THE IMPACT OF V/STOL ON AIRCRAFT CARRIER DESIGN .
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be litt1e doubt that the cancallation of projected Attack Careler CA-Lin 1068 andthe
& out the Royal Navy's seaborne tactical alr capability would have had the gravestof = - -

consequ ring the Faiklands erlsis, had it not been for the coming together of two significant events in - '
“the history of Naval Aviations the ordering in 1972 of the Through Deck Crulser, and the persistance ofthe .. ..
“Royal Navy in pressing home its case for seaborne organio airpower = which resulted In egreement in 1973t0 -

-proceed with an RN Harrler programme, . °

The sucsebsful blending of these two developments into what is now kriown as the Invincible Class of .
Anti-submarine Carrier has paved the way for the much wider Introduction of V/STOL into other navies of the

- Howaver, It should be remombered that the Tnvinolble Class was not deslgried ifrom the ground up! to take
""'V/STOL, and cannot; therefore, be considered as a true V/STOL Carrler, but as an evolutionary step along the .

 rond to V/STOL Naval Aviation, albeit a most significant one, . = ot
 This Paper denls with the Impact which the V/STOL aircraft has had, and will have in the future, on carrler
- deslgn, By wey of fllustration, attention is drawn to the part played by the authors! Company (VSBL) in the

" development and bulld of HMS Invinoible and Class and the unique insight which that involvement provided

~ during tho dovolopment of the Company's own Privato Venture V/STOL cartier designs. -

1, . INTRODUCTION == i ‘Modern alreraft can carry e wide range of weapons
N D and stores, which enables a small mix of these

nt fof Alr Gapable Ships - alreraft to perform a wide variety of roles, -

Includingt -

" Por many Yeors now; major maritime powers have -

- vealised that tho exeroise of sea power should be “reconnalssance and survelllance, -

- supported by the use of alraraft at sea. Experlence ‘engagement of sea and land targets, - - -
" has taught that for successful seaborne surfede “engagement of hostlle and shadowing afrcraft,

anti-submarine warfare, using large helicopters,
[ ‘1anding and recovery of ground forces, -

operations; air superiority must be maintainedin
" the operating area. This can be accomplished by the
. use of land~based aircraft but, as was demonstrated
- during the Falklands orisis, It operating at large . acetime
. distences from friendly bases seaborne air cover Is o transpofty ot
R T T In addition, the aircraft earrler, ag probably the
“-Whilst it Is well known that hellcopters canbe - largest vessol in the task torce,_ig__llkel{‘ tobe
.operated from many different types of vessel, the . . ‘the Command and Coptrol Centre for the force;
* ability to deploy, simultaneously, more than one = requiring extensive C -{Command, Control and
_-kind of aireraft, in suffiolent numbers to maintain . Communications) equipment, * L oo
- contlnuous operations for a sustalned period, =~ LT s AR T
- “requires a purpose-built vessel. Thisjs "= 0 Thus an air-capable ship is able to provides "~ &~
- particularly trie when fixed-wing aireraft are used T e L H T S
" in eonjunatlon with large helicopters, such as the - air cover for the ships of the task force,
CBea Ring e e e T - command and control of the task fores, and - -

search and 'r_'escue,"and S

peacetime tasks such as rspn:ne'_l or @-_nsualt’y :

LEET I TS B T

- support to an amphiblous assault, -



o :'-':':-:'__1 2 f. lrm'aft Carriers : .-

..:;__ "j.'me flrst recorded use' ofa shlp as a platform for-
"the deployment of aireraft was on 14th November =

.8 'temporary platform attached to the bows of the -

- American Light Crulser 'Birmingham'.. Two months
“oio later he landed a similar plane on a 120 ft -
: _-;-'platform over the stern of the USS 'Pennsylvania'
~. 1. using a wire and sandbag arrester gear, Both or
-, these flights were carried out with the ships at -
S i_?lr;czor ‘and used nn nlrrield at one end of the X
gt--.--

Unhappy about the' Iarge deck aren required for take-

7 offy the Amerjcans devised means of saving space by -
- using compressed alr to’ catapult a
- -bows of a shipy and.
s ooafter it landed.

The introduetion of
, gs lead to further saVing of -
spaco. Similar axperiments were carrled out by the
_:.Royal Na ‘with ramps and catapults. _

e outbreak of w«;rld War 1 the advant&ges of
-~ operaling aireraft with the fleet, principally for - -
‘obgervation and. reconnaissance, were realised. This

- prompted the Admiralty to rapidly commission the -

"o eonversion of ber
T plane carrlers ols were equipped with'
Lo lerge hangars and alreraft handling eranes, but had -
1 no flight decks. The first purpose-built seapiane

- earrler for the Roval Navy was the Ark Royal, -

i )aunched in' 1914, These vessels saw aotion at- the
“ Dardanelles, where their seaplanes were used as -
“spotter aircraft during bombardment; and were able
0 sink & Turkish merchant vessel using. torpedoes. _
* Also, observations from the seaplanes of HMS

_Bﬂttle of Jutland In June 1916. e

_Despite th' se_sucoesses, the poor performance of R
.. seaplanes when compared to wheeled aireraft, and the -
- requirement of -calm water aplana operations .

