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FTHERE ARE Do views ds o whiat constitutes the most effective wing rocking. and the aircraft is apparently unstallable and
[ configuration for a high=speed. high-altitede air superiority i .!*-:'-.':.‘.I'- spin-resistant. As demonstrated at the Pars An

Show last vear, the F-14A has extreme agility, 11 wats flown
there down 1o 10%F ki (195 km/h) wheke rétaming full fateral
control; pulled 65 g turns a1 400 kt 1741 km/h) with # degrees

fighter — an wircraft capable of executing high-encrgy, high-
£ manieavres W obiom a “kill” position for missike launching
or gun firng, or a hghily loaded aivcralt with-a look-down,

shoot-tiown weapon system depending on the munauvrablity
of ity messiles. When the special limiations of shiphoard
aperation dare added to the strictures of desigmng for air
superionty. an oplimum solubon & the adoeption of vanable-
sweepback wings for the highlv-manceuveable type of arerafll
Such o design s the Grumman F-14 Tomeat now being de-
ivered 1o the LIS Mavy.

Fecent fhighe lesting ol the Tumeat has given clear evidence
ol the elfwacy of its design concept whether in doghghuing with
an F-41 or i missile attacks on targel drones, An F-14A
mitched against an F-48 fited with wing slats for improved
manoetyra bl .ur.|-|-|'r.||'|11nl the lndter ey -'r'.' respedl during
eight doglisht encounters, palling more than 7 g m imital torm
briaks, This was oll the more mpressive sinee the Tomeal's
slats and manceuvnng flaps were locked out ol action and
Mach-programmed sweep for the wings was used with no pilor
over-ride. Al angles-of-attack up o 48 degrees, the F-14A
retained excellent stability snd control sl speeds dowin 1o 160 ki
(297 km h), enabling it 1o force the F-4) o overtake and thus
place isell inoa target posttion, On the glher hiend. when the
F-14A was shead, 1t pecelemted out of gun range almaost
mstantly amd oul of the missile-launch rone within & fow see-
onds, ver coukd manseavee in behind the F=4) and teack ain
several sevands

With the wings swept ully aft at 68 degrees, the Tomeat's
nose iy b rull-..d up wntl the angle-of-atack reaches 90
degrees, or if may be depressed until o negalive angle of 45
degrees 15 reached, The arecrall has an inherent tendency 1o
remain in controlled flight at very low airspeeds because of the
strength of the lifting vortex over the curved Tuselage top, Even
al extremic angles, there 15 no percephible bullenng. yawing, of

of sweepback (on other occasons, Grumman pilos kave ox-
cecded B opoar M-k, 667 km/hl: made s stow roll ar 250 ki
(463 km/h) with the wings sweeping all the way from 20 1o 68
degrees, and Rew at very larpe snples-of-atiack.

The F-14A has musde successful interceptions using Hughes
ATM-534A Phocnix long-range am-to-air msstles aganst Larget
dromes representing Foxha! and Backfrre targets, In one test,
the F-l44 I’hn-.'r.n swstem destroved o Foxbar tareet flying al
"'ri sich 202 and 8206000 [ (24 999 m), the missile being launched

f Mach 13 and 47000001 (14 326 m}. In another test. & Baek i
|'|r" f fvine at Mach 15 and 35000 fi (16 76d-m) was destroved

# Phoenix taunched from an F-14A fiving at the same speed
at -4‘:-.[.“::-“ (13 716 m) Simultanizows lnunches aguinst mulliple

The Grumman F-14A
Tomcat, fast
approaching full
operational status with
the US Navy, is -
gaining recognition
as one of the West's
most potent fighters.
David W H Godfrey,
P Eng, C Eng,
AFRAeS, AFATAA,
describes the
Tomcat's concepl
and characteristics.




taripets hiave been highly successiul, ond the Phoema Ry alsao
been eflective m leok-down gitacks gansl fow-Hying dromnes

represcnling ship-launched cruse massiles
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experience that some companws never have, successful though
they may beon prodocing |l-_rl'--|_li:-. coim petent wirerall liadisend
the more radical the shape or the features, the more risk s thene
af fatlure, tor which lew prizes ane griven. Somélimes, an
i dhead of its time because adequate malerinls or powerplants
ivent something. but if 15
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A case nopomnl s Lhe '...||.||:I|-v.:.:_'.h|'|'.|._-. Eireraln i
demically not an aeropline because ity wings movel, The idea
patent of Messerschmitt aero
dynarmgst Dr Alexander Lippisch who wanted 1o mprove e
|.-L~.'-xe'L'qJ ||.|".|||||_.' charactersstics ol aeroplanes with Sswedp-
back. The wlea also occurred to Barnes Walhs in Enghimd fo
,|_;1rui:-_',JL:|-|| 1 Ve |.l||:' whete areralt, and models were Hown.
bt the fiest full-scabe avecralt to fv was the Bell X-5 m Junc
{ The A3 j the Wlesser

wias deresd from T

far which poes hack 1o a 1942

145 CCSEN Ol

have thesr t.wqu;f;‘-,u_k ,|||_|;:._' xl..|||‘-__'q;|! urtly won the growund)

Fhe Grumman XFIOF-1 Joguar which Hew in My 15933
incorporated wll that from the X-5 and from
design-studies at the Mational Advisory Commities for Aero-
pautics {now NMASAL Ten Japusrs were ordered by the LIS
Mavy, but the concept still proved to have limstations thal
resulted in development being dropped ufter only one mireraf
had been completed Usecond Lime arrnmd for varaehke
swoepback at Grumman came with the F-111H, a naval versson
of the Gencrigl Dvpamics F-111A with longer wangs and an
prmament of sin ATM-344 Phocmis missiles, Mawlen thght of
the F-11IB was on Moy 18, 1965 hut only seven wene buil)
before unacceptable weight growith (and other problems)
April 15bE
he interesting thing here was that, in effect, Grumman

Hid been lenrned

| e

brought the programms o an end in

wiech had design and produection responsibility Tor the F-111H
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by suppesiing o

pullad the rug oul from under 105 owm Lee
the LIS Mavy that o better pirorafl could be developed by wsing
the same lechnology (mcluding engimes) bul avosding e
penalties of 1he procurement
wherehy muech of the arcrafl was the same as for the Aar Force

vammanality”™ concepd ol
Crut of this come the ¥YEX design contest (v mizEvIe
than air: | hghter; X expermmeniil]

