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The hstory of human awviation spans over a hundred years, from the
first manned flight of the \Wright Flyer in 1903, which flew a
ground-breaking 260 metres, to the futuristic spacecraft of today
that shuttle astronauts and payloads to the International Space
Station. Teday's arrcraft are constanthy evolving and being upgraded;
wiolld the Wright brothers even recognise a Eurofighter Typhoon asa
descendant of their Flyer? In this new edition of How It Warks Book of
Arrcraft, we will bring fo life a plethora of modern fiving machines.
Find cut what it takes to become a pilot for the Red Armrows and bhow
the Supermarine Spitfire became such a successful aircraft inthe
Military section. Discover how commercial airliners are becoming
more and rhore efficient and how hypersonic flight is being
developed in the Commercial section. In the Spacecrafl section we
transport you to the cuter reaches of space to search for life on
distant planets and Investigate how we may send humans to space,
Enjoy the book!
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12 most iconic aircraft

Wright Flyer

The iconicaircraft that was created by the most famous of sibling partnerships

% Orville and Wilbur Wright were
dedicated to their task of developing

“ powered flight. Meticulously tested,
the Wright Flyer was constructed in Dayton,
Ohio but failed to take off on the first tests
carried out on 14 December 1903. It eventually
managed to get airborne a few days later on 17
December and achieved a best of 260 metres
(852 feet) as Wilbur and Orville took turns to

Construction

The alreraft was created out of
spruce and ash, which were chosen
for their strong yet lightweight
properties. Muslin fabric was
covered over the wood.

Launch date: 17 December
1903

Length: &.4m (21.1ft)
Weight: 274 dkg (6051
Wingspan: 12.2m @030
Max speed: Minimal

Max altitude: Minimal

pilot their invention. The aircraft was launched
from a short monorail track by two modified
bicycle wheel hubs. The engine was very basic
and worked using a hand lever that could only
open and close the fuel line rather than
throttle, Prior to the Flyer, the brothers created
various gliders from 1900 to 1903 that were
tested without great success. Eventually, they
found the perfect formula as it became the first

heavier than air machine to get airborne.
Designed in a biplane structure, the Wright
Flyer had an unfortunate untimely demise
when it was wrecked four days alter its maiden
flight by a huge gust of wind. The design was
first housed in the British Science Museum
before moving to the Smithsonian National Air
and Space Museum in the USA after Orville's
death in1948.

Wing warping
When developing their projects, the

brothers designed a system of gears.
e




The 747 waos created by o team of 50,000 people including mechanics, engineers and

\ Giants of the sky
The 747's immense bulk means it
: can carry 3,400 pieces of luggage
1 and its total wing area is larger
' than a basketball court,

Engine

In addition to the technology
found inside the cockpit, the 747
utilises high-bypass turbofans
that make it powerful, fuel
efficient and guiet.

" Inthe1g6os, aviation companies had a
problem. With the popularity of aviation
soaring for business, recreation and industry,

the supply of aircraft was struggling to meet demand.
But Boeing had a solution up its sleeve; the biggest
civilian airplane ever built, the747. Built in less than 16
months by a group of worleers known as ‘the
Incredibles’, the design came in three variations -
passenger, cargo and passenger/freighter - and was
first flown in1968. By 1970, this new breed of jumbeo jet
had ftted seamlessly into theworld's air trafficand

A behemoth of the skies, the size and sheer
scale of the 747is now legendary
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Modern technology

Az well as being a huge machine, the
747 also contains state of the art
technology such as a GPS system
that weighs less than a laptop.

silenced critics. Since its inception, the 747s have
appeared in a variety of models. The 747-400 was first
flown in 1988 and is a combination of the earlier freight
and passenger modeis. It is the bestselling model.

Statistics calculated in zoos reveal that 1,365 747s
have been delivered internationally to over 8o
different customers. Incredibly, it has flown overi.s
hillion passengers. In recent years, new jumbao jets
such as the Airbus may have beaten the 747's size, but it
remains an icon of the skies and prooi for the first time
that gigantic airlines were possible.

cecretories

Launch date: |555

Length: 70.9 metres (231 feet)
Weight: 180,985kg (399k)
Wingspan: 64.4m (2115
Max speed:

GEEkm/h (Bldmph)

Max altitude:

13.449%m (8,357mi}

Years in service: 1953-present
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Stealth Bomber

Virtually invisible to radar, the Stealth Bomber is a scientific vision turned reality

10,000 people employed on the project. The
engine is so state of the art that it uses a
temperature control system to minimise the
aircraft's thermal signature. A strategic,
long-range heavy bomber, it only achieved full
operational capacity in 2003, ten years after its
introduction into the fleet. Twenty-one B-2s are
now in operation and arelocated at the
Whiteman Air Force Base in Missouri butare

often transported around by a portable hangar

% Commaonly known as the Stealth
A Bomber, the Northrop Grumman B-z

™ Spirit is a ground-breaking piece of
aviation. The design was a giant leap forward
in aviation technology and was first flown on 17
July 1989 before joining the US Air Force’s
operational fleet in 1993. Four 19,000 pound
thrust F118-GE engines allow the B-2 to cruise
at high subsonic speeds and was, atits peak,
the largest military programme at Boeing with

'
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‘Stealth material
The Stealth Bomber's structure is
composed of resin-impregnated graphite
fibre, a reinforced polymer compound that
has a radar-absorbent coating.

=

Northr
B-2 5pi
Launch date: 1557
Length: 21.03m (62
Weight: 71, 700kg (15807110
Wingspan: 52.43m {172
Max speed:

LOWCkrnh (528

Ma:: al‘tltu:l:e

Grumman

(6] 2

system. The most frightening attribute of the
B-2is ttsrcapacitytucanr anlmm:mapﬂ?lnﬁi
Its armament includes many types -ﬂfﬂﬁﬂEﬂI
weaponry, Mark 84 bombs, cruise missiles and
amtarymulmtianncha:tnmhrtaﬁnma
kﬂj'mﬂ‘lﬂhﬂ of the uﬁa"ﬂqngmgﬁﬂhﬂfé
arsenal, it can fly in any weather cond MoK
isafur:etﬂbméckmmﬂmm'f:"' pecially asit is
Minﬁmﬁﬂ?uﬁdateﬁ‘m Whﬁh&
US Air Force,

Payload

Designed as an acdvanced bomber,
the B-2 can accommodate more
than 40,000 pounds of a nuclear or
conventional payload.

htenrn
ItS'eapacity to CEHTg an
- Immense payload”



The world's only ever—supersomc pass enger ai rcraft isan _
incredible example of aviation engmeenng and technolﬂgy

» ['nigii;.f:'ﬂlé:klﬂéﬁf'ﬂrit;thtwefeidﬁmtnated
by the sound of sonic booms. These were the
> results ofa fm:urlsti: Anglo-ﬂﬂm:h project
known as Eq nnurdm After 5,000 hours worth of
testing i naking it the mustteute&ajmajt of all time),
il:wets ready. Seating 100 peuple Concorde
'-represantedme nezrstapiammmmm] travel. Itwas
so fast that it still holds the ramrd for the shortest
;_ﬁanmﬂanﬁcﬂﬂwnga".'j- ntillating 2 hours 52
nﬂmttes*anﬂgg sa-::nndﬂ The ajremft accomplished
: thl-ﬂlﬂf utilising ‘rehe at’ tect whtch mm

wheelSthat hE!p land rts hUQE
weight safely. The powerful
enging was incredibly thirsty.
consuming 25,630 litres (5,638
gallons) of fuel every hour!

héi;ied'the" Concorde fly around the globe l'mggz on-
the 500th anniversary of Christopher Columbus’
journey. It managed to’ ::ﬂmplete mejuumeymjus:t

‘under 33 hours.

The Concorde’s final flight was on 24 Dctﬂher 2003,

-whﬂnﬂ_was_ discontinued after a series of faults that
ended in disaster in 2000 when it crashed, killing113
people. The Concorde made a total of 50,000 flights for
2.5 million passengers and despite its retirement, is
still held in high regard as an icon of aviation and
thereal teﬁﬁliﬂﬂuﬂﬁtﬂ brir

2 1tba¢k thﬁWnﬂd‘s ﬂIﬂF
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The statistics...

Launch date: 1575

Length: 2 1rm (203715
Woeight: 10.6 tons (23,4008
Wingspan; 25.5m (53.8ft)

Max speed:
2172kmysh (L, 349mph)

Max altitude:
18, 288m (o0, 000

- : o Years in service: 27
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iconic aircraft

The Enola Gay

A plane entirely famous for its atomic payload,
the Enola Gay dropped one of the most
destructive bombs in human history

Boeing built
Encla Gay was a type of
Boeing B-29
Superfortress and its

long range and ability to '
carry a huge atomic
payload made it ideal for
the Hiroshima mission.

The blast that engulfed Hiroshima was
equivalent to 20,000 tons of TNT and
80,000 died instantly, but it helped end
the war.

¥ ‘Enola Gay;’ and ‘Little Boy'. Two
names that are now synonymous with

' changing the city of Hiroshima and the
whole world forever. Named atter pilot Paul W.
Tibbets' mother, Enola Gay was a B-2g bomber
built under the top-secret 'Silverplate’
programme. Part of a batch of 15 bombers, it was
chosen to fly the first ever atomic combat
mission. The weapon would be known as ‘Little

014
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Boy' and was a 15-kiloton bomb. Taking off at
2.45am local time, it arrived in Iwo Jima at
6.05am and armed its payload. After Little Boy
was dropped 11.5 miles from the detonation
point, the aircraft turned to make its hasty
escape. As the atomic bomb sent Hiroshima to
oblivion, Enola Gay was rocked by several after
shocks as itwithdrew. The crew remember
seeing the resulting mushroom cloud for an

Production line

Up to 4,000 B-29s were made
on a rush basis in what was a
huge manufacturing
programme with hundreds of
thousands of workers.

The statistics...

Enola Gay
Length: 30.2m (2941)
Weight: 3L 400kg (53,0001
Wingspan: 43m {14137t}

4 Max speed:

‘ BERkm/h §385mph)
Max altitude:
9,710m (31,850ft)

‘ Years in service: One

-
=

hour and half afterwards as the aircraft
returned to base, mission accomplished.
Unknown to many, Enola Gay actually went ona
second miission later the same month to scout
out the target for the secaond atomic bombing
mission. Today it is housed in the US National
Air and Space Museum but will always be
remembered for that devastating day in the
summer of 1945.




Lockheed M10

Electra

State of the art

The entire aircraft was
modern, from its retractable
landing gear, to wing flaps to
variable pitch propellers.

Design

The Electra 10A was Lockheed's
first all-aluminum aircraft and the
use of this material made it
stronger as the alloy shared the

wieight of the onboard load.

_——-—
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“The operation ran

INnto trouble and Earhart
ond the Lockheed Model

. Built as a response to the Douglas DC-2
and the Boeing 247, Lockheed was one

< opfthe companies transforming

commercial aviation in interwar USA. Twin
engine, the plane was originally intended for
commercial use and could accommodate ten
passengers and two crew. Before being used by
Earhart, Northwest Airlines flew the plane in
its fleet in the late 19305 and it was also taken

10 disappeared”

on by Europeanand Australian firms. The
aircraft's most famous moment however, was
undoubtedly its final journey. The plane used
on the voyage was actually a modified version
of the original model. More fuel tanks were
added to the aircraft, increasing the carrying
capacity and also the electronics were altered
to add radio direction finders, which was state
of the art at the time. Piloted by young pilot

Often overshadowed bv its
infamous pilot, the Lockheed
Model 10 wasstill an iconicaircraft

The statistics...

Lockheed Electra 10E

Length: 11.5m (38.7ft)

Weight: 3,220kg {7, 10016s)
Wingspan: 15.7m (55ft)

Max speed: 212km/h (15dmph)

Twin tail

The Model 10 had a

signature twin tail in

addition to a distinctive

art deco appearance

that was very popular
at the time. _

A~

Amelia Earhart, the mission was simple; fly
around the world. Tragically, the operationran
into trouble and Earhart and the Lockheed
Model 10 disappeared in mysterious
circumstances in October 1937. The reasons are
still debated to why Earhart and her navigator
Fred Noonan disappeared on the final leg of
their journey with reasons ranging from a lack
of fuel to a crash landing.
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12 Mmost Iiconic aircra ff.

Hindenburg

This colossal machine is an example of a bygone era of aviation

-— R — —— -
Lift L
Hydrogen was = =
preferred to heliumese
as it was lighter and .
more cost efficient
but critically, it 1.'.'35:3
mcredibly flammable.

Control car
The Hindenburg was
manoeuvred by the
‘Flibrergondel” or control
car on the bow of-the
airship. Rudders and
elevator wheels helped
‘pilat the massive machine.

~

. % Inthe first few decades of the 2oth century,
giant airships filled the sky. They were the

« preferred transport of the rich and famous and
were particularly popular in Germany, where Zeppelin
airships were all the rage. The Hindenburg was
constructed solely for transcontinental transportation
and after its maiden flight, became the largest object
ever to fly at a mammoth 2.1 million cubic metres (7
million cubic feet). The airship finally got airborne alter
financial support by the Nazi Government and its
maiden flight to the USA occurred on 31 March 1936. By
the end of the year it had crossed the Atlantic34 times

Launch date: 4 March 1956
Length: 245m (803.8ft)

Diameter; 41.2m (135 1ft)

Max speed: 135km/h (84rmph)
Crew: 40 flight officers,
12 stewvards and cooks

Years In service;
Cineyear and i months
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- : - Propaganda tool
. . The Mazis Were aware of thea
” = symbalic value of the

S Hindenburg so emblazoned it
%ﬁ:“l“-—-—.

“in swastikas as it appeared at
the Berlin Olympics and the
Muremburg Rally.
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carrying both passengers and cargo. It even had an
autopilot system that could keep the ship on course in
stable weather conditions. All seemed to be going well
for the new technology but disaster would strike on 6
May 1937. When flying over Lakehurst, New Jersey an
electrostatic discharge ignited with leaking hydrogen,
causing the Hindenburg to explode dramatically.
Miraculously, only 35 of the 97 passenger crew died with
the majority just escaping with their lives. The disaster
sent shockwaves across the world and the zeppelin
industry never recovered. The age of transatlantic
airship travel was over before it really began.
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Fokker Dr.

The most famous German aircraft of the Great War

“The fighter remains
an evocative symbol of
the dogfights over the

Western Front”

Three wings
The Fokker was a
dreidecker (three

decked) fighter with its
wheel structural

support acting as a
smaller fourth wing.

* Remembered as one of the greatest
aircraft of the First World War, the

- Foklker DR.Ifilled British and French
hearts with dread. Powerful and highly
manoeuvrable, opposing pilots quickly learnt
thal it was not be taken lightly, especially when
it was being piloted by Manfred von Richthofen,
the German fighter ace nicknamed ‘the Hed

and the triplane of choice for the Red Baron

a British Sopwith aircraft cro

The German pilots wielded
twin 7.92mm Spandau LMG
08/15 machine guns that
would cause mayhem to the
British planes in the

nshed behind enemy IINes

The statistics...

Fokker Dr.I

Launch date; 1917

Length: 5.77m (18.93f)
Weight: 40Ekg (595/b)
Wingspar: 7.20m (23 620
Max speed: 1656m/h (103mpk)

Max altitude:
5,095 miles (19,997

Mumber produced: 320

Firepower

1915-1916 'Fokker Scourge’.

Baron'. As the war progressed, the triplane was
hampered by structural issues and only 320
were produced. It could only last for a total of 8o
minutes in the air on one tank of fuel and they
were grounded completely for a period in the
winter of 1917 when the wing attachment points
were considered far tooweak whenin flight.
Part of the Jagdgeschwader 1 fighter unit, the

Alongside the wings, the
rotary engine gave the
Dr.l an excellent service
ceiling and climbing
capabilities for the era.

Dr.l returned to the skies in the spring of 1918 but
was only ever truly effective in the hands of
skilled pilots, so never made it as the main
aircraft in the German air force, the
Luftstreitkrafte. However, the fighter remains
an evocative symbol of the dogfights over the
Western Front and the bright red edition piloted
by the formidable Red Baron.
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Destructive on land, sea and air, the Apache isn't far
off being the ultimate military machine

% Anightmare for tanks and ground
troops alike, the Apache has

> revolutionised modern warfare. An
immensely powerful war machine, the Apache
is feared across the globe and can spring into
action at any time, day or night, rain or shine.
The AH-64 is a stalwart of the US and British
militaries and has been used with great success
in Iraq, Afghanistan and Kosovo, The Gulf War

Cockpit

Two pilots control the war
machine, which has a
state-of-the-art cockpit
complete with long-range
communication and
navigation systems.

018

in particular saw the Apache come info its owmn,
with the Iraqi tanks no match for a combined
AH-64 and F-117 Nighthawl stealth fighter
assault. The gunship is effective on land, sea

and airand is able to quickly respond to any
skirmish, making it an ideal rapid response unit
that can lead counterattacks. The design has
proved so popular that it has been developed
and improved on in various other models that

The statistics...

EDE' AH-B4

Launch date: 1954

(58178

q {15,075Ik)
Max speed: 27%m/h (173mph)
Years in service: 30

Length: 17.73

can be used inalmost any terrain. It has also
caught the attention of a number of other
militaries around the world with Israel, Greece,
Japan and the Netherlandsall incorporating
Apaches into their ranks. Boeing {known as
MacDonnell Douglasat the time of the first
Apache) was given a £188 {S247) million contract
in 2010 to build even more of these beasts for use
in global peacekeeping.

Engine
Requiring expert

manoeuvrability to dodge
enemy fire and take down
insurgents, the Apache has
that in abundance thanks to
its T700 Turboshaft engine.

gun:arﬁ-hyﬂm-rﬁckei:'s.




EID YRR The USAF hod a lot of fo

The first plane to go supersonic, the Bell X-1
smashed the sound barrier in 1947

Rockatiuiich “The design was so

sl i St i good that the X-1
rhlesioy e cre provided inspiration for
Boeing B.26 or 850, the space programme”

* USAir Force pilot, Captain Charles E Yeager, a manned airplane up to that time. Asingle engine,
broke the speed of sound on the 14 October1g47  single seat aircraft, ‘Glennis’, broke all idea of a sound

in thisvery aircraft. Attaining a speed of 1,127 barrier using a liquid fuelled 6,000-pound thrust rocket
kilometres {7oo miles) per hour or Mach 1.06, the plane, engine. The aircraft was one of a kind, shaped like a
nicknamed Glamorous Glennis after the pilot's wife, so-caliber bullet - a round that was stable in supersonic

entered the record books. The X-1wasn’t launched inthe  flight when fired from a gun. The design was so good that
orthodox way and was instead propelled via air-launch the ¥-1 programme helped provide the inspiration for the
from the bomb bay of a Boeing B-29. The record attempt space programme that would begin in subsequent
wasn't the last of the X-1's record breakers, though. On26  decades. One of the most important aircraft of all time,
March 1948, it reached the highest velocity and altitude of  the Bell ¥-1 ushered in a new era; the supersonic age.

Material

The ¥-1 was built with
high strength
alurninium and radium
paint in an international
orange paint scheme.,

Launch date: 1546
Length: 9.45m (3Lt}
Weight: 3 674kg 08, 10OIB)Y

Wingspan: 8.54m (28t
Max speed: 1,540km/h
(95Tmph) Mach 145
Max altitude:

21.900m (71,0004t)
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The heroic British fighter of World War 1l that took the
fight in the skies back to the German Luftwatfte

% One of the most enduring images of the Second
World War, the Spitfire is credited with saving

. the British Isles from the threat of German
invasion. Fast, manoeuvrable and with an iconic engine
sound, the Spitfire combined well with the Hawker
Hurricane against the threat of the Messerschmitts. The
Battle of Britain wasn't the Spitfire's only major
contribution. It served the Allies with distinction over the
course of the war, becoming the most widely produced
British fighter of the war. It was constantly upgraded to
battle the best the Luftwaffe had to offer and fought in

“The Spitfire remains
an icon of plucky
British resistance in the
summer of 1940"

Bullet proof

Many Spitfires had their
fuel tanks lined with
linatex rubber to prevent
leaks and fire when they
were struck by bullets.

020

every theatre of the war. D-Day and the invasion of Sicily
wouldn’t have happened if it wasn't for the excellent air
support the Spitfire's provided. A Seafire version was
created specifically for use in the Royal Navy on aircraft
carriers and they became invaluable in the battle in the
Pacific against Japan. Quintessentially British, the
Spitfire was sold to various air forces around the world
after the war but remains an icon of plucky British
resistance in the summer of 1940. It is estimated that
pver 20,000 Spitfires were made and around 50 are still
flying today as its legendary status lives on,

High ﬂyar

As well as being amore than capable
fighter, the Spitfire's high service
ceiling allowed it to be an effective
reconnaissance aircraft, gathering
valuable enemy information.

Supermarine
Spitfire

The statistics...

Supermnarine Spitfire
Launch date: 1936

Length: 2.12m (22.11f)
Weight: 2 257kg (4,576lE)
Wingspan: 11.2 3m (25101

Max speed:
B84km/h (362mph)
Max altitude:
10,668m {35,007)

Years in service: 19

Strategy

Boasting superior
manneuwahillty Spitﬂrea
would take down the more

nimble German fighters while
‘the Hurricanes went for the

Luftwaffe bombers.




EIRYEMLGTMYP The first aircraft to moke o solo transationtic flight, the St Louis stoyed in the air for 33.5 hours!

With a grize of S25,000, US Pilot Charles Lindbergh
jumped at the chance to pilot the famous monoplane

The statistics...

' I o
Spirit of St Louis
Launch date: 1927
Length: 8.41rm (27.7f1)
Weight: 2 330kg (5,135
Wingspan: 14 02m (45610
Max speed: 200km (120 miles)

Flight preparation
To be able to make the
daring trip, the aircraft’s
wingspan was lengthened
and a larger fusclage was
constructed to accampany:
the increased fuel tank.

. After the Wright Brothers and their
contemporaries had made flight
achievable, aviators competed to tale

aviation to an even higher level. Charles A.
Lindbergh was one of these men and in May 1927
competed for S25,000 to be the first to cross the
Atlantic non-stop. French hotel owner Raymond
Orteig had a great passion for flying and offered

the best pilots in the world the cash prize.
Lindbergh and the Spirit of St Louis were the
ideal team to undertale the task. The plane had
been specifically constructed for the mission and
intest flights it managed to break the
transcontinental record by flying from San Diego
to New York in 21 hours and 40 minutes. Any item
that wasn't needed was removed so Lindbergh

T allowed it to'make it all the way

The extra fuel tanks required
for the transatlantic jou |
were 5o big that the aircraft's
capacity was cut from five
persons down to onel

_ Power
The plane waspowerad by a 223
% shorse power Wright Whirfwind
' gir-cooled 1-5Cangine. which

from Mew York to Paris.

was forced to flywith no radio, parachute or
navigation lights! The historic journey was made
between 2o0-21 May and the Spirit of 5t Louis was
in such good shape, it was constantly flown
around the Americas foryears by Lindbergh to
increase interest in aeronautics. The plane is now
at the Smithsonian National Air and Space
Museum in Washington DC, forever an icon.
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F-35 and future fighters
Meet the next-generation of
stealth fighters offering
all-round air supremacy

Aerobatic displays
Theamazing tech behind the
stunning aerial displays of the
Red Arrows and Blue Angels

100 years of

fighter planes

From World War [ to modern
day, inside the most iconic
military aircraft

On board the Warthog
Why is the A-10 Thunderbolt
still in use today after over four

decades of flying?

Supermarine Spitfire
What made the Spitfire such
aspectacular aircraft in the
Second World War?

52
54
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BOOK OF
AIRCRAFT

Lancaster bomber
Undertaking some of the most
dangerous missions of WWII

Sea Harrier

Dominating the subsonic
jet fighter field, the Harrier
changed fighter dynamics

Inside a Huey

Talke a look at one of the most
versatile vehicles from the
Vietnam War

-

Sea Vixen
Next-generation firepowerin
an all-weather jet fighter

Westland Lynx
Can any other vehicle beat the
Westland Lynxs records?

Strategic bombers
Take a look at the dedicated
bombingaircraft of war

Attack helicopters
Explore the world’s deadliest
military gunships
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F-35 AND THE

BORE
FIGHTERS

- Legacy aircraft worldwide are being blown out of the
- skiesbya formation of revolutionary multi-role ﬂther
je ngall-round air s Enemacy and a letha
Xplos ology




DoD

I|1h-r--.T|| qly, *h-— F-35

X-35

The prote -l_ pe F-35 was the

nrrl*lnq I:|'|| JFlrnlm rients.

Alliance

There are eight global |:|-|r1|1-~'.'-.

LiftSystem

Shate-oi-the-art simulaion
sultes have been pur
designed totrain F-351 -LluL

F-35 Lightning Il |

Put simply, the most versatile, deadly and g .
technnluglcally advanced fighter jetin theworld *

The latest and greatest "black project’ from
& Lockheed Martin's Skunk Works -

Y technically referred to as the Advanced
Development Programs (ADP} unit, a classilied
division of the company unrestrained by
bureaucracy - the F-35 Lightning I1 is the most
advanced fighter jet on Earth. It's the firstand only
stealthed, supersonic, multi-role fighter.

Born out ofa demand to dominate the fluid
21st-century battlefield, replacing a plethora of
legacy aircraft such as the F-16 and A-10 Thunderbolt
II, the F-35 is rewriting the rulebook on aircraft
design, capable of performing almost any possible
role imaginable today - be that strike, support or
reconnaissance - with greater efficiency than any
other aircraft made to date. The costof this
performance? £8gm {5130m| per plane,

So what doegall that cash actually buyyou? To
start, the most powerful powerplant ever fitted toa
fighter aircraft, The F-35, acrossallits three
variants - read: F-35A, F-35B and F-35C, differentiated
largely by takeoff mechanism - is fitted with a Pratt
& Whitney Fi3safterburning turbofan jet engine,
which delivers a mighty 19,500 kilograms (43,000
pounds) of thrustand grants a sound-shattering top
speed of over 1,930 kilometres (1,200 miles) per hour;
that’s over Mach 1.6 or, to put it another way,
infinitely faster than your gran's Mini Metro!

The cash, which is being dropped in large
quantities by the States, aswell as eight other global
partners including the United Kingdom -which is
set to deploy the aircraft on its new Queen Elizabeth-

:l

class aircraft carriers = also purchases the operator
one of the most advanced atreraft structuresin
existence, Each F-35 utilises structural
nanocomposites, such as carbon nanotube-
reinforced epoxy and bismaleimide (BMI), to
produce a frameworl unrivalled in lightness and
strength, aswell as heavily Integrating epoxy glass
resin to maximise aerodynamics. In terms of skin
and coatings, each F-35aircralfl sportsa radar
cross-section Lhe size of a golfball thanks to the
implementation of fibre-mat over the fuselage.

The cockpit is also state of the art, deliveringa
full-panel-width, panoramic glass cockpit display as
well as a host of bleeding-edge avionics and sensors
such as the Northrop Grumman AN/APG-81 AESA
radar and electro-optical targeting system (EQTS).
Further, much of the cockpit has been optimised for
speech-recognition interaction, allowing the pilot to
control many parts of the jet by voice alone.

The rate of climb ofthe F-35
is currently classified

+mw

‘€ach F-35 utilises structural
nanocomposites, such as
carbon nanotube- reinforced
epoxy and bismaleimide”

An F-35 on Lock heed W: nﬁrT'aprimm‘y-
build line at Fort Warth 1T1TF a5

‘-r-lu._

1 IFITRTH) .. i Kkl

\

5 I Z

Of course, the main attraction of the Lightning IT
isits diverse armaments - the equipment that
transforms it from technical marvel into a master of
destruction. You want air-to-air prowess? You've gol
it, with the F-35 capable of launching AIM-120
AMRAAMS, AIM-gX Sidewinders, IRIS-Tsand the
futuristic beyond-visual-range MBDA Meteor. For
maximum air-to-ground penetration, take your pick
from AGM-154 ]SOWSs, SOM Cruise Missilesand
Brimstone anti-tank warheads. Even 1fw:m want to
engage marine-based targets the F-35 delivers the
goods, capable of launching the new anti-ship Joint
Strile Missile {JSM). Throw in a raft of other
munitions, including the Mark 8o series of free-fall
bombs, an Mk.zo Rockeye Il cluster homb, the
Paveway series of laser-guided bombs and even, in
DEFCON 1 situationsg, the B-61 nuclear bomb and you
have one extremely versatile, powerful and deadly
feat of aviation.

© BAE Systems
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Next-gen stedlth fighters T

Made by tech-masters Rolls-Royce, the F-35'
LiftSystem is an innovative propulsion system
that allows for the main engine exhaust to be
redirected for direct vertical lift. Perfect for
carrier deployment.

of the F-
Lightning Il .

How It Works breaks down °
this awesome piece of military
engineering to see what

makes it so advanced

Cockpit
A panoramic glass cockpit display
(PCD)is standard on the F-3s,
allowing unparalleled visibility.
Speech-recognition systems also
offer audio control of parts of the
pilotinterface.

Sensors
The main sensor installed in the F-35
Isan AN/APG-81 AESA radar, which
is produced by Northrop Grumman.
This main radar isaugmented with
an electro-optical targeting system
{EOTS) mounted under the nose.

Armament
Asides from a stock GAL-22/4
quad-barrelled cannon, the F35can
carryawidevariety of bombsand
missiles, ranging from ATM-gX
Sidewinders, through AGM-128s
and on to JDAM-guided bombs.

Panavia Tomado McDonnell i JAS-39 — —
The first multi-role fighter 198 Douglas F/A-18 198 Gripen =

[.:-’_m':ip::'d“""m' the : o ™= Homet - Another early delta-wing,
anavi;

- ? : e ] 2 =
f : : YT P s e .l { Maybethemost : multi-rolefighter, the Gripen
rOIe Ighte jEts : T e oSSl | ey ML recognisable | wasdesignedtobe incredibly

three variants : ™. s ; ;
: : . ; leach providing - mulii-role fighter liphtweight fora fighterand
The F-35 is the culmination of more than : differingabilities) until the F-22, - sported impressive air-to-ground
30 yedrs Df dEUE]D‘meITt into pruducing : _offereditsowner @ the Hometwa ﬂrhl]l weather, . bombing capabilities. It has
o Ejﬂg.lE, king- uf- all-trodes ﬁghter prII".IE the best of striker, bomber, interceptor and carrier-capable fighterspecialisingin - recently been upgraded for
¢ Teconnaissance aircraft. i short/medium-range hr.:nmhingr:rps. s continued ase,
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Structure
The F-35is the lirst mass-produced

alrcraft to include structural

nanccompaosites, primarily

utilising carbon nanotube-
reinforced epoxy. Other materials APratt&Whi Ff“ﬂwa.“t
include bismaleimide (BMI) and i ﬂ:ﬂhn b L“E!f;g ;Elukg[:ﬁum
Semposiie cRAxY glesaresin. of thrust to the F-3s, alluwinrg atop

speed of over1,g3okm/h {1,200mph).
The engine is the most powerful ever
installed inafighter aircraft.

Wings
The total wing area of the Lightning
Il varies dependent on confipuration,
with the CTOLand STOVL variants

sparting 43m? (460ft*)and the
CVvariant 6am?(668{17),

The statistics...

Length: 157m (SL4ft)

Wingspan: 10.7m (3570
Height: 4. 3m (14 2ft)
Weight: 13,300kg (29,30010)

Powerplant: 1 x Pratt & Whitney
F135 afterburning turbofan

Dry thrust: 125kN (28,0001B0)

Thrust with afterburner:
1=k N 300060

Max speed: Mach 1.6

Stealth
The F-35 hasa tiny radar cross-
section (the size of a golf ball) thanks
b0 heavy implementation of
fibre-mat in its construction, aswell
asstealth-friendly chines for vortex
lift as used on the SR-n Blackbird.

“The F-35's Liftsystem
allows for the main engine

exhaust to be redirected
for direct vertical lift”

200

. F-22 Raptor

i Originally concelvedasanair

: superiority fighter, the F-22

¢ evolved over time intoa
multi-roke jet, capable of ground
i attack and electronicwarfare

¢ roles thanks toits extremely low
: radarcross-section.

Sukhoi Su-30
Envisioned asa fighter jet
with excellent

Dassault Rafale

Marketed by Dassaultas

Lockheed
Martin

200

{Lhe ability tostrike
hostile tarpets at
extreme range from
friendly forces), the Russian Su-3o typifies
= | multi-role desipgns [rom the mid-Nineties.

r delta-wing fighter,
¥ me
: : collapse ina

an ‘omnirole’ jet, the
air-io-suriace deep  : ; ml Rafalewasanagile
interdiction prowess : %
speciallsing in air
Supremacy. A
. multi-nation agreement, however, led it to be
: used for other roles by France and India.

(L930km/h; 1, 200mph)

Max range:
2,220km (L.379rni}

Manx altitude:

18, 288m (60.000f)
Thrust/weight: .27
g-limit: +9 g

Guns: 1 x General Dynamics

GAU-22/4 Egualizer 25mim
four-barrelled Gatling cannan

Hardpoints: & x external pylons,
4 xinternal pytons

Max payload: &,100ka
(158,0008E)

Armament: Air-to-air,
air-to-ground, anti-ship

027
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According to government officials, the
T-sowill have a low radar cross-se

and have theability 1o supercruise
(performsustained supersonic ight)

Next-gen stealth fighters

"Typhoon pilots are now
linked to their aircraft b

‘electronic umbilical cords’”

Russia’s hottest jet project currently in development,

the hi

ghly classmed Sulkhoi T-50 is a fifth-generation

multi-role fighter designed to deliver awesome
long-range strike capabilities

Arpuably the main competitor to the F-35
Lightningll, the Russian-made Sulchoi T-50is
an extremely advanced, twin-engine,
multi-role jet fighter that, aside from beinga
top-level black project {in other words, highly
hush-hush), promises to deliver an insane top
speed, range and payload.

Power, which istitanic - 267 kilonewtons
(66,000 pounds-force) of thrust on afterburner
- comes courtesy of two Saturn 117 turbofan jet
engines. The thrust has been drastically
increased since the previous AL-31 powerplant
and this not only allows the T-50 to easily
surpass Mach z (a topspeed of 2,500
kilometres, ori,500 miles, per hour)butalso
supercruise - continuously fly at supersonic
speeds without engaging the afterburner.

The reason for the twin-engine setup, as
well asthesupersized tuel tanks, isto help
fulfil the T-50's design focus to specialise in
long-range interdiction operations (striking at
enemy targets that are located at a great range
from allied forces). Thisisa core competency
for modern Russian military bombingaircraft
due to the size of the country and the great
distances between stopover points.

