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Introducing the Boeing Maritime Surveillance Aircraft. It combines proven ISR capability derived from the 

Boeing P-8 mission system with the Bombardier Challenger 605. The result is a low-risk, non-developmental 

system that delivers an affordable and superior multi-mission surveillance solution, sized to meet your 

operational requirements.

COMPLETE SURVEILLANCE CAPABILITY  
SIZED FOR YOUR MISSION.



27 January-2 February 2015 | Flight International | 3flightglobal.com

FLIGHT
INTERNATIONAL

27 JANUARY-2 FEBRUARY 2015

FLIGHT
INTERNATIONAL

KING CONVERTS
Single-aisles behind a 
surge in P2F work, but 
demand for widebody 
freighters stays weak 13

TOP OF THE PROPS 
From near-death case to 
regional market leader 
in a decade, why it has all 
gone so right for ATR 10

LIGHTNING BOLD
LOCKHEED READY 
TO UP PACE ON JSF 
PRODUCTION LINE
F-35 REPORT P32

27 JANUARY-2 FEBRUARY 2015

SPECIAL REPORT

LOST IN 
SPACE
With uncertainty over 
so many projects, does 
the future have a future?

9 7 7 0 0 1 5 3 7 1 2 7 3

0 5
£3.50 

VOLUME 187 NUMBER 5473

N
AS

A

COVER IMAGE
US astronaut Mike Hopkins 
changes a pump module on 
a spacewalk during the 
38th International Space 
Station mission, which 
concluded in 2014 P22
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Editor Murdo Morrison (left) 
and Finance Editor Olivier 
Bonnassies went to Paris for 
ATR’s annual press briefing. 
The Franco-Italian airframer 
revealed its best-ever results, 
following a decade in which it 
has transformed its previ-
ously ailing fortunes (P10)
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The amount of the priority search area on the sea floor that 
teams looking for the wreck of MH370 have covered so far 
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Thai Airways International 
has received its first of three 
on-order 777-300ERs – and 
its 75th direct delivery from 
Boeing. Aircraft HS-TKX joins 
an already 90-strong fleet, 
which Flightglobal’s Ascend 
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counts 52 other Boeings, 
including earlier 777s and 
737, 747 and 787 variants
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This week, we ask: Who will launch a 90-seat turboprop first? 

❑ ATR ❑ Bombardier ❑ Another manufacturer 
❑ There won’t be one
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Building momentum
Lockheed Martin looks to have cracked it with building three F-35 Lightning IIs a month, 
but must swiftly boost this rate to 20. Could there be more trouble coming down the line?

Lockheed also designed the  F-35 production system 
to support full-rate production across three unique 
variants. The key to meeting output demands at the 
final assembly stage – the electronic mating and align-
ment system (EMAS) – was initially a bottleneck, but 
appears to have reached maturity at current production 
levels. The number of EMAS platforms can be scaled 
up to support higher production rates.

There are still many challenges facing Lockheed. 
The current workforce at the final assembly stage alone 
would be trebled within four years if output quintuples 
as projected. Two final assembly and checkout lines in 
Italy and Japan must be established and reach maturity 
as the production rate escalates in Fort Worth, Texas.

Will the F-35’s software snags cause customers to 
defer more orders, and will the unit price decline as 
output grows? Lockheed’s production system had long 
been another such variable, but has now matured and 
stabilised. The most important question now is: has 
that progress come too late? ■

A complex global supply chain, unfamiliar structural 
materials and aircraft systems, a history of supplier 

bottlenecks and serial breakdowns on the assembly 
line: are we talking about the Lockheed Martin F-35 or 
the Boeing 787? Frustratingly, the answer is both.

Despite all of the challenges and setbacks, however, 
Boeing somehow managed to quintuple monthly 787 
output between January 2012 and January 2014, then 
deliver 114 of the composite-skinned, more electric 
Dreamliners over the last 12 months.

No one can accuse the F-35 programme of ramping 
up too quickly. A plague of technical and production 
delays has stymied the build rate at three aircraft per 
month for the past two years. But Lockheed is prepar-
ing to quintuple this or more over the next four years, 
rising to a system-wide total of 20 per month by the end 
of fiscal year 2019, if projected orders are realised. 

Can Lockheed replicate Boeing’s 787 ramp-up with 
the F-35 production system? There are many differ-
ences between a commercial and military programme. 

Boeing enjoyed a funded backlog of hundreds of air-
craft on firm order years ahead of the 787 production 
ramp-up. Lockheed is forced to make supply chain and 
tooling decisions based on yearly funding choices 
made through a highly uncertain and volatile appro-
priations process with multiple governments. The 787 
is among the most sophisticated commercial aircraft 
ever built, but faces nothing like the strict outer mould 
line tolerances imposed by radar stealth requirements. See This Week P7, Feature P32

Lockheed designed the 
F-35 production system to
support three unique variants

Final assembly is harder with stealth fighters

they want protection against all fatal risks, not just the 
risk of an event defined by insurers as accidental.

The industry has painfully acquired expertise in se-
curity at airports, and in onboard counter-hijack meas-
ures. But threats of being shot down and individuals – 
possibly employees – with malign intent; how does an 
airline guard against those? 

ICAO is trying to ensure airlines are privy to better 
intelligence about conflict zone risk, but identifying in-
dividual malign intent raises the spectre of human re-
sources departments adopting Big Brother tactics. 

Before the industry rushes into action, it should 
 remind itself how rare these events are. ■

Last year 537 people died on two separate Malaysia 
Airlines Boeing 777 flights. One of them – flight 

MH17 – was definitely not an accident, and the other, 
MH370, may not have been accidental either.

That’s a big loss of life. Airlines know what it takes to 
reduce accident risk, but they are not experts in counter-
ing the risk of being shot down – or obscurely motivated 
deliberate acts, if the latter was behind MH370’s loss.

Are these areas of expertise airlines must now ac-
quire if they are to retain credibility as a safe mode of 
transport? This is a valid question, because the public 
perception of airline safety in 2014 is that it was bad, 
although accident statistics say it was very safe. Pas-
sengers do not differentiate between causes of death, See News Focus P9

Rushing to judgement
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For more coverage about the 
the F-35 and other military 
programmes, go online to 
flightglobal.com/defence
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AFGHAN MD53O HELICOPTERS TO BE WEAPONISED
ACQUISITION Around 20 MD Helicopters MD530F utility helicop-
ters for the Afghan air force are to be weaponised for the close air 
support role. The aircraft had previously been understood as set for 
training duties, to operate alongside five training variants already in 
service. Deliveries are expected to begin by year-end. The Afghan air 
force lost one of its then six-strong fleet when it was destroyed by an 
improvised explosive device in 2013.

VISTAJET ESTABLISHES PERMANENT US PRESENCE 
CHARTER Swiss VIP charter operator VistaJet has established a 
permanent presence in the USA following a “positive reception” to 
its service, which launched in September 2013. A New York sales 
and marketing headquarters for the VistaJet US operation will 
promote its fleet of Bombardier Global 5000s, in collaboration with 
partner Wheels Up. The super-large business jets are operated and 
managed by Jet Aviation Flight Services.

AURORA WANTS WORLD RECORD FOR ORION FLIGHT
ENDURANCE Aurora Flight Sciences has filed for an official world 
endurance record following an 80h flight by its Orion unmanned air 
system. The previous official record of 30.5h was set in 2001 by the 
Northrop Grumman RQ-4 Global Hawk. The Orion flight took off on  
5 December 2014 and landed three days later. The programme 
 began in 2007 when Aurora was selected for the US Air Force 
Research Laboratory-sponsored Ultra Long Endurance contest.  
Orion made its first flight in August 2013.

FAA THREATENS FINES FOR HORIZON AND SKYWEST
MRO The US Federal Aviation Administration is proposing civil penal-
ties for regional carriers Horizon Air and SkyWest Airlines following 
violations of airworthiness regulations. It plans a $390,000 fine for 
Horizon for not inspecting transponders on Bombardier Dash 8 
Q400 aircraft within the required 24-month timeframe, and a fine of 
$450,000 for SkyWest for failing to properly maintain air condition-
ing units on four aircraft. Both airlines have 30 days to respond.

ISRAEL SCANS FOR F-15I RADAR UPGRADE
ENHANCEMENTS Israel is to upgrade its 25 Boeing F-15I strike 
aircraft, including installing a new active electronically scanned array 
radar. The most likely choice is Raytheon’s APG-82(V)1, which 
 already equips the US Air Force’s F-15Es and could be acquired by 
using Washington’s Foreign Military Funding allocation to Israel.

AUSTRALIA SEEKS MH370 RECOVERY BIDS
LOSS The Australian Transport Safety Bureau (ATSB) has issued a 
tender seeking recovery services in the event that missing Malaysia 
Airlines flight MH370 is located. Australia’s infrastructure minister 
Warren Truss says that responses to the expression of interest will 
allow the ATSB to assess which organisations are capable of under-
taking such an operation. A preferred supplier will then be chosen 
jointly by the Australian, Malaysian and Chinese governments.

ASCEND NAMED APPRAISER OF THE YEAR
AWARD Ascend Flightglobal Consultancy, a part of Flightglobal, has 
been named Appraiser of the Year at the 2015 Aviation 100 Awards 
Gala held at the Aviation Economics Growth Frontiers conference in 
Dublin. The award is voted by more than 10,000 industry peers and 
it is the fourth time in five years that Ascend has won.

BRIEFING

FLEET EDWARD RUSSELL WASHINGTON DC

777-300ER switch 
studied by United
Carrier considers swapping some Boeing widebody orders 
to large twin-aisle aircraft as part of its flexible fleet plan

LIGHT AIRCRAFT

Diamond takes up turbine DA50
Diamond Aircraft flew its turbine-powered DA50 for the first time on 
19 January. Dubbed the DA50-JP7 and scheduled to achieve certifi-
cation during 2016, the seven-seat aircraft was flown from the 
Austrian company’s Wiener Neustadt headquarters by chief execu-
tive Christian Dries and test pilot Ingmar Mayerbuch. The turboprop 
will be available in a standard model and a Tundra utility version with 
rugged landing gear. Built by Ukraine’s Motor Sich in collaboration 
with Ivchenko-Progress, its 465hp (347kW) AI-450S powerplant has 
a 20% lower fuel burn than similar turbine engines, Diamond says.
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United Airlines could convert 
some of its existing Boeing 

widebody orderbook to acquire 
10 777-300ERs, reports suggest.

“We are not currently consid-
ering purchasing incremental 
widebody aircraft,” the Chicago-
based carrier says. “We do, 
 however, have the ability to nego-
tiate the substitution of certain 
aircraft types for other aircraft 
types as part of our flexible fleet 
plan, and we are considering the 
777-300ER in this context.”

United has firm orders for 24 
787-9s and 27 787-10s, plus 
 options for another 10 -8-variant 
aircraft and a letter of intent for 
36 more Dreamliners, Flightglob-
al’s Ascend Fleets database 
shows. It also has firm orders for 
35 Airbus A350-1000s.

United’s comments follow a 
Bloomberg report which suggest-
ed that it is preparing to place an 
order for 10 777-300ERs.

The airline has a very “meas-
ured [and] metred” approach to 
replacing its widebody aircraft, 
chief financial officer John Rainey 
has previosuly said. This includes 
the nearly one-for-one replace-
ment of older assets as it has taken 
delivery of 14 787-8s and -9s since 
2013. The latter model is replac-
ing 767-300ERs, while its future 
A350s are planned to replace 23 
747-400s from 2018.

Converting existing Boeing or-
ders to the 777-300ER could pro-
vide a quicker replacement for 
the 747s. Boeing also has delivery 
slots available beginning in 2016, 
Ascend shows, with 75 deliveries 
scheduled against an annual pro-
duction target of about 100. 

Seattle could also offer the 777-
300ER at a lower capital cost than 
its 787 variants, as it is known to 
be seeking “bridge” orders for 
 deliveries through to the introduc-
tion of the 777X in 2020. ■
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MRJ approaching 
first flight as P&W 
throttles up testing
THIS WEEK P8

DEVELOPMENT DAN PARSONS WASHINGTON DC

Test delays fuel F-35 schedule doubts
“Slower than planned” software trials could put pressure on Lockheed as it scrambles to meet Marines’ operational goal

Lockheed Martin’s F-35 
 programme missed key soft-

ware testing milestones last year 
necessary for the US Marine 
Corps to field its first combat-
ready jets, while those aircraft al-
ready delivered remain unrelia-
ble and difficult to maintain, says 
a report by the US Department of 
Defense’s director operational 
test and evaluation (DOTE).

The programme has been fo-
cused on completing testing nec-
essary for the release of software 
iteration 2B, which will enable 
the USMC to declare initial oper-
ational capability (IOC) later this 
year with what the report calls 
“limited combat capability”.

“Slower than planned progress 
in mission systems, weapons in-
tegration and F-35B flight scienc-
es testing delayed the completion 
of the testing required for Block 
2B fleet release,” the report says. 
“The programme now projects 
this to occur by the end of Janu-
ary 2015.” The Pentagon’s F-35 
Joint Program Office (JPO) says 
that about 60% of the overall test 
programme is now complete, and 
that challenging work remains. 
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The army is seeking improvements in speed and endurance

The Italian army is seeking a 
package of improvements for 

its AgustaWestland AH-129D 
(AW129) Mangusta attack heli-
copters, says aviation command-
er Brig Gen Antonio Bettelli.

Two options have been under 
consideration, Bettelli says: to 
“exploit the current Mangusta”, 
or acquire a new attack helicopter 
derived from the same manufac-
turer’s AW149. “The risks related 
to the programme were consid-
ered too high and [with] the time 
requirements [we] dismissed the 
second option,” he says. “So we 
are now considering an upgrade 
of the ‘Delta’.”

The army is looking for en-
hancements in speed, endurance, 
altitude, situational awareness, 
human-machine interface and in-
formation exchange/command 
and control, and to reduce crew 
handling and workload burdens.

“With this we will not reach 
100% [capability], but will have 
something not far away,” Bettelli 
told Defence IQ’s International 
Military Helicopter conference in 
London on 21 January. 

Bettelli admits that an aspira-
tion to have the enhanced rotor-
craft in service by around 2020 
“depends on money”, but notes: 
“we absolutely need this”.

Meanwhile, the army expects 
its first Textron Systems Shadow 
200s to join its aviation invento-
ry in June. The tactical un-
manned air vehicles will be op-
erated in conjunction with the 

service’s Mangustas. The new 
combination “will provide army 
aviation with new, appealing ca-
pabilities and this must be ex-
ploited as much as possible,” 
Bettelli says. ■

UPGRADE BETH STEVENSON LONDON

Rome targets Mangusta 
enhancement package

U
S 

M
ar

in
e 

Co
rp

s

An initial 10 STOVL aircraft should be combat-ready by 1 July

Overall, test flights in 2014 
outpaced the planned schedule 
set by Lockheed and the JPO, but 
test-point accomplishment for 
software blocks 3B and 3i lagged, 
the DOTE report says. The pro-
gramme also failed to complete 
all of the weapons delivery accu-
racy tests planned for 2014, be-
cause of deficiencies found in the 
aircraft’s navigation system.

In response, Lockheed says: 
“The report points to known chal-
lenges previously identified and 
[which] are the normal discover-
ies found in a test programme of 
this size and complexity.”

Flight testing for all three vari-
ants was halted for several weeks 

after a June engine malfunction 
which caused a US Air Force 
F-35A to catch fire. Testing of the 
conventional take-off and land-
ing model was further delayed 
because of the focus on the Ma-

rines’ 1 July 2015 IOC deadline, 
the report finds, referring to “re-
duced test point availability and 
slowed progress in mission sys-
tems and flight sciences testing 
from July through November”.

The report also found “overall 
suitability” of the three variants 
to be lacking and that reliability 
and maintainability for fielded 
jets “relies heavily on contractor 
support and unacceptable worka-
rounds”. Availability for all vari-
ants has held at 50% or above 
since October, the JPO says.

It remains uncertain whether 
the USMC will be able to meet its 
operational deadline, but the ser-
vice’s first 10 short take-off and 
vertical landing F-35Bs are now 
fully cleared to release weapons, 
with the relevant portion of the 
Block 2B software having com-
pleted the necessary testing.

Live fire ground testing of the 
F-35B was completed in early 
September. Separation testing 
with a 113kg (250lb) Boeing 
 GBU-39 small diameter bomb was 
then completed in November. 

An F-35 also fired two 
 Raytheon  AIM-120 AMRAAM 
missiles and released a Boeing 
joint direct attack munition during 
weapon delivery accuracy tests, 
marking the programme’s first su-
personic guided launches. ■
See Feature P32

It remains uncertain 
whether the USMC 
will meet its deadline
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AAR wins £180m Falklands SAR deal
CONTRACT DOMINIC PERRY LONDON

DEVELOPMENT MAVIS TOH SINGAPORE

MRJ approaching first flight 
as P&W throttles up testing
Firm aims to certificate jet’s PW1200G engine in 2016, six months after airborne debut

FINANCING STEPHEN TRIMBLE 
WASHINGTON DC

Bombardier at 
risk of ratings 
cut – Moody’s
Two credit agencies – Moody’s 

and Fitch – have issued new 
warnings on Bombardier’s ability 
to pay its bills.

The warnings come after 
 Bombardier lowered its cash 
flow guidance for 2014 and in-
definitely paused the Learjet 85 
flight test programme.

For now, both agencies have af-
firmed the company’s current 
debt rating, but caution that a 
downgrade is possible.

Fitch says Bombardier faces a 
downgrade of “at least one 
notch” from a speculative-grade 
BB- rating if the company does 
not resolve several concerns 
within the next six months. 
These include that its cash bal-
ances could decline from a cur-
rent $2.4 billion to below a 
threshold of $2 billion, it adds.

Moody’s is similarly worried 
that Bombardier will soon need 
to issue debt to pay its bills. Al-
though describing the company’s 
current cash balance as adequate, 
it has concerns that lower reve-
nues and higher costs for devel-
opment programmes such as the 
CSeries could prevent the firm 
from meeting its existing debt 
covenants, and is reviewing its 
current rating for a downgrade.

On 15 January, Bombardier 
recognised a $1.4 billion forward-
loss on the Learjet 85 develop-
ment programme. The midsize 
business jet was halted due to 
continued weak demand in the 
overall light jet market.

The manufacturer – which has 
reaffirmed that the CSeries pro-
gramme remains on track to enter 
service by the end of 2015 – will 
release its fourth quarter and full-
year earnings on 12 February. ■

The warnings come
after  Bombardier 
lowered its cash flow 
guidance for 2014 Pratt & Whitney is aiming to 

have its PW1200G geared tur-
bofan certificated in 2016, more 
than half a year after Mitsubishi’s 
MRJ regional jet is due to take its 
first flight.

Responding to queries from 
Flight International, the engine 
manufacturer says it has conduct-
ed “a wide range” of tests on seven 
engines and three cores. These in-
clude flight, component efficiency, 
component stress, ingestion and 
engine endurance testing. P&W 
will not disclose how many flight 
hours the engine has accumulat-
ed on its flying testbed, however.

US-based defence contractor 
AAR has been awarded a 

 10-year contract by the UK 
 Ministry of Defence to provide 
helicopter search and rescue 
(SAR) and support services in the 
Falkland Islands.

Valued at around £180 million 
($275 million) the deal, which 
will go live in April 2016, will 
see AAR’s airlift division 
 working alongside British Inter-
national Helicopters – the current 
 provider of rotary-wing support 
services on the islands – and Air 
Rescue Systems.

The partners plan to deploy 
AgustaWestland AW189s and 
Sikorsky S-61s for the require-
ment, although the exact number 
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Mitsubishi’s orderbook for the twinjet stands at 375 aircraft
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British International Helicopters already uses S-61s for support

of each type has not been speci-
fied. SAR cover for the Falkland 
Islands and surrounding waters 
is presently provided by the 
Royal Air Force using Westland 
Sea Kings, which are to be pro-
gressively retired from use from 
April 2015.

Bristow Helicopters, which 
will begin taking over SAR 
 operations in the UK from April 
this year, had been considered a 
favourite for the contract. 

Avincis, CHC Scotia and 
 Cobham had also been on the 
MoD’s shortlist. ■

“We are now in the process of 
completing the required certifica-
tion tests of the production en-
gine configuration,” a company 
official says.

