboard pylons of the F-35C’s 
outer wing, whose design, intended for 
carrier operations, di� ers from that used by 
the F-35A and F-35B. The F-35C closed out 
the System Development and Demonstration 
(SDD) phase, making the last test � ight on 
April 11, 2018. This � nal F-35C SDD � ight 
was followed by an operational test at sea 
period using F-35Cs con� gured with Block 3F 
software.

The � rst 54 F-35Cs will be upgraded at 
Navy depot-level maintenance facilities 
under the Structural Life-Limited Parts (SLLP) 
upgrade programme. Started in 2016, the 
SLLP is due to be completed by 2020, and 
is required so the � rst 54 F-35C aircraft can 
achieve their designed service life of 8,000 
� ight hours. The SLLP will include replacing 
parts used in early-production F-35Cs with 
the same parts currently used on new-
production F-35Cs, thereby increasing 
commonality, as well as service life. 
Structural changes include a new nose-gear 
strut designed to reduce vibration during 
catapult launches, and retro� ts to the � rst 
32 F-35Cs to enable them to carry AIM-9X 
Sidewinder II heat-seeking missiles on their 
wingtip rails.

Achieving IOC and deployment
On December 12, 2018, the Navy announced 
that Strike Fighter Squadron 147 (VFA-147) 
‘Argonauts’, which will become the � rst 
operational F-35C squadron, had completed 
its carrier quali� cations on the USS Carl 
Vinson (CVN 70).

The squadron was certi� ed safe for � ight 
when it was at least one third of its full 
strength size and with ALIS installed and 
operating in the squadron’s billets at Naval Air 
Station Lemoore, California.

VFA-147 is currently � ying operational 
missions, leading to an initial operational 
capability (IOC) declaration in February 2019; 
IOC was originally scheduled for 2014. When 
VFA-147 is declared IOC, the squadron will 
have at least ten F-35Cs con� gured with 
Block 3F software. The squadron will then 
start its work up for integration into a carrier 
strike group, enabling its � rst deployment, on 
board the USS Carl Vinson, which is currently 
scheduled for 2021.

Interestingly, VFA-147’s � rst carrier 
deployment will be enabled by service entry of 
the CMV-22 carrier onboard delivery tiltrotor, 
the lift capability required to deliver F-35C 
engine modules to the carrier. The expected 
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2021 carrier deployment will be followed be 
an F-35C shore deployment to Marine Corps 
Air Station Iwakuni in Japan.

When asked by the SASC on March 6, why 
creating and deploying the � rst operational 
F-35C squadron takes so long, Rear Admiral 
Scott Conn, Director of Air Operations, O�  ce 
of the Chief of Naval Operations, said: “You 
have to transition a squadron, which takes 
up to a year, nine months for a pilot and 
almost a year to train the sailors. As you’re 
growing a new type model series, you have 
to do that at a deliberate pace. First you 
build infrastructure and a � eet replacement 
squadron, the squadron that trains the 
aviators and sometimes some of the 
maintainers. Once the transition is complete, 
they are ready to start the optimised � eet 
response plan in terms of being able to 
prepare for deployment.”

Sustainment force structure
The Navy must build on its experience 
with the F-35B to manage the F-35C’s 
transoceanic sustainment chain. To solve 
the problem, Under Secretary of Defense for 
Acquisition, Technology, and Logistics Ellen 
Lord explained at a brie� ng in Washington 

DC on November 28, 2018: “We need to 
look at our contracting vehicles and design 
contract incentives around expected 
performance. We expect good quality, 
looking at the integrated supply chain: the 
entire chain, not just Lockheed Martin. It is 
a complicated supply chain, because it is a 
global e� ort. We need to make sure the right 
parts show up at the right time and are � t for 
the aircraft and their function.”

As the F-35C enters � eet service, the 
Navy will close down its � rst F-35C unit, 
Strike Fighter Squadron 101 (VFA-101) 
‘Gun� ghters’, the Navy’s element of the joint 
and multinational training school under the 
33rd Fighter Wing based at Eglin Air Force 
Base, Florida.

Some F-35Cs assigned to VFA-101 
will move to Naval Air Station Lemoore, 
California, to join VFA-125, the Navy’s � rst 
F-35C � eet replacement squadron tasked to 
transition F/A-18 Super Hornet squadrons 
to the new � ghter. Other former VFA-101 
aircraft will join Air Test and Evaluation 
Squadron 9’s detachment, part of the JOTT 
based at Edwards Air Force Base, California; 
VX-9 ‘Vampires’ is based at Naval Air 
Weapons Station China Lake, California.

On October 1, the Navy established 
the Joint Strike Fighter Wing at Lemoore. 
The Navy has yet to con� rm whether the 
establishment of an F-35C � eet replacement 
squadron and a wing headquarters will be 
established on the east coast to support future 
Atlantic Fleet F-35C squadrons.

In 2017, only 15% of F-35Cs were assessed 
as fully mission capable (not to be confused 
with the mission-capable rate which is a 
di� erent metric), which means Mattis’ 80% full 
mission-capable requirement will be a stretch 
for the Navy to meet. Testifying to a SASC on 
December 12, 2018, Secretary of the Navy 
Richard Spencer said: “It’s a stretch goal, but it 
is a stretch goal we will take.”

Use of commercial best practices in depot-
level maintenance is already decreasing 
backlogs. Testifying at the same hearing, Rear 
Admiral William Moran, Vice Chief of Naval 
Operations cited that increased numbers of 
Navy F-35Cs, as the type matures, would 
contribute to reaching mission availability 
goals. He said: “The law of small numbers 
means that a couple go down in a given day, 
depending on when you report it, could drive 
the percentage really low or really high, so I 
think we need more runtime on the F-35C.” AI

An F-35C Lightning II assigned to 
Strike Fighter Squadron 147 (VFA-

147) ‘Argonauts’ stationed at Naval 
Air Station Lemoore, California, the 

US Navy’s � rst operational F-35C 
squadron. Chief Mass Communication 

Specialist Shannon Renfroe/US Navy
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A
s part of a � ight demonstration 
at Zhuhai, two of the four J-20 
� ghters involved made a � ypast 
with their weapon bay doors open 
to show their missile payloads. 

The main centreline weapons bay contained 
four long-range PL-15 air-to-air missiles, 
while the smaller side bays were � tted with 
a single close range PL-10 air-to-air missiles. 
Curiously, unlike the F-22 and Su-57, the 
J-20’s side weapon bay doors remain closed 
while the missile is fully extended internally 
to�reduce drag and minimise radar cross-
section during a close range engagement.

Developed by the Leihua Electronic 
Technology Research Institute (LETRI or 607 
Institute), the PL-15 is an extended-range 
(estimated at 200km/108 nautical miles at 
high altitude) active-radar homing missile 
reportedly comparable to the American 
AIM-120D AMRAAM. A PL-15 was test-� red 
for the � rst time in September 2015 and 
entered service in 2018. The short-range 
PL-10 developed by Luoyang (612 Institute), is 
also a new-generation missile equipped with 
an imaging infrared seeker and is supposedly 
highly manoeuvrable, thanks to thrust 
vectoring. The PL-10 entered service around 
2015 and is comparable to the American AIM-
9X Sidewinder.

Demo and prototype examples
The J-20 � ghter has been designed by 
No.611 Research Institute associated with 
the Chengdu Aircraft Corporation by a team 
headed by Yang Wei, the 55-year-old former 
J-10 � ight control system designer, and later 
the chief designer of the two-seat J-10S and 
JF-17 � ghter. Within Chengdu’s design team, 
the J-20 had the codename Project 718.

J-20 technology demonstrator, side 
number 2001, � ew for the � rst time on 
January 11, 2011, piloted by Li Gang. A 
second technology demonstrator, 2002, 
made its maiden � ight on May 30, 2012. Both 
aircraft were � own to the Chinese Flight Test 
Establishment at Yanliang, the aerospace 
industry trials facility, later that year.

Six prototypes were built (side numbers 
2011 to 2017); 2011 � ew for the � rst time at 
Chengdu on March 1, 2014. One additional 
airframe was used for static tests.

Some changes resulting from the � rst stage 
of trials have been introduced, plus installation 
of some elements of avionics and the � re 
control system. Prototype aircraft feature 
clipped tips of the canards and vertical tail� ns. 
Leading-edge root extensions, previously oval, 
became straight. Doors of the forward landing 
gear and weapon bay have fewer teeth than 
previously. Fairings of � ight control actuators 

under the wing are smaller than on the initial 
two aircraft, which probably indicates a higher 
pressure hydraulic system has been installed; a 
canopy reinforcement band has also appeared. 
Prototypes 2016 and 2017 feature reshaped 
diverter-less supersonic inlet  bumps and 
engine nozzles.

Production aircraft
The � rst low-rate initial production (LRIP) 
aircraft 2101 � ew on January 18, 2016. Eight 
LRIP aircraft (78271 to 78288) were supposedly 
built in 2016 and have been assigned to the 
176th Air Brigade of the Flight Test and Training 
Base (FTTB) at Dingxin in Gansu Province since 
December 12 that year. The FTTB conducts 
weapon integration trials and develops combat 
tactics. The LRIP aircraft do not feature any 
notable di� erences in comparison to the last 
prototypes; two of them (without numbers) 
made a public debut at Airshow China 2016.

On September 28, 2017, a Chinese Ministry 
of Defence spokesman said the J-20 “had 
been o�  cially commissioned into military 
service”. The term “commissioned into 
service” has no equivalent term among 
western air arms and more speci� cally has 
nothing in common with the terms initial 
or full operational capability (IOC/FOC). 
Commissioned into service means an air 

Claws on   show

Fast pass by J-20s 78232 and 78233. 
All images Piotr Butowski
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force board found the aircraft meets the 
requirements speci� ed in the order.

The western term IOC/FOC is focused 
less on the aircraft itself, and more on the 
capability of � rst military unit ready to conduct 
the basic (full) range of tasks; the J-20 should 
achieve IOC in 2019–2020.

Since the beginning of 2018, at least four more 
aircraft (78230 to 78233) were handed over to 
the 172nd Air Brigade of the FTTB at Cangzhou, 
the four aircraft that performed at Airshow China 
2018. The J-20 � ghters presented at Zhuhai 2018 
bear a new two-tone colour scheme with low-
visibility markings and additional outlines that 
emphasise the main and two side weapon bays. 
For last year’s Zhuhai display, the � ghters were 
� tted with corner re� ectors (Luneburg lenses) 
designed to disturb measurement of the aircraft’s 
actual radar cross-section.

A J-20 LRIP production rate is estimated at 
six aircraft per year, which means that about 
20 production standard aircraft had been built 
by the end of 2018, in addition to the eight 
prototype aircraft; the current production rate 
is undoubtedly higher.

Power plant choices
It is common knowledge that China has 
challenges producing engines for its aircraft. 
Production J-20s are powered by two Russian 

AL-31FN series 3 turbofans rated at 29,762lb 
(132kN) each. The AL-31FN engine was 
developed by the Moscow-based Salyut plant 
for the Chinese J-10 � ghter and is a derivative of 
the AL-31F engine of the Su-27 � ghter with the 
gearbox moved beneath the engine (the letter N 
means ‘nizhnyi’, lower).

In production since 2013, the series 3 
version has a new low-pressure compressor 
with a diameter increased from 905 to 
924mm (35.6 to 36.4 inches). In all their 
documents, the Russians refer to the AL-31FN 
engine as being intended for the J-10 single-
seat � ghter; Russian specialists took part in 
testing the AL-31FN engine on the J-10, but 
the adaptation of the AL-31FN for the J-20 
was made without the Russian participation.

Currently in production in China is the 
WS-10 Taihang � ghter engine in the 28,660lb 
(127kN) class, used to power the J-10 and J-11 
� ghters. This is the same class of thrust as the 
Russian AL-31FN engine, which is insu�  cient 
for the J-20, but the WS-10 has the advantage 
of indigenous production and will be 
undoubtedly cheaper. Chen Xiangbao, Vice-
President of the Aero Engine Corporation 
of China Beijing Institute of Aeronautical 
Materials, told the China Daily newspaper on 
March 13, 2017, that the J-20 would soon 
feature domestically developed engines. He 

said: “The engine’s development is proceeding 
well.” Six months later, on September 19, 2017, 
J-20 prototype 2021 reportedly powered by 
two indigenous WS-10C turbofans rated at 
29,100lb (129kN) started tests; the second 
prototype 2022 � ew in January 2018.

Chen Xiangbao said: “We have also begun 
to design a next-generation aviation engine 
with a thrust-to-weight ratio that is much 
higher than current types.” The engine destined 
for the J-20 is the new-generation 35,300–
37,500lb (157-167kN) WS-15, and remains the 
only engine capable of propelling the J-20 
to supersonic cruise speed. Problems with 
aircraft engines designed and manufactured by 
Chinese aerospace companies are primarily a 
lack of necessary durability and reliability not 
only in single test examples, but also in series 
production units. Commenting on the problems, 
Chen Xiangbao said: “We are able to develop 
the two most important components in an 
advanced engine – the single crystal super alloy 
turbine blades and powder metallurgy super 
alloy turbine disks – but in mass production, the 
products’ quality is not very satisfactory.”

Design of the WS-15 has been underway 
for nearly 30 years; the � rst prototype engine 
ran on a test bench in 2005, but it remains 
unknown when the WS-15 will be ready for 
use in production J-20 aircraft.

Four Chengdu J-20 � ghters 
performed during Airshow China at 
Zhuhai on November 6–11, 2018, 
demonstrating their availability. 
Piotr Butowski  analyseson   show
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New technology under test by Chinese 
engineers for J-20 is thrust-vector control 
(TVC). During a press conference at Zhuhai 
2018, Yang Wei indirectly con�rmed that 
movable engine nozzles are being tested on a 
J-20. Other sources say that in early 2018 one 
WS-10X engine equipped with a TVC nozzle 
was installed on J-20 prototype 2012.

An interesting question is whether Russian 
engineers are participating in Chinese work 
on the TVC. Alexander Vatagin, the Chief 
Executive O�cer of the Russian engine 
company Klimov said during a TV interview 
in December 2018 that Klimov was currently 
making the TVC “for a foreign customer”, 
which is highly likely to be China.

Vatagin’s implication is unambiguous. Is 
it about the movable nozzle for a Chinese 
engine or about the nozzle for the Russian AL-
31FN Series 4 engine o�ered to China? In the 
1990s, Klimov developed the Klimov Vectored 
Thrust nozzle (KLIVT), �rst installed on the RD-
33 turbofans on a MiG-29M-OVT experimental 
�ghter. The KLIVT is a three-dimensional 
nozzle that de�ects by 16 o up and down and 
by 8o left and right. Recently, Klimov adapted 
the KLIVT nozzle for the bigger AL-31FN Series 
4 turbofan, a fact that was �rst disclosed to 
the public in April 2018 and o�ered to China; 
there is no information available that China has 
acquired any AL-31FN Series 4 engines.

Networked �ghter
The J-20’s �re-control radar is believed to be 
an active electronically-scanned array (AESA) 
system developed by the Nanjing Research 
Institute of Electronics Technology (NRIET, or 14 
Institute), equipped with a single front antenna.

Chengu J-20 estimated characteristics
Wingspan 13.0m (42ft 8in)

Length 20.5m (67ft 3in)

Height 4.6m (15ft 1in)

Empty weight 18,000kg (39,683lb)

Take-o� weight for intercept30,000kg (66,139lb)

Max take-o� weight 35,000kg (77,162lb)

Max speed Mach 2.0

Supersonic cruising speedMach 1.5 (not available 
with interim engines)

Max range 1,890 nautical miles 
(3,500km)

J-20 78232 in an 
aggressive climb at 
Zhuhai 2018.

Upper side of J-20 
78233 features a two-
tone grey camou�age 
and light grey edges. 
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However, informed sources insist there 
is still no series-production AESA �ghter 
radar available in China, and all J-20s are 
temporarily �tted with more conventional 
systems. At Zhuhai 2018, the Nanjing institute 
displayed two versions of the KLJ-7A AESA 
radar, which is intended for the smaller JF-17 
Block III export �ghter, but similar solutions 
could probably be installed and integrated on 
the J-20. Each version of the KLJ-7A features 
a di�erent method for widening its search 
angles, which are narrow for AESA antennas. 
One method features the antenna installed 
on a gimbal, which allows it to tilt towards 
the target. The second method uses three 
antennas: a main, forward-looking antenna, 
and two small, side-looking antennas. Each 
method is a copy of Russian electronic 
scanning radar designs. The Su-35’s N135 Irbis 
radar features a tilting antenna, and the Su-
57’s N036 Byelka radar has a three-antenna 
array. A single �xed antenna version of the 
KLJ-7A radar was displayed at the Zhuhai 
2016 air show.

The J-20 has a chin-mounted electro-
optical targeting system, whose faceted 
shape resembles the AAQ-40 Electro-Optical 
Targeting System used on the American F-35 
Lightning II. Uncon�rmed, but the J-20’s 
electro-optical targeting system could possibly 
be one designed by Chinese company A-Star 
Science and Technology, dubbed the EOTS-86. 
Electro-optical sensors installed on the J-20 
are not limited to the chin-mounted system. 
Six more passive electro-optical sensors are 
located about the fuselage to provide full 
spherical coverage around the aircraft; one on 
each side of the forward fuselage, two beneath 
and atop the forward and aft fuselage. Equipped 
with such a distributed group of EO sensors 

suggests it is similar to the AAQ-37 Distributed 
Aperture System as used by the American 
F-35 Lightning II; a system that provides the 
F-35 pilot with all round situational awareness. 
Similarity to the F-35 system is one thing, but it 
is hard to make any judgement on the quality 
of the J-20’s system; the fact that something 
looks the same, does not mean that it works 
the same. Nota bene: while J-20s 78232 and 
78233 displayed at Zhuhai in November 2018 

had real distributed EO sensors, aircraft 78231 
was �tted with mock-ups.

However, more important than the J-20’s 
sensors is its integration into Chinese national 
defence networks. In August 2016, Chief 
of Sta� of the US Air Force General David 
Goldfein called the J-20 (along with the 
F-35) “an information-age �ghter”, which 
thanks to its advanced data link has access to 
real-time information supplied by satellites 
and UAVs. It is likely that the Shen Diao 
(Divine Eagle) airborne early warning drone 
is being developed by the Shenyang Aircraft 
Corporation as a partner platform for the J-20.

Roles
Studying the J-20’s con�guration gives a 
mixed conclusion. A heavily loaded wing 
and all-moving canard surfaces situated 
relatively far forward (so called uncoupled 
canards) indicate a design priority for speed 
and range over manoeuvrability suggesting 
that the J-20’s primary tasks are long-range 
interception and long-range strike.

This is further evidenced by the J-20’s 
emphasis on frontal stealth; it is di�cult to 
retain low observability from the rear, given 
the size of its large round engine nozzles. 
On the other hand, characteristics necessary 
for air combat have not been neglected. 
Wing strakes generate vortex at high angles 
of attack, which delays the separation of the 
boundary layer and allows more aggressive 
manoeuvring; movable engine nozzles serve 
the same purpose. A lea�et distributed by 
AVIC at Zhuhai lists all these tasks together, 
but also speci�es the J-20’s main operational 
missions as gaining and maintaining air 
superiority, medium and long-range fast 
interception, escort and deep strike. AI

Silvery coatings 
are the basis of the 
People’s Liberation 

Army Air Force J-20 
underside camou�age. 

A mock-up of the KLJ-7A radar with the antenna 
installed on a gimbal, which allows it to tilt towards 
the target.

A second mock-up of the KLJ-7A radar with a �xed 
main forward-looking antenna and two small, side-
looking antennas.
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F
ollowing a report discussed in 
the October issue concerning the 
People’s Liberation Army Navy’s 
alleged dissatisfaction with the 
J-15 � ghter and its intention to 

develop and introduce a new type for 
its future carrier � eet, several reports in 
western press were posted soon thereafter. 
A report published in Aviation Week noted 
“the Shenyang J-31 stealth � ghter is 
once again on the menu for the Chinese 
military”. Despite Shenyang’s so far failed 
attempts to enter the extremely limited 
export market for � fth-generation � ghters, 
this might change if the People’s Liberation 
Army Air Force (PLAAF) and People’s 
Liberation Army Navy (PLAN) are interested 
in developing the FC-31.

Programme to date
Even though the � rst prototype FC-31, side 
number 31001, was � rst � own about six and 
half years ago, very little information has 
emerged from the programme since then.

Dubbed as a lower-end complement to the 
larger, more-costly J-20, the FC-31 was never 
designated as the J-31 for service with the 
People’s Liberation Army Air Force; but was 
always more realistically expected as a likely 
candidate aircraft for the People’s Liberation 
Army Navy’s future carrier-borne � ghter; one 
to supplement and later replace J-15 � ghters 
currently used by embarked air wings on 
board the aircraft carrier Liaoning.

The FC-31 is a unique project: � rst 
mentioned in April 2011, when rumours 
suggested that the 601 Institute had been 
developing a fourth-generation medium 
multirole stealth � ghter since 2007, after its 
own heavy stealth � ghter design lost to the 
611 Institute’s J-20�in an o�  cial request for 
proposal named XXJ. Note, in China this new-
generation aircraft is dubbed fourth- and not 
� fth-generation as is the case in the western 
world.

Originally, the FC-31 was revealed as 
a scaled-down model dubbed�the F-60, 
unveiled during the � rst international UAV 

innovation Grand Prix held in Beijing during 
September 2011.

Around the same time, a full-scale metal 
mock-up was built, and in mid-2012 a so 
far unknown airframe was transported from 
the 623 Institute to the China Flight Test 
Establishment at Xi’an-Yanliang for static 
tests. Transportation of the mock-up was 
discussed in several Chinese forums, with 
the conclusion that the type was not another 
derivative of the Flanker but a new design.