Lingncumberad by the requirement Lo
able tir go abead wath o com
pletely friesh desagn. vl had the inesttmable benehl o 1w
pirs. ol hindsieh with

VELSI0N

use i madified Fe |
mirframie, Grimman Wwas . miw

vilriable-sweepback hahter de-

siens alrendy under s el OF course, 1 was not mandalory (o

s varttble-sweepback, bl it was sigmificent that of all the
wal desiems submisited for the YFX contest only one, thit ol

Moldanmell Douglis. hud a fixed wing it being the conelua-
spo of all the oiher entrints thal the misswn Feguirsnen
miavitl pIr saperisrity virtu
The mman and MeDannell
Douglas, and these designs were then refined and resubmitted
o Ehe Mawvial Ao "7-:.-\.:""-. he end ol [tk
Creutnmai wis announced §s winning contender on 153 January,
Lyl

L IR

versatiliny in w demanded variabi

sweepback P fimaleses were Cor

Loornrand by

Configuration compromises

The first thing a student of acronautical engmeering has dinned
it him is that all aireralt design 15 8 compromise, The rick
inse thal the weroplaie 5 & winmne

formed by elaborate analyses i

s o il wiich a povwd Compro

Mowadays, this process s pe
which varous trade-offs and varatons are made Ly determine
what the overall elfects wall be, The sigges through whach the
Crrummaan ¥ s design studies ||:--._'|-.'n-.'“:| can be bretly sum-
nurised, although there was nothing brael abowt the analyses

hemselyves

desien MIG-61 ol 1y

ke the wlomaie F-14 design, and o b

Larmmsan

wury [ <6e had 51,:.].]-\.'.| enRInes
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* ahic-sweep
Varous modificntions  followed, Llesign ME3A was
warmalnr Lo 30346 micsdiheation, and was then

ppdated o become 03B, Design M03C had submerged engines ;

WITLE

with o macelle

0D retiwnasd the submerged powerplants. but had g low-set
i, and MWIAF had o hxed wing

varehic-swe
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{ Alowe) A Townear revealy s farge infeke e, The ek are Pweadieicnsional il o simgle mivede of variable geommeir) Hhirough the wse of com:
priession ramps visible luside the tops of the Tntgkes, (Below )] The No 2 fighe dest iverafi, showing o gple chare hesosed hetween the failpipes. In
addinion tor siv Phogwiy and fwvo Sidewinder muvsifes, thily airceafT 0 caeeving o fael fanks wnder the engine dice e

One configuration, 330, had podded engines and a high,
varighle-sweep wing. but was a “fighter only™ version with the
AWE-10 fire control system of the F<4 and four Sparrow mis-
siles, Since it lacked Phoenix long-range all-weather capability,
it was dropped. The 3030 design was soon eliminated because
it had poor subsonie lonpitudinal stability, excessive subsone
induced drag, high fuel consumption o cruse, and reduced
supersonic thrust with masimum alterburner power, Also, this
configuration had the ar immkes designed [or maximum
pressure-recovery which required them o be locsted so far
forward that they blocked the pilot’s view and obstructed access
10 stowape arcas in the sides of the fuselage nose, To hmat this
effect, the sweep of the forward wing glove was redaced and the
maovable part of the air intake was shortened. However, 11 was
known from F-111 experience that the TFM engine was ex-
tremely sensitive to imlake imperfections, and the shoriencd
movable air intake would have been harder o match to the
engine both for moderately high angles-of-atiack and up, and
for take-off and mgh-aititude loier, Again, by comparison
with high-wing installations, the fixed part of the intake was
longer and more curved, which would result in greater duct
losses in pressure recovery at the engine compressor face.

The ¥3C design with submerged engines was then com-
pared with the podded-engine 3038, Each had o high, vanable-
sweep wing and had about the same weight and carmer suit-
abifity, but 303B was superior i installed fuel Bow and maxi-
mum gfterburner thrust; supersonic combat-cetling perform-
ance; solited engine intakes and exhaost nozzles (1o avond
F-l1l-tvpe maximume-performance problems), large separa-
tion between ar ntakes and fuselage o ehimmiste boundary-
laver diverter systems: and good potential Tor installation of
larger engines later on (e, in VEX-2 which ked o the F-148
and C).

The 3038 design was then refined 10 become the ¥)3E and
gomparad with the 303F fixed-wing configuration. The 303F
wiis 1 loser Tor twio mein ressons
(1) Arrcrafl take-off weight would have been nearly 5,000 Ib
{2 268 kgl hugher for the Sparrow Rghter mission, primarily
begause of the larger wing ares provided [or carmer-switability
requirements. Even with o much larger wing of 745 s I
{69.2 m*) compared with 565 sg ft {52.5 m*). the 33F sull dad
not meset the requirements [or the six-Phoesmx combat ar
patrol mission with the double-slotted Nap hagh-lilt svstem
assumed. Boundary-layer control would have been needed with
another weight increase. Wave-off single-engine rate of chimb
was nlso not pcceptable because of the small wing span and low
aspect ratio which reduced low-speed lift.

(2) The larpe wing with 18 concomitant high-lift sysiem de-
eraded low-altitude pertormance

The origingl 303-60 design progressed w the final H3E
configuration over o period of nine months. Exiensive com-
promised were made i studies 1o trade-off stability, perform-

ance. weight, and operatonal characteristics agamst develop-
ment rsk, complexity and cost. The ultmaie, conlract-winming
configuration best met the fighter-role requirements - with
murmmum fsk and maxmum growlh fesibaliy

Progress and problems
In compliance with normal procurement procedures. the Us
Mavy placed an imitial contmet with Grumman covering the
first %ix research and development airerafl; included in Fiscal
Year 69 (unds, this became Lot 1ol the total planned procure-
ment Lot 1 {FY 700 was for another sixn B & D asreralt: Lot T
i(FY Tlywas for the first 26 prodoction F-14As, Lots IV (FY T2)
and ¥V (FY 73) cach being for o further 48 aircraft. It had
originally been intended that a switch would be made from the
F-14A 1o the F-14B afrer 28 F-14As had been completed i Lot
IV —all of Lot ¥ oand sebseqguent then being F-148. The latier
model differed in only one significant respect. that being 118 use
of Pratt & Whitney F401 turbofiins, these being navalised
cguivalents of the FID that the USAF had meanwhile packed
to power s new TAC fighter, the McDonnetl Douglas F-154A.
Further m the Tuture woulkd be the F-14C, having the
engines and o new. updated avionics it In the spring of 1971,
however, the Mavy became aware of development problems
with the FA01 engine which indicated o would not be ready for
use in the F-148 as planned: consequently, the F-14B was
chiminated from Navy plans (other than prototype testing) and
an all-F-14A programmse was drawn up-in June 1971 covenng
101 production aireraft plus the 12 R & D prototvpes