P&W has so far delivered two 
PW1200G engines to Mitsubishi 
Aircraft. These have been mount-
ed on to the MRJ programme’s 
first flight test aircraft, and a first 
on-wing engine run has been suc-
cessfully conducted.

“P&W has a sizable on-site 
team assisting Mitsubishi Aircraft 
with the integration of the pro-
pulsion system into the aircraft, 
supporting assembly and flight 

test preparation. Significant ef-
forts on software as well as hard-
ware integration and validation 
continue,” the official adds.

P&W has been flight testing 
three versions of the PW1000G 
geared turbofan, also including 
the PW1100G for the Airbus 
A320neo and the PW1500G for 
Bombardier’s CSeries.

Transport Canada certificated 
the PW1500G seven months be-
fore the CSeries made its first 
flight in September 2013. Engine 
certification typically precedes 
the first flight of an aircraft, but 
certification of the PW1100G was 
only completed last December – 
two months after the A320neo 
made its first flight.

Mitsubishi’s MRJ orderbook 
stands at 375 aircraft: 191 firm, 
160 options and 24 purchase 
rights. Japan Airlines has also 
signed a letter of intent for 32 of 
the regional jets. The MRJ90 is 
scheduled to make its first flight 
in the second quarter of this year, 
and to enter service in 2017. ■
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Can ATR cope  
with success
NEWS FOCUS P10

Visit our Learmount blog for 
more about safety topics: 
flightglobal.com/learmount

Commercial airliner losses in 2014 raised the difficult question of where the industry’s responsibilities start and stop

More than a numbers game
SAFETY DAVID LEARMOUNT LONDON

If a large number of passengers 
and crew die on a commercial 

airline flight because of an event 
that was not an accident, is it 
valid to exclude the incident 
from safety statistics? After all, 
passengers boarding a flight want 
to be assured that their lives are 
not at risk from any cause.

This is a particularly apposite 
question to apply to airline losses 
in 2014, when 969 people died 
while travelling on commercial 
airline flights.

One of the crashes – Malaysia 
Airlines flight MH17 – was not 
the result of an accident: the Boe-
ing 777 was shot down in July 
above a conflict zone in eastern 
Ukraine by a surface-launched 
guided missile, and all 298 peo-
ple on board were killed. Anoth-
er of the carrier’s 777s, operating 
flight MH370 from Kuala Lum-
pur to Beijing, went missing in 
March with 239 people on board 
and still has not been found.

If the loss of MH370 also turns 
out to have been a deliberate act, 
rather than an accident, the statis-
tics for 2014 would look dramati-
cally different, with a reduced total 
of 432 deaths. But if that proves to 
be so, is it a valid decision to ex-
clude all 537 deaths on the two 
Malaysia Airlines flights from 
safety figures? Aviation insurers 
would say yes, because they need 
to know whether the payout 
comes from their war risk or acci-
dent losses purses – but those who 
lost friends and family are just as 
bereaved, whatever the cause.

DELIBERATE ACTS
Accidents are mishaps caused by 
circumstances that conspire to 
cause damage to an aircraft and/
or those on board. Deliberate acts 
intended to cause such damage 
are, by definition, not accidents – 
but when they occur they are 
often the cause of death. Are the 
airlines and air transport industry 
responsible for foreseeing – and 

preventing – deliberately hostile 
acts, just as they are for working 
to reduce the risk of accidents to 
the lowest possible level?

Passengers are all too familiar 
with the measures at airports 
and on board aircraft designed to 
prevent hijack or sabotage.

But how is an aircraft being shot 
down to be prevented? Israel-regis-
tered commercial airliners and 
some VVIP aircraft have been fit-
ted with missile countermeasures, 
but other aircraft lack this equip-
ment. However, as most shoot-
downs occur in conflict zones, the 
answer appears to be to avoid 
them. That sounds easy, but what 
is the definition of a conflict zone? 
Since MH17’s loss, ICAO has set 
up a conflict zone task force 
(CZTF) to answer such questions, 

and to devise a workable global 
system that will provide airlines 
with up-to-date risk information.

In October 2001 a Sibir Airlines 
Tupolev Tu-154 was accidentally 
shot down by a Ukrainian surface-
to-air missile while crossing the 
Black Sea on a commercial flight 
from Tel Aviv, Israel to Novosi-
birsk, Russia, killing 78 people. 
This was not a conflict zone – the 
aircraft was flightplanned and fol-
lowing an established airway – Ki-
ev’s forces were carrying out exer-
cises on the Crimean peninsula 
when a missile aimed at a target 
drone missed and hit the airliner.

Airports Council International 
director general Angela Gittens, 
who has been working with the 
CZTF, sums up just a couple of the 
difficulties: “What we need to ad-
dress is the fact that some states 
may not have the capabilities or 
willingness to provide relevant in-
telligence in a consistent manner. 
Along every step of the traveller’s 
journey we need to make sure that 
we have actionable intelligence 
relating to threats.”

Olumuyiwa Benard Aliu, ICAO 
council president, says the organi-
sation “has been strongly encour-
aged by the level of support for our 

global role, which is reflected in 
Security Council Resolution 2166. 
The use of weapons against inter-
national civil aviation absolutely 
cannot be tolerated, and we stand 
closely alongside Malaysian offi-
cials as they continue to deal with 
the aftermath of this tragedy.”

IDENTIFYING ISSUES
The security threat posed by what 
happened to MH370 is more diffi-
cult to counter. If its disappear-
ance was the result of a deliberate 
act by someone on board, the sys-
tem appears to have failed to iden-
tify a dangerously emotionally 
unstable person. But the system is 
not set up to do that, even for a 
member of the crew.

Psychologist James N Butcher, 
writing in the International Journal 
of Selection and Assessment, says: 
“Personality and emotional factors 
have been found to impact [pilot] 
job performance; however, most 
airlines do little in the way of psy-
chological assessment at the initial 
hiring stage or throughout the pi-
lot’s career to detect potential per-
sonality problems or emotional 
disorders. Much is known about 
the personality and mental health 
factors that could affect perfor-
mance of pilots, but little of this 
information has been incorporated 
in pilot screening programmes.”

While there have been four fatal 
crashes since 1994 known or be-
lieved to have been caused by pi-
lots who had a suicide or revenge 
motive, these events are vanish-
ingly rare in the context of the 
number of flights that have taken 
place worldwide in that time.

Pilots are already in one of the 
most frequently performance-
checked professions. Any pro-
posal to add regular psychologi-
cal screening would have a 
chilling sound to it. ■
See Air Transport P11

The security threat highlighted by MH370 is a tough one to counter
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“Personality and 
emotional factors
have been found to
impact [pilot] job
performance”
JAMES N BUTCHER 
Psychologist
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For a company that came close 
to running out of orders a dec-

ade ago, the challenge of energis-
ing a supply chain to build more 
than 100  aircraft a year must 
seem a nice problem to have.

Such has been ATR’s recovery 
from the dark days of the early 
noughties that it now dominates 
not just the market for 
 turboprops – with an 80/20 
share over sole  rival Bombar-
dier’s Q400 – but the  entire seg-
ment for  regional aircraft up to 
90 seats, where it claims a 47% 
unit sales market share in 2014.

On 21 January, the Franco- 
Italian joint venture – which 
 produces the 72-seat ATR 72-600 
and its 42-seat sibling the ATR 
42-600 – confirmed 2014 as its 
best-ever year, with a record 160 
firm orders (133 for the ATR 72) 
and record deliveries of 83 units 
resulting in a backlog of 280 
 aircraft, ATR’s biggest yet.

ACHIEVEMENT
Now, the key priority for new 
chief executive Patrick de 
 Castelbajac is continuing a rapid 
ramp-up in which the airframer 
– jointly owned by Airbus Group 
and Finmeccanica subsidiary 
Alenia Aermacchi – has in-
creased production by 60% over 
the past five years. Output will 
rise to 90 aircraft this year and 
nudge into three figures in 2016.

That may still make it a min-
now compared with Toulouse-
based neighbour and half-sister 
Airbus, but it is a remarkable 
achievement “when you consider 
where we were a few years back”, 
argued de Castelbajac at ATR’s 
annual media briefing in Paris. 

In many cases, it means a new 
relationship with suppliers that 
were comfortable satisfying an 
annual output in low double fig-
ures – but might be nervous 
about keeping pace with a pro-
duction line delivering two air-
craft a week.

“When you go up by 60% in 
five years, it doesn’t do it by 
 itself,” says de Castelbajac. “It 
means supporting some of the 
weaker parts of our supply chain. 
Our volumes are much smaller 
than Airbus and we have to be 
careful that our suppliers give us 
the right level of priority. We 
don’t want them saying: ‘I will 
 invest everything into Airbus.’”

As output edges towards an ex-
pected “plateau” of “100 aircraft 
or slightly more”, ATR is also keen 
to maintain a book-to-bill ratio of 
at least one to preserve its three-
year backlog. However, after the 
manufacturer’s strong 2014, de 
Castelbajac expects  demand to 
soften as a result of output 
 constraints and concerns over 
volatile oil prices after a long 
 period of expensive fuel that fed 
demand for thriftier turboprops.

“Our objective this year is to be 
more conservative after a fantas-
tic year,” he says. “We don’t have 
that many aircraft to sell in the 
short term and there will be wor-
ries among airlines over fuel-
price volatility. It is normal that 
we will see things balancing 
down a bit.”

That said, de Castelbajac does 
not expect the oil price to have a 
significant negative effect on 
ATR’s sales prospects. In fact, he 
insists, cheaper fuel will give 
“airlines more cash to renew 
their fleets”. In addition, he says, 
turboprops will retain a competi-
tive advantage over jets over a 
 period of time. 

“When we sell an aircraft, we 
sell it for 25 years. Does anyone 
believe the fuel price will be 
where it is today in 15 or 20 
years? The best way to hedge that 
bet is with our product,” he says.

SHAREHOLDERS
Recalling the short-lived surge in 
demand for smaller regional jets 
when the fuel price fell sharply 
around the turn of the millenni-
um, he adds: “I hope the industry 
has some memory. A lot of these 
small jets were grounded when 
the price began to rise again. 
When I talk to airlines, they are 

concerned, but they know our 
game is a long-term game.”

Despite de Castelbajac’s 
 insistence that the manufactur-
er’s focus is on adding orders for 
its existing models and deliver-
ing on its commitments, the 
 elephant in any room ATR finds 
 itself in remains the long-mooted 
90-seat turboprop. 

In Paris, the chief executive 
again sidestepped questions 
about a  possible launch, ac-
knowledging that disagreement 
between the two shareholders 
has created an  impasse.

“We have two shareholders. 
One is very willing to go down 
that route. One is not very willing 
to go down that route,” he says.

IMPROVEMENTS
Alenia Aermacchi is keen to de-
velop a larger aircraft than the 
Pratt & Whitney Canada PW127-
powered ATR 72, which would 
require an all-new airframe and a 
different engine. Airbus Group is 
sceptical, content to reap the 
 benefits of a 280-strong backlog 
without investing in a clean-
sheet programme. The stalemate 
has raised questions about the 
 future of the joint venture.

Instead, ATR says it is 
 concentrating on incremental 
programme improvements. It last 
year introduced, with P&WC, a 
higher-thrust PW127 variant, the 
PW127N, to give the ATR 72 
more capability at hot-and-high 
airports. It also plans to add 
 capacity by developing a 78-seat 
interior this year. 

“It is feasible and we are work-
ing with the authorities to get 
there,” says de Castelbajac.

Other than that, he leaves the 
door open for a possible product 
announcement, perhaps at June’s 
Paris air show. “We have many 
ideas about ways to improve the 
aircraft and in the coming 
months we will be agreeing on 
what to do,” he says. ■

Can ATR cope with success? 
TURBOPROPS MURDO MORRISON PARIS

After its best-ever year, French manufacturer faces challenges of ramp-up, maintaining sales and future product direction

“When you go up by 
60% in five years, it 
means supporting 
some parts of our 
supply chain”
PATRICK DE  CASTELBAJAC 
Chief executive, ATR

The company took 133 orders for its ATR 72 turboprop last year
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looking to buy 
Russian
AIR TRANSPORT P12

ICAO is to host a prototype cen-
tralised system intended to pro-

vide information on conflict 
zones, enabling airlines to assess 
route risks in the wake of the loss 
of Malaysia Airlines flight MH17.

But the organisation has also 
highlighted the difficulties of cre-
ating a reliable system and esti-
mates it will cost some $2.5 mil-
lion – around 3% of its annual 
$240 million budget – requiring 
“substantial contribution” from 
member states.

ICAO has detailed progress on 
the effort in a series of documents 
prepared for February’s high-level 
safety conference in Montreal. 
The work has been led by a dedi-
cated task force set up after MH17 

INVESTIGATION

Jakarta reveals rapid shift in Indonesia AirAsia flight profile
Indonesia’s parliament has been 
told that the Indonesia AirAsia 
Airbus A320 which crashed into the 
Java Sea last December climbed 
rapidly before its fatal descent.

The aircraft climbed at 6,000ft/
min and then descended 7,900ft in 
the space of 45s, transport minister 
Ignasius Jonan stated.

He was briefing the parliament on 
the latest findings in the flight 
QZ8501 investigation on 20 January.

There is no immediate indication 
as to the reason behind the rapid 
climb or the subsequent descent, 
nor any details on the flight-control 
law under which the A320 was oper-
ating at the time.

The aircraft’s crew had requested 
a climb to 38,000ft from its 
 assigned altitude of 32,000ft, while 
in the vicinity of poor weather, 
 during the service to Singapore on 
28 December.

Investigators have previously stat-
ed that the aircraft had been cleared 
to climb only to 34,000ft. ■

Growth plans prompt VietJet to size-up turboprops 
FLEET GREG WALDRON SINGAPORE

Low-cost carrier VietJet Air 
could obtain turboprop air-

craft by the end of 2015, as it fo-
cuses primarily on the strongly 
growing Vietnam market.

The carrier, which operates 20 
Airbus A320s, has a team explor-
ing whether to acquire ATRs, 
Bombardier Q400s or Embraer 
regional jets, says managing di-
rector Luu Duc Khanh.

“If we decide to do it, we could 
announce a decision this year,” 
he says.

Luu estimates that only three 
to five domestic destinations 
could be added to the VietJet net-
work using A320s, creating an 

opportunity for the carrier to use 
smaller aircraft to destinations 
where load factors will not sup-
port the Airbus type.

VietJet’s rival, Vietnam Airlines, 
operates 12 ATR 72-500 aircraft 
on domestic and regional routes 
within Indochina. Flightglobal’s 
Ascend Fleets database show it 
owns seven ATRs and leases five 
from Vietnam Aircraft Leasing.

Luu adds that domestic growth 
in Vietnam is very strong. VietJet 
carried three million passengers 
in 2013, six million in 2014, and 
hopes to carry 12 million in 2015. 
Of VietJet’s passengers, 30% have 
never flown before. ■

was destroyed over Ukraine, prob-
ably by hostile action, last July.

The prototype web-based sys-
tem will comprise a secure area 
through which authorised users 
and agencies can submit safety 
information and a publicly acces-
sible site to display the data.

ICAO says that, along with the 
burden on its “scarce resources”, 
its hosting of the system demands 
that specific obstacles will need to 
be managed – notably the poten-
tial for users to supply public in-
formation which might be unreli-
able, inaccurate or contradictory.

The task force looked into 
using the NOTAM system as a 
platform from which to provide 
up-to-date risk notification.

information may be verified,” it 
states, acknowledging that a 
number of legal and operational 
issues need to be resolved.

Pan-European air navigation 
organisation Eurocontrol has 
demonstrated to the task force its 
own prototype system for sharing 
conflict data.

Although ICAO is prepared to 
act as host, its role will be limited 
to making available original state-
supplied information on risks to 
civil aircraft, and a disclaimer 
will need to be agreed which clar-
ifies that the system will not be a 
substitute for countries’ notifica-
tion and reporting obligations. ■

SAFETY DAVID KAMINSKI-MORROW LONDON

Airlines to share conflict zone data
System to be hosted by ICAO, which warns reliable risk-assessment platform will require “substantial contribution”

MH17 shot down over Ukraine
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VietJet’s A320s are too big for some potential destinations

But while this represents a 
“significant advance” on current 
practice, says the ICAO docu-
mentation, the task force believes 
the NOTAM system “does not al-
ways provide enough visibility” 
to ensure that those relating to 
conflict risks can easily be identi-
fied for particular flight scenarios.

Using NOTAMs will “not con-
stitute a sufficient response” or a 
“completely satisfactory” method 
of disseminating information, it 
adds, and the task force is recom-
mending the use of supplementa-
ry safety and security information.

“Further work remains to be 
done on determining what other 
types of information can be ex-
changed and how the sources of 
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Less dependence on external 
suppliers is being singled out 

as a priority for Russian conglom-
erate United Aircraft (UAC) by its 
newly elected president and 
chairman Yuri Slusar.

“We are facing major challenges, 
including improving the efficiency 
and forming our own resources for 
sustainable development of the 
corporation,” says Slusar, making 
his first statement since the board 
of directors elected him to a five-
year term.

He replaces Mikhail Pogosyan 
after a transformative eight years 
that saw the introduction of the 

Sukhoi Superjet for the regional 
market, the launch of the Irkut 
MC-21 narrowbody and Sukhoi’s 
T-50 stealth fighter unveiled.

Slusar also expressed gratitude 
to Pogosyan, who will remain at 
UAC as general designer.

But the former deputy minister 
of trade and industry for aviation 
is aware of political forces re-
shaping the conglomerate’s strat-
egy for the commercial market.

Pogosyan introduced the Su-
perjet and launched the MC-21 
with significant help from Western 
suppliers, especially engine mak-
ers Snecma and Pratt & Whitney.

Slusar may focus on making 
Russian design bureaux less reli-
ant on Western technology. Avi-
advigatel, a Russian engine 
maker, is already developing the 
PD-14 high bypass turbofan en-
gine for the MC-21.

Slusar’s domain will now in-
clude all the major Russian de-
sign bureaus: Sukhoi, RAC MiG, 
Irkut, Yakovlev, Tupolev as well 
as Myasishchev.

Meanwhile, Russia’s deepening 
economic crisis prompted operat-
ing lessor AerCap to remove nine 
aircraft from the market during the 
recent holiday season.

Rolls-Royce will increase pro-
duction rates of engines and 

fan blades at its Seletar campus in 
Singapore by five and two times 
respectively, by the end of 2016.

R-R’s Seletar Assembly and 
Test Unit (SATU) facility, which 
produces Trent 900 and 1000 en-
gines, also manufactures fan 
blades for Trent XWB engines.

“[SATU] currently produces 
one engine per week on average 
– representing a 20% capacity,” 
says R-R Singapore’s senior 
country manager, Bicky Bhangu. 
“At full capacity, we could pro-
duce one engine every one-and-
a-half days.” 

This would mean SATU man-
ufacturing up to 250 engines a 
year by the end of 2016.

DELIVERY

Superjet’s Red-letter day
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Russian carrier Red Wings has taken delivery of a 
Sukhoi Superjet 100, becoming a new operator of 
the type. The aircraft (RA-89021) was formerly 
operated by Moskovia Airlines before it collapsed 
last year. Red Wings received the PowerJet 
SaM146-powered aircraft on 19 January, when it 
was ferried to Moscow Domodedovo airport.

“Over the course of the Christ-
mas holiday, we took nine air-
craft [and] seven of them have 
been moved on already, so we are 
not seeing contagion,” said chief 
executive Aengus Kelly at a con-
ference in Dublin last week.

AerCap, as the largest lessor by 
fleet value, has the greatest expo-
sure to the region.

Sources indicate that the air-
craft comprise nine Boeing 757s 
with Moscow-based Nordwind 
Airlines – but AerCap declines to 
confirm this. During the same 
month, sources say, Nordwind 
had two 757s repossessed in 
Phuket by another lessor. ■
Additional reporting by Laura 
Mueller in Dublin

ECONOMICS STEPHEN TRIMBLE WASHINGTON DC

United Aircraft looking to buy Russian
Avoiding reliance on Western technology is high on the agenda for conglomerate’s new boss as economic crisis deepens

On fan blades, Bhangu says 
over 50% of the company’s total 
orderbook comes from the Asia-
Pacific region. 