Avionics are handled by an integrated radar
complex, which includes three X-band active
electronically scanned array (AESA| radars
mounted to the front and sides of the aircraft,
aninfra-red search and track [IRST) system, as
well asa pair of L-band radars on the wing
leading edges, which are specially designed to
detect very low observable (VLO) targets.

028

In terms of firepower, the production variant
ofthe T-so will boast up to two 30-millimetre
cannons, aswellasa mix of lzdeliyve 810
extended-beyond-visual-range missiles,
long-range missiles, K74 and K3o air-to-air
short-range missiles and two air-to-ground
missiles perweapons bay. Free-fall bombs can
alsobe carried - with a limit of up to 1,500
kilograms {3,300 pounds) per bomb bay -as
well asvarious anti-AWACS jairborne warning
and control system)armaments, such asthe
RVV-BDvariant of the Vympel R-37.

Currently only a handful of T-50s have been
produced and flown, however it is expected
that throughout its 35-year life span beginning
inamé, more than 1,000 jets will be made, each
unit costing between £31-36m (548-57m).

The NIIP AESA radar as will beused on
the production variant of the T-so0

Aswellasair-to-airroless

the Typhoon can adapttb_\ !

alr-to-ground operations,

delivering GBU-16 R
+ Pavewayll bombs Y

Crew: 1

Length: 19.8m (E5.9ft)
Wingspan: |4m (46 6ft)
Height: &.05m (19871

Weight: 18 500kg (410, 7ESIb)
Powerplant: 2 x AL-21F1

afterburning turbofans
Max speed: Mach 2+
(2,500km;h; LS60mph)

Max range:
5,500k (3.417ma}

Max altitude:
20,000m 65,600}

Rate of climb: Clas=fied
Thrust/weight: L12

g-limit: Classified

Guns: 2 x 30mm cannons
Hardpoints: © x external pylons,
4 x internal pylons

Armament: Air-to-air,
air-to-graund, antl-ship
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Close air Air interdiction
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The statistics...
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Eurofighter Typhoon
ATyphoonundertakesa Crew: 1

lownassat high speed
P i Length: 16m (5241}

Wingspan: 11m (35.9ft)
Height: 5 3m (173ft)
Weight: 11,150kg (24,6001k)

Powerplant: 7 x Eurojet E200
afterbuming turbofans

Dry thrust:
B0k (13,000 sack

Thrust with afterbumer:
BSEN (20,00016F) each
Fuel capacity:

4 500kg {99000 internal
Max speed: Pach 24

{2 495km/h; 1. 550miph)
Max range:

3,790km (2,350mi)

Max altitude:

15,810m (64, 390ft)

Rate of climb:
=R15ms (62 0006 min)

Thrust/weight: 1.15

g-limit: +%-3 g

Guns: 1x 27mm Mauser BK-27
revolviar cannom

Hardpoints: 13 (5 x undes-wing,
5 x under-fuselage)

Max payload:

.50k (16, 5001k0)
Armament: Air-to-air,
dir-to-ground, anti-ship

; - o Some | Is usk

Eurofighter

. Typhoon
| TheTyp

e Typhoon is one of the most adaptable
multi-role fighters in operation today and has
recently been upgraded to deliver enhanced

air superiority and all-round lethality

inits

combat operations over the next decade

The Eurofighter Typhoon is currently one of
the most agile aircraft in the world. [tisso
agile, in fact, thatattempting to blow it out the
skiesis lile trying to make a mile-long sniper
shotin high wind. Why? lt was built to be
fundamentally aerodynamically unstable
and, if it were not for its advanced fly-by-wire
control system generating artificial stability,
would be too much for even the most
experienced pilot to handle. This instability,
howewver, allows for pilots to perform some
physics-bending manoeuvres at just plain
stupid speeds - read; upwards of Mach 2 -
delivering them a combative edge and helping
to ensure total air supremacy.

Of course, agility alone can only take you so
far - especially so when the hardware needs to
fulfil almost every airborne military role
imaginable. Good job then that the Typhoon
can carry anabundance of weapons. Youneed
to go toe-to-toe with enemy fightersinan
air-to-air combat dogfight? No problem, take
vour pick from Sidewinder, ASRAAM and
AMRAAM air-to-air missiles. Need to
undertake a bombing run through hostile
territory? Well, the Typhoon's 13 hardpoints
allow for Maverick, HARM and Taurus
munitions to be smartly delivered (via
laser-guiding and GPS) with ice-cold efficiency.
Need to disrupt a hostile target's comms
network through a tactical electronic warfare
strile... You get the point.

Supporting this awesome arsenal isan
upgraded weapons system, which has been
designed to unite the pilot and hardware like
never before. Typhoon pilots are now linked to
their aircraft by an 'electronic umbilical cord’,
which extends from a comms-optimised
helmetdirectlyinto the jet'ssystem. This not
onlyallows images and videos of notable

“The Typhoon's 13
hardpoints allow
multiple munitions
to be smartly
delivered with ice-
cold efficiency”

contextual information to be directly fed to the
helmet's visor forimmediate consultation by
the pilot, but also enables special nodules on
the helmet to be tracked by fixed sensorsinthe
aircraft’s coclpit. Assuch, wherever the pilot's
head moves, the aeroplane knows exactly
where they are looking and can automatically
prep weapon stores dependent on the
perceived level of threat.

Any future fighter though also needs to be
prepared to defend itself against a barrage of
smart munitions, which again - thanks to the
Typhoon's perpetual evolution - the hardware
delivers in spades. The entire jetis protected
by a high-integrated defensive aids sub-
system (DASS), also nicknamed Praetorian.
Praetorian consists of a wide array of sensors
and electronic/mechanical systems -
detection is handled by both a radar warning
receiver and laser warning receiver - that
automatically track and then respond to both
air-to-airand surface-to-air threats. The plane
can respond by releasing chaff jeg small bits of
aluminium ormetallised glass, etc), laresand
electronic countermeasures (ECM), aswell as
by releasing a towed radar decoy (TRD).

As of October 2011, 300 Typhoons are
recorded to be in operation worldwide with
over 170 aircraft on order,

The RAF received
its first multi-role
capable Ty phoorns
inMarchzooy

gy Typhoon images £ BAE Systems

029



WoRKE
MILITARY AIRCRAFT




Anyone who's seen the Red Arrows or the
Blue Angels perform will knowwhy many

o consider these pilots to be the world's best.
They execute death-defying stunts at breakneclk
speeds; flying low to the ground and experiencing
g-forees that malies their heads feel like 20-kilogram
(44-pound) balls. They manage not only to control their
aircraft, butalso to work perfectly ina team, pushing
themselvesand theiraircraft to the limit.

The Blue Angels - the US Navy's flight
demonstration squadron-and Red Arrows —the UK's
Roval Air Force Aerobatic Team - have very
interesting origins. After World War IT ended, the US
chief of naval operations, Admiral Chester Nimitz,
was keen to maintain the high level of public interest
innaval aviation. He feared that he would lose
significant amounts of funding to other areas of the
USArmy; therefore, he devised a plantocreatea
flight exhibition team. Throughout the following
decades, the Blue Angels flew a number of different
planes, including the F6 Hellcat, the F-4 Phantom and
the A-4 Skyhawk. They finally settled on the Boeing
F/A-18 Hornet in 1986, the 4oth anniversary of their
conception, which they still use today. The Elue
Angels now perform all over America, with air shows
taking place between March and November.

The Red Arrows take their name from two aerobatic
display teams that preceded them, the Red Pelicans
and the Black Arrows. The first Red Arrow display
team was formed in 1964 after concerns that aerobatic
display pilots were neglecting their combat training,
asthey preferred to practice their stunts. The first
official Red Arrows flew the Folland Gnatwhich had
beenused by the Yellowjaclks in previous years. The
original team flewwith seven aircraft, until 1968 when
they decided to adopt their now trademarked
‘Diamond Nine' formation. In 1979, the BAE Systems
Hawk —a modified version of the Royal Air Force's fast
jettrainer -was chosen to replace the Gnat. The Red
Arrows have now performed nearly 5,000 showsand
celebrated their soth season in 2014.

o
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Death-defying displays

Find out how display pilots pull off their incredible
manoeuvres with precision and coordination

Both the Red Arrows and the Blue Angels
update their show routine each year, which
typically lasts between 2o and 30 minutes. They
prepare three different displays and choose
which one to perform by examining the
weather conditions. A ‘full’ or "high’ show will
be performed in clear weather, when the cloud
base is over 1,372 metres (4,500 [eet) high. This
allows a full, looping display to be carried out
and means that even at the top of each loop, the
planes will remain visible.

If the cloud base is lower than this and
conditions are overcast, a ‘rolling’ or ‘low’
display is performed. When the weather is
particularly bad and the cloud base is below
762 metres (2,500 feet), a “flat’ show is
performed. This will include mainly flypasts
and steep turns, as these are the only
manoeuvres that remain visible in such
poor conditions.

The first five Red Arrow planes (Reds1to
5)are the front part of the overall formation,
knownas ‘Enid.’ The remaining three planes,

Tn

-

Dye in the sky

Both the Blue Angels and the Red Arrows
use smolce as a visual aid for spectators,
enabling them to follow a traceable path
from each plane during the display. The
Red Arrows are famous for their white, red
and blue smole, while the Blue Angels stick
to using just white smolkes.

Adding small quantities of diesel into the
jet exhaust pipe produces the vapour trails.
Asthis diesel meets the high temperatures
found in the exhaust it instantly
vapourises, creating a strong, visible, white
smoke. The Red Arrow pilots change the
smoke’s colour by adding dye through
switches on their control column.

Although they do add something extra to
the display visually, these vapour trails
have a more important function. They
enable pilots to judge wind speed and
direction, and make it possible for the Team
Leader and Synchro Leader to see each
other even when separated by large
distances. They are essential to flight safety:.
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Reds 6 to g, make up the rear section and are
knownas ‘Gypo.’ Reds éand 7are the ‘Synchro
Pair,’ and will perform opposition manoeuvres
during the second half of the show. The Blue

Angelsalso haveasimilar pair-the Blue 5 and 6.

Blue Angel 5 pilot Mark Tedrow
spoke about the most challenging
manoeuvre that he performs:
“It's called the inverted tuck
over roll which is where I'm
trying to hide my plane
behind Blue &, so the
crowd only see one
aircraft. Last year we
performed this
upright, but this

year we decided to make things harder and
performitinverted.”

Being disciplined during a manoeuvre is vital
forall display pilots. Hours of practice enable the
Red Arrows to move nine aircraft as one. Red 2
pilot Mike Bowden, revealed how the Red
Arrows achieve thisvisual feat: “There'sa
perfect position to be in during all manoeuvres
and to achieve this we aim to triangulate a
position on the Team Leader’s aircraft,” he
explains. “We use two reference
points to put us in the right part of

the slky, which helps usto ensure
that we don't get too close. Six feet
[1.8 metres] apart is close enough
when you've got nine aircraft
in one vicinity.”

The Red Arrows can produce a
vapour trail for seven minutes
during a 30-minute display
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Spitfire Reversal Whirlwind

In recognition of the 75th anniversary of the Battle of The Whirlwind was introduced for the 2015 Red Arrow
Britain, the 2015 Red Arrows display featured them displays and features all nine jets performing a roll
flying in the shape of a spitfire. followed by a Blackbird loop.

e

Rollbacks

Red 2 will pull out of the Diamond Nine formation and perform a full 360-degree roll around Red 4 and then
himself outside of Red 4. At the same time, Red 3 will perform an identical manceuvre around Red 5. The
difficulty here is to keep the roll as tight as possible, and to time the rolls so that they are the same speed and
look the same to the crowd.
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Vixen Break Mirror Roll

All planes fly directly towards the crowd, before Throughout their 2015 displays, the Red Arrows
breaking in different directions up and away from the revived the Mirror Roll which involved Red 6

crowd, pulling up to 7g. This is often a crowd favourite, performing an inverted barrel roll at -2.5g, while Reds
but is one of the simplest manoeuvres to perform. 7, 8 and 9 remain in formation.
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“The high speed-crossing
ARRKE manoeuvre Is much easier

YT =32V =w=\\=a thaon rolling into formation”
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Inside the moves

Explore what makes the awe-inspiring manoeuvres work

All of the manoeuvres performed by the Blue speed-crossing manoeuvre, which is actually
Angels are difficult in their own way, but some much easier to do than rolling into formation.
of the stunts that look the hardest are actually This may look graceful, but it requires much
the easiest. An example of this is the high more skill to perfect.
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YEARS OLD

Fat Albert

Every show requires a huge behind-the-
scenes effort. The Blue Angels use a C-130
Hercules to carry spare parts and
support the many personnel that make
their displays possible. Affectionately
known as “Fat Albert”, it has a range of
3,862 Kilometres (2,400 miles) and can
carry a colossal 20,412-kilogram
|45,000-pound) payload.
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Double Farvel Knife Edge Pass Section High Alpha Pass
This manoeuvre involves the first four Blue Angels. To perform this manoeuvre, two planes fly towards  This is the slowest manoeuvre the Blue Angels
They perform a flypast in a very tight diamond the same point at high speed, before suddenly perform, and involves two of the jets slowing to
formation while two of the planes, Blue Angels 1 altering their position so they pass each other. This 193km/h (120mph) as they pitch the noses of
and 4, are inverted. can be performed as low as 15.24 metres (50 feet).  their planes up to an angle of 45 degrees.
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Flying helmet
Although it primarily
functions to protect the
pilot's head, the helmet
houses the
communications
equipment as well.

Oxygen mask
The Red Arrow pilots all
wear axygen masks

fitted with a microphone,
but their Blue Angel
counterparts do not, as
they typically don’t fly
above 4,572m (15,000ft).

Above: The Blue Angels wear

their iconic yellow halmet
% but do not wear an oxygen
} mask during performances.

Display Life preserver
flying suit The life preserver is
The Red Arrows equipped with vital
and the Blue survival alds, such

as a locatar beacon
and mini flares.

Angels have their
own display suits
accordingly
coloured to suit

their name. These FFI'SDI'IEIl
are not worn equipment
connector

during training. ok ;

ed Arrow pilots
use this to connect
to their aircraft. It
R provides oxygen
and also inflates
their ‘g’ trousers.

Combating g-forces

We measure gravity in terms of how much
acceleration a force applies to an object. During
some of their daring manoeuvres, aerobatic
pilots will often be exposed to extreme
gravitational forces. These forces direct their
blood away from the brain towards their feet,
causing the heart to stop pumping sufficient
blood back to the brain which will eventually
cause the pilot to totally blackout.

There are two ways that aerobatic pilots
can counteract this problem. Red Arrow pilots
wear a g-suit which employs a compressed
air and bladder system. This compresses At ) B
the legs and abdomen, reducing the ;’F;;if'f;.‘ L R : Anti-g trousers
likelihood of a blackout by reducing the AN LAt ¢ ] L h ! | Unlike the Blue Angels,
amount of blood able to flow away from il the Red Arrows wear
the brain. anti-g trousers to

Blue Angel pilots undergo specific training prevent blood from
to enable them to fly without g-suits. This is rushing to their legs
because it is impossible to wear them when during manoceuvres
they fly, as they rest their forearms on their imvolving strong g-forces.
legs and use their knees as a fulcrum which
the suits could interfere with if worn. Instead, they
learn to tense their lower body muscles and exhale
sharply (known as the ‘hick’ manoeuvre), that -
slows the rate at which the blood flows away from
the brain. Blue Angel pilots are mandated to ' |
exercise at least six times a week, which keeps I il
them fit and helps their bodies cope with g-force. | |
On top of this, they train in a centrifuge each year ,
which exposes them to extreme g-force and lets '
them practice dealing with its effects.
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What it takes to
be a display pilot

Learn about the rigorous
interview and training that
future pilots have to face

The interview process for selecting a new
member of a display team is incredibly
thorough. In the case of the Blue Angels, there
has to be a completely unanimous (16-0) vote in
favour of a candidate in order for them to join.
The Red Arrows will shortlist nine potential
pilots via a pre-selection board, who are then

Blue Angels recruils have
to complete a variety of
survival challenges before
earning their qualifications
to fiy with the team

— - . - - . . - = q

The experience you’ll need to qualify
:"{ii;l: ::Lyef:li‘frizesztpﬁssiﬁs“aHE each year, gaining a place in a display team needs

invited for the seven-day interview. During this
time, the candidates will undertake a flying
test, meet the current team, accompany a Red
Arrow pilot during a display practice and be
formally interviewed. Once this has been
completed, the current team will meet to decide
which applicants have been successful.

Flight lieutenant Mike Bowden, who pilots
Red 2, explains how first-timers learn to fly in
unison: “When you fly in formation on the front
line, you wait for the aircraft around you to
move and copy what they do,” he says. “Ifwe
were to do this in the Red Arrows it would malke
the overall formation look very brolen, which is
why we learn to follow voice commands from
the Team Leader). We aim to perfect formation
fiying before moving to complex manoeuvres.”

After meeting the initial criteria, Blue Angel
applicants, or ‘rushees’ as theyre fondly
referred to, shadow the current pilots for
numerous displays. They watch everything the
existing team do, attend team briefs and go to
social engagements. Candidates are then
whittled down, with the remaining potential
pilots put forward for a daunting one versus 16
interview, where all current Blue Angel pilots
and officers ask the candidate a question.

Afterthis, the current team sits down and
decides which candidates will be joining the
following year's team. We spoke to LCDR Mark
Tedrow, the lead solo pilot for the Blue Angels,
who revealed how they train: “The Blue Angels
are so unique and the flying we do isvery
different to anything you do in the military - it
really does feel like learning to fly all over
again,” he says. “Between the end of one season
and the start of the next, we aim to accumulate
120 training flights, We are usually flying 15
times per weel(, which is a fairly gruelling
schedule, but that means we can perform our
manoeuvres practically from muscle memory.”

RED ARROWS

Education

Many pilots are educated to degree level,
but this isn't a requirement.

Experience

Completed a frontline tour of duty.

Assessed as being above average in
their flying role

An exceptional flying record that
includes reports on operational flights.

———Fiving Hours——

A MINIMUM OF

1,500

HOURS IS EXPECTED.
Becoming Team Leader

To apply to become Team Leader, or the
‘Boss’, a pilot must have completed a
three-year tour with the Red Arrows earlier
in their career, which makes the number of
people that can apply Tor this role limited.
The Royal Air Force personnel department
will select the officer they believe Is best
suited to carry out the wide range of duties
expected of a Team Leader.
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BLUE ANGEL’S

Education

Many pilots are educated to degree level,
but this isn't a requirement

Experience
Experience in an F/A-18.

Carrier-gualified, active-duty Navy or
Marine Corps tactical jet pilot.

Combat experience, usually in landing
on and taking off from aircraft carriers.

— Flying Hours——

A MINIMUM OF

1,250

FLYING HOURS IS EXPECTED.
Becoming “The Boss'

The Chief of Naval Air Training selects the
‘Boss’, the Blue Angels commanding officer.
The Boss must have at least 3,000 tactical
jet flight-hours and have also commanded a
tactical jet squadron. The Commanding
Officer flies the Number 1 jet and leads all
of the formations.

& OV mawrt: Thinkstoe ks Corhis
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1938

Supermarine Spitfire
The Supermarine Spitfire was
used by the RAF and other Allied

forces during WWII. It was designed as a
short-range, high-performance interceptor
aircraft, with a maximum speed of 595km/h
(370mph). Originally fitted with eight .303
Browning machine guns, it helped defend Britain's
coastline during the Battle of Britain.

1989

Harrier Il
Introduced to active service in
December 1989, the Harrier Il is an
example of a vertical and/or
short-takeoff and landing (V/STOL)
jet aircraft, perfect for use on
aircraft carriers. It was frequently
used in combat during missions in
Kosovo, Irag and Afghanistan.

F-117 Nighthawk
The F-117 Nighthawk was equipped with

pioneering stealth technology and was
designed to have a minimal radar
cross-section, making it very
hard to detect by traditional
monostatic radars. During

its 25 years of service,

only one was ever

last in combat,
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From daring dogfights over World War |
France, to the computer-powered prowess
2 ofthe modern era’s jet fighters, the history
of aerial warfare is nearly as old as flight itself.

In 1915, Dutch engineer Anton Fokleer devised an
interrupter gear, a simple mechanism that allowed
a fixed machine gun to fire through a plane’s
running propeller blades, The first plane to use this
was the Folklker Eindecler, which was so effective it
began what the British Royal Flying Corps referred
to as the 'Fokker Scourge’. This sparked an

FROM WWI TO
MODERN DAY,
INSIDE THE
MOST ICONIC
MILITARY
AIRCRAFT
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international race to create faster, more
manoeuvrable and ever-more destructive aircraft.
By the end of the Great War, the tactical
advantages of maintaining air superiority were
well established and by 1939 and the dawn of the
Second World War, another leap in aerial combat
was already dominating the skies. Capable of
hitting speeds of over 500 kilometres (311 miles) per
hour, the Messerschmitt Bf 109 was over three
times faster than the Eindeclker. From its testing
ground in the skies of the Spanish Civil War to the
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invasions of Poland and France, this powerful,
lightweight and well-armed fighter set a new
precedent for fighter planes.

Aerial warfare was now recognised as the key
to strategic success on the ground. Luckily, Allied
machines, such as the Rolls Royce-powered
Spitfire that was already in service at the
outbreal of the war, were able to out-class their
German rivals. In the final months of the war,
however, the future of fighter aircraft had
already taken to the skies. Though it came too

EARS

Sopwith Pup
Equipped with a rotary engine and
weighing only 35Tkg (787Ib), it
had a range of over 300km
(186mi). It was armed with only a
single Vickers machine gun and
has a fabric-covered, wooden
framework. lt was nicknamed the
‘Pup’ as it was smaller than the
two-seat Sopwith 1.5 Strutter.

1949

F-86 Sabre

First used in 1249, the F-86
Sabre was used by more than
20 different nations prior to its
eventual retirement in 1994, An
example of a swept-wing,
transonic jet fighter aircraft, it
also featured a ‘flying tail',
which gave it superh
manoeuvrability at altitude.

1916

2005

Lockheed Martin
F-22 Raptor

The F-22 Raptor is the leading
stealth tactical fighter aircraft.
Its F-119 engines are regarded
as the most advanced ever
produced. Pilots benefit from
360-degree awareness when
flying. Their ability to
super-cruise at Mach 1.5
without afterburners makes
them particularly lethal.

late and in too small a number to turn the tide of
the war for Hitler, the Messerschmitt Me 262 was
the first-ever jet fighter, capable of speeds of 870
kilometres (541 miles) per hour,

Some of the last propeller-powered combat
was seen in the Korean War of 1950 to 53, before
the world fully entered into the jet age. The skies
of the Cold War became tensely patrolled by
Soviet MiG-15s, American F-15 fighters and some
of the fastest planes ever engineered. Then
specialistvertical takeoffand landing (VTOL)

e
W

A
aircraft were developed for deployments on
aircraft carriers, while secret stealth and
surveillance technology was covertly advanced
to wage the war in the shadows.

In modern warfare the job of the fighter plane
is still a crucial element. The new generation of
computer-assisted jets are capable of more roles
and simultaneous operations than ever before;
reducing the risk to the pilot, increasing the

threat to the enemy and ensuring complete
dominance of the skies.

041
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How the new generations of military tech
changed the face of aerial warfare

Ever since the Messerschmitt Me 262, nicknamed
the Swallow, first took flight in World War I1, the jet
age has seen fighter-plane technology soar. One key
difference between the fighters of today and their
ancestors is the need for flexibility. While
warplanes were previously designed for specific
tasks-suchas fighter bombers, escort, or
reconnaissance - today’s aircraft are expected to
perform a range of roles, even simultaneously. For
example, the Eurofighter Typhoon carries overa
dozen brackets under its fuselage. This enables it to
carry any combination of air-to-air or ground-attack
armament, ar extra fuel pods for prolonged sorties,
fulfilling the potential for every combat role.

With machines becoming ever [aster and
weapons systems leaving little to no room for error,
even the lightning reactions of the hardiest flying
maverick would struggle to last five minutes of air
combat - that is, without the aid of computer
technology. Though it goes without saying the role
of a pilot still demands incredible levels of skill,
endurance, multitasking and quick reactions under
pressure, the onboard computer is now an essential
component of any fighter plane.

The heads-up display (HUD}, iconic from films
such as Top Gun, was among the most important
electronic upgrades to the cockpits of fighter jets.

It relays target tracking, sensor, navigation and
other data direct to the pilot. The HUD computer

is connected to all the external and internal sensors
of the aircraft, soit's able to collate, prioritise and
even give guidance based on this data. This has
enabled pilots to quickly engage various threats,
enact countermeasures and even land safely, all
while keeping two eyes firmly focused on the
dangerzone,

Though within the last few decades fighter
technology has leapt several generations, in step
with the growing capabilities of computers, the
principles of assisting pilot operation have
remained the same. For example, the Human
Machine Interface (HMI)and Flight Control System
[FCS) of the Eurofighter accommodates voice input/
output controls, Autopilot, Autothrottle and Flight
Director Modes, all to assist handling. In addition,
its latest generation of radar is able to identify and
prioritise threats. With all this, it’s no wonder
fighter pilots still feel a special bond with these
incredible machines.
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Typhoon
T¥§nche 3

Eurofighter

The technology inside Europe’s £100 million
fighter will take your breath away

Reinforced windows
The cockpit windows are
made from super-resistant
transparent acrylic called
Rihim 249, shaped to give
the widest possible view for
the pilot,

Multifunction Information
and Distribution System
The internal computer systam
incorporates all the autonomous
sub-systems, such as targeting and
manitoring, and presents them to
the pilot through multiple cockpit
and helmet displays.

CAPTOR-E AESA Radar

Active Electronically Scanned
Array radar is capable of tracking
multiple air and surface targets
simultaneously, providing
200-degree coverage and
automatically locking on
to potential targets.
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Future-proof electronics
Fibre-optic data buses are built
into the aircraft to ensure it will

remain compatible with future

generations of weapons systems.

ot
P

4

E-Scan radar

This watchful eye
doesn't miss a thing

Wide view

The E-5can is capable of
rmanitoring multiple
targets simultaneously,
both ground and
airborme, giving tha
pilot a 200-degree view
of the battlefield.

Data link

As well as its primary
radar functions, the
E-5can keeps pilots in
contact with one
another through Data
Link capabilities,

Multi-role arsenal

With 13 sockets available, the weapons carriage
can be equipped to suit any single or multiple
roles. The latest Typhoon will be capable of
carrying the Storm Shadow cruise missile.

Twin engines
Two EJ200 power plants
combine to a total of 180kN
(40,500Ibf) of thrust, but
are lightweight enough to
ensure the aircraft can
reach Mach 2.0,

Stealth material
Over 70 per cent of the Typhoon's
airframe is made up of carbon-
fibre composite material, making
its surface deliberately unstable
and less visible to radar.

DECMU

Each EJ200 is wired to a Digital
Engine Control and Manitoring Unit
(DECMUY, which tell engineers the
exact condition of the engine in
arder for them to extend its life
span and apply enhancements.

Towed decoy
As a last resort, a
decoy can be
deployed by the
plane's defence
system as
countermeasure to
any hostile fire.

Defensive sensors

The Defensive Aids Sub-System
(DASS) automatically monitors,
prioritises and responds to
targets and threats from the
outside world, both in the air
and on the surface.

Weapons integration
Fully connected to all the weapons systems,
the radar can establish and lock onto targets
A without being prompted, leaving the pilot
—= frgg to take instant action if required.

Air-to-ground ability
Some of the air-to-ground
features include high
resolution maps, ground
moving target identitication
_ ? iﬁ and air-to-surface ranging.
1—.‘&' High-res mapping —

— The E-5can’s increased range

means pilots can conduct

high-resolution synthetic-aperture

T~ radar (SAR) scans of the terrain

below without coming into

—_

dangerous range with the enemy.

g
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Discover how warplanes have developed through the ages
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Soviet Linion
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Y I W . UK
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LIK, Italy, Germany '-]
1979 s = |
= . 0
® L= = O <1
— o 5 EI o =
Convair F-106
I-gawker Tempest U

u 1959 %—W*—Lﬁr '
m—@\ — = —— "__'E_ [“D_' =
| Hj) Yakovlev Yak-1
. ™ - Soviet Union

@:bmm
‘\
B
\
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100 years of fighter planes

<= Evolution of the fighter plane =

How the old war dogs of the skies reached new heights in their time

Almost as soon as we were able to [ly, we have

been inventing new ways to destroy one another Grumma n F-14A Tomcat Tail

inthe air. Aerial combat has comealongwayfrom  p cat with formidable claws - in the shape of This twin tail gave the plane

pilotsleaning out of their cockpits and talking sidewinder missiles and cutting-edge avionics A extra stability. The

. : i) butterfly-shaped airbrake

pot shots at one another with pistols. / enabled it to land on

War may be hell, but it has also been #fﬁ / f ancHatt Caiars mone Rasly:
theideal breeding ground for rapid < '

growth inaviation technology. Certain
milestones stand out that have shaped
the modern military craft we know today;
retractable landing gear, enclosed cockpits,
internal weapons systems, jet engines, ejector
seats, heads-up displaysand more,

Here, two landmark aircraft show off their
innovative features, giving a sense of how
they took new technology to battle.

Cockpit
This housed the pilot, as

well as the radar interceptor
officer. Ta give the crew an
optimal all-round view, the
seating was raised higher
than the main body.

20mm gun

A single MEBIAL Vulcan
20mm cannon was
mounted internally in the
front fuselage of the plane.

Bombs
. i Over six tons of
Air-to-air bombs could be
missiles carried on missions
The Tomcat could for ground attacks,
pack up to four

Sidewinder, six
Sparrow and six
Phoenix missiles
for aerial combat.

Multimode radar
Located in the nose, the
Hughes AWG-9 pulse
Doppler radar was capable
of tracking 24 targets at the
same time, while directing

fire at six of them. Multinational

Though they were developed
and built in the USA, most
Tomeats still in service are
flown by the lslamic Republic
of lran Air Force.,

TARPS
Tomcats could also be
fitted with a Tactical
Airborne Reconnaissance
Paod Systemn, for monitoring
enemy ground movement.

Intelligent wings ;
These could be altered Engines
automatically by up to 20 Twio Pratt & Whitney

degrees, increasing the TF30-P-412s powered
craft's aerodynamics at the Tomcat, pumping
/ out 186kN (41,8001bf),

supersonic speeds.
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BIOYEWEGTEMR 1he SR-72, successor ta the SR-71 Blackbird, is under development in an ottempt to reach Mach &

Messerschmitt Bf 109 bt

antenna, connected to a

This scourge of the skies dominated the FUG16Z radio. ke
, kept the
battles over early WWII Europe pilot in communication
Cockpit with his fellow pilots, as
Twin machine guns Unlike its successor well as his base,
Two MG-17 7.9mm quns the 209, the 109's
were mounted over the cockpit was found

engine, each capable of much farther forward

delivering over 1,000 of the aircraft.
rounds per minute,

Built to suit the largest
possible engine with the
smallest possible fuselage,
Messerschmitts were easy
to construct from just
three basic components.

Short range —
The 109 had a maximum range
of around 1,000km (621mi),
giving it reasonable flexibility
to engage enemy fighters and
attack medium-distance

ground targets.

“War has
, been the
ideal breeding
ground for

Cannon
A 30mm canncn could
also be built into the
nose, providing even

Wing weapons

more firepower. Though original models weren't d 1 ﬂ (th
. bl heel designed with wing armament in rﬂp' grﬂ
etractable wheels mind, twin machine guns were ' 1 "
Some Messerschmitt variants had built into the plang’s wings in ln GV“] tIDq
retractable landing gears, which response to the heavily armed h ’
made them more agrodynamic, British Spitfires. tEC n D Dg y

The future of
warplanes

With the increasing use of unmanned drones to target and
monitor enemy positions and combatants, it has been
suggested that traditional fighter jets could eventually lose
any purpose in future warfare, In 2013 the Northrop Grumman
X-47B prototype unmanned aircraft was the first of its kind to
perform a carrier-launch and recovery, signalling a possible
future of unmanned strike-bomber aircraft. Boeing's QF-16s -
retired F-16 jets modified to be controlled remotely - are now
regularly used for aerial target training. While these pilotless
jets are used as real-life targets to test missile systems, they
demonstrate just how accurate remote flight is becoming.

Both government and industry leaders have admitted that
future military aircraft will have to be more closely integrated
with artificial intelligence, even with suggestions that manned
jets may work alongside pilotless craft. Studies by the Defense
Advanced Research Projects Agency (DARPA) have revealed
that drones operate more effectively in packs, prompting
further research into how drones could work with one another,
rather than rely solely on human controllers in combat
scenarios. Even before the fifth generation of fighter jets
become widely available, including the F-35 Lightning 1l and
Shenyang J-31, world governments are already looking at
cost-effective, as well as cutting-edge solutions for the sixth
generation of military aesronautics.
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The A-10 Thunderbolt

On board the Warthog

Why is the A-10 Thunderbolt fighter jet still in use today and just
as popular as it was four decades ago when it first took off?

Fuel tanks
The Warthog's four main

) The A-10 Thunderbolt is a single-seat, A-lo Th u“derholt ] tech E”e'l.ta”ksgrlfg Sf;f' "
. . . Sealing amo Hned Wi
close-air support fighter jet thatalso We've pulled apart the Warthog to see fire-reg’icarda nt foam.
J poes by the names Warthog and what makes it such a hardy aircraft
tl"anir.hu ster. Deve}ngment for the aircraft began Canopy Cockpit
in1g67 and its first flight was in1g72. There are Bosth tha windscrat Contains targeting and
several reasons why the A-10 has proved and the transparent f:‘ac‘;i?;ti““ Tj':::l;::h ;“;,;hfapi:]:&
i ing a up display
popular enough to weather 4o-plus years of E;‘;E:En‘ia::}ﬂgfn:r e
advancing military tech - chiefamong them Sy i
its combat versatility and high survival rate.

The A-10 boasts a short takeoffand landing
capacity with a range of nearly 1,300 kilometres
(Boo miles). Commonly used for troop support
and ground attacks, it can loiter for long periods
at low speeds and altitudes below 300 metres
(985 feet)and it's capable of soaking up as much
damage as it can dish out. Indeed, the A-10 can
take direct hits from armour-piercing and
explosive shells, has multiple redundancies for
its flight systems and, most incredibly, it can
return to base on one engine, one tail stabiliser,
one elevator and even having lost halfa wing|
Asaresult, it's well known among US Air Force
pilots for its ‘get home' effectiveness.