Despite the benefit of hindsight viva vis the F-111B “cuckoo’s
egg” the F-14A programme has not been without its share of
major prisblems, although the most sertous oF these have been
financial/political rather than techmcal. Flight testing of the
first F-14A began on 21 Décember, 1970, a good month ahead
of the contract mulestone date. However, dunng s second
flight. on 30 December., it was lost following total failure of the
hydranhc circunts o the Ayving controls, alithowgh both crew
members ¢jected safely, This set the programme back several
months and testing was resumed with the second aircralt on
24 May, 1971, seven more F-14As pomng the programme



before the end of the year. On 30 June 1972, the tenth F-14A
crashed when the pilot left his pull-up untl oo late while
practising for an air show at the Naval Asr Test Center,
Patusent River, Maryland, A thied F-14A was lost near (the
Maval Missile Center. Point Mugu, Califorma, in Jung 1973
when a Sparrow massile was gjected in level — rather than nose-
down — attitude, pitched up to puncture a fuel tank n the
centre fusclage and caused an explosion, fire and an aircraft
pitch-up 10 M degrees angle-of-attack. The crew ejected safely,
By the end of October 1973 Grumman had delivered more than
1 F-14As 1w the Navy for squadron use; had six more on
acceptance testing a1 Calverton, Long Island: and was then
starting 1o assemble the T0th airframe.

BIS trials are being handled by the Naval Missile Center at
Pommt Mugu, and by the MNawval Air Test Center at Patuxcnt
Rover. The task of workimg-up ground amd arrcrews in prepiara-
tion for operational deployment - assigned o a Readiness
Umnit, YFI124, at NAS Miramar, where the frst two squadrons,
YF1 and VF2, are also now working op, The next two Tomean
units will be VE3 and VF4

Just as Grumman hod warned the Navy of unaccepiable
welght prowth with the F-111B, s0 did the company lose no
time in sounding the dlarm on costs for the F-14A late in 1969,
less than g vear alter award of the contract. Grumman had first
bid 52900 mullion (EL200m) fo build 469 airlrames (laler
increased to 722 and then cut to 313), but reduced its askmg
price o 52426 million (ELLD1Om) just belore the contraci-
awand dite thereby undercutting MeDonnell Douglas by
SI00-mullion (E40m ), although the latter's design was fixed-
wing and therefore inherently cheaper

The crunch came with Lot ¥ oof the F-14A contrict for 48
aircralt, included i the Fiscal 1973 budget, which Grumman
stitbed could met be built for the January 1969 "ol package
procurement”” contract price because of inflaton, and because
the company's operating base was smallér than hed been pre-
dicted @t the time of contract eward, thereby increasing over-
head costs. The then Deputy Secretary of Defense, Davad
Packard, decided to try and hold the company to the letter of
the contract despite the latler’s statement thet it had become

commercially impractical

I Avgust 1972, Gromman charman amd president E Clinton
Towl stated emphatically that unless his company was pasd an
pddinional 5535 mullion (£225m) for the fnal 227 of the 312
pireratt om order, . . . we will close our doors il we have (o, We
can’t proceed.” At that date, a 565 mullion (£26m) loss had
already been written off. The point was that although total
production had been cut from a possible 722 and a definite 464
w 313 the research and development spending of §1,500
milhon {E6Km) could not be redoced i proportion. 50 the
umit price of the F-14A went up from $11-5 million (£4:6m} 10
S8 million (E6Bm) and the extra 5545 million (£225m)
woubkd have raised this 1o 519 million (£79m), Ths, of course,
was nol Grumman's fault and the company would have stll
been 823 million (£% 3m) out of pocket at this figure.

As Towl put it 1o his stockholders, the form of procuremient
itotnl package) which the Lot ¥V option exercise sought Lo
perpetuate ., has proven to be so contrary to the govern-
ment’s own inferests that its further use has been prohibiled by
the Department of Defense procurement regulations. The
terms of the option are such as 1w serously threaten Grumman
Aerospace Corporation’s abaliny 1o remain a viable producer
of essentinl defence and space hardware, ond 10 meet 15 res-
ponsibilities to shareholders™. (The F-14A order was the last
of the now-notorious “lotal package procurement”™ coniracts;
another was the Lockheed C-5A Galaxy.)

Eventually, the Lot V difficulty was resolved by Grumman
acceptng o loss of $205 million {(£X31m) on the first 134 F-14A5
ordered including 370 mullion (E29m) in 1972, The Navy will
now make annuwal purchases of 30 F-14A5 instead of exercizmg
the original options; thus, aircrall numbers 135 through 184
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will be butlt against Fiscal 1974 funds, Grumman expects (o be
profitable overatl in Fiscal 1973 and thereafter, since the 1973
and 1974 Ipsses on the F-14A have been aniicipaied, and mosi
other aspects of its business are profitable.

Early lust September, it was announced that the Navy had
negotiated a conteact with Grumman e pay 5139 mllicn
{£5:Bm) each for 50 F-14As purchased with fiscal 1974 funds,
Based on a fiscal 1974 budget reguest for 37027 million (£302m)
for 50 F-l14As (including airfriames, government-furnished
equipment. spare parts. and support), a reduction of $%6
million (£4m) has been negotiated with Grumman for the total
number of wircraft, Airframe ceiling costs for the cancelled
Lot VI contract oplion have been reduced from 33346 mullion
(E£140m) w 3325 million (L135m).