‘latinch and rocovery of wheeled alreraft. The -
“world's first flush-decked Alreraft. Carrier, HMS - :
“Argus, converted from a merchant liner, was S
“eommlssioned just 0 1ate to see actlon ln the e
‘First W d.Wars SR

) Between the wars, the major navies of the world
"> began bullding Alrcraft Carriers in slgnificant -
_numbers and which evolved into the con\rantlonnl

isiand superstruoture to starboar

kE Ipl e,s __efore and during
- the Second World War led to the adoptionof -~ .t
~catapults on the forward part of the filght deck. RO
- As the speed of ajreraft Increased during the second n
World War; o the advantages of bigger ships with ..
tonger flight decks became clear, Thus the Ark -
‘Royal of 1938 displaced 22,000 tonnes on an overan
length.of 244 metres, while the Eagle of 1052
?isplaced 44, 000 tonnes O

-+ 21910, when Eugene B Ely flew a Curtiss biplane from - sae.

Qgp}ane from the 9 _...‘::.:.‘_:_, .

erchant vessels to sea- oA

- +»Engadine wera instrumental in bringlng about the _

“Alreraft Carrier form with a flat through-deck and _

7 meires overail length fni R e

_ Vnriatlon of Carrter Displaeement
' wlth Date ER

: 'rhe advent of the jet airoraft in the late 1940s and
"early 80s would probably have: -signalled another step _

‘Ingrease of slze, had ‘It not been for three Brltlsh

"_f‘_developments. :

" Pirst, the angled ﬂlght dook; whereby the .

4 Tanding alFeraft, should it fall to catch an

‘% arrester wire; is able to take off again over-
-“the port bow and come round for another try. The

" angled flight deck also enables a larger deck

-park! to be used without the risk of an -
_“alreraft, having missed the arrester wires,
o ploughlng lnto the parked a!rcmrt. o

" Second, the steam catapult, which is capuble of
. Imparting a much greater velooity to the '

SR . S -aireraft than the previous hydrauiic, pneumatie
“ - led to the development of vessels capable of the .~ .~ * = . % e -

~or.cordite propolled catapults, and finnlly,

o .:'mlrror land!ng slghts and audlble al speed :
-indleators to ald the pllot In making his
N .-_approach. S

Even so, “the. prolifera.tion or the alrcrnft earrler's P

. roles, plus the desire to be able to cariy a gréater
“number of higher performance aircraft, :
- “larger, mora complox, und thus. mor_ e penslve, e
'_Aircraft Carriers. - S KSR

hasted to

o cammmrms op ws'rox, mcnm

- V/STOL fightor tho. Harrler. followed by the Sea
7 Harrlery brought about a now ool cept in nlrcraft-
' --.:_-_oarrying s‘nlps o Ui NS




S represents abou
2 dlsposable loa

2oof run

1t Is oW posslble for almost any shlp wlth a ﬂlght

" deak to deploy these alreraft In the YTO/VL mode,. As

"~ was shown by.the emergency landing of a Sea Harrler
on the Spanish Merchant Ship Alraigo in June: 1983,

" all that i8 required to land a Harrler is a flat -

" drea of about 7m radius, clear of any. obstruetlon Y
"/ "Thus it is possible for almost any vessel in the -
d-wlng t alrcraft capablllty. DI

By fleet to hnva_a fixe

e 'Howe\'er, a8 stated by Rozard (1) the dlsposable load
that may be lifted by the Sea Harrier in VTO mode, j

ust:to 2,200 kg, This -
the aircraft's maximum -
amarkable achlevament.

-’15 limited by engine t

In short take off (STO) mode, the Harrler's wings :
o produe? sm ‘additional 8 kg net lift for every metre -

_ 'S0 to }ift the maximum disposable load -
" of4;500 kg would require an'STO of at least 260m. "

“1ift the payload but also to accelerate ftinan '
‘upwards trajeotory requiresa clear STO Stripof .
‘some 360m; The height above sea level of a ship's
deak, and the Jack of obstructions In the . .'3 :
ows the afroraft to lfﬂve the deck In Jovel.:.
-flight. In addition," ‘Fozard '#/ has shown that the.
“deck run on & ship may be reduced by 3,3m for every
not of wind over dedk. :Thus.with-a 25 knot wind .
over deek, & Sea Harrler may lift its maximum o
4,600 kg } df mudeckrunorlsom. S

he orepoing ﬁgures show that for. the most cost-

iaximum range and military load, requires a shlp -
Ith & through-deck "ather than a halr-deek ship of

: Ski-Ramp

_3,- Taylor. @ proposed the idea of. uslng a.
amp.at the forward end of anAlreraft Carrler's

sraft on take-off. ‘The afreraft is then launched
tall alrspeed, accelerating while it follows
allistia trajectory, to achleve level flight
ime it has deseended to’ approximately flight .

eory, this &pproach could be appued to any :
) ‘aircrafts but the sub-stail. contronabiuty
e Harrler-type afreraft, together withits -

augment wlng llft wlth thrust, makw thls .

the adverse effect on pilot morale of

tive rates of elimb at low altitude, .+ .