Modern A-10s have been upgraded from the
original 1972 blueprint, of course. Navigation
and targeting systems have been dramatically
improved. Pilots
can now wear
night-vision

goggles for low-

light ops, plusa .
A-10s in service : Landing gear
R host of electronic Lanidiling gear s hinoed
2 Florida. USA countermeasures at the rear so that if the
3 Afghanistan and smart-bomb hy.rdrauluf system fails,
4 Iraq ; wind resistance and
5 Libya capacity have gravity will fully open
& South Korea been installed. and lock them in place.

e
e g

- ‘_.-_ﬂr_-.—_'lf-:_-
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Main cannon
The General Dynamics
Avenger 30mm (1.2in)
cannon can fire standard,
incendiary or even
depleted-uranium rounds.




THE 16.3m 23,000kg 706km/h

2IATS 7,260kg 4,200/min 13,700m

Engines Tail
Tweo TF34-GE-100, The engines are mounted
non-afterburming, twin here to reduce heat
turbofans provide 4,111kg signature (for evading e
(9,065Ib) of thrust each. heat-seeking missiles)

and to enable the plane
to fly on just one engine.

S IS

Built for defence

The A-10 is robust enough to sustain heavy
damage during combat and remain capable of
flying away, where other aircraft would be
compromised. It's exceptionally well-armoured
around the cockpit, where the pilot is vulnerable.
Sensitive parts of the flight control system,
along with the pilot, are shielded by a "tub’ of
titanium armour: 544 kilograms (1,200 pounds)
of this super-hard metal is layered in plates up to
3.8 centimetres (1.5 inches) thick around the
cockpit, based on the likely trajectories of
incoming projectiles. It can withstand fire from
similar cannons to its own main weapon, as well
as large-calibre rounds. A nylon spall shield also
protects the pilot from shrapnel and round
fragmentation, while the transparent canopy
{which can't afford the same level of protection)
can still resist ballistics from small arms.

’ "

On the offensive

The A-10 can carry nearly half its weight again in
armaments and their associated systems, with
an external load of up to 7,260 kilograms (16,005
Wing pounds). It's equipped with 11 pylons along which
As part of a service life laser weapon guidance and support systems can
extension programme, be attached, plus ordnance. It's capable of

242 new A-10 wing sets carrying a range of cluster and 227-kilogram
have been produced to (500-pound) general-purpose bombs, Hydra
extend the Warthog's rockets, plus up to ten Maverick air-to-ground
operation until 2040. missiles weighing 304 kilograms (670 pounds)
apiece, The latter can destroy a tank in a single
hit - however, at a cost of up to £105,000
(3160,000) a pop, a cavalier attitude with the
Mavericks is not tolerated. The main weapon is
the Avenger 30-millimetre (1.2-inch) cannon
AGM-65 MEWE”EI( mounted under the nose of the A-10, with a top
These air-to-ground missiles 4 fire rate of 4,200 rounds a minute and an

have been around as long as effective range of over 6.5 kilometres (four

the A-10. They're equipped miles). The cannon can easily disable a main

with either contact or battle tank in the hands of a competent pilot.
delayed-action fuses. \

Erbilex Pimg
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The Supermarine spitfire

Supermanne
ire

Vee-12 engine
The Spitfire utilised twovariant of
Rolls-Royee engine during its
production life span, the z7-litre
Merlinand the 36:7-litre Griffon.
Arguably the most iconic fighter
aircraft of World War 11, the
RAF Spitfire to this day is
championed for its prowess,
grace and versatility

-\.;-!-\. F_I P
s

Propeller
Original Spitfires

had wooden propellers, these
were later replaced with
variable-pitch propellers, and
maore blades were added as
horsepower increased.

Ll

Airframe
Theaircraft’sairframewasan
amalgamation of a streamlined
semi-single piece of aluminium
alloywith an enclosed cockpit,
allowingincreased responsiveness
and ease of flight.

Gun-emplacement
The original armament of
the Spitfire comprised of
eight 303-inch Browning
machine guns, each withjoo
rounds of ammunition.

Video still from guncamera
showing the tracers.
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THE
STATS

RAF SPITFIRE

450mph

36ft 1lin

400 miles
20mm cannon x4

32ft 1lins

Fully enclosed cockpit
The benefits of a fully enclosed
cockpitwere numerable, most
notably though it improved
the Spitfire’s aerodynamics,

Undercarriage
The Spitfire's
undercarriagewas
fully retractable, a
refinement thatwas
not commaonplace
m— Inearlieraircraft.

Elliptical wing
The elliptical wing of the Spitfire
Isa defining design characteristic,
functional to the extreme and
aesthetically pleasing to the eye,

Inside the Spitfire

What made this aircraft so spectacular?

Fuselage

The fuselage of the
Spitfirewas
constructed from
toughened aluminium
alloy, compaosing

of g individual frames.

y Designed in the technologically
tervent and innovatory melting pot of

J World War I, the Supermarine Spitfire
became the fighter plane of the times. With its
simple lines, elegant frame and superb
aerodynamics, the Spitfire was to live on inthe
minds of generations during the war and for
many decades to come.

The Supermarine Spitfire was the brainchild
of aeronautical engineer Reginald Mitchell,
who led a dedicated and talented team of
designers. Originally planned as a short-range
air-defence fighter, the Spitfire was built for
speed and agility, traits that itwastoneed in
the explosive doglights it was to partake inasit
met enemy fighters and bombers. Buildinga
fighter plane, though, is more complex than
listing desirable traits however, and the
Spitfire's construction is a balletic series of
compromises between weight, aerodynamics
and firepower.

The frame of a Spitfire with its elliptical
wings is one of its most defining characteristics,
casting a distinctive silhouette against the sky.
The ellipse shaping was used to minimise drag
while having the necessary thickness to
accommodate the retracted undercarriages
and the guns required for self defence, Asimple
compromise that had the resulting benefit of
having an incredibly individual shape. In
contrast, the airframe -which was influenced
by exciting new advancesin all metal,
low-wing plane construction - was a complex
and well-balanced amalgamation ofa
streamlined semi-single piece ofaluminium
alloy and a fully enclosed cockpit. This allowed
unrivalled responsiveness and ease of flight,
malking the Spitfire a favourite for pilots.

Arguably, the other most defining and
success-inducing element of the Spitfire wasits
engine, which took on the form of the Rolls-
Royce Merlin and Griffon engines. Planned bya
board of directors at Rolls-Royce who realised
that their current Vee-12 engine was topping
out at yoohp and that a more powerful variant
would be needed, first the Merlin and later the
Griffon engines were designed. The Merlin at
first delivered 790hp, short of the 1,000hp goal
get in its design brief, however thiswasto
increase to o7shpina few years, The Griffon
then built upon the success of the Merlin,
delivering at the climax of its advancement a
whopping 2,035hp. These engines were to
prove tantamount to the airframe and wing
designs in the dominance of the Spitfire,

Despite its origins lying in short-range home
defence, the Spitfire was to prove so versatile
and successful that itwas quickly adapted fora
wide variety of military purposes. Many
variantswere created, including designs
tailored for reconnaissance, bombing runs,
high-altitude interception and general
fighter-bomber operations. The most notable
derivative, however, was the multi-variant
Seafire, specially designed for operation on
aircraft carriers with the added ability to
double-fold its wings for ease of storage.

Considering the place in history that the
Spitfire holds - a fighter-bomber aircraft that
bridged the gap between the age of the
propeller engine to that of the jet - the fact that
they arestill collected (with an average cost of
£1.4 million) and flown today is unsurprising,.
The Spitfire is a timeless piece of engineering
that shows some of the most creative and
advanced efforts in military history.

Frage T GE Tmisges
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e Lancaster bomoer
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Famed for its prowess and entrenched in Lancaster bombers

dropped 609,000 tons

popular culture by The Dam Bustersfilm of ~— ofboms
1955, the Lancaster bomber played a vital role
insecuring an Allied victory in World War II

Arguably one of the most famous
& heavy bombers of World Warll, the
4 Avro-built Lancaster bomber

undertook some of the most dangerous and
complex missions yet encountered by the RAF.
Primarily a night bomber but frequently used
during the day too, the Lancasters under
Bomber Command flew some 156,000 sorties
during the war, dropping 609,000 tons of
bombs. Among these bombs was the famous
‘bouncing bomb’ designed by British inventor
Barnes Wallis, a payload that would lead the
Lancaster to remain famed long after1g45. We
take a look inside a Avro Lancaster to see what
made it 30 successful,
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Crew

Due tojts large size, helty armament and technical complexity, the Lancaster bomber
had a crew of seven. This included: a pilot, flight engineer, navigator, bomb aimer,
wireless operator, mid-upper and rear gunners, Many crew members [rom Lancasters
were awarded the Victoria Cross for their heroic actions in battle, a notable example
being the two awarded after a daring daytime raid on Augsburg, Germany.

Inside a

LS
|
'

Bomb bay
The bomb bay could carry a great
payload. Indeed, the baywasso
spacious thatwith a little modification it
coutld house the massive Grand Slam
“earthquake” bomb, a10,000kE glant
that when released would reach near
sonicspeeds before penetrating deep
into the Earth and exploding.

Fuselage —
The Lancasterwas designed out of the earlier Avro Type 683
Manchester [Il bomber, which sported a three-finned tail layout and
wassimilarinconstruction. While the overall build remained similar
middle turrets were staffed permanently by dedicated the tri-lin was removed in favour of a twin-finned set up instead. This
gunners, while the nose turret wasstaffed periodically by is famously one of only a small number of design alterations made to
the bomb aimerwhen caughtupina dogfight, the bomber, which was deemed to be just right after its test flights.

Turrets
Asstandard the Lancaster bomber was
[itted with three twinyymm turrets inthe
nose, rear and upper-middle fuselage. In some
later variants of the Lancaster the twin7ymm
machine gunswere replaced with 127mm models,
which delivered more power. The rear and upper-

052



5 ' ' D P High calibre Slam-dunk Busted Collateral Black label
While 7.7mm machine guns Lancaster bombers often A selection of bombers Between 1942 and 1945 The lager companmy Carling

were standard on Lancaster had their alreasdy-large bomb brecarme famous after Lancaster bombers flew usad footage of Lancaster
bombers, selective later bays modified in order to carry Operation Chastise, a mission 156,000 sorties and dropped bomibers to create a parody of

variants were Tithed with bwin Tk Frsomasrrseretal 10000 b disst roy German dames in the approatimatiely GO9, 000 Lons The Darm Busters in which a
LANCASTER 12.7mm twrrets in both tail and kilogram Grand Slam Rubr Valley, the inspiration for of bombs on military and German soldier catches the
BﬂM BEH dorsal positons, Yearthguske” bombs, the film The Dam Busters, chdllan targets, bosurvedrg bombs,

Powerplant

The Lancaster bomberwas
pawered by four Rolls-Royce
MerlinVizengines, Thege
were chosen by the
Lancasters chief designer
Roy Chadwick due to their
reliability, as the incumbent
bomber - the Avro
Manchester - had adopted

. the Rolls-Royee Vulture and .
= had bneen tr?urcﬁled h},m = One of the most famous parts of the

engine failure consistently Lancaster's heritage isits role Incarrying and
. when inservice. — releasing the ‘bouncing bomb’ pavload, as
glamourised in the 1955 film The Dam Busters.
The bomb was designed by Barnes Wallis-
who was also the creator of the Grand Slam
and Tallboy bombs -and was special in its
ability to bounce along the top of a surface of
waler, much akin toskimming a stone, It was
designed to counteract and evade German
defences below and above the waterline,
allowing Allied forces to target German
hydroelectric dams and floating vessels.

In May 1943 the bouncing bombs were
utilised in Operation Chastise, anallied
mission to destroy German damsin the Ruhr
Valley. The aircraft used were modified Avro
Lancaster Mk llIs, which had much oftheir
armour and central turret removed in order to
accommodate the payload. Despite eight of
the Lancasters being lost during the
operation, as well as the lives of 53 crew, a
small number of bouncing bombs were
released and they caused two dams to be
breached, one to be heavily damaged and
1,296 civilians to be killed.

j
S

tati

Crew: 7
Length: ZL18m
Wingspan: 31.09m
Height: 5.5/m
Weight: 29.000kg )

Powerplant: 4 x Rolis-Royoe
Merkn XX V12 engines

Max speed: ZE0miph
Max range: 3,000 miles
Max altitude: 5,160m

Armament: 5 x 7 7mm
Browning machine guns; baormis
load of 6.300Kg

That'sa real
Aam BB OF e,

T john Batchelor fwrawe johnbatchelor com



"The Sea Harrier squadron
m achieved this due to their

MILITARY NIz m=l\\=3 high manoeuvrability”

The Sea Harrier

Sea Hamer

Before being retired in 2006, ES Thrustvectoring
the Sea Harrier dominated ey
the subsonic jet fighter field, bl sy
changing the dynamics

and operation of the strike

fighter role forever

from vertically c!uwnw ards
The British Aerospace Sea Harrier was the purpose-built
& naval variant of the Hawlker Siddeley Harrier strike

to horizontal.
J fighter, anaircraft famed forits vertical take-off and

landing (VTOL)and short take-offand vertical landing (STOVL)
capabilities. It worked by adopting the revolutionary single-
engine thrust vectoring technology of the regular harrier [see
‘Degrees of power” boxout) and partnering it with a modified
fuselage - to allow the installation of the superb Blue Fox radar
gystem - bubble-style canopy (larger, allowing greater visibility)

and a significantly improved arms load out. Protection
These factors, partnered with the aircraft carrier's ability to Due to the testing marine operating
launch the aircraft from its ski-jump, allowed the 5ea Harrier to conditions, parts of the Sea Harrier

perform to a highstandard atsea, carrying more weight, detecting  Were changed to use corrosion-resistant
enemies sooner and taking them down quickly and efficiently. alloys or protective coatings.
Thiswas demonstrated mostvividly during the Falklands War of
1082, when 28 Sea Harriers operating off British aircraft carriers
shot down zo Argentine aircraft in air-to-air combat without
suffering a single loss. The Sea Harrier squadron achieved this due
to their high manoeuvrability and tactics while in dogfights - for =
example, braking/changing direction fast by vectoring their — ==
thrust nozzles while in forward flight - as well as their pilots’ i —
superior training and early-warning/detection systems.

Two Indian Navy Sea Harriers fly alongside
& US Navy F/A-18F Super Hornet
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FACTS

HARRIERS

Id boy

The Sea Harrier was in

service for a total of 28 years,

from August 1978 to March
2006, The second-
generation Sea Harmier FA2
weas introduced In Apeil 1993,

Post-colonial
The only other international
operator of the Sea Harrier
is actually India, who use
thesr own FRS51 varsani
armeed with RS50 Magic air-
to-air missibes,

Invincible
The first ever Sea Harrier
canfirmed as operational
launched off the Invincilde class
aircrall carmer HhS Invincible
im 1981, a purpose-designed
VTOL/STOL carrier.

Vixen

The second-generation Sea
Haarrier, the FAZ, Featunoed
the Blue Vizen radar, the
predecessor that formied
the basis of the system wsed
i the Eurafighter Typhoon,

Forgetful
The second-generation Sea
Harrier wirs alsa the first British
aircraft to be armed with the
LS AIM-120 ARMBEAAM, a fire
and forget high-explosive
alr-to-alr missile,

Crew

The lirst-generation Sea Harrier FRS1
and second-generation FA2 were hoth
gingle-seat fighters. However, the T4N
and Teo varieties were builtwith two
zeats asthey were used for land-based
pilot conversion training. .

Powerplant

The Sea Harrier was fitted
with the Rolls-Royce
Pegasus 11 turbofan, an
engine capable of producing
g, 750 kilograms of force, This
delivered a massive amount
of power, which while not

taking the jet to supersonic
speeds did allow it to lift off
vertically, spreading the
output over multiple outlets
positioned over the aircraft.

— Electronics
Equipped according to peneration by
the Ferranti Blue Fox or Blue Wixen
radars respectively, the Sea Harrier
carried at the time some of the most
advanced military radar systemsin
thewaorld, Itis suggested by military
historians that the Blue Fox radar was
ane of the key reasons whythe Sea
Harrier performed sosuccessfully in
the Fallclands War.

Seuq Harrier FAz2
Crew: 1

Length: 14.2rm
Wingspar: 75m
Height: 3.71m

Max take-off weight:
11,900kg

Powerplant: 1 x Rolis-Rovee
Pegaszus turbofan (21, 500061}
Max speed: 725mph

Combat radius: 1000k
Max range: 3,500km

Max service ceiling:
16,000m

Guns: 2 x 30mm ADEN cannon
pods (100 rounds par cannon)
Rockets:

T2 SNEB 68mm rockets
Missiles: A0-2 Sidevainder,
AIM-120 AMRBAAM, RS50 Magic,
ALARM anti-radiation missike,
Martel missie, Sea Eaghe
anti-shig missile

Cost: 318 rmdlicn

Some Harriers were fitted with : (
the AIM-120 AMRAAM missile "5/

Armament
Asastrilee fighter the Sea Harrier was equipped with
a broad arsenal, ranging from conventional,
unguided iron bombs - including WEayy nuclear
options - to rockets and laser-guided missilessuch as
the AlM-g Sidewinder. The second peneration FA2
was famously equipped with dead ly ATM-120
AMBAAM air-to-air, fire and forget missiles.

The Sea Harrier's vectoring
nozzle inaft position

Degrees of power
Giving the Sea Harrier lift off

to drift baclowards. All nozzles were
moved by a series ofshaftsand chain
drives, which insured that they operated
inunison [crucial formaintaining
stability) and the angle and thrust was
determined in-cockpit by the pilot.

This flexibility of controland
placement meant that the Sea Harrier
was highly manoeuvrable while inthe
airand could be landed and launched
from almost anywhere.

rntm
e, s

The real showpiece and reason for the
lengthy success of the Sea Harrierwas its
utilisation of the Harrier's revolutionary
Pegasus engine partnered with thrust
vectoring nozzles. These nozzles could
berotated by the pilotthroughagf.s
degree arc, from the conventional aft
(horizontal) positioning as standard on
aircraft, to straight down, allowing itto
take off and land vertically as well as
hover, to forward, allowing the Harrier

£ jofun Batchalar Hanscagohinbalehelarcom

055



WoRKE

"Over 1,000 were lost in
the war, either through

YITREVA =YV E=/A\=a @ Occidents or enemy attacks”

Inside a Huey

InsideaHuey

Take a look at one of the most versatile and

recognisable vehicles from the Vietnam War Wt ieho say i oadel

4 Among the most iconicvehicles of American
& operations in Vietnam was the multi-functional

4 Bell UH-1Iroquois helicopter, better known asa
Huey. With a flexible design, the Huey helicopter was
constantly adapted as a rapid troop transport, medevac,
supply transport, aswell asa gunship. In Vietnam, the
American forces were able to strilke deep into enemy
territory using Hueys, which had an effective range of up to
510 kilometres (317 miles). Parachute drops were hardly ever
used during the entire war, mainly due to the hazards of
dropping men over thick jungle. Helicopters, on the other
hand, were able to deploy units more precisely in
designated clearings.

At the Battle of la Drang (1965), Hueys were used to drop
US troops within Viet Cong territory, but due to the sheer
number of soldiers required for the operation, the
transports had to make multiple trips between the landing
zone and their base, Once the fight began, many of the
vehicles then turned to re-supply and evacuation missions
as casualties mounted and ammunition ran low. The
versalility of the Huey's simple fuselage, its wide doors and
large flat base, proved ideal for housing either injured
troops or crates of supplies.

However, many Hueys had little to no armament, making
them ideal targets for Viet Cong fighters. Over 1,000 were lost
during the war, either through accident or enemy attacks,
though many of the craft also came armed. Door gunners
equipped with either carbines or mounted medium
machine gunswere often positioned in the hold, poised to
defend the Huey or provide fire support for troops below.
Later versions of the Huey also came loaded with 3o0-calibre
machine guns and even rocket pods, with which they could
assault enemies on the ground.

During its lifetime, more than 16,000 Bell UH-1 models
were produced, with 7,000 seeing active service between
1955-1976. Many are still used today by military and civilian
organisations worldwide.

Huey helicopters prepare to transport
troops during Operation Wahiawa, |
South Vietnarm j

. W gy
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Fire support had space for just six soldiers

Hueys often came with i ;
Cockpit theirowndoorgunner;a o e A HO, THAP
Arelatively small single soldier positioned e:-}?& nded fuselage with room
cockpit not only kept inthe back of the craft to For fifa £0 15 GIS
the Hueys lightweight, provide fire support. '

butalso allowed more
room for passengers
and cargo.

Landing skids
The Huey had twin skids underits
fugelage, each fixed intwo places,
making it ideal for takeoff and
landing on difficult surfaces.

Here a UH-1D is pictured during
the Battle of la Drang in 1065




DIDNYOUKNDW 2 edevac version UH-1V. could carry six stretchers ond one member of medical stoff

Rotor blades
The Huey's twin rotor

blades stretched 14.6m
[48ft) across.

Turboshaft engine
Versions of the Lycoming
Turboshaft engine provided the
different incarnations of the UH-1
series, with some capable ofup to
1,400 shaft horsepower.

Slick design

When unarmed, the
helicopters were incredibly
streamlined and able toflyin
very close formation, earning
them the nickname “slicks”.

Flexible armament
Though many Hueys were
flown without weaponry,
some were fitted with
jo-calibre machine guns
or rocket pods.

The modem
‘Super Huey’

Bell's UH-Y1, also called the Yankee and the *Super Huey',
is one of the latest stages in the evolution of the Huey.
With all the flexibility, reliability and efficiency of the
original UH, this 21st-century beast of the air packs in
the most up-to-date military-grade tech. Aswellasa
night-vision-compatible cockpitand an electronic
warfare self-protection suite, this modern Huey also
notably has two twin rotor blades, unlike the original
UH series,
Also different to the original Hueys, the UH-1Y craft - ' : »
have vastly improved safety and protective features, . - - 3, W ) r&%“ 4
including a crashworthy tuel system and energy- e . T g e - e = :I.IEMEHEE Corps

absorbing l-;iﬂ:‘_]iﬂp_-:_ gs__=u1.IEa;:|+at|le |__1h_'.:.t1'r"_'."tﬂ$'1 heavier .l o . . S 5 | ._--:_ ﬂt‘i—l_il‘ﬂ.f_ ok ..'-
== - y 5 il . g "!'.t‘ B2 5:.:‘

payloads and flying further than its predecessor, the

UH-1Y was deployed in Alghanistan in zo00 where it was
utilised by the US Marine Corps.

£ Alamy
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"It was famed for its ability to
W.E pass the sound barrier, go%’ng

MTIL TTARY ATRCRAFT BElEEEsh sl sqllaw dive

All-weather |et fighter

aVixen|

Sporting one of the most notable post-war
aircraft designs, the de Havilland Sea Vixen
was a fearsome all-weather jet fighter, capable
of taking its pilots supersonic and delivering a
titanicamount of next-generation firepower

The first British fighter to be fitted (areas that weapons can be mounted on) capable
é purelywith missiles, rockets and of being fitted with a selection of Firestreak i
Y bombs-ratherthan the heavy calibre air-to-air missiles, which sported annular blast . a’
machine guns relied upon in WWland WWII - fragmentation warheads, SNEB rocket pods with e
the Sea Vixen was a first generation jet fighter 68 unguided explosive-tipped rockets each, and :
employed by the Fleet Air Arm of the Royal Navy. whopping soo-pound air-to-ground bombs. Chassis
It was famed for its ability to pass the sound Detection of targets was also state-of-the-art, the The Sea Vixen built upon the chassis

used in the early de Havilland Sea
Vampire, and featured an all-metal
construction and swept wings.

barrier, going supersonic when in a shallow dive Sea Vixen was fitted with the GEC AlaB Air
(hitting a top speed of bgomph) and sawactionin  Interception radar, which gave the jet great

multiple missions in the Middle East and Africa strategic vision even at night or in particularly ]
during the Sixties and Seventies. poor visibility conditions. COCkplt

Designed to be deployed from aircraft carriers In 2015, only one working Sea Vixen now The pilot's canopy is offset
asanall-weather fighter and high-speed survives in the entire world, which ismaintained Ei;iiiff:;ﬁmﬁlde i
reconnaissance jet, the Sea Vixen worked by by Naval Aviation Ltd and operated from R s P
partnering the reintorced twin-boom tail layout Yeovilton, Great Britain. After being declassified right completely
as seenonits pIEdE’EE'SSEII'S the Sea Vampire and asamilitary aircraftand entered onto the civil ensconced within the
SeaVenom, with the colossal power generated by register (changingits tag from XPo24 to G-CVIX), fuselage. only capable of
twin Rolls-Royce Avon 208 turbojet engines, each  the aircraft was used foratimeasanadvertising ~ 8aIningaccessthrougha
capable of delivering 7,500lb of thrust. Thisgave  vehicle for Red Bull but has recently been HusbeBanp R hateh,
the Vixen massive speed, a range of 6oo miles - repalnted with its original Fleet

the twin-boom layout allowed for more fueltanks  Air Arm 899 NAS colours and now
-and a flexibility to engage targetsatsea, onland  fliesregularly aspart
and in theair, aswell as conduct lengthy patrols, of demaonstrations and
The armament of the Sea Vixen was airshowsacross the
revolutionary for the time, With six hardpoints United Kingdom.

——— - The Red Bull plane repainted
Initsoripinal livery
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Disaster Breaker Home Merger Vintage

5 ' UP 11:Jr'|E- September 1952, a Oine of the crew killed at the The only remaining Sea Vixen The Sea Vixen was produced De Havilland Aviation is a
prototype 5ea Viken Famborough Airshow was capable of flight was kept at by the de Havilland company, company that specialises in

disimtegrated in mid-air at the Johin Derry, the first British Bourmemouth International bt post merger with the acquiring amd reconditicning
Farnborowgh Airshosw while pirson o excecd the Spedad Aurport in Dorsel, Britan., Hawker Siddeley asrospace most military aircrafl. You can
attermpting to break the sound of sound in a de Havilland Until an accident occurred on growup, it was renamed the find owut more at

SEA v‘ KEN barrier, Kilng 31 people. O 108 In September 1948, the rummsay in 2014 Hawker Siddeley Sea Viden. wisnw.dehavillandaviation.com

EIYEVROEIR There is only one fully functioning Seo Vixen left in the w

TheSea Vixen could reach . Twm-honm
speeds of up to Ggomph : &, Another similarity shared

: : with the Sea Vampire was
the Sea Vixenstwin boom
tail lasout, which aided
atrength and rigidity when
travelling at sub-sonic and
near sub-sonic speeds.

Crew: 2

Length: 16.9m
Wingspar: 15.5m

Empty weight: 17 680k
Loaded weight: 15,850k

Powerplant: 2 = Rolis-Royce
Aecon Wk 208 turbojets

Max speed: 590mph
Ranga: 7S0mi
Service ceiling: 14,630m

Armament: 4 = Yatra rocket
pods with 18 SMNEE 68mm
rockets each, 4 x Red Top
gir-to-airmissies, 2 x 27 Tkg
bBormbs

Powerplant
It was powered by two
Rolls-Royee Avon 208 turbojet
engines, each capable of
producing 7,500 pounds of
thrust. This massive power
allowed the jet to go
supersonic inashallow dive,

A Sea Vixen with Red
Bull advertising

Armament

A o j TheVixen had six hardpoints upon

ot which it could carry a combination

. P of Matra rocket podswith 18 SNEB

f ” bAmm rockets each, Firestreak | ; Pl e
- S air-to-alrmissilesand227ke RN "1"‘ gL | TR R L T
e high-explosive bombs. ;iu..“.‘u:-_.-r.ﬂmais-.-'-.-E't.z'r.::r'-'i".]--—'-—:-W"‘l"—.%i.—jf.ﬁﬂﬁ.-: g s W e L

<A
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Westland

A record breaker and for
OVer 40 years - can
anything beat the Lynx?

| The Westland Lynx forms the backbone
& of the British Army and Navy helicopter
M forces. Entering military service in1g78,

it had already set world speed records during
testing. Introduced as a utility helicopter in 1971,
the Lynxis a twin gas turbine-powered, two-pilot
aircraft, with advanced control systems, a
four-blade, semi-rigid rotor and, thanks to the
fundamental stability and unrivalled agility of the
basicairframe, it has performed in almost every
role imaginable.

From troop transport, armed escort and
anti-tank warfare with the Army Air Corps, to
anti-submarine warfare and maritime attack with
the Fleet Air Arm, and in many similar roles across
the globe, the Lynx is used by the militaries of over
a dozen countries worldwide.

This helicopter is used as an airborne command
post, a fire support platform, as well as for search
and rescue, casualty evacuation, plus many
specialist roles including anti-pirate and border
patrol, The British Army and Navy also have
display teams that use the exceptional agility of
the Lynx to amaze the crowds at air shows,

Since its first flight, over four decades ago, the
Lynx has been continually upgraded and
developed, ensuring it's always at the forefront of
technology, as demonstrated by the most current
variant, the Super Lynx. Army models kept the
traditional landing ‘skids’ until only recently, when
they adopted the tricycle-wheeled undercarriage
used by the Navy toaid ground handling.

Improvements in navigation, communication
and radar systems in Navy derivatives have
ensured that British helicopter capability atsea is
world leading, while Army versions have similarly
demonstrated their ability to evolve with the
changing requirements of modern warfare.

The latest variants are excellingon the
battlefield, using state-of-the-art weapons and
tactics including night-vision-assisted operations.
The next peneration of Lynx (the Wildcat) is
currently undergoing flight testing on land and sea,
ensuring many years of continued service.
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"Since the first flight the
Lynx has been continually
upgraded and developed

Central hub
Asingle-piecetitanium forging, the
central hub talees all loads imposed by
flight, as the blades rotate around it.

Engines
Two Rolls-Rovee Gem 41-1 turboshalts

producing 835kW (1,120shp)each spin the
main rotor through ashared gearbox.

Pilots in control
The two pilots male use of
the three-axes stabilisation
system to gaina solid
weapon launch platform.

Wheels

Unlike other Army Lynxversions,
the AH.g hasa Navy-style tricycle
undercarriape to helpwith
ground handling,

Lynx AH.9
teardown

The AH.g variant of the
L#nx is used exclusively by
the British Army, primarily
os a utility vehicle

The statistics...

Westland Lynx AH.g

Length: 15.2m (S0ft)

Rotor diameter: 12.8m (427t)
Height: 32.8m (12 .41)

Disc area: 128./m? (1.385f4)
Empty weight:

3.291kg (7, 25516)

Max takeoff weight:
5,330kg (11.75010)

Powerplant: 2 = Rolls-Fayoe
Gem 411 turboshaft, B35kW
{1, 120shp} each

Max speed: 32dkmyh (20Tmph)

e — *.'-“,.-.' FESurhh
Range: 528km (328mi) P e T | 5

D ApusiaWestland



Unbeatable record? Blow me down More speed?

5 ] UP i 4 - % has pro ahilitises i Maval versions of the Lynx &n even faster variant of the - ampanent in the Lyns
rrore] ot b Al stands Tian ribat o have the ability to angle the Lynx was proposcd bt nesver il aniurm hube

s = later. Wi inclueding disabling the Argentine miain rotor blades dowrwards btk 1t weould not have guaditied
F | T submarine Santa Fe during the to generate negative Eft, far aworld spesd recond,

g, ard sinking pushirig the aircraf® onto the thi it had aeroplane-like

WEE-I-LAND L?Nx : v . “'-"I':| Iragi shi ,J" i the Gulf Wars, deck of a ship after landing, wings beneath the rotor

BERP blade tips
The enlarged tips of the BERP
hladesincrease lift and smooth
transonic turbulence as the tips
approach the speed of sound.

BERP blades
The advanced compaosite British

Experimental Rotor Programme
(BERP) blades provide huge
performance and speed gains
overconventional helicopters.

Low-heat exhaust
The exhaust diffusers mix the hot
gases exiting the engineswith colder

ambient air, reducing the infra-red
gignature of the alrcraft,

LYNX AH.9

The Lynx is the smallest
and lightest aircraft of the
three in this roundup,
which allows it to operate
from small ships. The Lynx
can carry more troops and
is far more agile than its
larger counterparts, but
has less power so cannot
carry as high a payload or

as many weapons,

All aboard

The rear crew compartment can
accommaodate ten ully equipped
troops, cargo, specialist systems
and/forextra fuel tanks.

The Seahawk has a huge
range advantage over its
competitors - almost
twice that of the Hind.
The common parts it
shares with the other
aircraft in the Blackhawk
family make maintenance
and repair highly cost
effective. However, it
cannot operate from

Weaponry .l ship decks, and is
This Lynx variant commonly carries not particularly agile.

7.62mm jo3in) General Purpose
Machine Guns ora Browning AN/M3M
so-calibre heavy machine gun.

