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SECTION I

oI{E (1). OF A_K$[D ,

Descnlbed heneln ane detalls of the Ioakheed-Caltfornla

Corpanyrg worldwlde F-104 pnognam -- a one-of-a-klnd productlon

plan that lncludeg 21 oaJor alrcraf,t ftrng, f engtnc nanufachur-

ers and 31 maJon eleetnontcs companles tn 7 natlong.

Starttng at Burbankr Caltf., F-lOl+ acttvlty hac e4randcd

to lnclude such formenly dtvengent loealea ag Amaterdan, l,frrnlch,

Montreal, G<cseeltea, lforlno and Nagoya.

Partlculan attentton Xs pald ln thlg book to Eunopean

rork, whose patenfaotltag 1g the NA|[O Starflgbten Uanagenent

Offtce (uesuo) ln Koblenz, Germany.

Thenep under the genenal managenghlp of H. Sellschopp,

-. Bcven dtvlaton offloeg overEee and coordtnate the plan.

t{onktng closely wtth NA.SUO, Loekheed-Callfornta Corpany

offers oonttnual advlsor.lr servlce thnough tts European headquar-

terg, regtdent dlnectong ln key cltteg and ltg own nanufactunlng,

test and fLlght f,acllltles ln Burbank and Palrdale, Callf.
lltre cooperatlve undertaklng -- froo E\rope to l[or"th Ancr-

tca to the Far Eagt -- lnvolveg IOOIOOO dlrect cmployeee.
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Illgh over Eunope, the Orlcnt and the l{onth Amenloan

eontlnent, ldentleal aerodynanlo shapee sl,ash thnouglr the coLd,

nanlfted stratosphene .

Ittre etub, tllt-down wlnge; the pencll-potnt nose and

the T-shaped tatl mark the alnenaf,t unnlstakeably as Super Star-

flghter"s.

Deslgned 1n Burbankr" Callf., U.S.A.e they oould have

been nade ln Be3.gtum, Canada, Genmany, ItaLy, Japan, lIhe Nethen-

landg -- or the llhlted States.
;

Ithey eouLd have been bear"lng the atr fonce lnslgnla of
' of the' sane couirtr.les -- or sevenal others.

:'.
Pioductc bf what has been degcnlbed aE I'pnobably 'tha

. i , ', ^gneatest example of lnter.natl.onal cooperatlon on a teehnlcaL
...

ltjteL tne worid has yet Eeen," the Super starftghters nepnesent

a $a.8 blLllon pnoductlon progran enconpasslng neanLy 17OO aln-
pJ.anes butlt ln eeven natlong.

:

No othen manufactunlng effont ln avlatlon lnduotr.y hle-
-i

tory" appnbaches lts'nagnftuae -- ln numberE of atncraft conblncd

ulth eountntEs and conpanleE lnvoLved.
'.:.,..

subordtnat'eC dtff,enenCea" ln orqdter to concentrate sktllsr egulp-

meni'rtd 
".uotrcei 

oh ereatlng fbr Fneedom a olghty defenslve

aertal armada,.

::.:':" 'Of 
th6' tbtar'Super Stanflghters ordened, less than 20

, f ,.. . , . '.

pei eeit wtlL ebme fnon assembly llnes of the destgner, Iockheed-
.l- .:.. .

CaLlfonrla Company.
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llhe renatndEr are'belng pnoduced, unden Iockheed licenee

by J.eadlng alrcnaft companles of Belglum, canada, Genuany, rtaly,
Japan and Tfie NetherLands.

To aegure eanly gervlce lntnoductlon and tnalnlng, some

outrtght pur-gheoes !{ere made fnon loclclreed,.

ltrey tncluded Genmany (fSo1, Japan (A3), Canada (22),
fhe Nethertanda (fO), and BeJ.gtum and Italy (1 eaeh).

llhe U.S. Aln Foree ts punehastng an addttlonal numben fon
fnlcndLy.f,onelgn powen$ that quaflflr under the Mtlltary Asslstance
Prognam.