1y after take=off, the trajeetory now aimed for

ki-ramp take-off is one.that is always :
with a point of inﬂeetlon. '

Inoluslon ofa ski-ramp ereates the R

ity 'f_elther inereasing the payload earrled
oraft on an STO of glven lengthyor =

ing the required deck iun for a glven payload.

ition, the ski-ramp improves operability In

8. slnee the inltial trajeetory ls a!ways

“On land, in still air, the requirement.to not only '

{footive operation of V/STOL Alreraft, to use their =
" . the threé-rajl ramp proposed by Fozard

ht deek to impart an.upward momentum to the i o

: _upwards, even in stgnificant bow-down piteh, and
“improves safety, giving the pllot more time to eject

in the unllkely event that thrust ls lost at take* :

ofte

B ’I‘o-date, ski—ramps have been generaily of clrcular
.are profile, and. suecessful launch has been aehleved :
:at Tamp exit angles upto 20 degrees on land, 12
" - 'degrees at sea, ~The minimum radius of curvature of

the ramb s Himited by the reactlons on the uix-craft

: _undercarriage, due to centripetal nceeleration,” A -
. 'ramp of 20 degrees exit angle and 150m radius of .-
" ourvature. would need o be some 50m long and extend
: _to a helght or nearly sm. -_ g

'-From a Nava] Archlteetural point ot‘ vlew. although a:
' shallow ski-ramp may bé ah advantage, giving &
" pleasing sheer forward, and reduging deck: wetness, a-
‘struoture of the dimenslons given above would cause. '
- difticulties with regard o the view: from the
" -bridge, arcs ‘of ‘fire of weapon systeins,’ turbulence

on the flight deéck and ship handling. in cross wlnds.

"1t would also take 1p a large amount of flat-deck
.Bpace otherwise available for hellcopter operatlons
-_and aircraft parking. _

'However, it should be stated that it Is not .

" necessary for the ramp to be an exact tangent to the
~flight deck at the point of intersection, ‘A
discontinuity of less than 1 degree, or & slight
- step, may even be an advantage to excite the

. undercarriage and help it to funsticki, A posslble

solution, to at least some of these problems, would .
be the use of a lattice ski-ramp, perha milar to

but this
would haVe its own dlsad\fantages. : R

The prcfile of the ramp shoutd be a smooth
‘continuous curve wltlaout peaking' due to transverseé.
‘welds and structure, which can set up vibration fn

the undercarrisge. -A 1et-down section, at 4 degrees
below the final angle of the ramp, should be

arpanged to ease the compression of the
- ‘undercarriage. ~After that, the end profile can be

of any reasonablé form, having tn mind the alcflow -

- over the ramp, which should be as smooth as .
‘practical. "Various forms have been used for. this

tnose'; but It should be remembered that, unlike
conventional Alrcraft Cacriers, the ship need not
necessarily be headed into the wind for take-off,
and henee turbulence. arisés from both the end and
the sldes of the bow and ramp.

2.3 E!'fect of Head Seus on Aircraft 8TO
o Performance - .

'I‘he milltary worth of an aireraft earrier ls largely
dependant upon its ablllty to deploy its aireraft
safely at-any time, in sea states likely to oceur in

jts intended operationsal area,” One way of measuring
this worth is by predicting the probability that the
effective afroraft launch bow-down angle excceds a
pre-defined lirafting value: In the case of V/STOL
aireraft carrlers, the predietion method should,
ldeally, tuke account of: : :

- aireraft take-off performance var!atlon wlth
all-up welght, runway length and wind over deck;



i d_ o t angle of the ski-rarnp;

the ship's motlon characterlsties at all
-head(l!ngs and signltieant wave helghts nnd ship'ae :
. speed) :

: the sea speotrum approprlate to the shlp's f o
' operatlonnl areny :

: " These raotorsl have been incorpomted lnto a computer K

o programy which was developed by the author's .

. Company, to evaluate alreraft latinch effectlveness
Cen wlth varylng ahlp and a!rcraft parameters. TR

S jA typical sat of results from thls program ls

- presented in Figure 2, which shows the varlation of
.- aigniticant values of ship motions at the. forward .