This does not include 340 million (EE66-Tm) n research and
development Tunds included in the fiscal 1974 request, Spread
over the 50 aireraft, this would rase the umit production cost
L 5147 million (£6-13m ). Assuming that approval 35 now given
by the Senate Armed Seovioes Tactical Air Power Subcom-
mittee, the Navy will go on procuring F-14As up 10 a 1otal of
34, However, Deputy Secretary of Delense William P Clem-
ents s eager 10 reduce the cost of additional mircrafl. Thes
could be achieved principally by adopting a less-expensive
missile sysiem despite the MNavy's feeling that the Hughes
AIM-54A Phoenix long-range air-to-air system 15 essential.
Alternatives to changing the missile system include redesigning
the main undercarriage, and changing the gauge of the alu-
minium honeycomb-core matenal in the airfframe. The trade-
olls for these cost reductions are increased wesght, Redesigning
the beaver il would also save money and increase weight, but
would increase cruise radius by lowering subsonic drag. Re-
moving the glove vanes would reduce cost and weight, but
would also reduce the maximum speed and supeérsonic man-
ceuvrability, More money would be saved by Grumman taking
back into-house subcontract work on the nacelles and gloves
from Rohr, and on the afl fusclages from Fuirchild, {Some 60
per cent of F-14A production is at present handled by sub-
conlraclors,)

Chther changes considered include several system simplifica-
tons such as deleting Mach-hold [rom the auiepilod; removing
the outhoard spoilers; deleting the back-up analogue sweep
channel from the central air data computer; redesigning the
mir-intake bleed doors; replucing bervllium disc brakes with
steel: and replacing the vertical display system with a head-up
display and an automatic direction indicator,

Design features
Although the VEX design contest did not specify the wse of
vitriable-sweephack wings. it was slmost inevitable that the
chosen design would have this feature because of the perform-
ance flexibility demanded by naval mission rdles and the car-
ricr-suntability requirements. And this was found 1o be so
during the design configuration trade-ofls alréady deseribed.
Lise of a supercritical wing section was serously considered
because of its advantages in delaying Mach drag nse and ex-
tending transonic bulfet-free performance, However, although
the supercritical wing did offer beiter subsonic lift/drag ratio.
maximum value, and better buffet-free it cocfficients. the
results from trmhng-edge prissure readings were nol 50 en-
couraging and it was doubtful whether the wind-1unnel benefits
would show up in full scale. There wemne also unresolved
problems of sealing the underside of the wing at the wing
glove juncture, so the supercritical wing wis not adopled,
Wing-pivor location stemmed from MASA research and was
chosen to mimmize the subsonic neutral-point shilt with
swaep, thereby aveiding the trim drag and manocuvrability
penalties of excessive longitudinal stability at the supersonic
full-sweep position. Great emphasis was placed upon optimiza-
tron of wing configuration. In selecting wing area, maximum
combat agility was an important parameter achieved by a low
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hasic wing loading using 4 simple manceuvnng-flap system,
[he factors of wing &rea considered to meet the Navy's require-
ments were high combat agihty due to low wing loading; low
teke-off gross weight for the fighter mission; msncuvring
flaps 10 increase Wansonic combat agility: and the deck spot-
ting factor (maximum number of aireraft that may be parked
omn the carrier deck with wings at the oversweep angle).

Selection of wing-sweep angke [or ransonic and supersoms
flight 1= hased on menimizing drag for doghght turning con-
ditions because 1 fighter may have air supenority only if il
controls the battle by being able to engage or disengage at wall
Such an advamiage s grined by the mreraft with the greatest
ability to acceleraie because of iis supenior rato of excess
thrust to weight (specific excess power). For a given thrust and
atrcrafl weight, this abifity is optimized by minmizing dray
for uny flight condition by sulomabic provision of best wing-
sweep angle.

Whereas the F-111B wis limited by having a fised combat-
detent position for the movable outer wing panels, the F-14 has
a Mach Sweep Progrummer (MSP) which provides fully
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automatic wing sweep s @ function of Mach number and alti-
tude. By selecting the MSP mode, the pilot can use all avallable
advantage of the inherent performance-buflet characiensiics
which give variable-sweep its superionity over esther a varmble-
sweep aircraft with a fixed combat-detent, or o fixed-wing
aircrafL.

The MSP gives improved combal maneeuvrability and
specific excess power in furns without the pilor having o
altempl o optimize sweep angle manually. In dny case, opl-
mum- sweep angle varies so rapidly duning manocuvees — and
i so complicated by longitulingl accelerations and decelera-
tions — that the pilot would find it difficult 10 both sense and
muanually select appropriate sweep angles at each stupe of
combal.

Actaation of the manaeuvring flaps s co-ordinated with
wing sweep for musimum delay of butfer onset when wing hil
mncreases, Spotkers adgment the rolling power of the dilferen-
tal moverment of the horreonial stabilizers 8t sweep angles less
than 55 degrees, These spallers alse provide dieect Tt control
during landing approach 1o vary altitude without changing
attitude. and serve s L0 dumpers after ahghting, At wing-
sweep angles greater than 35 degrees, asymmetric deflection of
the horzonial stabilizers alone provides mall control hecuuse
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the lurge sweep of the hinge line would render the wing roll-
control devices meTective. Roll inertia and damping are com-
paratively low for the highly swept configuration, so the roll
power of the tnl surfices s adequane,

Wing-sweep range is from X0 to 68 degrees (measured a1 the
leading edge). with an oversweep angle of 75 degrees for cirrer
stowage and maximim deck spottng factor, At the 68-degree
seitimg, the F-14A reaches a top speed of Mach 2-34; stalling
speed at the 20-degree setting is 103 k1191 km/'h)

Small, tnangular vanes extendad forward from the wing-
roof gloves ane used in both subsomc and supersomic Might,
being extended by the pilot operating the direct-hifl-control
manceuvrmg-Nap thumbwhee on the control calumn. Al sub-
sonie speeds the glove vanes are extended with the shais and
Maps 1o ncrease lint cocthicient for sdded manoeuvrmg power
In this spesd regime there is no altitude restniction and the
vinies are extended betwisen § degrees ot 20 degrees of wing
sweep 10 the Tull 15-degres extension at and bevond 35 degrees
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of sweep, Al supersomic specds, the glove vanes are extended
manually up o Mach 14 whilke the slats and faps remain
retracted. Above this speed, the vanes are controlled auto-
matically by computer to resch full extension a1 Mach -5 and
above where they remain extended and over-ride pilot com-
mnds. At supersonic speeds the vanes extend linearly from 5
degrees at 700011 (2 134 m) o 15 degrees at and above [0 1
{3 048 m), and linearly from zero degrees al Mach 10t 15
degrees at and above Mach 11, At higher supersonic speeds the
viees counteract the inerease of arcralt longitudinal stabality
and so relieve loads on the wil. (In this, they serve the same
purpose a5 canards, @5 do the wing-root extensions of the Lock-
heed SR-T1 and the Northrop YF-17.)