FIRftT $IE STANSIGI{trER

Bhe many hundneds of ultr:aeonlc Supen StanflghtenE that
wtLl fJ.y tn the muLtt-flag ar.nada fon yeare to cone evolvcd fnom

a baelc deolgn oreated. for the U.S. A1n Foree.

Ttratr of eourse, was the F-LoltA, an alryLane that oane

fnom the shops of c.L.(Kelty) Johnoon, rpet<heed vtae presldent
for advaneed deveJ.opment pnoJects, to neet a USAF r"equlnement f,on
a n€!0-g€nenatlon atr supenlorlty flghter.

lltre onlglnal F-lollA, a stngle-place atneneft, was specl-
fted fon the Atr: Defense connand. A two-seat sta:rftghter fon
ADC was deslgnated the F-1OI$8. Othen I;IIAF mod,els:

F-"104C

F-104D

s*! Taetteal Atr cornmand, stngleoplace"

--' Tactteal Aln command,, two-s€&t 
"

QF-lolt -- A tanget drone verslon made by modtfllng some

of the early F-LOAAs.

NF-Lo4. -? Aerospace tralnen verston wlth supplemental
J.lgutd ftrel noeket englne made by modlfytng some of the ea:rly
F-lo4s.

f-fO4l{ -- NASA aatnonaut pnoflclency tnalnen.
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In September, t962, a Lone f-fO4C took on 1O F-1OOg

and thnee F-Lo5s at "l,IllLlan TelL tg6zr' a Flghter weapons

Meet held blennlaLLy at NeLlls AEB, Nev., nean r,as vegas.

lltre Stanflghten was f].own by Capt. CharleE E.

Tof,fenl , a ?f-vean-oLd pl1ot repregentlng the 479th Tactlcal
Ftghten Wtng, Geonge AEB, CaLlf.

The loner generalJ.y was reganded aE an lntenloper
ln the foun-day competltlon, slnce tbe 479th uas equtpped

and, tralned mone fon nuc].ear ueapons deLtveqy and the conteet
tncLuded several categonles ln conventlonaL weapons.

Captaln Tofferl and hls F-1O4C were unstoppabLe.

At meetrg end,, he had outgconed aLl othen ptlots,
top mankgnen fnon top fAC unlts anound. the wor.ld, to post a
remankable nrnawdy vlctory.

He econed I9rOtB potnts out of 24,OOO poeslble,

IIls neareot conpetlton had lfrtott polnts.

. mree of hls cLose-support mleslons were gconed as

penfect looos. Downlng a towed dart target wlth hls nrLean

20 nm cannon ln Just 6l seconds, he set a new necond and,

plcked up the na:clrmrm 3OOO polnts fon that dlvlslon.
Among the starftghterts featunes, he gave partloulan

cnedit to lts ehont turnlng nadlus (wtth maneuvertng flaps)
and tnemendous acceLenatlon fon hlg champtonehlp ohowtng.

J

_t

I

l
I
I

I

I

I

I
I



F

Page 5
Sectlon I

ffir.,S SHPSR-SrS4S$$ffi

Becauge advanced verslons of the r-ro4 canrrr new=' eLeetronlee and penfonmanoe eapablJ.lttes -- and meet new mlsslon
nequtrenents -- new destgnatlons beyond the USAF nomenclature
t{ere neceggary.

. They are:

r-ro4g' tlest German, BeJ.gran, Drtch and rtarlan,
slng1e_pLace.

f-fO4f West Genman two-Eeat.

Cf-fO4 Canadlan stngle-place.
CF-LOltD Canadlan two-geat.

f-fO4,f Japanese stngLe-p1ace.

_,- n-fO4O.l Japanese two_seat.

rg-ro4c west Genman, Belglan and Drteh two-seat,
-' v nodlfted to carr'5r equtpment nonmally ln-

stalled tn slngJ,e-place atncnaft. (Also

applloabLe to Cf-lOrtD)

TIIE PRINCTPRI^S

Btggest pantrclpant, and nesponstbr.e fon ktcktng of,f
the lntennatlonaL pnogram, ts West Germany.

rn the pnocess of crneatlng a new, young Luftwaffe,
Germany la echeduled to neeelve TOO F-LO4Ge and at least 54 two_
p3.aee Super Stanflghten modeLe.