~~end of the flight deck, with significant wave . "

-~ helghty ahd Figure 3, showing the probabijlities. that

. the initlal filght trajeotory will be greater than,

R ~:7or equal to, 2 degrees down. From. Flgire 3, the - :

- " mprovement in flight safety obtained by ehanglng

- ._'_the skl-ramp exit angle may elearly be: seen. i
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E' ect of Ramp Angle and Wave Height
“on'Inttial anht 'I'rnjeatory ln S
l{ead Bena EY

Uslng Brltish Aerospace data on rates or ohanga of_

" Harrier Launch Speed with pitch engle, piteh -

velocity and heave velocity, the program may also be-
usad to determine safa Harrler operatlng envelopes :

Fiight Deck

: From the nbove diseusslon it may be seen that to :
~ operate a Sen Harrler in the YTO/VL mode, requires, .

*.. fn theory, a flight deck of minimum 7 metre radlus,

- but which glves the ablllty to deploy only half the -

—to '_aircrurt's maximum disposnble load, 2,2 Okg.

: -In STO mode, aircraft payload may be lncreased by
8 kg/metre of deck run, ‘A wind over deck (WOD) .
- allows the deek run to be reduced by 3 Sm/’knot won,
nt a glve payload.

S "A iB-degree skl-ramp auows &fraft launch speed to S
s be reduced by up to 111 lmots. e




uffeting of the deck Is | i
- cause damage to equipment in the vielnity, - Rein and
Ryan 9/ suggest the tse of a water-cooledgeid - -
. incorporating a hold-down device for defleating -
" exhaust gases overboard during engine run-up, . -

"= to reduco danger to personnel and alroraft and
- the risk of ingestion of debris from sabots,

IWS must ot f

“ = to mintimise damage from aireraft exhausts, the

hould bé

o CIW8 well alear of the alreraft run-up.

' Thess requirements tend to suggest fitting the CIWS
~on sponsops below flight deck level on each side of
" the ship, clear of the landing and take-off paths to

.. ‘avold buffeting vibration and damage. For these -

' ‘reasons, coverage of the port side of the Carrler Is

" diffieult to achieve, as sponsons below flight deok

. lavel ean be very ¢lose to the waterline, Coverage .
. of the starboard side is easler, as mountings may be
“ placed ony or forward of, the island steueture with -
“ ares of fire to starboard from ahead to astern. An
~‘alternative solution may be to fit a vertieal launch
" point-defence missile system, taking up a minimum of
- valuable flight deck area, - oo L

" In addition to the flight deck arfangement, the
“‘maximum ship size may well be governed by the -

Hangar

~."~hangar arrangement.  Clearly the hangar, plus filght
" deck parking areas, must be of sufficient capacit

" to.accommodate the required Air Wing.: Altho’ugi‘:_ the .

" stowage of alreraft on the weather deck for =~ -
‘prolonged periods of time might be acceptable in -

. wartime, this practice, especially in smail ships . . -

- ‘Also, owing t < perationai re
- of this type of vessel, it would seem prudent to

. :make the hangar and lift arrangement compatible with
* large helicopter operations, eg Sea King, RH101,0r .-

» Weapons on Flight

with higher probability of deck wetness, Is not to

" be recommended. - Also, to maintain sustained ajv .
‘operations, facllities must be provided for rapld -
refuelling, re-arming and maintenance of aircraft,

* Ajthough relatively small I size, the present . © °
gene

ratlon of V/STOL Alrcraft, the Harrler.and Sea

" ‘Harrier, and AV-8B, do not incorporate folding -

wings, and thus require a rather large hangar deck -

_area and alreraft }fts, particularly asftis ..
‘desired.to move aireraft past each other in the

- hangar at sea, This necessitates a hanger widthof . -

-~ at least 23m, to provide the negessary olearance for
"'Sea Harrlers. If alrcraft cannot be handled In this - . ..

" way aircraft operations are restricted, particularl

1ift Is operating, es serviceable . - "
n be Tocked in' by unserviceable ones, .. -
to the diverse operational requirements.

Chinook. Carriage of such helicopters may well
govern the height of the hangar, as the V/STOL : .

- alreraft itself s relatively low, = -

‘A further consideration Is tha arrangement of the -

magazine spaces, so that the airgraft weapons may be
brought to the hangar, or flight deck, and be loaded ..

onto the airoraft with the minimum of delay...
‘3.4 Other Considerations
- As has been shown, wirid over deck - although of .

advantage - is not as vital in Y/STOL operations as

it I3 for conventional fixed-wing Alroraft Carrlers. .
. - Thus, It is not normally necessary for the V/STOL

"~ ‘Carrlér to have the high top speed, 30+ knots, ofa

“conventlonal Alrcraft Carrier. This can represent &

- very significant saving {n terms of welight, space .