He adds that SATU currently 
manufactures around 3,600 fan 
blades per year, a figure that will 
be increased to 7,600. ■

Pogosyan launched Superjet

Ro
lls

-R
oy

ce

R-R’s Trent 1000, produced at Seletar, powers the Boeing 787
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Japan’s Fuji Heavy Industries 

(FHI) has started construction 
of a new factory to produce cen-
tre wing boxes for the Boeing 
777X series at its Handa plant.
The facility will be completed in 
2016, as part of a Y10 billion 
($84.5 million) capital investment 
programme for the new model, 
backed by a subsidy by the Aichi 
Prefecture government.

FHI’s Handa plant already pro-
duces centre wing boxes for the 
current 777 and 787, and Kawa-
saki’s P-1 maritime patrol aircraft.

Boeing has signed agreements 
with several Japanese companies, 
through which around 21% of the 
777X’s major structural compo-
nents will be produced in Japan. ■

PROGRAMME

Fuji builds its 
Boeing bonds 
with 777X deal

POWERPLANTS AARON CHONG SINGAPORE

Seletar capacity gives Rolls-Royce an 
opportunity to shift into a higher gear
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Malaysia guns for 
fleet enhancement
DEFENCE P14

US courier company FedEx received 14 of the 20 757s converted last year, while 36 re-roled 737s also found their way to customers – mainly in China

Last year saw a 10% increase in 
global passenger-to-freighter 

(P2F) conversions to 70 aircraft, 
driven by growth in narrowbody 
conversions, while extreme 
weakness continued to dog the 
widebody conversion market.

Figures from Flightglobal’s As-
cend Fleets database shows that 
62 narrowbody freighters were 
converted in 2014, up from 50 in 
2013. The two most converted 
types, by a large margin, were the 
Boeing 737, with 36 conversions, 
and the 757, with 20 conversions.

Among 737s, 12 -300s and 24 
-400s underwent P2F conver-
sions in 2014. The majority of 
these aircraft will operate with 
Chinese courier and freight carri-
ers, but several will be in service 
with US and African operators.

Richard Evans, a senior consult-
ant at Ascend Flightglobal Consul-
tancy, says replacement demand 
for legacy types such as the 727 
has driven the narrowbody P2F 
market since 2010. A more recent 
factor, he adds, is downsizing 
from larger types. He points out 
that FedEx has parked Airbus 

A310s and McDonnell Douglas 
DC-10s in favour of using 757s.

Among the 20 757s converted 
to freighters in 2014, 10 are pow-
ered by Pratt & Whitney PW2000 
engines, and the rest by Rolls-
Royce RB211s. All 10 PW2000-
powered aircraft went to FedEx. 

The courier company also took 
four R-R-powered examples. Of 
the six remaining 757s, Air China 
Cargo took three, while one each 
went to China’s SF Airlines, Can-
ada’s Cargojet Airways and In-
dia’s Blue Dart Aviation.

SLIMLINING
Persistent overcapacity in the 
global cargo market, however, 
meant widebody conversions re-
mained very weak, with just five 
aircraft converted, compared to 
eight in 2013. 

Furthermore, all five convert-
ed aircraft were mid-sized 767-
300ERs, with no 747 conver-
sions taking place over the year. 
This is a far cry from 2005-2012, 
when an average of 39 wide-bod-
ied aircraft underwent P2F con-
versions annually.

Evans is sceptical about the 
outlook for future 747-400 P2Fs.

“There are large numbers of 
747s parked: both factory-built 
freighters with nose doors, as well 
as 747-400 P2F variants,” he says.

“Given the large amount of 
long-haul belly hold capacity on 
backlog, as well as this latent 
overcapacity from the stored fleet, 
it appears unlikely there will be 
further 747-400 conversions. It’s 
not impossible that some of the 
Asian airlines that have relatively 
late-build 747-400 passenger air-
craft may convert some (eg China 
Airlines), but it’s difficult to see.”

Evans adds that falling fuel 
prices are good for economic 

growth and lower air cargo rates, 
but will not necessarily provide a 
substantial boost to the conver-
sion market. Existing overcapaci-
ty gives operators the option to 
boost utilisation, or defer the re-
tirement of older types.

FUEL BURN
“I’d also expect some of the 
more competitive stored wide-
body freighters to return to ser-
vice,” he says. 

“In general, the higher the fuel 
price, the more likely it is that air-
lines that fly aircraft at high daily 
utilisation (more than 4,000h a 
year) will buy new-build aircraft, 
to take advantage of their lower 
fuel burn.

“The factory-fresh freighters 
also offer higher payloads than 
converted freighters, and the 747 
has the unique capability of nose 
loading,” he adds. “For airlines 
that have lower utilisation, fall-
ing oil prices make conversions 
relatively more affordable.” ■

“For airlines that have 
lower utilisation, 
falling oil prices make 
conversions relatively 
more affordable”
RICHARD EVANS
Senior consultant,  
Ascend Flightglobal Consultancy
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Take a closer look at Ascend’s 
expert aviation insight service: 
flightglobal.com/ascend

Single-aisle freighters soar
P2F GREG WALDRON SINGAPORE

Two Boeing narrowbody types dominate improving cargo conversion market, but overcapacity is killing interest in 747s
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The US Air Force Research 
Laboratory (AFRL) has 

awarded GE Aviation up to $325 
million to continue working on 
adaptive cycle engine technolo-
gy, with the award falling under 
phase three of the nearly decade-
old versatile affordable advanced 
turbine engines programme.

GE collected more than 100h 
of combined test data from a 
core rig two years ago and a full 
adaptive versatile engine tech-
nology (ADVENT) engine last 
year, and the AFRL will com-
plete an assessment of its accu-
mulated data in February.

The company believes the test 
results show a follow-on adaptive 
transfer engine demonstrator and 
a future production engine will 
meet the USAF’s performance 
goals. Its activities included 

“multiple stable conversions” 
from high-bypass to low-bypass 
operation, it says.

In a normal turbofan engine, a 
small amount of air enters the 
core and is mixed with fuel for 
combustion, while another, larg-
er stream of air flows around the 
core and generates thrust more 
efficiently. 

An adaptive turbofan adds an-
other channel of bypass air, 
which is opened during cruise 
and closed during take-off or to 
accelerate quickly. 

This third stream can improve 
the range of a platform by 35%, 
GE says.

The core and full rig tests also 
validated another benefit of the 
design. On stealthy aircraft like 
Lockheed Martin’s F-35, electron-
ics bays are cooled by channel-

ling heat into a bypass duct, but 
an adaptive cycle engine raises 
the capacity of the bypass air to 
serve as a heat sink. 

The additional air stream re-
duced bypass duct temperatures 
by about 65˚C (149˚F) in the test 
engine, compared to the F136 al-
ternative engine developed for 
the F-35, GE confirms.

The ADVENT engine also 
 features ceramic matrix compos-
ites on the leading edge of the 
high-pressure turbine nozzle, 
where gases released from the 
combustor flow into the rotating 
turbine section. 

The leading edge of the nozzle 
was exposed to temperatures hot-
ter than 1,650˚C – hundreds of de-
grees beyond the melting point of 
nickel-based materials – but sur-
vived, GE says. ■

WEAPONS CRAIG HOYLE LONDON

Malaysia guns for fleet enhancement
Kuala Lumpur to arm upgraded “Nuri” transports and AW109s, as its military moves to counter growing militant threat

GE bags $325m deal for engine project extension
PROPULSION STEPHEN TRIMBLE WASHINGTON DC
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More than 100h of test data is 
being evaluated by the AFRL
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Around 13 S-61s are likely to be transferred to the nation’s army 

Malaysia is to boost its ability 
to combat future militant 

incursions by arming its 
 AgustaWestland AW109s and 
transferring some upgraded 
Sikorsky S-61 “Nuri” utility heli-
copters to army aviation control.

Prompted by an incursion 
made by Sulu rebels in Sabah in 
2013, Kuala Lumpur has already 
outfitted three of the Royal Ma-
laysian Air Force’s S-61s with 
12.7mm door guns, to provide 
armed support for ground troops. 

“The army plans to arm the 
[AW109] helicopters with 
[7.62mm] gatling guns” to ex-
pand this capability, says Dr 
Mohd Yazid Ahmad, director of 
the mechanical and aerospace 
technology division at Malaysia’s 
science and technology research 
institute for defence.

Speaking at a Defence IQ Rota-
ry Strike event in London on 20 
January, Ahmad also revealed 
that the air force’s S-61 fleet is 
planned to undergo a major pack-
age of enhancements before 

around half of the aircraft will be 
transferred to the army air wing.

Malaysia had previously 
planned to remove its aged Nuri 
fleet from use by 2012, with 89 
personnel having been killed in 
15 crashes involving the type 
since it was introduced. Howev-
er, with the nation having or-
dered only 12 of a planned 28 
Airbus Helicopters EC725s as re-

placements, “this has forced the 
service to prolong the life of its 
Sikorskys”, Ahmad says.

Flightglobal’s Ascend Fleets da-
tabase records the air force as hav-
ing 31 S-61s still in operational 
use, built between 1967 and 1978. 
A night vision goggle-compatible 
glass cockpit upgrade has already 
been performed on part of the fleet 
by Airod with a foreign partner, 

and a wider project to enhance the 
type’s performance and safety is 
also being studied. If proven via-
ble through a pilot project involv-
ing one aircraft, up to 26 S-61s 
will receive upgrades to their 
main and tail rotor blades and 
gearboxes, and be equipped with 
a datalink, armoured protection 
and a pintle-mounted machine 
gun at the cargo door.

“Hopefully with this upgrade 
the army will have the capability 
with a live combat helicopter,” 
Ahmad says. While it will pri-
marily be tasked as a utility trans-
port, the improved Nuri should 
also be capable of airborne com-
mand and control and search-
and-rescue duties, he adds.

Malaysia’s interest in acquiring 
a dedicated attack helicopter ca-
pability has failed to advance due 
to budget pressures, Ahmad 
notes. Its army has previously 
evaluated types including the 
Airbus Helicopters Tiger, Bell 
AH-1Z, Boeing AH-64 Apache 
and Denel Rooivalk. ■
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BAE targets fast  
jet role for APKWS
DEFENCE P16

A new competition has 
 emerged to upgrade the 

 radars for potentially hundreds of 
the original Boeing F/A-18 
 Hornet fighters operated by USA 
and foreign militaries.

Northrop Grumman and 
 Raytheon have confirmed plans 
to offer tailored versions of their 
rival active electronically 
scanned array (AESA) sensors for 
“legacy” Hornets, including A, B, 
C and D models.

Raytheon recently performed 
a flight test of the APG-79(V)X 
radar: a system scaled down 
from the APG-79 installed on the 
F/A-18E/F Super Hornet.

“I was sitting in the testbed, and 
watching it real-time it felt like 
watching the APG-79 I saw in the 
fleet,” says Michael Garcia, a 
 Raytheon business development 
director and former US Navy F/A-
18E/F pilot and instructor.

Meanwhile, Northrop says its 
scaleable agile beam radar 
(SABR) offered as an upgrade for 
legacy Lockheed Martin F-16s 
can also be adapted as a “natural 
fit” for older F/A-18s.

“With common modes lever-
aged from the [Lockheed] F-35, 
the APG-83 SABR would bring 
fifth-generation aircraft [radio 
 frequency] performance to the 
 Hornet, and extend its operational 

Sixty-one years since the type’s 
first flight, the US Air Force is 

upgrading the weapons bays of 
the Boeing B-52 to carry satellite-
guided conventional munitions.

A crew of Boeing and USAF 
technicians installed a prototype 
of the new weapons bay launcher 
in a B-52 at Edwards AFB, 
 California. This modifies a rotary 
launcher intended to carry nu-
clear weapons to carry conven-
tional munitions, says Boeing.

The initial version will allow 
the B-52 to carry satellite-guided 

Slovakia is leaning towards a 
potentially $350 million pur-

chase of Sikorsky UH-60 Black 
Hawk utility helicopters, after 
promises from the US government 
regarding support for the type.

Speaking after a meeting with 
his US counterpart Chuck Hagel, 
Slovak defence minister Martin 
Glváč announced that the rotor-
craft could be acquired through 
the US government’s Foreign 
Military Sales mechanism. 

An initial two aircraft could 
potentially be delivered by year-
end, he says, with Washington 
also to provide pilot and techni-
cian training, plus spare parts.

Industry sources suggest that 
Bratislava has identified a need for 
nine Black Hawks. Flightglobal’s 
Ascend Fleets database records its 
air force as currently operating 14 
Mil Mi-8s and three Mi-2s.

AgustaWestland says it is 
“ready to make an offer to Slova-
kia” based on its AW139, and “is 
also ready to enter talks to cooper-
ate with the local industry”. ■

UPGRADE STEPHEN TRIMBLE WASHINGTON DC

Hornet radar rivals go active
Northrop Grumman and Raytheon tailor AESA sensors for use with legacy F/A-18 models

B-52 gets smart with internal weapons update
MODIFICATION STEPHEN TRIMBLE WASHINGTON DC

U
S 

Ai
r F

or
ce

Moving stores to bomb bay could cut fuel consumption by 15%

Raytheon has flight-tested a system scaled down from its APG-79

Ra
yt

he
on

ROTORCRAFT  
DOMINIC PERRY LONDON

Black Hawks set 
down on Slovak 
shopping list

AgustaWestland says 
it is ‘ready to make 
an offer to Slovakia’ 
based on its AW139

relevance for the life of the plat-
form,” says Jeff Leavitt, vice-presi-
dent for combat avionics systems.

The F/A-18 upgrade market 
had previously been limited to the 
Super Hornet variant, but several 
recent moves have made retrofits 
for legacy Hornets feasible.

Last October, the US Marine 
Corps released a long-term avia-
tion plan which deferred the re-
tirement of its last F/A-18C/D 
units by five years to 2030, match-
ing the service life expected by the 
Finnish air force. Meanwhile, 
 voters in Hornet operator nation 
Switzerland last May rejected a 
plan to acquire Saab Gripen Es.

Garcia says a Hornet radar up-
grade is being considered by the 
USMC and international opera-

tors, but declines to identify any of 
the potential foreign customers.

“Especially now with the way 
the budgets are they’ve got to fig-
ure out how to keep what they 
have going longer, and then, once 
they crack that nut, figure out how 
to keep them relevant,” he says.

Replacing mechanically-
scanned APG-65s or APG-73s 
with an AESA could also drive 
additional upgrades, and some 
customers are considering replac-
ing the aircraft’s mission comput-
er and other systems, such as 
radar warning receivers.

“That’s kind of the discussions 
we’re in right now: what is the 
optimal upgrade path that sup-
ports this to give you the most 
bang for the buck,” Garcia says. ■

Boeing joint direct attack 
 munitions internally. Future 
 upgrades should give the bomber 
the ability to carry stand-off-range 
munitions, such as the Lockheed 
Martin AGM-158 joint air-to-sur-
face standoff missile and the Ray-
theon ADM-160 miniature air-
launched decoy, Boeing says.

The B-52 has until now carried 
such smart weapons on wing-
mounted pylons. Moving the 
weapons into the internal bays 
should reduce fuel consumption 
by 15%, and enable the type to 

carry eight more cruise missiles, 
the company adds.

Flightglobal’s MiliCAS 
 database records the USAF as 

having an active fleet of 78 
 B-52Hs. The type will be 
 replaced by its future long-range 
strike bomber. ■
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BAE Systems is touting the 
 incorporation of its Ad-

vanced Precision Kill Weapon 
System (APKWS) into the US Air 
Force’s fixed-wing inventory, 
where it could be utilised in the 
fight against Islamic State 
 militants in Iraq and Syria.

APKWS is currently used on 
some of the US Marine Corps’ 
Bell AH-1W and UH-1Y helicop-
ters, but BAE says it could be 
 optimised for deployment by 
fixed-wing types.

“We continue to talk to the US 
Air Force, the Air National Guard 
and the Marine Corps, to figure 
out what it might take to bring just 
a slightly modified rotary-wing 
variant to those fixed-wing plat-
forms – and get it fielded urgently, 
because there are [suitable] plat-
forms that are in the fight today,” 
says Dave Harrold, the company’s 
product line director for APKWS.

Under US Central Command-
funded testing, the USAF’s 
 Fairchild Republic A-10 and 
Lockheed Martin F-16, as well as 
the USMC’s  Boeing AV-8B Harri-
er II, have  already been tested 
with a modified version of the la-
ser-guided APKWS design.

ORDER

Peru opts for another two Spartans
Alenia Aermacchi has sealed a follow-on deal with the Peruvian air force for 
two more C-27J Spartan medium transports, in a deal  valued at around 
€100 million ($116 million). Peru already had a pair of the Rolls-Royce AE 
2100-powered aircraft on order, which Alenia Aermacchi says will be handed 
over in the coming weeks. Deliveries of the two additional examples will take 
place in 2016 and 2017. The type will be operated by the air force’s 8th Air 
Group based in Callao, near the capital Lima. Flightglobal’s Ascend Fleets 
database records Peru as holding options covering another eight of the type.

air-to-surface missile is being used 
by manned and unmanned air-
craft in Iraq and Syria, but  Harrold 
says this is too costly and has an 
unnecessary level of lethality for 
the mission at hand. “APKWS – at 
a third of the cost of a Hellfire and 
much more ideally suited for soft 
and lightly armoured targets – is 
something that needs to get into 
the inventory and into that fight 
right away,” he believes.

BAE received a $45 million 
contract from the US Navy last 
December for the fourth full-rate 
production order, for 1,601 
APKWS rounds for the USMC. 
The funds come from both the 

 fiscal year 2015 procurement 
budget and the Department of 
 Defense’s overseas contingency 
operations funds.

The company also hopes to get 
a contract from the US Army at 
some point this year for initial use 
of the AWPKS on its Boeing 
AH-64 Apache attack helicopters.

“The army is working very 
closely with the US Navy to en-
sure the right level of inventory 
and the right ability to purchase 
APKWS,” Harrold says. “I antici-
pate seeing APKWS fielded 
 initially on some US Army 
Apaches certainly in 2015, and 
hopefully within the first half.” ■
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Adding the laser-guided weapon to the A-10 would deliver an effective precision strike capability
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BAE targets fast jet role for APKWS
US Air Force urged to integrate low-cost munition on strike fleet for fight against Islamic State militants in Iraq and Syria

“We definitely believe that the 
F-16 would benefit from this, not 
just in the United States, but in 
international fleets. And in par-
ticular in the current fight, the 
A-10 could utilise this weapon 
very effectively,” Harrold says. 

“It is a shame that it is not 
there today, because when we’re 
worried about the rising cost of 
the [Operation Inherent Resolve] 
effort – particularly as it applies 
to the cost of the weapons sys-
tems that we’re deploying and 
the targets being engaged – 
APKWS is an extremely appro-
priate system.”

Lockheed’s AGM-114 Hellfire 
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As it develops the technologies for its next-generation fighters, will Tokyo be able to afford keeping manufacturing at home?

Japan keeps F-3 options open
PROGRAMME JAMES SIMPSON TOKYO

In early January, Japanese de-
fence ministry officials con-

firmed that their next-generation 
fighter technology test programme 
had fallen behind schedule. 

The advanced technology dem-
onstrator-experimental (ATD-X) is 
a prototype designed to test the 
stealth, flight control and propul-
sion technologies necessary for 
the nation to create its fifth- and 
eventually sixth-generation air-
superiority fighters.

ATD-X had been scheduled for 
its first test flight in 2014, but 
problems with developing the ex-
perimental engine control unit 
have pushed this back until late 
this year at the earliest. However, 
this delay will not affect the over-
all development timeline of the 
ministry’s two fighter research 
projects, officials say.

The prototype has picked up the 
unofficial nickname “Shinshin”. 
This is typically translated as “spir-
it of the heart”, but might be better 
understood to mean “soundness of 
mind”. ATD-X is a means of devel-
oping, honing and maintaining the 
cutting-edge skills and technology 
to produce a competitive fighter 
capability to replace the Japan Air 
Self-Defence Force’s Mitsubishi 
F-2 and F-15J fleets in the 2030s. 
That will be no mean feat for a na-
tional industry whose last domes-
tic-built fighter production line 
closed in 2011, when the service 
received its final F-2.