Conventional leading-edege slats and smgle-sloted traling-
edge flaps were chosen for the F-14 wing to provide the high

Grumman F-14 Tomcat Specifications
Power Plant: (F-14A) Two Prant & Whitney TF30-P-412
pfterburming turbofans rated ot 20,900 (b st (% 480 kgp cach,
(F-14B), two Pran & Whitney FA01-PW-00 afterburning
furbofans rated an 25,096 1b st (12 745 kigp) ench, Internal fuel!
(F-14AL 16,445 Tb (7 459 kgh (F-14B) 15730 I (7 130 kgi
Exiernal fuel: (F=I4A), 3,632 |h (1 637 kgl (F-148) 3472 |b
il 575 kg,
Periormunée - Minimumt desagn spesd. M 234
Welghits: Fighier take-olT gross weight, internal Deel oy, Tour
Sparrows. (F-l4A), 25000 lh (14 848 kgy; (F-14E) 56437 |b
12550 keb Sero-fuel, sero-sores werghl, (F-14AL 400070 1h
AR 070 ke (F=1980 35,707 Th 17 562 kah, Giroond anack imier-
dictiion gross weight, internad and external fucl e Sparrows,
14 MUK B2 bomtbs (F- TR0 BR56T T30 100 kgl
Dvimensions: Spoan s h 6300 P1 i f P9FS md s span (overssep |
3300 3 (HLES megs overall length, 61 08 119 gn) (FE30 mi),
heveht, U6 18 O (4,85 b L L SRS £ ft {325 m);
wweephack, 20w 68 degrees on leading edge in flights over
sweep on deck, T3 degrees
Armmwemeent s Use b8 A ) M LI with 675 rounds; Provision
foor #ix A M-34A Phoenix AAMs plus two ALM-90 H Side-
winider AAMs, o Tour AITM-TE Sparrow AAMs and [our
Sedewinder, or ap o 14 ME-RD Bombs or gight Mk =33 hombs
of foar ME-%4 bombs. or combination of bombs and Side
winders sp e a todil externad boad of 14,50 [b 6 577 kgj.
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lift needed Tor good low-speed performance of & carrer-based
awrcraft at mimnimum welght and cost. {The second F-14B has
slats on the gloves, the F-14A docs not.) One of the sdvantages
of choosing simple slotied flaps was the case with which they
can be used as manceuvring faps during subsonic and Lransomc
flight

Deflection of the maneuveing Haps (5 monitored by the air
data computer at no inerease m design bending moments,
which are based on “clean™ wing-load distnibutions at &5 ¢
They are operated woimprove specific excess power in combat
o give an advantsge st the higher lead Factors by delaving
buffet and fow separaton becuuse of the increased wing
camber created

Vaurizhle sweephack necessitales dividing the flaps imio thres
wretions on cach PIVOTINE ouler wing [:-..|||.'|
tiers ouibodnd amd one asxiliary section inboard, With the
wings sl afl of 22 degrees sweepback, the subsomic crinse
seiting, the auxihary Map sections are prevenied from speration
becunse thewr roots start to enter the wing gloves, Bevoand )
degrees of wing sweep, operation of the main slif fap linkape
i also preventod

With the wings sel at 20 degrees of sweep, the Nap handle
BOWS posttion gives a | T-degrée slat extension, a 35-degres
main-thep extenson, and o 35=degrée pusthary-lap extension
Structural damage 0 the wings i prevented by the computes

LW fiain s

-..-rl||I|:|.1=.||:|:|.' the |'|'|.||II-'.f:=||'|:~-=\.'i::.Ih o the retracied position
above 230 ku (426 km/b) calibrated mrspeed. This 15 an elec
trical commuand which over-rides any mechunicul command
due o the position of the lap hundle within the normal operst-
img2 remze. The awlisry-Hap sctualors are steed W permit these
Hapa to blow hack under excessive air lodads

|'|I-.' ".'..||||-I|.|','l~1 wlzits Ll :':..'..' T TS LY .||ul e eyl eniled
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over i large portion of the subsomic Hight envelape, o max-
mum angleés of 10 and 8-5 degrees respectively, o augment air-
CrEfl mandeuvring |,.,||,'-|"1|ill,_', Whien th I:|.||| handle is in the
Up posiien, and wing sweepback s kess than 50 degrees, the
command 5 muated with the direct-hft<control manceuvee
fap command thumbwhee! on the control column. The signal
ix processed through the computer o lmi mam-fap sl
deflection ss a function of dynanue pressure and Mach number,
The computer muntens contrel of the deflection of the
maneuyre portien of the main-flap/slat and glove-vame exien
sion until the pilot removes his thumbwheel command

There are four spotkers on the upper surfaces of each outer
wing pansi 10 augment ralhng power, prosvade direct lilt coniral,
amd provide air-braking lift-domping 1o reduce linding roll
Sponler pancls are arranged as independent pairs, mboard and
outboand, As wing sweep incredases, the spoiler contnbation 1o
roll control décreases, Moreover., spoiler geometry and the
presence of the overvang famnmg reguires the spotlers o be
closed for sweep angles beyond 62 degrees. 5o, the sponler-
command signal i5 removed al 37 degrees of sweep and the
spotlers rebracted @ mechimcal spoder locks are imseried at 62
degrees of sweep.