Record breaker

Fastest chopper in the west... and the rest MIL MI-24

In1g72, just one year after its introduction, the Westland Lynx became the world’s HM
fastest helicopter when airframe XX153 set a new world speed record over 15-kilometre The Hind is heavily
(03-mile) and 25-kilometre [15.5-milej straight courses by flying at an average 3217 armoured, heavily armed,
kilometres [199.9 miles) per hour. In 1978 a heavily modified Russian Mil Mi-24 "Hind’ extremely fast and very
increased this to368.4 kilometres (228.0 miles) per hour. With Westland under powerful. It is not used by
: political and commercial pressure, it was decided that an attempt would be made to the Navy due to its limited
" & reclaim the record. Westland re-registered Lynx airframe ZBsoo as G-LYNX, and began range, and its size means it
W . ape is not very agile. Despite
H=3 . aprogramme of extensive modification. More powerful Rolls-Royce Gem 6o gas e ety o e
= turbineswere fitted, along with a water-methanol injection system, but the biggest weapons that it can carry
& performance contribution came from the British Experimental Rotor Programme on its hardpoints, the Hind -
The Lynx Mark 3 shares many of the same :'q' |BERP). On 8 August 1986, these advanced rotor blades carried G-LYNX pilot Trevor has often lacked a reliable .
iR hie record-IEs GRINX, such 4 £ Egginton and his flight engineer Derek Clews to the world record speed of 400.9 anti-armour capability. g
BERP blades and Rolls-Royce Gemengines. < . ; | , =
. & kilometres (249.1 miles) per hour, which still stands to this day. =
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Strategic bombers

ﬁ)edlcated bombmg
aircraft actas
damage-dealing
»= workhorses, engaging
enemy targets 24/7 -l
regardless of weather f S
seonditions and the

. hazardous theatre of
war. We take to the

skies for a closer look at
some of its key players

Deployed tosupport ground troops
inthe Libyan civilwar, the B-1B
Lancer pacles a poweriul payioad

. o X o

The battlefield has changed. Now, more the 215t Century. Fluidity and reaction speed is now delivering their human operator near-omnipresent
é than ever before, the theatre of war isin paramount, for if you have the inability to engage power. They include missiles that can transcend the
flux, rebuilding itself minute-by-minute, immediately on a globalscale, the parameters shift speed of sound three times over, bombs that are

breaking down the conventional barriers of and the chance dissipates. guided by invisible, omnipresent satellite links to
geography, geometry and time. Weapons systems Strategic bombers are positioned at the leading their targets, and nuclear warheads over ten times
are co-evolvingalong with defence systemsat a edge of this technological and logistical war, built to the power of that which despaoiled Hirashima.
ferocious rate, fuelled by the continued, perpetual offer the range, payload, durability and speed to Strategic bombers are also capable of remaining
rage of a segregated planet. The relationship engage a hostile target quiclly and efficiently, no airborne for days, protected by their insane speed
between organic and inorganic matter is becoming matter their location or levels of defence. Installed and large weapaons basket {the range inwhich they
fused, co-dependent and augmented, in order to with the most cutting-edge technologyand weapons  can launch weapons at a target without themselves

generate the versatility demanded when fighting in systems available these machines excel in being engaged).
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Etymology

The etymaology of ‘Bomb’
comes fram the French
‘bomibe’, which comes from the
ltalian *bomba', which comes
from the Latin “bombus’, which
stems from Anchent Groed,

Swan

Russian pilots train to fy the
Tu-1640 ina Tu-22M aircraft,
When they gualify, they can
.'||:||:.'l|:|l s ricknarme "Whrle
Swean’ {due to its white
finlsh and manoewvrabllity).

Father irag

The B-1 Lancer was one of
the most used aircraft during
the lrag war. One of its most
notable missions was an
unsuccessiul attempt to kil
Saddam Hussedn,

Fortress

5 TOP
FACTS

Bombers

The B-1 Lamcer was originalky 2 According to Russian
conceied in the labe-Sixties

government sources, it wasa
Tu-160 that dropped the
Father of all bombs'. Thae
government commented: ‘all
that's alive merely evaporates’,

as a supersonic bombser with
the range and payload 1o
replace the famouws Boeing
B-52 Stratofortress,

Tech of the trade

How It Works explains the different types of

technology that

mbers use to hit their targets

Satellite

GPS-guided

One of the most modern
guldance systems,
GPS-guided missiles
allow targetstobe
engaged accurately. The
gystem uses an Inertial
Navigation System (INS)

WEAPONS
OF WAR

B-1B Lancer

MK-82

Alow-drag, general-purpose,
unguided bomb. It isastock
munition for avariety of US aircraft,
including the B-1B Lancer, which
can carty northwards of 84 units.
The ME-Bzweighs soo pounds and
measures 222cm (87.4 in) long and
z7em (075 in) in diameter. Each umnit
hasa1g2lb filling of tritonal - Baper
cent TNT, zo per cent aluminium

I powder - which can be [itted with
: }'1\ fin kits, fusesand retarders tosuit
each mission.
- = . = T ——
Laser-guided Gravity guided [ T R

Laser-guided systems rely on targets to be
‘litup’witha Laser Target Designator (LTD)
system. Usually ground-based, they involve a
laser designator being pointed at target. The
missile’s infrared seelking unit locates the
designation and adjusts its trajectory.

AB-Btaking offat the Royal International Air Tattoo. Note
the firing General Electric Fim-GE-oz augmented turbofans

The two current foremost examples of
these bombersare the US B-1B Lancer
and the Russian Tupolev Tu-160. These
were designed concurrently to be
machines that could, on demand, travel
long distances quickly, slip under
early-warning radar and engage military
targets with smart munitions - bombs
that could be launched from hundreds or
thousands of miles out and guided to
their target by internal inertial

Bombs are dropped free-fall, relying on gravity and aircraft
co-ordinates to strike. Due to their relative inaccuracy,
gravity-guided bombs tend to be released in clusters to
maximise the chance of a successiul strike, Dependent on
aircraft speed and altitude, these bombs can befitted with
various tails and retarders to speed up/slow down fall time.

The statistics...

R Mo i UE,
AGM-154
Amedium-range launch-and-leave
missile, the AGM-154 allows
bhombingaircraft toengage

e defended targets from outside the
B-1B Loncer range of conventional anti-air
Crew: 4 weaponry. The missile, which
T measures 4060m (160 in) long by
Lerrgth. 44.5m (145ft) 3cm (13 Injin diameter, is guided by
Wingspan: 4L.8m {137t a Global Positioning System of
Height: 10.4mm (34f1) satellites with an internal Inertial
Loaded weight: 148.000ka Niil,gau:ﬁ'l %Tls:en: 'l;_lh;;i l':;;]‘l
(326,000l systomn allows for enhance
accuracy and release range.
Powerplant: 4 = general
electric F101-GE-102
augmented turbofans '
Max speed: Mach 1L.25 o .
(820rmph/L,340kmh) ",’ |i- i
Range: 11, 998km (7455 miles) jll '
The Iﬂﬁwpﬂble of being I:EI []E"DEE?_';HH e
refuelled during Right for i >
an extended patroland RACIEEEIIES

bombing runs

9 (5 external, 3 intermal)

navigation units and auxiliary
information delivery systems. These

strategic bombers, packing gravity, laser

and GPS-guided munitions {see ‘Tech of
the trade’ boxout) render anti-aircraft
aun placements useless, and avoid
surface-to-airmissiles by flying at
altitudes northwards of 60,000 feet.
The B-1B Lanceris built around a
blended wing body configuration, with
variable-sweep wings, four turbofan

enginesand triangular fin control
composite surfaces. Itswings can be
varied by the pilot between 15 to é7.5
degrees, with the former being used

for takeoffand landing aswell as
high-altitude cruising, and the latter
beingused for high subsonicand
supersonic flight. Stability is ensured-a
problem due toits large size and

weight - by triangular fin control canards

located by the B-1's nose. These are

G ElIJ-39

The GBU-3g isa small-diameter
bombweighing little more than 250
pounds that, dependent on
specification, can be guided toa
targetviaa GPS-aided inertial
navigation system (aswith the AGM-
154), or by a thermal seeler with
integrated auto target recognition.
The thermal seekerworks by
tracking the electromagnetic
raciationofatarget withan IR
sensor (infrared), before visibly
zeroing In on the heat signature
once launched,
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“The Tupolev Tu-160 is larger
and heavier than the B-1

MILITARY AIRCRAFT

Strategic bombers

controlled by the Lancer's Structural Mode Control
System (SMCS), which automatically rotates the
canards to counteract turbulence. In addition, to aid
the minimisation of its radar cross section (RCS), the
B-1isinstalled with serpentine air intake ducts and
fixed intake ramps. These, while limiting its top
speedm deflect and shield radar emissions from the
highly reflective engine compressor blades. This
technology, in partnership with the use of radar-
absorbent material initsairframe and skin, grant
the B-1a RCS 1/50th of that of the equally massive
B-52 Stratofortress.

The Tupolev Tu-160, incontrast, is larger and
heavier than the B-1, however it shares many of the

same features and design choices. First, the aircraft
sports a blended wing profile with sweep-enabled
wings that can be swept by the pilot between 2o and
65 degrees. It is also powered by four Kuznetsov
NE-sz1atterburning turbolan engines, the most
powerful array fitted to any combat aircraft. These,
in partnership with variable air intakes, grantita B
topping max speed of Mach 2.05 (1,380mph),
although its radar signature is larger as a result. Due
to its larger size, the 160 also has a greater weapons
load capacity than the B-1, with twin internal rotary
launchers capable of holding and launching
4o,000kg of munitions. Inaddition, nuclearand
conventional armaments can be carried (see the

"Weapons of war- Tu-160’ boxout) dependent on
mission parameters. Finally, as with the B-, the
Tu-160 is fitted with a probe and drogue in-flight
refuelling system, allowing it to remain airborne for
extensive periods.

Both of these aircraft have demonstrated their
awesome ability since their introduction to the skies,
with numerous sorties undertaken and many
notable records broken. Most recently the USAF
deployed a series of B-isas part of Operation
Odyssey Dawn, the international military operation
in Libya, to prevent Muammar Gaddafi's forces from
bombing rebel forces, strikinga multitude of
undisclosed military targets.

ATu-1601s exhibited to
peneral publicduringa

Tu-160

The world’s largest variable-sweep
aircraft, the Tu-160 is a supersonic
strategic missile carrier like no other

Electronics

Russian airshow

A Sorriet/Russian air-launched
cruise missile capable of carrying a
conventional or nuclearwarhead,
the Kh-551s the primary missile
system of the Tu-a60. It hasa range
ofs,000km and a top speed of Mach
0,78, while thanks to its Inertial
Navigation System with a Doppler
radar mapping service, has a strile
accuracy ofwithingm. Toachieve
its range the Kh-s5 is powered by an
Rgs-300 turbofan engine, activated
alongwith sweptwings once
launched, Missiles are stored ina
rotary launcher, which rodates
missiles like a six-shooter's bullet
chamberuntil inoptimal position.

The Kh-15isa short-to-medium
range missile that can be equipped
withanuclear or conventional =

warhead. 4.5m (15ft) long by 5.5m
{r7.9 ft) indiameter and with a range
ofiookm (186 miles), the missile is
puided by inertial navigation, active
radar or anti-radiation - the latter a
system that getects and homes in
onan enenmy’s radio emissions.
Centraltothe Kh-1s's designisits
post-launch velocity accumulation
flight path, climbing o o000kt
before divingat aspeed of Mach 5
{almost 4. coomph) onto its target.
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In terms of electronics, the wboutilisesa
Obzor-K attack radar in a dielectric
radome, a Sopka terrain-following
radar and electro-optical bambsight.

Munitions
The Tu-160 can carry 40,000
. kilograms of munitions, with bwo

The four Kuznetsov NK-231
engines of the 160 are
ferocious, delivering

24,948 kilograms of thrust
each in maximum

afterburnerconfiguration.

i

s S ——

rotary launchers capable of stowing L ———

| conventional or nuclear missiles. e

| TheTu-6o hasthe heaviest
Al take-ollwelght of any combat alrcrall

L | —



EIEYGENIEGTYR O0n 1o june, 2010 two TU-1605 Corr

Aseries ofMk-fzbombs

explode in guick

succession doringa tes
__bombingrun

President ol Russia
Viadimir Putin{above)sits
in the coclpit ofa Tu-160
The Tu-160 is operated by a crew Acollection ollaser-guided bombs connect
of four, with a pilot, co-pilot, with Raynhamisland, Queensland, Australia

weapans systems operatorand
defensive systems operator on
board each sortie.

Bombers of the future

New machines to be ready for 2018

Despite current bombers' advanced that the new bomber must be capable of
technology and weapons, the US Air Force is strategic bombing, tactical bombing and

now developing its next-generation bomber, prompt global strile roles, as well as having
scheduled to enter service by 2018. the ability to carry nuclear weapons, a host of
Codenamed the ‘zo18 Bomber', the new companies including Lockheed Martin,
system is poised to harness the stealth- Boeing and Northrop Grumman are working
orientated strike capabilitiesof the F-3s fighter  towards a prototype being delivered for 2016.
let but extend them into an alreraft with See below for the2018's design goals as of
long-range operablility. With adesign briel [anuary 2o11:

Range ;l'gll.l!l bein
excess of 9,000km
be 175 aircraft. (5600 miles)

Cost must not
exceed $50 billion

B ProaldeEial Prissaiil

~ Tu-160
- Crew: 4
. Length: 54 10m (17 7f1)

~ — Wingspan: 55.70m {185ft)
_ Height: 13.10m (43ft)

Loaded weight: Z67.600kg

(H89.95040)

Powerplant: 4 « Samars

MNE-321 turbofans

Max speed: Mach 205
Wings (1, 3B0rmph/2.220kmh)
The Tu-t6oleaturesvariable S Range: 12,300km (7643 miles)
Eveemsclectatiofromaoto [l Maxaltitude: 15000m |

) (49,2001 ABoeing-produced render of a potential design for

b5 degrees, ltalso employsa !
blended wing profile. i Hardpoints: 4 the 2018 Bomber. Noteitsstealth-orientated shape

0 BT
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BIYEWEGTMR A chinook is big enough for two Lond Rovers to fit inside it

i< one of the v ___' : £ v | ME"-"__J rnew

iconic and

et ta Py k- gunships were
& Y - constructed
as the
Cold War
escalated”
he modern

I attack helicopteris
the complete military machine.
Cutting through the air with titanium blades, H ELICO PTER

loaded up with missiles and a cockpit full of
advanced technology; they are true terrors of the

sky. Atanlk's worst nightmare, the rise of attack Chﬂp ersare an essenti 1a paﬁ Df deEI n
helicopters has revolutionised the battlefield. wariare, from reconnaissance to attack

Theidea of rotarywing military aircraft was
first toyed with during the early years of World
War Il but it wasn't until 1942 that they reached
prominence. That year the US War Depa rFment — ifth & Faititicls o rechatic
proposed a new idea. It was called ‘organic Army ’ !"" missiles and chain guns. The
aviation’ and, separate from the Air Corps, it was - AH-64 Apache specialises in
tasked with developing helicopters. Various new disabting tanks.
designs, including the revolutionary Sikorslky
R-4, were created but it tool until the Korean
War for helicopters to really take off. Infantry
and cargo could now be terried in and out of
battle rapidly and invasion forces could engage
the enemy much more effectively from the air.
Helicopters were integral to US operations in the
rough terrain of Korea and by the time of the
Vietnam War, the iconic Bell UH-1 Iroquois was
used extensively. The "Huey’ ushered in a new
era of air cavalry, as helicopter weaponry
became more sophisticated.

Military helicopters were also designed to
serve ina purely offensive capacity and the
attack helicopter was born. Many new gunships
were constructed as the Cold War escalated.
These included the American Piasecki H-21and
Bell AH-1Cobra and the Russian Mil Mi-24. In
1986, the Boeing AH-64 Apache emerged asa
template that other armed forces tried to
replicate, and helped bring an end to the
dominance of tanks on the battlefield, As more
breeds of attack helicopter tool to the skies, it
became clear that these versatile vehicles could
assist the military in many ways. This led to the
advent of dual and multi-role helicopters.

Inrecent years, attack helicopters have been
equipped with ever more advanced systems that
have improved efficiency, aerodynamics and
performance. The array of tech on offer is truly
astonishing, but there is still room for further
progress. Join us as we examine what's on offer
for the uture of the world's best attack choppers.

The ¥-280 Valor will attermpt to make attack
helicopters faster and stronger than ever before

Attack

Commonly known as gunships,
attack helicopters come armed

Transport
Supplies and troops can be
guickly whisked in and out of
war zones, A popular design is
the CH-47 Chinook which has a
primary role in heavy troop and
supply transport.

Multi-role

State-of-the-art navigation
and communication systems
allow helicopters to assist
almost any mission. Their
roles range from observation
to search and rescue.

Maritime
Maritime helicopters
pravide invaluable aerial
support out at sea. The
Sikorsky SH-60 Seahawk
takes off from aircraft
carriers and frigates and
can take down submarines
with its MK 54 torpedoes.

Scout
Helicopters like the
Aérospatiale Gazelle are
used to investigate unknown
terrain. They are sent ahead
of the front line to inspect
what lies in wait for the
ground forces.
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THE TIGER i<5ierinmodermacrialvwartare.

Mast-mounted sight
A heavy-hitting, relentless attack dog, the highly accurate GPS systems, and electronic SELD;;:S;:JS g;wsp;;ﬁ:ﬂim
Airbus Helicopters Tiger has both thearmament countermeasures. It specialises inanti-tank " acts as a forward looking
and performance capabilities to dominate the missions but the Tiger's flexibility means that infrared (FLIR) camera and
battlefield. During the Cold War, itwas it can handle a variety of roles. The image i i
developed in order to respond to any potential below is of an HAD combat helicopter but
attacks on Western Europe by the USSR. The other models include the UHT multi-role fire

subsequent collapse of the Soviet Union meant support, ARH Armed Reconnaissance and
it never saw active battle service in that era, but ~ HAP combat support. It has been deployed

France and Germany continued to work on the in battle in Afghanistan, Libya and Mali and

helicopter regardless. Today, the Tigeris fully is currently inservice for France, Germany,

equipped with innovative stealth technology, Spain and Australia.

Blades Target tracking

Made from a fibre-composite The roof-mounted sight features a

construction, the four rotor camera, thermal imaging and a laser '

blades are both light and durable. tracker, and is stabilised by gyroscopes S ——
for a steady aim during flight. R

Firing systems
The gunner has a choice of
acquiring targets through manual

sight or automatic tracking. ‘ﬂ.‘:’_’-ﬂ:ﬁ' = =G

A modern
attack
helicopter

The Tiger boasts some
incredible technology that
strikes fear into its adversaries

Interface
Both the pilot and aft-seated
gunner have a pair of LCD
displays that provide sensor
data and are used to interact
with the Tiger's systems.

The Tiger's flat and narrow
silhouette makes it less
vulnerable on the battlefield

Advanced cockpit

H'The fUE, tUﬂkS The pilot is assisted by an

automatic flight control system

are self-sealing ~ waesesvevoriondauio e rgurs oo
- ; i allows the pilot and the aft-seat

Und Ex p [US,UH adverse weather conditions. gunner to switch roles if needed,

~ " as both have access to the flight

S Up p FESS, VE controls and weapon systems.
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BV Around 12,000 US helicopters flew in the Vietnam War, totalling 2 million missions and 7.5 million flight hours

" AH-64D
APACHE
LONGBOW

Aniconic gunship that's still
e W a capable attack chopper

a countermeasure against A - A4 . The AH-64D Apache Longbow gunship is arguably the most famous
infrared missile seekers o - ¢ ~ 4  multi-mission attack helicopter of the modern age. Over the past 19

’ ) e ' years of service, it has proven itself both combat-ready and reliable
in numerous theatres of conflict.

The AH-64D was upgraded in 2008 to include increased
digitisation, a joint tactical radio system, enhanced engines and drive
systems, the capability to control UAVs (unmanned aerial vehicles)
- which were used extensively in the Irag and Afghanistan wars -
along with improved landing gear. Currently, the Apache AH-64D
Longbow is operated by the US, Egypt, Greece, Israel, Japan, Kuwait,
the Netherlands, China, Singapore and the United Arab Emirates,
with many other countries operating older Apache variants.

Power

The Tiger is powered by two 960kW turboshaft

engines. The fuel tanks are self-sealing and

explosion suppressive when exposed o enemy
S fiee or in the event of a crash,

o 1. T700-GE-701C engines 5. Cockpit

The turboshaft engines allow the With room for two, the Apache’s
Fuselage ===l AH-64D Longbow to reach a cockpit allows excellent battlefield
Kevlar, carbon laminates and cruise speed of 284km/h. visibility with wide viewing angles.
Momex make up 80 per cent of
the airframe, and radar reflective 2. Automatic cannon 6. Composite rotor
surfaces are kept to a minimum. The 30mm automatic cannon is blades

capable of firing large, highly A composite four-blade main rotor

incendiary rounds. allows for increased payload,

climb rate and cruise speed aver

3. Hellfire missiles earlier variants.

These laser-guided missiles are

effective at taking down enemy 7. Fuselage

armour and structures. Designed for manoeuvrability and

gtealth, the fuselage is painted in

4. Explosive rockets camouflaged colours.,

Fast firing 7TOmm rockets allow

the Apache to support ground 8. Radar dome

troops in any assault on enemy This system enables target

soldiers, strongholds or vehicles. detection from behind cbstacles.

Mistral missiles
With a 3kg warhead and
a Gkm range, the Tiger
can cause significant
air-to-air damage over
long distances.

Weaponry

The Tiger can be fitted

with different combinations
of weapons depending on
the variant, suitable for
both air-to-ground and
air-to-air combat.
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The Bluecopter

Introducing Airbus’ eco-efficient
demonstrator - a game-changer that
could make choppers more stealthy

Blue Edge
technology
five Bluecopter blades
rease noise pollution
Wwithout affecting
performance.

Reduced emissions
CO, emissions and fuel
consumption are decreased
by up to 40 and 10 per
cent respectively.

Rudder
The T-tail stahilises the
vehicle, decreasing the

Un

i
o

to rise up.

The Bluecopter has allowed Airbus to test
innovative, eco-friendly technologies

Tail rotor
The Fenestron is a tail
rotor housed in an
insulated duct to reduce
drag and noise.

Wl

Aft-body concept

The design of the back of the

helicopter helps make it
more aerodynamic.

tendency for the nose . - Blue Pulse tech

Active flap rotor control
reduces the interference of
- the blades with each other,

reducing noise levels.

~ Eco-mode -
NI the Bluecopter's englnes

decrease emissions. -%
|

Skids
A specially made fairing on
the skids lowers the
Bluecopter's drag.

STEALTH HELICOPTERS

How tech can help make choppers a whole lot quieter

One ofa military helicopter's biggest strengths is
its manoeuvrability. Beingable to take off and
land in difficult terrain, move inany direction
and hover makes gunships incredibly usetul in
battle. However, this advantage comes at a price
and the sound of the rotor blades spinning
almost negates any chance ofa stealthy
approach. Helicopter blades are noisy because of
blade-vortex interaction (BVI). Each blade
rotates at such a speed that high amounts of
turbulence are caused. Huge amounts of air flow
around the blades astheyturnanda
concentrated vortex (a whirling mass of air
similar to a whirlwind) is formed. As each
following blade cuts through this vortex,
acousticenergy and vibrations are created,
resulting in the classic chopper sound. It has
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been a lomg-standing issue but now various
technologies are being implemented inan
attempt to reduce it.

Airbus’ Bluecopter hasa new style of rotor
blade that utilises Blue Edge technology. The
innovative double-swept design reduces noise
by four decibels by reducing the surface area of
the blade that impacts on the vortex. This is
complemented by Blue Pulse technology, which
incarporates three flap modules into every
blade. Directed by a flap rotor control that uses
tiny electric motors powered by crystals, they
mave at up to 40 times a second, lessening the
BVIas less pressure is created. This decreases
the level of noise generated, as well as giving the
pilot a smoother ride with a significant reduction
in cabin vibrations.

Another method the Bluecopter is using to
malke it both greener and stealthierisa
Fenestron. This encases the tail rotor and allows
the mechanism to have more blades, which adds
more thrust, while reducing drag and vibration.
On the Bluecopter, stealth technology is used in
conjunction with aerodynamic landing skid
fairings and a T-tail stabilising rudder to
increase efficiency and decrease emissions.

“The innovative
double swept design
reduces noise b;; up

to four decibels”



TYPES <OF MILITARY
s HELICOPTER MISSIONS

Obama declared to the world tha Powerful, agile and resilient, the Tiger is the y’
Sdima in Laden nd 22 Kilied. F = = - "
The apsration that disncesdof the chopper of choice in many situations ﬁ

Operation
Neptune Spear

On 1 May 2011, US President Barack

founder of Al-Qaeda was
codenamed Operation Neptune Spear and was
undertaken in two Black Hawk helicopters
supported by two MH-47 Chinocoks. During the
mission, ane of the Black Hawks ran into difficulty
and had to make a hard landing. It was reported
that before leaving, the SEALs made efforts to
destroy the downed chopper, leading aviation
analysts to believe they were equipped with secret
stealth technology. US authorities have remained
tight-lipped on the matter, but photos of the Ground fire support Amphibious operations
surviving wreckage appeared to show Infantry and armoured divisions on The Tiger HAD is also a worthy Operations in Afghanistan, Libya and
modifications to the tail section to suppress noise the ground can rely on the Tiger to adversary at sea. It was designed to Mali allowed the Tiger to display its
and avoid radar. provide backup. The 30mm gun is be able to land on aircraft and its low prowess as an escort chopper, It can
incredibly accurate and can fire at a maintenance reguirements mean it easily eliminate threats and quide
maximum distance of 2,000m. can stay out at sea for long periods. athers to safety.

Armed reconnaissance Aerial combat Anti-tank warfare
Day and night identification sensors The twin attack power of a 30mm The range of powerful anti-tank
make the Tiger a highly competent turreted gun and Mistral missiles are missiles at the Tiger's disposal make
reconnaissance unit that can weave more than a match for any other it the ideal gunship. It can take out
The UH-60 Black Hawk has become the US through tough terrain and also helicopter. Also on board are 32 chaff tanks from a sale distance, firing
Army's premier multi-role helicopter engage the enemy if it needs to. and flare cartridges. from up to 8,000m away.

Ask the expert

We spoke to Marius Bebesel, programme manager at
Airbus to explain more about the Bluecopter

What sort of helicopter is the Blucopter? technologies (including an ‘eco-mode’, which
Based on an Hiis, the Bluecopter technology shuts down one of the two engines during 3
demonstrator is a light, twin-engine helicopter.  standard cruise) leading to a len per cent H
Itisa flying technology test bed, on which reduction in fuel consumption, helping to Do you have plans for any electric ?
Airbus Helicopters is able to trial next- achieve a 4o per cent CO, emissions reduction. helicopters? =
generation eco-friendly technologies that can The demonstrator features several design Airbus Helicopters is researching lower §
be applied across Airbus Helicopters’ product measures to reduce the aerodynamic drag of emissions technology with its compound E
line. The Blucopter is a unigue, one-of-a-kind, the helicopter. This includes fairings for the helicopter LiteRCraft and the High Compression E
test aircratt. main rotor hub and the landing skids, and a Engine {using an advanced diesel engine E
newly developed low drag aft-body concept. instead of a turbine for light helicopters). ?
How environmentally friendly and energy The eco-friendly approach is extended even Airbus Group has teamed up with Siemens to f—
efficient is it? to the attractive paint scheme of the helicopter,  research electric flight. It is thought that by 2030 g
The Bluecopter allowed Airbus Helicopters to which makes use of the latest water-based passenger aircraft below 100 seats could be ;
test performance and fuel management paint technologies. propelled by hybrid propulsion systems. :
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\ttack Helicopters

VTOL technology
V-zso Va'or The advanced tilt-rotor
The innovative new Bell and Lockheed technology will allow for vertical

Martin design that boasts unrivalled lift-offs from almost any terrain.
“speed, range and payleac

A qi\..-'

Sensor technology
Enhanced situational awarenass
systems ensure bombing during
missions is incredibly proecise.

T!t—rntnr N o
The counter-rotating dual * i
propellers enable great
rmanoeuvrability.

Capacity

Speed and

The large armoured
i uselage Ea;—- fit 14 endurance

FOOPSs an hm-r The top speed will be
Craw memibers. over 500kmyh with a

{ combat range of
'_ nearly 1,500km.

Rotor downwash
Decreased downwash from the

rotor blades makes rope hoist : The Innovative technolbgies used on
operations easier and safer. ; b o the Raider allow itto rédch nuch
% . i ' higher speeds than standard choppers

MILITARY HELICOPTERS:
THE NEXT GENERATION

What does the future have in store for a new class of supercopter?

While the Boeing AH-64 Apache and the testing as part of the US Army's Joint Multi-Role urban security, disaster relief and medical
Sikorslky UH-60 Black Hawl are still capable programme in early 2017. FVL includes five evacuation. Each of the aircraft will use a new
gunships, even more advanced updatesare on all-new helicopters that will replace the current  active system that will advise the crew on when
the horizon. Both companiesare at the forefront  designswith a new breed of attack copter. As components in the cockpit need to be replaced,
of future helicopter design and are aiming to well as having first-class combat capabilities, the  while also giving as much assistance as possible
develop choppers that will boast twicethespeed new helicopterswill embrace semi-autonomous  to the pilot. Compatibility with other vehicles
and twice the range of the current crop. Thetwo  technology and be flexible enough to serve in will be at the forefront of the new choppers’
aviation giants are currently joining forces to design. They will be capable of landing on ships

create the SB>1 Defiant while Bell and Lockheed ThE new heh CDp ters and being stored on cargo planes. These

has its own rival project inthe shape of the V280 ultra-advanced helicoptersare setto bein

Valor. Both ventures are demonstrator aircraft W” ’ Emb race s E’Fﬂl = production by 2030 and will serve the US Army,
ol ot e s N e I autonomous i dam s

] ] ¥
(FVL) project. They will take to the skies for tEE hﬂD ,Dgg Chinook designwill also be getting an overhaul.
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The Block IT Chinook programme will see
Boeing's iconic twin rotor vehicles undergo a
modernisation project. They will still utilise the
same basic design but will be kitted out with an
assortment of modern technology. All the
projects are a fascinating glimpse into the future
and will build on the already cutting-edge
technology used in today’s helicopters. While
drones continue theirvital role on the front line
of aerial combat, the attack helicopter will once
again dominate the skies with more advanced
engineering and weaponry than ever before.

The Raider's cockpit can fit two pilots and
the cabin will have space for six soldiers

SB>1 Defiant

Sikorsky and Boeing’s joint venture could help

change the face of helicopter technology

Coaxial rotors

The double counter-
rotating rotors are
immensely powerful yet
agile enough to land on
aircraft carriers.

Aﬂmnn&d l:crcltptt
ThE pllut will be assisted by
_' wﬂﬂmﬁlnﬂaldmg :

S-97 Raider

Sikorsky is currently developing a

new generation of helicopter.

Utilising innovative technology, the

5-97 Raider has not one but two

coaxial counter-rotating rotors.

These rotors are mounted on the
same shaft but rotate in opposite directions.
This advanced rotor-wing technology will be
accompanied by a push propeller at the rear and
will enable the vehicle to reach altitudes of
3,000 metres even in the most challenging
climates, travelling at twice the speed of the
fastest helicopters currently in the air. As well as
its superior performance, the Raider is designed
to have a reduced turning radius and lower
sound emissions than current helicopters, lts
likely role within the military will be as a light
tactical vehicle but it still packs a punch and
comes equipped with Hellfire missiles. The
Raider will be equally adept at armed
reconnalssance and search and rescue missions
and comes complete with retractable landing
gear, vibration control and thermal management
systems for this purpose.

Full of fuel

The large fuel tanks
have been designed to
hold enough to fuel a
powerful future engine.

Pusher propeller
The pusher propeller
will allow top speeds of
over 450km/h even in
adverse weather
conditions.
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Commercial drones
How drones and unmanned
aerial vehicles (UAVs) will
change your life

How to build a plane
How many people and
hoursdoesittaleto builda
passenger jet?

Hot air balloons

How do air balloons take off
and land safelyusing the
power of physics?

The Lineage 100 jet

Fly in the most luxurious
hotel in the slcy for only a few
million dollars

92
94

96
98

BOOK OF
AIRCRAFT

Largest passenger jet
Developing the largest and
most expensive passenger
plane in the world

Solar-powered aircraft
Take a close look at the flying
machines that are fuelled only
by the Sun

On board a cargo plane
Pinpointing whatan aircraft
needs to get the job of carrying
cargo done

Boeing 787 Dreamliner
This new commercial jetliner
boasts next-gen features that
showcase the future of flying

102

103

104

108

Gliders

Find out what it is that keeps
these incredibly advanced
glidersin the air

Inside a blimp

These graceful forms of
transport are kept afloat by
gas-filled ballonets

How next-generation
airships work

Climb aboard these ultra-light
giants for a journey into the
future of flight

Hypersonic flight

Take a look inside the planes
that will smash the supersonic
speed records
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This drone can stream
T20p video footage
straight to your phone,

The Parrot 2,0's

processing unit is a 1GHz,
32-bit AB processor.

-'.'l.:]- a,

d ﬂlght will change your life

Sa gt " 1 _...-1.*‘ L lbl i
f‘ :3: oy - §
A T 5 | i

Xipo

The operator can
be Skm (3mi) away
from the UX5 and
still control it.

The lightweight
expanded polypropylene
body helps the LIXS

weigh just 2.5kg (5.51b).

it
i

The Draganflyer X6 can The Matternet drone can

ca to 2kg (41b) of .

carry one of several s L,'p 4 { )0 If it is flown out of the The Phantom 2
: ; . . medical supplies between : , :

different imaging devices, sibundstations remote control’s range, Vision+ is capable of

including a thermal : ’ this drone automatically shooting 1080p HD

returns home., video at 30fps.

imaging camera.
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Also known as

The name drone refers to 1r|.-

Drones are being used in air forces
))- around the world, but the future is

7 looking much more varied for the
remote controlled aireraft. There is a fast-
growing industry of autonomous flight that can
both help and entertain the world, from
rescuing people at sea to recording awe-
inspiring aerial videos.

Disaster relief, for example, is a major area
where drones can make an incredible
difference. They can fly over the scene of an
earthquake, nuclear meltdown or bomb site
and capture high-resolution pictures or video
to help the team on the ground organise a
rescue or clean-up mission. Drones such as the
Trimble UX5 could be of enormous benefit as
the 2.4-gigahertz modems in the craft and the
tablet can communicate over a distance of five
kilometres (3.1 miles), enabling mapping to
take place with the pilot nowhere near
potentially dangerous rubble and aftershocls.

When the Fukushima nuclear power plant
malfunctioned in March 2011, clean-ups and
analysis of the radiation was limited due to the
health risks posed to helicopter pilots.

Drones such as the Advanced Airborne
Radiation Monitoring (AARM) system designed

Jfg i F ' &59:

Future swarms

There are ower 4,000 differemnt

——— s P T
B Dy LLUELE

Friendly drones

in Britain, manufacturers

The first drone
The first powered LAY was
the “Aerial T T
by Archibalkd
Loves in 1917

LI-WL) E i

the back of :

Drones offer a whole new

perspective on video
recording and photography

by Dr James
MacFarlaneat the
University of Bristol
could put an end to
that. This particular
craft is a hexacopter ¥
witha gamma i 4 bl
spectrometer attached, f
which measures the amount
of radiation being emitted from a
chosen site. This can be done without a
human anywhere near the area, so information
can be received much more quickly and safely.
One of the most exciting commercial
applications of drones is aerial photography
and videoing. In the past, shooting any kind of
media from the air required the hire of cranes
or helicopters. Now, however, drone-mounted

cameras can be bought for as little as £50 ($80),

enabling amateur photographers and film-
malers to capture amazing high-definition
footage for a fraction of the cost.