Fears of abandonment by the 
USA drive significant elements of 

Japanese defence policy, includ-
ing procurement. In the 1990s, 
Tokyo grew increasingly con-
cerned that Washington would 
not share its sensitive stealth 
technology – and it had reason to 
be worried. During negotiations 
for both the F-15J and F-2, Japan 
faced congressional reticence 
against transfers of the USA’s 
most-prized fighter technology.

RESTRICTIONS
Sure enough, in 1998 Congress 
prohibited the sale and licensing 
of the Lockheed Martin F-22, 
locking down American fifth-gen-
eration fighter superiority. Japan’s 
air force had been set on securing 
the Raptor to replace its McDon-
nell Douglas F-4EJ Phantom fleet, 
so the government lobbied hard 
to overturn the export ban. 

A downgraded F-22 export 
variant seemed possible in 2006, 
but confidence in Tokyo’s ability 
to keep shared technology secret 
was still badly damaged following 
a 2002 leak of data concerning the 
naval Aegis combat system. Con-
gress reaffirmed the ban on for-
eign sales of the F-22, and while 
lobbying did not stop, Japan was 
already working on its hedge 
against further abandonment.

In fiscal year 2000, Laboratory 
Three at the defence ministry’s 
Technical Research and Develop-
ment Institute (TRDI) began an 
eight-year research programme 
into manoeuvrability focused on 
3D thrust-vectoring of an experi-

mental engine, stealthiness against 
radar and infrared sensors, plus 
self-repairing flight control tech-
nologies that could allow an air-
craft to continue flying despite bat-
tle damage. The programme 
included radar cross-section test-
ing in France in 2005 and manoeu-
vrability testing of a remote-con-
trolled scale model two years later.

In FY2006, the TRDI kicked off 
a five-year “smart skin” sensor re-
search programme, embedding the 
skin of a fighter with a honeycomb 
structure of radar-capable phased-
array antennae. Then, after the US 

export ban became concrete, in 
FY2008 it launched a three-year 
systems integration programme to 
combine the various technologies 
it had so far researched. This re-
sulted in the ATD-X effort being 
born in FY2009.

ATD-X prime contractor Mit-
subishi Heavy Industries (MHI) 
has already assembled the proto-
type at its Komaki Minami plant 
near Nagoya. At 14.2m (46.5ft) 
long and with a wingspan of 9.1m, 
the aircraft is much smaller than 
its foreign fifth-generation coun-
terparts. This is because it is un-
armed, and does not need extra 
space for internal weapons bays.

Two IHI-made XF5-1 low-by-
pass turbofan engines power the 
ATD-X, each providing a maxi-
mum of 5t (11,000lb) of thrust. 
The powerplant was in develop-
ment at TRDI for 13 years from 
1995. At the exhaust, three pad-
dles operated by the integrated 
flight propulsion control comput-
er provide Japan with its first 3D 

thrust-vectoring system. But de-
spite all the parts being in place, 
automatic engine restart issues 
currently dog its engine control 
software, making it unsafe to fly.

PATRIOTISM
The Y39.2 billion ($330 million) 
project has become a matter of 
pride for Japanese nationalists. It 
is not uncommon to hear ATD-X 
called the “Heisei-era Zero”, in 
reference to the revered World 
War II-era domestic fighter. But 
the truth is that ATD-X will never 
enter production. The project will 
wrap up by April 2017, ahead of a 
government decision on whether 
to seek a domestic fighter produc-
tion programme to replace the 
F-2, or pursue an international 
development project instead.

The technologies developed in 
ATD-X will be implemented in 
whatever platform is chosen for 
the F-3 – the assumed designa-
tion of the aircraft expected to 
enter service in the 2030s.

Flight test results from ATD-X 
will be a significant factor in the 
government’s 2018 F-3 decision, 
but other issues will drive the de-
bate. Japan may have developed 
the technologies required for a 
fifth-generation fighter, but can it 
develop the skills and know-how 
to finalise a deployable sixth-gen-
eration platform? Not only that; 
can the Japanese aerospace in-
dustry build a jet on its own and 
still be cost-effective?

Of all Japan’s major defence 
manufacturers, only MHI has the 
experience and capability to pro-
duce a jet fighter. It has cut its teeth 
on all of Japan’s post-war fighter 
platforms – all licensed from or 
jointly-developed with the USA.

Japan has shown consistent 
concern with maintaining MHI’s 
skills. Domestic aircraft produc-
tion is far from cheap and Japan 
pays significant premiums for the 
ability to license and locally 
manufacture existing platforms 

Fears of abandonment 
by the USA drive 
significant elements 
of Japanese defence 
policy, including 
procurement
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High costs meant Japan bought fewer domestic-built F-2s



NEWS FOCUS

27 January-2 February 2015 | Flight International | 19flightglobal.com

Record sales for 
Daher-Socata
BUSINESS AVIATION P20

from US manufacturers.
This factor has shaped Japa-

nese defence procurement signif-
icantly over the nation’s post-war 
history. The F-15J was mostly 
made in Japan under licence, and 
the procurement of the Lockheed 
F-35 will follow the same path. 
But licensed aircraft frequently 
come with black-box systems de-
signed to prevent the transfer of 
sensitive technology, locking 
Japan out of the know-how nec-
essary to advance to the next gen-
eration of fighter production.

SUBSIDIES
Japanese industry also expects 
government subsidies for main-
taining its skills. Last year, MHI 
had a public spat with the de-
fence ministry when it failed to 
contribute parts to the Lockheed-
led F-35 production programme. 
The government hopes participa-
tion will reduce Tokyo’s eventual 
procurement cost, but MHI re-
portedly asked for Y10 billion to 
cover the cost of readying its plant 
and equipment. There is a funda-
mental gap between the govern-
ment-led push to promote collab-
oration in international defence 
projects and the willingness of in-
dustry to bear the cost burden.

The F-2 offers a cautionary tale 
for future domestic-built fighters. 
The TRDI and MHI worked with 
Lockheed to create a new aircraft 

based on the F-16. The result was 
an aircraft so exceptionally expen-
sive that the Japanese government 
could only afford to buy 94 of the 
144 aircraft it planned. ATD-X’s 
domestic roots will avoid the pos-
sibility of Japan’s ally holding 
back on key technologies, but at 
significant development cost.

Given Japan’s recent moves into 
the international defence market, 
with submarine deals under way 
with Australia and joint missile 
development with the UK for the 
F-35, this cost-efficiency problem 
has become less acute. An interna-
tionally-developed platform also 
seems more likely. If Japan is able 
to manufacture an exportable 
fighter, MHI could better cover its 
costs. However, the shared costs of 
a bilateral partnership or consorti-
um offers greater financial re-
wards than were ever possible 
when Japan’s defence market was 
isolated from international buyers.

The requirements for the F-3 
candidate are currently undecid-
ed. Tokyo will need a sixth-gener-
ation aircraft that can enter ser-
vice by the mid-2030s. But while 
the specification is unknown, 
early work into ATD-X’s succes-
sor demonstrates the avenues the 
defence ministry is considering.

The TRDI is currently working 
on a concept known as the “i3 
Fighter”. It is an explicit attempt 
to research the essential technol-

ogies required for a domestically-
manufactured sixth-generation 
stealth fighter.

Defence ministry documents 
introduce several conceptual 
technologies in development in-
cluding “cloud shooting” – a 
form of network-capable target 
sharing and the use of unmanned 
air vehicles as stand-off sensor 
platforms; superior stealth and 

counter-stealth capabilities, in-
cluding an on-board high-pow-
ered gallium nitride radar; and 
directed-energy weapons.

Recognising that Japan cannot 
match its neighbours in numerical 
strength, Tokyo is instead hoping 
to create a world-leading qualita-
tive advantage. The nation could 
also use these technologies as a 
bargaining chip towards more fa-
vourable terms in an international 
fighter development project.

Since the i3 Fighter concept 
was announced in 2010, the 
TRDI has created 3D digital 
mock-ups of increasingly low-
observable airframes. These are 

tested in air-to-air and air-defence 
simulations. Each year, a new 
mock-up implements the lessons 
learned. The currently released 
version, “25DMU” features 
curved air ducts from engine in-
takes to reduce its radar cross-
section, provide additional inter-
nal weapons bay space and 
increase operational range. It also 
corrects two weaknesses intro-
duced into the design from the 
previous year, bringing back ver-
tical tail fins and placing the two 
slim-line engines closer together.

The TRDI expects the various 
research projects making up the 
i3 Fighter to wrap up between 
2018 and 2020. Research into un-
manned sensor assets and energy 
weapons will continue onwards, 
with current projections reaching 
out another 15 years.

Japan’s concept is ambitious, 
particularly for a nation without a 
complete current-generation fight-
er production line. But the tech-
nologies created by Laboratory 
Three will give it an international 
competitive edge, and allow it to 
benefit from greater technology 
transfer opportunities in the future.

No-one knows what the F-3 
will look like yet, but while minis-
try officials are concerned wheth-
er Japan has the industrial capaci-
ty to make a true “Heisei-era 
Zero”, they are unwilling to let the 
world pass them by any longer. ■

Tokyo will need a 
sixth-generation 
aircraft that can 
enter service by the 
mid-2030s
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Nextant Aerospace’s G90XT 
programme took a huge step 

towards the finishing line on 15 
January when the aircraft took to 
the air for the first time.

The maiden sortie of the re-
manufactured Beechcraft King 
Air C90 was originally slated for 
late last year, but bad weather 
hampered efforts to get the twin-
engined turboprop into the sky.

The flight-test programme is 
expected to last around six 
weeks, leading to certification 
and first deliveries in the second 
quarter of this year.

The G90XT replaces the C90’s 
Pratt & Whitney Canada PT6 tur-
boprop engines with GE H75-100s 
– the first twin-engined turboprop 

application for the powerplant. 
Other upgrades include a Garmin 
G1000 flightdeck, a new interior 
and a refresh of all life-limited 
components.

“I was impressed by the lower 
noise levels in the cockpit,” says 
Nextant’s chief test pilot Capt 
 Nathan Marker, who was at the 
controls of the G90XT. “The 
change in position of the 
 propellers relative to the fuselage 
combined with the new engine 
makes for a much quieter and 
more comfortable flight experi-
ence for passengers.”

The G90XT is projected to 
have a cruise speed of up to 280kt 
(519km/h), a range of 1,240nm 
(2,300km) and a maximum take-
off weight of 4,760kg (10,500lb).

Nextant is offering the aircraft 
for around $2.6 million. Alterna-
tively it will retrofit existing C90s 
with the new engines, avionics 
and interior for around $2 
 million. This price includes a 
two-year warranty, says Nextant 
president Sean McGeough. ■

Keep up with the latest news and read 
in-depth analysis from the business 
 aviation sector: flightglobal.com/bizav

French business aircraft opera-
tor WiJet is currently looking 

to raise €15 million ($17.4 
 million) to fund its ambitious ex-
pansion programme.

The money will help the Le 
Bourget, Paris-headquartered 
company to quadruple its fleet of 
entry-level Cessna Citation Mus-
tangs from five to 20 aircraft over 
the next two years. It will also 
help finance the expansion of its 
European bases and allow a first 
foray in to the Asian market.

“Since we launched opera-
tions in 2009 we have been grow-
ing year-on-year by around 40% 
[passengers and revenue],” says 
WiJet founder Corentin Denoeud. 
“We need to add more aircraft to 

cater for this growing demand. At 
the moment we are outsourcing 
around 20% of our bookings to 
other operators because we don’t 
have enough aircraft.”

To reduce its reliance on third-
party operators, WiJet plans to 
add a sixth Mustang in February, 
and a seventh in March. “All of 
our aircraft are pre-owned, low-
hour models,” Denoeud says. 
“They are in great condition but 
on average about 30% cheaper 
than a new model.”

Demand for WiJet’s service has 
been strong from the start. “We 
launched at the height of the fi-
nancial crisis, attracting custom-
ers who were moving down from 
larger cabin business jets such as 

the CJ1 and CJ2,” he says, adding: 
“We are now seeing an increase 
in customers coming from airline 
business class.

“The  Mustang is very afforda-
ble. We charter the aircraft for a 
fixed price of €2,400 per hour – 
€600 each for four passengers.”

Around 80% of WiJet’s 
 customers are travelling for busi-
ness purposes and are looking for 
the “convenience and flexibility 
that only a business aircraft can 
provide”, Denoeud says.

WiJet has seven bases across 
Europe including Paris, Lyon, 
Brussels, Luxembourg and 
 Geneva, and is planning to add 
Zurich, London “and another 
UK city” in the coming months.

Expansion into Asia next year 
is also part of the company’s short-
term strategy. It initially plans to 
enter the market with its partner 
Air France by providing onward 
travel for first-class passengers 
around the region. It already pro-
vides this service for long-haul 
premium passengers from Paris 
Charles de Gaulle airport.

“We officially launched the 
service in July 2014 and it has 
proved very popular with Air 
France customers. It has also 
helped us to expand our custom-
er base across Europe,” he says.

“We hope to do the same in 
Asia. We are going to need a min-
imum of 10 aircraft to make the 
service profitable.” ■
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Daher-Socata says the introduc-
tion of its TBM 900 last year 

and the decline in the TBM used 
aircraft inventory resulted in its 
strongest annual performance 
since the market peak of 2008.

The French airframer shipped 
51 TBM 900s in 2014. Although 
this was nine aircraft fewer than 
in 2008, the delivery tally was 
22% higher than in 2013, and 
25% up on 2012. It received 64 
orders last year for the high-
speed, single-engined turboprop,  
marking its “best sales year ever”.

“2014 was one of the best years 
in the history of our TBM pro-
gramme, bolstered by the TBM 
900’s launch and its generation of 

new sales,” says president and 
chief executive Stephane Mayer.

More than three-quarters of 
last year’s orders came from cus-
tomers in North America. The 
rest were received from South 
America, Europe and Asia.

More than 700 TBMs have 
been delivered since the TBM 
700 entered service in 1990.

The $3.7 million, Pratt & Whit-
ney Canada PT6A-66D-powered 
TBM 900 replaced the TBM 850, 
bringing efficiency and perfor-
mance improvements. Top cruise 
speed is increased to 330kt 
(611km/h) at 28,000ft, and 
 maximum range extended by 
more than 300nm (560km). ■

DELIVERIES KATE SARSFIELD LONDON

The TBM 900 was launched in 2014, and powered to 64 orders

D
ah

er
-S

oc
at

a

Record sales for Daher-Socata

Deliveries are expected in Q2

TESTING KATE SARSFIELD LONDON

Nextant’s GE-repowered  
King Air takes to the air

CHARTER KATE SARSFIELD LONDON

WiJet set to size up with small jets
Fast-growing operator aims to expand Mustang fleet, add more European bases and pursue Asian service ambitions
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The Indago is already supporting civilian tasks like law enforcement

REGULATIONS DAN PARSONS WASHINGTON DC

FAA issues several exemptions for civil and commercial applications ahead of expected launch of unmanned aircraft rules

USA eases grip on UAV controls

This year began without the US 
Federal Aviation Administra-

tion having published a set of rules 
governing the operation of small 
unmanned air vehicles within the 
national airspace: its first step to-
wards opening US skies to their 
commercial application.

Although the FAA has delayed 
publishing its rules for small 
UAVs, it has begun to relax regu-
lations for certain applications on 
a case-by-case basis. In December 
2014, it awarded exemptions for 
four US companies to fly un-
manned aircraft for aerial survey-
ing, construction site monitoring 
and oil rig flare stack inspections. 
This followed its approval of ex-
emptions for seven film studios, 
making them the first commercial 
operators of UAVs in US national 
airspace below the Arctic.

Early in 2015, the administra-
tion also opened the door to-
wards the use of UAVs in news-
gathering, by entering into a 
“cooperative research and devel-
opment agreement” with broad-
cast network CNN.

DEMAND
As the barriers to commercial op-
erations of UAVs in US airspace 
slowly erode, companies like 
Lockheed Martin are turning their 
focus from the military market – 
which is shrinking as the USA 
and its allies exit Afghanistan – to 
the commercial and civil applica-

tion of unmanned systems.
Lockheed in the past several 

years bought up several smaller 
UAV manufacturers to pad its 
portfolio of tactical types; those 
that are hand-launched, easily re-
coverable and relatively inexpen-
sive. It is these platforms, which 
the military classifies as “Group 
1” systems, that are most readily 
configurable to perform non-mili-
tary missions, says Jay McCo-
nville, the company’s director of 
business development for un-
manned solutions.

“We see market growth coming 
in civil and commercial, as well 
as a continuing robust military 
market, both US and interna-
tionally,” he says. “Everybody 
around the world saw how valu-
able these assets were to our forc-
es and everybody wants them 
now. You enter military equip-
ment into the force when you 
have the opportunity to do so, not 
just in conflict.

“On the commercial side, there 
is a great thirst for UAVs for preci-
sion agriculture,” McConville 
notes. “Law enforcement, fire-
fighting, pipeline monitoring, 
these are new markets that have 
seized on this capability.”

Lockheed’s Indago quadcopter 
already is used more by law en-
forcement personnel and first-re-
sponders than the military. The 

2.3kg (5lb), 32.2in aircraft – 
which has a maximum endur-
ance of 55min, and a range of up 
to 5.4nm (10km) – was teamed 
with a  Lockheed/Kaman K-Max 
unmanned helicopter for a dem-
onstration last November. The 
smaller aircraft was used as a 
spotter for the K-Max, which then 
targeted and doused a fire with a 
load of water.

The unmanned K-Max al-
ready has proven its military 
utility, by delivering 4.5 million 
pounds of cargo autonomously 
to forward operating bases in Af-
ghanistan by day and night in 
1,900 resupply missions for the 
US Marine Corps.

“We are getting a lot of atten-
tion on K-Max for other uses,” 
McConville says. “Delivery of 
cargo for civil and commercial 
purposes is an obvious one,” he 
adds, but lists other possible roles 
including “firefighting, first re-
sponding, disaster recovery and 
relief operations”.

TRANSITION
Other platforms initially de-
signed for military missions that 
can readily transition to civilian 
uses are the fixed-wing Desert 
Hawk, which has been flown for 
more than 30,000h in combat by 
the British Army, and the Stalker; 
another hand-launched system 

which can provide targeting-
quality imagery from long range 
and high altitude locations. Both 
of these platforms were acquired 
by Lockheed when it bought 
Chandler/May, which had itself 
previously acquired UAV manu-
facturers Aeromech Engineering 
and AME Unmanned Systems.

The newest addition to Lock-
heed’s small UAV portfolio, the 
Vector Hawk, can be deployed for 
various missions. It can be oper-
ated as a fixed-wing aircraft, a 
quadcopter, a tiltrotor or outfitted 
with an expandable wing and 
launched from a tube. With a 
maximum endurance of 90min, it 
can be operated at up to 17,000ft.

As sensors improve and shrink 
in size, capabilities normally as-
sociated with large platforms like 
the General Atomics Aeronautics 
Systems MQ-1 Predator and 
MQ-9 Reaper are finding their 
way onto UAVs which are 
 smaller, more affordable and easi-
er to operate. Lockheed is pitch-
ing its 5.18m flying wing Fury, 
which can be launched by cata-
pult and recovered using a net, 
but features a large internal pay-
load bay and can remain airborne 
for up to 16h.

“That kind of capability has 
normally only been available in 
the largest, most expensive strate-
gic systems,” McConville says. 
“With Fury, we’re able to demon-
strate it in a non-runway-depend-
ent aircraft.”

Following its acquisition of 
companies like Chandler/May, 
Lockheed began developing com-
mon ground control systems that 
will allow most of its Group 1 
UAVs to be flown by civilians 
with little training. The company 
is developing software that can 
be upgraded with any features re-
quired by the FAA’s eventual un-
manned aircraft regulations. ■
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were honed in Afghanistan
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Fifty years ago the exploration of the cosmos to the Moon and 
beyond seemed mankind’s thrilling destiny. While subsequent 
decades have seen massive progress, from the rise of 
commercial satellite technology to unmanned planetary  
probes and glimpses into the far universe, the future of several 
ambitious ventures such as sub-orbital tourism, a Mars mission 
and the International Space Station look far from secure. In this 
spaceflight special we look at the progress made in a number of 
sectors – and the industrial challenges, funding pressures and 
political obstacles the various projects must still overcome

LOOKING FOR OUR 
PLACE IN SPACE
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International Space 

Station beyond 2020 
is far from certain
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A year ago, the White House gave NASA 
the word that it would support the extension 
of the US commitment to the ISS through to at 
least 2024. But that extension costs nothing 
yet, and is dependent on the other ISS part-
ners joining in.