[n-fhght decelerwtion for combat, ghdepsith control in
hombing runs, and landing approach 5 obtamed by actuation
of large air brakes located both over and under the boat-tail
section of the akreraft between the exhoaust noeeles. Trim
changes required when wsing the brakes are muemimized by
balancing the areas of the upper and lower brakes. The lowes
brake 15 the smaller, but the endplate effect of the engine pods
imoreases s etfictency, Crround clearance s obtamed By an
imterlock which Limits deflections of the lower brake when the

HAGBEFCEITIAED 1= lovwered



I'wrin vorticsl siabalirers were seected o0 e F-13 Bada s
they effectively counter the destabilizing Aow Mrom the 1ops of
the air intakes af hegh angles-of-dttack, Apart from this dero
dynamic reason, deck spoetling faclor requites a high-speed
iwrcrall 1o be as short as possabie, and the carmner lift dimensions
al=o limat size. Since a vertical tail must have as much area as
far wft as possible for maximum tail volume, the geometrical
himits to owverall length demand an unswept trmling edge. Choice
of twin fins {and rudders) also avoids the need to fold the verti-
cal wal surlaces, the hetght-above-deck restriction for CVA-4]
class carners being 17 (5 18 m)
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The horizontal stabilizers are of the gll-movablke type,
operating together for piich contrel and differentially for roll
control — since there are no ailerons, only the spoilers operat-
ing at wing-sweep angles of less than 55 degrees.

Power plant installation

Yarible-sweepback wings excepted, the dominating feature of
the F-14 design is the installation of the twin power plants in
large pods that yun about three-quarters the length of the
aircrafl.

in line with the rear cockpit are simple, all-external-com
pression wo-dimensional air intakes which have their ramps
ornentated honzonially and located well away from the fuselage
sides and well ahead of the Dow felds of the wines, Thes type
ol intake has oulstanding overall charactenistics for high-speed
(above Mach 2-0) hghters,

Advantapes of these intakes are high pressurg-recovery with
low Bow distortion, turbulence and drag between subsonic and
high supersonic speeds without sacrificing simplicity or angle-
of-attack characierisiics, A single mode of vanable geometry
i required — opening and closing the compression ramps
because of the wide range of natural airflow regulation in-
herent in the design. This regulation, plus the msensitivity (o
angle-of-attack, allows a simple, ightweight control to be used
because high response rotes are not needed. The ramps over-
collapse 0 provide addibonal intake area for take-off and
landing without the need for suck-in doors, or shding or hinged
cowls,

[his type of intake system avouds mgestion of fuselage
boundary-laver airr without having to resort to esing splittes
plates by simply locating the miakes 7 im (17,8 cm) outhoard of
the luselage sides. Compared with the F-1118, this results inoa
substantial drag saving lor the same engine. Free airstream
approaching the intakes 15 compressed by the forward-facing
ramps and refined by removal of the boundary laver through
i throat-bleed slot. High-guahty air remaining s delivered 1o
the engine after further compression in the subsonic diffuser
et

The rapid diffusion necessary for short, light ducts is made
possible because of the clean air and 18 local Mow angle, The
speial geometry of the skat turns the airflow and directs it down
the rearward-facing ramp, Without the slof, Bow separation
wollbd docur m o the 10 & | 5-degree range, Also, vanable slot
stz acts as both a bleed and a bypass for extrs air when reguired.
When engine airflow demands are small, the slot opens wide to
dump surplus air overboard and rearward over a short path
o recover most of the momentum &8s thrust

Experrence with the F-1118, added o wind-tunnel tests foi
the F-14, showed that the engine exhauvsts should have nozeles

ny e Move-preferred probe-and-drogae n-flight refuelling sysiem

i FAL terbolans, sporting a alstinerive colour cliemi




that did not lose thrust when installed ; external contours thil
blended with fusclage shape (or minimum drgg: an agro-
dynamically “clean™ installation with noezles spread far
enpugh apart and away from airframe surfaces o avoid fow
imterference (the F=111B noezles almost touch); self-cocling 1o
avoid compromises endemic o airframe-supphed cooling air .
and mo merease m airframe wenght as i result of using mimamme-
weight nozrles,

A wind-tunnel programme al NASA-Langley confirmed
(that the Gromman desipgn of conver gent/divesgent insnozric
with associited foselape and interfunng shapes - oulclassed
all others at the critical subsomic conditions. The ns-type
nozEle was dlso chosen Tor supersomc operition Bocanse ol
pood performance, lower installed weaght, and low overall
development risk, Thus. the gher thrust potential of the long.
varigble-Mlap epector and of the s blow-n door ejeciar
nozzles were exchanged for lower weight and ehmination of
airfrume-oir nodzle-cooling systems. In any case, Pran &
Whitney will not guaraniee the thrust of nozzles thal use -
frame-supplied secondury atrflow.

Since Grumman dehberately set out 0 use 85 much ns
possible of the technology derived from the F-111B pro-
gramime, the F-14A s powered by two Pratt & Whitney TH M-
P412 turbofans each of 20,900 ib (9 480 Kgp) maximum alter-
burning thrust. These were developed From the 20,250-ib
i% |8S-kep) P-12 turbofans of the F-1 1B and, although only
a litthe higher i nomingl power. actually develop about 20 per
cemt maore thrust than the F-TTIB imstallation in supersanic
Might because of the supenor integration of engnes and air-
(rame — particularly the type and locaton of the air intakes
{the F-111B had an under-arm problem),

The P-412 features fxed inlet guide-vanes, a three-stapge fun,
si-stige low-pressure COMpPressor, seven-stage high-prassure

A pereesvoew dewing of the F- I3 A we s sromlend peodoe s fore
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COMPITESOr, can=mimlar combustion RYELEITL, a-in_g|d'!iii.l|t‘¢ hij_-th-
pressure turbine, three-stage low-pressure turbime. amd five-
some sprayber afterburner with ifs-type vanable-irea con-
vergent divergent exhaust nozele. Diameter & 5005 im (128.3 e}
and dry weight is 3,970 Ib {1 801 Kg).

The Pratt & Whitney F401-PW-300 terbotans for the F-148
are each rated at 28,09 |b (12 745 kgp) afterburnmg thrust.
These are basically similar to the FHO0-PW- 100 enginis of L
MeDonnell Doughis F-15A. but are ol shghtly higher power
due 1o the addition of a half-stage ut the rear of the three-stage
fan. The F401 also has variable-angle fan-exit gude-vanes,
Both the F401 amd FI00 have a 10-stage compressor with
varighle-ncidence stators on the first three stages. n shorn.
annular combustion chamber operating on the rm-induction
principle; a two-stape high-pressure turbime with air-impinge-
ment cocled blades on both stages tas on the 158 i the Lock-
heed SR-71); and 4 two-siage low-pressure turbine. The
lightweight  balanced-beam,  vanable convergent divergent
alterburner nozede has an anes ratio of 1,400 foc the F401 {1621
for the F100),