Although drones might seem the futuristic
domain of governments, the military and
serious enthusiasts, there are a number of
extremely practical day-to-day applications
they can be used for. Amazon and DHL are

I I'\l'

wJ

both deep into the
testing stage of
delivery drones. You
may remember the end
of 2013 when Amazon
claimed drones would
be delivering small
packages within five years.
Currently the use of drones
for commercial purposesis
banned in the United States, but
Amazon has petitioned the Federal Aviation
Authority (FAA) to relax their rules to allow
small drones to carry payloads of 2.3 kilograms
(five pounds) to customers. This weight, they
say, malkes up 86 per cent of their deliveries
and would tale big, bullky and dangerous
delivery vehicles off the road. DHL has already
flown test missions from the German mainland
to the island of Juist, off its northern coastline.
Commercial drones are a far cry from their
headline-grabbing military cousins, but they
are every bit as exciting, packed with
fascinating technology and the ability to
perform tasks that makes our lives, and the
world, a little bit safer and a whole lot
more fun.

The AARM won its inventor,

Dr James MacFarlane, the
2014 ERA Foundation
Entrepreneurs Award

Control methods

[rones can be controlbk=d

B Thinkstnck



LIFE-SAVERS -

Discover the innovative drones designed to rescue those in need

The agility and efficiency of these incredible
machines often means they are better equipped
than humans or other vehicles for humanitarian
tasks . From transporting aid to spotting
someone in need, there is a variety of potentially
life-saving drone aircraft projects that are
currently in development.

One such initiative is the LifeLine Response
app, a personal panic button that will summon
adroneif youare in distress. If you are
concerned about your safety, you can simply
load the app and keep your thumb pressed on
the screen or set a timer. If you get into trouble,
you can release your thumb or fail to deactivate
the timer, and the police will be calledand a
drone deployed to your location using GPS.

High-intensity LED lights aid
navigation in the dark and
can be remotely controlled
by the operator.

Draganflyer X6

The main components of a
life-saving drone

The lithium polymer battery
can keep the drone in the air
for approximately 20-25

minutes between charges.

335

Max payloa
weight

The quick-release payload
system makes it easy to
swap over cameras or other
equipment in a hurry.
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The idea is that the drone, which can travel at
g7 kilometres (60 miles) per hour, will be able to
scare off an attacker by sounding an alarm,
follow them if they flee the scene, and collect
information from the area before the police
arrive. It is hoped the system could be used in
cities across the world, with dozens of drones
stationed at each law-enforcement
headquarters waiting to spring into action.

Another concept, developed by Dutch
engineering student Alec Momont, involves
‘ambulance drones’ quickly delivering
defibrillators to heart-attack victims. The
drone would be able to transport the
equipment within minutes, and then the
operator can use two-way video supported

The carbon fibre propeliers help the
drone climb to a maximum altitude of
2,438m (8,000ft) at 2m/s (6.5ft/s).

communication to instruct a nearby helper to
use it.

While some life-saving drones are still a
worlcin progress, others are already being put
towork. For example, Draganflyer drones are
being used to provide a unigque high-resolution
view of disaster zones and crash sites to help
teams on the ground locate victims, organise
rescue missions and document the scene.

Draganflyer males several different models
of drone suited to both hobbyist and
professional applications. These come with a
choice of camera, including a GoPro and
thermal-imaging camera, and are flown using
a handheld controller, but you will need some
training in order to operate one.

11 different on-board sensors
constantly monitor the
altitude of the aircraft and
send data to the controller.

D

The carbon-fibre airframe can
be folded down to just 16cm
{6.25in) wide when not in use.

_»

—

Each bhoom contains two guiet
vel powerful brushless motors
that control the propellers and
create just 72db of sound.



LIFEGUARD DR °NE

Getting help to those in troubleout  above the water and be guided by

at sea is especially difficult and GPS, Parscanalso carryand drop
slow, particularly in adverse life preservers to where they are
weather conditions. Iranian needed. Although it is not able to
company RTS Lab hopes drones pull people to safety, it can provide
can solve this, asitis currently initial aid before the lifeguard
developing a new lifeguard robot arrives and monitor the situation

called Pars. After hearing about the by recording photos and viden, A
huge number of people that drown  prototype has already been tested,
in the Caspian Sea each year, RTS and was able to reach a target7s
Lab decided to create a multirotor metres (246 feet) out to sea in just 22
drone that could help save human seconds, while a human lifeguard
lives. Aswell as being able to fly took over a minute.
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DELIVERING AID

In many developing countries, rural roads
become inaccessible during the rainy
season, making it very difficult to transport
much-needed medicine to those in need.
Matternet - a network for transporting
matter - aims to provide the solution. The
plan involves autonomous drones, carrying
up to two kilograms (4.4 pounds) of medical
supplies, flying between several ground
stations. These stations would allow the
drones to collect or drop off their payload as
well as swap batteries so they can keep
flying for longer. The drones will use GPS

ot S
‘ The Matternet system has

and other sensors to navigate and an

operating systerm would make sure they 10 I(m already been tested in Haiti,
avoid adverse weather conditions and do Max distance Dominican Republic, Bhutan
not collide with each other. per charge and Papua New Guinea

-
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C: MMERCIAL USE

The drones offering film-malkers a
whole new perspective

Drones such as the Parrot AR and
the DJI Phantom 2 Vision+ have
added a thrilling new dimension
to personal photography and
filmmaking. These clever gadgets
are becoming more and more
affordable for amateurs looking to
capture Hollywood-style footage
from unique angles. A Parrot AR,
Drone, for example, will only set
you back around £320 ($300) and
has a built-in camera that can
shoot 72o0-pixel high-definition
video. It generates its own Wi-Fi
hotspot so you can control it from
up to 50 metres (165 feet) away via
anapp on your smartphone or
tablet. The app also shows a live
stream of the video being captured
and lets you change its direction by
simple tilting your device. It can
even perform impressive flipsin
mid-air, and you can program
automatic movements to compose
your film like a professional
director. If you do happen to crash
the drone while filming a daring
action sequence, then you can
have a go at repairing it yourself as
all of the parts and instructions are
available online, Due to the
relatively recent advancement of

080

commercial drone technology.
many countries are still
developing laws regarding their
use in public spaces. In the United
States, the Federal Aviation
Administration currently limits
drones to be flown below 122
metres (400 feet), away from
airports and air traffic, and within
sight of the operator,

Using dronesin a professional
capacity requires a certificate of
approval from the FAA, but it has
recently granted six movie and
television production companies
permission to use drones on their
sets. Some big blockbusters, such
as Skyfall and the Harry Potter
movies, have already been shot
using unmanned drones for aerial
footage, but filming took place in
countries where this was allowed.

We are already seeing more and
more drone-shot sequences on the
big screen. Not only is this great
news for us cinemagoers, as we
will be treated to more creative
camera angles, but itwill also save
the production companies a lot of
money on helicopter and crane
bills as they try to get above the
action while filming.

Battery

The drone is powered by
a ,000mAh 11.1V lithium
polymer battery. It only
lasts 12 minutes, taking
90 to charge.

420qg

AR.Drone Max weight
teardown

The incredible Parrot AR.
Drone 2.0, bit by bit

Motors

When accelerating, the
maotors that tumn the
propellers rotate at
41,400rpm, dropping to
28,000rpm when hovering
in place,

Propellers
The propellers won a
design competition run
by the French Army.
They can spin either
clockwise or anti-
clockwise depending
on their position.



LONGEST DRONE FLIGHT

The solar-powered Zephyr drone developed by UK firm Qineti(
flew for 14 days and 22 minutes in 2010, breaking the world
record for the longest drone flight.

VIDEO STREAMING

EVERYDAY FUN

Hull
The hull is attached to the
body by a pair of magnets.
This protects the electronics.

. A

Central cross
Made from rigid yet
lightweight carbon fibre,
the central cross contains
wires that control and

provide power to the
four motors.

BEGINNERS

Lamesa AFFORDABILITY

The HD camera shoots
30fps at 720p,
streaming it directly to
your mobile phone.

Ultrasound altimeter
The ultrasound altimeter judges

Gyroscope how high it is by the time it
The Invensense IDG 500 takes ultrasound waves to
gyroscope is an advanced sensor return from the ground.

that separates the X and Y-axes
to guickly determine its position.
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ANIMAL PROTECT ° RS

Drones are revolutionising the way wildlife conservationists keep poachers at bay

Aswell as helping to save the lives of humans,
drones can also come to the rescue of animals
in the wild. The O] Pejeta Conservancy in Kenya
is East Africa’s largest black rhino sanctuary
but has lost several rhinos to poachers in recent
years, They have now teamed up with drone
company Airware to see if unmanned aircraft
can help protect this endangered
species. A prototype Aerial
Ranger drone, featuring a
camera that can deliver
real-time video and
thermal imagingtoa
team on the

ground, has been tested during the day and
night to respond to poaching incidents. Ol
Pejeta only has around 150 rangers, each
having to cover 2.4 square kilometres (0.93
square miles) of the 364-square-kilometre
(140.5-square-mile) sanctuary, This makes
response times to poaching incidents very
slow, but using a drone allows them to get
there immediately and record
footage of the offending
individuals to use as
evidence in court and
deter further attacks.
The drones would

also be useful for monitoring the rhino, as well
as protecting them. It would allow Ol Pejeta to
conduct their annual wildlife census more
regularly and cheaply, helping them to reliably
keep track of the ecosystem.

Microsoft has also ventured into animal-
tracking drones with their ZooTracer project. It
involves attaching tiny GPS tracking and
sensing devices, weighing just seven grams
(0.25 ounces), to animals. These devices can
record all sorts of data, such as the animal's
speed, and then a drone is deployed to the
animal’s location to get the data back and
monitor the animal further.

)] Pejeta i4 horie
to three of the six
malfing nofthern
wehite rhing in
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The drones making difficult jobs so much easier

The advancements in drone technology have
been extremely beneficial for industry. From
engineering and surveying to mining and
agriculture, avariety of markets are embracing
this new tool to improve day-to-day operations.
The Trimble UX5 is one of the leading surveying
and mapping drones being used by many
companies. It features a 16.1-megapixel camera
for taking several overlapping high-resolution
images, which are then layered together by
specialist image-editing software to collate a
map. By taking several photos from different
locations, triangulation can be used to
determine accurate coordinates and create
three-dimensional plans of the area free from
distortion. This proves invaluable when
planning new infrastructure, inspecting mines
and monitoring forests, and because the drone

is autonomous and unmanned, it provides a
much safer, quicker and cheaper solution than
the pilot-controlled alternative. Plus, it is made
from expanded polypropylene, a durable
material that enables it to fly in practically any
weather and even float on water.

The Trimble UXs takes off from an angled
launcher that helps it safely clear the ground
and climb into the air, where it then flies a
preplanned route travelling back and forth over
the area. An application on the Trimble Tablet
Rugged PC is used to plan flights and operate the
drone easily and reliably, but once in the air it
uses GPS to navigate. When its flight is over, the
drone automatically begins its landing
sequence, circling above a preplanned landing
spot and using reverse thrust to help itland in
tight spaces.
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wineseaN 100cm

WEIGHT 2 F 5 kg
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From concept to check-in, discover how passenger jets
roll off the production line and take to the sky

Design and testing

Before building can begin, the aircraft

must first be designed in great detail.
Thousands of engineers across the world
often work together to design one plane,

and it can take several years to get it right.

When designing an aircraft, there are
four main areas to consider. First it must
be aerodynamic, so that air flowsaround
itwith aslittle resistance as possible. To
test this, engineers create computer
simulations of the plane and examine
how airflowand pressure will affect the
body and wings when it is in flight. They
then build a scale model of the aircraft
and place it in a wind tunnel, where airis

084

Computer
simulations help
engineers see how
air flows around
an aircraft

blown towards it at varying speedsin
order to test its flight performance.

Next they must design the engines,
makingsure they are powerful enough to
keep the aircraft in the air, fuel efficient to
minimise running costs and pollution,
and not too noisy. The way the plane
handlesinthe airmust also be
considered, and so flight simulators are
used to ensure it is easy and safe for the
pilot to fly.

Finally, engineers determine what
material to build the aircraft from,
considering strength, weight, durability
and cost, and how exactly it will be built.

¥

Wind tunnels are used to

tést the aerodynamics of

\
0

aircraft models




Making the parts

A plane is made up of millions of different parts,
from the enormous fuselage shell to the tiny
rivets that hold it together. Many are made by the
aircraft manufacturer itself, while others,
including the engines and landing gear, are
produced by external contractors. A huge number
of different skills are required to build an aircraft,
trom mechanics and electronics, to plumbingand

.JE_‘;”__

et —— T

painting, so it takes teams from all over the world
to make the finished product. Coordinating the
production ofa plane isa task in itself, as
everything has to be made to a tight schedule and
then transported to where it is needed for
assembly. Plus, each part has to undergo rigorous
testing to ensure it functions properly and is sate
touseinthefinal aircraft.

e 8
# & Engineers building the
aircraft spars, supporting

/ beams that run the
| length of the wings

=

Hﬂw do jEt E“gil‘lﬁﬁ work? The machines that turn fuel into thrust
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Fan

The big spinning fan at the
front of the engine sucks
in large volumes of air.

Compressor

The air is then squeezed into a
smaller area, slowing it down
and increasing its pressure,

Combustion
chamber
Fuel mixes with the air and
is then ignited, giving off
hot exhaust gases.

Exhaust
nozzle

As the gases exit
Turbine — the engine, they
The gases rush past a are accelerated to
set of turbine blades, over twice the
causing them to spin speed of the
and drive the incoming air to
compressor and fan. create thrust.

Enormous ovens are used
to harden the composite
material on an aircraft

50%
Composites

Layers of carbon fibre

are bound together
with a polymer resin
to make the main

body of the aircraft.




How to builld a plane
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The final
assembly

Putting together an enormous passenger jet _'l'—-'\ - — f—

requires an even more enormous building to do it
in. Aircraft hangars are some of the largest
buildings in the world, and are able to house
several aircraft at once as they are passed from
team to team along the assembly line.

First though, all the parts need to get there, and
this is done by road, river and even air. Cargo
aircraftsuch as the Airbus Beluga and Boeing
Dreamlifter, are designed specifically to transport
large pieces ofaircraft to the final assembly point.

The individual pieces of the fuselage are
fastened together using thousands of rivets, then
the electrical and hydraulic systems, plumbing
and insulation are installed. Next the wings are
connected, using laser alignment to ensure they
are perfectly level, and the landing gear is fitted
underneath. This is followed by the tail, vertical
stabilisers and an auxiliary power unit, which
provides power to the aircraft when the engines
are turned off. The cabin and cockpit interiors are
thenadded, complete with seats and toilets.

Last ofall, the engines are installed, as these
are the most expensive component of the aircraft,
representing overa third of its total value. Once
assembly is complete, the plane is painted - this
can take up toa week, depending on its size.

I r — — r —
1

\|' "F"“—"'

2 .

Aircraft slowly move along . _ : : i ~1{- b i3 N Giant cranes lift the parts of
“the assembly line as new = o P B ' the fuselage in place, ready
parts are added 7 TRl p S A B o ta be connected

The Airbus Beluga cargo
plane is so-called because it
resembles a beluga whale

The engines are fitted last, as
they are the most expensive
part of the aircraft




STEP 4:
In-flight testing

If the aircraftis a new design, then the first few
planes to roll off the assembly line undergo
extensive prototype testing. This involves fitting
them with a variety of sensors, and flying in
extreme conditions, such asvery hot and cold
climates and really high altitudes. The individual
elements of the aircraft are also tested, asthe
wings are forcibly bent to evaluate their strength,
and dead birds are fired into the engines to see
how they would cope with a bird strike.

To ensure the plane can withstand the stress of
multiple take-offs and landings, computer-
operated hydraulic jacks place heavy loads on the
airframe for extended periods of time, and the
plane may even besubjected to artificial lightning
strikes to see how it performs in a storm. Once the
first few planes have been rigorously tested, all
successive aircraft are taken on their own test
flights before they are deemed airworthy and
delivered to airlines around the world.

Ready for take-off!
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ot-air balloons

How do these gasbags get off the ground and return to Earth safely?

A hot-air balloon consists of
)*' three basicparts:an
J envelope bigenough to

displace a large amount of air, burners
beneath the envelope to heat the air
inside, and a basket in which to sit
back and enjoy the ride, The scientific

Because hot-air balloons have no
real meansof changing direction
other than upwards and downwards,
the vehicle will drift along with the
wind. However, a skilled balloonist
can manoeuvre horizontally by

altering their altitude. You see, wind is
known to blow in different directions
at different heights and so the pilot can
ascend or descend until they find the
appropriate wind to send them in the
direction they wish to travel.

Envelope
Reinforced ripstop nylon fabric
ialso used for kites, sailsand
sleeping bagsjisthe principle
material used for hot-air
balloon envelopes. This
lightweight fabric canalsobe
codated with silicone to make it

more hard-wearing.

principle that enablesthisliftis
convection, or heat transfer.

Heating the air inside the envelope
causes it to expand, forcing some of
the air out of the envelope. The weight
of the air inside then decreases,
making the balloon lighter and giving
it some lift. Once the burner has been
shut off, however, the air inside cools
and contracts, causing cold air to rush
in from below, weighing the envelope
downand causing the balloon to
descend. If the burner is powered up
intermittently, the balloon can
maintain a pretty much constant
altitude, Hot-air balloons have an
upper limit because at very high
altitudes the airis so thin that the lift -

is ot actuallvs i } o Anallernative to
15 ot actually strong enough to ralse quening at the atrpart...
the balloon.

4, Air expands and rises
Warmair expandsand rises, causing
about a quarter of the air to exit through
the bottom of the envelope.

2. Erection
Ta get theinflated envelope
off the ground, the
propane-fuelled burmer
beneath the envelopeis
placed at the entrance to
the envelope and blasted.

1. Inflation

A ballpon crewinflate the
envelope usinga powerful fan to
blowalrin from the base of the
envelope for several minutes,

5. Ascent

The balloon ascends
hecause the air
inside the envelopeis
lighter and less dense
than cold air outside.

3. Burner on

The burner heats the airinside
the envelope toa temperature of
about 100°C. This causes theair
particles to gain energy and move
about faster and farther apart.




Burner

Liquid propane flows from the tanks
through steel pipes coiled around
the burner, When the balloonist
triggers the burner, liquid propane
flows out and is Ipnited by a pllot
light. In the meantime this [lame
heats the metal pipes, turning the
liguid propane intoa gas that is
more powerful and fuel-efficient
than the liquid whenit's cold.

Skirt
The flame-resistant material at the
base of the envelopeis called the
skirt. This stops the rest of the
envelope from catching fire.

Propane tanks
Compressed liquid propane
isstored in lightweight
tanks inthe baslet.

Parachute vent

L the balloon needs Lo descend
guickly, some colder air canenter
via a parachutevalve orvent in the
top of the envelope controlled by a
cord pulled by the pilot.

Gores

To create the balloon shape froma

flat piece of material, it must be cut
into long panels (from the crown to
the base) called gores. These gores

arethenstitched topether to create
the shape.

Turning up the heat

getsyouairborne...

7. Air contracts
The cooler air contracts
leaving space inside the
envelope tosuck in more
cold air from below.

-~
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8. Descent
The increased weight of
thecooler airinside the
balloon exceeds the

6. Burner off upthrustand so the

Shutting off the balloonwill start tosink,

burner causes the air

o cool dovwm.

9. Landing

By gently controlling the burnerand
descent, the balloon will normally
come in to land bouncing along the
ground before stopping.

10. Landing site
Given the relatively uncontrollable
nature of directing a hot-air balloon,
the landing site cannot always be
predicted and so the pilot must select
a large enough area free from pylons
and bodies of waterwhere they can
lay out the envelope.

Basket

Traditionally a hot-air balloon's basket is made
of wicler because it'sdurable, Hexible and
lightweight. Today hot-air balloons can come
with double-decker baskets that seat 5o people
il necessary. Enclosed gondolas are also
available for serious, long-distance ballooning.

Thinkstick



just rows of seating and the Lineage

» 1wooincludes a shower room, a double
bed, a lounge and an office, a bar and almost
everything else you need ina space that is three
times larger than traditional business jets. It can
seat up to19 people in upper class comfort and
the interior has been built to include five privacy
areas, Wi-Fi and real-time flight displays, all
thanksto the larger space and innovative
interior design. On top of this the turbofan
engine technology and fuselage interior design
ensure low noise for passengers.

Safety has not been ignored and the pilot has a
CMC (central maintenance computer)at hand to
predict potential problems and offer solutions,
plusan enhanced vision system to improve

E W The best private jets offer tnore than

0 Imagee courtesy of Emnbraer

The luxury of
the Linea
1000 jet

A luxurious hotel in the sky? It's
yours for a few million dollars

"It canseat up to 19
people in upper class

comfort”

Filthy-rich airlines, youare
clear for take off

o

=

ge

Multiple large displays offer
entertainment, internet and
other facilitieswhichwill
leepyou busy no matter
how long the Hlight is.

awareness at all times. Many of the systems are
integrated into the jet itself, rather than added
on, which reduces weight and other design
enhancements increase approach steepness
which is ideal for landing in smaller airports.

One of these enhancements is Smart Probe,
which will sense airspeed, trim and altitude to
ensure the most accurate positioning atall times,
To sum up, the Lineage 1000 offers the ultimate
flying experience thanks to the designers
pushing the envelope in every single area of the
design process.

6. Preparing food

The galley area iswhere food and drinks
will be prepared. It can be sealed off from
the rest of the cabin soas not toruin

the ambiance,

5. Need a restaurant?

Thediningareais the perfect
wiay to enjoy your in-flight meal,
whichishighly unlikely to be
served on plastdc trays.

r
8. The serious stuff
Inside the cockpit aresome

serjously clever systems designed What the oppositeto.

toaid safety and ensure the least

economy class lookslike!
disruption possihle.



1. Falcon 7X 2. Gulfstream 3. Embraer
The Falcon 7X offers a G650 Lineage 1000
migre 39-foot long b Guststream is designed LT e il B With a cabin length af B4 feet

cabin,but the advancad i o affer flesable comifort a the Lineace 1000 |5 easily the
e miost lueouriows thanks to the
 comfort and individieatism
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Know b

Class: VLJ
Passengers: 4-8
1. Stay awake 4 The ¥L1 ary fight et
The B4 foot long cabin offers a huge 7. More than a wardrobe e A
amount of space, which can be The 351 cubic feet walk-in baggage compartment o
configured intovarious lets you take your entire wardrobe with vou and
private areas for there's still room for your other luxuries.
maximum
comfort.

3. Freshen up
A hully equipped luxurious bathroom will
helpyou arrive at your destination freshas
a dalsy and the fAttings rival the best hotels. Class: Light jets
Passengers 5-9
No better place to jointhe Light jets are )
mile high clhub targel mark -
some exira liwurias for quick journeys.
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2. Get some sleep

Adouble bed will ensure you

catch up on the sleep you

need oryou can just lie back

and enjoy the large display on F ! B
the wall, " o i : g ; Class: Mid-size jets

Passengers: Up to 18
Mid-size @ts tvpically cairy 8-12 people

bt

Class: Super mid-size jets
Passengers: Up to 19

Tn S sl Arg designa |JI|||'I'I" I||-|||r

S. The power
The turbofan enginesensure
the guietest and smoothest

passible flight and also offera The statistics...
lonper range than marry

other private jets. : LiﬂEﬂgE 1000
Manufacturer; Ermbraer

Class: Heawy jot -

First flight: 26 October 2007 Class: Large size jets
3 Passengers: Up to 19

Wingspan: =ITh e ets ara designed

Know your engines m e |

Height (outside): 10, 28m
Jet engines are almost universally used to power private
jets and passenger aircraft, but there are some significant

Cahin height: Zm

Cabin wolume: 115 7m

differences between the type used on each. Private jets often

use high-bypass turbofans, which are very quiet and offer
enhanced fuel efficiency plus excellent thrust to ensure better
performance, These engines are usually placed below the wing to
reduce dragand turbulence, particularly during take off, whlrh is crucial fora small ke /A0 ot ' Class: Heavy jets

Cabin area: 62.585m
Weight max payload:

by, L g -
e

Max speed/cruise speed: 450
passenger plane, Tests have proved that turbofan enginesare highly reliable and that most Propulsion: GE CF34-10F Pamngers 100s
pilots should never suffer an engine incident in their entire career. The Gulfstream Gss01s one hirbnfane (7] Heavy jels range insize and can i

= - ; 1. Th Lir
examplewhich is powered by twin Rolls-Royce turbofans. Ceiling: 12497k elass, but is small compars:
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The Airbus A3B0 is greener
and quieter than many
other passenger jets

Thrust reversers
Located on the innermaost
engines, these slow down the
aircraft to assist the brakes
when landing on a wet runway.

b

Boarding the A380

The incredible technology
inside this sky giant
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Lightweight materials

The majority of the wings and fuselage

per cent of the structural weight is
composite materials,

Cabin comfort

220 cabin windows provide
plenty of natural light and the
cabin air is recycled every two

minutes for a fresh atmosphere.

Crew bunks

Cn long thghts, the pilots and
crew can get some rest in
bunks located below the lower
deck or behind the cockpit.

The world's ==3"
largest passenger |

How does the enormous double-decker Airbus A380 get off the ground?

Ferrying travellers all over the globeis
an expensive business for the world's

} airlines, soit makessense that they
would want to pack as many passengers as
possible onto each aircraft, reducing the number
of flights they need to make. Thanks toits
double-decker design, the Airbus A380is capable
of carrying up to 853 passengersatatime, ifitisin

092

asingle-class cabin configuration. That's over 150
more than the aircraft’s competitor, the Boeing
747-8. Most A380s, however, feature four separate
classes, with economy and premium economy on
the lower deck and the more spacious business
and first class upstairs, which reduces the
passenger number to 544. Thisisstill a 40 per cent
increase on the 747-8's four-class capacity.

Aswell as being the largest passenger jet, the
AzBois one of the quietest, with dampeners
reducing engine noise to half that of other jets. It
is also more environmentally friendly, because it
needs to take fewer flights to deliver the same
amount of passengers, and the fuel-efficient
engines are claimed to give off 22 per cent fewer
CO, emissions than the jet’s closest competitor.
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Upper deck

Business and first class

have room for full-flat beds,

as well as bars and lounge

areas for socialising.

VAR

Landing gear

Two sets of landing wheels help
to spread the weight of the
enormaous aircraft on the ground,

putting less stress on the runway.

Lower deck

The economy seats are a

roomy 45 centimetres wide, e

with more headroom and :

personal overhead storage. Powerful braking
Fistons inside each wheel
apply powerful pressure to
stop them from tuming,
bringing the aircraft to a halt.

Efficient engines

The four-jet engines are designed
to be incredibly fuel-efficient,
hurning 22 per cent less fual per
seat than the nearest competitor,

gangways from the aircraft to the terminal

Building an aircraft of this enormous size does

present a few problems, though. Many airlines building are needed - a set-up that only certain
have had to modify their aircraft hangers to airports are capable of.

accommodate the increased height and Asaresult, the A380 can usually be found
wingspan of the A380, and some airports just travelling to and from the world’s biggest

don't have enough space for them to park. Also, to  international airports, making the most of its
speedup the process of boarding and offloading 15,200-Kilometre range to deliver passengers to
such a large number of passengers, two far-flung destinationsin style.

Two staircases provide access to the
aircraft's upper and lower decks

L airhas: oty



Solar-powered aircraft
R T W .-

% Asthe search for renewable and
)}- carbon-neutral forms of energy
- intensifies, solar energy is leading the
mﬁin fuelling the next generation of aircraft.

Oneaircraft brealking boundaries in this
areais the Solar Impulse 2. This incredible
machine is set to launch a non-stop, round-the-
world trip powered only by the Sun. It will do
this by using 72-metre (236-foot) wide wings,
each of which will be carrying over 8,500 solar
cells, powering four electric motors and four
lithium batteries. Despite this astonishing
wingspan, the entire aircraft will only weigh
2,300 kilograms (5,071 pounds), about as heavy
asalarge great white shark.

Another major player in the world of solar
powered aviation is Solar Flight. Their newest
project is Sunseeker Duo, which is the only
two-seater solar-powered aeroplane in
operation. It follows a similar pattern to the
Solar Impulse 2, with long wings covered with
solar panels and a lightweight body. Its panels
have been improved to become 50 per cent
more efficient than their predecessors. It can fly
foriz hours and its engine produces 25
kkilowatts (33.5 horsepower) of power.

The main question with using solar power is
‘what happens at night?” During the day, not all
the energy is used. Enough will be stored in the
batteries to allow the aircraft fly at night.

Thenext challenge for solar-powered

‘aviation is to be able to carry multiple
passengers, so hopefully one day soon
hﬂﬁﬂa'j-:makers will be able to use the Sun on
their way to soaking it up.

How solar panels work

We have heard a lot about solar panels converting
sunlight to energy, but how does that process
actually work? Inside a solar panel is a number of
silicon cells, placed on top of each other. One of
the silicon atoms has all its electrons, while

the one beneath it has a few missing, In

order to restore the balance, the full

silicon atom transfers electrons to

the one below, but it needs light
to trigger the process. Once the
sunlight hits the panel,
electrons are transferred from
one silicon cell to the other,
thus creating an electric current
that powers a load.

Solar-power:

The flying machines that are fuelled only by the 1n

Anatomy of a solar al o r '

How the Solar Impulse 2 gets off the ground and stays

Insulation
To keep the pllﬂﬁﬂ;pi
suffering inthe - +40 to
“40°C (104 to -40°F)

WI' e et .,
cackpit uses advanced
thermal insulation.
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slrhtd'am widiar thana
jumbo jet's wings.
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L {(70hp) power.

—— The cockpit
The cockpit is only 3.8m°
(134ft%), so it will be fairly
cramped but essential for
the lightweight desian.

Lift
The plane will rise to
8,500m (27,8871t) during
the day ta make the most of
the power and then drop to
L500m (4,921ft) at night.



Despite the massive
wingspan, the Solar
Impulse weighs about the

same as two small cars

Motors

There are four electric
13kW (17.5hp) engines,
each about the same as a
small motorbike.

Close up power

ESA’s Solar Orbiter will be getting a ridiculous
hoost of solar energy when it takes off in 2017 as
its mission is to get closer to the Sun than any
probe has before, in order to take incredible
pictures of the star, With its 3.1-metre x 2.4-metre
(10.2-foot x 7.9-foot) sunshield, this craft will
travel just 42 million kilometres (26 million miles)
away from the Sun to take high-resolution images
and perform experiments. It has been rigorously
tested, as it will experience temperatures ranging
from 520 degrees Celsius (968 degrees
Fahrenheit) to -170 degrees Celsius (-274 degrees
Fahrenheit). Its aim is to help scientists lean more
about the inner heliosphere and how solar activity
affects it, answering questions about solar winds,
coronal magnetic fields and solar eruptions.
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On board a cargo plane

How do freight aircraft differ from passenger planes, enabling
them to transport much greater loads all over the planet?

private, military or commercial
s sphere-are fixed-wing vehicles that

have usually been designed with haulage in
mind or have been converted from standard
aircralt. Passenger planes commonly have a
specialised hold that can store around 150 cubic
metres (over 5,000 cubic feet) of freight, found
on the underside of the craft. Dedicated freight
planes don't need the seats or any of the other
amenities on commercial flights - that said,
their design amounts to much more thana
hollowed-out passenger plane.

‘To malke the most efficient use of the space
available, the floor is lined with a walkway and

E ® Cargo planes-whetherusedin the

Lightening the load

Depending on the type of cargo being carried (very
large items or military vehicles may be exceptions),
many cargo planes will use ULDs, or unit load
devices. These allow the crew to prepackage cargo
into single units that can more easily be loaded into
the hold prior to the flight, saving a great deal of
time. It's a similar system to that used in shipping,
maximising the space used at the same time and,
thus, increasing efficiency (and profits). The ULDs
themselves are either robust and lightweight
aluminium pallets or aluminium-floored containers
with toughened plastic walls. The containers are
sometimes converted into self-contained
refrigeration units to store perishable goods.

096

electronic rollers that allow prepackaged
pallets to be rolled back as far as possible,
without the need for a forklift, Large cargo bay
doors are installed to fit bigger items through
and, insome examples, like the Boeing 747-400,
the nose lifts up to allow particularly large
items Lo pass down the body of the plane. With
the demands ofair freight ever increasing.
aircraft with huge cargo capacities like the
Airbus Azoo-600 Super Transporter (alsa
known as the Beluga), are

the norm.
It's not enough just to increase the size of the

aircraft hold though. In order fora cargo plane

o UR—E
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to efficiently and safely transport its mighty
load, a number of adaptations must be made to
the overall avian design. For example, the
wings and tail are built high to allow the freight
to sit near the ground and to facilitate loading;
the fuselage is much bigger; and - similar to
heavy goods vehicles - cargo planes typically
feature a larger number of wheels to support
their weight on landing.

The cargo bay of a freight

airliner, including a conveyer
belt for haulingegoads
.

Vehicle ramp
Large aircraft (like
Lockheed's C-5 Galaxy) are
guite capable of carrying

saveral light vehicles which
can be driven on via ramps.




WORLD’S BIGGEST CARGO PLANE

This title goes to Russia’s Antonov An-225 Mriya. It hasa
to n s wingspan roughly the length of a football pitch, can carry four

tanks in its cavernous hold and has space for up to 8o cars.

‘f_i_!‘ Y, \_ 'Li ﬂ $ 4

Lockheed Martin's C-5 Galaxy has 12
internal wing tanks with a total
capacity of 194,3701 of fuel

Cockpit

Military cargo planes
are usually manned by
several crew including
the commander, pilot
and loadmasters.

D Thinkstock
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This new etlmer jai‘gmi_s_es to tregns_f_ortﬁhe commercial airliner
industry, boasting significantly improved fuel economy and a host

of next-gen features.

) Atfirst glance the brand-new Boeing 787
)*- Dreamliner appears to be nothing special.
Anew mid-sized jetliner that through its

conventional design, standard power output and
modest maximum range seems to, for the most part,
blend inwith the crowd. Justanother commercial
passenger jet introduced to a marlet hit severely by
the worldwide recession. A multimillion pound
piece of technology that changes nothing. Butifyou
believe that, then you couldn't be more wrong...
That is because, as is common with most
groundbreaking new technologies and ideas, the
devil isin the details. Indeed, the Boeing 78715
arguably a slice of the future today, both literally (its
service life is predicted to extend up to 2028) and
metaphorically. The latter comes courtesy of it being
the first aircraft to be designed within a mantra of

058

e take a closer look...

efficiency over everything else. That's notto
downplay the aircraft’s numerous new
improvements and technological advancementsin
any way —this is one of the most complex jetliners
currently in operation in the skies - but in the
present financial climate and arguably one that will
aftect the industry for years to come, this greener,
cheaper and more accommodating aircraft is laying
down a roadmap that others can now follow. The
evidence for this? How about the worldwide orders
of 821 new planes from 57 operators to the tune of £93
(S145) billion?