As things stand, 2020 remains an unfund-
ed statement of intent. When the heads of the 
ISS partner agencies met in Paris in Novem-
ber 2014, they “reaffirmed their support for 
continued ISS operations” with inspiring 
declarations about how the station “benefits 
all of humanity” by “enhancing international 
co-operation and understanding” and driv-
ing innovations ranging “from biomedical 
breakthroughs to new materials and technol-
ogies”. But while they “noted the US com-
mitment to extend ISS utilisation to at least 
2024 [and] the ongoing work by other gov-
ernments for a similar extension”, they nei-
ther came to the meeting nor left with any 
firm funding formula.

The challenge was well summed up a 
month earlier by NASA administrator Charles 
Bolden on the sidelines of the Royal Aeronau-
tical Society’s 2014 space conference in Lon-
don. All the partners, he says, are looking for 
ways to convince their governments to con-
tinue ISS funding. The programme, he stress-
es, still needs the commitment of all its mem-
bers through 2020, then to 2024.

flying should be as widely discussed as its 
ongoing contribution to scientific knowledge 
or its status as an icon of international co-op-
eration. In short, while the engineers reckon 
the station could function safely through to 
2028, the politicians have not said for sure 
that they will keep paying for it through to 
2020, the end-point of the current ISS operat-
ing agreement.

ISS

The end of 
the line?
With funding uncertainties facing 
the International Space Station, 
what appetite is there for even 
more ambitious projects?

NASA has had to rely 
on Russian Soyuz 
rockets to get its 
astronauts to the 
space station

Russia’s Soyuz spacecraft have played an essential role in the ISS’s operations to date

DAN THISDELL LONDON

The International Space Station has been 
the focal point of human spaceflight activ-

ity for so long now that the outpost can seem 
like a permanent, if remote, feature of our 
planet. While not as significant as, say, Ha-
waii or New Zealand, the ISS is better known 
than any number of smaller rocks and islands 
and, at a little more than 400km (250 miles) 
altitude, closer than most of them – depend-
ing on where one starts from.

The ISS certainly feels like a permanent fix-
ture from a budgetary perspective. One esti-
mate of the total programme cost over the 30 
years from its beginnings to 2015 stands at 
$150 billion. That’s some $5 billion per year 
spread unevenly between partners NASA, 
Roscosmos and the European, Canadian and 
Japanese space agencies – or a bit less than the 
GDP of the Isle of Man.

Whether that is a lot or a little depends on 
one’s view of the importance of human 
spaceflight (not to mention of a lightly popu-
lated island in the Irish Sea), and it is impor-
tant to note that the heavy costs of actually 
building the station are largely in the past.

Nevertheless, as the station approaches the 
15th anniversary of its first crew arrival, it is 
not surprising that the money to keep the ISS 
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state news agency TASS reported that while 
2020 had been agreed and 2024 was under dis-
cussion, deputy prime minister Dmitry Rogo-
zin had declared that, to Moscow, there was no 
“commercial” reason for sticking with the ISS 
past 2020. Meanwhile, reports TASS, two new 
Russian modules being built for the ISS – and 
set for launch in 2017 and 2018-2019 – would 
not be attached to the ISS until Roscosmos de-
cides its post-2020 plans. If that sounds like a 
classic catch-22, TASS quotes Roscosmos chief 
Oleg Ostapenko saying the two modules could 
be used as part of a new Russian space station.

Meanwhile, the diplomatic stand-off over 
events on the ground in Ukraine is under-
stood to be delaying any decision about Rus-
sian participation in the ISS.

2020 VISION
If Russia does decide to have its own space sta-
tion – and start building it later this decade – 
the prospects for the ISS to continue beyond 
2020 would seem dim. An engineering lifespan 
to 2028 notwithstanding, NASA’s 2024 concept 
is probably the limit for ISS operations, given 
its longer-term planning for a human mission 
to Mars in about 2035. As one of Bolden’s dep-
uties, William Gerstenmaier, put it in response 
to the Obama administration’s January 2014 
nod to run the station through to 2024: “I really 
see the space station as the first step in explora-
tion. It is gaining us operational experience in a 
distant location, well beyond the Earth.

“Those are the kinds of experience, technol-
ogy and hardware that we need to go to Mars, 
so all that feeds forward.”

That vision was fleshed out later in the year 
to another RAeS audience by NASA chief sci-
entist Ellen Stofan, who described ISS opera-
tions as the first phase in an international and 
“stepwise plan” for reaching Mars. That plan 
sees the ISS as a platform that supports research 

And, added Bolden at the time, a key date to 
watch was 2 December 2014, when govern-
ment ministers from the European Space 
Agency’s member states were to meet in Lux-
embourg to negotiate budgets. During the 
event, that ministerial meeting provided 
somewhat equivocal support for the ISS. The 
meeting’s resolution described the agreed 
“binding financial commitment” as “an essen-
tial step in fulfilling [member states’] pledge to 
work towards ensuring Europe’s continued 
participation in ISS co-operation up to the end 
of 2020”. With financial pain palpable in Eu-
rope and several member states preparing for 
general elections in 2015, while others – nota-
bly Italy – are only a crisis away from an elec-
tion, it can be expected but not firmly assumed 
that all of ESA’s governments will keep writing 
cheques. There was no mention of 2024.

Complicating the situation is Russia, and in 
particular the deteriorating – or at least unsta-
ble – state of relations between the Bear and 
the West. As 2014 drew to a close, Russian 

 ❯❯

SpaceX’s Dragon capsule will soon be capable of carrying astronauts to low Earth orbit

Baikonur hosts ISS-bound Soyuz launches

“I really see the [International 
Space Station] as the first 
step in exploration”
WILLIAM GERSTENMAIER 
Associate administrator, NASA

into issues such as the medical implications of 
microgravity living without exposing astro-
nauts to the hazards of deep space.

A second phase should begin in the early 
2020s, and at that point, says Stofan, it is as-
sumed that a winding-down of ISS spending 
will free up cash for more ambitious missions 
to the space between the Earth and Moon. 
These would test our ability to live and work in 
deep space while still having what she calls 
the “safety valve” of being able to return home 
in a few days, rather than the eight or nine 
months it would take to return from Mars.
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Where will astronauts go, without the ISS?
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The idea is to start with a mission, proba-
bly robotic and maybe as soon as 2023, to 
bring an asteroid from far beyond the Moon 
and “park” it at a Lagrange point between the 
Earth and Moon, where the two bodies’ gravi-
ties balance. An asteroid could sit at such a 
point in a stable orbit, and hence be accessible 
for study by astronauts – who in addition to 
doing research on a space rock, would be test-
ing operational techniques and technologies 
that would, in principle, open the way to a 
further phase of “Mars-ready” development.

CROWDSOURCING
That so-called “Mars roadmap” may be led by 
NASA, but it is not a NASA invention; the 
various space station partners are all aboard, 
and all stress that nothing significant can be 
achieved by any one of them acting alone – 
even by NASA, which has the biggest budget. 
However, to assume the Mars plan will con-
tinue to clear technical, budgetary and politi-
cal hurdles may be a big assumption.

As ever, politics cannot be disconnected 
from human spaceflight. Whatever may come 
in Moscow or European capitals, when a new 
US administration takes office early in 2017, it 
may – as the Obama administration did – re-
visit the long-term NASA plan. Coming to of-
fice just after the onset of the worst financial 
crisis since the Great Depression, it was no sur-
prise that President Obama cut the legs off 
George W Bush’s Constellation programme, 
with its centrepiece of a return to the Moon by 
2020. Constellation was axed in part because it 
was deemed unaffordable, and it was replaced 
by the longer-term vision of studying an aster-
oid and eventually visiting Mars. Significantly, 
that Obama space plan satisfied the American 
public’s desire to feel like the nation is blazing 
trails in the cosmos without actually commit-
ting too much in the way of heavy near-term 

spending. NASA’s budget has been held steady 
at about $17 billion yearly.

One survivor from Constellation is the Space 
Launch System rocket programme, which, if 
completed, will be the most powerful launcher 
ever and could fly as early as 2018. SLS, once 
jokingly referred to as the Senate Launch Sys-
tem for persisting more to satisfy lawmakers’ 
needs for a glory project than for any obvious 
operational purpose, stands today as, literally, 
the motor behind NASA’s ambitions for a 
manned Mars mission in about 2035.

Also escaping the Obama chop was the 
Lockheed Martin-built Orion capsule, which 
starred in an apparently flawless December 
2014 maiden test flight. With a service mod-
ule being developed by Airbus Defence & 
Space, based on its Automated Transfer Vehi-
cle robotic ISS resupply ship, Orion promises 
– with the SLS behind it – to take four astro-
nauts to deep space from the early 2020s.

Alternatively, the SLS-Orion combination 
could carry six astronauts to low Earth orbit – 
to, say, the ISS. By the time Orion is ready to 
carry crew, however, that role will be filled by 
two other US spacecraft. By then, both the 
Boeing CST-100 and the SpaceX Dragon cap-
sules – commissioned by NASA under its so-
called Commercial Crew programme – will 
have come online to restore the human 
launch capability lost with the retirement of 
the Space Shuttle fleet in 2011.

Neither CST-100 nor Dragon – nor the 
Dream Chaser mini-shuttle being developed 
by Sierra Nevada, which was not selected for 
the final phase of Commercial Crew – is capa-
ble of the deep space missions planned for 
Orion. NASA, therefore, can look forward to a 
virtual embarrassment of riches when it 
comes to crew launch capability, which will 
surely be a big improvement on the past sev-
eral years, during which it has had to buy 
rides on Russian Soyuz rockets to get its astro-
nauts to the space station.

But it is also possible that, less than a dec-
ade from now, NASA may find itself with a 
stable full of spacecraft and nowhere to send 
them. Even if the Mars plan keeps moving for-
ward, there is not much time to achieve the 
technically ambitious asteroid redirect mis-
sion by the time the ISS era ends in 2024. If 
the asteroid plan falls foul of money or poli-
tics, or if ISS co-operation ends in 2020, or 
both, quite a few astronauts could find them-
selves all dressed up with no place to go. ■

To assume the Mars plan will 
continue to clear technical, 
budgetary and political 
hurdles is a big assumption

The ISS programme is estimated 
to have cost $150 billion since 
its beginnings 30 years ago
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the investigation”, and that he was “unaware 
that the feather system had been unlocked 
early” by Mike Alsbury, who was found dead 
in the desert sands, still strapped to his seat.

Until SS2-2 is complete Virgin has no 
spaceship to fly – and until the NTSB con-
cludes its work there may anyway be no pros-
pect of moving beyond the sort of ground test-
ing that any newly-built example of an air or 
spacecraft type would normally undergo.

That is a far cry from where things stood 
just weeks before the accident. Virgin Group 
boss Richard Branson had closed 2013 with a 
clearly stated intention of putting the first of 
some 600 pre-booked astronaut-passengers 
into space during 2014 – at $250,000 per ride 
– following a maiden passenger flight that 
would take him and his family outside the at-
mosphere. In September 2014 he backtracked, 

but only slightly, when he declared on David 
Letterman’s late-night talk show that he and 
his family “would be on the first flight from 
[Virgin Galactic’s operational base in] New 
Mexico… in February or March” of 2015.

Meanwhile, Branson told a national US tel-
evision audience that reaching space in 2014 
remained a possibility: “From now until 
March [2015] there will be many test flights, 
many test flights into space.”

The very next flight ended in tragedy.

BEST-LAID SCHEMES
It was to have been so different. This spinoff 
from Branson’s Virgin Group empire has been 
infused with all the glitz and chutzpah of a 
Branson project, allied to the technological 
creativity of legendary aircraft designer Burt 
Rutan and his Scaled Composites company. 
Substantial financial backing – ultimately of 
$390 million for 37.8% of the venture – by 
Abu Dhabi-based Aabar Investments should 
have removed any doubts about resources.

But progress has been slow. The Virgin Galac-
tic idea was born of Branson’s decision to spon-
sor Scaled’s successful 2004 bid to win the An-
sari X-Prize, for being the first private operation 
to cross the widely accepted 100km altitude 
border to space twice within two weeks in a re-
usable vehicle capable of carrying three people.

SS2 and WK2 are, essentially, scaled-up ver-
sions of the X-Prize craft – but scaling up has not 
been straightforward. Delays have been a regu-
lar feature of the programme, which by summer 
2008 was declaring that passenger flights would 
begin in 18 months. More than once, questions 
were raised about WK2’s runway stability.

Alarmingly for a craft that had achieved alti-
tudes of about 70,000ft during its three suc-
cessful powered test flights – but needs to 
touch 330,000ft to reach the edge of space – 
fuel for SS2’s liquid-solid hybrid rocket motor 
has been an issue throughout. A 2007 oxidiser 
test accident killed three Scaled workers in 
Mojave, and the fatal 2014 crash was the first 
flight test of a new solid fuel, whose evaluation 
and selection had opened a gap of nine months 
between the third and fourth powered flights.

The mission plan is unashamedly reminis-
cent of the US Air Force-NASA X-15 pro-
gramme, in which the mighty North Ameri-
can rocketplanes were hoisted to altitude by 
B-52 bombers before turning on the juice and 
eventually gliding home to the take-off point. 
Several pilots earned astronaut wings by 

VIRGIN GALACTIC

Shattered 
dreams
Will Richard Branson’s soaring 
ambition to put paid passengers 
into space survive the fatal crash 
of its test craft in October?

Happier days for founder Branson in 2012

DAN THISDELL LONDON
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Where next, Virgin Galactic? A 2014 that 
opened with great expectations that, 

after a decade of effort, the era of privately 
funded personal spaceflight would finally 
begin ended nowhere near space – with a 
crash that killed one test pilot and severely in-
jured another, and with the US National 
Transportation Safety Board picking over 
wreckage and data.

That 31 October accident over the Mojave 
desert saw SpaceShipTwo ripped apart by aer-
odynamic forces during its fourth-ever pow-
ered flight, just 11s after release at around 
55,000ft from its dedicated carrier aircraft, 
WhiteKnightTwo. Early indications are that the 
SS2’s fate was sealed not by any rocket motor 
malfunction, but by inadvertent activation of 
an empennage feathering mechanism designed 
to control its rate of descent from suborbital 
space. But while the NTSB continues its inves-
tigation, the root cause of the disaster remains a 
mystery – as does the fate of the programme.

All Virgin Galactic is saying now is that its 
second ship, SpaceShipTwo serial 2, “is 
about 90% complete and overall assembly is 
65% complete. We anticipate preliminary 
tests in 2015”.

Meanwhile, the NTSB has the wreckage of 
SS2-1 in secure storage and continues to eval-
uate telemetry and ground- and vehicle-based 
video. The board has interviewed surviving 
co-pilot Pete Siebold, who escaped by para-
chute, and found his account of the incident 
to be “consistent with other data sources in 

“From now [September 2014] 
until March there will be many 
test flights into space”
RICHARD BRANSON
Founder, Virgin Galactic
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Investigators start their grim task
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proprietary liquid-fuel powerplant. Precur-
sor projects included the EZ-Rocket rocket-
powered aircraft, built around a restartable 
XCOR motor, which flew at AirVenture Os-
hkosh in 2002. 

Meanwhile, the more powerful X-Racer 
featured a liquid oxygen-kerosene engine and 
a piston fuel pump – a key XCOR technology 
that will also drive Lynx.

XCOR

The other 
spacecar
First flight beckons in 2015 for 
runway-to-runway, liquid-fuel 
powered rocketplane able to 
carry two people into sub-orbit 

Lynx is taking shape for first flight in 2015, two years after the initial planned date

How the launch should have been

Lynx’s edge of space experience

DAN THISDELL LONDON

While Virgin Galactic waits for the results 
of an NTSB investigation into the 31 

October 2014 fatal crash of SpaceShipTwo, 
another Mojave-based suborbital hopeful is 
making steady progress towards first flight of 
a very different concept.

Where SS2 needs to be lifted to altitude by 
its jet-powered carrier aircraft, WhiteKnight-
Two, XCOR Aerospace’s Lynx promises a simi-
lar edge-of-space flight experience at 100km – 
but in a runway-to-runway rocketplane.

Lynx is also much smaller; where SS2 can 
accommodate two pilots, six paying passen-
gers and a flight attendant, Lynx will take one 
pilot and one passenger and, in a later ver-
sion, payloads of up to 650kg (1,430lb).

XCOR is not detailing its timetable, except to 
say it will “begin flight test operations in 2015”. 
The first Lynx all-composite airframe is taking 
shape, marking in December 2014 the mile-
stones of bonding the cockpit and carry-through 
spar to the fuselage. Chief executive Jeff Grea-
son says: “We’re really excited to have achieved 
this step. It paves the way for the strakes to be 
attached as the next step. Thanks to the hard 
work of the composites crew, we’re proceeding 
at a very rapid pace toward first flight.”

The structure, he adds, has also been load-
tested to the equivalent of 6g re-entry, and the 
cabin was pressurised to 0.76bar (11psi).

Fundamentally, XCOR is a rocket motor 
company building an air/spacecraft around a 

The company is also working under con-
tract to United Launch Alliance, the joint ven-
ture behind the Delta IV and Atlas V rockets 
used by the US Air Force for national security 
launches and for some NASA flights. In No-
vember 2014, XCOR hot-fired the XR-5H25 
liquid hydrogen engine it sees as a candidate 
to replace the Delta and Atlas upper stages.

The Lynx MkI being assembled for flight in 
2015 is designed to reach 200,000ft, or 61km. 
XCOR expects to use the MkI to train pilots 
for the MkII – designed to achieve the full 
100km altitude promised for suborbital mis-
sions in a roughly half-hour flight that con-
cludes with a glide home to the runway.

That unpowered glide home is a character-
istic shared with SS2, although XCOR points 
to the inherent restartability of its liquid-fuel 
motors – SS2 runs on a liquid-solid hybrid – 
as giving the pilot great flexibility.

One other feature shared by the two pro-
grammes is tardiness. At one point, XCOR 
was talking about flying from early 2013. ■
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crossing the 50-mile altitude barrier that 
stood as the USA’s definition of space at the 
time, and some even went about 10 miles 
higher to make the modern 100km threshold.

But while SS2 has nothing like the speed 
and power of an X-15, Branson, Rutan and 
their colleagues must be keenly aware of the 
hazards they are dicing with. One of those 
early USAF astronauts was Maj Michael 
Adams, who in 1967 lost control of his X-15 
owing to an electrical disturbance. He recov-
ered from a spin but ended up in a Mach 4.7 
inverted dive, and the aircraft broke up in in-
creasingly thick air, killing Adams on impact 
with the desert floor at Delamar Lake, Nevada.

At this point, discussion of Virgin Galac-
tic’s next move must be speculation. But some 
observers, noting that the number of deaths in 
spaceflight and training accidents totals about 
5% of the complement to date of space travel-
lers, reckon that commercial risk considera-
tions will force Branson to find a face-saving 
way to bring the programme to a close.

No doubt some would consider such an 
end to the dream of personal spaceflight to be 
unfortunate but prudent, while others would 
see nothing short of the tragic crushing of a 
widely held human aspiration. Whatever the 
outcome, and 2015 may bring an answer, it 
must be said that Branson’s broader vision 

would, if realised, transform air transport. On 
that same Letterman show, Branson spoke of 
the future thus: “What we’re dreaming about 
is to transport people point to point.” ■

 ❯❯
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A possible fragment of the Tunguska meteor

Anybody inclined to look at deep-space ex-
ploration mission proposals and their as-

sociated budgets and ask “why?” could do 
worse than consider the problem of so-called 
Near Earth Objects (NEO) – that’s jargon for 
big chunks of rock that orbit the Sun, until 
they actually hit us. As long as they are out in 
space, call them asteroids; once they get so 
near as to be visible streaks of light in the sky, 
call them meteors – enjoy the spectacle and, 
for good measure, take cover.