“and expense 1n the machinery arrangement, ‘In faot,
. a V/STOL Carrier can launch aircraft In harbour, or .

even over the stern,

' he seakeaping performance of the Carrler Is also -

very Important.  Large ship motions and deck . -
wetness, as well as limiting flylng operations, can
also lead to efrcraft damage durlng handling, both

“on deck and fn the hangar, and hamper afreraft =~ -
_‘maintenance. Comstock, Bales and Gentile \*/ have

shown that V/STOL air operations are seversly .. -
limited by seakeeping performance, at displacement

‘much less than 15,000 tonnes. . Thus, seakeeping may

be a significant factor in deciding the minimum size -

of Carrler,

Stabllisers can be very effective in reduoing roll,

‘but piteh remains a problem ~ 3 degrees.of roll or

piteh Is abolit the Himit that can be accepted for
aircraft handling on deck or In the hangar, -

4.1 volutionof Destgn .~
‘The evolution of the design of this vessel, the
first of a new class of very signiflcant warshlps(

for the Royal Navy, has been well documented n,



S capabla ofs

' pg & 19,500.
-"-'fﬁ'feawres necessa

: '_.":':Se& Dm't

RES -_:As or!gina}l esignied
f close-1n weapon system, relying on S
3 was early reallsed that it VIBTOL aircratt were

. The orlglnal Na"‘ 1 8ta t“r'fe'c'ju'hf_ément_ w';as-fqaa ;e;mp

: 'cammand and control of a large Asw force,
. lnciud!ng shlps, submarlnes and alrcrart; '

L= pro lding 8 fored of 1arge Asw helicopters (Seal_ '
. King or replacements); - o -

o ;-'provlding & conteibutlon to area air_det‘ence.

N Spe itically, the: ‘design eah gar.
- -capaolty for: nine Sea’ King helieoptera, and three
- helieopter operating spots.” Thus the désign evolved -
h through deck, Island ©

starbogrd a

ady given, the design had basio -

: ¢ y for the deployment of V/STOL '
“ajroraft, a_l,thongh this was not an orlginal - :

- requirement of the deslgn. For Aren Air. Derence the

~-superstruct

g 1976, by wihich time the ship.deslgn o woll - s

L “advanced and the order for the First-—of-()lass had
- been placed with Vickers Shipbullding and

- Engliicering Limited, the Sea Hnrrler was uppmved

_..and formally incorporated into the Invinelble .
. design. Later, a ski-ramp was incorporated and this
' ..was eonstructed oh the forwatrd end of the flight -

“deck after Invinelble had been launched, The ramp -

a ~“7'exit angle was llmited to 6 degreés;sonsnotto -
- impalr.the ares of fire of the Sea Dart Launcher. On -

the third of the Class, Ark Royal, the Sea Dart has -

1012 egre'e She Is the first RN smp to bave an

N the Invinolble Class dld not

. carry any fo
" her aircraft, Sea Dart and escort vessels for

s defanca, lowever, after the Palklands conruet, =
“* “Phalanx CIWS have been added. ‘Invincible and -

- Hustrio i
o e ward but Ark Royal incorporate_s a purpose-‘ :

. designed sponson aft, and one additiona mountlng on .

: f___the supol 1 tiring to starboard

S .'l‘he Invincible'ICIass are handsome ships 'Of & size

¢ with L ht Fleot Carrlers of the World
(Figure 1), ' Thelr COQAQ propulsion -

SR maehinery %3 been descrlbed n detn!i by McKenna' -
e {and _Rogers :

) 5 of !nvine

i '.'rhe Invinclble Class have proved a resoundlng

“slteeess for the Royal Navy, During the Faiklands -
" “eampaign Invineible broke all records for. continuous e

. Carrler oparations - spending a total of 166 days -

L continuously at sea, a great tl'lbute to those who

" However, these ships were designed to. carry out ©
- 'specific operations in a NATO theatre of knd b
were not purpose-designed to carry V/STOIL ireraft,

a below-deek hangar. -

In this context the hangar and lift arrangement is
far from jdeal for V/STOL operations, In

“particular, the high standards of construotlon nnd
"extensive C¥ eqilpments on the Invingible Class -

mekes them relntively expensive, and probably beyond

-.the reach of mnny potentlnl export customers; :

. ';As a result of in—service experlence, the Royal Navy
have biiit many improvements Into the Ark Royal,
" third ship of the Class, and it is understood that -
- many of these will be retro-fitted into the earlier
-ghipa.: These lmpro\'ements fnolude extra.

accommodation and rearranged workshops to sult a

‘revised aireraft complement, using the empty spaees

in the upper region of the hangar. Also, 8 :
. closed-in Porecastle Head, as well as the CEWS e
' lmprovements already mentloned, have been fittecf. :

--_-_'5. 5 AiRCRAFT cAmuua nnsmus ron '

EXPORT S

.Durlng the build of the Invineible cnsss it was

realised that a consldorable export potential -

- existed for the replacenient of World War II vintage
_ llght i

t carriers, then In service with a number
s navies, To meet this need, the Authors'
barked upon the development of nlrcraft