Details known about the FC-31 to date 
show the type is o�  cially referred to as 
Project 310, initiated as a private venture 
by AVIC and SAC as the Advanced Fighter 
Concept (ACF) after the XXJ contest was over. 
The aim of Project 310 was almost certainly 
to retain certain design expertise and to 
promote the type on the international market 
as a low-cost alternative to the American F-35 
Lightning II, and eventually as a candidate to 
replace some of the remaining J-7 and J-8 
series � ghters still in service with frontline 
PLAAF and PLAN units.

Andreas Rupprecht 
provides an update on the 
Chinese FC-31 � ghter

FC-31: To be or 
An artist’s impression of the revised second aircraft 
was � rst presented at the Zhuhai air show 2014. 
All images via Chinese Internet unless noted
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o be or not to be?

After the full-scale mock-up was built 
in 2011, construction of the � rst prototype 
must have begun later that year and was � rst 
spotted in a black colour scheme sporting a 
prominent Gyrfalcon logo on its tail, and the 
side number 31001 under its cockpit.

In contrast to the J-20, the � rst FC-31 is 
a much more conventional design – often 
mocked as a smaller clone of the F-22 
Raptor – with twin engines and two large 
canted swept tail� ns similar to the YF-22 
demonstrator. However, in contrast to the 
F-22, the FC-31 features a diverter less 
supersonic inlet design, a two-piece canopy 
and a radome more akin to the F-35.

The pilot sits in an HTY-8 – a licenced copy 
of the Russian K-36D – ejection seat and 
the cockpit features wide-angle holographic 
HUD and at least four colour multifunctional 
displays. Most likely, the � rst demonstrator is 
not equipped with a full-up avionics�suite.

Following taxi tests, the aircraft 
performed its maiden � ight on October 
31, 2012, powered by two smoky�engines. 

The � rst FC-31 demonstrator was unveiled during the Zhuhai air show 2014 proving China had become the 
second nation after the United States to have two stealth � ghter designs in � ight testing at the same time.
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There are contradicting reports about 
the engine type; some assume standard 
RD-93s used by the JF-17, others assume 
WS-13 turbofans.

Rumours circulating on Chinese forums in 
2016 suggested the People’s Liberation Army 
remained uninterested in the type, though 
reports persisted that a second airframe – 
sometimes called FC-31V2 – featuring major 
improvements (as displayed in model-form 
during the Zhuhai air show 2014) to make 
it more attractive to�potential customers, 
would appear soon.

Improvements include a similar 
development to the J-20’s transition from 
demonstrator to prototype featuring a one-
piece canopy, a re�ned, slightly longer and 
fatter fuselage, reshaped vertical tail�ns, and 
cropped wing and tail�n tips.

Improved WS-13A or even WS-13E turbofan 
engines with stealthy nozzles are believed 
to be installed, an electro-optical targeting 
system turret �tted under the forward 

fuselage, and a retractable IFR probe. A static 
test airframe was reportedly built by the SAC.

FC-31V2
The second prototype ��rst appeared on an 
AVIC promotional video shown at the Zhuhai 
air show 2016, showing the�second airframe 
under construction and under preparation for 
the�maiden��ight.

The �rst prototype was reportedly �tted 
with upgraded�WS-13E turbofans and 
allegedly test �own for the �rst time on July 
1, 2016.

High-speed taxiing tests began on 
December 18, 2016 with the maiden �ight 
accomplished on December 23, 2016. Until 
this date, even o�cial statements from AVIC – 
including their HP – state the FC-31 remains 
an AVIC/SAC project related only for the 
export market, stressing there was no PLAAF 
and PLAN backing or funding.

The second aircraft is conducting a �ight 
test programme at SAC’s Shenyang-
Beiling air�eld, still unpainted. Even after 
two years of �ight testing, only a few clear 
images have been released.

The FC-31V2 aircraft undergoing pre-�ight checks on December 23, 2016, the date of its maiden �ight.
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The second aircraft features several 
improvements�including a�one-piece canopy , 
a modi�ed cockpit with a new head-up 
display similar to the one installed in the 
J-20, a re�ned fuselage comprising more 
composite material, reportedly with a slightly 
bigger internal weapon bay, a re�ned, larger 
wing, and reshaped vertical tail�ns more akin 
to the F-35 with cropped tips similar to those 
on the F-22.

Details released about the FC-31’s internal 
weapon bays, provide no con�rmation they 
are capable of holding up to�six air-to-air 
missiles including the PL-10, PL-12 and PL-15, 
though its size does not look any larger than 
the J-20’s main weapon bay.

The FC-31 is expected to have�greater 
mission focus on strike and surface attack and 
is likely to internally carry a new class of GPS-
guided bombs�and�the GB50 laser-guided 
bomb. Based on their physical size, larger, 
heavier weapons like the YJ-83K anti-ship 
missile or the YJ-91 anti-radar missile must be 
carried externally�on six underwing hard points.

An internally mounted cannon is not 
expected to be installed, and despite the 
mock-up featuring provision for a nose-
mounted infrared search and track sensor 
and distributed electro-optical sensors 
about the fuselage, in the FC-31’s current 
test-phase, the second aircraft lacked any 
such systems.

Since its maiden �ight in 2016, the 
second FC-31 prototype has continued 
to be �own at SAC as part of the ongoing 
�ight test programme.

Current status
In October 2018, claims posted on Chinese 
forums suggested that a much redesigned 
variant – sometimes referred to as the FC-
31V3 – has been selected by the People’s 
Liberation Army Naval Aviation as its next 
generation carrier-based �ghter. Furthermore, 
possible designations emerged as J-35 for the 
naval variant and J-31 for the air force version.

This alleged change is interpreted by most 
analysts as a signal that SAC has received 
funding from the PLA to continue the FC-31’s 
development in order to decide on its formal 
programme status, and not as an order.

Following rumours �rst emerged in January 
2018, that 601 Institute and SAC are currently 
working on an enlarged carrier-based variant, 
which might be unveiled in 2019. This third 
prototype will initially be powered by the 
indigenous WS-13A turbofan�and later by 
the new WS-19, which is a 21,000lb-class 
(93.4kN) medium thrust engine; the aircraft’s 
projected max take-o� weight is slightly more 
than 30,000kg (66,000lb).

Since late 2018, reports in the Chinese 
press state an undisclosed nation in the 
Middle East and Pakistan are both interested 
in the type. AI

An artist’s impression of a 
People’s Liberation Army Naval 
Aviation J-35.

The future variant’s form is unknown though several artist impressions have been posted on Chinese 
forums. The most credible source is a black coloured model of the naval variant featuring folding wings and 
an arrestor hook exhibited in SAC’s showroom.

Only a few images of the FC-31V1 under construction 
have been released.

A rare glimpse to the FC-31V1’s cockpit showing a modern layout with large multifunction displays and a 
wide-angle head-up display.
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Prototype Su-57, T-50-5, side 
number 055 painted with the 
latest camou�age scheme, seen 
in the spring of 2018. All images 
by Piotr Butowski unless noted

A close-up shot of the forward 
fuselage of Su-57 prototype T-50-
11, side number 511, equipped with 
a production standard sensor suite.
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slowed down?
Piotr Butowski provides an update of Russia’s Su-57 new-generation �ghter

Su-57 

Sukhoi Su-57 estimated characteristics
Wingspan 14.1m (46ft 3in)

Length 20.1m (66ft)

Height 4.6m (15ft 1in)

Empty weight 18,000kg (39,683lb)

Nominal take-o� weight 25,000kg (55,116lb)

Max take-o� weight 35,000kg (77,162lb)

Max speed Mach 2.0

Supersonic cruising speedMach 1.3

Max supersonic range 810 nautical miles (1,500km)

Max range 1,890 nautical miles (3,500km)

O
n August 22, 2018, Aleksey 
Krivoruchko, Deputy Minister 
of Defence of the Russian 
Federation and United Aircraft 
Corporation’s President 

Yuri Slyusar signed the �rst contract for 
two Su-57 �ghters to be delivered to 
the Russian Air Force. During the signing 
ceremony Krivoruchko said “the �rst aircraft 
will enter service in 2019,” and within 
the coming years the service “intends to 
receive 15 production Su-57s”. De�nitely 
a disappointing declaration after earlier 
announcements of 60 production standard 
�ghters by 2020 and plans for a further 
150–160 by 2025.

So why is the Su-57 programme slowing 
down? The o�cial reason given during a July 
2018 TV interview by Yuri Borisov, Deputy 
Prime Minister of the Russian Federation 
focused on the Su-35. Borisov said: “The 
Su-35 is considered one of the best aircraft 
in the world. We therefore have no reason to 
go ahead with mass production of the �fth-
generation [Su-57] aircraft today. The Su-57 is 
our trump card, which we will be able to play 
when previous generation aircraft begin to 
lag behind similar aircraft operated by leading 
countries of the world.”

When Borisov served as Deputy Minister 
of Defence of the Russian Federation 
he spoke in a similar manner. As early 
as March 2015, during his visit to the 
Komsomolsk-on-Amur factory, he 
announced that fewer Su-57s may be 
purchased by 2020 in favour of lower-cost 

Su-30SM and Su-35 �ghters. In August 
2017, Borisov told Russian TV the Su-35 “is 
not inferior even to the �rst-stage Su-57”.

However, the reason for a reduction in the 
number of Su-57s purchased can perhaps 
be found in the shortcomings of its current, 
�rst version. Borisov’s words can be read two 
ways: if the Su-35 is not inferior to the Su-57, 
it means that the Su-57 is not better than 
the Su-35. In addition to the Su-57’s current 
capability, it is much more expensive than 
other �ghters already in production, and the 
Russian Ministry of Defence is still unable 
to attract additional funding for the Su-57 
programme from India.

Course of tests
Sukhoi’s Su-57 (designated T-50 inside the 
design bureau) is being developed under the 
PAK FA (Perspektivnyi Aviatsionnyi Kompleks 
Frontovoi Aviatsii or Future Air Complex 
of Tactical Aviation) programme that 
commenced around 1998. On April 26, 2002, 
Sukhoi’s T-50 proposal was chosen over 
the competing Mikoyan project. The T-50 
aircraft features comparable capabilities to 
American �fth-generation �ghters including 
super cruise and supersonic manoeuvrability, 
stealth, and sensor fusion. Major contributing 
features to the T-50’s reduced radar cross-
section are an internal weapons bay and 
angular, faceted fuselage sides, wing and tail 
surface edges.

Nine years have passed since the T-50’s �rst 
�ight on January 29, 2010, at Komsomolsk-
on-Amur in Russia’s far east.

Ten prototypes are currently undergoing 
�ight testing: T-50-1, T-50-2, T-50-3, T-50-4, 
T-50-5, T-50-6, and T-50-8, T-50-9, T-50-10 
and T-50-11. Aircraft T-50-7 is used for static 
tests of the modi�ed airframe.

Aircraft within the test �ight �eet have 
completed around 2,000 test �ights; test 
events required within the �rst stage of the 
T-50’s state evaluation were completed at the 
end of 2017. A press release issued by Sukhoi 
at the time said: “Characteristics of stability 
and controllability at subsonic and supersonic 
speeds, at low and high altitudes, and at 
supercritical angles of attack are con�rmed.”

In Russian practice, the �rst stage of state 
trials concludes with the acceptance of the 
aircraft as a �ying vehicle. The second stage 
involves testing of mission systems and 
weapons; Sukhoi claims the second stage is 
scheduled for completion in 2019.

Notably, the T-50 �ghter was redesigned in 
the middle of the test programme.

As many as two-and-a-half years passed 
between the �fth aircraft 055 (�rst �ight on 
October 27, 2013) and the upgraded sixth 
aircraft 056 (�rst �ight on April 27, 2016), 
during which time signi�cant design changes 
were introduced.

All �ve aircraft made since 2016 di�er from 
the earlier jets featuring a reinforced inner 
airframe structure and the airframe skin has 
been partially replaced with a new one made 
of composites. Other changes included 
lengthening of the aft fuselage section 
housing the electronic warfare equipment and 
modi�cations made to the circumferences 
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of the aft lower fuselage, some doors, some 
hatches, and wingtips.

Wingspan and fuselage length are estimated 
to have increased from 14.0m (45ft 11in) to 
14.1m (46ft 3in), and 19.7m (64ft 7in) to 20.1m 
(66ft) respectively.

The latest aircraft to � y was T-50-10 (side 
number 510), which made its � rst � ight on 
December 23, 2017. Aircraft T-50-11 (side 
number 511) � ew earlier, on August 6, 2017. 
Not one aircraft was produced in 2018.

Sensor fusion
All of the Su-57’s systems and sensors 
are coupled and controlled by a central 
computing system. Sukhoi’s design bureau is 
responsible for systems integration, which is 
in fact a novelty with Russian � ghter aircraft. 
In the past, � re-control and � ight navigation 
systems were integrated by instrument 
companies; on Sukhoi � ghters, this work was 
usually entrusted to RPKB of Ramenskoye.

The sensor suite includes the Sh121 
radio-electronic suite and 101KS electro-
optical system. Developed by the Tikhomirov 
NIIP institute at Zhukovsky, the Sh121 suite 
comprises the N036 radar and the L402 
electronic countermeasures suite.

The NIIP N036 Byelka (squirrel) radar has 
� ve active electronically scanned arrays, three 
X-band (30mm wavelength) and two L-band 
(decametre wavelength), that together search 
air space within a 270 o angle of regard, +/-
135° from the aircraft’s axis.

Use of L-band radar in air-to-air mode is 
the T-50’s main means of dealing with stealth 
targets, which are detected (but not targeted) 
by radio waves longer than the X-band for 
which the radar-cross section’s reduction is 

typically optimised. Head of NIIP Yuri Belyi 
said the last two prototypes, T-50-10 and 
T-50-11, are � tted with radars made by the 
GRPZ serial production facility at Ryazan; the 
previous � ghters are equipped with radars 
made by NIIP’s experimental workshops.

Developed by the KNIRTI institute in 
Zhukov near Kaluga and manufactured by 
the Signal factory in Stavropol, the L402 
Gimalai (Himalaya) electronic intelligence and 
electronic countermeasures suite has its own 
arrays, but when operating within range of the 
same frequencies used by the radar it utilises 
the N036 radar’s arrays.

The 101KS Atoll electro-optical suite 
produced by UOMZ in Yekaterinburg is 
intended to provide full control of the airspace 
around the aircraft within optical range and 
self-defence against missile attack.

Atoll comprises the forward 101KS-
V infrared search-and-track sight, four 
ultraviolet missile approach warning sensors 

that cover the whole sphere around the 
� ghter, and two 101KS-O sensors, which 
UOMZ claims to be directional infrared 
countermeasures.

Another 101KS-P device comprises a small 
imaging infrared sensor to aid low-level 
� ying and landing. Furthermore, the 101KS-
N navigation and targeting pod is under 
development. The Su-57’s pilot now uses 
the new Elektroavomatika NSTsI-50 helmet-
mounted sight and display.

Both T-50-10 (side number 510) and 
T-50-11 (side number 511) are � tted 
with a production standard sensor suite 
con� guration; other prototypes are � tted with 
either mock-ups or only some of the suite’s 
sensors.

Weapons
The Su-57 carries its basic weapon payload 
in two tandem internal bays that occupy the 
entire length of the fuselage ventral surface. 
Typical loads include up to four medium-
range K-77M or long-range izdeliye 810 
air-to-air missiles, Kh-58UShK anti-radiation 
missiles and Kh-38M or KAB-250 electro-
optically guided air-to-ground munitions. 
Additionally, one K-74M2 close range air-
to-air missile can be loaded in each of two 
oblong underwing bays. In missions not 
requiring stealth capability, more weapons 
and stores can be carried on external pylons. 
The � ghter has a � xed 30mm single-barrel 
cannon.

Progress of the Su-57 weapon tests is only 
known in part. There are lots of photographs 
showing the Su-57 loaded with typical Russian 
R-73 and R-77 air-to-air missiles and Kh-31 
air-to-surface missiles carried externally. 
Internal weapons carriage, a very important 
capability for a stealth � ghter, has only been 
seen once.

This landing shot of prototype 
Su-57, T-50-8, shows how 
slender the main fuselage is.

A part-pixel camou� age scheme applied to T-50-9, side number 509, seen at Zhukovsky.

The author’s graphic showing the location of the Su-57’s various sensors.
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At a meeting of a board of Russia’s Ministry 
of Defence on May 25, 2018, Sergey Shoygu, 
Defence Minister of the Russian Federation, 
declared: “For an assessment in combat 
conditions of the declared capabilities of 
developed military equipment, in February of 
this year, practical launches of prospective 
theatre- and tactical-level cruise missiles 
from the Su-57 �ghter were carried out.” 
Low-quality footage showed the release 
of large, more than 4m-long (13ft) missile 

from the aft internal weapon bay of a Su-57. 
After one or two seconds of freefall �ight, 
the missile’s wings extended and its motor 
ignited for powered �ight. Among known 
Russian airborne missiles, the one launched 
from the Su-57 is most similar to the Raduga 
Kh-59MK2, though Shoygu did not specify the 
missile type.

The Kh-59MK2 (an export designation, 
the Russian designation is not known) is a 
counterpart to the MBDA Storm Shadow 
intended to destroy small, hardened targets 
of known coordinates. For this purpose, it has 
a guidance system borrowed from a strategic 
cruise missile that includes strap-down inertial 
navigation corrected by GPS/GLONASS for 
the cruise phase, and an electro-optical digital 
scene-matching area correlation system for 
use close to the target. The missile features 
a square-section box-shaped airframe with 
dimensions that �t the Su-57’s 4.2m-long (13ft 
9in), 400mm-wide and high (16in) weapon 
bay. Two missiles can be carried side by side 
in each weapon bay. A deployable 2.45m (8ft) 
wing is �tted to the top of the box missile’s 
airframe. Powered with a Saturn izdeliye 
37-04 motor, the missile �ies to the target at 
high subsonic speed. The export version has a 
declared range of 157 nautical miles (290km), 
but the range of the Russian version may well 
be much greater.

Deployment to Syria
Shoygu spoke about the missile launch in 
the context of Russian operations in Syria, 
but refrained from explicitly saying that the 
practical launches were performed in Syria. 
The low-quality footage presented by Shoygu 
featured a red missile, which is peculiar for an 
experimental missile undergoing range tests 
and therefore arouses doubt.

Two Su-57s were deployed to Syria for 
two days in February, 2018, a fact only 
publicised by the Russian Ministry of Defence 
in November, when it released video footage 
showing two aircraft taking o� and landing 
at Hmeimim Air Base in Syria. Both aircraft’s 
tactical numbers were painted over, but their 
camou�age schemes indicated the aircraft 
to be side numbers 509 and 511 (T-50-9 and 
T-50-11). Commentary on the video stated: 
“The aircraft’s technical characteristics, 
intellectual data management and indication 
system, activity of all onboard systems, 
including the weapons, were checked in 
real conditions with higher temperatures, 

complex terrain and other factors. The Su-57 
crews performed more than ten �ights in 
Syria.”

One fact the footage did con�rm was 
that two Su-57s �ew there without corner 
re�ectors �tted, which enabled any 
surveillance system operating in the skies over 
Syria to discover the aircraft’s radar signature.

Block 2
When signing the contract for the �rst two 
production Su-57s, Aleksey Krivoruchko 
stated that the Russian Ministry of Defence 
expects deliveries of second-stage Su-57s by 
2023. Second stage Su-57’s primary feature 
will be its power plants, new Saturn izdeliye 
30 engines.

Currently, all Su-57s are powered by Saturn 
AL-41F-1 (izdeliye 117) engines, which is a 
highly upgraded version of the AL-31F engine 
used by the Flanker family of �ghters. The 
izdeliye 30 is a clean-sheet design intended to 
o�er increased thrust, lighter weight, a smaller 
number of elements and lower operating 
costs. The developer claims the new izdeliye 
30 engine will be “17 to 18% more e�ective”. 
If that percentage gain refers to the full thrust, 
the new engine should provide 37,500lb 
(166.8kN), compared to the AL-41F-1’s 
32,000lb (142.3kN).

The izdeliye 30 engine’s cold section has a 
three-stage compressor (instead of four in the 
current AL-41F-1) and a single-stage turbine; 
the hot section (the engine core) has a �ve-
stage compressor (instead of a nine-stage 
one) and a single-stage turbine. The izdeliye 
30’s dry weight is estimated at 1,450kg 
(3,197lb), compared to 1,600kg (3,527lb) for 
the AL-41F-1. Thanks to glass-�bre plastic 
inlet guide vanes, the izdeliye 30 engine fan 
will have a much smaller radar cross-section 
in front view.

The �rst izdeliye 30 demonstrator engine 
was run on a ground test-bed on November 
11, 2016. On December 5, 2017, the T-50-
2LL (Letayushchaya Laboratoriya, �ying 
testbed) started �ight tests with an izdeliye 
30 prototype installed on the port side. After 
the �rst �ight, Yuri Borisov said with the new 
engines the characteristics of Su-57 will 
improve signi�cantly.

UAC President Yuri Slyusar declared the Su-
57 will become the basis of a whole family of 
aircraft, just as the Su-27 became the basis for 
a family of modern �ghters in demand around 
the world. AI

Still frames from an o�cial Russian Ministry of 
Defence video showing a Su-57 launching a Kh-
59MK2 stand-o� missile. Russian MoD

Su-57 T-50-9 was one of two 
deployed to Syria in February 
2018; the aircraft is seen taxying at 
Hmeimim Air Base without corner 
re�ectors �tted. Russian MoD
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O
n December 13, 2018, the 
Virgin Galactic WhiteKnightTwo 
aircraft VMS Eve, N348MS (c/n 
001) �ew above the California 
desert, its white fuselage and 

contrails behind its engines standing out 
against the blue winter sky.