Meteor strikes big enough to destroy life as 
we know it or even compromise planetary in-
tegrity are not unknown. The dinosaurs are 
believed to have come to grief in the climate-
altering aftermath of an impact powerful 
enough to create the Gulf of Mexico. One 
plausible explanation for the origin of the 
Moon is that it is material flung off a once-big-
ger Earth by an almighty great collision. But 
while a large number of people well-studied 
in the astrophysics of asteroids are reasonably 
confident that Earth faces no imminent threat 
from any of the 1km or bigger rocks known to 
be in our vicinity, we are mostly clueless 
when it comes to the chances of crossing 
paths with an asteroid in the tens-of-metres 
category – big enough to destroy a major city 
as brutally as would a targeted nuclear strike.

As devastating as it would be, however, a 
meteor strike is a natural disaster that we ac-
tually have, at least in theory, the technical 
ability to prevent. All we need to do is give 
ourselves enough time – and to buy ourselves 
time we need to dramatically ramp up our 
search for asteroids. That is the message from 
a concerned group of scientists who, far from 
merely bleating into their telescopes, are at-
tempting to launch a space telescope mission 
called Sentinel that would not only be the 
best-optimised piece of hardware ever turned 
to the asteroid detection challenge, but, if it 
gets off the ground in 2017-2018 as planned, 
will probably be the ultimate expression of 
the power of privately funded spaceflight.

The concept for the Sentinel infrared aster-
oid-detection telescope stems from the con-
cerns of people no less serious than former 
NASA astronauts Ed Lu (two Shuttle mis-
sions and an International Space Station stay) 

ASTEROIDS

Defenders 
of the Earth
A group of scientists hope their 
privately funded space telescope 
mission will help identify threats 
from space in plenty of time
DAN THISDELL LONDON

and Rusty Schweickart (Apollo 9). More than 
a decade ago, with planetary scientist Clark 
Chapman and astrophysicist Piet Hut, they 
founded the B612 Foundation, dedicated to 
“planetary defence” in the form of asteroid 
threat awareness – and action. Aviators will 
note their borrowing the name from Antoine 
de Saint-Exupéry, whose Little Prince counts 
that space rock as his home.

WE ARE NOT ALONE
As B612 outlines that threat, in the region of 
our solar system between the orbits of Venus 
and Mars, there is Earth – and millions of as-
teroids, ranging in size from “pebbles to many 
miles across”. More than a million of those 
chunks of rock are bigger than 40m (131ft) 
across, which is the estimated size of the me-
teor that struck Tunguska, Siberia, in 1908. 
The impact flattened some 2,500km2 (965 
square miles) of forest – a region the size of 
the San Francisco Bay area – with an impact 
some 1,000 times more powerful than the 15 
kiloton bomb that destroyed Hiroshima. 
Fewer than 10,000 of those 40m-plus aster-
oids have been detected.

Indeed, warnings are not hard to come by. 
As B612 notes, sensors operated to detect vio-
lations of the Nuclear Test Ban Treaty identi-
fied 26 explosions of up to 600 kilotons be-
tween 2002 and 2013 – all caused by meteor 
strikes. One of those came in over the Medi-
terranean Sea, and all were unknown to any 
existing space- or ground-based observatory.

And, to underscore the fact that we really 
are flying blind through this swarm of space 
rocks, a 600 kiloton event took place on 15 
February 2013 over Chelyabinsk in Russia, on 
a day when astronomers were primed to ob-
serve the long-anticipated near-pass of anoth-
er asteroid, 2012DA14. At 30m in diameter, 
2012DA14 was about twice the size of the 

Chelyabinsk meteor, whose airburst damaged 
buildings and injured more than 1,000 peo-
ple, mostly from broken glass.

Enter Sentinel, and roll on 30 June 2015 – 
“Asteroid Day”, to mark the anniversary of 
the Tunguska event. Speaking at London’s 
Science Museum during a 3 December Aster-
oid Day launch event hosted jointly by video-
link with the California Academy of Sciences 
in San Francisco, Dr Brian May – an astro-
physicist and adviser to B612, but more wide-
ly recognised for having interrupted his stud-
ies to join a troupe of musicians known as 
Queen – summed up the challenge as having 
“a huge bridge to cross to be aware of what’s 
coming at us to be able to prepare”. But, he 
stresses, by being “100 times more vigilant” 
we “stand a chance of mapping all those mil-
lion objects over the next 10 years”.

And, says May, while there may be 1 mil-
lion asteroids out there big enough to destroy a 
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More than 1,000 people were injured by the Chelyabinsk meteor in February 2015
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While a few recent events in spaceflight 
have underscored – through triumph, 

tragedy and perseverance – the rising signifi-
cance of private-sector competition and power 
of international co-operation, 2014 ended with 
a maiden flight that reminds us all of the endur-
ing presence of big, state-driven programmes.

ANGARA

Russia’s 
response
Moscow showed state-funded 
programmes still have a future 
with last year’s first flight of its 
newest heavy-lift rocket
DAN THISDELL LONDON

“It’s a short step to apply a 
little bit of correction [to the 
orbit of a risk-posing object]”
DR BRIAN MAY 
Astrophysicist and advisor to B612
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city or worse, the story is actually a “joy-
ful” one – because technology has put us in 
reach of mastering this threat. Citing the suc-
cess of the European Space Agency’s comet 
rendezvous and tracking mission Rosetta, May 
observes that “it’s a short step to apply a little 
bit of correction” to the orbit of an object be-
lieved to be on an Earth collision course.

Speaking from California, Schweickart out-
lines a three-spacecraft deflection mission 
concept that is not new to asteroid protection 
theorists, but which appears genuinely feasi-
ble in light of Rosetta’s success. The theory 
sees a “tractor” spacecraft flying alongside, 
using its tiny gravity to tug an asteroid off 
course, while an “observer” follows to moni-
tor closely the progress. Lastly, an “impactor” 
strikes from behind or ahead, to slightly speed 
up or slow down the asteroid.

All of that depends on early warning, 
which Schweickart defines as 20 years before 
impact. Since asteroids follow predictable 
Newtonian orbits, collision candidates can be 
identified as long as they are observed enough 
times to measure their paths and speeds.

EYES ON THE SKY
Rest somewhat assured, for much is already 
being done to catalogue the dangers. NASA’s 
NEO-search budget was tripled in 2012 to 
some $20 million, and its ground-based ef-
forts are thought to have identified well over 
90% of the biggest threats in the region be-
tween Venus and Mars. ESA, meanwhile, has 
established a NEO-detection programme that 
aims to have a dedicated and extremely so-
phisticated telescope scanning the skies from 
2016. At the same time, ESA’s Gaia star-sur-
vey mission has started tracking a billion stars 
in the Milky Way, and expects to find many 

other objects – including asteroids in our own 
solar system.

But finding asteroids has been likened to 
searching for lumps of coal in a dark room, so 
it is unlikely that ground-based telescopes 
can have much success in identifying tens-of-
metres-sized threats – such as the Tunguska 
or Chelyabinsk rocks. Hence the potential 
value of Sentinel as a space-based infrared 
survey mission.

Sentinel’s objectives are limited – the 
group’s claim is that it could “discover and 
catalogue 90% of the asteroids larger than 
140m in Earth’s region of the solar system” 
while “also [discovering] a significant number 
of smaller asteroids down to a diameter of 
30m”. From an orbit roughly in line with Ve-
nus’s and looking “outward” toward the Earth 
and Mars during a 6.5-year planned service 
life, following a Falcon 9 launch in 2017 or 
2018, the spacecraft “should significantly im-
prove the efficiency of asteroid discovery”.

Money, of course, is an issue – although 
perhaps it shouldn’t be. The Sentinel team 
hopes to raise $250 million to build and oper-
ate the spacecraft, plus launch costs. Speak-
ing from San Francisco during the Asteroid 
Day presentation, Ed Lu noted that in total 
some $40-50 million per year is spent today 
by NASA, ESA and private institutions to 
discover maybe 1,000 asteroids, and he de-
clined to speculate on what it would cost to 

Examples abound on the private-sector and 
international co-operation side, but to name a 
few from 2014:
■ Rocket-builder SpaceX filed suit against the 
US government, demanding that national-se-
curity launch contracts be opened up to com-
petitive bidding;
■ A renewed Virgin Galactic test flight cam-
paign started and ended with the fatal crash of 
its suborbital craft SpaceShipTwo;
■ Airbus Defence & Space and Safran put for-
ward a radical joint venture business plan to 
transform the Ariane launcher’s cost competi-
tiveness, and the scheme was later anointed 
by the European political leaders who in past 
times would have demanded, efficiency be 
damned, that the project’s spoils be spread as 
far as possible;
■ NASA test-launched its Orion capsule, 
which will only be able to carry astronauts 
into deep space thanks to a service module 

find and track all of the estimated million se-
rious threats.

But, he adds, even with Sentinel in action 
the amount spent would be “ridiculously 
small” compared to the cost of grappling with 
other global problems. Indeed, he and Sch-
weickart noted that it is not unusual for $250 
million of public and private money to be 
spent on refurbishing a museum – and B612’s 
ambitions are truly modest compared to the 
amounts lavished on, say, new American 
football stadia.

B612 is not detailing its progress towards 
raising the cash needed to build and launch, 
but donors include big names like Adobe, 
Google and Microsoft.

Asked whether budget struggles on both 
sides of the Atlantic suggest the asteroid detec-

 ❯❯

A crater in the Arizona desert highlights 
the damage meteors can wreak on Earth

Angara launchers are set to replace Proton
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being developed and provided by the Euro-
pean Space Agency, through Airbus Defence 
& Space.

But lest anyone forget that state direction 
remains alive and well in spaceflight, on 23 
December Russia’s Federal Space Agency (Ro-
scosmos) made a successful maiden flight of 
its newest heavy-lift rocket, the Angara A5, 
flying from Plesetsk cosmodrome in the Rus-
sian northwest.

The flight, apparently flawless, followed by 
five months the first launch of the Angara 
1.2PP, the smallest version of a modular fami-

ly of launchers being developed by state-con-
trolled Krunichev to put payloads of up to 
nearly 25t into low Earth orbit. 

And, significantly, this replacement for the 
failure-plagued Proton is powerful enough to 
put any satellite into the highest, geostation-
ary orbits from Russian territory, where the 
country has complete control of its operations.

DEDICATED FACILITIES
To that end, Russia is developing a new, far-
East launch centre at Vostochny, which is ex-
pected to be ready for Angara operations from 
later this year, with manned Soyuz flights from 
2018. Until now, Russia’s main launch centre 
has been at Baikonur, in Kazakhstan. Baikonur 
– which has been in service since Sputnik and 
Gararin – had the attraction of being as close to 
the equator as could be achieved within the 
Soviet Union, to give rockets as much assist 
from the rotation of the earth as possible.

Baikonur had the attraction of 
being as close to the equator 
as could be achieved within 
the Soviet Union

Post-Soviet Russia has continued to rely on 
Baikonur. But with the shift to Vostochny 
there will be none of the security or permis-
sion issues which could, conceivably, dog 
operations that rely on the goodwill of a for-
eign country. 

That self-reliance at the less-southerly 
Vostochny will, according to Russian state 
news agency TASS, be ensured by Angara’s 
large payload capability.

The new rocket – the first all-new civilian 
launcher to be designed in Russia in 50 years – 
has been in development since 1995 at a cost of 
more than $3 billion, also according to TASS.

For the money, Russia is getting not only a 
new and hopefully more reliable rocket than 
Proton, and freedom from foreign entangle-
ments in its space programme. As Roscosmos 
chief Oleg Ostapenko puts it, Angara’s oxy-
gen-kerosene propulsion system is also envi-
ronmentally friendly. ■

tion effort will have to rely on existing or multi-
purpose spacecraft if purely private funding 
isn’t up to the task, May was quick to defend the 
concept of a dedicated mission. Learning more 
about asteroids, he stresses, “is good science”.

Lord Martin Rees, the UK’s Astronomer 
Royal, adds that most asteroids are, of course, 
already found by telescopes built for other 
purposes, but while such multipurpose mis-
sions may be a way to get a budget, they may 
not be good enough. Sentinel, he notes, is 
much better optimised for this purpose.

From San Francisco, Schweickart – no 
stranger to politics, having served as a science 
assistant to the governor of California after 
leaving NASA in the 1970s, and going on to 
chair the state’s energy board – emphasises 
Rees’s point, that space-based infrared is 

probably needed to do an adequate job. And, 
describing it as unlikely that Congress would 
pay the bill, Schweickart says that B612/Sen-
tinel has decided to go it alone.

MULTIPLE IMPACTS
If Sentinel flies, it may well identify a bullet 
with our name on it. As a private-sector project 
with a truly global remit but no revenue stream 
(unlike suborbital tourism, for example), it 
would also reasonably stand as the greatest ex-
ample of what can be achieved in space with 
little or no government involvement.

But Sentinel also flags up the fact that, armed 
with an asteroid strike early warning, govern-
ments worldwide may have to co-operate to an 
unprecedented degree. May describes the ca-
tastrophe of impact as “a world problem that is 

avertable” if all nations participate in a solu-
tion. But he did qualify his optimistic conclu-
sion that Rosetta-style technology can deflect a 
collision-course asteroid with a “probably”.

That “probably” is more than the natural 
prudence of a scientist who understands that 
goal-oriented research, however promising, can 
raise as many questions as it supplies answers. 
As Bill Nye, chief executive of the Planetary So-
ciety, said from San Francisco, if the Tunguska 
strike had happened 6.5h later, the meteor 
would have struck Berlin – devastating a lot 
more than 80 million trees and changing the 
course of 20th-century history. If a deflection 
mission, however well-intentioned, based on 
one nation’s or one organisation’s initiative 
were to go a little bit wrong, the geopolitical im-
pact could do as much damage as the meteor. ■
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The next five years will be a critical measure of success for the F-35 programme, 
as Lockheed Martin works to meet a 2019 full-rate production goal by investing 
in the complex fighter’s global manufacturing supply chain and new technologies

GREASED 
LIGHTNING

The US military was 
expected to seek 55 of 
the type in its fiscal year 
2016 budget request, but 
reports suggest it may up 
the annual buy to 57
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Kinard, a senior technical fellow at Lock-
heed. To get there the company faces a 
chicken- and-egg conundrum that has not 
two, but three variables.

Lockheed must invest significant capital in 
its Fort Worth production line to achieve the 
desired rate. Company officials are not eager 
to do that until orders from its US and inter-
national customers are solidified. Those cus-
tomers, however, would prefer to buy jets in 
quantity at a lower price point.

Lockheed is already preparing for what of-
ficials call “rate”. The firm expects to increase 
the production total by about 50% each year 
until it is churning out 20 F-35s a month in 
2019, including those from Italy and Japan, 
Kinard says.

The Fort Worth plant’s roughly 1,000 F-35 
employees but will be increased to 2,800 by 
2019 to support the expected ramp-up in pro-
duction, he says. The staff will work in two 
shifts, five days a week, at rate 17.

“The other step is making sure we have the 
right tools to support that ramp,” Kinard says.

The production line now has eight electronic 
mating and alignment system (EMAS)  stations, 
where the forward, centre and aft fuselage sec-
tions of the three jet variants are joined in a vir-
tual environment before physical mating. The 
system allows for the precise measurement of 
joined surfaces necessary to create the smooth 
outer surface of the very-low- observable stealth 

DAN PARSONS FORT WORTH
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“The ideas aren’t the problem.
The problem is finding funding 
to make those improvements”
DON KINARD 
Senior technical fellow, Lockheed Martin

 Lockheed Martin’s F-35 Lightning II is 
an incredibly complex fighter. Each jet 
is assembled by hand from about 
300,000 parts by more than 1,000 

workers at the company’s mile-long Fort 
Worth, Texas manufacturing facility.

Each F-35 takes about two years to emerge 
from Lockheed’s sprawling, global supply 
chain. At the end of 2014, the company deliv-
ered three of the aircraft per month. To sup-
port a planned production ramp-up that calls 
for exponential production growth before 
2019, it must boost this to as many as 17 at the 
Fort Worth site, plus two more from a new 
factory in Italy and one more from Japan.

For a programme that has had its fair share 
of make-or-break moments over the last 13 
years – and the expenditure of more than 
$400 billion – the next five years will be an 
important measure of success. Lockheed has 
declared that at some point before 2019 the 
cost per aircraft will be on par with legacy 
fighters; or $90 million at most for a conven-
tional take-off and landing (CTOL) F-35A.

The unit price for an F-35A in low-rate ini-
tial production (LRIP) lot 8, which was final-
ised in late 2014, was $108 million.

Lockheed’s entire operation is gearing up for 
full-rate production in 2019, before which the 
number of jets is set to expand from 62 in LRIP 
9 to 98 and 168 in lots 10 and 11, respectively. 
Production levels should continuing rising to a 
full-rate production of 240 jets per year.

Lockheed has to do better than three jets a 
month to support such a dramatic production 
ramp-up. With targeted investment and a 
 sizable expansion of its workforce, the 
 airframer has the capacity to produce as many 
as 17 F-35s a month at Fort Worth, says Don Lo
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Lockheed has to go far beyond three jets a month to support the production ramp-up
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MASS MANUFACTURING and 
stealth aircraft have never mixed 
well. Hundreds of thousands of 
parts must align at tolerances 
measured to the thousandths of an 
inch. A structural misalignment no 
wider than a few human hairs is 
enough to make an aircraft shine 
like a lighthouse in the electromag-
netic spectrum.

In the elite club of stealth aircraft 
manufacturers, Lockheed Martin 
set the output record six years ago, 
by averaging two F-22 Raptor deliv-
eries per month, then topped that 
four years later as the F-35 
Lightning II production rate reached 
three per month.

If Lockheed’s order projections 
are realised, however, the F-35 
must become the stealth fighter 
equivalent of the Ford Model T in 
less than four years. That is when 
monthly output at Lockheed’s mile-
long factory in Fort Worth, Texas, is 
supposed to reach a peak of 17 
F-35s in 2019. The company has 
built non-stealthy fighters faster in 
the past – the same factory built 33 
F-16s in October 1981 – but the 
four-year goal for monthly F-35 deliv-
eries is nearly seven times higher 
than any stealth aircraft programme 
has ever achieved.

CHALLENGE
With the scale of the challenge at 
full-rate production well understood, 
Lockheed designed the F-35 final 
assembly line to be different from 
the outset. In the two critical final 
assembly functions – aligning and 
mating the fuselage sections and 

wings and then installing the en-
gine and control surfaces – the 
F-35 production system departs 
from Lockheed’s past practice on 
the F-16 and F-22.

But some of the plans for F-35 
manufacturing have evolved and 
changed as the potential reality of 
full-rate production draws nearer.

A prime example is the fate of a 
now-discarded plan to instal a con-
tinuously moving final assembly 
line. Emulating a Toyota car factory, 
Lockheed’s concept proposed an 
automated track that would ad-
vance F-35s down the line at a 
steady clip of 1.22m (4ft) per hour. 
Workers would keep pace as they 
attached control surfaces, installed 
the Pratt & Whitney F135 engine 
and performed systems tests. 

In a 2004 news release an-
nouncing the moving assembly line 
studies, Lockheed officials said 
such an innovation, if implemented, 
could save $300 million over the 
life of the programme.

AFFORDABILITY
“Affordability is the cornerstone on 
which the JSF [Joint Strike Fighter] 
programme is built, and we’re begin-
ning to see how a continuous mov-
ing assembly line could help us 
meet our commitment to keep costs 
low,” said Tom Burbage, Lockheed’s 
then-executive vice-president and 
F-35 programme general manager. 
“We are in the process of weighing 
the up-front investments against the 
long-term returns. So far, we like 
what we see.”

However, the manufacturer’s in-
ternal position has changed within 
the last three years, says Don 
Kinard, a Lockheed senior technical 
fellow charged with developing the 
F-35 “fighter production system”.

“We studied [a continuously 
moving line] for years,” Kinard said 
in a recent interview. “We did a lot 
of analysis and we figured that 95% 
of the benefit of a moving line could 
be captured with a pulse line. The 
moving line brought additional com-
plexity to it, and the complexity and 
the cost of going from a pulsed line 
to a moving line was determined to 
be not worth the advantage.”