-earrier deslgns. ‘These designs were direated -
" “towards a number of potentlal custormers bt Canada,
~Australia and Argentina have, for one reasonor =

e been sitioned and the ramp exit angle inerénsed” . “ariother, ceased to be Interested,  These designs

will be deseribed briefly below, though not

-neeemariiy ln chronologioal order. SR
-_5 1 Invlnelble Varlatlons

to be operated from these ships, the restrioted

- width of the hangar, which dogs not allow two Sea
. Harriers to pass each other, would be a dlstlnet T
. disudvantage (Flgura 4). S A D

ihle Class for Bxport o

: Figure s

- ”"1 i e

: fb‘l_ : I“F“l"

HMS nvinolble




. -At the same time; inv
< alternative forms of pi pulsion machlnery, incluﬁiins ‘
..gasturblnesnnddlesals"_ L R

. sereen '

. range

S .rea!lsed that the V/8TOL eoneept had a future ln
o _Mmltlme Wartare. S

o lt was found that, by uslng the lntest type of spray
‘eliminators and turning the plenums of the ajr - -
: urbines to give the greater

AH gas
.dlmensions fore nnd_aft; and with a minor. lncrease

uld be possible to stralghten

3 the hangar 16 allow ¢
gations were made into

_Flgure 5 VBEL Moditled :nvinolble B
“Ab the V/STOL alreralt would provide th pirlmary

defence of the ship against air attack, the Sea Dart
_“mlssite systom was eliminated, a CIWS system belng

.Titted for defonce agalnst sen skimmers and anything
" else that penetrated the carrier's primary detence

= ‘Purther sav;rga'coum be mada in 03 taotifties it
- the vessel were to be operated asa pri\.'ate shlp.

o Investltgationa Were also made into’ 'nereasing the -
or countrles whloh have Iong coastllnes and

'Desl of this éoncept started in 19?? when lt was

‘alreraft to pass (Figure B, -

mgum s Artist's Impresalon of the Maeshlp

Various cpncebts were examined, lncluding one wlth a

centre Island and two runways, one on either side of
the island (Figure 7), thus avoiding carrying the -

- gas turbine uptakes and intakes across the ghip, &

contiguration which uses valuable volume inside the - -
ship. However, the concept finally declded on was a

© 13,000-tonne ship with a conventlonal side fsland =

and IMegree skl-ramp, having dimensions: .
R 181, om'

- -Lengthoveran R

- " Length, waterline " 165.0m
‘= Breadth of Flight Deck : _33 Bm ..
= Breadth at waterling - _25.0m
- ‘Depth to Flight Deck . - 18,05m

Deep Draught (excmc_ung bome) C60m

pigure T Maoship Layout - Coneept 1



' instance, In the basic ship only

- The alrcraft eomplement of this deslgn is nine Sea o
- Harriers with six Sea King Helicopters (these ' -

. .numbers could be increased fn Wartima).” Propulsion

is CODOG, using Olympus gas turblnes and medium-
ngines driving twin gerews.  With this
‘maximum speed of 28 knots cotild be
crulsing range on dieséls would be
iIles e\t"T lg knots. T '

2l aie strike agalnst land and
marit!me reconnaissance nd survelnanee,
.of

e {taotical and loglstio supp t to ground toroes, A
- .eommand, control and eo—ordinatlon of sea, afr

. lised that by '
- system of contalnerisation and ‘add-on module:

- ‘would be fitted: An aft end add-on module would -
. then allow the. sh!p to be built:up gradually. to a :
-full capability = and ineorpomte addltionat or.

g ."alternative roles. e :

EPRS

Flgure 8

S ’I‘ha number.of almraft cotld be as higha :
- " 'Harrlers and two.Sea Kings, with a complement of 760
. men In the fully-developad versto : :

Vlckers Versatlle A :cratt carrler o

"I‘his philosophy led, in 1979, 1o the development of -
V/VAC (Vickers Versatile Aircraft Carrier), which -

was a vessel of 13,000 tonnes deep displacement, and

“propelled by medium-speed diesel engines, deiving
- twin serews,” (It should be noted that Y/VAC was so .

named before the Versatile Corporation of Canada

~took over the old Vickers plant, and is not

connected jn any way with the Wickérs Verséfiie‘ o

- Corporation of Canada.) The ship would be designed
-to Merchant Ship standards, except for essentlal
- ‘naval features. o

Dlmensio?_'_ are: R
~184,76m

- Length overall S :

-~ Length, waterline - 173,75m
= Breadth overall . - :35.6m
= Draught 6.0m -

: The use ‘of diesel englnes, although Increaslng the
noise signature of the vessel, increases the range

o 10,000 pautical nifles, which was considered an

: advantage for the duties envlsaged. D

The shlp looks llke a small oonventional nircraft

“earrier with an island superstructure and 10-degren -
L ski-ramp, however in the basic version the ship has :
@ cut down stern and only one aireraft lift. The -
- 'quarter deek {from which hellcopters can be

operated) is reached by doof's at the aft eénd of the

hangar: 'The most unusual feature is, however, a
.-container. hold for 32 ISO contalners forward of the

Island, provided with the necessary services so that

. the ship's role ean be changed readily.: This would

- . jmply, of course, that the operator of the ship

. wotld have to stockplle contaliners outfitted for the
various roles envisaged, and arrange to ship them in

a’container port, as the vessel would not have her ~

" ‘own handling arrangements. _These could be nrranged,
o but to the detrime N

f some of her alrcrat‘t B

. 'The fully-developed verslon has a stern module .
©-fitted and o second Mft, ‘A stern or quarter ramp
" “could also ba fitted in the stern module, thus

. facllitating_the embarkatfon of alreraft or mllltary .