At around 45,000ft, on the command of 
the Virgin Galactic mission control centre, 
Eve’s crew released the streamlined craft it 
was carrying beneath its wings: SpaceShipTwo 
VSS Unity, N202VG (c/n 2).

With pilots Mark Stucky and Frederick 
Sturckow aboard, Unity fell away beneath 
Eve before its hybrid rocket motor was 
engaged. Within eight seconds, SpaceShipTwo 
was supersonic. The pilots pulled up its nose 
and Unity speared towards space, its engine 
burning for 60 seconds, propelling the 
spaceplane to a peak speed of Mach 2.9 and 
an altitude of 51.4 miles above Earth’s surface.

Unity’s unique feathering system, which 
rotates the wings and tail booms upwards 
for space�ight, was then deployed by Stucky 
and Sturckow and the spaceship decelerated 
and descended through the atmosphere at a 
speed of Mach 2.5, landing at Mojave Air and 
Space Port.

Space ambitions
Unity’s �ight was the fourth powered test �ight 
by Unity; the �rst was on April 5, 2018. These 
�ights followed a series of trials started in 2017 
to examine SpaceShipTwo’s performance, 
stability, control and engine performance after 
�ight-testing resumed following the fatal 2014 
crash of the �rst SpaceShipTwo, VSS Enterprise.

The �ight was therefore a signi�cant step 
forward in Virgin Galactic’s plans to introduce 
commercial human space�ight and in the 
wider endeavour of creating a new era of 
space tourism. The company describes itself 
as “the world’s �rst commercial spaceline” and 
notes that SpaceShipTwo is the �rst crewed, 
passenger-carrying spaceship built by a 
private company.

After the December �ight, Virgin Galactic 
founder Sir Richard Branson said: “Today, 
we completed our �rst revenue generating 
�ight and our pilots earned their Commercial 
Astronaut Wings. Today, we have shown 
that Virgin Galactic really can open space to 
change the world for good.”

Virgin Galactic is one of several billionaire-
backed organisations planning to take fare-
paying passengers into space. Other players 
are Blue Origin, set up by Amazon founder 

Je� Bezos, which is working on a reusable 
rocket called New Shepard, and SpaceX, 
founded by Tesla Chief Executive Elon Musk.

Launch system
Virgin Galactic uses a two-stage launch 
system consisting of SpaceShipTwo and its 
custom-built WhiteKnightTwo carrier aircraft. 
WhiteKnightTwo lifts SpaceShipTwo in a 
captive carry to an altitude of around 45,000–
50,000ft before releasing the spaceship.

Following release, SpaceShipTwo’s 
RocketMotorTwo rocket engine is engaged in 
what is called the boost phase of the mission. 
This second phase sees the vehicle accelerate 
rapidly and ascend to the mission’s apogee 
in suborbital space. Video of the December 
�ight released by Virgin Galactic captured 
by a camera aboard Unity vividly shows the 
acceleration and pull to the vertical during the 
boost phase.

Virgin Galactic is gearing up towards the launch of its space 
tourism �ights. Mark Broadbent  reports

Space 
Shot

SpaceShipTwo VSS Unity, with 
its hybrid rocket motor �ring, 
pulls upwards towards space 
in December 2018.
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After around one minute the engine is 
cut and SpaceShipTwo coasts to its cruising 
altitude. On operational space tourism 
�ights, the vehicle will carry two pilots and 
six passengers in the cabin. Those aboard will 
experience several minutes of weightlessness 
and views of the Earth below through 7.5ft-
diameter (2.2m) windows positioned to a�ord 
maximum viewing potential, with their 90in-
diameter (2,286mm), 12ft-long (3.7m) seats 
positioned in a reclined position to maximise 
cabin space during zero-g conditions.

Using its feathered re-entry system, 
SpaceShipTwo will then glide back down 
through the atmosphere to land. The total 
�ight time, including the ascent to release 
altitude by WhiteKnightTwo’s captive carry, 
will be between one-and-a-half and two 
hours. SpaceShipTwo will �y independently 
for approximately 30 minutes from release 
to landing.

Passengers will experience g-forces of 
around 3.5G during the boost phase of the 
mission and around 4G during the descent, 
Virgin Galactic says. They will be sat upright 
during the boost phase and be positioned in 
a reclined position to maximise comfort on 
re-entry.

The platforms
SpaceShipTwo is derived from SpaceShipOne, 
the vehicle that back in 2004 reached an 
altitude of 67.9 miles above Earth to win the 
Ansari X-Prize, the contest for the �rst crewed 
commercial reusable vehicle to �y in space.

Mojave Aerospace Ventures, which 
developed and operated SpaceShipOne and 
its WhiteKnight carrier aircraft, signed a deal 
with Virgin Galactic to develop the Virgin 
SpaceShip for space tourism. Virgin Group 
and Scaled Composites subsequently formed 
a joint venture, The Spaceship Company, to 

manufacture new versions of the spaceplane 
and carrier aircraft, respectively SpaceShipTwo 
and WhiteKnightTwo.

SpaceShipTwo is 60ft (18.2m) long, with 
its wing/tail boom spanning 42ft (12.8m) 
and it is 15ft (4.6m) in height. Its single 
RocketMotorTwo hybrid rocket motor engine 
is controllable, can be shut down at any time 
and uses benign fuel and oxidiser (the same 
means of propulsion as SpaceShipOne). 
It is constructed from 100% carbon �bre 
composites.

The vehicle’s feathering technology, which 
rotates the wings and tail booms, has been 
likened in its principle to the feathers on a 
badminton shuttlecock, which are angled 
to create drag and control a shuttlecock’s 
descent through the air.

SpaceShipTwo’s ‘feathers’ similarly adjust 
the spacecraft’s shape when the vehicle is in 
its suborbital operating environment to enable 

The WhiteKnightTwo carrier 
aircraft and SpaceShipTwo 
spaceplane combination is Virgin 
Galactic’s two-stage solution for 
commercial space�ight. 
All photos Virgin Galactic
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the crew to control the rate of deceleration. 
This is designed to let the vehicle descend 
e�  ciently through the atmosphere and glide 
back to the ground. 

SpaceShipTwo’s re-entry speed is Mach 
2.5 compared to the re-entry speeds of 
orbital spacecraft, which typically re-enter 
Earth’s atmosphere at around Mach 20 
using heat shields.

Like SpaceShipTwo, the WhiteKnightTwo 
carrier aircraft is made entirely of carbon 
� bre composites (Virgin Galactic describes 
it as “the largest all-composite aviation 
vehicle in service”). The aircraft is 78ft 
(23m) long, has a 140ft (42m) wingspan 
and a tail height of 26ft (8m). It was 
based on the WhiteKnight carrier aircraft 
used as SpaceShipOne’s mothership for 
the X-Prize contest (WhiteKnight was 
itself derived from Scaled Composites’ 
Proteus), but there are key di� erences 
between the aircraft. WhiteKnightTwo 
has a twin-fuselage layout with two 
cruciform tails and four Pratt & Whitney 
Canada PW308 turbofans (each generating 

6,900lb/30.69kN thrust) hung underneath 
the wings, while the � rst WhiteKnight has a 
single fuselage, T-tails and a pair of engines 
on either side of the fuselage.

Both WhiteKnights have been designed with 
con� gurations lending themselves to high-
altitude operations carrying di� erent payloads. 
It was intended that WhiteKnightTwo would 
also serve as an air-launch platform for 
the LauncherOne small satellite launcher 
under development by Virgin Galactic’s 
sister company Virgin Orbit, but a converted 
Boeing 747-400 is being used for that mission 
instead.

Still, Virgin Galactic insists WhiteKnightTwo 
is a “unique high-altitude lift aircraft 
potentially suitable for various payloads” 
thanks to its “large and easily accessible 
payload area”. The company says 
WhiteKnightTwo could potentially train future 
spaceship pilots and space tourists, as its two 
fuselages exactly replicate SpaceShipTwo’s 
fuselage and, because the aircraft is able to 
� y zero-g parabolas, it can also be used for 
zero-g training.

A new era
WhiteKnightTwo had conducted 261 � ights 
and SpaceShipTwo had completed 72 � ights 
by mid-December 2018. The � ights involving 
SpaceShipTwo have been mainly captive 
carry, glide and cold � ow test � ights, but Unity 
had also completed seven rocket-powered, 
supersonic � ights by that point.

George Whitesides, Chief Executive 
O�  cer of Virgin Galactic and The Spaceship 
Company, believes SpaceShipTwo’s 
December 2018 � ight provides “more 
compelling evidence that commercial space 
is set to become one of the 21st century’s 
de� ning industries”.

Whitesides said: “Reusable vehicles built 
and operated by private companies are about 
to transform our business and personal lives 
in ways which are, as yet, hard to imagine. 
New enterprises are being created which 
will become hugely valuable, while enabling 
humanity to better manage some of its 
greatest future challenges.”

Branson said Virgin Galactic would 
give “thousands of private astronauts an 
experience which provides a new, planetary 
perspective to our relationship with the Earth 
and the cosmos”.

In addition to � ying passengers, Virgin 
Galactic also plans to use SpaceShipTwo 
to � y scienti� c experiments. Indeed, 
aboard VSS Unity on the December test 
� ight were four research payloads for 
NASA’s Flight Opportunities programme, 
which were carried to prove their 
performance in microgravity.

One experiment was to map the behaviour 
of dust particles and another was a multi-
phase � ow experiment separating gas and 
liquid. The other payloads were a mounting 
interface for orbital and suborbital vehicles 
designed to lessen disturbances during 
launch, re-entry and landing, and an 
experiment using a biological � uorescent 
imaging instrument to collect data on the 
biological response of a plant and plant tissue 
in microgravity.

Virgin Galactic’s WhiteKnightTwo mothership VMS Eve lifts SpaceShipTwo from Mojave; 
it takes about an hour to reach the altitude at which the spaceplane is released.

Earth as viewed from 
SpaceShipTwo in 
December 2018 when 
the vehicle reached an 
apogee of 51.4 miles.
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Where does space begin?
The attention across the media about 
SpaceShipTwo’s latest � ight highlights a 
fundamental question: where do you believe 
space begins?

When Unity reached its 51.4-mile apogee 
on its December 2018 � ight, mission control 
said: “Unity, welcome to space”. This was a 
reference to the fact that SpaceShipTwo had 
passed the altitude of 50 miles above sea 
level, which NASA and the US Air Force have 
since the 1960s de� ned as the boundary 
between Earth’s atmosphere and space.

Virgin Galactic boasted shortly after the 
� ight that its mission was the � rst human 
space� ight from American soil since the 
last Space Shuttle � ight in 2011 and the � rst 
time a crewed vehicle built for commercial 
passenger service had reached space. 
In recognition, early 2019 will see pilots 
Stucky and Sturckow awarded the � rst US 
Federal Aviation Administration Commercial 
Astronaut Wings. (All individuals who have 
passed through the 50-mile boundary receive 
astronaut wings from NASA and the US Air 
Force; as a four-time Space Shuttle pilot 
Sturckow already has a pair.)

However, the NASA/US Air Force de� nition 
of space starting at 50 miles up is not 
the exclusive measure of where Earth’s 
atmosphere ends and space begins. The 
Karman Line, an altitude of 62 miles, is 
an alternative de� nition. Named after the 
German aerodynamicist Theodore von 
Kármán, the Karman Line is used by the 
o�  cial aviation and space� ight record-
keepers of the Fédération Aéronautique 
Internationale (FAI) as the point where space 
begins rather than the NASA/US Air Force 
50-mile marker. The Karman Line was also 
the altitude Ansari X-Prize contenders had to 
reach to win the prize.

The di� erent classi� cations exist because 
there has never been a single, universally 
agreed de� nition written into treaties and 
international law about exactly where Earth’s 
atmosphere ends and space begins.

Why does this wider debate matter? It 
means SpaceShipTwo’s December 2018 � ight 
can be interpreted di� erently. If you use the 
NASA/US Air Force de� nition of space starting 
at an altitude of 50 miles, SpaceShipTwo 
achieving its 51.4-mile apogee did indeed 
mean the vehicle reached space. However, 
if you use the 62-mile/100km Karman 
Line instead, the 51.4-mile apogee meant 
SpaceShipTwo just fell short.

For the nascent space tourism industry, 
clearing up this decades-long ambiguity will 
clearly be bene� cial in helping to de� ne more 
precisely how far into space a space tourist 
will actually go.

There are signs the ambiguity could end. In 
November 2018, the FAI announced it would 
in 2019 consider revising its de� nition of 
where space begins so that it, too, will classify 
space starting at 50 miles altitude, like NASA 
and the US Air Force. The  FAI said: “Recently 
published analyses present a compelling 
scienti� c case for reduction in this altitude 
from 100km [62 miles] to 80km [50 miles].”

One of these studies was an October 2018 
paper by a Harvard-Smithsonian Center for 
Astrophysics academic, Jonathan McDowell, 
published in the scienti� c journal Acta 
Astronautica. 

McDowell used mathematical analysis 
and modelling to conclude gravity exceeded 
aerodynamic forces at altitudes of 70–90km 
(43–56 miles) and that 80km (50 miles) would 
be, “a more suitable choice to use as the 
canonical lower ‘edge of space’”.

Whatever happens with the de� nition 
of where space starts, Virgin Galactic says 
SpaceShipTwo is capable of even better 
performance than it demonstrated in the 
December 2018 � ight.

Branson said: “We will now push on with 
the remaining portion of our � ight test 
programme, which will see the rocket motor 
burn for longer and VSS Unity � y still faster 
and higher.” 

The company intends to put its � rst paying 
space tourists into orbit in 2019 following 
these further � ight tests. AI

SpaceShipTwo’s ‘feathering’ tails rotate to adjust the spacecraft’s shape in its suborbital operating 
environment to enable the crew to control its rate of deceleration.

SpaceShipTwo returns to Mojave after its re-entry and glide back to Earth; its hybrid rocket engine is only 
engaged for the ascent to space.
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M
any people don’t realise 
the crew of a US Air Force 
unmanned aircraft is larger 
than the crew of most of its 
jet �ghters. For an unmanned 

aircraft, or better-called remotely piloted 
aircraft (RPA), there is a crew comprising of at 
least a pilot and a sensor operator.

Flying an RPA requires just as much airmanship 
and situational awareness as piloting a manned 
aircraft. Real-world missions can be hectic and 
stressful. To train and prepare crews, the 558th 
Flying Training Squadron (FTS) provides the 
fundamental �ying education on �ying an RPA 
and operating its sensors. The most important 
thing to learn to �y is summed up by three 
keywords: aviate, navigate, communicate.

Operating RPAs
An RPA is �own through remote means 
using a data link. The traditional way multi-

role RPAs operate is to send launch and 
recovery-quali�ed crews downrange to a 
Launch and Recovery Element (LRE). LREs 
are mostly overseas and closer to the area of 
operation. The LRE transmits via line-of-sight 
communications and takes o� and lands the 
aircraft, because there is no inherent delay to 
the signals in the transmissions.

The LRE puts the RPA on a pre-programmed 
mission and hands it o� to the continental 
United States-based Mission Control Element 
(MCE), which will do all the �ying anywhere 
beyond the line of sight. Ku-band satellite 
communications data links used to �y an 
RPA from the other side of the world have an 
inherent delay in the control input of 1.3 to 
1.5 seconds, unacceptable when landing the 
aircraft. Therefore, when the RPA returns to 
base, the MCE �ies it to a designated location 
and hands it back to the LRE, which lands it and 
gets the next one airborne.

Phantom    
The Block 5 MQ-9 Reaper variant is 
equipped with improved electrical and 
communications systems to provide 
better software and hardware upgrades 
for future operations. Senior Airman 
Christian Clausen/US Air Force
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The returned RPA will receive maintenance 
and be refuelled for its next mission. Mission 
sets range from high-altitude intelligence, 
surveillance and reconnaissance (ISR) for 
disaster relief, to counter-narcotics and 
precision strike operations. Designations of 
RPAs are MQ and RQ, such as MQ-9 and RQ-
4. The M stands for multimission and the R for 
reconnaissance and the letter Q signi�es an 
unmanned aircraft system.

RPA pilot training
The 558th FTS ‘Phantom Knights’ trains US Air 
Force RPA pilots, sensor operators and their 
US Marine Corps counterparts, at Randolph 
Air Force Base near San Antonio, Texas.

The path to learn the job of an RPA pilot 
is called Undergraduate Remotely Piloted 
Aircraft Pilot Training and starts o� with 
�ying a manned aircraft, the Diamond 
DA20, for two months at Pueblo, Colorado, 

where all US Air Force pilots start to �y. 
This basic training is called RPA initial 
�ight training. Students get to �y 22 dual 
sorties and �ve solos and they clock 39.3 
�ying hours. Next stop is Randolph for 
the remainder of the education to earn 
their wings. In two-and-a-half months, 
the students will do RPA Instrument 
Quali�cation (RIQ) that consists of 140 
academic hours and 36 �ights in a Texan 
T-6 simulator.

In the simulators, students learn to trust 
their instruments and to cross-check altitude, 
speed, heading and emergency procedures.

Major Jerry, an instructor pilot, said: “To 
alleviate the pressures of war is to put a little 
pressure on during training. For example, we 
give the student a scenario and they have to 
recite the critical action procedures and then 
maintain aircraft control, analyse the situation 
and take appropriate action. 

The 558th Flying Training 
Squadron trains the crews of 
US Air Force unmanned aircraft. 
Dick Wels  visited Randolph Air 
Force Base in Texas to learn 
about the unit’s work

Phantom     Knights
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“They call this a morning ‘stand-up’ and then 
they will go o� and do the simulator. There they 
have a real-world environment, where all the 
di�erent aircraft are simulated together. The 
students actually get to hear other radio tra�c 
and communication, so they learn to be attentive 
for their own callsign in actual airspace.”

Once the students complete the RIQ, they 
go to the RPA Fundamentals Course (RFC). 
This, roughly month-long course, contains 
78 academic hours and 31 simulator hours. 
Maj Jerry said: “We take it to the next level 
with regards to �ying, aviating, navigating and 
communicating, but now with an RPA �avour, 
and this is where the transition from manned 
to unmanned aspects start. The students will 
enter the simulator where the left seat is the 
pilot and the right seat is the sensor operator.

“This is called PRIME: Predator Reaper 
Integrated Mission Environment. It is an RPA-
type environment where we have a tracker, 
head-up display, head-down display and some 
situational awareness tools. It is not as robust as 
what the students will see later on operationally 
for the RQ-4 and MQ-9, but it is to start getting 
them to develop that crosscheck with an RPA 
because there is a lack of senses.

“They have to analyse the data and make 
wise decisions, and at the end of the course 
they practise some munitions delivery. Special 
training at Camp Bullis, Texas, is also part of the 
process. They do a Humvee convoy support, 
but as the ground troops. We practise scenarios 
where they have RPA support and no RPA 
support. Just to show them the perspective 
of not just the fog and friction of war, but 
also making split-second decisions on enemy 
combatants and everything in accordance with 
the law of armed con�ict.”

Sensor operator training
The enlisted sensor operators go to speci�c 
training for six days at Lackland Air Force 
Base, Texas, where they go through the 
Aircrew Fundamentals Course (AFC) that 
teaches aircrew responsibilities, basic aircraft 
functionalities, safety procedures and safety 
equipment, and di�erent types of missions.

Maj Jerry said: “They get a sense of crew 
resource management to start getting them 
ready because for some people it might be a 
trial based o� rank structures, like a young senior 

airman speaking to a Lieutenant Colonel. We 
try to break the barriers towards crew position 
as far as pilot versus sensor operator, because 
a crew save is a good save. We want them 
to communicate what they see. The sensor 
operator may see something that the pilot 
doesn’t see and talks about it to the pilot.”

After AFC the sensor student goes 
through the Basic Sensor Operator Course 
(BSOC) in 1.5 months at Randolph. Maj 
Jerry: “It comprises academic and simulator 
environments to train them on their major 
weapons system, which speci�cally is 
the payload, the Multi-Spectral Targeting 
System Ball as we call it. They have to keep 
the crosshairs on the target and be able to 
maintain situational awareness.

“You have to make sure you are in clear 
conscience of doing your job, defending the 
rules of the constitution, that you are on the 
correct target, that you are getting to be ready 
to kinetically engage this munition, and they 
are going to be terminally guiding the munition 
with the laser spot. So, once the missile or the 
weapon – in the MQ community – is released 
o� the rails, the pilot is basically hands-o�, 
because he has no control over it. It is rather 
the sensor operator through laser-guided 
precision munitions who is in e�ect steering 
that munition to the target.”

Crew resource management
On the last four days, the RFC and the BSOC 
courses come together. Maj Jerry said: “The 
essence is crew resource management and 
putting it all together. The RPAs we train for 
are all-crew concept aircraft. On the left seat 
of the cockpit is the pilot and on the right seat 
the sensor operator. A very unique situation 
for the RPA community is that the pilots are 
directly placed in the left seat, which is the 
responsibility of the aircraft commander as far 
as leading the crew. We normally say that there 
is no rank in the cockpit, unless there needs to 
be. It is more [a matter] of a role than of a rank.”

This is di�erent than becoming an 
aircraft commander in the manned 
aircraft environment, which 
usually takes some years. Maj 
Jerry, a former KC-10 pilot, 
explained: “They say the 
biggest move you can make in your Air Force career is 

that three feet move to the 
left becoming an aircraft 
commander, like I did when 

�ying the KC-10; but here, 2nd 
Lieutenants are in the �ght very 

soon after they have �nished their 
training, well before 2nd Lieutenants 

who will go to manned �ghters. Normally 
only commissioned o�cers are pilots of 
aircraft, but we have just started training 
enlisted members to being pilots of at least 
ISR aircraft. ISR systems support those troops 
manoeuvring on the ground, and they are just 
as kinetic, just as lethal and just as important 
in the �ght as those �ghter pilots that are 
�ying in and knocking out di�erent targets on 
the ground.”