So how is the 787 turning the dream of cheaper,
more efficient air travel into a reality? The simple
answer isadirect zo per cent saving on both fuel
usage and outputted emissions. The long answer isa
little more complicated.

The key to the super-high performance granted by
the Dreamliner lies in itsadoption of a suite of new
technologies and materials. Composite materials {ie
carbon-fibrefreinforced carbon-fibre plastics) male
up 50 per cent of the primary structure of the 787,
which include both the fuselage and the wings.
These are lighter, stronger and more versatile than
traditional pure-metal offerings. Indeed, when this
model is compared againstthe Dreamliner’s
predecessor, the Boeing 777 - read: a mere 12 per cent
composite materials and over so per cent aluminium
-you begin to grasp what a game-changer this
vehicle isto the jetliner industry.

The new materials have been partnered with a
completely revisited build process, which allows
each Dreamliner to be produced from fewer
aluminium sheets, less fasteners {an 8o per cent



Rollout

The Boeing TET Dreamliner
wias first unveiled on 8 July
2007 in Washington, USA. By
the time of its unveiling it had
already accrued 67T orders
froem companies wworldeide,

reduction on the 777) and simpler drill
schematics - the latter allowinga 787 to
have feswer than 10,000 holes drilled in its
fuselage (the 747 needed overa
staggering 1million). Thissaves on
production costs, assembly time and
streamlines the build, reducing potential
points of failure, while increasing
aerodynamic efficiency. In addition,
more than 60 miles of copper wiring has
been eliminated from the new model,
againsaving weight, plusstreamlining
the electrical infrastructure.
Talking of electronics, the Dreamliner
has been designed with a state-of-the-
art, fully electronicarchitecture, which
through the replacement of all bleed air
and hydraulic power sources with
electrically powered compressorsand
pumps, extracts as much as 35 per cent
less power from its engines at any one
time. Further, a new electrothermal
wing ice protection system —with
moderate heater mats located onwing
slats - improves de-icing levelsand
consistency significantly, again boosting
aerodynamic performance. Wing lift
performanceisalso improved thanksto

Big brother

The 78T gof a big brother in
2003, with a larger - read:
elongated - varlant of the
Dreamliner first in
production. This has a
capscily Tor 290 passengers.

Fat boy
The initiad assombly of the TET
did not go smoothly, with the
abrcraft coming in overawebght
by about 2,3008g (5,00 k).
Boeing usad lighter titanium
to reduce this excess,

More than 50 camipanies have worked on the 787,
eachconnectedvirtually at1ss sités worldwide

— - ——

Assembly

4 Lirvil 2001, the final assemibly

of all TBTs was at the Bosing
factory in Everatt, WA, Since
ot year, howewer, the aircraft
have also been put together
at North Charleston, SC,

First

5TI‘|.-|‘_1 lirst Decarmdingr To b

officially delivered was to All
Nippaon Alrways in Septermber
2011, ANA is one of Japan’s
largest airlines, oporating to 35
glosbal lecatsons out ol Tok Wi,

E 787 cabin layouts can be splitinm one of three
configurations, priovitising capacityorclass divisions
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the adoption of ralked wingtips, which
reduce the thrust needed by the engines.

These efficiencies combine with the
heart of the Dreamliner: its twin
next-generation, high-bypass turbofan
engines. Two engine models are used on
the 787 - both the General Electric GEnx
and Rolls-Royce Trent 1000 - each
delivering a maximum thrust of 280
kilonewtaons {64,000 pounds force}and
acruise speed of Mach 0.85 (1,047
kilometres/tgy miles per hour). Both
engines are designed with lightweight
composite blades, a swept-back fanand
small-diameter hub to maximise airflow
and high-pressureratio - the latter, when
complemented by contra-rotating spools,
improving efficiency significantly.
Finally, both engines are compatible
with the Dreamliner's noise-reducing
nacelles, duct covers and air-inlets.
Indeed, the enginesare so
technologically advanced that theyare
considered to be a two-generation
improvement over any other commercial
passenger jet.

Assuch, contrary to initial
appearances, the Dreamliner isreally a

wolf in sheep’'s clothing, delivering
standard-bearing improvements, along
with avast list of incremental ones -
including energy-saving LED-only
lighting - that make it one of the most
advanced and future-proofed jets in our
skies today. And you know what is most
exciting? Judging by Boeing's current
substantial backlog of sales, thereisa
high probability that you will be flying
on one of these mighty machines
yourselfin thevery-near future,

B 0lver Cleynen

L Boeing

Boeing 787 Dreamiliner
Crew: 7

Length: 57m (1865t)
Wingspan: 60m (197ft)
Height: 17m (567t

Max weight:
228.000kg (502, 5001b)
Cruise speed:
LO4lkmy/h (S487mph)
Max range:

15, 200km {9,430 i)

Max altitude:

13,100m (43,000ft)
Powerplant: ? x General Electng
GEn= / Rolls-Royee Treat 1000

- A General ElectricGEnx
# high-bypass turbofan jet engine,
one of twio used on the Dreamiiner



Anatomy of
the Dreamliner

| e -~ Ve We break down a Boeinﬁ 787 to see how it
mp& outpaces, out-specs an outmanﬂeqv_res
The Dreamliner's state-of-the-art coclpit is fitted with b the competltlﬂn

Honeyweill and Roclowell Collins avionics, which B
Include a dual heads-up guidance system. The electrical

power conversion system and standby flight display is

=7

supplied by Thales and an avionics full-duplex Cargo bay
- switched ethernet {AFDX] connection transmits data The standard 787 - relerred to as the 787-8- hasa cargo
between the flight deck and aircraft systems, hay capacity of 125m? {4, 4000t and a max takeoffweight

of 227,930l (509, 000lb). Thelarper variant - referred to as
the787-9-hasacargo bay capacity ofisam* {5, 400ft*) and
amax takeoffweight of 247, 208kg (545,000lb).
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Electronics
The 787 featuresa host of LCD
multifunction displays throughout the
flight deck. In addition, passengers have
access toan entertainment system based
on the Android OS5, with Panasonic-built
touchscreen displays delivering music,
movies and television in-Mlight.

Flight systems —
The 787 replaces all bleed air and hydraulic power
sources with electrically powered compressors
and pumps. ILis alsoinstalled with a newwing ice
protection system that uses electrothermal
heater mats on its wing slats tomitigate ice
buildup. Anautomatic gust alleviation system
reduces the effects of turbulence too,

Engines

Twoengine models are compatible with the

Wings Dreamliner: twin General Electric GEnxor
The787 Dreamliner's wings are manulactured Rolls-Royve Trent turbofans. Both models
by Mitsubishi Heavy Industriesin Japanand produce 28okN (64, 000lbf}and grant the 787 a
feature raked wingtips. The raked tips” primary cruising speed of 1,051km/h [6g7mph). They are
purpose is to improve climb performance and, also compatible with the jet's noise-reducing
as a direct consequence, fuel economy. nacelles, duct covers and exhaust rims.

1945 vickers ve.1 Viking 1955 1958 Boeing 707120 1976

-
EVOIutlon Of A British short-range airliner derived SE-210 Caravelle The first production model of the now- AéfﬂSpﬂhHlE—BAﬂ
" e

™ ™ from the Wellington bomber, the Viking The most successiul widespread po7 series, the Jo7-1205eta Conc
the etllner was the first pure jet transport aircraft. first-generation new benchmark for passenger aircraft. Astandout development
|etliner, the Caravelie in the second peneration

We select some of 1952 pH-106 Comet | jresicenmase 1961 convair 990 | sfictiners theconcorde

. . . : throughout Europe delivered supersonic,
th'E hlgh p{]]]]‘ts 1n thE The Comet was the world's first and America. bwas A good example of a narrow-body transatlantic flight -

commercial jet airliner to reach built by French jetliner, the ggooffered faster somethingunrivalled
dE\fElemEI’lt ﬂf thE production. It was developed by the company Sud Aviation. gpeeds and preater passenger- even to thisday.

commercial _] etliner de Havilland company in England. holding capacity.
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Amenities

When on board passengers are offered
roomier seats jacross all classes), larper
storage bins, manually dimmable
windows, a stand-up bar, gender-specific
lavatories and an on-demand
entertainment system. First-class
passengers receivea complimentary
in-flight meal and, on international

Hights, lully reclinable seats for sheeping.

1. Boeing 787-9 'BIGGER

e Larger Drcamliner,

Astand-up, allystocked barls

avallable an eachi787

Cabin
Thestandard 787is designed to seat 242 passengers across
a three-classarrangement, with 1Bz seats in economy, 44
seatsin businessand16seats in first. Cabin interiorwidth
restsat 5.5m (1ft)and on either side is lined with a series of
27X 470cm 11 x1gin) auto-dimming windows.

Compatibility

The787 Dreamliner is designed to be
compatible with existing airport layout
and taxiing setups. As such the 787 hasan
effective steering angle of 65 degrees,
allowing it to rotate fully withina 4am

iBit-wide rumway. ltalsohasajzm
hooft) tyre edge-to-tarn centre ratio.

1986 Fokker 100

The Foklkerioo was a short-haul specialist that
carried up to o passengers, Domestic and
short-range international flights were its remit.

1994 Boeing 777

The first computer-designed commercial

jetliner, the7r7delivered a vast 3o00-seat
capacity and range (17, y7okm/ 10, 793mi). It
became a mainstay of airlines worldwide.

2005 airbus Az80

Since its launch in zoos the Airbus has been the
largest passenger aircraft in theworld. The Az80 has
two decks and, when s pr:i_r_r:r.{ ot for all economy-
class seating, can carry 853 passengers.

2011 Boeing 787 Dreamliner
The most fuel-efficient jetliner of its class, the 787
has been desipned to reduce the cost of air travel,
while delivering a range of next-gen tech.

ey

- 3 Airbus A380
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Train to gain
Boeing has gone the
extra mile to produce a
complete package with
the 787 Dreamliner,

offering state-of-the-art
simulation facilities for

pilots to get up to speed

Patential 787 pilots can utilise
Boeing's revolutionary full-flight
simulator to train for real-world
flights and specific context-
sensitive scenarios. Currently
thereare eight 787 training suites
at five Boeing campuses
waorldwide, located from Seattle
through to Tokyo, Singapore,
Shanghaiand on to London
Gatwicl. The simulators, which
are produced by French electronic
systems company Thales, include
dual heads-up displays (HUDs)
and electronic flight bags (EFBs),
and are designed to train pilots to
become proficient in visual
manoeuvres, the instrument
landing system ({IL5) and non-ILS
approaches. Further, missed
approaches using integrated
specialist navigation, non-
standard procedures with
emphasis onthose affecting
handling characteristics, plus
wind shear and rejected takeoft
training can also be undertaken.
All of the training simulators
are approved by the US
Federal Aviation
Administration (FAA),
malking them
, officially some of the
most advanced
[raining suites
around right now.

W

Filotsand potential
pilots cantrain at eight
simulators worldwide
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Gliders worlc by maximising the
))- dynamic properties of air to remain
" airborne forlong periods of time, To

do this they optimise their lift-to-drag (L/D)
ratio — the amount of lift generated by a wing
ot vehicle, divided by the drag it creates by
moving through the air - by extending the
surface area of their lifting surfaces, ie their
wings, streamlining their physical
construction and utilising the lightest
possible construction materials.

The glide ratio - the distance a glider [alls
for the distance it travels forward - of any

"Weighted
correctly, the
polar curve of
distance travelled
to distance fallen
is optimise

Gliders

How do these engineless aircraft stay airborne?

gliderisalso reliant on its airspeed and the
prevalence of rising air in the aircraft's
vicinity. For example, ifa glider is too light
then its fall rate will be low but its travel
distance forward willalso be low, meaning
high speed and long distance glides are
impossible, as it will never reach the
nextarea of lift. However, ifa glider is
weighted correctly, then the polar
curve of distance travelled to
distance fallen isoptimised,
carryingthe glider

between areas of uplift,

-
=

Airspeed [knots)

Bestglideangle

Sink rate |lknots)

Experiments with gliding

Gliding isn't a new pursuit of humans, although it only reached
substantial success inthe zoth and 215t Centuries. In fact, the first
record of someone attempting to glide through the air occursina
17th Century account of a gth Century attempt by Abbas Ibn Firnas of
Cordoba, Spain. Unfortunately for Firnas-who was a respected
polymath and inventor - the attempt was reliant on covering
himselfwith vulture feathers and ended in bad back injuries.
Where Firnas failed, though, the Wright brothers succeeded, and in
1011 they successfully glided ina modified, engineless variant of
their tamous aircraft. Since then the engineless glider has evolved
into the sleek, streamlined aircraft we see today.

Recreational
Modern gliders were developed
pozt World War Two, mainly by
enmthusiasts just to have fun
during their time off work. Back
then they were made primarily
out of wood, not fibreglass.

Tow

Gliders were used in the Second
World War to drop solidiers and
equipment into war zones, The
gliders would be towed half the
wary and then left to glide to a set
drop-off point. They were
considered mxpendabla,

Cheat

Mat all gliders ane engineless,
with many fitted with one to
allewy them to take-off on thelr
own, removing the need for them
1o piggyback on another aircraft
inorder to get airbomie,

Boom

The principles of gliding have
bean extrapolated to the
armanent industry, whers
NUMErDuUs Companios make
gliding bombs designed to travel
great distances without needing
any propellant.

5Training

Mlarmy gliders are used by
instrictors bo educsto amateur
pilots in the basic principles of
flight bafore they are given an
engined aircrafl. Trainer gliders
contain a dual-seated cahin.




rhe Perlon project is attempting to reoch go,oao feet with on engineless aircraft

Inside a biim

Graceful forms of transport that are also often |
used for advertising and as camera platforms R

.} Blimps keep theirshape purely passengers and crew are housed and where

through the pressure of the gas the blimp is controlled from, is often made
J inside theirmain hulland changes  ofaluminium to minimise the weight of the
in this pressure are managed by ballonets. oondola and maximise lift. Blimps are best
These are bags of pressurised airwhichare  known as platforms for advertisingand
also located inside the main envelope and tend to operate between 300 and goo
are inflated or deflated to maintain the metres. However, they can operate up to
external shape. 3.000m off the ground.
The envelope itselfis often made of
man-made materials, with Mylarand
polvester being common. Within the
envelope - the blimp’s outer skin - there’s a
second skin, commonly made from
polyurethane, called the bladder. This is
where the lifting gas, most commonly
helium, is located. The gondola, where the

Modern blimps often sport
reinforced nosesand ducted
fanstoaid steering

.......

The Perlan 2 has a-i%;ﬁm wingspan, but
weighs just 500kg - less than seven people

DWIKI

103



Climb aboard these ultra-light giants
for a journey into the future of flight

Hard body
The Aeroscraft isa

I:I - —

This is the vision of a new generation of
airship engineers and entrepreneurs who
believe that dirigibles - rigid-bodied aircraft
filled with helium - will be the efficient,
eco-friendly transport of the future.

Dirigibles already have a long history. The
first manned airship flights were made more
than 120 years before the Wright brothers. In
the 17808, French innovators experimented

104
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world's largest and most powerful rigid-bodied

dirigibles as both warships and passenger
liners. The fiery crash of the hydrogen-filled
Zeppelin Hindenburg in 1937, however,
effectively burst the golden age of the airship.
Today's dirigibles, inflated with inert
helium, fly more like aeroplanes than blimps.
These *hybrid’ airships are powered by four or
more jet engines that can fully rotate for both

How next-gen
airships work

The combination of buoyancy (heliumj,
vectored thrust {jet engines) and aerodynamic
1ift (body) results in far greater fuel efficiency
than large planes or helicopters, For that
reason, airships are being marketed as heavy
lifters that can bring s0-500 tons of cargo to
remote locations. In ten years, airship
designers expect a 200-ton capacity airship to
burn o.1 kilograms (0.22 pounds) of fuel for
every 1,000 kilograms (2,204 pounds) of cargo
flown one kilometre (0.6 miles). Today, a



THE LIGHTWEIGHT HEAVYWEIGHT

Despite its delicate appearance, the Aeroscraft can actually lift
the equivalent of 15 fully grown African elephants (close to
61,000 kilograms/134,400 pounds) in its cargo hold.

60,963«

The statistics...

Introducing the Aeroscraft

Measuring 152 metres (500 feet) long, luxury liner Aeroscraft will hold 180
passengers asthey cruise at 222 kilometres (138 miles) per hour.
Travellers can admire the view afforded by floor-to-ceiling windows as
the floating giant hovers 3,658 metres {12,000 feet) over the Earth. Aeros
describesit as the only next-gen airship capable of truly vertical takeok
and landing; even hybrid airships need a running start to achieve lift. On
the Aeroscraft, rapid ascent is powered by a combination of the ship's
store of helium and six turbofan jet engines. The difference between
Aeroscraftand otherairshipsisaninternal ballast system called
Dynamic Buoyancy Management. When an airship loads or unloads
cargo, the change in weight must be counterbalanced by adding or
removing ballast else the vehicle will be too heavy to fly or too light to
navigate. Instead of loading and unloading water ballast during takeoff
and landing, the Aeroscraft can adjust internal buoyancy by taking in air
from the outside and compressing it in internal compartments.

Aeroscraft

Lergth: 152m (500
Span: 49m (160ft)

Total passengers: 150
Range: 5 744km {32,569mi1)

Cruise speed:
222%kmAh (138 mah)

Altitude: 3.658m (12,0004t)

“Todoy's dirigibles,
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M:-ig ptayerin the airship renaissance is the
military. The US Army has invested billions in
airships as surveillance aircraft and troop
movers. Unmanned airships can hover for
three weeks at a safe altitude of 6,000 metres
(20,000 feet) over targets and airship personnel
carriers can take off and land from desert, ice
or water.

Within the next 2o years, airship engineers

expect to witness a transportation revolution.
Green airships will carry drilling rigs to the
Arctic Circle. A flotilla of dirigibles will take
troops and tanks into warzones. And you and
your family may be going on "sky cruises’ on
holidays with a whole new perspective.,

How does Aeroscraft take to the skies?

Compare the Aeroscraft's takeoff and landing abilities with other airships

Conventional airship Cruise
Takeoff and Descent and
ascent P MRsssssssesssasssessnne landing
. LTA, ",
o L -
T " -_—
LTA
Hybrid airship Cruise
Takeoff and Descent and
asCENt . 7 s sssssssssssssssssssasas landing
i HTA "
: " a . “"._ =
HTA HTA
The Aeroscraft Cruise
Takeoff and Descent and
ascent — —— — landing
*  LTA LTA/HTA LTA :
— _ vertically {mission vertically 3 —
s dependent) [
HTA HTA
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“It's estimated that the
Aeroscraft will be able to cross
the USA in around 18 hours

LTA = Lighter than air HTA = Heavier than air
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Meet the Airlander Cheap flight

The unmanned surveillance version

. : . . ’ , i iy . 4n of the Airlander can fly for weeks on
The go-metre (2g5-foot) Airlander, manufactured by Hybrid Air Vehicles, is a "hybrid g 000kg (18,0001b) ﬂ:; fiel cosiing

aircraft with the vertical takeoff agility of a helicopter and the long-range flight just £12,600 ($20,000).
capabilities of a conventional airship. Only 40 per cent of the Airlander’s lift is
supplied by helium. The rest is powered by four turbine engines. This extra muscle
enables the football field-sized Airlander to carry payloads of up to 200 tons. The
Airlander comes in two models: one for heavy-lift transportation and another for
military use. When fully loaded with six 6.1-metre (20-foot) shipping containers, the
Airlander can travel 2 500 kilometres (1,600 miles) at a top speed of 160 kilometres
(100 miles) per hour, With its vertical takeoff and landing capabilities, the Airlander
doesn't require a runway and can land on any reasonably flat surface, including

water, snao and. The USArmy has At Adrland 1ar
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Airlander is marketed as a ‘green’ transport solution, using far less fuel than
conventional aircraft, and supplying a point-to-point solution that eliminates
environmentally invasive infrastructure like major roads and airstrips.

ACLS

The air cushion landing

Not a blimp

The envelope of the Airlander
izn't a blimp-like balloon, but a . IRl 'jEph:fFS an
rigid body formed from a blend inflatable cushion to

ThE' 5taﬁ5til:5... : of Kevlar, Mylar and Vectran. soften landings and

i ] provide suction Lo hold
Airlander the craft still during
Length: 90m (295) loading and unioading.

Cruise speed:
148km/h (92mph}

Max altitude:
&, 086 (20,0001 )

Max payload:
200,000kg (440, 525]k)

Endurance: 21 days {unmanned)
. Power: 7457W (10,000shp)

The Hindenburg disaster

The newsreel footage is as powerful today as it must have
been on & May 1937, when announcer Herbert Morrison
choked with emotion as he described the explosive
consumption and crash of the L7-129 Hindenburg, one of the
largest {and the last) airships of the era. The exact cause of the
fire is unknown = engine backfire, lightning, even sabotage -
but the explosion was fuelled by the highly flammable
hydrogen gas used to keep the 245-metre (803-foot) dirigible
afloat. Incredibly, only 35 pecple died of the 97 on board.

Airships like the Airlander will be
able to land in terrain that most
other aircraft would struagle with : -

Gus Pasguerellz
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Enter the SkyTug

Lockheed Martin was one of the top competitors when the US Army went
shopping for a new surveillance aircraft. In 2006, the Army passed on
Lockheed's next-generation P-791 hybrid airship in favour of the
Airlander, a similar aircraft built by Britain's Hybrid Air Vehicles and
American defence contractor Northrop Grumman. Now the P-791 has
beenrevived as the SkyTug, a hybrid airship poised to serve oil and gas
rigs drilling in remote locations. The SkyTug works almost exactly like
the Airlander, achieving lift through a combination of helium and fully
rotating turbine engines. A Canadian firm recently ordered a SkyTug
with a zo-ton cargo capacity, but Lockheed says the design isscalable to
handle five times that weight. The SkyTug's air cushion landing system
[eatures inflatable landing surfaces that enable the airship to land on
almostany terrain, much like its competitor the Airlander. Lockheed is
billing the SkyTug as the perfect long-range transport for heavy
machinery and equipment. Instead of building expensive roads or
railways to Arctic drilling sites, we can now ship heavy equipment via
airship. Tothis end, hybrid airships like the SkyTug can operate in
temperatures as low as -56 degrees Celsius (-68 degrees Fahrenheit).

The SkyTug was ariginally
intended to be used by the US|
Army but lost out to the Airlander

The statistics...

Length: 7G.2m (Z50F)

Max speed: 148km/h (92mph)
Max altitude:

6,096m (20.000ft)
Endurance: 21 days

Payload:

From 20,000kg (44, 05216)
Min temperature:

-56°C (-687F)

2 Aerns: Hichrbd Alr Vehlcles; Lockhesd Martin




Hypersonic flight
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definitely hear them. Hypersonic
aircraft may look similar to the jet
planeswe’re familiar with, but these

E ' Blink and you'll miss them, but youll

engineering marvels are completely different
beasts. Able to attain speeds that would literally
tear a conventional passenger jet apart,
hypersanicaircraft possess unique engines, are
built from advanced materials and are packed
full of intelligent tech.

So just how fast are they? By definition, a
supersonic vehicle can move faster than the
speed of sound - or Mach 1 -which is 1,235
kilometres per hour, or 343 metres per second.
But to be classed as hypersonic, planes must fly
atleast five times this speed - 6,175 kilometres
per hour, or 1,715 metres per second. And their

Hypersonic vs supersonic

For many years experts believed it was simply impossible tao fly
faster than the speed of sound. But that all changed In the 19240s,
when US test pilot Chuck Yeager flew faster than Mach 1 - the
speed of sound - for the first time in human history.

Onlookers below heard the sonic boom as the pressurised air
gave way ta the Bell X-1 rocket plane, and they realised that
supersonic aircraft were dealing with new extremes.

But although supersonic aircraft have to overcome many
obstacles to break the sound barrier, these factaors are
compounded when moving at hypersonic speeds. At Mach 5 and
above, the air does more than just form shock waves. At such
high speeds, the air heats the surface of the aircraft Lo very high
temperatures = enough to melt steel - and the engines have to

cope with huge pressures.

r .

What causes a
sonic boom?

Why breaking through the sound

barrier is such a noisy affair

\////

speed isn't limited to Mach 5; that's just the
beginning. We've already created aircraft that
can reach Mach 2o-that’s nearly seven
kilometres per second! As long as these vehicles
can withstand the pressure in the atmosphere,
they can keep moving faster and faster.

For over 30 years we were able to use Concorde
to fly at supersonic speeds. It broke through the
sound barrier and revolutionised air travel, But
now the aim is to go faster than ever, with jets
and commercial airliners capable of reaching
even greater speeds. Thisis, of course, no simple
task, but little over a century alter the Wright
brothers first tool to the slkies, we're still

building new and innovative aircraft. This
technology reveals new realms of possibility
that would make air travel more efficient and
convenient than ever before. Imagine travelling
halfway around the world in just a few hours, or
seeing a spacecraft climb into the upper
atmosphere without a gigantic rocket.

The most exciting part is that this isn't the stuff
of science fiction - we've already flown vehicles
at hypersonic speeds, and researchers are now
developing hypersanic planes suitable for public
use. Read on for more of these incredible feats of
engineering and the faster world that awalts us,

"Hypersonic aircraft attain speeds that would

tear a conventional passenger |et apart”

Below Mach 1

The aircraft compresses
the air in front as it moves |

forward and emits noise
from its engines, forming
wawes that move away at
the speed of sound.

SUBSONIC
SPEED

MACH 1

At Mach 1

S S = N -/ S When the aircraft

reaches the speed of
sound, the air being
comprassad cannot
move away fast
enough, so the waves
accumulate at the
nose of the plane.

Continuous boom .
An aircraft travelling faster than Mach 1is

constantly producing shock waves, which
merge to form a cone. In certain conditions,
this is visible as a conical cloud of water vapour.

at Mach 10 inside the Skreemr

E Thimkxock: imagnactneeorg /| By batnson, decarVifials

Above Mach 1

As the plane exceeds the speed
of sound, it overtakes the
waves. This causes a change in
air pressure, or a shock wave,
which is heard as a sonic boom.

Ry
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BUILDING A HYPERSONIC VEHICLE

The challenges and successes in the engineering community’s quest for hypersonic flight

Supersonicaircraft such as Concorde differed materials such as ceramics. And they can’t stop rocket engines —the only proven systems to
greatly from their subsonic counterparts. They there, because even if they are able to withstand  power hypersonicvehicles - engineers asked
had adapted wing desighs and advanced the heat, the pressure at low altitudes is simply themselves a more ambitious question: could w
engines. These changes allowed Concorde to too great to fly at hypersonicspeeds. Hypersonic  take whatwe've learned about the jet engine
smash through the sound barrier, which is vehicles need to climb highup inta the and design an equivalent that works at high
something subsonic commercial jets were atmosphere, where the air is much thinner, in supersonic, and even hypersonic, speeds?
simply unable to do. order to lessen the strain on the aircraft. This led to the invention of the supersonic
The difference between a supersonicand a Perhapsthe bigpest consequence of the combustible ramjet, or scramjet. Taking the
hypersonic aircraft is even morestriking, intense airflow is that hypersonicvehicles can’t principles ofa jetengine and stripping awayall
because at hypersonic speeds the rules change even use the same engines as subsonic aircraft. of the unnecessary components for hy personic
completely. The previously benign air starts to Air moving through supersonic plane engines travel - such as a turbine and a compressor -
become a serious problem, asaircraft moving at does soat subsonic speeds(the supersonic allows air to move through much more quickly.
hypersonic speed generate huge amounts aof airflow is slowed by an engine inlet), but ifyou With few moving parts, these simple-looking
friction, Thisresultsin temperatures hotenough  tried using a similar setup when travelling at engines produce enough thrust foran aircraft to
to melt the frame of a standard jet, so hypersonic  hypersonicspeeds, it would melt or simply soar atincredible speeds; and indoingso, have
alrcraft must be builtfrom robust heat-resistant = explode before your eyes. But rather thanrelyon - started to bring the future of air travel to life.
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scramjet, an mgine that thrives at ‘Air-breathing’ engine
- i Unlike rockets, scramjets rely
on air from the atmosphere to
burn their fuel, ‘Ramming’

Air is forcibly packed into the Su pEI‘E{lniE flow

engine due to the immense Airflow is slightly slowed to
speed of the aircraft. increase temperature and
pressure but still flows through
the engine at supersonic speeads.

Speed

Scramjets are most
efficient at hypersonic
speeds starting from
around Mach G.

Supersonic airflow
An inlet conditions the
airflow befare delivering it to

sc . t the engine, where heat is
I'amje then added in order to Subsonic airflow

en ine generate the thrust needec Air is drawn into the engine by
g turbines and compressed, slowing

the flow to subsonic speeds,
NASA

X-43

SPEEd

Conventional jet engines are
capable of operating at
speeds of up to Mach 3.5.

pATED =

Combustion

Compressed air combusts | conve“tional

the fuel source and leaves at

a higher temperature and jEt Engine

pressure through the

' exhaust, prndut:irrg thrust. B g

el |
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The Waverider’s hypersanic design s
5 s

partly incorporated inta many et

Boeing’s hypersonic vehicles

Thrust

Pressurised air combusts the
fuel source and produces
thrust as it exits the engine,

— irry F Flew a e rF em 1 e vl
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MAKING HYPERSONIC
FLIGHT A REALITY

We spoke with Boeing's chief scientist
of hypersonics, Dr Kevin Bowcutt,
about the future of high-speed travel

Dr Kevin Bowcutt is the senior technical fellow
and chief scientist of hypersonics at Boeing. He is
an AIAA Fellow, a Fellow of the Royal Aeronautical
Society, and also a member of the National
Academy of Engineering. He holds BS, MS and
PhD degrees inaerospace engineering from the
University of Maryland, US.

Why is Boeing so interested in the
hypersonic technology?

Boeing is interested in hypersonictechnology for
several reasons, including application to
missiles, aircralt, and space planes. Hypersonic
airplanes may someday whisk passengers and
cargo across oceansinan hour or twa, enabling
international day trips. Perhaps most exciting of
all, reusable hypersonic space planes may make
transportation to Earth’s orbit more like flying in
an airplane than a rocket, and therefore much
more affordable - up to 100- times cheaper.

What hypersonic technologies are yon
currently developing?

Key enablers to male hypersonic flight a reality
include lighter and more durable high-
temperature materials, increased hypersonic
engine efficiency, and advanced sensing and
data analysis technologies. On the technology
front we are developing advanced high-
temperature ceramic matrix composite
materials, structures, and thermal protection
systems. We are also developing, and have
applied, advanced hypersonic vehicle design
methods based on multidisciplinary design
analysis and optimisation (MDAQ). We have
designed, and continue to study, hypersonic
vehicle concepts such as missiles,
reconnaissance aircraft, passenger airplanes,
and reusable launch vehicles (space planes]. We
have built and successfully flown two scramjet-
powered experimental vehicles, the NASA X-43A
and the USAF/DARPA X-51A.

What are the main challenges that you
currently face?

Finding materials that withstand very high
temperature,and that are lightweight and

durable,
remainsa
challenge,
although good
progressis being
made in their
development. Scaling up

scramjets to larger sizes (beyond small jet engine
size in terms of air flow rate) and speeds above
Mach 7is another difficulty due to ground testing
limitations. Integrating low-speed and high-
speed propulsion systems into combined cycle
engines is another area for further development;
combined cycle engines are required to
accelerate from zero to hypersonic speed.
Additional challenges include vehicle thermal
management and thermo-structural health
monitoring, as well as designing highly
integrated systems such as hypersonic vehicles,
driving the need for MDAO. On top of this,
adequate funding isa perennial problem,
although the situation is improving,.

What is the overall goal of your project?
While Boeing is not developing a hypersonic
airliner, and does not see a near-term demand
for the product, we cantinue to research many
advanced hypersonic concepts and
technologies, so that we are prepared if the
market develops for such vehicles. The potential
for hypersonic aircraft in the future will require
further advances in several areas of technology,
aswell as market demand. Ultimately, we want
to help create the future of flight: ultra-rapid
global transportation and routine and affordable
space access.

How do you personally picture the future of
hypersonic flight?

Although it's likely to be a few decades away, |
envision a future where Mach 5 airplanes fly
people between international cities in a couple
of hours, and space planes routinely fly people to
a hub in Earth’s orbit for connecting flights to the
Moon or Mars. Eventually, these vehicles will be
powered by clean, high-density energy, probably
some form of safe nuclear power.

15 SPL; Alamy; US Alr Forge
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THE FUTURE OF HYPERSONIC FLIGHT

Exploring the concepts that could one day replace the jet plane

Ifthere's one lesson that we've learned about

hypersonic flight so far, it's that heat, weight and LE, Aarcenmnie harnoaf ~ Passengers

power are all major obstacles. Too much weight, and ittt A sedexi ot st et et trrkn o Up to 300 passengers plus

you can't reach the desired speed. Too much heat, b ' : baggage can be t_':a“EF"f'”“_"
LI ! . LA L ] ENSUring ticket Prices remain

and your aircraft will melt mid-flight. And then =sEi el e e competitive with thase of

there's the question of how we can power our : . . — subsonic airliners.

machine to hypersonic speeds and keep it there.
Fortunately, solutions for each of these critical
problems have been suggested - and some seriously
cool aircraft have been designed in the process.

Innovative engineerssuch as Charles Bombardier
have been at the forefront of these endeavours. His
envisioned aircraft, called Skreemr, would take to
the skies with the help of an electrical launch

systemsuch as a railgun - so we could be bidding Airframe e

farewell to runways one day. A railgun isan I:;':j:‘::; slr I::i__:ﬂr':r'jﬂ Rocket hqnsta_tr
electromagneticstrip that uses electricity to launch R - :ii-f:: ::r'?ft'ri Er:l'z"
projectiles at incredible speeds, and could be used the full Mach range. : njgir;ﬁ |;|1:5h it olane
to fire the Skreemr into the air. This would eliminate beyond Mach 1.

the need for tons of extra rocket fuel for take-off,
reducing the aircraft's weight considerably.