The F41's masimum afterburning thrast s attned al
11,923 rpm Tor an sfc of 22201 Ih/he b (2,211 kgihrikgph The
mtermedinte thrust rating is 16,489 Ib (7 479 kgp) for an sfe of
(F6T4, and maximum continuons threst s AT Ib (6 745 kep)
for an sie of 4653 The F-14R8% ar mdakes cach have 4 caplure
ares of 1,130 sq in (7419 em?); a heaght of 39-5 in (16L33 cm ),
and @ width of 292 i (74.2 cm). Engine digmeter s 5Uréin
(1285 cm). and length with afterburner i 245 i (6223 cm),
Dy weteht o 3,420 Wb i1 551 kph

Weapon systems
Uine of the main factors beading to selection of the F-14 concepl
for the VEX:l was the availability of the Hughes AW
weapon control system developed for the F-111H. However. 1o
actwin an acceptuble weight, it was essential not 1o follow the
F-111B system too closely, bul o wse 15 avionics innivatims
multimode sensors, built-in self-tese, e¢  as the buasis [or
planning. A basic difference was that the F-|14A was an wr
superionity fighter rather than a fighter mber, 50 systems
design emphasis wis pliced upon havang the malot, rather than
automtic systems. fly the aircrafl

The F-14A systems tike advantage of secombgencriatiomn,
lightweight solid-state girborne compuiers and other advanees
fpower supplies. antennas) w0 give the designers maore Libiude
for redundancy, back-up modes, and other featunes W incresse
capability and reliability, The US Noavy specified i modified
version of The AIM-34A Phoenix svsiem developed by Hlughes
for the F-1118, but capable also of dealing with Swdewinder.
Sparrow, later missiles (Agileh, amd the General Electrse M-
BIAL 20-mm or s lnter gun (Philco-Ford GALLTA 25mm gun
firtng cascless rounds). For this reason, the onginal computer
was replaced by o higher-speed, digital system (o concentrate
many functions previously handled separately

The Hughes AWG-2 weapon control system providesa long-
ramge volume coverapd whoul 135 tmes that of the AWG-1U
used m the F-4. [t hos two muojor sensors — pulse-Doppler
rudar, and a gimbal-mounted infrared swensor. In a doglight,
buth sensors are used for lock-on; one sensor 5 then slewed
onto the target detected by the other. The radar aperates m o
pulse-Doppler mode for long and medom ranges, and m a
conventional pulse-radar mode for long and very shorl ranges,
It detects, tracks, and inges targets for the F-147s total arma-
ment —six Jong-range ATM-534A Phoenix, six medium-range
AIM-TP Sparcow, of @ Phoenix/Sparrow mix; four shor-
range AIM-9L Sidewinder: and the M-61A1 gun Alsi,
provides rangimg for air-to-ground weapons.

The Naval Flight Otficer (NFO) in the rear cockpit has o
[0-im | 25 4-cm) dasmeter display of wetical information, and a
Fogm 4 12, T-em) chipmeter mplt-mode stornge detal-dats displiay.



Wi,

i Ahave | A froe porirt of the F- 044 No 2 owith i full aeetament food of six ATM-5¢ Phownis missiles and two AT Sidewinders plas two drop
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Thie MFO cian moniior the latter (o ensure that the computer s
tracking all wrgets. or w help select targets using eleciromc
countermegsurss, Thess two displayvs provide full information
for finng of Phoenix and Sparrow missiles

The pilot cin fire all weapons including the Sidewinders and
the pun. For doglighting, he can lock onto the targes by ahigning
his borestght, Compiiter-generated Girgetd data ure presented o
him on his horizonial-situation display. In cases where a high-g
manceuyre maght prevent hem from casily abgning his sight, he
cun use the AWCG-9 vertcal-scan lock-on feature in which the
raclar scans only in pitch as the pilot rolls the sircralt. Onge the
target s seen by the radar within o 3-mile (9.3-km) nadius, the
radar focks onto the wrget gutomatically so that the pilot may
fire weapons without having 1o point his arrcraft at the target
The NFO can also slew the eadar lime-of-sight onto the temel

Developments and prospects

Severul countries have expressed interest in purchasing the
F-14. notably lean {the F-l14A) aml Austrili (the F-14H)
Chverflights of Iran by Ma(r-23 Foochats have created a threat 1o
which the only praciical answer appears to be either the F-4A
pr the McDonnell Douglas F-153A The Crumman arrcraf1’s
earhier availnbility, and the recent serious problems with the
FINEPW-HD engine of the F-15A. are understond @ have

led 1o o preference being shown for the F-14 by the Shah of

Irin, who wias most impressed with the Tomeat’s demonsici-
bopis a1 Paris i 1973, and who subsequently visiled Andrews
vir Foree Base, Marvland, to sge both the F-14A and TF-13
demenstrated. Thes interes) was [ollowed-up by visits o [ran
by USN and USAF teams during September, leuding to @
specific reguest w the US government for the purchase of 36
F-14s aml 50 F-1 35 Grumman has been asked to quote a tirm
price for the F-l4s by this month {January) o provide o basis
for final contractual arvingements. but the F-15 price will not
be quoted by McDonnell Douglas until lnter in the year, and
there i now 2 possibility thot the second batch of areraft o be
purchased will be F- 145

The Australinn need & for @ Mirage [H1O-replacement, but

here the situabion & ::umplun;-n:r_'d by the necessily lor @ go-
production programme o be worked out 1o give much-needed
work o the Australian wircraft indusiey. Indeed, the indusiry’s
need for something W build s somewhal ahead of the reguire-
ments of the Roval Australian Air Force for a new fighter.
However, Grumman has made comprehensive proposals for an
F-148 co-production programne in which Australian industry
would supply raw matenials, forgings, cistings, control sur-
faces, pancls doors. missile Jaunchers, and avionics systems.