The F-35’s last stages of assem-
bly will still be very different to 
those on the F-16 line, for example. 
Lockheed parks the F-16 after fuse-

 ❯❯

ASSEMBLY STEPHEN TRIMBLE FORT WORTH

CONTINUED EVOLUTION AS F-35 MANUFACTURING PREPARES FOR RAMP-UP

aircraft. A single soft-mate station sup-
ports assembly of components that do not 
 require the precision of EMAS.

To support a rate of 17 jets per month, the 
facility will need at least 15 EMAS and five 
soft mate stations, Kinard says. Whereas the 
Fort Worth production line currently has 10 
final assembly stations – where control sur-
faces and systems are joined to the fuselage – 
it will need at least 25 at full rate, he adds.

Lockheed has produced around 120 air-
craft for the USA and various international 
partners since deliveries began in 2011. LRIP 
8 will bring the number of aircraft on contract 
to 216. For comparison, the US Air Force has 
a total 187 Lockheed F-22 Raptors.

“A lot of people don’t realise how mature 
this programme is,” says Mike Rein, Lock-
heed’s chief F-35 spokesman. “We’re two-
thirds of the way to full-rate production.”

MILESTONES
The next 12 months are packed with pro-
gramme milestones. Both Lockheed and the 
US government’s Joint Program Office (JPO) 
are eyeing one date with tunnel vision: the US 
Marine Corps’ 1 July initial operational capa-
bility (IOC) milestone. The air force should 
follow in 2016, and the navy plans to bring up 
the tail in 2018.

“Over the next couple of years, what we’re 
trying to do is get all three services to IOC, 

 because if you get all three services to IOC, 
then a lot of other things are automatically 
done,” Rein says. “You’ve completed your test 
programme. You have produced the airplanes 
you need to produce. The international folks 
are getting their airplanes because our IOCs 
lead to their IOCs.”

The USMC plans to have 10 combat-ready 
jets to support its first operational squadron, 
but testing delays resulting from an engine 
fire that grounded the fleet for weeks last year 
has already compromised the 1 July deadline. 
While the JPO has still not approved a perma-
nent fix for the rotor rubbing that caused the 
malfunction, Lt Gen Christopher Bogdan, 
F-35 programme executive officer, says the 

The process for  assembling 
the Lightning II is a major 

departure from best 
 practice on the legacy F-16
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Lockheed adopted a “pulsed” line for the F-35, with a flow-to-takt-time production model

lage and wing mating in an assem-
bly bay, where it does not move until 
the aircraft is ready to enter the 
paint hangar.

By contrast, Lockheed adopted a 
“pulsed” line for the F-35, with a 
flow-to-takt-time assembly model. In 
such a model, components flow 
through assembly positions all the 
way through the supply chain at in-
tervals aligned with the monthly 
 delivery rate.

Another split with Lockheed tradi-
tion on the F-35 line is the station 
where the four main fuselage sec-
tions are joined with the wings. It is 
here where all the major structural 
components are merged from a 
global supply chain. Lockheed 
makes the forward fuselage section 
and completes 60% of the wings 
from a parallel assembly line in Fort 
Worth. Alenia Aermacchi builds the 
remaining 40% of the wings, while 
Northrop Grumman and Turkish 
Aerospace Industries (TAI) split re-
sponsibility for building the centre 
fuselage. Lockheed’s plant in 
Marietta, Georgia makes the centre 
wing assembly, and BAE Systems 
builds the aft fuselage at 
Samlesbury in the UK.

There are three major mate sta-
tions in the F-35’s structure. The 270 

mate joint – measuring 270in from 
the aircraft’s nose – joins Lockheed’s 
forward fuselage to the Northrop/TAI 
centre fuselage. The 425 mate joint 
connects the centre fuselage with 
Lockheed’s centre wing assembly, 
and the 556 mate joins the centre 
wing to BAE’s aft fuselage.

Each section has to be mated 
precisely or there is a risk of mis-
alignments in the structure, giving 
away the F-35’s profile on radar. On 
top of this complexity, there are 
three major variants of the F-35 – 
each with unique structures and 
systems. As Lockheed was conceiv-
ing the final assembly process, it 
was quickly obvious that a sophisti-
cated tooling system was neces-
sary for mating the major structures 
of each of the three variants.

SOLUTION
Lockheed’s electronic mating and 
alignment system (EMAS) was devel-
oped to solve that problem. This re-
places the large tooling towers that 
would have been required to mate 
each variant. Instead, a platform is 
erected, and all four major sections 
are lifted by crane into an F-35-
shaped space in the middle to be 
mated. Each of the sections are digi-
tally mapped and mated synthetically 
in the EMAS software. This simula-
tion of the mating process is used to 
predict the number and thickness of 
the required shims and filler. Too 
much or too little can cause a 
stealth-degrading misalignment.

The four sections are initially 
joined together and inspected to 
make sure the thickness of the 

shims is accurate. Then, the EMAS 
pulls the three mate joints apart so 
workers can make corrections. The 
sections are then rejoined to vali-
date the corrections. Finally, the 
EMAS pulls the sections apart one 
last time so workers can apply seal-
ants and protective coatings on the 
interior of the structures.

The labour-intensive process rep-
resents the majority of the F-35 mat-
ing work, but the EMAS makes it 
possible to mate all three variants 
using a common platform, rather 
than individual tooling towers.

However, the EMAS was also an 
assembly bottleneck in the early 
years of F-35 production.

The first few lots of low-rate initial 
production were slowed by delays 
that ran deep into the supply chain. 
However, the US Joint Program 
Office required Lockheed to keep 
the flow-to-takt system running, even 
if major assemblies were missing 
large numbers of parts. By the time 
these components reached the 

EMAS stage, Lockheed’s production 
system had broken down.

“Travelled work at mate isn’t a 
good thing. We did it to scrunch the 
schedule, but out of station work is 
really chaos for us,” Kinard says. 
“Remember, we’re in flow – so if I 
don’t do it in this station it moves to 
the next station. That means there’s 
mechanics there that might not be 
familiar with [the part]. We want to 
have the part delivered and con-
sumed in that position.”

Those problems have largely 
been resolved as Lockheed has 
stabilised at a steady rate of three 
F-35s per month since 2013. F-35s 
previously arrived at the EMAS sta-
tion only 30% complete, but now 
enter the mate routinely at more 
than 99% complete, Kinard adds.

“The only real travelled work we 
have right now anywhere in the fac-
tory is really in final assembly,” he 
says. “It’s moving typically within one 
position from final assembly to an-
other position in final assembly.” ■

Marines will enter IOC within days or weeks 
of the July target date; “not months”.

Now that Lockheed has established a 
steady three-per-month rate, it is hunting for 
efficiencies throughout the production line to 
“establish a better flow” of jets to customers, 
Kinard says. Over the next five years, 53% of 
the aircraft rolling off the Fort Worth produc-
tion line will be for the USA. The remaining 
47% will all go to international customers.

In March 2014, a US Government Account-
ability Office (GAO) annual report on the F-35 
programme applauded Lockheed for achieving 
manufacturing efficiency and management of 
its supply chain. “As the number of aircraft in 
production has increased, learning has taken 

The first few lots of
low-rate production
were slowed by 
delays that ran deep
into the supply chain

 ❯❯

Each fighter is assembled by hand from about 300,000 parts
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MANUFACTURING HAS FADS, 
and Lockheed Martin in recent 
months has linked the F-35 pro-
gramme to two of the hottest – 
additive manufacturing and 
nanomaterials. The chance of 
seeing either on parts arriving at 
the F-35’s three final assembly 
and checkout facilities in the 
near future is remote, however.

Lockheed has touted four 
key F-35 components – a flap-
eron spar, leading-edge spar, 
aft spar and root rib – as candi-
dates to convert from machin-
ing to an additive process 
called electron beam direct 
manufacturing (EBDM).

The advantages of the 
EBDM process include lower 
costs and vastly shorter lead 
times for raw materials.

“It could fundamentally 
change the span time and the 
fundamentals of the supply 
chain,” says Don Kinard, a 
Lockheed senior technical 
 fellow.

Programme officials, however, 
must be satisfied that parts 
made by EBDM will deliver the 
same reliability and performance 
over the lifetime of the aircraft as 
a traditionally machined part. 
Although researchers continue 
to make progress, they are not 
quite at the finish line yet.

“It’s got a way to go,” Kinard 
says. “I would say we’re prob-
ably two years away of knowing 
whether or not it is [ready]. 
Right now we’re working on the 
process conditions for how it’s 
welded. We’re looking at the 
inspection criteria. We’re look-
ing at effects and defects, ma-
turity of the wire, all of that kind 
of thing.”

As a former composites engi-
neer, Kinard notes that it took 20 
years to transition to carbonfibre 
from aluminium for large primary 
structures, and he sees a simi-
larly cautious approach for addi-
tive manufacturing on the F-35.

The selected components, 
such as the flaperon spar, reflect 
that conservative approach.

“We picked the flaperon spar 
because I could do a full-scale 
test on it without having to 
change the whole airplane. A 
flaperon – because it’s a sepa-
rate part – I could rig that to do 
that full-scale test on articles 

that we can certify independently 
of the airplane,” Kinard says.

Additive manufacturing is find-
ing a place elsewhere in the F-35 
programme. An affordability ef-
fort launched last year tasked 
Lockheed with supplying canopy 
bowframes using parts made 
from additive processes.

Similarly, Lockheed has often 
claimed the F-35 will feature car-
bon nanotube reinforced poly-
mer material in the wing-tip 
fairings, but Kinard says the 
component has not made the 
cut so far.

“Those are not production 
hardware yet,” he says. “It’s very 
difficult to get on because they 
are new materials. Because I’ve 
got an existing wing fairing that’s 
either composite or aluminium 
depending on the variant, I’ve 
got to get something to fit in that 
same space. It’s got to fit – it 
can’t be any different than that. 
That’s very difficult to do, but 
we’re looking at it.

“We’re still working on the 
nano-composite fairing,” Kinard 
adds. “It may make it on there 
sooner or later. We would do that 
typically for affordability. That’s 
really the reason why we have 
funded development. 
Affordability is everything. We’re 
always looking for new ideas.” ■

MANUFACTURING STEPHEN TRIMBLE FORT WORTH

NEW TECHNOLOGY YET TO REACH ASSEMBLY LINE

 ❯❯ place and manufacturing efficiency has 
improved,” it said, adding that  Lockheed “has 
seen reductions in overall labour hours needed 
to manufacture the aircraft”.

Annual aircraft deliveries have steadily 
risen since the first LRIP lot jets were handed 
over to the US government in 2011. Lockheed 
delivered 35 aircraft in 2013 – an increase of 
five from the previous calendar year, and 26 
more than it delivered in 2011. Deliveries 
stagnated in 2014, over which time annual 
deliveries rose by just one aircraft.

The US military was expected to order 55 
F-35s in its fiscal year 2016 budget request, but 
reports suggest it may up the buy to 57, which 
puts the impetus on Lockheed to nearly double 
production from the previous two years.

As Lockheed builds more F-35s at a higher 
rate, the company is expected to continue on 
a learning curve that has allowed it to reduce 
per-jet labour by thousands of hours a year 
since 2011. In 2014 it specifically aimed to 

 reduce labour hours for the F-35A by 20,000h, 
and for the short take-off and vertical landing 
(STOVL) F-35B by 14,000h, according to the 
GAO. It has achieved a similar reduction for 
both variants each year since deliveries began.

Lockheed says each F-35 delivered in 2013 
averaged 81,000 labour hours, compared with 
68,000 per aircraft delivered in 2014 – a drop 
of 16.4% for all three variants.

IMPROVEMENTS
“Hour per unit improvements were accom-
plished from component build areas in Mari-
etta, Georgia and Fort Worth, Texas, affordabil-
ity initiatives to improve the manufacturing 
processes and continued quality improve-
ments to the build processes, including deliv-
ery to the customer,” Lockheed says.

Kinard says Lockheed has already lowered 
F-35 touch-labour costs by two-thirds since 
initial deliveries. It continues to introduce 
cost- and time-saving production measures 

such as 3D printing of certain components 
and laser-guided manufacturing. Lockheed 
has hundreds of such projects in the works 
that it says will yield savings in future pro-
duction lots – if it can scrape together invest-
ment capital in the near term.

“The ideas aren’t the problem,” Kinard 
says. “The problem is finding the funding to 
make those improvements.”

Michael Cabiness, director of F-35 delivery 
operations, was brought in specifically to 
manage the completion and testing of aircraft 
once production ramps up to Lockheed’s 
 desired levels.

Officials must 
be satisfied that
parts made by 
EBDM will deliver
the same reliability

“We have been chomping 
at the bit, so to speak, for
these build rates to come”
ERIC ROEGNER 
President, Alcoa Defense

New production 
ideas are being 
sought to boost 
affordability
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achieved despite setbacks that kept the con-
tractor from delivering aircraft for several 
months during the year.”

Lockheed was able to meet its 2014 pro-
gramme production goal of 36 aircraft despite 
an engine malfunction that grounded the fleet 
for the better part of a month. By the last de-
livery of the year, the government, Lockheed 
and its industry team had delivered 109 oper-
ational aircraft to the USA and partner na-
tions since the programme’s inception.

ACCOMPLISHMENTS
“Meeting US and international aircraft deliv-
ery goals is a stepping stone,” says Bogdan. 
“Thousands of men and women produced the 
300,000 individual parts from 45 US states 
and 10 other countries to make these stealth 
fighters, and they should be proud of their 
 accomplishment.”

Managing such a complex supply chain is 
also key to reaching a delivery schedule that 
will supply the USA and its partners with 240 
jets a year. Lockheed oversees about 1,500 do-
mestic and 80 international suppliers spread 
across 11 countries, the GAO says.

Alcoa Defense is a major supplier of materi-
als and components – especially the titanium 
and aluminium bulkheads that make up the 
F-35’s horizontal structure. The titanium 
bulkheads for all three variants of the F-35 are 
made in Cleveland, Ohio, on Alcoa’s 50,000lb 
(23t) forge. The forge was overhauled and up-
graded in 2009-2011 to improve bulkhead 
strength and increase production capacity, 
says company president Eric Roegner.

“We made that $100 million investment 
anticipating the upcoming build rates of the 
F-35,” Roegner says. “It hurt us a little bit over 
the last few years that it has sort of held flat, 
while the original plan was that the build 
ramp would have started by now.”

Like Alcoa, other key materials and compo-
nent suppliers for the F-35 have invested in 
production capacity in anticipation of a ramp-
up in F-35 deliveries, Roegner says. Some 
major aerospace materials suppliers have made 
investments to ensure materials like titanium 
are in sufficient supply from reputable sources.

Companies like Airbus and Boeing, which 
use much more titanium to build commercial 
aircraft than for defence purposes, have in-
vested and planned to make sure there is suf-
ficient non-Russian supply available “in the 
event of a larger geopolitical hiccup. The in-
dustry is not worried about the availability of 
titanium,” he adds.

“We have been chomping at the bit, so to 
speak, for these build rates to come because 
we want to get a return on our investment,” 
Roegner says. 

“Many in the supply chain, having already 
made capacity investments, are actually quite 
eager for this uptick,” he adds. ■

“My main goal is to get this whole organisa-
tion ready for rate,” he tells Flight Internation-
al. “Our aircraft generation squadrons need to 
have a different mindset. They need to be 
thinking ‘fly, find the problems, fix them and 
fly again’.”

Cabiness is also looking for efficiencies at 
the tail-end of production, where final assem-
bly, painting and flight testing mark the steps 
before delivery. Creating the diverterless su-
personic inlet bump inside the engine intake, 
for example, requires 5h of continuous paint-
ing to build up the paint, like layers of a pearl. 
Cabiness plans to dramatically reduce the 
time required to create the feature by using in-
jection moulding instead of solid paint. 
Where there are currently six paint bays with 
two autonomous sprayer robots, the company 
plans to add two more.

The manufacturing process was for years 
bogged down with out-of-station work – also 
called travelled work – meaning jets would 

 progress through the production line without 
completing work at the previous station. In 
reaching a three-per-month delivery rate, Lock-
heed has dramatically reduced per-jet travelling 
work from an average of 93h in 2012 to just 8h 
for aircraft delivered in 2013, the GAO says.

“While these gains in efficiency have 
moved the programme closer to meeting its 
established labour hour goals, there is still a 
long way to go,” its report states. “In 2013, the 
prime contractor was unable to reach labour 
hour goals for both the CTOL and STOVL 
variants.”

Lockheed is also steadily closing the gap 
between actual and contracted delivery dates. 
The GAO says aircraft were an average of 11 
months late in 2012, while in 2013 deliveries 
averaged only five months late.

“While deliveries in 2013 were later than 
planned, the trend continued to move in the 
right direction,” the GAO adds. “The im-
provements in throughput in 2013 were 
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SAFETY

Time for trajectory-aware FMS
I agree with Richard Lloyd’s 
identification of the human 
computer interface as a prob-
lem on modern flightdecks. 
(Letters, Flight International, 
20-26 January). However, I 
believe the ultimate solution 
is really rather simple. Aircraft 
are now very smart, and the 
fly-by-wire software will protect 
against many mistakes by the pilots. 

If we extended this envelope protection to the whole trajectory 
then the interface would be simplified and numerous accidents 
from the past would become difficult to repeat. 

On AF447 the air data may have become unreliable, but the mul-
tiple inertial systems had sufficient information to restore level 
flight. With the Turkish 737 at Schiphol (despite the defective radar 
altimeter) the aircraft “knew” it was short of the runway, and so 
should have maintained approach speed. The Asiana 777 flight into 
San Francisco (with no system failures) could equally have been 
prevented from losing speed and landing short. The Helios 737 that 
did not pressurise in 2005 entered the hold. It could therefore (on 
the default trajectory) also have landed, even if the passengers 
might not have been alive. The 1995 757 crash near Cali might 
have been avoided if the knowledge that the selected waypoint had 
been passed had been used. 

There are several wrong runway take-off and landing accidents 
that a “trajectory aware” FMS could have prevented. 

This idea may be unpalatable to some, but I am sure that the 
trends in the use of automation will make it the only coherent con-
cept for the future.
David Parkinson 
Guildford, UK

We welcome your letters on 
any aspect of the aerospace 
industry.  
Please write to: The Editor, 
Flight International, Quadrant 
House, The Quadrant, Sutton, 
Surrey SM2 5AS, UK. 
Or email flight.international@
flightglobal.com

The opinions on this page do not 
necessarily represent those of the editor. 
Flight International cannot publish letters 
without name and address. Letters must 
be no more than 250 words in length.
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Long-range A321 
is a non-starter

Take measures 
to prevent LOC
I refer to the piece in Straight & 
Level (Flight International, 13-19 
January) “Habsheim crash 1988”, 
when the crew put themselves in 
a situation beyond their ability to 
control fully. 

The same can be said of Air 
France flight 447 in 2009, when 
the crew lost control of a service-
able aircraft and crashed into the 
South Atlantic. 

It would appear that even rep-
utable airlines are not always 
learning the lessons from avia-
tion history. That is, to introduce 
proactive measures to prevent 
loss of control, and then reactive 
measures. In other words, what 
to do if LOC occurs. 

Sadly, it seems that modern 
airline design sophistication is 
getting ahead of pilots’ under-
standing and competence in 
some areas. 
Peter Gray MRAeS,
Helicopter and tiltrotor test pilot
for Flight International
Redhill, UK

Errors over ers
At last, I thought, someone has 
raised the issue of your continu-
al use of the word “airframer” 
(Flight International, 13-19 Jan-
uary) and that you might refrain 
from its use.  

But no, only in the next issue 
the word appears yet again. So 
why stop at airframers? Why not 
landing gearers, avionicers, sys-
temers etc. I am sure you can 
think of many others, and retitle 
Flight International to Flighter 
Internationaler.
Gerry Newham
By email
Editor’s reply: Thank you for the 
correspondence on this matter. 
We realise the use of airframer is 
controversial but it works for us.

The A321 killed the 757, as 
 Boeing was forced to compete in 
that market with their own 737. 
But the proposed long-range 
A321neo will never be a substi-
tute for the 757. 