Another design by Bombardier, known as the Mounted ramjet engines
Antipode, could tackle the heat problem as well as These engines generate thrust
the mm?acing sonic boom. By using counter-flowing E:;‘I':Ihl::&': r::'; ':f”r;:'r:;qt
jets of air that move outwards in front of the air supersonic speads.
the temperature generated from aerodynamic N
friction and the sound produced by the sonic shock

; \ e

waves would be significantly reduced. And these . _ ""‘*-:; =
teatures would help the Antipode fly up to Mach 24, : ; ——
equivalent to 29,500 kilometres per hour! These ,
designs are still some time away from being $ Fins at the rear of the plane
realised, but Airbus and Reaction Engines have i E‘::;"n'f:rq':.‘“jt‘;ﬁ::’al
recently generated two concepts that could have us artEntatione for inmraasad
cruising at hypersonic speeds that much sooner, stability and speed control.

s

Cruising
Advanced ramjet engines
i i / are ignited when the
Climbing & aircraft reaches an
Once the aircraft has altitude of 35km.
reached the lower
Take-off slra U.J':'-Ftl'ﬁ-_".rii!. 1:.hE_
let engines attached rocket engine ignites,
to the fuselage

would be used for &
taxiing and take-off. Accelerating

The aircraft breaks through the sound

barrier while travelling vertically, causing
the sonic boom to travel horizontally
instead of towards the ground.
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The legendary X-15

The history of hypersonic travel =& e

' . . . . carry a pilot at
' It's been 60 years since a piloted vehicle first travelled faster than Mach 5, hypersonic speeds

breaking the hypersonic barrier in a defining moment that showed the true
possibility of space travel. The X-15 aircraft not only showed us that we could be
carried at hypersonic speed, but taught us about how best to design, control and
safely land a vehicle capable of achieving such a feat. The aircraft itself was
essentially a rocket/plane hybrid, built to endure temperatures up to 700 degrees
Celsius and fly at an altitude of over 100 kilometres, while being blasted through
the air by a rocket engine at the rear.

Its achievements filled its creators with confidence that they could soon launch
a vehicle into space at high speeds and bring it back into the atmosphere safely. -
Essentially, the X-15 played a role in putting humans on the Moon. :

Fuel

Almost half of the aircraft’s
weight - approximately 400
tons - is its fuel mass.

e Turbo ramjets

No view A turbojet and a ramjel are
Windows that can cope with the heat of LS TN :
combined into a single engine

hypersonic travel are expensive and heavy, }
Lo i 5 y that is capable of take-off and
Paszengers may have internal screens : ppd
. P : landing, as well as cruising at
linked to viewing cameras instead. 4
hypersonic speads.

Fuel tank Passengers

Airbus’ design would This concept can carry .

be fuelled by on-board up to 20 passengers ==

liquid hydrogen and _ along with two pilots, — —

liguid oxygen, as well
as ambient oxygen
from the air.

The Skreemr would make use of an electrical
launch system to accelerate to high speeds

Retractable

turbojet i —_y o y
ot s “We could be h;ddmg
used during take-off and ;

are then withdrawn into fﬂrEWE" tD runmgs

the fuselage, making the

: n
vehicle more streamlined. D”E dﬂg
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Next-gen airsnips

=

HIGH-SPEED B :::.... B n oo

jet engines after take-off to

e increase the aircraft's speed
HOLIDAYS N il
Meet ZEHST, the Zero Emission High-

Speed Transport of the future

It may soon be possible to
watch the Sunrise in Paris \ ——
Ell'ld S'E't 1[1 Tﬂl(yﬂ L Subsonic jet engines are

. B : required for take-off and
Most of us see travelling to the other side of the globe (N 2safelanding.
as the trip of a lifetime. Aside from th 4 Oxygen tanks

p ot a lifetime. e 1rom the expense, A Unlike the other

these journeys take a very long time ’ ‘air-breathing’ engines,

indeed. When we have to watch hours ; A : the rockets require a
upon hours ofin-flight entertainment on - ' f’;’:’ ;f:&;ﬁ;rﬁ;ﬁgen
long-haul flights, it feels like we're 2
lumbering through the air.

Ever since the world lost Concorde in 2003
we've been content to fly within the sound
barrier, But the answer to our travel woes could
be to punch right through it and go faster than
any passenger plane has before. By flying at the
upper limits of supersonic speed and into the
hypersonic speed region, we could dramatically
reduce travel times and change the way we explore
thewotld, " Liquid hydrogen

The unique design of the aircraft has become ::Zﬂut:;:::’;ffu:ﬁﬁgen
the main challenge for revolutionising air rockets and ramijets.
travel. Most passengers prabably
wouldn't be comfortable strapping
into a rocket and blasting across
the planet. Using a rocket for
international travel would
also beunfeasibly expensive,
complicated and bad for the environment, Ideally,
the hypersonic passenger carrier of the future will
operate much like today’s subsonic airliners.
Fassengers wuu.]d beabletota I_«:e theirseatsina Lightweight materials .
pressurised cabin, and the vehicle would be able to To companaate for the welght Ramjets

take-off and land unaided on a conventional runway. of multiple engines, the frame When the aircraft’s speed reaches
Engineers have decided that using multiple must be lightweight yet strong 3,100km/h, air can be "rammed’
. : : enough to endure high levels of through the ramjets fast enough for the
engine typesis the way to get this technology off the AetodynamiG HiEs, engines to produce thrust,

ground. Typical jet engines could be used for tale-off
and landing; a rocket engine could then propel usto
great heights and speeds; and then the supersonic or : : ;
hypersonic engine could take over. This would *r:';c;':ir:rt'l'md"thn'rtllr f”::i? ';I:
nevertheless be something of a thrill ride, as some ; AT R R
designers believe their aircraft would have to take off i
near vertically! Those of us with a nervous
disposition to flying may find it best to stick to the
relatively sluggish speeds of a jumbo jet. However,
for those holidaymalkers and businesspeople who
want to maximise the time spent at their
destinations, and are willing to brave a vertical
ascent into the atmosphere, hypersonic journeys
will be the way forward.

e, g
It would take a hypersonic vehicle only anv hn:rulr
and a half to travel from London to Cape Tawn ™

114




Suppressing the
sonic boom

Whether you're going supersonic or hypersonic,
breaking the sound barrier is loud. As a vehicle
accelerates, the waves of air pressure being

pushed along by the frame begin to merge into
one single shock wave, This air can travel at the
speed of sound but as a vehicle surpasses this
speed, a drastic change in pressure results in a
deafening clap - a sonic boom.

The sonic boom is one major hurdle for
aviation companies to overcome if hypersonic
flight is going to be made available commercially.
Concorde - the first and only public transport to
break the sound barrier - was criticised for its
volume and was only permitied to break the
sound barrier over the ocean.

Like many aerospace issues, it could bae NASA
that comes to the rescue once again. The space
agency and its partners at Lockheed Martin are
in the process of designing an aircraft with many
lifting surfaces to stop the airwaves from
combining. The result would be a series of small
booms rather than one big one - lowering the
sound output to that of a normal conversation.

MASA and Lockheed Martin’s
Duiet Supersonic Technology
(QueSST) X-plane design will
be a step towards ‘low-
boom’ supersonic travel

Helium tanks "Hl_.HJE’rSDﬂl'C LT a VE’ WDU’E’
ok ke, Mot change the way we
hydrogen to be combusted in Exp DrE the wﬂr[d Y

the rocket engines.

Passenger cabin
Up to 100 passengers
can be carried in the
pressurised cabin.

High altitude

To minimise air resistance
the ZEHST would climb
32km above sea level for its
journey - three-times
higher than a Boeing 747!

Streamlined design
The pointed nose and narrow
wingspan, reminiscent of
Concorde, maximise the
aerodynamics of the vehicle.

EANASA Tluaerabion by Adnan Mans

e 4

Boeing ?? A3 j

London to New York flight times

ZEHST
6,180km/h (Mach 5)

2,1B0km/h (Mach 2)

Boeing 787
920km/h (Mach 0.85)

Goodbye long-
haul tlights

Domestic hypersonic travel
promises to make the world feel
a whole lot smaller

[ ILIFE

Concorde

‘ ZEHST

NEW YORK



HOW IT
WORKS ArRirArT

iLSpacecraft

118 The Space Shuttle 130 The MESSENGER probe 138 Solar-powered
Discover the form of transport Discover the first spacecraft spacecraft

that has taken the human race to male the voyage toand Harnessing energy from the
into space explore Mercury since 1975 Sun, solar-powered probes are

: : environmentally friendly
12 4 The Orion spacecraft 132 Big Space Balloon
How the replacement for Howwill this giant 1 40 Next-gen space planes
NASA’s Space Shuttle will take stratospheric balloon reach How the next generation of

aircraft will help us venture
into space like never before
126 On hnart! the 13 4 Space Shuttle _ .
SpaceShipTwo payload bay "In just five decades,
Will this incredible spaceplan Discover how this colossal SDDCE’ tﬂ]U’E’I hDS
lkickstart commercial flights craft delivers tons of supplies truly come on ’E’D)‘J &

into space? and inchimo space and bounds, and will

12 8 Voyager spacecraft Automated transfer continue to develo P
What path have the Voyager vehicles (ATVs)
probes taken and where are Keeping the International
they now? Space Station fully stocked
with the help of ATVs

us to the Moon and beyond the edge of space?
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DIDNOUKNOW 2

Omn 12 April, 1981, the Space Shuttle

ﬁ launched into our sldes for the first time as

o theorbiter Columbia lifted off from Cape
Canaveral, Florida. This mission, STS-1, wasthe first
inwhat would be 135 successful missionsin3o years
ol service. Two tragedies — Challenger in 1686 and
Columbia in 2003, both of which lost their crews —
overshadowed the programme in its later years. But
the achievements of the Shuttle were many.

The Space Shuttle was born from a desire to make
space more accessible, Following on from the
expensive race 1o the Moon with the Soviet Union,
the Shuttle was NASA's attempt to get back on more
steady footing. After the US emerged victorious by
landing on the Moon in 1969, President Richard
Nixon wanted a new direction for NASA. They began
to develop the Space Shuttle, a reusable method to
reach orbit at what was hoped to be a lower cost.

Originally, NASA had planned the Shuttletobea
fully reusable two-stage vehicle, both piloted on

their way to space. Budget cuts, however, led to a still
impressive but decidedly clunkier design of the
shuttle that did not quite live up to the dream of
reusability. The Shuttle launched strapped to a giant
tank of fuel, with two side solid rocket boosters
(SKBs) attached to give itan extra kicl. The orbiter
itself was reusable and could land on a runway, but
the tank was expendable and the boosters had to be
recovered from the sea, where they were damaged
by salt.

Despite its flaws, the Shuttle was unique,
Previously, astronauts had launched to space in
cramped capsules. Here was a roomy vehicle that
could launch seven people and with them satellites
and other equipment to use or release in orbit.
Thanks to the Shuttle we were able to launch and
service the Hubble Space Telescope, perform
countless experiments in orbit, learn more about
human spaceflight than ever before and build the
International Space Station.

Three decades in orbit

How this pioneering spacecraft
helped open up the final frontier

First American
female astronaut
Sally Ride became the

first American woman to
gointo space on 18 June,
19873. She flew aboard

Space Shuttle Challenper
onthe 5T5-7 mission,
deploying communications
gatellites and conducting
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Microgravity research
More than zo Shuttle missions were
dedicated to low-gravity researchin
aquest to understand the effects of
microgravity on biological, chemical
and physical systems. Thiswas
done aboard a specially designed
Spacelab module, which was used
to see how cells responded to flying
inspace, among other experiments.

experiments during six days in orbit. Ride flew
apgainin 1984 but sadly died from cancerin 2012,

First African-American
astronaut in space
Guion Bluford became the first
African-American to go into
space on Challenger's 5TS-8
mission on 5 September, 1983.
This mission released an
Indian communications and
weather observation satellite,
Bluford flew on three more
Shuttle missions before leaving
MNASAIN 1993,

The Space Shuttle made spaceflight routine inan
age where it had been anything but. [t flew for the
last time in July 2011 when Atlantis completed the
5T5-135 mission. And although it comes in for some
deserved criticism, there’s no doubt about its huge
impact on space travel.

“Thanks to the Space
Shuttle we could
build the 155"

R e Y L e T T T Ty

Longest mission
aT5-Bowas the longest Space
shuttle mission, totalling 17
days, 15 hours and 53 minutes.
It was flown by Space Shuttle
Columbia from 19 November (o
7 December, 1996, The landing
should have been two days
earlier but bad weather
prevented the Shuttle
returning to the runway
onschedule.

Launching Hubble
Arguably the most f[amous
Shuttle mission, STS-110n 24
April, 1990, saw the Hubhle
Space Telescope taken to orbit.
It was deployed a day laterina
high orbit 612 kilometres above
Earth to prevent it being
dragged into the atmosphere.

Fixing Hubble

Four separate servicing
missions between igg3 and
2009 lkept Hubble working
properly. The first replaced its
primary mirror, which had
been launched with a flaw. No
other spacecraft before or after
has been capable of such
servicing missions.

DINASA: ThinkStock




“One of the greatest innovations,
WL was that the entire Shuttle orbiter

SPACECRAFT was designed to return to Earth”

How we made It into space

Inside the Space Shuttle

How the design of this vehicle allowed it to perform groundbreaking science in orbit

The design of the Space Shuttle incorporated a launch, but also to be opened when in space. re-entry in February 2003, traglcally killing all seven
number of key demands that needed to be met, Crucially, they had to close tightly for re-entry to crew members,
These included making it highly reliable, able to prevent any hot gases getting inside the vehicle, A One of the greatest innovations, though, was that
carry alarge variety of cargo and making it as zipperlike system ensured the doors would close the entire Shuttle orbiter was designed to return to
versatile in orhit as possible. Most of these conditions  evenifthey were distorted by temperature changes  Earth asa glider. Because the main fuel tank was
were indeed met, making the large majority of or Earth's gravity. jettisoned on the way to orbit, the Shuttle did not
Shuttle flights a success. Another key innovation was the use of the have access to propellant during the descent even
One of the Shuttle's key successes wasits cargo Canadarm, a long mechanical arm that was used to though its own engines were still attached. Usinga
hay. Using swinging bay doorsitwasableto deploy satellites and other tasks, On later missionsit  low glideangle and a long drift time, the Shuttle was
accommodate lots of different payloads, from was used to inspect the Shuttle for damage following  able to return from speeds in orbit of 27,800
satellites to experiments. The doors were the Columbia shuttle disaster, whena hole in the lcilometres per hour to about 400 kilometres per hour
designed to not only be sturdy at the time of f?'““‘-‘-%m Shuttle's left wing caused it to disintegrateon ~ when landing,

Key
components

The major parts of the Space i Split rudder
Shuttle that made it a success \ ) This enabled the
[ —= Shuttlé to turnin
theairand also
acted asa speed

Main engines brake far it

These helped the Shuttle
reach orbit when
attached tothe fuel tank
and boosters.

Payload bay

The large pavioad bayand
its doors allowed cargoto
betransported tospace.

Delta wings

Therwo delta wings
allowed theShuttle to glide
back to Earth from orhit.

Reaction-control
system
The six tyres and landing These thrusters enabled the
gears could bear three times Shuttle to manoeuvre itzell
the [oad ofa Boelng 747. It orbit.

The total cost of the Space
Shuttle’s 30 years of service
was $196 billion (£152.2 billion)



Launching and landing
How the Shuttle took off and then returned to Earth 5. Orbit

The Shuttle was able
3. Main engine cut off to stay in orbit for up
At T-plus &.5 minutes the main to two weeksata time,
engines cut off,. Halfa minute x
later the orhiter separated from
the fuel tank.

2. Booster
separation
At T-plus 2minutes

the now empty solid -
roclket 't:nncns.l;r:-r'.s.a'r-z 4. Satellite 6. RE*EI‘ItI‘}I"

jettisoned and fall deployment When the mission was
bacl to Earth. s Once in orbit —usually at over the Shuttle would
g 400km — satellites could be angled at 40 degrees

7. Gliding

Once through the
atmosphere Lhe Shuttle
would glide unpowered

1. Lift-off to the landing site.
At T-minuso

seconds the side

boosters were

ignited and the

Shuttle lL{ted off.

8. Landing

Having touched down
on the runway a
parachute helped slow
it toastop.

Why launch

R oy

from Florida? S

Cape Canaveral in Florida has a number
of benefits for rocket launches. For one -
thing, it's relatively close to the acos ~ Panaina Jacksonville
equator, which gives rockets a speed [
boost from Earth’s rotation. The
rotation on our planet is fastest near Daytana Beach
the equator, so the closer you are — o 8
provided you launch in the same St
direction as Earth is rotating — the
faster your rocket will go. 1 Eatersburg= FLORIDA
That's impoertant for another reason.
In order to get this speed boost you
need to launch east in the Northern
Hemisphere. As many rockets,
including the Shuttle, have expendable
parts, it's best if you launch over an .
ocean so that pieces do not fall on the The
Crew cabin ground. Thus, Florida is ideal as it's on Bahamas
The Space Shuttle the east coast and also relatively near :
cockpit and crew cabin the equator. Launch pads elsewhere in

housed up toseven ﬂ"E_"""_"“rld_'EfE located in similar Before moving to Cape Canaveral in July 1950,
people on each flight. positions for the same reasons. NASA launched its rockets from New Mexico

() Cape canaveral

& Thinkstook; MASA; ustration by Adrian Mann




"It was the first time solid rocket
boosters [SRBs] were used ona

manned vehicle

Mission summary

The trailblazing missions that made the Shuttle a legend

Just prior to that in 1995, the 5T5-71 mission
heralded a new era in partnership betweenthe U5 2011, was a sombre one asit brought the

Therewere 135 Space Shuttle missions that The final mission, 5T5-135, launched on 8 July,
successfully made it to orbit. All of these
pertormed some incredible science. The inaugural  and Russia when Space Shuttle Atlantis docked programime to a close. Atlantis delivered two
major components to the IS5 and broughtto a
close one of the greatest technological

achievements of our time.

with the Mir space station. In 1998, Endeavour
carried out the STS-88 mission that |.‘JE1!,-E:| nthe
start of a new collaboration, the construction of

launch of Space Shuttle Columbia on 12 April, 1981,
was one of the most important, and itachieved a
number of firsts. It was the first time solid rocket
boosters (SRBs) were used on a manned vehicle, the International Space Station (155).

and it marked the first time a manned spacecraft

had returned on a runway landing.
The launch of the Hubble Space Telescope in
1990 was of course pivotal, but perhaps equally so
wias the [rst servicing mission in 1993. This proved
the Shuttle's capabilities as a reusable spacecraft
that could repair satellites in orbit. 5T5-93 in 1999
was alsoimportant asit launched the Chandra
X-ray Observatory, which has helped us study
supernovae, nebulae, blaclk holes and more.

OB

ESTIMATED TOTAL
DISTANCE TRAVELLED (!(M)

#% 872000000

135 Shuttle missions

01. First Shuttle launch

05, Longest mission

The first Space Shuttle launch was
Columbia on 12 April, 1981.

02. Challenger accident

Just 73 seconds after launching, Space
Shuttle Challenger exploded on 28
January, 1986.

03. Hubble Space

19 November, 1906. This was the longest
Space Shuttle mission at17 days, 15
hours, 53 minutes and

18 seconds.

06. ISS construction

The Shuttles took more than 85 per cent
of the International Space Station’s
parts into orbit.

: = Telescope deployed

o g Space Shuttle Discovery successfully 07. Columbia accident

— deployed the Hubble Space Telescope On1February, zo03, Space Shuttle

in late Apriliggo. Columbia disintegrated as it re-entered
’ Earth's atmosphere.

: s 04. Mir
= - - - ok et o0 s 29 June, 1995, saw the first Shuttle to 08. Final launch of Shuttie
% o e -z 2 dock with Mirand the wooth US Atlantis launched on the final Space
5 E E E E manned space flight, Shuttle mission on 8 July, 2011.
- " & = o
L& = B =



Five key stats

238.5mn km 100,000kg

The distance covered by Space Shuttle Discovery, The approximate weight of the Shuttle orbiter
which travelled the furthest of all five Shuttles upon its re-entry into the Earth's atmosphere.

during its service.

mamnmanesae . &350 600

The proportion of the
ISS's structure that was ¢ The number of astronauts that

launched by the Shuttles. |  travelled into space in the Shuttles.

0 Shuttle launch weight

. Re-entry weight

Millions of km {approx)

Columbial (1

Discowvery; -
Challenger, ©

Endeavour 0 .




“The crew module will use
WoRKS parachutes and air bags to allow

== \EIAN/\\= o cushioned touchdown”

- IS successor

The Orion
spacecraft

How the replacement for NASA's Space Shuttle
will take us to the moon and beyond

el o

IULL

The flrst Orionishissiotis
will see itdockwiththe.
IS5 to test its systems:

. The primary goals of the Orion spacecraft,

which has been contracted to technology
2 company Loclkheed Martin by NASA, are to

deliver crew and cargo to the International Space
Shuttle and return astronauts to the moon after
almost a so-year wait. Orion made its first test flight
in December 2014 and is scheduled to complete a
lunar mission by the early zo20s.

The Orion crew module is similar in designand
appearance to the Apollo Command Module that
first took astronauts to the moon. Itis three times
the volume of the Apollo module with the same 70"
sloped top, deemed to be the safest and most reliable
shape for re-entering Earth’s atmosphere at high
velocity. The Orion module has a diameter of five
metres and a total mass of about g,000kg including
the cargo and the crew, which increases or decreases
slightly for missions to the International Space
Station and the moon respectively, Unlike the
Apollo module, which had a crew capacity of three
people, the Orion module can carry between four
and six astronauts,

Attached to the crew module is the service
maodule, responsible for propulsion, electrical
power, communications and water/air storage. The
service module is equipped with a pair of extendable

f}heﬂﬂnﬁspmeﬂﬁﬁ 4, S

. willtransportalunar :

~landertothe moon
=

b g
=0T |
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solar panelsthat are deployed post-launch in
addition to batteries to store power for times of
darkness. Like the Orion crew module, the service
module is also five metres in diameter to provide a
clean fit between the two, and has a mass of about
3,700ke in addition to 8 3o0kg of propellant.

Exerting 33,000 newtons (7,500 pounds) of thrust,
the engine of the service module uses hypergolic
fuels monomethyl hydrazine and nitrogen tetroxide,
which are propellants that ignite on contact with
each other and require no ignition source. Another
benefit of these propellantsis that they do not need
to be cooled like other fuels; they can be stored at
room temperature, 24 thrusters around the service
modulewill also give it control to change its
orientation in all directions, but these are almost 30
times weaker than the main booster.

Upon descent to Earth the Orion crew module will
use a combination of parachutes and air bagsto
allow a cushioned touchdown on land or sea. The
service module will detach in space and disintegrate
inthe atmosphere, The entire Orion crew module
will be reusable for at most ten missions except for its
ablative heat shield, which burns up on re-entryinto
Earth's atmosphere to protect the astronauts from
the extreme heat.




Orion
Aklthough Oricn is currently
still on schedubs, there am
munmurs that the project
could be canned in favour of
using private companies for

transporting crew to the 155,

SpaceX Dragon
One of the competitors, the
Dragon capsule is currenthy
undergoing cargo testing
and could be ready to
transport cresw members to
the 155 a5 early a5 2017

Boeing CST-100
After losing the Orvion comtract
to Lockhead Martin, Bosing's
capsule (similar in design to
Orian) has been helped by
518m of funding from MASA
and eould launch by 2017,

Dream Chaser

Under developrment by the
Sierra Mevada Corporation,
this space plane won $20m
from a NASA compaetition.
It could land on almost amy
rusimaiay i the wordd.

X-37B

This US military space plana
returned from a seven month
orbit in 2010 and made the
first ever spacecralt landing
by awutopilot, but its
intenthons are umk o,

Launch abort
Inalaunch pad emergency,
this rocleetwill lift the crew

module and allow it to
parachute safely to ground.

Heat shield

Theablative (burns on re-entry)
heat shield protects the crew
moclule as it returns to Earth alone
before the parachutes deploy.

- Airlock

The top of the crew module
allows docking with other
vehicles suchas the 155 and
lunarlanders.

‘When and where will -
Onon be gomg"*

EIMASH

- Crew module

Able toaccommodate up (o
six erew members, this
module provides a sale
habitat for them to stay in
during their journey.

: - 2019
, First lunar-
mission

Earlh F Moo 5

- Service module

This module supports the crew
throughout their journey,
providing life support and

propulsion, before detaching
upon Earth re-entry.

| Journey time One
11'H
| A AR I.- . - r [}1.5'[1 Mg & _H!I.J_:I] II'H'J 1
\ _ g / Mo
Cargo ¥ - e i ey
Inside the service ' i f. - . [
module, unpressurised cargo
for the 1SS and science

equipment are stored.

2031

- Spacecraft adapter ’
Bt “First mission
rocket, and also protects SHGE:ESS I]-ﬂ'ﬂ aEhIE\!Ed : to Mars - :

components in the *Frﬂmmna! dates ﬁ'nm NASA, suhlecttn -:hange Full success antjcipated
service module, ' -
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SPACECRAFT

"When it is ready, VSS Unit
should achieve altitudes o

over 8o kilometres”

On board the - .

SpaceShipTwo -~

Could this be the vehicle that will take you to space?

& 7 Virgin Galactic’s reusable spaceplane,
ki SpaceShipTwo, is designed to take two
pilots and six passengers on the trip of

a lifetime. Made by The Spaceship Company,
part of Virgin Galactic, this vessel will be
carried high into the atmosphere by the
jet-powered aircraft WhiteKnightTwo, before
engaging its rocket engines for a brief trip out of
this world.

With 12 windows on the walls and ceiling to
marvel at the view, and articulated seats for
optimum journey comfort, it has been designed
specifically with space tourism in mind.
Passengers will be able to loolk up at the stars
and down atthe Earth below duringa
controlled flight in a spaceship that looks likea
plane. After their adventure, they will glide
back through the atmosphere, before landing
on a runway.

The first SpaceShipTwo prototype broke
apartover the Mojave Desert in California
duringa test flight in 2014, but Virgin Galacticis
determined to make the project a success. The
second iteration of the craft was officially
unveiled by Richard Branson on g February
2016, and has been named VSS Unity. Virgin

Inside VSS Unity

Take a closer look at
Virgin Galactic's
passenger spaceplane

Galactic is paying close attention to safety,
commenting in a statement: “Starting at the
level ol individual pieces and components, we
poked, prodded, stretched, squeezed, bent and
twisted everything used to build these
vehicles.” The next step is to test the fully
assembled spacecraft, first on the ground, then
during glide flights, and finally in rocket-
powered tests.

When it is ready, VSS Unity should achieve
altitudes of over 8o kilometres - high enough
that any passengers will officially be
recognised as astronauts by NASA - and could
even reach altitudes of 110 kilometres, However,
itwill be some time before we see the first brave
passengers take to the skies. Virgin Galactic
explains: "As a thousand-year-old saving goes,
there is no easy way from the Earth to the stars.
But finally, there is a way, and through steady
testing, we will find ir.”

Cockpit
Two pilots fly the
craft using a control
panel in the cockpit.

Passenger cabin

Thrusters SpaceShipTwa has been
Positioned at the front of the Fuselage designed with the
spaceplane and on the wings, The body and nose of the passenger’s experience in

thrusters provide additional
contral during fiight.
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plane are constructed
from carbon fibre.

mind, aiming to minimise
the discomfort of G-forces.

The first powered flight of
V55 Enterprise shows the
spaceplanea in action

Windows
There are 12 windows
in the sides and on
the ceiling of the
craft, allowing
unprecedentaed views.

Articulated seats
The passenger seats are
upright during ascent, and
reclined during re-entry.

Thrusters



EIHDYEMEOTYR There has only been aone eight-person crew in spa fore, " \'s Space Shuttle Challenger

VSS Enterprise crash | Flying

After 55 successful test flights, the first SpaceShipTwo, V55 2 arc.ax .. | _ hlgh
Enterprise, broke apart over the Mojave Desert in California, killing . i L -

co-pilot Michael Alsbury. SpaceShipTwo is equipped with a - o R 2 See how
‘feathering system’, designed to rotate the tail and wings for a alh TS R S SpaceShipTwo
smooath descent through Earth's atmosphere, but Alsbury unlocked ' S compares to other
it too early. With the rocket engine still firing, and with V5SS _ ¥ ) i) e high fliers
Enterprise travelling at a little under the speed of sound, the S 3 ' ; e

feather system deployed, pulling the spaceplane apart. The other

co-pilot, Peter Siebold, managed to parachute to safety. However,

the computer system should have prevented the disaster, and it

has been changed for the new SpaceShipTwo. This time, it will not

be possible for the crew to unlock the feather system too soon.

Fuel
The V55 Unity will use a
rubber-based, salid fuel,
making combustion
more efficiont.

’ Feathered
configuration
The wings move
upwards during re-entry,
slowing descent.

Standard
configuration
SpaceShipTwe can adopt
twio different configurations,
behaving like a winged plane

ok 4
i y 2 Y 4
/

e W Lrpan Galacesc [Thastratkon by Adrian Mann

oxicle tank “We poked, prodded,
The hybrid sofid and Virgin Galactic
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be shut down during tourists on short
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"The probes have studied
all the major planets of the
solar system past Mars”

How the furthest man-made ob]ects from Earth work

W On 2o Augustigy7 Voyager 2
ﬁ“ launched from Cape Canaveralin

%% Florida aboard a Titan-Centaur
rocket, heralding the start of one of the most
ambitious deep space exploration missions
ofall time. Two weels later Voyager 1was
sent up inan identical launch, although its
greater speed meant that it eventually
overtook Voyager 2. The list of
accomplishments by the two probes is
astounding. Between them they have
studied all of the major planets of the solar
system past Mars, in addition to some moons
of Jupiter and Saturn, making countless new
discoveries in the process. Now, as the
furthest man-made objects from Earth, they
are on their way out of the solar system.

The launch of the mission coincided with a
favourable alignment of the planets in the
seventies that would allow Voyager 2 to visit
Jupiter, Saturn, Uranus and Neptune, The
list of achievements by the two Voyager
spaeecraft is extensive. The Voyager mission
was only the second - after Pioneer o and 11
in 1974 and 1975, respectively - to visit Jupiter
and then Saturn, but it also discovered the
existence of rings around Jupiter, while
Voyager 2was the first mission to visit
Uranus and Neptune.

The primary objective of the mission was
to study Jupiter and Saturn, but once it
became apparent that the spacecraft could
continueworking, the mission was extended
to include Neptune and Uranus for Voyager 2.
Voyager 1 could have travelled to Pluto, but
NASA decided to extend its mission to Saturn
and its moon Titan, leaving the dwarf planet
Pluto one of the largest bodies in the solar
system yet to be explored.

The Voyager probes obtain power from
their radioactive generators, which have lkept
them running even at such a great distance
from Eart h andwill continue to do so until
about zozo, when they will no longer be able
to power their instruments. Voyager 1is
roughly now over 17 billion kilometres 10.6
billion miles) from the Sun, while Voyager 2
is at a distance of over 14 billion kilometres
(8.5 billion miles).

128

" starinthe constellation of Camelopardalis

er

After making so many groundbreaking
discoveries, both spacecraft are now on their
way out of the solar system. They are both
expected to pass owt of the Sun’s influence
and into interstellar space in the coming
years, although it is not entirely clear when
this will happen as no machine has yet
experienced the conditions that the Voyager
probes are about to endure,

In 40,000 years, Voyager 1should be
within 1.6 light years|{g.4 trillion mijes) of a
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thought to harbour a planetary system.
256,000 years later, Voyvager 2will be 4.3 light
years (25 trillion miles) from Sirius, which is
the brightest star other than the Sun in our
night sky.

Date neached. 25/8/89

AN

Voyagerz
launched atopa

" Titan [1I-Centaur
roclkel on

2 2o Aupustigyy

e ———— Instruments
p 15éirtfl L:ap;?;m or On board both probes isa science
(DTR) and Flight p.'lj,.rlm_d with ten instruments,

. including those to measure solar
ﬁﬁ:&iﬂﬂﬁi wind and those that can detect

: low-energy particles.
and calibrate
Instruments too.
Antenna

Golden Record The high-gain
The Golden Recordisa antenna (HGA)
collectionofsounds £ transmits data
and imagery from to Earth.
Earth, intended to
prmridc any passing s

extraterrestrial race
with information about
our home planet.

The probes manoeuvre
via Hydraziné thrusters, /
although since leaving
the planets they have”
stopped doing so.

/

|

— Power down
Toconserve energy as
the probes continue
their journeys, many
instruments deemed
unnecessary have or
will be switched off.

Power '

Three raghinisotope thermoelectric
penerapdrs (RTGs)supply electrical
power , which will eventually diminish
but eurrently supply about 515 watts,

Magnetometer
Thisinstrument enables the probes
to measure nearby magnetic field
intensities, whichwas used to study the
magnetospheres of the outer planets.

Iriside Voyager
What's going on inside the
long-distance probes?

— Communication .
It takees 16 hours for a message from the Voyager
probesto reach Earth. However, they're not in
constant communication, and only
periodically send data back to our planet.

- Phone home
 Eachofthe identical
spacecraft use celestial or

—— Weight
EachVoyvaper

gyroscopicattitude control to probeweighs
ensure that their high-gain Trikg (1704lbs),
antennasare constantly with the science
pointed towards Earth for payload making

communication. upabout 105k

{zmlbs) pfthis,

N
N




Moons Interstellar medium Atmospheres Jupiter lo
Around the owter planets the Baoth of the Voyager Vioyager probes 1 and 2 both The probes discoverad Voyager | discovered the only
Vovager probes discovered probas are now ina region provided unprecedented for the first time a ring known body in the solar system
23 mew moons, including five where the Sun's influence information about the system encircling Jupiter, other than Earth to be
arcurd Saturm and 11 arownd is increasingly waning, atmospheres of the and they also observed valeanically active: Jupiter's
Uranus, in addition to and soon they will enter following planets: Jupiter, hurricane-like stonms in mizon lo. This moon also affects
Irveging OuF oW the interstellar rrediurm, Saturn, Uranus and Neptune. the planet’s atmosphere. the surrounding Jowian systesm.

#
L

e joumey so far...
What path have the Voyager probes

taken through the solar system, and
where are they now?

k. 3

Date reached: 5/3/79

VOYAGER 1 launch: 5/9/77 |

"
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Heliopause

Thisiswhere the Sunsinfluence

isalmost non-existent and the
 Voyaper probes will enter the

interstellar medivum, the matter

between starsinour galaxy, No

one is sure how far the probes

Termination shock

At the edpe of the heliosheath, the

N arefrom this point. : : Sun’s influence in Eht- form ofsolar

,{ gL ) wind slows dramatically and
heats upatanarea known as the
termination shock, which

Voyapger1 passed in 2004

On 16 November 1980,
Voyager1looked back at
Saturnand snapped this
picture four daysafter it
had passed the planet

Bow shock

-

Heliosphere
Oursolar system is contained w
withinanarea of space where : What Iles

the Sunexertsan influence,

known as the heliosphere. a hea d
-E e
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The MESSENGER probe

WoRKE
SPALECRAFT

Merc

COrn

Discover the first spacecraft to
explore Mercury since 1975

"B MESSENGER, an acronym short for

MErcury Surface, Space ENvironment,

Y GEochemistryand Ranging, is a probe
launched by NASA in zo04 o study the planet
Mercury in our Solar System. Aftera journey of
7.9 billion kilometres (4.9 billion miles),
MESSENGER finally entered Mercury’s orbit on 17
March zo11.