The first five RAAF aircraft, if the F-14B is selected, would
be assembled and flight-tested m the US. Concurrently,
Austraban imdustry would be preparing for final assembly and
testing of the sixth and subsequent aircrafi. Final assembiy
woukl be of the cockpil canopy, Tuselage nose, horizontal
stabilizers, vertical stabifrers, and wings w0 the assemibbed
cockpit/engine-nacelle fuselage unit; and the installation of
such sell-contained umis as pviomes and navigabion cguip-
ment, gjection seats, engines, undercarringe and arrester gear,
and control surfaces. Final painting, checking. and flight testing
would also be dene in Australia, Grumman has suggeseed that
up to W per cent of the value of an RAAF purchiise (excluding
enginesj could be offset by production of mirframe parts in
Austrahin. Based on a possible combined LIS Navy and Marine
Corps purchase of 540 aircraft. including about 40 for attrition,
the flvaway unit price for export — which excludey o share of
the non-recurring cosis — woukd be about 552 million (£2 Im)
i P97 funds,

Ax dlready noted, the Navy decided neardy three vears ago
that it would not nead to go shead with the F-148 version with
F401 engine, and as éarly as 9 July 1971 the USAF was officially
notfied that the UISN would not take up the option it held on a
first guantity of 58 production FHMNs, At that tme, Pran &
Whitney told the Navy that the earliest date for delivery of a
tisst enpine that “would come within fve per cent of specifyc-
tion thronghout itk operating envelope” was December 1972
A pew programme was then agreed between the LISN, LISAL
and Pratt & Whitney establishing 4 Preliminany Flight Rating
Test (PFRT) date of December 1972 and o Mulitary Gualifica-
tion Test {MOT) date of June 1973, On this basis: work on the
prototype F-148 (actualfly the No 7 iest F-14A converted ) went
ahead; i eventually flew on 12 Seplember 1973 and iz being
followed by o sccond (atreraft Mo, 31,

In making this decision, the Navy showed that it was confi-
dent the two-dimensional air mtakes located well ahead of the
wings would avosd the problems expenenced by the F-111B
with the same TFX engine. Ther was, no doubl, also the
rationale that the Air Foree would furve 1o go ahead with the
FHO verston of the engine — which was originally an Air
Foro: programme in any case — for the F-15A amd therefore
it would sull be possible, once procurement probiems of the



F-l14A amd techmeal problems of the FIOOFS0 had been
ironed oul. to pick wp the latter engine for the F<148 o i proved
o be needed for the 1980s. Furthermore, it might be possible
to then proceed from the F-14A directly 1o the F-14C (VFX-2]
with both advanced engines omd advianced avionics 'weapons
svsterms, This would be a refinement of the onginal game plan
1o el the VEX-1 going with erstwhile F-111H funds. then
switch to the more sophisticated VEX-2 at a Imer stage hefore
many ol the earher modiel had been basln, Be that as i1 may, the
Mavy decision o opt out of the F40l programme had the
immiduite effect of adding about 500 million (£208m5 o the
cost of the FLIO0 programme for the F-13A.

As b hiss turned out, the F100 engine has strock repeated and
serons trouble despite il Adr Foroe relaxation of the test
requirements that created a furore all of its own — the more so
since, when the full 150-hour lest was insisted on by the Penta-
gon as the result of Congressional pressure. the engine caughl
fire and was destroved late in August before 132 hours had been
completed. No doubt the F 100 will be fixed in due course, but
the Mavy was well out of Fadl procurement and o received no
Censure

In March 1973, MeDonnell Douglas made an inleresting
counter-move by proposing e the Mavy that s should use the
F-15 as an alternative W the F-14 {then sull embroded in the
Lot ¥ controversy). However, the strengthened F-15N (N7
for MNavy) that was proposed would be 3,000 [b (1 361 kg)
heavier and the Mave had already spent a great deai of money
on the F-14A flight-test programme. much of which would
have to be repeated for the F-15N Bureau of Inspection and
Survey (BIS) triels; Admittedly, the F-T15N unit costs looked
good by comparison with. the F-14A, but it was not the same
sort of dircraft with varable-sweep versatility that the Nawvy
needed, and the money that would have to be spent developing
the F-15M would have gone & long way towsrd salving the
F-14A cost problems.

Meanwhile, the Directorite of Defense Programs Analysis
and Evaluation in the Pentagon had completed & repont on
candidates [or an Improved Manned Intercepior (M) which
included both the F-14 and F-135, along wath proposais from
General Dynamics for a stretched F-111-X-7 ("7 for a 7-01

2.13-m longer fuseiage 10 house more Tuel and avionics). and
from Rockwell Inierpational [or e NR-34% a heavily
mioadified BRA-5C Vigplante powered by theey J79-0E-8 engimes
instead of two,

In parallel, Grummian presented an unsoheted proposal o
the A Force Tor the F<14 w0 replace the F<15 i o vanety of
risssions for A Deéfense Command and Toctical Alr Come-
mad. This proposal (see ATR Exrtiusiast Fehouiry [1973)
wils, i effect, o shghtly “massaged” version of o presaously
suhmitied stody funded by the Aar Foroe o review the F-14 Tor
the IMI roke. Should the A Force boy the F-14, Girummuon
catimated that the service would save abowt 51000 million
(£41 5m) based upon combined MNavy Munne Corps’' Air Force
procurersent of 180 aircratt,

A “fly-oft™ of the F-15N against a siripped version of the
Tomet, designated the F-1400 by Doecember 1975 was pro-
posed by the New Deputy Secreiary of Defense, William P
Clements, a8 the means of selecting the best ar supenionly
fighter for the Navy., However, a1 cosl estimates ranging from
2250 o 34738 mullion (E104 1o E§95m) this was nat favoured
by the Sennte Armed Services Tactical A Power Subcom-
miittee, and the ssue has vet to be resolved. Certainly, such an
exercise that would cost more than o squadron of F-14As
simply tn make o decision would be o case of dimimishing
returns for the taxpayers’ dollars, However, the proposal was
fruitful in getting about 7000 Th (3 175 kgl in weight and S1-
million i cost stripped from the F-14D by making 11 a visual-
contact wirerall, eliminating direct Lt contrel and automatic
power control as the means of attuning the angle-of-attock and
speed required for all-weather carnigr landings, and by control
and display changes. Thus, Grumman now has available, either
for the USN, the Marine Corps or export, a second version alf
the Tomeat which can be offered at a lower unit cost i certmn
restrictions on s operativnal capabilities gre sccepted. 1
nathing else, this exercise demonstrates the prood of the old,
ol adage that you get what you pay for — and there seemy
little doubd thar the US Mavy s gening, i the F-l4A, &
thoroughly excellent fighting acroplane al & unit price thal is
ot ol o line with current standards, even i that cost s imore
thain the Depariment of Delense expected 10 have loopay.