Elrey are belng provlded by compantes ln flve dlffenent
countrleg I Genmany, Tfie Nethen3.ands, Belgtum, Italy and the
Untted States.

A11 of then, regardLess of theln onlgln, meet the same

preclse gtandanda.
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Uralgh L8r ]959 -- West Germany slgns contnact

for development of the f-fO4C.

March_L8,.1959 -- WeeF Germany slgns contract for
llcensed produetlon.

Ssrtlte$}_er L3r_19q9 -- Canada slgns lleeneed produc-

tlon eontnaet.

Jan$arfir 2o. L95O -- Japan slgno 1lcensed productlon

contract.

Aprli-30, Jg5O -- The Nethertande slgns lleensed
pnoductlon contnaet.

.fgne 20._1950 -- Belglum stgns lleensed productlon

contract.

Fe}Igglrr,, LofL -- U.S. A1n Fonce slgns ond,er" fon
Mll"ltary Asslstance pnogram F-1O4Gs.

!,trarch 2, ,1951 -- Italy slgns tlcensed pnoduetlon

contract.

Jgne, J963 -- U.S. A1r Fonce ondem addltlonaL lr[Ap

F-LO4Gs.
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.' ,Eunopean pnoductton gltes ane eoncentnated accond,lng
to geognaphlcaL grouplnge of ].eadlng alr"cnaft flnne -- pLus

vlntuaLly alL resources of the rtaLlan avlat,lon tnduotrry.
The south Gnoup ( ng!_eltegemelnsqhaf.t_su_d ) lncludes Don-

nlen, Ilelnkel, Messenschmltt and slebeL. Flnal assembly and

the fLlght test phases ane conducted at Manchlng.

The Nor"tn eooup (ry,.se $gr_d) was formed, when Tlre Nethen-
lands ehoee the F-1o4. rt lncLudes two Drtch companles

Fokker and Avtoranda -- and thnee German companles, Foeke-wulf,
Hamburgen Flugzeugbau and Weserflug. The total wonk load ls
evenly dlvlded ln both countrteg.

, The t{est Group (actual.J.y a geographleal nlsnomen) ls a
comblnatl0n of s.A.B.c,A. (soclete Arionyme de constrtrctl0ns
.Aenonatrttqrres) andt Avtone Falney S.A. tn Belgtum, Jolned by
Flat and othen ltalian companleo.

Ital.y ttseLf ts the fourth entlty. WhtLe sooe of the
rtallan sub-asEemblles wtll be tntegnated lnto othen prograns
(such as ln Belglum), Flatrs lRrnln faclLlty is the elte of
addlttonal ftnal work and fllght evaluatlon.

Prtme eontnacton fon canada ls canadain, Ltd., tn Mon-
treal, whene wlngs, empennages and aft firsel.age Eectlons al,eo

ane belng hr13.t'fon alL lockheed-aEsembl,ed Supen Stanftghteng.
Japants Mltgubtehl lleavy Induetnles is responslble fon

.manufactune of nrrrre than LT5 F-lo4rs to be used by the Japanese

Atn SeLf Defense Force.
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and slngle-place Supen

Flanufactur"er

Sermany (South Group)

Netherlands (ttorth Group)

Be3glum (West Group)

rtaly (rtar)
CanaCa (lncludtng 48 fon MAp)

Japan

Untted States ( meludtng 8f for MAp)

Total ],554

A1L productlon of two-geat alrplanes wtLL be penfopmed

by Locldreed-CaLlfonnla Conpany at Btrnbank and PaLmdaLe. Speolftc
requlnements for these nodeLs e:rceed the numben of alnenaft
ordened ln Late 1)62.

HOW MA!{T OF AND WHHRE?