Mercury has remained one of the most
mysterious planets in the solar system, not
having been studied closely since Mariner 10
flybys more than three decades ago. Inaddition
to being the smallest inner planet, Mercury is
also the most dense and has the oldest surface.
Scientists believe that learning more about
Mercury will help us to better understand how
the other terrestrial planets - Venus, Earthand
Mars-came to be.

MESSENGER's mission comprises six main
poals. It will determine the structure of
Mercury’s core, reveal why the planet is so dense,
find out the nature of its magnetic field, measure
the gases in the exosphere, solve the mystery of
unusual materials at the poles, and delve into the
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planet’s geologic past. Although launched by
NASA, MESSENGER was designed and builtat the
Applied Physics Laboratory at Johns Hopkins
University. It carries seven instruments to collect
data and images, housed together onasmall
pallet. MESSENGER also has two rotatable solar
panels, which generate energy storesin
batteries, as well asa large thruster for deep
space manoeuvres, four smaller thrusters for
steering, deep space transponders and antennae
for communication and an integrated electronics
module that allows the probe to be controlled
from the ground.

MESSENGER had already made some
significant discoveries before entering Mercury's
orbit. During the flybys of the planet, the probe
surprised NASA by revealing that the upper layer
of Mercury'satmosphere contained water. ltalso
collected data suggesting that the planet hasa
liguid core and may have had volcanic activity in
the past. MESSENGER is scheduled to send bacl
data and images from Mercury's orbit for one
year. When it was no longer operational, the
probe crashed into the planet.

"MESSENGER's mission
prises six main goals”

The statistics...

Operator: NASA/APL

Dimensions: 142 « 185 < 1.27
metres (56 x 73 % 50 inches)
Launch vehicle: Dalta || Rocket

Launch date: = August 2004

Orbital insertion date:
17 March 2011

Which planets have had
MESSENGER flybys?: (e

Earth flyby, twio Venus flybys,
thres hMercury flybys

Mass: 5079k (L1200bs)
Power: Maximum of 5400
from bavo solar arrays and 11
rickel hydrogen batterias
Status: Collecting data in
Mercury orbit as of 4 April 2011

Anartist’simpression of MESSENGER
approaching Mercury

MESSENGER flyby dates

02/08/05 24/10/06 05/06/07 14/01/08 06/10/08
Mercury

03/08/04
Earth
launch

DSM1

DSM2 D5M3

Earth
fly-by

Venus
fly-by

r§—8

Venus
fy-by

Mercury
ly-bry

fy-by
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EIYEWOEYR The MESSENGER probe croshed on Mercury's surface on 3oth April 2015

Voyage to Mercury

NASA didn't send another spacecraft to explore Mercury for so long
because it would have required a very large, powerful launch
vehicle and too much fuel for the mission to be practical. In1g8s,
sclentist Chen-wan Yen suggested a trajectory that would
ultimately allow a probe to launch as part of NASA's low-cost
Discovery program. The probe could not be launched on a direct
path to enter Mercury’s orbit, because the gravity of the Sun would
have accelerated it right past the planet. Instead, ina series of flybys
(of Earth, Venus and Mercury itself) the probe used each planet’s
gravity field to slow down. Deep space manoeuvres, in which
MESSENGER fired its rocket thruster for anywhere from a few
seconds to a few minutes, allowed the probe o speed up when
necessary or change course, While it took almost seven years to
reach Mercury, thizalso meant that the probe used very little fuel.

S5ENGER onag March 2o11. It

shows the planet's southern hemisphere,
including a bright crater called 'Debussy’

MESSENGER flybys and
deep space manoeuvres

1. Earth flyby and DSM 1

The Earth flyby took place on 2 August
200%. Then the probe made its first DSM by
firing its large thruster to change trajectory
towardsVenus.

2. Venus flybys and DSM 2

On 24 October 2006 and 5 jJune 2007,
MESSENGER conducted flybys of Venus.
Another DSM resulted in a course

correction to put the probe closer to
Mercurysorbil

The probe reached Mercury on g January
zo08, then fired its thrusters again to
speed things up for another flyby.

4. Mercury fiyby 2 and DSM 4
On 6 October zoo8, Mercury conducted

another fiyby of Mercury. A fourth DSM
slowed the probe toallow it to be ‘captured’

DSM4a DSM5
.- TR .. i st
- = 5. Mercury flyby 3 and DSM 5
29/09/09 18/03/11 The third and final fiyby of Mercury toolk
Mercury Mercury place on September 20 2000, The [iith DSM,
fhy-hy orhit on 24 November 2009, slowed the probe

further for entryinto Mercury's orbit.

Hiding near
the gﬁn

As the innermost planet, Mercury’s orbit gets
no further than 7o million kilometres(43.5
million miles} from the Sun, compared with
Earth's 152 million-kilometre (944 million-
mile) orbit. This closeness means that the
planet is difficult to see from Earth, because it
gets lost in the Sun's glow. It can sometimes be
seen during sunrise or sunset, depending on
your location and the time of year.

L A - .
Energetic particle and plasma
spectrometer (EPPS)

The EPPS uses two different spectrometers
to measure charged particles. One

measures them in the magnetosphere and b
the other measures them on the surface. s

MESSENGER
anatqny

Solar panel

- " R These twosolar panels provide
' : 640 watts of power, which is

Gamma ray and neutron stored in11 on-board nicleel b

spectrometer (GRNS) hydrogen batteries.

GRNS measures gamina raysas

emitted by atoms struck by cosmie '

rays, asvf'r.-_'llﬂs varm’uuns in.ty]:f'_s of Sunshade

neutronsstruck by cosmic rays. ’ - The probe‘s sunshade
protects its sensitive
instruments fromheatand

radiation from the Sun.

K

&

. Mercury dual

_ Qq imaging system

(MDIS) b

This instrument

a

[ 5
Comprises two

CAIMETAS - 01
narrow-angle and one
wide-angle - that will
capture the entiretyof |
Mercury'ssurface,

' &

Magnometer (MAG)
Thisinstrumentextendson a
three-metre 10ft) boom, to measure
Mercury's magnetic field without
interference from the probe’s field.

Mercury laser altimeter (MLA)
The MLAmeasures the height of land formations

Mercury atmospheric and

and other features by detecting infrared laser
light bounced off the planet’s surface, surface composition
spectrometer (MASCS)

Thisinstrument comprisesa
spectrometer, which measures
ultraviolet light, and a spectrograph,
which measures reflected infrared
light on thewavelength of ironand
silicate materials.

X-ray spectrometer (XRS)
This instrument detects light on the x-ray
spectrumon the wavelength of the
minerals magnesiwm, aluminium,
sulphur, calcium, titanium and iron.

A
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Ffospheric

[he target altitude is
40,000 (130,000(t)

balloons

How will this giant balloon perform
experiments at the edge of space?

. The Big Space Balloon will be
Britain‘s largest high-altitude

research balloon, taking experiments
up to the edge of the cosmos and exploring the
upper echelons of Earth's atmosphere. Once it
has been funded it will launch, carryinga
capsule full of scientific experiments to study
the Earthand its atmosphere, before returning
to our planet and possibly being re-launched
inthe future.

The balloon will be almost 75 metres (245
feet)tall and, once it has expanded in the thin
atmosphere, it will reach a diameter of 100
metres (330 feet) and a volume of 400,000 cubic
metres |14 million cubic feet). It has been
designed to provide a low-cost alternative to
taking a payload into orbit compared toan
expensive rocket launch. The entire balloon
and capsule system will be roughly twice the
height of Nelson's Column and almost as wide
as the height of the most powertul rocket of all
time, the Saturn V. The design is asuper-
pressure balloon envelope, which is designed
to survive several days at the border of space,
The balloon material will be made from 100
per cent recycled polythene,

Attached to the balloon by a cable will be a
capsule 2.9 metres (g5 feet) tall and two metres
(6.5 feet) wide. This will be made from the latest
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composite materials for strength and
durability. Filled with scientificinstruments,
the capsule will study the Earth and its
atmosphere from a height of 40,000 metres
(130,000 feet). At the end of its mission the
capsule will parachute safely back to Earth,
where it will be recovered and potentially
used againin other similar missions.

Aconceptshotofthe
balloonenvelope
atthe launchsite

“The balloon will be
almost 75 metres
(245 feet)] tall and,

once it has
expanded in the
thin atmosphere, it
will reach a
diometer of 100
metres [330 feet]”

Alaser may beinstalledin
orderto push space debris
outofharm's way




Inside the

capsule Parachute
Thelanding

parachute js
secured on the

Upper : _ cable that attaches

The upper section of the capsule will the capsule to

be l{u:':PT at ﬂr.-n-l_nvni pressure hy_ the balloon.

steadily releasing nitrogen, which

will help to protect the more
gsensitive scientificinstruments.

Debris
One proposed experiment is a laser
turret, which could be used to push
pieces of space debris out of the way.

. #- \
__“;.. I

Central A

The majority of the capsule’s : -1 cli .
experimentsare located in the "
central section, The capsules doors
can be opened to expose the
experiments tospace il needed.

Cameras

The capsule will be monitored
by four cameras surrounding
it, whichwill also highlight
sponsorship logoson the
outside of the capsule.

THE MISSION STEP BY STEP

We take a look at the Big Space
Balloon's proposed seven-day journey

4. Target

After two hours the balloon will

have reached its target altitude of

ok izsmi)and a maximum

volume of 400,000m* Lgm %)

5. Descent

To begin the journey home, an
explosive panel detonates a hole
in the envelope so the balloon's
return to Earth can be controlled.

3. Stratosphere

On the envelope is a series of
photovoltaic cells, which convert
solar energy into electricity as
the balloon rises,

2. Ascent

Asatmospheric pressure drops the
balloon starts to swell, becanse the pas
inside is able to expand more easily and
pushes out the thin polythene material.

6. Parachute

Araboutzlkom fomi) the landing
parachute isreleased, retuming
the capsule safely to the surface

201t can be recoverad.

7. Landing

The deflated balloon lands
separately and is also recovered
after completing its mission.

1. Launch

On the ground, a cranewill hold
the capsule stationaryasthe
balloonis filled with a mix of
hyrd rogen and helium gas.

Richard Curtis

We speak to the project director of
the Big Space Balloon mission

How It Works: How and
why did you get involved
with this project?

Richard Curtis: The Big
Space Balloon is an idea |'ve
bean working on for a couple
of years. | was part of the
generation growing up
during the Apollo missions,
Skylab, Soyuz and then the
Space Shuttle, so I've had a
lifelong interast in space and
space tech. It would be very
exciting to use some of the
latest technologies such as
printed solar cells and
additive layer manufacturing
to build a substantial vehicle
and send it on its way to the
edge of space and see the
images of the Big Space
Balloon flying above the
Earth’'s atmosphere,

HIW: Why did you pick a
balloon for this project?
RC: A big stratospheric
balloon allows vou to lift a
reasonably substantial
payload of up to several tons
into a space environmeant.
The Big Space Balloon will be
aiming for a total payload
weight - including the
science capsule - of around
one ton. This should allow us
to carry up to half a ton of
science equipment. Although
there i1s now a lot of great
science being done with
mini-payloads and balloons,
there are still areas where
the bigger the kit the better,
particularly with imaging and
SENsing devices.

HIW: Is there any danger in
launching this balloon?

RC: Thereis a range of
challenges [we may face].
The main one is the balloon
fabric tearing during launch.
The material used for most
large stratospheric

projects tends to be a very
lightweight polythene,
similar in thickness to a
supermarket carrier bag.
Hopefully we've arrived at a
size that's [thin enough but
durable]. I'm also hoping that
by combining the fabric with
printed solar cells we can
make a stronger composite
balloon material. This will
probably mean a heavier
fabric, but as we're not trying
to break any altitude records,
it's not too critical if we only
achieve, say, [38,000
metres] 125,000 feet instead
of [41,000 metres] 1.35,000.

HIW: What does the future
hold for space balloons?
RC: The hope is that the Big
Space Balloon's science
capsule could be reused in
further missions. I'm keen for
the Big Space Balloon to act
as a platform to test out new
technologies in the space
environment, such as printed
solar cells on the balloon
envelope, which could pave
the way for a new way of
powering future spacecraft
or stations. Additive layer
manufacturing (aka 30
printing) is another process
I'm aiming to use in the
fabrication of the science
capsule, as this allows fairly
complex and bespoke
structures to be
manufactured straight from
the computer.

There's also the possibility
of using the technology for
interplanetary missions. One
of the instruments the
science capsule may carry
could be to detect micro-
organisms in the Earth's
upper atmosphere -
technology that could be
then transferable to a future
Mars or Venus mission.




“In the case of human payloads, these
QWAL were delivered via an airlock located

SPACECRAFT at the front of the shuttle”

Space Shuttle paylood bay

" Space Shuttle
vioad bay

How did this colossus deliver tons of
suppliesand technology into 'S,Eagg?

-
a © NASA'sSpace Shuttle huncﬁ&hicle{;#rtﬂﬂk aver lﬂi‘ F
' missions during their lifetime, car ihund're&'nf tons of
*technology into space. It had a refined system for delivering
payloads to the intended ta rget - be that simply low-Earth u‘?bit or space
stations such as the IS8 - following a five-step mission profile. y Y
After liftoff, solid-rocket beoster separation, extérnal fuel tank
separation and orbital insertion, the in-orbit tjpere.ltiuns could begin. In
the case of human payloads, these were delivered via an airlock located
at the front of the shuttle, but when dealing with inanimate cargo, that
required accessing the internal smrage_ﬁﬁld, known as the payload bay.
Tech and supplies were accessed by the opening of the
shuttle’s payload bay doors, which swung
open from the top of the spacecraft.
Once the bay doors were open,
the resources within could be
collected either by an EVA
(extravehicular activity, or
spacewalk]), or using a robotic
mechanical arm called Eanaglarm.
This arm, 15.2 metres (5o feet) long and 38
centimetres (15 inches) in diameter, had six
degrees of freedom and was specially built to manoeuvre
cargo from the bay to their final position on the 1SS5. Once the payload
for a mission had been successfully delivered, the Space Shuttle
would then be prepared for re-entryand the return trip to Earth.

E IhE‘ Canadarm being u&:ed\‘;
o retrieve cargo from
u._ri_thls: the Space Shuttle



REEDRD Ihe heawest Mon-corm mernal pavl:}ad ever launched the
. Chandra X-ray Observatory - weighed in at 22,753 lkilograms
EP“: DEI.W (50,161 pounds) on Space Shuttle mission 5T5-93 in 1999.
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ATV spacecraft

vehicles

How do these European resu%gly
craft keep the ISS tully stocked

The European Space Agency's automated

transter vehicles (ATVs) are unmanned
J spacecraft designed to take cargoand

supplies to the International Space Station (IS5),
before detaching and burning up in Earth’s
atmosphere. Theyare imperative in maintaininga
human presence on the 1SS, bringing various life
essentials to the crew suchas water, food and
oxygen, in addition to new equipment and tools for
conducting experiments and general maintenance
of the station.

The first ATV to fly was the Jules Verne ATV-1in
2008; it was named after the famous 1oth-century
French author who wrote Around The World In 8o
Days. This was followed by the {astronomer)
Johannes Kepler ATV-2in February 2011, and will be
succeeded by the (physicists) Edoardo Amaldiand
Albert Einstein ATVs in 2012 and 2013, respectively.

ATV docking
procedure

POST-LAUNCH

After launch, the Ariane 5's
mainstage gives the ATVan
additional boost to send it
on itsway to the ISS,

The ATV-1 mission differed somewhat from the
subsequent ones as it was the first of its kind
attempted by the ESA and thus various additional
procedures were carried out, such as testing the
vehicle's ability to manoeuvre in close proximity to
the 1SS for several days to prevent it damaging the
station when docking. However, for the most part,
all ATV missions are and will be the same.

ATVs are launched into space atop the ESA's
Ariane g heavy-lift rocket. Just over an hourafter
launch the rocket points the ATV in the direction of
the ISS and gives it a boost to send it on its way, with
journey time to the station after separation from the
rocket taking about ten days. The ATV is
multifunctional, meaning that it isa fully automatic
vehicle that also possesses the necessary human
safety requirements to be boarded by astronauts
when attached to the ISS. Approximately 60 per cent

- n
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Tracking

—— ;
28ch .-"L'Tdﬂsl*p;iﬁte'ui{iir_r}'iny,

o.o0fsul cargotothe 1SS &

of the entire volume of the ATV is made up of the
integrated cargo carrier {ICC). This attaches to the
service module, which propels and manoeuvres the
vehicle, The ICC can transport 6.6 tonsg of dry and
fluid cargo to the ISS, the former being pieces of
equipment and personal effects and the latter being
refuelling propellant and water for the station.

Aswell astaking supplies, ATVs also push the IS5
intoa higher orbit, as over timeitis pulled towards
Earth by atmosphericdrag. Toraise the IS5, an ATV
uses about four tons of its own fuel over 10-45 days to
slowly nudge the station higher.

The final role ofan ATV is to act asa waste-
disposal unit. When all the useful cargo has been
taken off thevehicle, it is filled with superfluous
matter from the IS5 until no more can be squeezed
in. Atthis point the ATV undocks from the station
and issent to burnup in the atmosphere.

" APPROACH

TheATVusesastartracker |

- and GPS satellites to mapits

position relative to the

5 stellar constellationsand
Earth soit canaccurately
locate the space station,

—

-

=

When it's30o0m (984ft) from
the IS5, the ATV switches to
a high-precision rendezvous
sensorcalled the video
meter to bring it in to dock.

e
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The MPLM was

transported inside

ATV anatomy

N
Propulsion —— Liquids ——

The spacecraft module Non-solid cargo, Docking
of the ATV has four including drinking Inside the nose of the ATV
main enginesand 28 walter, airand fuel, is arerendezvous sensors
small thrusters. stored in tanks. and equipment that allow
the ATV to slowly
approach and dockwith
= W*-—. the ISSwithout causing,
Cwer =N damage to eithervehicle.

Other resupply

vehicles

The ESA's automated transfer vehicle isn't the only
spacecraft capable of taking supplies to the ISS. Since its
launch, three other classes of spacecraft have been used to
tale cargo the 4oo0 kilometres (250 miles)above Earth's
surface to the station. The longest serving of these is
Russia’s Progress supply ship, which between1a78 and the

Protection
Lilte most modules
on board the 155, a
micrometeoroid
shield and insulation

D e Racks — _ Navicati present day has completed over 100 missionsto Russia‘s
objects that may ig;ﬁ"df":;': :.:ﬂsﬁfrnr:;t:mn ” § ARk mfﬂﬂ?;ﬂ' Salyuts, Sa_lyut 7and Mirspace stations, as well as the ISS.
strike it in space, trays, and mustbe configured high-precision navigation Efuc_::eedmg Progresswas rhe Italian-built mulﬂpl_.lrp_ﬂse
to beable tofitinto the same system that puides the logistics module (MPLM}, which was actually flown inside
sized berths on the 1SS. vehicle into the 1SS dock. NASA’s Space Shuttle and removed once the shuttle was
. ... [ docked to the space station. MPLMs were flown 12 times ta
~Cihrently, ESA groupd cofifio the ISS, but one notable difference with the ATV is that they

pilots the ATVsremotely

were brought back to Earth inside the Space Shuttle on
every mission. The ATV and MPLM share some similarities,
though, such as the pressurised cargo section, which is
near identical on both vehicles.

The last and most recent resupply vehicleis the Japanese

i 5. olar power H-ll transfer vehicle (HTV). It has completed one docking
Foursilicon-based solar M : L : AT
arrays inan Xshape provide mission with the ISS to date, in late 2009, during which it
the ATV with the power it spent 3o days attached to the station.

needs tn operate in space.

i

Lasers
Twolaser beams are
bounced off mirrors on the
15550 the ATV can measure
its distance from the station,
approachingat justa few

_ centimetres a second.

Emergency

Inthe caseofan
emergency the astronauts
canstop the ATV moving
towsards the 155 or propel it
away from the station.

—

e,

The ISSmoves 1oom (328f)
closertoEarth daily, soto
prevent it falling too far
ATVs use theirmain engines
to pushitintoa higher orbit.




Solar-powered sp

Harnessing energy from the Sun, solar-powered space prol
taking environmentally friendly technology farther than eve

a W When you're launching a space probe
to a distant planet, every kilogram
@ counts. Every aspect of the design isa
compromise between weight and scientific
capability. With engine fuel at a premium, and
batteries heavy and limited in life, solar cells
—~which draw their energy from the Sun itself
- are an ideal way of generating power.

Solar cells rely on the photoelectric effect,
which causes current to flow through certain
materials when they are struck by light. The
effect was discovered as early as the mid-18o0s,
and explained by Albert Einstein in 1gos. It
arises when individual photons of light
striking a surface provide enough energy for
charge-carrying subatomic electrons to break
free of their individual atoms.

However, practical solar cells only became a
reality thanks to the development of new
semiconductor materials such as silicon and
gallium arsenide in the mid-Fifties - just in
time for them to be used in some of the earliest
Earth satellites, and later in space probes.

“Practical solar cells only became a
reality thanks to the development of

new semiconductors such as silicon”

For more far-flung missions, however, there's
a stumbling block: the energy available from
sunlight drops proportionally with distance
from the star. As a result, solar energy has until
recently only been a viable power source for
missions to the inner Solar System (ie as far out
as Marsj}. Advances in the efficiency of solar
cells, along with the ahbility to pack and unfurl
larger arrays (each carrying many separate
cells)are starting to change that, as ably
demonstrated by the Juno mission to Jupiter.

While most spacecraft still use solar cells
purely for powering on-board systems, an
increasing number are using them for
propulsion too. Solar-electric, or ‘ion engine’,
propulsion uses sunlight to split propellant
into electrically charged ions and fire them out
of the engine at extremely high speeds. The
acceleration force this produces is tiny, but can
be sustained for months or even years with just
asmall fuel supply. This makes it perfect for
use on complex missions such as the Dawn
probe currently touring the Asteroid Belt.

o

Coming online
Directly after launch, Juno
only needed the power from

Juna's primary objective is
to help us understand the
arigins of gas giant Jupiter

twa of its solar array panels;
the aothers are needed as it
travels farther from the Sun.

Harvesting solar
power at Jupiter

Launched in August 2011 and arrived at Jupiter in
2016, NASA's Juno mission will push solar power
technology to its limits in order to give us a
unigue new view of the largest planet in the Solar
System. Previous probes to the outer Solar
System, such as the Voyager missions and the
Cassini orbiter, had to carry a radioactive power
source with them, but advances in solar cell
design - specifically the use of highly efficient
multi-junction photoelectric materials made from
crystals of gallium arsenide - will enable Juno to
operate despite receiving just four per cent of
the sunlight available at Earth.

Three huge solar arrays will generate 486
watts of power, roughly half of which will be
used to keep the spacecraft warm, while the
other half powers Juno's flight systems and
scientific instruments. Juna's orbit will carry it
high above Jupiter's poles, and as it will spend
long periods of time in the gas giant's shadow,
the power will also be used to charge a pair of
lithium-ion batteries that should keep the
spacecraft operating while it's in the dark.
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The Soviet Limion's MASA's Deep Space 1 mission ¥ .I JaxA's [KAROS spacecraft  Juno launches - the first

(right}, 3 grapefrist-sized Lunokhod 1is the first {right} pionears solar-electric I"\k‘/ X .rII launches and sueccessfully  spacecraft to use solar
sateliite and the first to be solar-powered roverto propulsion, paving the wiay for 4 uses a solar sall as its main ponser in the outer
powrered by the Sun. land on the Moon. missions ke the Dawn probs. e means af propulsion. Solar System.

0’s wings

ptur es the moment Juno deployed

rays, just 54 minutes after launch...
3 \
i Y Tl
p L Solar cells
" & | The solar arrays carry a
- total of more than 18,000
- e individual cells and could
. P generate around 15kW of
: e power in Earth orbit.
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- PR _ P Twin arrays
s g ; Twa of Juno's solar arrays are
s = 8.9m (29ft) long and 2.7m
: ® (B.9ft) wide, each consisting
Rotation == B ] =R of four separate panels.
Juno spins on its central axis i1 | » 2 .
roughly once every two # ) E JI i
minutes, with the distribution 3 : [ = -
of the solar arrays helping it - s S
to remain stable. = L
W=
Communications
Stabilised by Juno's slow spin, the
high-gain antenna will keep a lock
on Earth throughout the mission,
. allowing radio communication.
iy
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N Juno spocecraft

Launch: 5 August 2011

Ready for radiation
All Juno's electrical components,
including the solar cells, are
specially designed to operate in

Jupiter arrival:

Iuly 2016

Number of Jupiter orbits: 33
Planned orbit altitude:

5000k 3 1000wl

Key instruments:
__|'|_l' |r'|'|.']|::||"" Jha e o i i e - =5

the harsh ‘radiation belts' around
Jupiter. Nevertheless, the
components are still expected to
fail after 15 or so months.

- Smaller array
Junao's third array has just
three panels, with the place
of the fourth taken by a
magnetometer for studying
Jupiter's magnetic field.
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Discover how this new generatlon of aircraft

help us venture into space like never before... '

a™ Getting into space is no mean feat.
Since the dawn of the Space Age we
“® have relied on large, expensive and at

times dangerous launch vehicles - namely
rockets - to give payloads the necessary
altitude and speed to get off our planet. Rockets
use a huge amount of fuel, they're not reusable
[hence their expensejand, perhaps most
importantly, they have been known to fail with
often disastrous consequences. But what if
there was another way to travel off our world?

The holy grail of space exploration has long
been to design some sort of vehicle that can
launch from the ground, journey into space and
return to Earth in one piece, with no
expendable components and minimal risk.
Space planes are one such idea that have been
touted (and partially tested, as we'll explain
later). They are vehicles that can take off from
runways, travel into space and return to Earth.
As their name would suggest they are
essentially aeroplanes, but with a key
difference: they are capable of operating both in
the forgiving atmosphere of Earth and in the
much harsher environment of space.

The first space plane of sorts was the rocket-
powered .'{.-15 jetinthe Sixties. It remains the
fastest manned vehicle ever launched and
performed what is known asa suborbital flight,
where a vehicle reaches the boundary of space
and returns to Earth but does not enter orbit.
Only two of the multitude of flights it performed
technically reached space, but it lent weight to
the concept of a space plane nonetheless.

Since then we have seen a tew other
pretenders take to the skies. NASA's Space
shuttle was a space pia ne in the sense thatit *
glided bacl to Earth after completing
operations in orbit, but as it launched on top ofa
rocket it was never regarded as a true space
plane. The Soviet-built Buran spacecraft
performed in much the same manner,

Now, in the coming years, we can expect to
see more genuine space planes, each witha
different design. The vehicle that has garnered
the most attention in recent years has been
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FIRST PRIVATE SPACEFLIGHT

In 2004, SpaceShipTwo’s predecessor SpaceShipOne completed the first
_ two-manned private spaceflights with pilots Brian Binnie and Mile
Melvill, scooping the $1omn (£6.6mn) Ansari X Prize in the process.

‘Spaceport vs airport

There are currently two major spaceports being built in
the USA: the Maojave Air and Space Port in California and
spaceport America in Mew Mexico.

Spaceports must be able to support the added force
associated with a space plane both at launch and landing.
Thus, runways must be reinforced and also longer than
conventional ones as space planes require a longer
distance to accelerate and brake.

Spaceports also need training facilities to prepare their
passengers for the rigours of spaceflight. Like rocket
Jaunch sites, spaceports benefit from being placed near
. the equator too. This allows the aircraft to get an added
boost from the rotation of the Earth, making it slightly
% easier (and so less costly) to reach orbit than if they were
launching farther away from the equator.

Syt

Spaceport America in New Mexico,
"USA, is where Virgin Galactic's
SpaceShipTwo will be hased

......
ay



Virgin Galactic’'s SpaceShipTwo, This rocket-
powered aeroplane is lifted into the sky by a
larger mothership, WhiteKnightTwo, before
separating and using its rocket engine to talee
six paying customers into space. Here, at a cost
of $200,000 (£133,000) each - although this has
recently risen to 5250,000 (£166,000) - they
experience six minutes of weightlessness.

It's not the only space plane in development
though. A company called XCOR Aerospace has
been quietly building its own vehicle, known as
the Lynx aircraft, which will be able to take
paying passengers into space. Unlike

Inside SpaceShipTwo

Dimensions
SpaceShipTwo is 18m
(60ft) long and has a
wingspan of 8m (27ft).

Elevon
SpaceShipTwo controls its

pitch and roll in the atmosphers
with movable elevons.

Cabin
The interior of SpaceShipTwo is

pressurised, 50 passengers can
enjoy space without spacesuits.

SpaceShipTwo it doesn't have a carrier vessel,
and thus will be able to launch and land itself
on a runway, bringing us a big step closer to the
true vision of a space plane.

But aside from taking tourists on out-of-this-
wiorld trips, space planes have another more
importantuse. It is expected, specifically with
future versions of SpaceShipTwo and Lynx (eg
SpaceShipThree and Lynx Mk z), that they will
eventually be able to launch payloads such as
satellites into orbit. To do so they will reach
their peak altitude before releasing a smaller

spacecraft, which carries the payload into orbit.

e

Rocket
SpaceShipTwo’s hybrid
rocket engine boosts
the vehicle for 70
seconds to reach space.

Window

Crew —
On board Virgin Galactic's
plane there are two pilots
and six passengers.

windows affords the
passengers a great
view of the Earth.

A series of reinforced

Thiswould be a huge advancement for satellite
operators, who at the moment must rely on
rockets to get satellites off Earth but, in future,
they could use aircraft at a much lower cost.
Space planes are also expected to fly
passengers and crew not only into suborbit, but
into full orbits around the Earth. One company
hoping to do thisis Sierra Nevada Corporation
(SNC) with its Dream Chaser craft. With funding
from NASA, they are hoping to launch this plane
asthe successor to the Space Shuttle. Travelling
atop an Atlas V roclet, it will be capable of
taling up to seven people into low Earth orbit

Rudder

The rudders can rotate S0
degrees into a 'feathered’
position to lessen the
heat of re-entry.

Glide

The carbon-fibre wings of
SpaceShipTwo allow it to
glide safely back to Earth.

Composition

The vehicle's chassis

is made entirely of
carbon-fibre composites.

MNose skid
The vehicle has wheels

and a front nose ‘skid'
for landing on a runway.

History of
space planes

How It Works picks out a few
key dates in the evolution of
space-faring vehicles
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1959

The first rocket-
powered plane, the
Morth American
¥-15, makes its
maiden flight.

1963

Pilot Joseph Walker
takes the X-15 into
space, making it the
world's first space plane.,

1988

1981

The Soviet-built
The Space Shuttle, Buran space
capable of taking a crew shuttle makes

its first and anly
flight into space.

and cargo to and from orbit,
launches for the first time.



(LEQ)where they could dock with the
International Space Station (ISS). This would
provide the ISS with another means of
transporting crews to the station aside from
Russia’s Soyuz spacecraft. Alter leaving the
ISS, the Dream Chaser will fly back down to
Earth much like a regular aeroplane.

Anather vehicle designed to take both people
and cargoe into orbit — but which is further
behind in its development than the Dream
Chaser - is the Skylon space plane. Currently
being developed by UK-based Reaction Engines
Limited {REL), Skylon could be a revolution in
space travel if it ever flies, asitis larger than
SpaceShipTwo and boasts a much bigger hold.

REL has stated that when Skylon lifts off -
hopefully at some point towards the end of this
decade - it will reduce the cost oftakinga
payload into space from £15,000 (523,000) to just

= L
Flying into space . = SpaceSHIPTWO == = s LynX
Virgin's SpaceShipTwo is The tail is moved into a
110,000m released from the . feathered position for
(360,000ft) WhiteKnightTwo g, re-entry to slow the
mothership at a height of descent. At a height of
15km (9mi), with its hybrid , ETer: 21km (13mi) it moves back
rocket engine propelling . The 'nl‘:Eh'I{:lE levels aut at 110km and SpaceShipTwo glides to
A0 3 TR (69mi) - officially space - where 3 landing.
(2,650mph). the passengers then experience
about six minutes of
weightlessness before the return
to Earth begins.
Q\ 1. Takeoff
,"'-"i The Lynx lifts off from a runway of its own
’ . accord. It climbs betwean 70 and 80 degrees at
54’5'““'“ ¢ \ a speed of Mach 2 for about five minutes.
(180,000ft) ; \
; | 2. Suborbit
: - The service height of the Lynx Mk 1is 62km
f ] (38mi), where the pilot and passenger will
_ .‘a v experience a few minutes of weightlessness, j,
! b Lynx Mk Il will reach above 100km (62mi).
/ "-. 3. Re-entry
.-' .\" The Lynx has reaction control thrusters that
,' 1 allow for a controlled, smooth re-entry before it
C '/. ".i glides back down for an unpowered runway
! '_. landing, ready to fly again the same day.
Om

|

2004

Scaled Composites’

space plana Richard Branson's

completes the first Virgin Galactic acquires Scaled
privataly funded Composites and then bagins

human spaceflight. work an SpaceShipTwao.,

£650 (Sggo) per kilogram, It could also transport
as many as 24 people off our planet at a time,
The vehicle will use a hybrid air-breathing
rocket engine to reach orbitin a single stage
before gliding back to the surface.

The goal of space planesis, ultimately, to
reduce the cost of going to space. While the
early flights of SpaceShipTwo and Lynx will
predominantly be centred around tourism, it is
fully expected that space-faring aircraft will be
used to take useful cargo into orbitin the
not-too-distant future. Making space more
accessible will enable us to operate more
efficiently in Earth orbit, while the tourism
aspect will help to fund those endeavours.
Indeed, companies like Virgin Galactic have
said that, while the first few hundred tourist
flights will be quite expensive, future tickets
should become much more affordable,

1hr

2008

&
ACOR Aerospace

announces that 2013

it will begin SpaceShipTwo makes its first
development of the  rocket-powered flight, a key

Lynx space plane. step to full launches.
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