“The desig‘n is floxible enough 50 that It the forward ,
" “container hold is hot required the hangar ean'be’
.-eapried through, thus allowing for extra afreraft to =
- be carried, “The ship would then be configuredos a

ntional Aleoraft Carrler, but diesel propeﬂed. .
12 Sea

o _As with the MACSHIP the ship's primary defenee would
_be In her alrcraft, but a CIWS system would be s
fitted. L




L!ght

: '_!n wsz, after the transfer of Ivinélble to
+: Australia had been cancelled, the Royal Australlan -
" - ‘Navy decided that a new Carrier would be built to .

20 this country to eollaborate on a Carrler des!gn L
7 'whieh would satisfy thelr requirements. SRR

Plgure 9 Light Pleet Carrler

S 'f‘his move. by the Royal Australlnn Navy trlggered off
. thae development of the Viekers Light Fleot Carrler.
© " ‘Unlike the previous designs developed by the -
' Company; the Light Fleet Carrler was developed under
. @ unlque working relatlonship whereby the full .
. welght and experlence of the Royal Australian Navy's
“ . Lialson Team was brought to bear, This team -~
- provided the vital ingcedients of knowledgeable .
.. operational and technical expertise Ina menner .
- unique In a Shipbulider-to-Navy relationshipand
: deser-ves to go on record as a significant
n_t'. Within'the. short gpace of some five

" :'eompleted. :

e VSEL record thelr gratltude to the Liaison Tedm for
. -their knowledgeable, enthusiastic and unselfish
:.comrlbutlo'ns, and thank the Royal Australlan Navy

o 'The Australl Navy’s operntlonal requlrements were, .
- from the standpoint of past Alrcraft Carrler '
-~ designs, unusual. Bacause of thelr long coastline
- and long-distance patrols in the Pacific and "
.. “Southern Ocean, extramely long range was requlred.
= cotipled with the ablllty to reruel and resupply

'-*_-__-:-_esoort shipa. S

* replace HMAS Melbourne, and a team was sent over to

. At this time it was also reallsed that the amount of
- 'money available would be limited; so a dual nppz-oaeh :
-wag enlled for that would provide for.tha bullding

of a basle ship with the in-bullt nexibllity to add -

. 'sophistieation on later. -t

' .'_Various azternati\m deslgns were examined ln order
" to'reach the final compromise, which Was a ship of

24,000 tonnes deep disp]aeement, havlng dimenslons

of: R

- ._Length overa]i 203, Om o
- Length, waterline : C180,0m .

~ " Length of Flight Deck '_ 184 Om -
- Breadth at Waterline “2dm

- ' Breadth of Flight Deck 36 am

= Draught 77m

: ’!‘he functions or the ship were to be:

- Z:‘Deployment or aircraft for anu-—submarlne .
.. operations ~ fighter protection with strike * -
..capabllity against land or sga targets nnd o
. “reconnalssance.. . '
~ Provide bunker!ng capacity for assoelated Nava! ‘
- vesgels, -

=" Malntain bpei'atlonal qontrol and dlrection of

aireraft, =

- 'jAct as Cornniand Centre for a 'I‘esk Force. '

' ‘I‘he basls for the hull form was the Llner Bmpress of ..
~ Canada, with the power increased to give a service
speed of 24 knots under tropical conditions, The =~
- propulsive power was provided by two controllable~
" piteh propellers driven by two LM2500-30 marine gas
~ turbines (these baing common with those fitted in

other ships of the RAN). The range at 18 kriots in

tropleal conditions would be 5,000 nautical mlles.
wlth a margln of tuel remalnlng. e

The STO runWay was: arranged on the port side of the
flight deck, terminating in'a 12-degree skj-famp to

_enhance V/STOL aireraft performance. A fuel o

replenishment rig was located outboard of the

" Island, plus & fixed high point for reception of

Hquids, The alreraft crane provides a third

“replenishment high point, s Is usual In Cnrrlers. N
" 'There wuuld be a light jackstny ln addition. o

2,500 tons of fuei, plus appropriate quantitlw of
afreraft fuel, fresh water and sto;-es, were tobe

'carrled for escort replenishment.

The vessel was conflgm-ed to carry a normai

“complement of elght V/STOL alreraft and nine
‘helicopters, Allof these airoraft could be stored -

in the hangar, there belng room for four of these
forward of the forward alreraft Iift, for =
maintenance olear of alreraft operation, The
alreraft lif{s arc of the conventional chaln- - -

“operated type, using electrle drive and are sltuated

olear of the STO runway, 80 as not to inhibit fiylng
operations in the event of any e jammlng. i



I quarter, thus glvlng nearl_y oli-round ‘
it ha mln!mum numb 'of mountlngs.