Learning responsibility
Crews have di�erent operating altitudes, from low 
and slow all the way up to 18,000ft-plus. Flying 
RPAs brings a big responsibility, but not every 
student realises that during training according 
to Maj Jerry: “We have received feedback from 
former students that they wish they would have 
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taken the training more seriously when the 
instructors said, ‘take it more seriously.’ That is 
because within a few short hours after �nishing 
training, they received engagement authority 
to take it to that next level kinetically, so the 
responsibility was literally there.”

He said taking responsibility is what 
instructors try to instil in their students, 
“to stay in your circle of aviate, navigate, 
communicate. That’s your primary role 
because you are �ying in manned asset 
airspace, as well. Several former students 
that have gone operational come back here 
and share all the valued lessons they learned, 
like maintaining certain terms of radiuses so 
they don’t cross borders unintentionally and 
maintain clearances.

“There is a misconception about �ying 
RPAs. A lot of people think, ‘Hey, all you do 
is press go and it goes,’ but it is not that way. 
The MQ-9 Reaper is more like a manned than 
unmanned aircraft in the aspect of �ying it. 
The pilots have stick and rudder skills. The 
way the RQ-4 operates is more computer 
controlled, but it still requires the same level 
of information and pilotage to aviate, navigate, 

communicate. That is why you need the skills 
of an aviator.”

Formal training unit
After completing these courses, the students 
graduate and get their wings. Maj Jerry said: 
“The sensor operators will earn their set of 
wings just as well as the pilots, but on their 
speci�c major weapon system. With another 
four months they will �nish their training at 
their formal training unit, where they learn 
to �y their major weapons system, like the 
MQ-9 or RQ-4.”

Next, they will report to their operational 
squadron. The RPA enterprise is continually 
growing. Bases are spread throughout the 
United States, not just because housing all 
the RPAs at one place would ask for a base 
as wide as Los Angeles, but also because 
strategically it is wiser to spread them. 
Students can go through a list and state 
which airframe and location would be their 
preference. Maj Jerry said: “You might not get 
it, but at least you asked for it. We will try to 
keep them happy, because a happy worker is 
a productive worker.”

On average there are 16 classes in one 
year on the pilot training side, but this 
varies. Maj Jerry said: “We had a mass 
production last year. Our mandate is 384 
pilots. That has changed, because we 
used to have only 12 students per class. 
We increased by 100% for the last one-
and-a-half to two years. Each class is 
now designed on being 24 students. The 
number of trained sensor operators is 384 
in a year. The number of instructors also 
grows accordingly. The squadron now has 
100 instructors working at Randolph.”

The real thing
Once working in an operational squadron, 
the RPA crew operates from a ground 
control station (GCS), inside which are all 
the up and down links to the satellite to 
maintain control of the aircraft. There are 
a lot of screens inside the GCS to handle 
situational awareness.

Maj Jerry said: “There is a lot of information 
thrown at you during a mission and the 
crews are trained to deal with that, so they 
constantly keep situational awareness [SA]. 

THIS IMAGE: An MQ-9 armed with four GBU-38 Joint Direct Attack Munitions parked before 
a February 2018 mission from Kandahar Air�eld, Afghanistan. A key aspect of the training at 
the 558th Flying Training Squadron involves not just learning to �y, but also foundational 
knowledge about the principles of employing remotely piloted aircraft for strike missions.   
TSgt Paul Labbe/US Air Force

BOTTOM LEFT: Remotely piloted aircraft pilots during a training sortie in support of a 
Red Flag exercise. The 558th Flying Training Squadron provides training to both RPA 
pilots and sensor operators. TSgt Nadine Barclay/US Air Force
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Lack of ‘SA’ causes complications. We train 
pilots to keep it simple as things are starting 
to get too peripheral. Crosscheck altitude, 
airspeed, heading and know your role, do your 
job, and just keep �ying the plane.

“The sensor operators have a speci�c 
role and function in their job. That is all in 
support of the combat commander they are 
operating with that day. A crew of two is the 
minimum. Depending on certain squadrons, 
there might be a third or fourth crew member, 
like a mission intelligence coordinator who 
helps to procure the information, identify 
it and provides a liaison for us within the 
GCS and our supporting unit to keep to 
communication �owing.”

Shift work
In the RPA community there is a relentless 
need for information, so operations are done 

on shift work. Maj Jerry said: “It’s a 24/7/365 
operation and so crews are constantly 
changing. That’s why it is even more essential 
every crew knows its role so [there is] a 
seamless continuity between crews and 
supporting units. You may have four to seven 
crews that control the aircraft during one 
�ight. It is quite di�erent than in a manned 
aircraft. There you would take o�, �y and land 
that same aircraft but here you take o� and 
may only touch it for two to four hours and 
then someone else recovers it.”

Normally, an MQ-9 can stay up in the air 
for 14 to 15 hours, but there are constant 
technical changes that extend range. Maj 
Jerry commented: “It is a matter of e�ciency. 
The more they are in the air, the more they 
are gathering intelligence for individuals to 
make decisions on the ground. When I was 
at Creech Air Force Base �ying the MQ-1, we 

would �y an average of eight hours a day. We 
would have a four-hour block of �ight, a two-
hour lunch break and four hours in another 
area of responsibility, and, of course, all the 
time crews have to maintain responsibility.

“We utilise autopilot and pre-programmed 
missions to help alleviate that control. 
Our responsible level has to maintain the 
heightened sense of alertness and awareness. 
We are persistent reconnaissance; we show 
up, we start watching, and it is all controlled 
by the MCE. There are radios on the aircraft, 
so we talk to the forces on the ground. You 
must always be ready and alert, because you 
never know what happens in a war situation. 
As we share real-life missions [with] our 
students, we stress to them to keep focus 
on details, because otherwise it will cause 
complications. Know who it is, don’t assume 
that that’s the right person. Get clari�cation, 
communicate, get on the radio and ask for 
some signal. We can use tactical chat, as well 
as the radio, or even just pick up the phone, 
if possible.”

“No Wild West out there”
The MQ RPAs carry bombs and missiles. 
Maj Jerry said: “Based on what squadron 
you are part of, [you] might change or vary 
your primary roles, whether you are strictly 
reconnaissance that day or if you are going 
into a strike role – and things can change in 
a moment. With the proper intel and chain 
of command and authorisation given, a 
reconnaissance mission can change to a strike 
mission to strike an unexpected target.

“Of course, it is not the Wild West out there; 
we are there to help and that is what we teach 
our students. You have to follow the rules: the 
law of armed con�ict, special instructions and 
the Geneva convention. Students are highly 
trained to make those wise decisions, and then 
there is a clearance authority that actually gives 
the authorisation to shoot a missile.”

After the 558th Flying Training Squadron, 
students will learn to �y their major weapons 
system, such as the RQ-4 pictured here, before 
reporting to their operational squadron. Airman 
1st Class Tristan Viglianco/US Air Force

A student trains on a T-6 simulator and an instructor operates the instrument computer panel. Students 
undertake an RPA instrument quali�cation consisting of 140 academic hours and 36 �ights in a T-6 simulator 
as part of their training programme. Joel Martinez/US Air Force
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The RPAs have video datalink capabilities 
and, if there is another airborne asset that is 
ROVER-capable (Remotely Operated Video 
Enhanced Receiver) or has a video datalink, 
the RPA crew can send them the images. Maj 
Jerry said: “A picture is worth more than 1,000 
words. We can show people on the ground 
what we are looking at, so they can say, ‘Hey, 
move your crosshairs a little to the left to get 
it on the right target.’ As part of that crew 
resource management we have screeners 
trained in intel. We may see something that 
looks like a shovel to us, but the screener 
can identify it as a weapon. We can help 
the screeners and show them di�erent view 
angles, so they can make wise decisions. We 
de�nitely want to provide the most clarity and 
actionable intelligence as possible.”

“Finish it, if required”
During a raid the RPAs may operate in a 
restricted operating zone stack. Maj Jerry 
explained: “There might be �xed-wing assets 
at a certain altitude, helo support at another 
altitude and we might be at the top of the 
stack under ISR. It is all down to how the 

commander or the Joint Terminal Attack 
Controller wants to run the show.

“I like to share with our students that we 
show up and we provide customer service, 
like, ‘How can I help you?’ The crews have to 
know the system to the best of its abilities. 
This also means that they know what its limits 
are and that they let the troops know if they 
can’t do it, but if we have to we will �nd the 
target and we �nish it o�, if required.”

During a strike, crews are watching live the 
impact of their weapons and they directly can 
assess the results of their attack. It is inevitable 
that, during some missions, people will lose 
their life. Although crews know this will 
happen, it can cause a lot of stress on them, 
and both during training and operations there 
is much attention paid to this aspect.

Maj Jerry said: “We will continue to develop 
all of our airmen while ensuring graduates 
have foundational knowledge of both aviation 
principles and employment of remotely 
piloted aircraft. During training, we give our 
students a reality check: what do you do here? 
We want to make sure they understand that 
the Air Force is a profession of arms, and we 
want them to realise that war is not a pretty 
thing. One of the priorities is how people 
cope with these attacks, because human life 
is precious. The Air Force has recognised that, 
and they put in place a support structure, as 
well as brie�ngs to show the graphic nature 
of war, to say, ‘This is what you are pulling the 
trigger on.’ They have a clear understanding of 
what they are going into.

“When you are in ISR, afterwards you may be 
sent to the wing psychologist to prove that you 
are ok before going home. There are di�erent 
mental health programmes to help people 
cope with their job and keep moving forward 
and being able to be resilient. We don’t want 
people to just throw in the towel, and when 
you are mentally not at 100%, we let them 
know it is okay to bow out from a strike or two. 

They are allowed to say, ‘I am not right-minded 
right now. Let me refocus on this.’”

No manned aircraft anymore?
With the numbers of RPAs increasing and 
the systems developing, the thought comes 
to mind that someday there may not be any 
manned aircraft at all.

Maj Jerry doesn’t think that will happen: 
“RPAs are not necessarily weather friendly. 
We have to steer clear from a thunderstorm, 
because of Air Force regulations. Icing 
conditions and turbulence: that obviously 
a�ects it, but we have learned to adjust 
strategically to operate in certain conditions 
and maintain coverage.

“The greatest bene�t of an RPA is that 
it can stay on station much longer than a 
manned aircraft, but I think there will always 
be the need for manned aircraft. We speak of 
unmanned aircraft, but in fact there is a man 
operating it. I welcome technology to advance 
and to help us make wiser and e�cient 
decisions, but I believe the human process of 
thought and reasoning, compiling the data and 
exercising aircraft commander judgment, is 
something that really can’t be replaced.” AI

Members of an enlisted pilot class at the 558th 
Flying Training Squadron operating the controls of a 
simulator. Students learn the responsibilities of using 
remotely-piloted aircraft as weapons systems as well as 
learning to �y the aircraft.  TSgt Ave Young/US Air Force

One of the �rst enlisted pilot initial class students in an  
Undergraduate Remotely Piloted Training Class at the 
558th Flying Training Squadron operating the controls 
of a simulator during the Remotely Piloted Aircraft 
Fundamentals Course. TSgt Ave Young/US Air Force
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F
or years, new Boeing and Airbus 
airliner developments have 
focused either on narrowbody 
aircraft in the 737/A320 class or 
on widebody aircraft like 787s, 

777s, A330s and A350s.
Right now, though, product planning 

and design teams at both companies have 
their attention on a di� erent area: the 
‘middle of the market’ for aircraft sized 
between the single-aisles and the larger 
twin-aisle widebodies.

Boeing has for some years been 
assessing the business case for a new 
product in this area with its New Mid-
market Airplane (NMA) studies and 2019 
could see the company launch a brand-
new airliner – already dubbed the ‘797’ 
by industry observers, though not by 
Boeing itself – speci� cally tailored to 
the segment.

Meanwhile, Airbus is considering further 
developments of the A321neo to counter a 
potential new Boeing product in the market, 
with the company’s commercial aircraft chief 
recently saying it will � rm up its midsize plans 
this year.

What is a midsize jet?
Broadly speaking the middle of the market 
refers to airliners with between 220 to 300 
seats and around 4,000-5,000 nautical miles 
(7,408-9,260km) range. 

Aircraft in this category are used for 
di� erent missions. They support network 
airlines’ growth by providing capacity on 
trunk routes between hubs, where passenger 
demand makes it prudent to provide more 
seats than a smaller single-aisle. Coast-to-
coast routes in the United States served by 
Delta, United and American and routes in 
Asia-Paci� c are examples.

Midsize airliners are also used by some 
network airlines to serve ‘thin’ intercontinental 
routes, the services from large hubs to 
secondary airports where passenger demand 
characteristics mean it would be challenging 
to � ll a larger widebody, making it more 
economical to use a slightly smaller jet. 

The Boeing 757 is the archetypal mid-
market airliner. Delta, American and United 
are the type’s key operators, with Delta having 
127 examples, American 34 and United 77, as 
of December 2018. These carriers each � y 
757s both on high-demand transcontinental 
routes such as New York JFK-Los Angeles 
as well as thin transatlantic connections 
like New York Newark-Manchester (United), 
Chicago-Dublin (American) and New York 
JFK-Reykjavik (Delta).

The 757’s stablemate, the 767, which 
typically seats 216-261 passengers depending 
on the variant and an operator’s seat layout, 
is also used on mid-market missions. Again, 

 Midsize 
The Boeing 757 is the archetypal midsize airliner, 
and the increasing age of these and other types 
is focusing attention on the mid-market area. 
EstevezR/AirTeamImages
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the US majors operate substantial 767 � eets: 
Delta having 79, United 52 and American 24, 
as of December 2018.

The evolution of airliner product ranges 
over the years and the airline industry’s 
incessant focus on right-sizing (putting in the 
right number of seats for a route according to 
market demand) means mid-market missions 
are also operated by the smallest variants of 
larger widebodies, the 787-8 and A330-200, 
and the A321 and 737 single-aisles.

To give some examples, the low-cost long-
haul carriers Norwegian International and 
WestJet both employ 737-800s on services 
from the United States’ eastern seaboard to 
destinations in the UK and Ireland, British 
Airways uses 787-8s on thin intercontinental 
routes from Heathrow (such as Baltimore, 
Cairo, Montreal and Toronto), and Norwegian 
is planning on using A321s on transatlantic 
services when it receives them from 2019.

Market needs
However, the largest single-aisles and 
smallest twin-aisles are not primarily intended 
for the middle of the market and, with the 
stock of in-service midsize types getting 
older, a requirement for new aircraft point-
designed for the category is clear. 

According to a white paper by the 
consultancy ICF, in-service 757s in 2017 
had an average age of 22.9 years (October 
2019 will mark 15 years since the last 757 
left Boeing’s production line). There are also 
767s and A330-200s delivered in the 1990s 
and early 2000s which are moving into the 
timeframe for replacement.

Lower fuel prices in the past two or three 
years compared to earlier this decade have 
possibly checked the urgency for re-� eeting 
with newer, better-performing aircraft, with 
operators judging it is more cost-e� ective to 
keep slightly older equipment, whose capital 

costs have been amortised, than to invest in 
something new.

As aircraft get older, however, operating 
and maintenance costs inevitably rise. With 
older 757s, 767s and A330s all reaching 
retirement age at the same time, together 
with the ever-present possibility of a hike 
in fuel prices, it is highly likely commercial 
aircraft asset owners will in the coming years 
want newer mid-market types which o� er 
meaningful reductions in operating costs.

The manufacturers certainly envisage 
large upcoming demand in the midsize 
market. Boeing told AIR International there 
is an “addressable market of between 
4,000 and 5,000 aircraft” in the category, 
covering replacements for in-service jets and 
additional aircraft to capture growth. Airbus’ 
latest annual Global Market Forecast (GMF) 
predicts a market for 5,480 aircraft out to 
2037 in what it calls the ‘medium’ category 

New aircraft developments in the midsize 
airliner market are possible in 2019. 
Mark Broadbent  reports

e matters
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Arkia Israeli Airlines was � rst to introduce the A321LR with 
4X-AGH (msn 8517). Further developments of the A321 to add 
payload and range are possible, Airbus says. 
4x6zk-moni sha� r/AirTeamImages

“We’re expecting Airbus to go after the middle 
market, using the A321neo as a platform.”

of airliners, which it de� nes as 230-300 seats 
and 5,000 nautical miles (9,260km) range.

Low-cost long-haul airlines could o� er 
growth potential for midsize aircraft. These 
carriers have grown in number in recent 
years, serving routes between secondary 
destinations and/or routes from secondary 
points to a large hub, and, in the transatlantic 
market at least, opening city pairings never 
operated before.

With these markets sensitive to 
� uctuations in demand, low-cost long-haul 
operators typically want equipment with 
long range but not an excessive seat count 
and the manufacturers will be aware of 
the potential for midsize aircraft o� ered by 
low-cost long-haul. In its GMF, for example, 
Airbus says 70% of low-cost long-haul 
routes beyond 2,500 nautical miles range 
(4,630km) are either in the Asia-Paci� c 
region or across the Atlantic. The company 
says this concentration “suggests there is still 
opportunity to grow this model”. 

Boeing NMA or Boeing 797
How Airbus and Boeing address the mid-
market area is set to be one of the most 
interesting commercial aircraft industry issues 
in the coming years because each company 
has a di� erent approach to the segment.

Boeing began working on its NMA study 
a few years ago. The NMA has been widely 
referred to as the 797 by analysts and airline 
executives (Air Lease Corporation Chief 
Executive Steven Udvar-Házy said in 2017, 
“call it a 797”, when discussing a potential new 
midsize Boeing jet). 

Boeing itself does not do so, referring 
simply to the NMA. Overall the company 
hasn’t revealed much detail about its 
studies, although at the last Paris Air Show 
in 2017 during a presentation about aircraft 
development programmes the company 
showed a slide that said if it did decide to 
develop an NMA it was targeting 2025 as an 
entry-into-service date.

A Boeing spokesperson told AIR 
International: “If we go with that aircraft, it will 
carry between 220 to 270 passengers with a 
range of up to 5,000 nautical miles [9,260km]. 
We’re looking to provide twin-aisle comfort 
with single-aisle operating costs.” 

In the 2017 presentation at Paris, the slide 
about the NMA study identi� ed features of 
a baseline con� guration for the potential 
new aircraft: what was termed a “� fth-
generation” wing, a hybrid fuselage cross-
section, a new-generation turbofan engine, 
extensive use of carbon � bre composites 
and digital architecture.

This suggests any NMA will likely draw 
from technologies already developed for its 
immediate predecessors in Boeing’s new 
aircraft development pipeline, the 787 and 
777X. Asked about this, Boeing told AIR 
International late in 2018: “We don’t see the 
next new aircraft, if we do middle of the 
market, as being a ‘technology push’ aircraft. 
There is signi� cant technology reuse on 
things like composites manufacturing and we 
would be more focused on manufacturing 
transformation for the NMA.

“We think about a disciplined roll-out of 
innovation. We’re thinking through how to 

design and architect an aircraft so that it’s 
not only e�  cient to build and produce, but 
it’s also e�  cient to support, maintain and 
upgrade over time and that really creates 
value for customers.”

Will Boeing take the leap and go with an 
all-new jet? Many analysts think so: there 
has been widespread speculation among 
industry observers in recent months that an 
NMA could be launched at the next Paris 
show in June 2019. 

Boeing told AIR International: “We are 
diligently working our business case and 
we will make the decision when that is 
completed, while protecting our 2025 entry 
into service date. We expect to make a launch 
decision in 2019.”

Boeing will be aware many airlines are 
keen to see an NMA, with executives from 
signi� cant potential customers such as Delta, 
United and Alaska Airlines all expressing 
interest in the last couple of years. 

Boeing added: “We have been listening 
carefully to customer needs and inputs. 
We continue to have discussions with 
more than 60 operators around the world, 
working on both the business case and 
technology solutions.”

Airbus approach
While Boeing works on its NMA study, Airbus 
says it already has the mid-market covered. 
Strong sales of the A321neo in recent 
years (2,280 examples sold by January 
2019 according to Airbus � gures) provide 
a basis for this view, and indeed some 
operators such as Delta have substituted 
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757s for A321s on transcontinental and thin 
intercontinental services.

Airbus says the combination of the 
A321neo and the A330-800, the shorter-
fuselage A330neo variant currently 
undergoing � ight testing and due for 
certi� cation in 2019, provides a combined 
payload and range solution for mid-
market needs. The European company 
said in a recent presentation that any 
potential Boeing NMA “will be squeezed” 
by its latest A321LR subvariant (240 seats 
and 4,000 nautical miles/7,408km range) 
and the A330-800 (257 seats and 7,200 
nautical miles/13,334km range), which 
it believes together provide a “proven 
partnership” of e�  ciency, performance 
and low � nancial risk.

Some of the network airlines so prized 
by the manufacturers have indeed 
ordered both types. Delta, for example, 
uses 65 A321s and 42 A330s and it has 
ordered 100 more A321neos and 35 
A330-900s (the latter will directly replace 
midsize 767-300ERs). Meanwhile, Aer 
Lingus will use the combination to 
enhance its presence on transatlantic 
routes, expanding its long-haul � eet 
by 2023 with three A330-300s and 17 
A321LRs (the � rst three A321LRs will 
be introduced in 2019), the new jets 
replacing the carrier’s remaining 757s. 