,,, Henerg a ltgt
Starflghters sched,uled

cslrlgy
Gefinany 

,

Nefherla,nds

BeLglum

Italy
Canada

Japan

u$AF (nenr)

Total
*fneludes 30 F*l0t{.s's

of pnofirctton areas

for each:

aggp3ltg

210

35o

188

rgg

248

TTT

182

J

J

I

J

l
l
l

I

I

\.

Ordened

84*

Lo

i- tl

22

20

3g
160

l



rROF{ WHSHCE?

Cross-flow of parts,
. 

.,:i

ls most notable ln the case

get 7OO slngle-s€at fj.ghters

e omplete countny-by-e ountrTr

Alr For"ee QuaFtlty

7qo

t{etherlands leo

Belglum 100

ItaLy r25

Canada

Japan

Page 9
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assemblles and complete atnplanes
of clermany, whose alr foree wlLl
from flve dlfferent nattons. Ttre

bneakdown:

Genmany

HAP countrles

Total

l,ffi
200

TTT

3
rs6

200

LBo

I.{amrfac t;trnlns Soure e

Sermany AIO

lfethenland,s Z|tl

Belglum 8g

Italy 5O

u.s. _w
70a

NetherJ,ands 95

Italy

Belglum

u.s .

Italy
u.s .

Canada

Japan

u.s.

-gleo

99

L

-
LOO

L24

U. S,/Canada Lpg

ffi:

1554

L?,9

flET-|xlr
Ilrtsf|r.Dl|

$54
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9I: g$q$W$Ligql' sr+$s}{rut

Tno natlons -- Genmany and canada -- are paylng all
coEte of thelr supen stanflghten re-equlpment pr:ograus.

Ame:rlcan flnanclal partlclpatlon ts admlnlstene6 through
the u.s. A1n Force, whlch aLso has pnlne nesponslblJ.tty for pno-

cunement of r,oekheed Jet flghters fon MAp-quartfled nattons.
lltre econonlc lnpaet ln E\rnope ts constdenable,

At Leaet 6orooo persong lrere empJ.oyed on the pnoJect ln
1)62 and the flgune was expected to lncreage.

Gerrnanyrs deelslon ln March, L959, to stgn a l,lcenge

agreement and manufactune -- tnstead of buy -- ttE own alrcnaft,
set a pattern general.Ly followed by the other flve natlonal
pnlnelpals.
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SECTION II

COI'NTNY BY COUNTRY

GERI'IA}ilT

The C',erman Aln Fonce neganls the F-1,04 prograe as a
Ituodel caEelr of Geroan-Anenlean cooperatlon ln butld-up of
ttg aenlaL forceE.

Adoptlon of the Supen Starflghten was pneceded by two

years of lntenslve studles by the German Aln Force staff and

by the Feder"aL Defense Mlnlstrytc Mllltany Teehnologlr Dlvlglon.
congldened ln the tests were alL atncnaft t ryes avall.-

able ln NATO eountntes and Sweden sultable fon pnoposed nteslon

asslgnments.

Mry was thE Iocklreed deslgn choaen?

ttBeeause lt was then the most advaneed weapon gyeten

fnon the technlcaL polnt of vtew and because. tt was capabre

of eventually nrLfllltng aJ.L German nequlrementoril a Bonn

statement sald.

BasloalLy, 1t comblnes all operatLonal eapabtlltlee
of an tnterceptott, flghter-bomben and neconnatssance atnenaft.
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rtrc F-LollG, EeLceted aLso by the Be3.glan, Drteh and

rtaLlans -- and, the RoyaL canad.J.an Atn Force'E cF-Lo4 -- dtffen
pnLnarlLy from USAF f-l.Ot+A and C model.s by:

L. rngtalLatlon of alL--new electronlcs oystems.

2. Incneased weapon-carrrylng capac 1ty.

3. StnrcturaL modtfleatlons to lncrease Load facton
eapabtlltleg.

StnrcturaL modlfleatlons, panttoularly nelnfoncements

tn the tall aosembly and ln the ulng noots, to aceommodate the
expanded nlesion requlnements, also are lneLud,ed. changes are
descrlbed ln more detalL ln another sectlon of thls book.