“of Shipplng, except for speoiﬂc e
ity Accommodation was p _'vided for a
of 998 officers and. men.

N Unfort "':ately. despite the great hopes for and .
"~ confidence In this design, as happens with many

‘- 'major projeats, together with HMAS Melbotirne and het' .

he reasoessment

| - Fleet Alr Arm, it did not survive

- Anumber - 'trled durlng and

" since the- Falklands oampalgn, the most hiotable of .
- which was ,to_ utfit merchant ship_s usir _ntalners
2 : : nt to

R _ndivldu loo' tatnors leaked, securlng arrangements
B @ and s tacks of them did not provide &
: ition, the S

E would be to provide purpos "'-buitt structures or.
LY: ible, ple  them bolow

i -f':{Most converstons'o_f this typo have beon as
8, though of course if the
ormance as ociat_ed with vertical
re

. operated fro
Reliant, which is baing

ngorj term;. Fotlowtng '
as a need for a

sion of the 2?,000

ed 'ﬂight deck, -

ving’
portability, and access into the ship's Vortlcally
subdivided hull has been hampered, denying the -
g 'votunble bulko-oarrying -

ta!ner ship Astronomer SRR

This ship has, however, provided many pointers for

o ‘the future and it is understood that the new. o
' '_'Atlantlc Conveyor hag bulit-in features to enable e
: _hor to assume a similar. rolc it necessary. L

ther d éiopment along these fines is the Alr

3 'I‘raintng Ship Contender Bezant -a twin-screw- RO-RO
_Contalner Ship of 11,445 gross tonnes.” Onge more, .
“ her primary duties are to be as a Helicopter
. “Training Ship, though the hangar Is slzed to accept
‘Sea Harriers for limited airborne operations or for
) ferrylng purposes. - Conversion work is extensive,
more so than Reliant, as the ship is to be
*‘permanently éngaged In her new duties, Studles of

merchant ships for this role revealed that very few.

“were suitable, by reason of age, speed, and -
."vulnerabillty. S _ B

Cooslderlng tho sohemes for V/STOL Corrlcra, the

..SCADS System = which follows closely the lead of the
"ARAPAHO Systom, has been widely publieised. This -
“‘coneept is designed to have a ski-ramp, though ..~
.“achievement of the close tolerances on contour of - -

. this would be difficult to achieve, or some =" "
- degradation of the oapabllity oI the olroraft wouid :

' _have to be accepted. R _

S 'f.Various 'garoge' sblp concepts have been cxomlned, o
. ‘where a merchant ship hull {s outfiited to aocept
_ ~alreraft which would then be controlled by naval
. “eseorting ships, In order to furnish convoy -
_protection. One of the most promising of. these was
. “the converslon of a 100,000 tonne Tanker {of which
_at the time, there were plenty on the world market’)

- which of course, provides plenty of ¢ open deok spacc
- _'and cloae subdlvision. FL _ S

ceot of lauoching aircraft from. oranes

" extended over the ship's side Is not new, As early

.48 1914 the Russian Navy was proposing to launch
- seaplanes by

" booms ex

S U111 speed into'the wind (
- pravides for limited. air-capabillty in smali ships .

hanging them from electromagnets on

ending: outboarg while the ship. steamed at .
The Skyhook concept

and, it is belleved at the time of writing, will ba

“the subjeat of a separate paper. -during this
- Symposium, -t Is not considered to be dlrootly
~ " applicable to Alraraft Carri
" “eonceivably open deck area

- deslgn, although N E
uld be reduced by .
t_,from skl-r mps or catapults anci

ugh wtth someone butlding such a shIp

s _'for aireraft operations, cannot be teo far distant, =
" ““7The ability of this type of ship to maintaln speed .
.. :with reduced ship motion in bad weather, and tho

-~ flight deck area available in such ships, make jt -

. - *.“most attractive in the context of a convoy esoo ,_ e
: f_or other alrcroft operations. SRR e




‘The mnjor dlsadvantage arlslng from the Swath
conaeept are those of expense; damaged. stabllity and .
draft, It s likely that such ships will be " '

deep water ports, unless some means of reduclng
“’draft for entering and leaving harbour ean be -
employed, This could bs achieyed either by -

Sea Sulky coneept

_s damage control problems. RN

‘use at sea will depend on the demand and the -

ns Jarge as existing alreraft 1ifts will take, and

even then th craft has to be carefully -

positioned diagonally on the lift. While the -

wing=span may not incréase, sueh new afreraft are

' Hkely to be heavier and need yet longer runways -
than the present generation, - This again wil imply

stronger flight decks and ski—ramps to obtain the

st paylond. RN _ :

Altogether. the t‘uture is interestlng,
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