Looking ahead
Not all observers think Airbus perfectly 
caters for the mid-market, however. 
The ICF consultancy believes the A330/

A321 combination doesn’t quite match 
the segment’s speci� c needs, telling 
AIR International: “Airbus does not 
have the market covered with current 
o� erings [A321neo/A330-800]. Optimal 
payload/range capability is 220 to 270 
passengers � ying 4,500nm.�Neither of 
the Airbus o� erings can do this without 
compromise.”

In its white paper, ICF explains this 
‘compromise’ a little more. It says single-
aisles and smaller twin-aisles are at the limits 
of their design and says any further variants 
of these aircraft from either manufacturer 
intended for the segment will need “carefully 
integrated new wings and engines, as well 
as major modi� cations to the airframe 
and landing gear to meet capability 
requirements” in the mid-market area.

Airbus clearly recognises this; in November 
2018 the company’s Commercial Aircraft 
President Guillaume Faury con� rmed Airbus 
is studying further development of the 
A321LR and that it will make decisions in 
2019 about how to proceed. 

There is speculation Airbus might launch 
an A321XLR variant with further maximum 
take-o�  weight and range improvements, 
and the analysts at the Teal Group 
consultancy think there could be further 
development of the aircraft with what they 
term an A322neo. 

A paper from the group says: “We’re 
expecting Airbus to go after the middle 
market, using the A321neo platform. Bigger 
engines, composite wings, and a fuselage 
stretch are all possibilities.”

The group adds: “We’re expecting this 
larger A322neo to arrive around 2025,” which 
of course would put it directly head-to-
head with an NMA should Boeing decide to 
proceed.

The ICF analysis notes whatever course of 
action the manufacturers take, “signi� cant 
consideration must be given to both 
acquisition costs and operating costs. For 
commercial success, operating costs – 
primarily fuel, crew and maintenance costs – 
must be signi� cantly less than that of current 
widebodies. In fact, uncompetitive operating 
and capital costs were the reason that 
aircraft such as the 787-3 and A330 Regional 
types [two recent manufacturer attempts to 
address the middle of the market segment] 
were largely unsuccessful.”

The ICF analysis also contends that any 
modi� cations to an existing platform to 
produce a new variant, “will narrow the 
cost gap between a new clean-sheet 
design and a stretch design”. In other 
words, although further developments of 
an existing product could appear more 
cost-e� ective than producing a clean-
sheet design, that doesn’t necessarily mean 
the resulting aircraft will be signi� cantly 
cheaper enough to convince investors to 
stick with the tried-and-trusted rather than 
go with something new.

These, and many other � nancial, 
industrial, product development and 
marketing considerations, will be among the 
myriad issues under consideration by the 
manufacturers right now as they prepare 
their next mid-market moves. AI
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C
rew resource management (CRM) 
is one of the reasons why � ying 
is so safe. It speci� es the skills, 
attitudes and behaviours required 
of pilots, cabin crew, dispatchers, 

engineers, handlers and controllers to 
ensure trouble-free � ight operations. 
These include: leadership; professionalism; 
awareness; curiosity; inquiry; � exibility; 
adaptability; collegiality; respectfulness; 
empathy; orderliness; alacrity; modesty; 
and a capacity for re� ection. These skills are 
required of all, from novice dispatchers and 
cabin crew to time-served training captains 
and hard-bitten � eet managers. In a 1989 
report for the Federal Aviation Administration 
(FAA) titled Aeronautical Decision-Making – 
Cockpit Resource Management, Dr Richard 
Jensen of the Ohio State University’s Aviation 
Psychology Laboratory, argued that the origins 
of CRM lay in ten major disasters, speci� cally:

Eastern Air Lines, L-1011 Tristar, Miami, 
1972: Preoccupied with a malfunctioning 
nose-gear indicator light, the crew of 
three failed to notice that the autopilot 
had disconnected and that the aircraft was 
descending into the Everglades. Death toll: 101

TWA, Boeing 727, Washington Dulles, 
1974: Ambiguous exchanges between the 
crew and controllers led to the aircraft 
being � own into Mount Weather. In its 1975 
accident report, the National Transportation 
Safety Board (NTSB) noted “The failure of 
the FAA to take timely action to resolve the 
confusion and misinterpretation of air tra�  c 
terminology, although the Agency had been 
aware of the problem for several years”. 
Death toll: 92

Pan American and KLM, both Boeing 747s, 
Tenerife, 1977: Ambiguous, non-standard 
exchanges between the KLM crew and the 
control tower, in the context of operational 
and commercial pressures, led to the KLM 
747 commencing its take-o�  roll without 
clearance. Death toll: 583

United Airlines, DC-8 Jet Trader, 
Salt Lake City, 1977: Ambiguous 
exchanges between the crew and an 
air tra�  c controller, in the context 
of distracting on-board electrical 
failures (several landing-gear 
lights were inoperative), led to 
the aircraft being � own into a 
mountain in the Wasatch Range. 
Death toll: 3

United Airlines, DC-8, 
Portland, 1978: The � ight-
crew’s failure to monitor 
fuel-state during a landing-
gear emergency led to 
fuel exhaustion. The 
National Transportation 
Safety Board’s accident 
report noted: “The 
Safety Board believes 
that this accident 
exempli� es a 
recurring problem 
– a breakdown 
in cockpit 
management 
and 
teamwork 
during a 
situation 
involving 

Dr Simon Bennett reviews the origins and 
purpose of crew resource management
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malfunctions of aircraft systems in �ight. To 
combat this problem, responsibilities must be 
divided among members of the �ight-crew 
while a malfunction is being resolved” (page 
26 of the report). Recommendation X-79-17 
requested that the FAA issue an operations 
bulletin directing its �ight operations 
inspectors to: “[U]rge … operators to ensure 
that … �ight-crews are indoctrinated 
in principles of �ight-deck resource 
management, with particular emphasis on 
the merits of participative management for 
captains and assertiveness training for other 
cockpit crewmembers” (page 30 of the 
report). Death toll: 10

National Airlines, Boeing 727, Escambia 
Bay, 1978: Lax �ight-deck discipline, 
overcon�dence, complacency, poor 
crew co-ordination and poor intra-crew 
communication, in the context of an air-
tra�c control-induced rushed approach and 
elevated work-rate, resulted in the aircraft 
being �own into the ocean. Death toll: 3

Western Airlines, DC-1O, Mexico City, 
1979: A misjudged go-around, in the context 
of non-standard air tra�c control advisories 
concerning a sidestep manoeuvre and 
inadequate published documentation for that 
manoeuvre, resulted in the aircraft crashing 
on the air�eld. Death toll: 72 (aircraft); 1 
(ground)

Dan-Air, Boeing 727, Tenerife, 1980: Pilot 
error, in the context of poor-quality air-tra�c 
control (including the issuing of an instruction 
whose meaning was open to interpretation) 
and poor-quality approach planning by the 
competent authority, led to the aircraft being 
�own into a mountain. Death toll: 146

Saudia, L-1011 Tristar, Jedda, 1980:  A 
cargo hold �re required an emergency 
landing. Despite the presence of smoke and 
fumes in the cabin, the crew failed to initiate 
an evacuation. The aircraft was taxied to the 
end of the runway and parked. A �ash �re 
destroyed the aircraft. Elapsed time between 

touchdown and �ashover was around 31 
minutes. Poor teamwork may have played 
a part in the mishandling of the emergency. 
In a 2004 article in the Canadian Journal of 
Anaesthesia, aviation psychologist Professor 
Robert Helmreich and psychologist Dr 
Jan Davies observed: “One component of 
national culture is ‘power distance’ or PD. 
In high-PD cultures, juniors do not question 
superiors. Leaders may be autocratic”. Death 
toll:  301

Air Florida, Boeing 737, Washington 
National, 1982: Poor �ight-deck CRM, in the 
context of false indications from the engine 
instrumentation and controller pressure to get 
�ights back on schedule, led to the aircraft 
rotating with ice on the wings, climbing a 
few hundred feet, then falling into the frozen 
Potomac River. The NTSB’s accident report 
criticised the captain’s response to the �rst 
o�cer’s comments about the aircraft’s 
sluggish acceleration. Death toll: 74 (aircraft); 
4 (on the Potomac’s 14th Street Bridge).
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Versioning the birth of CRM
According to the Wikipedia entry for the 
1978 United Airlines Portland accident, 
NTSB recommendation X-79-17 “… was the 
genesis for major changes in the way airline 
crewmembers were trained. This new type of 
training addressed behavioural management 
challenges such as poor crew coordination, 
loss of situational awareness and judgement 
errors frequently observed in aviation 
accidents. It is credited with launching … 
Crew Resource Management”. The Portland 
accident is described as “one of the most 
important in aviation history”. According 
to Wikipedia, “United Airlines instituted the 
industry’s �rst crew resource management 
(CRM) for pilots in 1981”. In a paper published 
in the Journal of Aviation Technology and 
Engineering, Frank Wagener and David Ison, 
referring to the Portland accident, claim that 
“CRM was born from this catastrophe”.

Not everyone agrees that the 1978 United 
Airlines Portland accident was the catalyst 
for CRM. In the book Crew Resource 

Management (Academic Press, 2010), H. 
Clayton Foushee, Director of the O�ce of 
Audit and Evaluation at the Federal Aviation 
Administration, and the late Professor Robert 
Helmreich, faculty member, University of 
Texas Human Factors Research project and 
recipient of the Flight Safety Foundation’s 
Lifetime Achievement Award, assert that CRM 
emerged well before the issuance of NTSB 
recommendation X-79-17: “Formal training 
in human factors aspects of crew operations 
was beginning to take root by the 1970s. 
For example, the late Frank Hawkins … had 
initiated a human factors training program at 
KLM, Royal Dutch Airlines, based on Edwards’ 
… SHEL model and trans-cockpit authority 
gradient”. In his 1995 book Pilot Judgement 
and Crew Resource Management, Dr Richard 
Jensen writes: “The [March 27, 1977] Pan 
American/KLM accident was the prime 
motivator behind KLM’s development of the 
�rst (and still, the industry’s most extensive) 
CRM course in 1979”.

It is undoubtedly the case that the Dutch 
�ag-carrier KLM played a key role in the 
development of CRM training for �ight-crew. 
Prior to the 1977 Tenerife disaster, KLM had 
worked with John Costley of the United 
Kingdom’s Air Transport and Travel Industrial 
Training Board to develop an interpersonal 
skills training course for check-in sta� and 
pursers. Following Tenerife, KLM began 
thinking about human-factors training for 
pilots. John Costley made a record of KLM’s 
overtures in his work diary: “[July 5, 1977] 
[C]ockpit personnel seem to be coming 
into the picture, although it seems to be 
primarily on captaincy”. In August 1977, KLM’s 
Flight Operations and Training Department 
began working on a human factors training 
programme for captains. John Costley noted: 
“[August 2, 1977] Flight Ops meeting at top 
level in KLM to talk about captaincy training. 
Project … to start with wide investigation into 
what captain does from a management point 
of view. High prestige project with Jan de 
Jong involved throughout”.

Having joined KLM in 1968 as a marketing 
specialist, Jan de Jong was tasked to, in his 
own words, “improve the personnel services 
within KLM through training and consultancy”. 
To that end he worked with John Costley, 

now managing director of Interaction Trainers 
Ltd. (ITL), a consultancy Costley launched 
in 1977, KLM’s Alwin Maan Voogd Bergwerf, 
the KLM pilot group and the Vereniging 
Nederlandse Verkeersvliegers (Dutch Pilot 
Association) to develop KLM’s innovative 
Captaincy Development Programme 
(CDP), a human-factors programme aimed 
at improving �ight-deck leadership and 
management skills.

According to Alwin Maan Voogd Bergwerf, 
the skills, attitudes and behaviours covered 
in the Captaincy Development Programme 
included communication skills, decision-
making skills, delegating skills and reporting 
skills. Pedagogy included small-group 
exercises in communication skills. The 
exercises were video-taped, then analysed 
by participants. The �rst courses were 
delivered over a week. In time, the catchment 
was expanded to include First O�cers and 
Flight Engineers, the name changing from 
Captaincy Development Programme to Crew 
Management Training (CMT). As Stephen 
Walsh of Interaction Trainers notes, KLM’s �ight 
engineers lobbied hard to be included in the 
new training programme: “The �ight engineers 
at KLM kicked up a massive fuss. They said, 
‘Hang on a second. It was our engineer whose 
questions were rebu�ed and dismissed by van 
Zanten, the [Tenerife] captain, so if the captains 
are having it, we are having it’. Apparently, it 
was that much of a fuss they were threatening 
to go on strike .... Once the engineers kicked 
up this fuss, KLM turned around and said ‘OK. 
Everybody is having it’”.

Clients for KLM’s innovative human-factors 
training included Kuwait Airways, South 
African Airways, Martinair, Transavia, Ansett, 
Qantas, SAS and the Dutch government 
(which sent its �ight operations inspectors 
to be trained in human-factors). The airline 
sent John Costley of ITL to NASA’s watershed 
1979 human-factors workshop, Resource 
Management on the Flight-Deck, held in 
San Francisco. The Proceedings of the 
workshop (NASA CP-2120) noted that: “The 
fostering of increased awareness and use of 
available resources by aircrews under high 
workload conditions is becoming a matter 
of greater concern to the airlines. New 
research and training programs to enhance 
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aircrew capabilities are being developed, 
largely independently, by the various 
organisations involved”. The Proceedings 
noted “a need to develop more e�ective 
resource-management training for �ight-deck 
crewmembers”.

The teaching of CRM
IIn their Journal of Aviation Technology and 
Engineering paper, Frank Wagener and David 
Ison observed that “training in CRM requires 
communicating basic knowledge of human 
factors concepts that relate to aviation, and 
providing the tools necessary to apply these 
concepts operationally”.

Crew resource management training does 
two things. First, it describes the attitudes and 
behaviours appropriate for those involved 
in operating aircraft. Secondly, through the 
medium of initial and recurrent training, it 
teaches the skills required to operate aircraft 
safely and e�ciently. Speci�cally, it teaches 
personnel about leadership, planning, 
organising, teamwork and delegation – 
the non-technical (no-tech) or ‘soft’ skills 
essential for trouble-free aviation. CRM helps 
operational personnel – pilots, cabin crew, 
dispatchers, engineers, handlers, fuellers 
and controllers – organise for success. In his 
2005 book Building Safe Systems in Aviation 
– A CRM Developer’s Handbook, Norman 
MacLeod noted how the industry was able 
to embed CRM into its operational DNA “by 
placing soft skills on an equal footing with the 
hard stick-and-rudder skills”.

CRM draws on the work of pioneering 
British social scientists Eric Trist and Fred 
Emery, and Ken Bamforth, an ex-miner. 
Speci�cally, it draws on Trist and Bamforth’s 
conception of the workplace as a socio-
technical system (STS) and of employees as 
social beings whose performance can be 
improved through active engagement in the 
organisation of work. In their 1940s study 
of Britain’s coal mines, Trist and Bamforth 
looked at the impact of mechanisation on 
morale, productivity and industrial relations. 
They noted how miners’ loss of control of the 
work process (mechanisation eliminated the 
autonomous, multi-role work-team) lowered 

morale, reduced job satisfaction and led to 
in-�ghting and worker resistance.

To the extent that it discourages a 
controlling style of management and 
promotes a facilitative or enabling style of 
management, CRM also draws on high-
reliability organisation (HRO) theory and on 
the theoretical underpinnings of the quality-
of-working-life (QWL) movement. Advocates 
of QWL argue that encouraging employees 
to contribute ideas and participate in 
problem-solving improves productivity and 
product quality. HRO theory argues that 
operational performance and reliability 
can be improved through consultation, 
delegation and respect for expertise 
regardless of origin. A founding principle 
of HRO (and therefore of CRM) is that, 
potentially, insight, ideas and skills exist at 
every level, from management to shop-�oor.

Finally, CRM draws on psychologist 
Elwyn Edwards’s systems-theory-informed 
conception of aviation, speci�cally his SHEL 
model (elaborated in 1975 by Frank Hawkins) 
which he launched at a British Airline Pilots 
Association (BALPA) technical symposium 
in 1972. Edwards’s premise was that anyone 
involved in providing air service requires 
both craft skills (hard skills) and social skills 
(soft skills). Thus pilots require both psycho-
motor skills (the capacity to �y an aircraft 
safely and e�ciently under all conditions) 
and human-factors skills, such as a facility 
for collaborative labour (teamwork) and a 
capacity for, and predisposition towards, 
empathy. In Edwards’s conception, the 
aviation system – the means of providing 
safe and e�cient air service – consisted of 
four elements:

Software: rules, regulations, laws, notices 
to airmen (NOTAMS), standard operating 
procedures (SOPs), norms, values, etc.

Hardware:  the physical infrastructure (air 
tra�c control, airports, etc.) together with 
aircraft, ground-starter units, vehicles, tools, 
etc.

Environment:  the workspace (�ight-deck, 
cabin, ramp, crew-room, etc.) together with 
the legal, social, economic and political 
context within which the industry operates

Liveware:  the human element (pilots, 
cabin crew, dispatchers, engineers, fuellers, 
handlers, controllers, check-in sta�, o�ce 
sta�, airline managers, aviation medical 
examiners and �ight operations inspectors).

Crucially, Edwards argued that safety was 
an emergent property of the relationships 
between the four elements that make up the 
aviation system (SHEL), and that inter-element 
friction could impact safety and e�ciency. As 
William Rankin and Bill Johnson explain in the 
2018 publication Handbook of Human Factors 
in Air Transportation Systems: “A mismatch 
at any of these interfaces can be a source of 
human error or system vulnerability”.

Edwards’s SHEL model suggested that 
safety was an emergent property of a wide 
variety of working relationships, including: 
captain – �rst o�cer; �ight-deck – air tra�c 
control; �ight-deck – engineering; �ight-
deck – cabin; �ight crew – aviation medical 
examiner; �ight crew – trades unions; �ight 
crew – management; airline – regulator; 
regulator – government.

Today, the SHEL model provides the 
airline industry with two things. First, a way 
of conceiving the human-factors aspects of 
air service provision. Secondly, a practical, 
supportive framework for the day-to-day 
management of the aviation system and for the 
development of aviation policy. It features in 
regulators’, airlines’ and consultants’ literature 
and training courses. For example, here is 
the Single European Sky ATM Research unit’s 
(SESAR’s) description of SHEL: “[A] conceptual 
model of human factors that clari�es the 
scope of aviation human factors and assists in 
understanding the human factor relationships 
between aviation system resources/
environment (the �ying subsystem) and the 
human component in the aviation system (the 
human subsystem). The ... model adopts a 
systems perspective that suggests the human 
is rarely, if ever, the sole cause of an accident. 
The systems perspective considers a variety 
of contextual and task-related factors that 
interact with the human operator within the 
aviation system to a�ect operator performance 
.... The human element or worker of interest is 
at the centre or hub of the … model”.

Roman Becker/AirTeamImages
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CRM’s ups and downs
Despite the consensus view that – following 
the spectacular disasters of the 1970s – there 
was an urgent need to improve �ight-deck 
team working, the industry’s human-factors 
innovators did not have a clear run. There 
was resistance. As Suzanne Gordon, Patrick 
Mendenhall and Bonnie Blair O’Connor 
explain in their 2013 book Beyond the 
Checklist: “CRM did not succeed because in 
the 1980s pilots … threw up their hands and 
said: ‘We give up’. A great many pilots, in fact, 
dismissed CRM as ‘charm school’ or even 
a ‘Communist plot’ to erode their authority 
…. [O]ne of the primary fears that pilots had 
was that CRM would devalue their expertise 
and cripple their ability to command. This 
kind of concern is common wherever there 
are steep hierarchies and status di�erentials 
and where those at the top of the hierarchy 
generally shoulder the greatest legal liability”. 
Frank Wagener and David Ison Concur: “CRM 
was not universally accepted by the pilot 
community. It was sometimes decried as 
charm school, psychobabble, and attempted 
brainwashing by management”.

Despite the resistance, CRM gained 
acceptability and scored some notable 
successes. The most spectacular of these was 
the landing of a crippled DC-10 at Sioux City 
airport, Iowa, on 18 July, 1989, by Captain 
Al Haynes and his crew. An uncontained 
engine failure at 37,000 feet had disabled the 
aircraft’s �ight controls. By varying the thrust 
to the number one engine and number three 
engine the crew was able to gain a semblance 
of control over the aircraft. Despite a crash-
landing during which the aircraft broke apart, 
185 out of 296 persons on board survived. 
Haynes credited the successful outcome to 
CRM. In his own words: “The preparation 

that paid o� for the crew was something that 
United started in 1980 called Cockpit Resource 
Management …. Up until 1980, we kind of 
worked on the concept that the captain was 
THE authority on the aircraft …. And we lost 
a few aeroplanes because of that …. We had 
103 years of �ying experience there in the 
[DC10’s] cockpit, trying to get that airplane on 
the ground, not one minute of which we had 
actually practiced, any one of us. So why would 
I know more about getting that airplane on the 
ground … than the other three? So if … we had 
not let everybody put their input in, it’s a cinch 
we wouldn’t have made it”. By canvassing 
crewmembers’ opinion, trying things out 
and delegating tasks, Haynes was able to 
‘work the problem’. In Beyond the Checklist, 
Gordon, Mendenhall and O’Connor describe 
how, despite the psychological pressure and 
physical stresses created by the emergency, 
the DC-10’s crew became “hyper-organised”: 
“[The crew’s] conversations contained a series 
of intense interactions – averaging thirty-
one communications per minute …. During 
these conversations, junior crewmembers 
freely suggested alternatives and the captain 
responded by welcoming that input. Bursts of 
social conversation provided emotional relief 
and support, enabling the crew to cope with 
what must have been extreme stress and to 
save the lives of 185 … people”.