The A321neo will have less 
capacity. Its performance and 
runway length requirements will 
never come close to those of the 
legendary 757. Many airlines 
will still need a 200-seater able to 
fly 3,500nm (6,480km) sectors to 
and from smaller airfields. The 
A321, with its small wing, small 
flaps and four main wheels in-
stead of eight is a no-go.
Capt Juan José Hartlöhner
Madrid, Spain

Make black 
boxes buoyant
An intensive, expensive and so 
far unsuccessful search is being 
carried out attempting to locate 
Malaysia Airlines flight MH370, 
over an ocean where the depth 
can be four miles.

Traditionally, flight data re-
corders, or black boxes, are fixed 
to the aircraft tail so that in the 
event of a crash over water they 
and the entire aircraft sink to the 
ocean floor. My recommendation 
is to redesign the black box with 

positive buoyancy, and also to 
build into the unit a sustainable 
dye to be released when the air-
craft breaks up. 

They should also be attached 
to the aircraft externally, ignor-
ing for now any effect on aerody-
namics. On striking water, say at 
a depth of 10 fathoms or less, a 
hydrostatic mechanism would 
instantaneously release the black 
box, which would rise to the sur-
face. Location and retrieval could 
then be effected. 
Peter C Collins
Helson, UK

Asiana crash: very preventable 
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Sales Support Gillian Cumming 
+44 20 8652 8837 gillian.cumming@rbi.co.uk 

EUROPE
Sales Manager Shawn Buck 
+44 20 8652 4998 shawn.buck@flightglobal.com 
Key Account Manager Grace Hewitt
+44 20 8652 3469 grace.hewitt@flightglobal.com

NORTH & SOUTH AMERICA 
Vice-President, North & South America Rob Hancock 
+1 703 836 7444 robert.hancock@flightglobal.com 
Regional Sales Director Warren McEwan 
+1 703 836 3719 warren.mcewan@flightglobal.com 
Sales Executive Kaye Woody 
+1 703 836 7445 kaye.woody@flightglobal.com  
Reed Business Information, 333 N.Fairfax Street, 
Suite 301, Alexandria, VA 22314, USA 

ITALY 
Sales Manager Riccardo Laureri 
+39 (02) 236 2500 media@laureriassociates.it 
Laureri Associates SRL, Via Vallazze 43, 
20131 Milano, Italy 

ISRAEL 
Sales Executive Asa Talbar +972 77 562 1900 
Fax: +972 77 562 1903 talbar@talbar.co.il 
Talbar Media, 41 HaGiva’a St, PO Box 3184, Givat 
Ada 37808, Israel 

ASIA/AUSTRALASIA 
Sales Manager Michael Tang 
+65 6780 4301 michael.tang@flightglobal.com 
Fax: +65 6789 7575 
1 Changi Business Park Crescent,
#06-01 Plaza 8 @ CBP, Singapore 486025

RUSSIA & CIS 
Director Arkady Komarov 
komarov@worldbusinessmedia.ru
Tel/Fax: +7 (495) 987 3800 
World Business Media, Leningradsky Prospekt, 80, 
Korpus G, Office 807, Moscow 125190, Russia

CLASSIFIED & RECRUITMENT 
Group Sales Manager Louise Rees 
+44 20 8652 8425 louise.rees@rbi.co.uk
Sales Manager Sophie Wild
Sophie.wild@rbi.co.uk 
Recruitment Sales Executive Katie Mann
+44 20 8652 4900
Recruitment.services@rbi.co.uk 
Classified Sales Executive Daniel Brooker
+44 20 8652 4897
Classified.services@rbi.co.uk 
Key Account Manager – Asia Michael Tang 
+65 6780 4301 

ADVERTISEMENT PRODUCTION 
Production Manager Sean Behan 
+44 20 8652 8232 sean.behan@rbi.co.uk
Production Manager Classified Alan Blagrove 
+44 20 8652 4406 alan.blagrove@rbi.co.uk 

MARKETING 
Marketing Director Justine Gillen
+44 20 8652 8031  
justine.gillen@flightglobal.com 

DATA TEAM 
Head of Data Pete Webber 
+44 20 8564 6715 
peter.webber@flightglobal.com 
Commercial Aviation Steven Phipps 
+44 20 8564 6797
steven.phipps@flightglobal.com 
Defence & GA John Maloney
+44 20 8564 6704
john.maloney@flightglobal.com 

PUBLISHING MANAGEMENT 
Head of Flightglobal Melanie Robson 
Executive Director, Content Mark Pilling 

For a full list of events see 
flightglobal.com/events

EVENTS
1-3 February
Routes Americas
Denver, Colorado
routesonline.com

8-10 February
Abu Dhabi Air Expo
Al Bateen Executive airport, UAE
abudhabiairexpo.com

16-18 February
Loyalty conference
Istanbul, Turkey
flightglobalevents.com/Loyalty2015

18-22 February
Aero India
Air Force Station Yelahanka, Bengaluru
aeroindia.in

24 February - 1 March
Avalon Airshow
Geelong, Australia
airshow.com.au

17-20 March
Asian Ground Handling 
International Conference
Conrad Hotel, Macao
groundhandling.com

23-24 March
Operating Lease Masterclass
Park Plaza County Hall Hotel, London
everestevents.co.uk/events

25 March
European Corporate Aviation Summit
The Broadgate Tower, London
aeropodium.com

20-23 April
AeroDef Manufacturing
Hilton Anatole, Dallas
aerodefevent.com

29-30 April
Loyalty@Freddie Awards
Atlanta, USA
flightglobalevents.com/
loyaltyfreddies2015

4-7 May
AUVSI’s Unmanned Systems
Atlanta, USA
auvsishow.org

10-11 May
Aviation Africa
Dubai, UAE
aviationafrica.aero

19-21 May
EBACE
Geneva, Switzerland
ebace.aero/2015

26-28 May
AP&M Europe
Olympia London, UK
apmexpo.com

31 May - 3 June
1st International Symposium on 
Sustainable Aviation (ISSA)
Istanbul, Turkey
issasci.org

4-6 June
France Air Expo
Lyon-Bron airport, France
franceairexpo.com

15-21 June
Paris Air Show
Le Bourget, Paris 
siae.fr
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CLASSIFIED
TEL +44 (0) 20 8652 4897 FAX +44 (0) 20 8652 3779 EMAIL classified.services@rbi.co.uk
Calls may be monitored for training purposes

www.skyworld.co.uk

Skyworld Aviation is pleased to offer 

two aircraft for sale with immediate 

availability. 

Manufactured 2011

Exceptionally low hours / cycles

74 seats

‘N’ registered

Manufacturer Warranty to 2016

Location: Canada

Contact Juliet Hewitt 

juliet@skyworld.co.uk

Tel. + 44 1753 832088

•

•

•

•

•

•

The Regional Aircraft Marketing Specialist
Tel. + 44 1753 832088      info@skyworld.co.uk

For sale

2 x Dash 8 Q400 Next Generation

New and used aircraft

Courses and tuition

Equipment/Maintenance/Service

www.mt-propeller.com

Airport Straubing-Wallmuehle, EDMS
94348 Atting / Germany
phone:+49-(0)9429-9409-0, fax: +49 (0)9429-8432
sales@mt-propeller.com

Development & Production 
of high performance 
composite constant 
speed propellers and 
¿[HG�SLWFK�SURSHOOHUV�

Sales & Service for 
products made by 
McCauley, 
Hartzell, 
Sensenich, 
Woodward,  
*RRGULFK�

Beech KingAir 90 Series

SE-ATO-003.

TYPE RATINGS INCLUDING AIRCRAFT TRAINING ON:

ATR 42/72-500, SAAB 2000, 

SAAB 340, AVRO RJ and ATP.
New courses started continuously.For more information contact us 

on info@braathenstraining.com or visit BraathensTraining.com
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GeneralTenders

CASCO Ltd, UK based Spare Parts
Business, makes Landing History

A Boeing 747-400 has landed at St Athan Aerospace Business Park, it is
the first time a Boeing 747, or civil plane of this size has ever landed at
St Athan. As one of the most recognisable aircraft in the industry, it
arrived at the former RAF airbase last week, after a six and a half hour
flight from North Kentucky international airport in the US.
This 21 year old Aircraft was the 1000th Boeing 747 to be manufactured.
until landing last week, the aircraft has been most recently used as a
freighter with the US Airline Southern Air Transport.
The 230 tonne aircraft will now be parted out, all parts are now
available for sale, lease, or exchange. For more information please
contact: Linzi Roberts on 01403 711444 or email: Linzi@casco.aero

Added to our Inventory of  B737CL/NG, 747 and 767’s recently parted out.
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flightglobal.com/jobs
EMAIL recruitment.services@rbi.co.uk CALL +44 (20) 8652 4900 FAX +44 (20) 8652 4877

Getting careers off the ground

flightglobal.com 27 January-2 February 2015 | Flight International | 43

Flight Crew:
Captains:
Location: Bangkok, Thailand. 

Suitable candidates must have:
•   ICAO Licence acceptable to the Thailand Aviation Authorities.
•   Hold a valid and current (within the last 11 months) recognised ATPL Type Rating on the B767/B757.
•   Current Class 1 Medical.
•   Experience on International Routes.
•   Minimum 5,000 hours total flight time (civil aircraft).
•   Minimum 750 hours PIC time B767/B757 (left hand seat). 
•   Minimum ICAO Level 4 English, (current for a minimum of one year on joining).
•   Passport to be current for a minimum of 12 months on joining, with a minimum of 7 full blank pages available.
•   Be in possession of no aviation incidents / accidents report.
•   No criminal record. 
•   Provide three references

On joining a successful Pass in both Air Law & Human Performance is required by Thailand Aviation Authority in obtaining a Validation.
Pass a Drug and Alcohol Test.

If you meet the above requirements and wish to apply, please submit your CV at recruitment@asiaatlanticairlines.com . 

Note: In the Email Subject Line Place, “Captain Position”. 

Also, send the items below, properly orientated and readable.

Package:
Training Pay: 50% of full salary until checked to line or a maximum of 60 days. (120,000 Baht).
Monthly: 240,000 Baht, Company pays Thai taxes (until checked to line or 60 days).
Monthly: 270,000 Baht, Company pays Thai taxes (after checked to line).
Per Diem: 1,500 Baht net per layover, (International) 750 Baht net per layover (domestic).
Health Insurance: Yes
Holidays / Vacation: 21 days per annum (prorated after probation period of 119 days)
Sick Days: 30 days per annum with doctor’s certificate
Crew Base: Bangkok, possibly Phuket.
Hotel Accommodation: 10 nights at company expense.

1.  CV, containing a passport size color photo.
2.  Color copy of passport.
3.  Color copy of pilot licence, front and back.
4.  Color copy of current English proficiency.

5.  Copy of medical certificate.
6.  Copy of last three flying months of logbook.
7.  Copy of last simulator training session.
8.  Copy of last simulator check report (PPC).
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Be part of our Journey to become Europe’s best local Airline
Licensed Aircraft Engineer/Technicians (Licensed & Unlicensed)/Fitters Avionic & Mechanical at Exeter (EXT)
These exciting roles offer you the opportunity to be part of a fast paced aviation environment, where you will provide heavy
maintenance checks on the Flybe fleet and third party regional aircraft. The successful candidate will have an in depth knowledge of
aircraft maintenance, be self-motivated, flexible and able to adapt to the changing requirements of an airline business. 

Licensed Aircraft Technician/Technicians at Brize Norton (BZZ)
We also have opportunities for Licensed and Unlicensed Aircraft Technicians at Brize Norton where you will provide heavy
maintenance checks, repair and overhaul services on the Royal Air Forces A400M fleet.

Project Management Engineer at Brize Norton (BZZ)
To provide planning, control and project management of all Base Maintenance Inputs at the RAF Brize Norton MRO Facility.  The job
will involve development of Best Practice project planning and management processes.  Development of Fully Engineered Tasks (FETs)
for the A400M, and update of FETs in-line with Operator Maintenance Program (OMP) requirements and maintenance input project
plans, including Critical Path Analysis (CPA), and Load & Capacity plan.  Planning and control of Base Maintenance inputs, pre,
during and post inputs (Plan, Do, Measure & Act).

Salaries:
Fitter/Technicians – up to £20,226 per annum dependant on experience plus shift pay.
Licensed Technicians – up to £22,836 per annum dependant on experience plus shift pay.
Licensed Aircraft Engineers – up to £32,625 per annum dependant on experience plus relevant approval pay and shift pay.
Project Management Engineer – up to M5E £37,310 per annum plus shift pay.

Other roles Include:
On-Site Technical Representative BHX – Technical Training Manager EXT – Quality & Safety Manager BZZ –
Base Maintenance Administrator BZZ

For more information please visit – http://www.flybe.com/corporate/careers/ 

CVs to administration.hr@flybe.com

Powered By People

Quality Manager
Global customers in the aerospace, power and process industries, and
transportation markets rely on Woodward technology to make their
equipment more efficient, and reliable minimizing environmental impact.  

At our Prestwick facility in Scotland we repair and overhaul aircraft control
systems and are seeking a Quality Manager to join us.

Responsibilities:
The Quality Manager is responsible for the retention of essential Aerospace
business approvals. The ongoing development of business, quality and
safety systems to meet business objectives and customer expectations. As
well as developing appropriate quality metrics to evaluate progress to
strategic goals.

Qualifications/Experience:
Degree educated or equivalent experience (with willingness to complete a
degree).
Working knowledge and experience of aerospace regulatory requirements
(EASA form 4 essential). 5 years minimum experience in aerospace quality
essential.

Woodward offers competitive pay, a total rewards package, opportunity for
advancement, training and development.  

Candidates must apply on line through www.woodward.com/Careers.aspx -
click on “View Woodward job openings,” complete a profile and submit your
CV.   We will not accept applications by email or post.

Woodward is an Equal Opportunity Employer

Build your career

Try Flightglobal Training’s 

new site for the fastest route 

to building your aerospace 

and aviation career

Training courses to take you there
ZZZ�ÀLJKWJOREDO�FRP�WUDLQLQJ
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Join Emirates as a pilot to enjoy unparalleled 

professional stability and faster career 

progression. With a fleet of over 200 modern 

aircraft and more than 280 on order, we are 

one of the fastest growing and most profitable 

airlines in the world. To move up with us,  

apply today.  

Where could you be tomorrow?

emirates.com/pilots

Hello Tomorrow

Make the move that  
   moves you forward

Tax-free salary � Global network � Generous benefits � Comprehensive insurance
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Email: recruitment@sigmaaviationservices.com
www.sigmaaviationservices.com 

Tel: +353 1 669 8224
Fax: +353 1 669 8201

Email: recruitment@sigmaaviationservices.com
www.sigmaaviationservices.com

you’re in safe hands with us

Call: +44 (0)1524 381 544
Email: info@safehands.aero
www.safehands.aero

The preferred company for Stress (Fatigue & DT), GFEM,
Composites), Aeronautical Research. Business units:
Contract staff, Workpackages, Innovation and New

Concepts, Aeronautical Research. www.bishop-gmbh.com
Contact bishop.peter@bishop-gmbh.com

Tel 0049-(0)40-866-258-10 Fax 0049-(0)40-866-258-20

One industry, one job site

Get express relief with  

THE industry job site  

at Jobs.Flightglobal.com

Recruitment 
headache?

Print Online Mobile

Senior & Experienced Recruiters
We are seeking an ambitious, driven recruiters to join our

growing contract employment business.
•  Establish a new portfolio of engineering clients 
•  Maximise current aerospace client opportunities
•  Quick progression to team leader/management
•  Competitive basic salary & Uncapped Commission

Please send full CV to: amedhurst@strongfieldtech.com
Strongfield Aviation plc - Wembley, UK
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Hathaway is a keen aviator and flies his own Daher-Socata TBM 850

On the front line of avionics
A private pilot and former technician, Paul Hathaway is a product line director for Honeywell unit BendixKing, 
where his job combines assessing the needs of the market and helping to develop products accordingly 

WORK EXPERIENCE PAUL HATHAWAY

of testing and certification re-
quired. You really do have to im-
agine where the market will be 
when the product is actually fin-
ished. We’re constantly trying to 
find ways to move faster. There’s 
a really exciting regulatory 
change starting to happen at the 
US Federal Aviation Adminis-
trration. AOA policy was a fan-
tastic example of that. They’ve 
done a really good job of getting 
out of the way so industry can 
promote this life-saving technol-
ogy. There will be more of that 
coming, I’ve heard.
What’s a typical day like?
We have a very dynamic and ac-
tive product development team, 
so we’re constantly evaluating 
strategies and looking at new 
products. There’s a lot of work 
with our parent company, Hon-
eywell Aerospace, of course. My 
particular speciality really is 
human factors and product inno-
vation. I take an active role de-
signing products that are easy to 
use [and] have good ergonomics 
and good human factors. I live 
just west of Boston in Groton, 
Massachusetts. I’m an active 
pilot, and I fly a Daher-Socata 
TBM 850 turboprop, which I 
 recently acquired. 

How did you get started?
My first job in aviation was work-
ing for a company called Avia-
tion Electronics at Bedford air-
port in Massachusetts. I was an 
avionics technician doing bench 
work. After that I worked on 
some of the first in-car navigation 
systems for Lexus automobiles. I 
joined Avidyne in 2004 as an 
original equipment manufacturer 
sales manager, working with Cir-
rus Aircraft and other companies 
on integrated flightdeck technol-
ogies. I was promoted to director 
of product marketing there. In 
2008 I joined Weather Services 
International as their director of 
product management, where I 
worked on weather decision sup-
port products for American Air-
lines and Southwest Airlines.
And then?
I joined BendixKing in October 
2012. I’m a product line director, 
so I manage specific product seg-
ments, but I’m also strategic 
planning manager. Essentially, 
my job is to look at the market 
and work with our leadership 
team and partners to determine 
our product strategy from an exe-
cution perspective and also from 
a sequencing perspective. What 
are we doing? What market? 
What’s the revenue profile?
B-K has gone a long way in a 
short time.
BendixKing started in this indus-
try from an avionics perspective. 
Honeywell has owned it for a 
while. It was only about three 
years ago that we restarted the 
brand. They’ve hired a lot of real-
ly smart, motivated people. 

We’ve moved the engineering 
functions to Albuquerque, New 
Mexico. We have something like 
130 people there now, develop-
ing new products.
Which are you most proud of?
The programme that has been the 
most fun so far has been our 
angle of attack indicator, the KLR 
10. The time has come for AOA: 
loss of control accidents, inad-
vertent stall spins, departure 
stalls, approach stalls – they ac-
count for a disproportionate 
number of fatalities in general 
aviation. When XM Weather 
came out and became affordable, 
people really stopped flying into 
thunderstorms quite so much. 
When moving maps became 
commonplace, people stopped 
getting lost and flying into ter-
rain. It’s the same with GPS. 

AOA is a technology that’s af-
fordable [and] simple. It’s been 
adopted by all the airlines and 
militaries of the world, and it’s 
really time for it to be imple-
mented in GA. What’s exciting is 
that in a very short period of time 
we were able to identify a tech-
nology, get the team put together 
and launch a product that is ex-
tremely affordable. I like pro-
grammes that make a difference.
The FAA rapidly approved AOA?
Aviation and avionics is a long-
cycle business. These days peo-
ple are used to working in short-
cycle businesses. Look at the rate 
of change in mobile phones or 
iPads or automotive technology. 
Things change every six months 
to a year. Aviation is not like that 
because of the regulatory envi-
ronment; because of the amount 
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If you would like to feature in 
Working Week, or you know 
someone who does, email your 
pitch to kate.sarsfield@ 
flightglobal.com

Looking for a job in aerospace? 
Check out our listings online at 
flightglobal.com/jobs

Training courses to take you there

Build your career
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WHERE WILL YOU BE L Y E OYILLLILLLILLLLLWHE   YOU
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2015 will be the most important year115 he mohe m015 wil015 will ost im015 will be the most im015 wil222015 wi220152015 wi for 
unmanned systems since our technologyunmaamaanunmunmannanneda ed systeed syste
hit the land, air and sea — the year when
technology, applications, policy and 
innovation converge to transform the 
future of our industry.

On 05.04.15, join the largest global 
community of commercial and defense
leaders in unmanned systems, drones le
and intelligent robotics at Unmanned and intelligent robotics at Unmanned
Systems 2015.Sys ms 2015SystSystS

WWW.AUVSISHOW.ORG