CA}TADA

Canada ennouneed, ln firly, L95g seleetlon of the F-1O4

fon RCAF Atr DlvtgLons asslgned to l{ATo foneeg tn Eunope.

In Octoben, ]:962, the flnst of 2OO Canadlan-butlt
CF-104s were asotgned to unlts tn NATO.

.IAPAlT

: Two Jaxlanese flrmE -- Mltsublshl and Kawasakt -- share
thc wonk load fon product!.on ot ITT F-lortJs and aEgenbly of po

tro-seater F-1O4DJg.

Mltsubtehl Heaw rndustrles le the plvotal coqpany

and lg nespopslbLe fon f1na1 asoeubJ.y and fl1ght test.
Japa+rg .llcensed productlon contnaet was slgned wtth

Lookheed on JanuarT 29, L96O. Ttre flnet 29 alqpl,anes were

shtpped frou Locldreed-Callfornla Conpany tn lrnockdown fonm to
pnovlde,,4qslgn femtltanlzatlorn fon Japanese assembleng.

As lt dld wlth othen lleenoees, Iceklreed pnovlded eanly
tooltng and technloaL tnalnlng for the Japaneee nanufacturers.
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SECTION III

PUR!:Jrl'ssp EaurP!,sr\m

Electrontcs and, certaln hlgh-value ltems fon lnstaL-
Latton ln supen stanflghteng are purchaged fnon quaLtfled
ouppJ.lers tn pnoductlon areas.

rn Etrope most of the purehased equtpment comes fnom

oerman companlee, although couponents of the F-Lo4G's NAsAnR

nadar systens ane avatLable from four eountnles.

H.IGg-VAtnE_ ITE!'E

rn'Eunope, Genman lnduotrgr agaln suppr.tes a maJor
0

pontlon of these ltems not manufactuned by the Lange eontnactorgr

JAPAI{ESE EI,ECInONTCS

Japanre burgeonlng electnonlcs lnduetry 1o nepreeente6
by:

ulteublshr Electntc, Nlppon Electntc, shlnadzu, and

Japan A,/C ntectntc.
Othen eLeetnontcs components fon F-Lo4J and F-lottDJ

nodels manufactured tn Japan are punchased from Unlted States
or Canadlan ouppLierg.
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Many speetalty ltems ln thle categor'5r al,so are lnponted

for incluslon 1n Japanese-made Super Starflghters, but sources

Llsted beLow provtde at-home avalLabtLlty:

Shlnko Denkl, Tolcyo Kolmkelkt, AlResearch-Shlmazur Yoko-

homa Rubben, Ttrompson-Mltsublshl Denkl, Shlmaztr, Kayaba Kogyo.

c Ar{j,p,r$N_ EI$cqBgl[Jgs/glst -l,A!gg_ EaurS}FNr

All but two electronics systems lnstaLled 1n Canadian

CF-1O4s are purchaeed from Amerlcan eompanles, because of theln
proxlmlty and destgn enperlence.

cAt{ADA T0 UoS 
"

Besldee maklng ever"Xrthtng for lts own alnpJ.anes, Canada

aleo produceg several Super Stanflghten segnents for Lockheed,-

mad.e craft.
MADE IN AMERICA

Somq eleitnonlcs suppLlers for the Amerlean pant of the

l*eu tntennattonaL program:

Lltton Systems, Inc. (navlgatlon system), Intemattonal,

TeJ.ephone and, TeJ,egnaph (tlCnN), AlResearch Manufacturtng Co.