Endorsements such as that provided 
by Al Haynes have helped embed CRM in 
airline practice. CRM training is in its sixth 
iteration. In addition to focusing on the 
person-machine interface it addresses team 
formation and maintenance, workload 
management, delegation, communication 
skills and maintenance of situation-awareness 
(SA). It is supported by other human-factors 
initiatives such as the line operations safety 

audit (LOSA), a proactive safety-management 
tool developed by the University of Texas 
Human Factors Research Project that 
records threats, errors and corrective or 
mitigative actions in-�ight in real-time. CRM 
and LOSA are complementary. Actioned 
concurrently they create safety synergisms. 
The International Civil Aviation Organisation 
vigorously promotes CRM and LOSA. Perhaps 
the greatest testament to CRM is its adoption 
by other high-risk industries and domains, 
such as maritime transport, rail transport and 
healthcare.

Conclusion and 
acknowledgements
Crew resource management is a safety tool 
with demonstrable bene�ts: one hundred 
and eighty-�ve of the people on Al Haynes’s 
crippled DC-10 owe their lives to it. In 
concert with other human-factors safety 
tools such as LOSA and line-oriented �ight 
training (LOFT), it contributes to aviation’s 
improving safety record. It is also helping to 
save lives and reduce injuries in other �elds, 
including healthcare. Contrary to received 
wisdom, CRM was pioneered in Europe, 
although the United States did much to 
develop, popularise and propagate it. It is 
the author’s opinion that, for clarity, crew 
resource management should be known as 
crew and resource management – CARM. 
It is important to foreground management. 
Safe and e�cient �ight requires the skilled, 
in-situ management of crewmembers and 
hardware. Finally, the author would like to 
thank Mr Philip Costley, son of CRM pioneer 
John Costley, for making his father’s diaries 
and early training material available, and Mr 
Stephen Walsh of Interaction Trainers for 
talking about the evolution of CRM. AI
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MILITARY F-35 MEETS NATO’S TACTICAL LEADERSHIP PROGRAMME

T
he fourth Tactical Leadership 
Programme (TLP) of 2018 was a 
historical event not just for the 
Aeronautica Militare (Italian Air 
Force or AM) but also for NATO 

operations in general.
Hosted by the Aeronautica Militare at 

Amendola Air Base, between November 
19 and December 14, TLP 2018-4 was the 
�rst course to include the F-35 Lightning 
II. Dubbed as a �fth-generation �ghter, 
America’s new rock and roll �ghter is 
considered to be streets ahead of the 
previous generation of �ghter aircraft 
primarily because of three capabilities: 
stealth, sensor fusion and network centricity. 
America is the only nation to currently 
operate �fth-generation �ghters; its silver 
bullet F-22 Raptor, and a growing �eet of 
F-35 Lightning IIs.

O�ering its air base at Amendola, its F-35A 
squadron and a variety of other assets, the 
Aeronautica Militare made it possible for 
NATO to study and evaluate what’s possible 
when the �fth-generation super �ghter is 
integrated with older generation aircraft; 
�ghters, strikers and command and control. 
The entire course has helped NATO forces to 
begin to understand the advantages of having 
the F-35 in the �ght and the tactics required 

to best utilise the superlative capabilities of the 
�fth-generation all-rounder.

Testing and evaluations of this kind 
had already been made by other F-35 
operators with their own assets and units, 
but TLP 2018-4 was the �rst time that 
such evaluative activity had taken place 
at international level, within a structure 
designed to provide courses that train, 
prepare and qualify mission commanders of 
large force strike packages from around the 
NATO alliance.

NATO’s TLP mission, in fact, is to increase 
the e�ectiveness of allied tactical air forces 
through the development of leadership skills, 
mission planning, brie�ngs, and tactical �ying.

Course 2018-4
Lasting four weeks, course TLP 2018-4 started 
with two days of academics, followed by 
one day of familiarization �ying within Italian 
airspace and its procedures, and by a further 
two days �ying basic combined air operations 
or COMAOs.

During the remaining three weeks 
the course included various missions; 
o�ensive counter air (OCA), air interdiction, 
suppressions or destruction of enemy air 
defences (SEAD or DEAD), combat search 
and rescue (CSAR), anti-surface warfare, 

striking slow-movers and high value air 
defence assets.

Italian authorities granted NATO TLP a 
substantial area of operations including 
various zones in southern Italy, and one 
especially important area located over the 
Ionian Sea.

Participating units were divided into a Blue 
force, whose crews were the real bene�ciaries 
of the course, and a Red force, which was 
tasked to provide an escalating air threat.

Aircraft like the NATO E-3A Sentry, the 
Aeronautica Militare E-550A CAEW (a highly 
modi�ed Gulfstream G550 con�gured 
for airborne early warning) and the P-72A 
maritime patrol aircraft participated as 
support aircraft to the course undertaking 
a variety of command and control duties. 
German company GFD deployed a Learjet 
35A Jamkite to simulate air threats or provide 
a jamming capability.

Other specialized Aeronautica Militare 
aircraft involved were a KC-767A tanker, 
CSAR helicopters, and either an MQ-9A 
Predator B, or MQ-1C Predator A+ to 
conduct unmanned intelligence, surveillance, 
target acquisition and reconnaissance, 
according to their availability.

Presented with the acronym IT-DARS, 
the reader might not recognise this as 

Across generations
A Marina Militare AV-8B on short �nals as two 
Euro�ghters arrive in Amendola’s pattern, 
This shot re�ects the mix of legacy aircraft 
participating in the TLP 2018-04 course. 
Aeronautica Militare
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a deployable Aeronautica Militare asset. 
Blessed with one of the most awkward titles, 
the Italian Deployable Air control centre, 
Recognised air picture production centre and 
Sensor fusion post, IT-DARS is a deployable 
package of mobile shelters. The asset is 
assigned to the Reparto Mobile di Comando 
e Controllo (RMCC or mobile command 
and control unit) and comprises operational 
control rooms and systems that include 
satellite communication, radar, radio and 
telecommunication and tactical data links.

Elements of the RMCC can be moved by 
road, thanks to specialised vehicles, but can 
also be deployed worldwide also by sea, 
railway or by air. The RMCC is integrated 
in the NATO Joint Force Air Component 
Command, whose headquarters is located 
at Poggio Renatico, Italy. Also involved in the 
TLP course were a Sirius surface-based air 
defence system, and a team of Joint Terminal 
Attack Controllers.

Some 900 military personnel from �ve 
countries, and 50 aircraft participated in TLP 
2018-4.

Commander’s views
During a media event, AIR International had 
the opportunity to speak with some key 
o�cers involved.

AIR International asked TLP Commander, 
Colonel Andrés Maldonando how the �rst 
attempt at integrating di�erent generations 
of aircraft with the �fth-generation F-35 
worked out. Colonel Maldonando replied: 
“People operating the F-35s are learning day 
by day how to use their capability, and we 
are learning at the same time from them. By 
�ying together and integrating the F-35s in 
our COMAOs, we are discovering that they 
have more endurance, and they can go �rst, 
stay out there, and thanks to their capability 
can destroy threats before the package enters 
the area of operations. This is the kind of 
integration we are working on. We are using 
the F-35 as a multirole asset, particularly for 
SEAD against surface-to-air missiles or radars, 
we are using them as air-to-air OCA aircraft, 
which claimed a lot of Red air kills before 
starting the �ght, and also for bombing, 
because they are really capable at localising 
threats, and providing the rest of the package 
coordinates of targets.

“The F-35 it’s always a spearhead. But not 
only going ahead of the package, we are 
using them in all the positions. For example, 
F-15s and F-35s in front of a package at the 
same time, six aircraft pushing and launching 
AMRAAMs, but we are also embedding the 
F-35 in the air-to-ground package, releasing 

Riccardo Niccoli  found 
himself at Amendola Air 
Base when NATO was 
staging its �rst Tactical 
Leadership Programme 
course involving the 
new generation F-35 
Lightning II

Across generations

Aeronautica Militare Chief of Sta�, General Alberto 
Rosso speaking to the press at the TLP 2018-04 
media day. Riccardo Niccoli

TLP Commander, Colonel Andrés Maldonando. 
Riccardo Niccoli
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bombs, but at the same time they can use their 
capability to destroy surface-to-air missiles.”

What about the use of the Link 16? Are 
the various platforms sharing information? 
According to Col Maldonando: “We are not 
at that level yet. We do not share information 
between the F-35 and the rest of the COMAO, 
they [F-35s] have many limitations in sharing 
the information totally, for security reasons. 
But we use Link 16. What we are trying to 
incorporate in our course is the capability they 
[F-35s] have to support packages, and also 
how the packages can help them [F-35s], in 
order to provide more airpower, more bombs 
on targets. We are taking the � rst steps; at the 
end of the course we will have learnt much 
more. Probably, in two or three courses, when 
participation of the F-35 will be wider, not only 
from Italy, but also from the US, and the UK, our 
knowledge will be even wider. For the moment, 
integration is just � ying together, see what is 
good for us, see how to use the F-35 in the best 
way within our specialty, which is combined air 
operations, multinational, multirole.”

The F-35, as Col Davide Marzinotto, 32° 
Stormo Commander says, is an omnirole 
� ghter. So, what kind of missions are the 
aircraft undertaking in this TLP course? Col 

Maldonando replied: “We are using the F-35 
in all types of mission during this course. So 
far the F-35s have performed di� erent roles, 
mainly SEAD, because of their capability in 
locating the targets and radars that TLP sta�  
input to the scenarios. Targets are provided by 
Italy, and we also have systems that simulate 
SA-10 and SA-17 surface-to-air missiles, from 
Germany. It is TLP that provides the right 
assets from the participant countries to ful� l 
the requests.”

According to Col Maldonando: “The TLP 
course is not only about tactics, techniques, 
and procedures, they are important, but 
also friendship, trust, working together. It’s a 
matter of leadership, here it’s not a Red Flag, 
it’s another business.”

TLP sta�  always try to arrange the best 
training for their students. Col Madonando 
explained: “On Monday and Tuesday 
[December 3-4] we had CSAR missions. We 
have helicopters from Italy, and United States 
Air Forces in Europe para-rescue jumpers 
from Aviano, in order to have specialists to 
hand in preparation for CSAR missions. After 
that, a pilot from this course will be ready to 
participate to a real world CSAR mission.”

An important part of the course is assigned 
to the Red air component, which must 
present a credible threat at speci� c levels.

Col Maldonando explained: “We use Red 
air but reduce their real capabilities. We use 
Euro� ghters as if they were MiG-21s, in order to 
train the Blue force. They simulate threats with 
increasing capabilities MiG-23, Su-24, MiG-29, 
Su-27. Each mission type is presented in building 
blocks, easy at the beginning, more complicated 
as the weeks pass by. At the beginning, Red air 
� ghters are only Fox 2 capable, and then they 
are allowed to simulate Fox 1 missiles. In the 
third week, Red air is allowed to simulate the use 
of AMRAAM or similar advanced missiles. For 
example, yesterday [November 29] was the � rst 
day with Blue losses, until then, there were only 
Red losses. However, there are only a few Red 
air � ghters, so they are allowed to regenerate in 
� ight, after being killed.”

Aeronautica Militare sta�  working in a deployable air operations centre during a TLP 2018-04 mission. Aeronautica Militare

F-35A MM 7357/32-07 lands on Amendola’s 8,700 feet runway 29 following a local mission . Riccardo Niccoli

A selection of legacy aircraft parked on the � ight line at Amendola. Riccardo Niccoli



F-35 MEETS NATO’S TACTICAL LEADERSHIP PROGRAMME MILITARY

www.airinternational.com   |  85

Leading the European pack
AIR International had the opportunity to talk 
with Major D.G, commander of 13° Gruppo, 
the �rst Italian F-35A squadron, to learn 
more about their operations in the course. 
He said: “In this TLP we are continuing with 
the natural evolution of our training, that we 
started several years ago. It’s one of the major 
training/operational milestones, because of 
course we are in the process of integrating 
ourselves with other earlier generation 
aircraft �own by other coalition nations. We 
are validating the F-35’s capabilities of task 
enabler and force multiplier. We try to create 
conditions so that other assets, which do not 
have the sensors and performance of the 
F-35, could have the possibility to access to 
environments that they couldn’t a�ord before, 
thanks to the fact that we shape the area, we 
open the way and create the conditions to 
allow other less modern platforms to operate, 
and thus increase their capability. Previously 
they had a limited envelope of operations, and 
now, working with us, they have increased the 
envelope. Before they could not enter some 
areas, and now they can, and they can receive 
information about targets, or threats.

“We can share information between 
ourselves [F-35s], with a dedicated system 
[the Multifunction Advanced Data Link], but 
also with other players. Of course not all 
information, but just the information they 
need and can manage. We send information 
to command and control units, and they can 
decide what to share with the other players. 
It’s a very complicated process, a combat 
cloud, a place where information [not the 
data] is placed to be processed and managed. 
The F-35 can be programmed about which 
information to share, in automatic mode, or 
other in semi-automatic mode, and also the 
pilot can decide on something in this process.

“Today, gathering data is simple, but to 
process and transform data into information that 
can be distributed and used by other players 
[before the mission and/or during the mission] is 
really another question. There are some aspects 
of this process in which the Aeronautica Militare 
is really on the leading edge. With the F-35 we 
have very high situation awareness. It’s not the 
same for the other players. The gap is very wide. 
There is a di�erence between the security level 

of the F-35 programme and its capabilities, 
which must be safeguarded for obvious reasons, 
and the information that we can distribute. The 
CAEW is an airborne command and control 
asset with very high capabilities, it’s the long arm 
of the commander. We are contributors to this 
asset, also with very high capabilities, because 
we ourselves are nodes in the C2 network, and 
so we work very closely with them.”

Next steps
The TLP media day at Amendola was also 
attended by the Aeronautica Militare Chief of 
Sta�, General Alberto Rosso, who took the 
opportunity to announce the Italian F-35A 
squadron had achieved initial operational 
capability. General Rosso explained that 
the TLP course was simply a step on the 
road of gradual integration between what 
is [the legacy force] and what will be [�fth-
generation capability] for NATO over the next 
30 years, to allow interoperability.

“The Aeronautica Militare is now the 
European leader in �fth-generation �ghter 
operations. We are the �rst to attain initial 
operational capability on the F-35 and we 
will be followed by the UK with which we 
have very close cooperation, because we 
share assets with them, and operational 
philosophies, within the NATO alliance.”

What about the next steps of the integration 
process in the TLP? Col Maldonado explained: 
“We recently received an assessment visit by 
United States Air Forces in Europe o�cials 
at Albacete, and very soon they will be able 
to participate in our courses with �fth-
generation �ghters. In course 2019-2 we will 
have a couple of US F-35s taking part. In the 
future, our courses will be cut by a week, but 
we will include synthetic simulation in them.”

Course TLP 2018-4 involved 479 sorties, for 
about 780 �ying hours, at the end of which 
26 pilots quali�ed as mission commander, 
while other quali�cations were awarded to six 
intelligence o�cers and two ground control 
intercept o�cers. AI

Aircraft Unit Role
Aeronautica Militare and Marina Militare

4 F-35As 32° Stormo Blue

2 F-2000As 37° Stormo Blue

2 F-2000As 4° Stormo Blue

4 F-2000As 36° Stormo Red

2 T-346As 61° Stormo Red

1 E-550 CAEW 14° Stormo Support

1 MQ-9A 32° Stormo Support

1 MQ-1C 32° Stormo Support

1 HH-101A 15° Stormo Support

1 HH-212ICO 9° Stormo Support

1 KC-767A 14° Stormo Support

1 P-72A 41° Stormo Support

2 AV-8Bs GRUPAER Blue

Belgian Air Force

2 F-16AMs 350 Squadron Blue

2 F-16AMs 349 Squadron Blue

2 F-16AMs 349/350 Squadron Red

Luftwa�e

4 EF.2000s TLG.31 Blue

2 EF.2000s TLG.74 Blue

2 Tornado ECRs TLG.51 Blue

1 Learjet 35A JamkiteGFD Support

NATO

1 E-3A NAEWF Support

Royal Netherlands Air Force

2 F-16AMs 313 and 322 SquadronBlue

United States Air Forces Europe

4 F-15Cs 48th FW Blue

4 F-15Cs 48th FW Red

Crew chiefs wait alongside 
their respective F-35A while 
the pilots run through �nal 
system checks outside the 

barns at Amendola. 
Riccardo Niccoli

F-35A MM 7357/32-07 takes o� from 
Amendola with afterburner engaged; 
40,000lb of thrust generated by the 
Pratt & Whitney F135 turbofan engine. 
Riccardo Niccoli
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T
he stylish grey and black-
painted Bell 407GXi is the latest 
variant of the Bell 407 revealed 
at the Helicopter Association 
international’s Heli-Expo 2018 in 

Las Vegas, Nevada.
The Bell 407 at �rst glance resembles 

the Bell 206 series Jet/LongRanger, albeit 
with four blades. Bell Helicopter started 
the development of a successor to the Bell 
206 in the 1990s, �ying a modi�ed B206L3 
LongRanger with a wider fuselage in April 
1994 before formally announcing the Bell 407 
at Heli-Expo the following year.

The four-bladed Bell 407 was certi�ed 
in 1996 and deliveries started the following 
year. The helicopter has found success in all 
areas of the marketplace, including o�shore, 
corporate executive transport and parapublic 
roles (police and air ambulance), with more 
than 1,400 having been sold.

New Xs
At Heli-Expo 2011 in Orlando, Bell unveiled 
the 407GX and its military version, the 
407AH, with the new Garmin 1000H �ight 
deck. Two more GX variants followed: 
another armed variant called the 407GXT 
and then the 407GXP, unveiled at Heli-Expo 
2015, a more powerful variant with a Rolls-
Royce 250-C47B/8 turbine engine equipped 
with a full authority digital electronic control 
(FADEC) system. The engine develops 
maximum take-o� power of 862shp 
(643kW) and has a factory-installed value 
improvement package (VIP) kit, increasing 
hot and high power by up to 8% and fuel 
e�ciency by up to 2%.

The �rst large customer for the 407GXP 
was the emergency medical services (EMS) 
operator Air Methods, which ordered 200 
helicopters to be operated across the 
United States.

The 407GXP was demonstrated in Nepal in 
November 2015, �ying with a full payload of 
�ve passengers. The helicopter �ew 20,000ft 
up to Mount Everest Base Camp and made 
several landings at di�erent altitudes ranging 
from the 13,500ft to 19,600ft, a testament to 
its high-altitude abilities.

Bell says: “The company is always looking at 
ways to innovate our current product line to 
provide our customers with the most capable, 
dependable and technologically advanced 
aircraft in the market.”

In February 2018, Bell Helicopter rebranded 
itself as simply Bell and later that month at 
Heli-Expo 2018 the company unveiled yet 
another variant of the 407, the Bell 407GXi.

According to Susan Gri�n, Executive 
Vice-President, Commercial Business: “Bell 
407GXi delivers improved pilot awareness, 
higher precision navigation, enhanced engine 
controls and improved connectivity.”

The legacy  continues

The Bell 407GXi is the latest 
variant of the Bell 407, of which 
more than 1,400 have been sold. 
All photos Ian Frain
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The legacy  continues

A sound structure
Physically, the Bell 407GXi looks exactly 
like the 407/407GX/407GXP models and 
as with any modern aircraft is constructed 
of composite materials. The polycarbonate 
windshield o�ers enhanced bird strike 
resistance, while the forward fuselage 
consists of an aluminium honeycomb and 
a carbon graphite structure. The cabin is a 
semi-monocoque structure made of carbon 
�bre composites.

For executive/corporate missions 
the Bell 407GXi has newly designed 
executive con�guration options, bringing a 
modernised look and passenger experience 
to the �ve-seat club cabin. Soundproo�ng 
technology aids noise reduction. In the 
corporate role, the executive interiors 
can be �tted with two-tone leather with 
100% wool-cut pile, as well as executive 
soundproo�ng.

The main rotor is �tted to a �ex beam hub 
and has four �breglass blades, while the semi-
rigid tail rotor has two blades. The landing 
gear is a tubular skid type with replaceable 
skids, while the tail boom integrates the 
horizontal stabilisers and vertical �n, tail rotor 
hub and blades.

In terms of safety, there are a few features 
that protect crew and passengers, including 
structural bulkheads and rupture-resistant 
fuel cells. It is unfortunate that, over the 
years, wires have been the cause of several 
helicopter accidents (some fatal) and to 
protect the Bell 407GXi the helicopter is �tted 
wire strike protection technology.

Garmin touchscreen
The Garmin integrated �ight deck avionics 
system is found in the latest Bell helicopters 
on the production line, with Garmin 5000H 
touchscreen avionics in the Bell 525 

Relentless and the Garmin G1000HTM in the 
Bell 505 Jet Ranger X.

The Bell 407GXi is equipped with the 
new Garmin 1000H NXi integrated �ight 
deck, an integrated new-generation all-
glass �ight deck designed for the Federal 
Aviation Administration (FAA) Federal Aviation 
Regulation Part 27 Visual Flight Rules (VFR). All 
the �ight information essential to the mission 
is displayed in the 3-D helicopter synthetic 
vision technology.

There are two 10.4in (264mm) GDU 1050H 
high-de�nition displays and the system can 
support night operations as it is night-vision 
goggles compatible, which is useful to the 
parapublic marketplace.

The G1000H NXi has several features 
contributing to pilot safety. The helicopter 
terrain awareness system has a �ve-colour 
display combined with an audible callout alert 
for powerline threats, potentially dangerous 

Ian Frain pro�les the Bell 407GXi, 
the latest version of an enduring 
and popular helicopter design
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terrain and any obstacles or other hazards 
along the �ight path.

The system’s WireAware wires strike 
avoidance technology consists of a database 
of all obstacle pylons, graphically overlaid on 
a moving map that covers all of the United 
States, Canada and Mexico.

The automatic dependent surveillance 
broadcast-enabled TerminalTra�c�system 
recognises the unique operational 
requirements of helicopters within the airport 
environment. The system maintains pilot 
awareness of potential con�icts from other air 
tra�c by �ltering out what is not relevant and 
keeping nuisance alerts to a minimum. When 
a helicopter is hovering or performing other 
manoeuvres unique to rotary operations, 
the �xed-wing aircraft alerts are minimised 
and abbreviated so as not to overload the 
helicopter pilot/crew.

According to Timothy Otteson, Bell Pilot 
Aircraft Demonstrations: “Garmin’s G1000H 
NXi is �ve times faster, with a crisper screen, 
crisper display and faster boot up time,” which 
is the result of dual core processors.

There are a multitude of changes in the 
G1000H NXI from earlier G1000 iterations. 
The FlightStream 510 enables the pilot to 
interact with the system via a tablet, enabling 
Garmin database information as well as 
�ight plans to be loaded with a button press. 
Pilots will also �nd more map options, VFR 
sectionals, helicopter charts and low-altitude 
and high-altitude instrument charts.

Helicopter charts are three-colour charts 
depicting important information such 
as heliports (with additional information 
on frequencies and lighting capabilities), 
helicopter routes/airways and navigational 
aids. The charts are o�ered for eight 
metropolitan areas within the continental 
United States and the Gulf of Mexico region.

Hyperspectral imaging mapping enables the 
pilot to focus on scanning instrumentation, 
making it easier to visualise nearby �ight and 
navigation features if the cockpit gets busy. 

This is done by placing a multifunction display 
map view on to the primary �ight display.

Upgraded M250 engine
The Rolls-Royce M250 engine series evolved 
from the original Allison T63 engine (Rolls-
Royce took over Allison in 1995, with all 
Allison engines rebranded as Rolls-Royce).

The M250 series has powered all Bell 206 
and 407 models, amongst other types. Rolls-
Royce used its VIP as the production standard, 
which gives operators using the Series IV 
engine a post-production option to improve 
performance by 5%. There have been more 
than 31,000 M250 engines produced, which 
collectively have amassed over 220 million 
�ight hours.

The 407GXi is powered by the new 
M250-C47E/4, upgraded from the Rolls-
Royce M250-C47B/8. The hot-and-high 
performance introduced with the GXP in 2015 
has been retained, but the engine control 
system is now a dual-channel FADEC. The 
new engine also o�ers a 4% improvement in 
range and fuel consumption, Otteson says, 
while providing the aircraft with a cruising 
speed of 133kts (246km/h).

Bell has added three layers of redundancy 
with this new engine, while keeping the same 
performance for hot and high conditions. The 
payload also increases considerably in these 
conditions; for example, at 6,000ft of ISA +20 o 
the Bell 407GXi provides 325lb (147kg) more 
payload during external load operations.

Bolt-ons, autopilot and 
connectivity
Today’s rotorcraft can easily be �tted with 
optional extras depending on the mission and 
customer requirement, and the Bell 407GXi is 
no di�erent; for example, the helicopter can 
be �tted with the Foresight MX health and 
usage monitoring system (HUMS).

A HUMS system is a key tool for safety 
and maintenance in commercial helicopters, 
especially those operating o�shore. As the 
HUMS senses any anomalies or wear and tear, 
the data is downloaded on to a laptop, PC 
or tablet and as soon as the data is analysed 
maintenance/repairs can be carried out 
before any major issues appear.

The 407GXi is an EASA Part 27 design so it 
can be �tted with the lightweight 10lb (4.5kg) 
Foresight MX HUMS RTB, which analyses critical 
components such as gears, bearings and shafts 
and monitors them, so if they are starting to wear 
out a warning is sent to the operator, who can 
act on it. The Bell 407GXi also has the capacity to 
be �tted with 3,100lb (1,406kg) underslung cargo 
hook for utility/cargo/energy missions.

As with its predecessors, the 407GXi can be 
used for the EMS role (over 240 airframes are 
currently in use for this mission) and a medical 
interior can be �tted with a 61in (1.55m) bi-

The Rolls-Royce M250 engine powering the Bell 407GXi provides a 4% improvement in range and fuel 
consumption, Bell says.

Although it looks like other Bell 407s, the 407GXi features a range of improvements spanning the airframe, 
engine, avionics and systems.
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fold door for patient loading and unloading. 
The large windows create plenty of ambient 
lighting, enabling the paramedics/�ight nurses 
to work on a patient.

As with the Bell 407 in the airborne law 
enforcement role, it is possible for the 407GXi 
to be �tted with (for example) a Nightsun 
searchlight, forward looking infrared/electro-
optical sensors, loudspeakers, datalinks to 
assist ground units and mounts for Special 
Weapons And Tactics and Emergency 
Response Team insertion/extraction such as 
the Tyler Special Operations Platform.

The autopilot is very important for 
helicopters carrying out instrument �ight 
rules operations and �ying in instrument 
meteorological conditions (IMC). Usually, 
there is an autopilot in twin-engine 
helicopters such as those serving the o�shore 
and parapublic sectors.

The Bell 407GXi can be �tted with an 
optional two-axis autopilot that can be 
fully integrated with the Garmin 1000H NXi 
system, displaying autopilot modes, hold 
references and audio alerts among other vital 
information.

Another key feature of this kit is the 
stability and control augmentation system 
which works in all �ight modes (regardless 
of the helicopter’s centre of gravity or wind 
direction) and provides precise control to 
reduce the pilot’s workload. The system also 
includes a recovery mode that enables the 
helicopter to work in adverse IMC conditions 
safely, if a pilot loses the visual reference 
because of such limited conditions.

A go around mode is initiated by either 
using the collective stick or a switch on the 
control panel, with the autopilot levelling 
the helicopter and roll attitude to ensure 
the safe continuance of the �ight. Then the 
pilot uses the collective stick to apply power, 
climbing up wings level at an optimal climb 
rate airspeed; for example, 70kts (129km/h) 
indicated airspeed (IAS).

The 407GXi is also equipped with GIA 46H 
integrated avionics units, a GEA 71HB engine 

and airframe unit, a GSU75 air data heading 
reference system, a GMU44 magnetometer, 
a GMA 350Hc audio system and an GTX ES-
mode-S transponder.

According to Otteson, the 407 GXi uses 
the same rotor system as the legacy 407 
airframes, meaning the pilot can expect the 
407GXi to handle exactly like the 407. He 
says the biggest di�erence a 407GX/GXP 
pilot will �nd is with the engine control. 
Because the 407GXi is equipped with the 
dual channel FADEC, it supports operations 
from turning on the battery to shutting down 
post-�ight.

In terms of emergencies, the 
autorotational performance remains 
unchanged to previous Bell 407 versions. 
The Vne (velocity never exceed) speed 
remains at 100kts (185km/h) IAS for steady 
state autorotation. Minimum rate of descent 
airspeed is 55kts IAS (101km/h) and the max 
glide is 80kts IAS (148km/h).

The future is X
Both the legacy Bell 206B JetRanger and 
Bell 407 grace the skies over North America, 
Europe, the Far East and Australasia. It has 
now been 53 years since the �rst Bell 206 was 
�own and over 20 years since the �rst Bell 407 
�ew. The airframe shapes stay the same, but 
the inner workings are constantly evolving, as 
seen with the GX and GXP models.

Transport Canada certi�ed the Bell 407GXi 
at the beginning of 2018 and the FAA had also 
certi�ed the helicopter by the end of October 
2018. The �rst customer was Eagle Copters 
in Chile (the Latin American subsidiary of 
Canadian company Eagle Copters) which took 
delivery of the 407GXi in October 2018. The 
Eagle Group is an authorised Bell customer 
service centre.

Currently, there are over 1,500 Bell 407 
airframes that have �own 4.75 million hours. 
Looking to the near future, the Bell 407GXi 
is projected to be used not only by civilian 
authorities for various parapublic missions, but 
also by one or two military air arms around the 
world that operate the Bell 407 (for example, 
the Jamaican Defence Force Air Wing).

The Bell 407GXi is also a contender for 
the United States Navy Advanced Helicopter 
Trainer, to replace its 40-year-old, 115-strong 
�eet of legacy Bell TH-57C Sea Rangers 
(based on the Bell 206 airframe) at Naval Air 
Station Whiting Field in Florida, where the 
three squadrons train all United States Navy, 
Marine Corps, Coast Guard and international 
rotary-wing student pilots. AI

Bell 407GXi characteristics
Length 34ft 7in (10.57m)

Width 8ft 1in (2.47m)

Height (to top of �n) 10ft 2in (3.1m)

Main rotor diameter 17ft 5in (5.33m)

Main rotor area 12ft 7in (3.87m)

Tail rotor 5ft 4in (1.65m)

Cabin volume 85ft3 (2.4m3)

Baggage compartment volume 16ft3 (0.5m3)

Empty weight 2,700lb (1,224kg)

Max gross weight 5,250lb (2,381kg)

Max gross weight (external load) 6,000lb (2,722kg)

Useful load 2,300lb (1,043kg) standard or up to 2,250lb (1,156kg)

Cargo hook 3,100lb (1,406kg)

Crew One pilot

Passengers Up to six passengers

Powerplant One Rolls-Royce M250-C47E/4 with dual FADEC

Max cruise speed 133kts (256km/h)

Vne (velocity never exceed) speed140kts (259km/h)

Range 337 nautical miles (624km)

Maximum endurance 4 hours

Rate of climb 1,500ft/min (7.6m/s)

Hover ceiling out of ground e�ect at 
max gross weight

5,420ft

Hover ceiling in ground e�ect at max 
gross weight

5,420ft

Service ceiling at max gross weight17,490ft

The 407GXi’s main rotor has four �breglass blades and the semi-rigid tail rotor has two blades, while the tail 
boom integrates the horizontal stabilisers and vertical �n, tail rotor hub and blades.
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“W
e are the only airline 
within the Lufthansa 
Group without one 
single aircraft on 
order,” said Austrian 

Airlines’ Chief Executive O�  cer Alexis von 
Hoensbroech. 

And this is despite Austrian now being the 
fastest-growing carrier within the German-led 
airline group, in which it is also its smallest 
long-haul carrier. Operating just 12 aircraft for 
intercontinental routes, within the Lufthansa 
Group it is even smaller in this respect than 
Brussels Airlines. 

Ten years ago, Austrian Airlines (AUA) was 
almost bankrupt, in 2008 amassing losses of 
almost €430 million before Lufthansa took 
over in 2009. A decade on, it’s a di� erent 
picture: AUA had a record year in 2017 and it 
has been pro� table for six years. 

Von Hoensbroech, who joined Austrian 
from Lufthansa in August 2018, knows better 
than most why AUA isn’t going to get new 
aircraft yet as he was the executive who 
oversaw the integration of Austrian into the 
group in his former job. Vienna, Austria’s 
capital and Austrian’s hub, is one of four 
Lufthansa Group hubs but it is the smallest, 
resulting in lower yields and revenues for 
Austrian compared to the other group carriers. 

Von Hoensbroech explained to AIR 
International: “We have to achieve a status 
where we are considered worthy for 
investments within the group. Currently we 

only earn a margin of 4% of EBIT [earnings 
before interest and taxes], that is about half 
what other airlines in the group are making. 
This gap doesn’t make it easy to attract 
investment to AUA and we have to see how to 
bridge the gap.”

Ageing � eet
Austrian’s 85-aircraft � eet is getting older, with 
an average age of 16.5 years. That is especially 
true for the long-haul sector, where the 
airline � ies six Boeing 767-300ERs (average 
age almost 23 years) and six 777-200ERs 
(average age almost 18 years). There has been 
a streamlining of the � eet in recent years, with 
Fokker 70s, Fokker 100s, Dash 8-300s and 
Boeing 737s all withdrawn from service.

The CEO conceded: “But still, � ve di� erent 
types today isn’t the ideal solution. AUA needs 
a modernisation push.” 

It is not clear if the long-haul � eet will be 
renewed � rst. Von Hoensbroech stressed: 
“We have to have good arguments, new 
Boeing 777s would surely be an option. But 
only if our long-haul routes are delivering 
high enough margins would Lufthansa be 
tempted to make these investments in AUA. 
Currently that’s not the case, yet, but we 
don’t have extreme urgency. Also, the mostly 
depreciated elderly � eet gives us more 
� exibility in a possible downturn.”

Today AUA has the lowest production costs 
with the Lufthansa Group. Von Hoensbroech 
said: “That’s the result of many years of cost 

savings but facing lower revenues in Vienna 
we also need lower costs.”

Some new aircraft can be resourced from 
inside the group, such as the 17 Embraer 
195s now operated by Austrian which 
formerly � ew with Lufthansa CityLine. 
These are now AUA’s youngest aircraft, with 
an average age of just seven years. Von 
Hoensbroech acknowledged: “But in general 
we have rather too few than too many 
aircraft in the group.”

His most recent acquisition for long haul 
came from storage, 777-200ER OE-LPF (c/n 
28692), built in 2001 and previously operated 
by Varig and Aeromexico.  

Markets and routes
Traditionally AUA has relied on connecting 
western Europe and the world via Vienna to 
central and southeast Europe, a region where 
the airline still serves 35 destinations, more 
than any other carrier. One-third of AUA’s 
destinations are located to the east of Vienna 
and 120 out of a total of 400 daily � ights head 
to central and eastern Europe. 

After Air Berlin’s market exit, many low-
cost carriers (LCCs) have sprung up in force 
at Vienna airport, from easyJet to Level and 
Wizz Air, and with Eurowings, AUA even has 
a competitor inside the group to which it 
belongs. The hub model for intra-European 
� ights is under strong pressure from LCCs 
o� ering point-to-point services, bypassing 
traditional hubs. 

Austrian Airlines is the fastest-growing airline in the Lufthansa Group, but it is not yet 
pro� table enough to warrant new aircraft. Andreas Spaeth  reports

A new altitude
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Von Hoensbroech observed: “It used to be 
that you would change aircraft on the way 
from Bucharest to Nice, but today these are 
mostly non-stop � ights by low-cost airlines. 
Transfer tra�  c is weakening, but we can’t 
just exit this segment as we need to feed our 
long-haul services with it.”

The pressure under which the management 
� nds itself is re� ected in the volatile route 
network, especially on long haul. Here AUA 
serves a range of mostly tourist-oriented 
seasonal routes in the Indian Ocean during the  
European winter. But several year-round services 

to major hubs are also � own, which have been 
repeatedly altered. Hong Kong, Havana and 
Colombo were given up, while frequencies to 
Tokyo have increased. Cape Town was taken up 
as a seasonal destination during the European 
winter after a hiatus of 19 years. 

Von Hoensbroech said: “Of course 
Johannesburg would have been the more 
important destination in economic terms, but 
to serve it we would need more frequencies.”

But to do so AUA needs more aircraft, and the 
airline simply lacks the necessary numbers. Due 
to its limited � eet size, AUA must very thoroughly 

determine where it can utilise its aircraft best 
and when, meaning it has many more seasonal 
destinations than other scheduled airlines. 

Von Hoensbroech said: “In general we want to 
focus more on North America,” where AUA serves 
Toronto, New York, Washington DC and Chicago 
as well as � ying seasonally to Los Angeles. 

Onboard product
Despite its ageing � eet the passenger product, 
especially in business class on long haul, is top 
notch at AUA and considered to be the best 
within the Lufthansa Group and also among 
the wider industry. 

With its in-house caterer Do & Co, Austrian 
has a chef on board long-haul � ights. The 
lavishly-appointed antipasto trolley is a 
trademark of the Austrian carrier as is the 
‘Viennese Co� ee House above the clouds’, a 
specialty co� ee menu o� ering ten signature 
co� ees prepared freshly on board. 

Well aware the packaging of an airline product 
is important, AUA is currently introducing a 
revamped livery on its aircraft, featuring a bold-
face ‘Austrian’ logo covering the whole forward 
fuselage above and below the windows, as well 
as adding more red to the tail design. Many 
observers � nd the new AUA branding, done 
in-house for a modest investment, much more 
e� ective than the multi-million Euro rebranding 
of mother carrier Lufthansa. 

Von Hoensbroech said: “We are used to 
[dealing] with turbulence and I am optimistic 
to bring AUA to a new altitude.” AI

A new altitude 
Austrian Airlines facts and � gures
IATA code OS

ICAO code AUA

Owner 100% Lufthansa Group

Founded September 30, 1957

Employees 7,104

Passengers carried2018: c. 13 million (estimate), 2017: 
12.9 million, 2016: 11.4 million

Fleet 18 Dash 8 Q400s, 17 Embraer 195s, 
7 Airbus A319s, 23 Airbus A320s, 
6 A321s, 6 Boeing 767-300ERs, 6 
777-200ERs

Hub Vienna

Route network About 130 destinations, over 90 of 
which are in Europe, including six 
domestic destinations in Austria, 
eight in Germany plus Birmingham 
(winter), Manchester and London 
in the UK, as well as � ights to North 
America, Asia and Africa

Pro� t (EBIT) 2017: €101 million, 2016: €65 
million, 2015: €54 million

Pro� t (EBIT) 2017: €101 million, 2016: €65 
million, 2015: €54 million

MAIN PICTURE: Austrian’s 85-aircraft � eet is 
ageing, with this 16-year-old A320-211, OE-LBK 
(msn 1931) just slightly younger than the average 
� eet age of 16.5 years. Austrian Airlines

BELOW: Traditionally AUA has relied on 
connecting western Europe and the world via 
its Vienna hub, a model which has come under 
pressure from low-cost carriers o� ering point-to-
point services, bypassing traditional hubs.
Michele Pauty/Austrian Airlines
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AIRBUS HELICOPTERS has 
delivered the �rst two H225s to 
the Ukrainian Ministry of Interior, 
out of an order for 21 aircraft. The 
two helicopters are repurposed 
EC225s, which have been 
converted to H225M standard by 
Airbus Helicopters at Albacete, 
Spain. The work was conducted 
in a little over three months and a 
further two H225s are expected to 
be delivered within weeks of the 
�rst pair.

One helicopter will be used 
for search and rescue (SAR) 
operations with the Ukraine State 

Rescue Service and the other 
will be operated by the Ukraine 
National Guard for law enforcement 
missions.

The helicopters are the �rst 
of a total of 55 helicopters to be 
delivered under the framework of 
an intergovernmental agreement 
contract signed between France 
and Ukraine in June 2018. The 
agreement covers the acquisition of 
21 repurposed H225s, together with 
ten new build H145s and 24 H125s. 
All helicopters will be employed on 
SAR, emergency medical services 
and public service missions by a 

range of government agencies.
Arsen Avakov, Minister of Internal 

A�airs of Ukraine said: “Further to 
the intergovernmental agreement 
signed between Ukraine and France 
earlier this year, we are pleased to 
be celebrating the �rst deliveries. 
This agreement for 55 helicopters 
enables Ukraine to provide its 
population with a complete range 
of helicopter services, from search 
and rescue, emergency medical 
services and �re�ghting to law 
enforcement missions.”

He added “Thanks to the 
excellent operational co-operation 

with Airbus, we will also set up a 
local training and maintenance 
centre in Ukraine to support our 
modernised �eet of helicopters.”

Ukraine pilots have now 
completed their H225 training 
in France and speaking at the 
delivery ceremony in Kiev, Airbus 
Helicopters’ Executive Vice 
President for Support and Services, 
Matthieu Louvot, said: “One of the 
next steps is to accompany the 
Ministry of Interior in setting up the 
dedicated training and maintenance 
centre for the helicopters in 
Ukraine. Nigel Pittaway

Ukraine’s �rst repurposed H225M

One of the 21 H225Ms ordered by the Ukraine government, ‘53’ blue (M-ABKB, c/n 2744) is seen here after a ground engine test run�at Albacete on December 18, 2018. It 
will be operated by the Ukraine State Rescue Service after having been converted from the EC225LP to H225M standard. The helicopter was previously in service with CHC 
Norway as LN-OJD. Roberto Yáñez

H145 Mountie

AIRBUS HELICOPTERS has 
delivered the �rst H145 to the 
Royal Canadian Mounted Police 
(RCMP), the company announced 
on December 19, 2018.

The helicopter will be used 
by the RCMP Air Support Unit 
at Langley, British Columbia 
and will be mainly utilised in the 
Vancouver Lower Mainland region 

for a range of SAR, EMS and law 
enforcement missions.

Romain Trapp, President of 
Airbus Helicopters Canada, said: 
“With its enhanced safety features 
and reputation for reduced 
maintenance and excellent 
availability, the multi-role H145 is an 
ideal aircraft for multi-faceted law 
enforcement missions.” Nigel Pittaway
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Production H160 �ies

AIRBUS HELICOPTERS 
announced the maiden �ight of 
the �rst serial production H160 
helicopter, which occurred at 
Marignane on December 14, 
2018.

The H160 will be delivered to 
launch customer Babcock in 2020 
but in the meantime will join the 
three prototypes in the �nal stages 

of the �ight test campaign. 
The three prototype helicopters 

have already accumulated in 
excess of 1,000 �ight hours 
during the campaign and the �rst 
production example will be used 
to test that the modi�cations 
made for serial production will not 
impact upon the handling qualities 
of the helicopter. Nigel Pittaway
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Bundespolizei H215 Super Pumas
GERMANY’S BUNDESPOLIZEI 
(Federal Police) has taken delivery 
of three H215 Super Pumas, 
Airbus Helicopters announced on 
December 14, 2018. A fourth Super 
Puma will be delivered in early 2020 
and all four will be used to support 
the Central Command for Maritime 
Emergencies for maritime missions 
o� the German coast.

The helicopters will join the 
existing Bundespolizei �eet of 19 
AS332 L1 Super Pumas, 42 H135 
family helicopters, 19 H155s and 
eight H120s.

Thomas Helbig, Head of the 
German Federal Police Air Support 
said: “The H215’s speed, long-
distance performance and high 
availability rate in harsh conditions are 
well suited to meet the demanding 
needs of our maritime team.”

He added: “We’ve had a long 
and successful experience with the 
Super Puma, and [we] are eager to 
continue �ying them with this new 
version, the H215, which comes with 
a state-of-the-art glass cockpit and 
four-axis autopilot. Nigel Pittaway
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AW139 parapublic sales LEONARDO HELICOPTERS has 
recently achieved further success 
in the parapublic helicopter market 
on December 14, 2018, with the 
announcement sales of its AW139 to 
Italy’s Vigili del Fuoco (National Fire 
Service) and the Los Angeles Fire 
Department in the United States.

The Vigili del Fuoco has 
ordered three AW139s, including 
support and training services, 
under a contract valued at around 
€45 million, with options on an 
additional 12 helicopters.

Deliveries of the three AW139s 
on �rm order are expected to begin 
shortly and will be completed by 
the end of 2019. In service the 
helicopters will be used for maritime 
and mountain search and rescue, 
emergency medical services, 
�re�ghting, disaster relief and civil 
protection missions.

The AW139 was selected after 
a competitive tender that began 

in 2017. Mission equipment will 
include an external rescue hoist, 
underbelly cargo hook (with 
provision for a bambi bucket to 
be carried), weather radar, multi-
band and satellite communications 
systems, high de�nition electro-
optical infra-red sensors, Leonardo’s 
Optical Proximiti LiDAR System, 
night vision goggle capability and 
Trakka searchlight.

The Los Angeles Fire Department 
has ordered a �fth AW139 
helicopter, to be delivered from 
Leonardo’s North American facility 
in Philadelphia in the northern 
spring of 2019. The helicopter will 
be based at Van Nuys Airport and 
used for �re suppression, EMS and 
SAR missions. 

The four AW139 helicopters 
already in service with the LAFD 
have �own in excess of 7,000 hours 
since entering service in 2008.  
Nigel Pittaway

Leonardo

Polish Air Force University Robinson R44s
THE ROBINSON Helicopter 
Company announced on 
December 12, 2018, it has 
delivered two R44 Raven training 
helicopters to PHU Polinar, its 
Polish distributor. The two Ravens 
were delivered to the Polish Air 
Force University the following day.

The university was founded 
in 1927 and is an accredited 
state-owned institution o�ering 

undergraduate degrees for Polish 
military o�cers and commercial 
helicopter ratings for civilian 
students.

Both helicopters are �tted with 
an integrated glass cockpit with 
equipment including Garmin’s 
GDU 1060 TXi displays, GTN 750 
navigation and communications 
system and GTX 345 transponder. 
Nigel Pittaway

R
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An artist’s impression of the Boeing BBJ 777X, which Boeing claims will 
be the longest-range business aircraft ever built. Boeing

BOEING ANNOUNCED at the 
biannual Middle East and North 
Africa Business Aviation Association 
(MEBAA) show in Dubai on 
December 10, 2018, that it has 
launched the BBJ 777X, which it 
claims will be the longest-range 
business aircraft ever built.

The new aircraft will be based 
on the commercial Boeing 777X 
model, the �rst of which is currently 
undergoing �nal assembly on the 
company’s production line in Everett, 
north of Seattle.

The BBJ 777X will be available in 
two con�gurations, the 777-8, which 
Boeing said will o�er customers 
a range of 11,645 nautical miles 
(21,570km) with a cabin area of 
3,256ft 2 (302.5m2), and the 777-9 
with a larger cabin area of 3,689ft 2 
(342.7m2) and a range of 11,000 
nautical miles (20,370km).

Head of Boeing Business Jets 
Greg Laxton said: “Our most 
exclusive customers want to travel 
with the best space and comfort 
and �y directly to their destination. 
The new BBJ 777X will do this 
like no other aeroplane before it, 
rede�ning ultra-long-range travel.”

Boeing Business Jets unveiled 
three concept cabin interiors 
at the MEBAA show, one each 
from design �rms Greenpoint 
Technologies, Jet Aviation and 
Unique Aircraft Design.

In related news, Boeing Business 
Jets used its presence at the MEBAA 
event to announce it had sold one 
BBJ MAX aircraft to an unidenti�ed 
customer, bring the total number 
of orders for the MAX business jet 
family, based on the popular 737 
MAX family of commercial airliners, 
to 21 units. Nigel Pittaway

Boeing launches BBJ 777X

Global 7500 enters service
BOMBARDIER ANNOUNCED 
on December 20, 2018, that 
its �agship Global 7500 had 
celebrated its entry into service 
milestone with a ceremony at the 
company’s newly named Laurent 
Beaudoin Completion Centre in 
Montreal. The event was held in 
front of customers, suppliers and 
representatives from the business 
aviation industry.

President of Bombardier 
Business Aircraft David Coleal said: 
“Pride and excitement are profound 
understatements when it comes 
to the entry into service of our 
�agship Global 7500 aircraft. This 
revolutionary aircraft is the gateway 
to a transformed business aviation 
landscape and a very bright future.”

During its �ight test campaign, 
the Global 7500 exceeded 

its original commitments to 
customers, leading to a new 
published take-o� distance of 
5,800ft (1,768m) and a recorded 
speed of Mach 0.995.

Michel Ouellette, Senior 
Vice President, Programme 
Management and Engineering for 
Bombardier Business Aircraft, said: 
“Today’s celebration is a testament 
to the rigour and excellence of our 

Global 7500 aircraft programme, 
from the drawing board to entry-
into-service . . . Today, the world-
class, highly skilled team at the 
Laurent Beaudoin Completion 
Centre continues to carry on 
the tradition of delivering game-
changing large-cabin aircraft in 
Montreal, much like the original 
Global Express 20 years ago.”  
Nigel Pittaway
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G500s delivered to Qatar Executive
GULFSTREAM ANNOUNCED 
on December 31, 2018, that it 
had made the �rst deliveries 
of its new G500 aircraft to an 
international customer.

Qatar Executive, the executive 
charter division of Qatar Airways, 
accepted two G500s at Gulfstream’s 
production facility in Savannah, 
Georgia, on the above date. The 
aircraft will join �ve G650ERs already 
in service with Qatar Executive.

The G500 gained Federal 
Administration Type and Production 
Certi�cation in July 2018 and this 
was followed by Qatar Civil Aviation 
Authority validation of the US 
documentation in October.

Qatar Airways Group Chief 
Executive Akbar Al Baker said: 
“We are truly delighted to be the 
international launch customer for 
the all-new Gulfstream G500 jet. 
This state-of-the-art aircraft will set 
a new industry benchmark and will 
o�er our passengers an unrivalled 
�ying experience.”

Qatar Executive became the 
international launch customer 
for the aircraft in 2014, with an 

agreement for up to 30 Gulfstream 
aircraft, including the G500, G600 
and G650ER.

Akbar Al Baker added: “Qatar 
Executive and Gulfstream share 
a special and strong relationship, 
one which has grown over the 
years based on con�dence and 
mutual understanding. This 
relationship emphasises Qatar 
Executive’s commitment to 
provide an industry-leading 
product and service.”

In other Gulfstream-related 
news, the company announced on 
December 10, 2018, that its G650ER 
has achieved another performance 
record, this time shaving one hour 
and 48 minutes o� the previous 
world record time for a �ight 
between New York and Dubai.

The G650ER �ew from Teterboro, 
New Jersey, to Dubai to participate 
in the recent Middle East and 
North Africa Business Aviation 
Association in the United Arab 

Emirates. The aircraft completed 
the 6,142-nautical mile (11,375km) 
journey in 11 hours and two minutes 
at an average speed of Mach 0.90.

Details of the �ight have 
been submitted to the National 
Aeronautic Association and, if 
rati�ed, will be the 79th record 
achieved by the G650 family.

Over 325 G650 and G650ER 
aircraft are in service throughout the 
world, including more than 30 in the 
Middle East Region. Nigel Pittaway

Swiss Air-Rescue Rega’s third 
Challenger 650 air ambulance

BOMBARDIER HAS delivered 
a third Challenger 650, in air 
ambulance con�guration to Swiss 
Air-Rescue Rega.

The delivery was announced 
in Montreal on December 18, 
2018, and the aircraft is the �nal 
Challenger 650 ordered by the 
Swiss air ambulance company 
to replace its �eet of earlier 
Challenger 604 aircraft.

The new aircraft will be used 
to carry out urgent medical 
evacuations and repatriations of 
Swiss citizens around the world.

David Coleal, President of 
Bombardier Business Aircraft, 
said: “It is with the utmost 
con�dence and pride that we 
deliver a third Challenger 650 
aircraft to our partners at Rega: 
con�dence, because we know 

these aircraft have the reliability 
that is so important when lives 
are on the line, and pride [in 
seeing] the Challenger platform 
con�gured into the world’s most 
advanced air ambulance.”

Bombardier delivered all three 
aircraft to Swiss Air-Rescue Rega 
from its facility in Ontario, Canada, 
with the third handed over on 
December 17, 2018.

Swiss Air-Ambulance is a non-
pro�t foundation and a pioneer in 
medical evacuation. The company 
received its �rst Challenger 
604 in 1982 and in addition to 
the three new Challenger 650 
aircraft, which will specialise in 
the recovery of patients abroad, it 
operates a �eet of 17 helicopters 
for similar work within Switzerland. 
Nigel Pittaway

Bombardier

Gulfstream
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A RETURN to the days of routine 
supersonic passenger air travel, 
which ended in October 2003 
when Concorde retired, is still 
many years away.

However, steps towards a new 
era of supersonic passenger � ights 
are being taken with NASA’s Low-
Boom Flight Demonstration mission.

This programme has two 
goals. The � rst is to produce a 
piloted, largescale X-plane with 
technology that reduces the 
sound of a sonic boom to a gentle 
thump. The second is to � y that 
X-plane over select communities 
across the United States to gather 
data on human responses to 
low-boom � ights that will inform 
US Federal Aviation Administration 
decision-making about future 
overland supersonic � ights.

There have been two signi� cant 
steps forward in the Low-Boom 
Flight Demonstration programme 
recently. First, Lockheed Martin’s 
famed Skunk Works facility in 

Palmdale, California, has started 
producing components for the 
X-plane that will be used in the 
programme, the X-59 Quiet 
Supersonic Technology (QueSST) 
demonstrator.

Second, and just as signi� cant as 
the start of fabrication work for the 
X-plane, NASA recently undertook 
the Quiet Supersonic Flight 2018 
(QSF18) campaign o�  the coast 
of Texas, a series of research 
� ights measuring a community’s 
response to sonic booms.

The X-59 QueSST is the � rst 
NASA aircraft for 20 years to 
receive an X-plane designation. 
Designed from scratch to � y 
faster than sound using the latest 
quiet supersonic technologies, 
the aircraft will be 94ft (28.6m) 
long and have a 29ft 5in (8.9m) 
wingspan. Powered by a single jet 
engine, its design research speed 
will be Mach 1.42 at 55,000ft.

NASA awarded Lockheed Martin 
a $247.5 million contract in April 

2018 to build the X-59 QueSST 
and deliver it to its Armstrong 
Flight Research Center at Edwards 
Air Force Base by the end of 2021. 
Research � ights with the aircraft 
will start in mid-2022.

A Concept of Operations 
graphic for the Low-Boom Flight 
Demonstration mission released by 
NASA shows the testing campaign 
involving the X-59 QueSST will 
have three phases. Phases one 
and two will be conducted within 
the R-2508 Complex at Edwards, 
with over� ights of the base’s 
community (NASA’s facilities and 
some of its aircraft at Armstrong, 
including its F-15 and F/A-18, will 
support these phases). A third 
phase will see the X-59 deployed 
to communities in other parts 
of the United States to conduct 
“low-boom community response 
over� ight studies”.

It is this area, public acceptance 
of low-boom noise, which is 
crucial for the future viability of 

supersonic air travel (overland 
supersonic � ight in the United 
States has been prohibited since 
1973). The X-59 QueSST will 
gather data that will be used to 
develop what NASA calls “new 
sound-based rules” regarding 
overland supersonic � ight, which, 
the agency says, “would open the 
doors to new commercial cargo 
and passenger markets to provide 
faster-than-sound air travel”.

Another step in this public 
acceptance aspect of researching 
quieter supersonic � ying came 
recently when NASA measured 
how people on the ground 
respond to sonic booms with the 
QSF18 campaign, which tested a 
manoeuvre designed to create a 
quieter sonic thump.

The QSF18 campaign took 
place o�  the Texas coast and 
involved the Boeing F/A-18 from 
Armstrong Flight Research Center. 
During three weeks in November 
2018, the jet undertook � ights in 

Supersonic QueSST

An artist’s impression of the futuristic-looking 
X-59 QueSST, which will be used by NASA to 
research quiet supersonic � ight. NASA
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a track near to the coastal city of 
Galveston. Test pilots climbed to 
an altitude of around 50,000ft in a 
segregated block of airspace just 
o� shore before putting the aircraft 
into a supersonic, inverted dive. 
The manoeuvre was designed to 
create sonic boom shockwaves in 
such a way that they were quieter 
in a speci� c area.

NASA set up 20 audio sensors 
around Galveston to measure the 
acoustic exposure and recruited 
4,500 members of the public to 
respond to a survey about what 
they heard. NASA researchers will 
now match community feedback 
to the sound levels of the � ights 
gathered by the microphone 
monitor stations on the ground.

NASA’s Commercial Supersonic 
Technology Project Manager 
Peter Coen commented: “QSF18 
is a big step in NASA’s e� orts to 
understand what is required for 
acceptable supersonic overland 
� ight. This is the � rst time in 
decades that we have reached 
out to a large community as part 
of our supersonic research. NASA 
has performed similar tests at our 
Armstrong Flight Research Center, 

using similar sounds created by 
the same F/A-18. We’ve measured 
the noise levels and the impact 
on structures, as well as surveyed 
people for annoyance, to make 
certain that these tests are safe and 
well planned.”

Galveston was selected as the 
location for QSF18 because it 
ful� lled several criteria, according 
to NASA. The city’s island location 
made it “ideal for sound placement 
on population”, while the city’s 
population density and distribution 
presented an opportunity for “good 
survey participation”. Furthermore, 
NASA’s nearby Ellington Field 
facility made it easy to undertake 
aircraft operations while the 
Federal Aviation Administration had 
con� rmed the QSF18 operations 
would have a minimal impact on 
commercial � ight operations at 
nearby Houston.

The data from QSF18 will be 
collated and used to create what 
the agency calls “community 
response models” to provide a 
baseline against which the noise 
generated by the X-59 will be 
measured when it undertakes its 
supersonic � ight trials. Mark Broadbent

THE PAINTING of All Nippon 
Airways’ � rst Airbus A380 into a 
distinctive ‘Flying Honu’ livery was 
recently completed in Hamburg.

The livery on the aircraft, JA381A 
(msn 262), depicts a Hawaiian 
sea turtle, known as the honu in 
Japanese. The aircraft is named 
Lani (meaning sky). The two other 
A380s ordered by the airline will also 
feature versions of the same design, 
one in emerald green (to be named 
Kai, or ocean) and one in orange (to 
be named Ka La, or sunset).

All Nippon Airways will use its 
A380s on its Tokyo–Honolulu 

route. The airline’s super 
jumbos will be con� gured with 
520 seats, comprising eight in 
� rst class, 56 in business class, 
73 in premium economy and 
383 in economy.

JA381A will be handed over in 
the � rst quarter of the year and 
after the completion of crew 
training and route proving will 
start services on the Tokyo–
Honolulu route in May 2019. 
The second A380 is due to be 
delivered in July; no delivery 
date has yet been announced 
for the third jet. Mark Broadbent

AIR TANZANIA has become the 
� rst African airline to receive the 
Airbus A220, the twin-jet formerly 
known as the C Series and the 
newest addition to the Airbus 
commercial aircraft family.

The � rst of two A220-300s for 
the airline, 5H-TCH (msn 55047), 
was handed over at the A220 
assembly line in Mirabel shortly 
before Christmas, with the second 
(5H-TCI, msn 55048) due to follow 
in January.

The A220s will be used to 
develop Air Tanzania’s network to 
India and the Middle East from its 
home base at Dar es Salaam, with 

the airline’s Managing Director and 
Chief Executive O�  cer Ladislaus 
Matindi saying the aircraft would 
enable the airline to “expand our 
footprint in the growing African 
markets and beyond, as we unlock 
additional routes and regain our 
position as a key player in the 
African air transport market”.

Air Tanzania is the � fth airline 
to receive the A220 after Swiss, 
Air Baltic, Korean Air and Delta 
Air Lines. The aircraft, purpose-
built for the 100-to-150 seats 
market segment, is set to enter 
service with Delta next. 
Mark Broadbent
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SINCE THE start of routine 
commercial air services a century 
ago, the concept of giving 
controllers in the tower a direct 
view of operations so they can 
direct aircraft to, from and around 
an airport has remained constant.

Recently, however, a new concept 
has emerged: the remote digital 
tower, using new technology to 
create a new way of managing tra�c.

A digital tower uses high-
de�nition, day and night-visible, 
thermal and pan-tilt-zoom cameras 
to provide real-time images to air 
tra�c controllers sitting many miles 
away. The live feed of panoramic 
views captured by cameras is 
re-created as a large, seamless 
panoramic image. The view is then 
augmented with operational and 
sensory data from other sources, 
such as radar and �ight information 
on individual aircraft and the location 
of closed taxiways. Together, all the 
data is combined to provide the 
remotely located controllers with a 
360o view of an airport.

Cran�eld Airport in Bedfordshire 
has recently become the �rst airport 
in the UK to have an operational 
digital air tra�c control tower. 
The tower has been supplied by 
Saab Digital Air Tra�c Solutions. A 
statement from the airport’s owner 
and operator, Cran�eld University, 
said the airport is now working 
with the Civil Aviation Authority to 
complete the transition from the 
airport’s traditional tower to the new 
digital centre.

Saab Digital Air Tra�c Solutions, 
in partnership with Sweden’s air 
navigation services provider LFV, 
introduced the world’s �rst remote, 
digital air tra�c control tower in 
April 2015 at Örnsköldsvik Airport 
in Sweden after spending a decade 
developing the technologies.

A second digital tower was 
introduced at another Swedish 
regional airport, Sundsvall, in 2016, 
and digital tower trials have also 
taken place in various countries, 
including Australia, Hungary, France, 
Ireland and the United States.

Saab explains that at Örnsköldsvik, 
cameras and sensors located at the 
airport record what is happening, 
with a secure data network used to 
transfer images and data digitally 
to a facility in Sundsvall, from 
where the controllers manage 
Örnsköldvik’s tra�c. At Sundsvall, 
there are 4.5ft (1.3m) screens 
on the walls of an operations 
room presenting a “window-like 
360-degree view” over Örnsköldvik, 
which is 93 miles (150km) away.

Photos of the Cran�eld digital 
tower similarly show an ops room 
with large wall-mounted screens 
replicating the view seen through 
the windows of a traditional air 
tra�c control tower, with the live 
feed of panoramic views displayed 
on 14 screens.

Saab Digital Air Tra�c Solutions 
says that digitising and integrating 
airport functions improves a 
controller’s situational awareness 
by enabling quick and informed 

decisions and providing an ability to 
zoom in on aircraft and locate them 
in poor visibility.

The system adjusts the images 
automatically to account for sunlight 
and precipitation, so it is possible 
to follow an aircraft whatever the 
prevailing conditions. Di�erent types 
of information can be integrated into 
the same view on the screen, such 
as weather and wind force data.

The Swedish digital towers are 
located at relatively geographically 
remote regional airports that, 
although clearly important for the 
communities they serve, have just a 
handful of movements a day.

With its 20,000 movements a year 
(mainly business jets and research 
�ights), Cran�eld is busier than those 
Swedish airports, although of course 
it has nowhere near the number of 
aircraft movements of the major 
London airports nearby.

For Cran�eld speci�cally, the 
digital tower will contribute to the 
airport’s wider aerospace research 
and development work. The tower 
is part of the £67 million Digital 
Aviation Research and Technology 
Centre, scheduled to open in 2020, 
where one of the aims is “increasing 
the e�ciency of airports through 
technological advances”.

Moreover, the UK’s air navigation 
services provider NATS insists “it’s 
a total misconception that digital 
towers are only suitable for small 
airports” with low complexity and 
low tra�c volumes. It says remote 
air tra�c services over great 

distances are already provided: for 
example, in the form of the en route 
services provided for the North 
Atlantic tracks.

Steve Anderson, NATS’ Head of 
Airport Transformation, says: “We 
shift huge amounts of radar and 
communications data around a 
secure network every single day 
to provide a service in some of 
the world’s busiest airspace, so I’m 
absolutely con�dent we can do the 
same for any airport.”

Indeed, Cran�eld will not be the 
only airport in the southeast UK to 
have a digital tower. London City 
Airport’s new tower, due to open 
this year to replace the airport’s 
existing 30-year-old facility, is 
digital. The new tower will have 
360° HD cameras and sensors 
capturing views of the airport and 
operational data that will be sent via 
independent superfast secure �bre 
connections to a new control room 
at NATS’ Swanwick headquarters in 
Hampshire, some 80 miles (128km) 
away to the southwest. Again, 
Saab Digital Air Tra�c Solutions is 
providing the technology.

Introducing a digital tower to the 
London airports system will doubtless 
provide a case study for what NATS 
calls “the biggest transformation in 
air tra�c management since the 
introduction of radar”. Will digital 
towers become an ever-more 
common sight across the UK?  
Mark Broadbent

Digital towers

Cran�eld Airport is the �rst in the UK to have 
an operational digital air tra�c control tower, 
with HD cameras providing real-time images 
of the air�eld. Cran�eld University
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