(alr data computer), Mlnneapolts-HoneyweLL (automattc fllght
contnoL systen) and Autonetlcs (WnSnnn) o

Ilamtlton Standard D1v1slon, Unlted Alrcraft Co4l., Fonrest

Wagnlene Englneerlng, Flrestone Tlre and Rubbef Co., Hydro-Alr.e

Co., Stewart Wamer Corp, Bendlx Corp., Davenport lowa, nenbtx

Cor?., No:lth Hol.l"ywood, Cal.lf ., Croodyean Tlne and Rubber Co.,

Amerlcan Br.ake Shoe Sorr Vlckens, Inc. and ALllson Dtvlslon,

GeneraL Motorg Cor.p.
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SECTION IV

Tsrs- s_qnFld[\Is. Jg$pFg

lllre F-LOltrs razor-honed appearance provldeE a natural
lnvltatlon for d,escrlptlve superlattves.

PreotseS.y englneened, the super stanf,lgbter"rs shape

ts functlonaL -- aesthetics notwlthstandlng.

Itrs bulIt to go.

To go h1gh, faet and fan wtth vanled defenslve payloads.

ORIGIN

It started 1n L952' when the U.S. A1r Fonce eaLLed for
a day superlorlty flehten subord,lnatlng other enlterla to
fHght penfor"mance.

r,ocldxeed looked at scoreE of desLgns: deLta wlngs, ewept
wtngs, fLush coelcplts, wlngtlp-mounted vertlcaL flnE, roeket
nopulslon, Low-mounted hortzontaL stablllzen, vee wlndshleld,s.

l{elght went up to about 50rooo pound,s, dnopped as low

" ag SOOO pounds.

ort of the destgn, wlnd tunneL and rocket-fLlght studtes
came a new wtng shape: the trapezold. rts opan __ Tt feet on

each slde of the ftrselage -- wog startLlng enough. Added to the
bredt firom conventtonaL aerod;mamlcs tnend was a deflnlte nega-

tlve dlhednal.
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The U.S. A1r Force stgned a contract wlth lockheed fon

manufaeture of, a prototlrpe alnplane -- the Xf-:.O4 -- ln March,

1953. It ree made and fLown 1n less than a year, taklng to the

aln for the flrst ttme ln Febnr&rTr Lg54 at Ed,ward,s AEB, Callf .
llhe l$-L04 was powered by a Curtles Wrlght J-65 englne.

Drawlng fnom pr.otot;fpe fLlgbt e:qrerlence, deslgnene went

up to the GenenaL Electnle J-Tg englne for productlon nodeLs

because of lts lncneased thrtrst-to-welgtrt natlo, Emal,L frontal
area, afterhrnrlng and lmproved speclflc ftrel consumptlon.

fo accommodate the larger englne and, lnereased fueL

eupplte's; firoeJ.age length was extended to 54 feet and p tncheg.

ALL nodels otarttng wlth the F-L04A also lncorporated the now-

standard splked cone englne alr lnLete -- rnrLtl-shoek lntakes

whoge'bleed and by-pass systens match aJ.1 fllght reglme aLnfLow

nequlnements.

Othen naJor changes were a ewlteh to a.c. eLectnlcal. power,

addltlon of search and tnack radar and tnstaLLatlmof a ventnal
fln that'.' actlng aB a large vortex genenator -- spo1Ls clreulan
alr'fLow anound the fuselage and tncreases dlneetlonaL stablJ.lty
thnough the supersonlc speed, range.

$TEN USAF PNODUCTION

A1r Defense Command orders fon slngLe-seat f-104R a1r

euperlorlty day flghters placed flnst Stanflghters ln opera-

tlonaL servlce tn JanuarT, L958.

J
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The F-1048 was a tandem-seat tnalnen fon the same conmand.
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BuLLt anound, the same alrfname and an inpnoved vension

of the same englne, the F-Lo4c (whtch captuned, the ].962 Ftghten
weapons Megt ,tltle) .went to TactlcaL Alr command squadnonE for
attack and gnound suppont.

rts two-seat eounterpart -- the F-to4D -- ls a TAC tralnen
and, Local-defense vartant.

1TIAT DROOPED WING

Wlnd tunneL tests proved that a hlgh talL posttlon was

neeessarly for optluun stablLlty and controL about the pttch a:rls

thnoughout the F-lO4rs wlde }Iach range.

the wlng extends onLy 7! feet from the ftrseLage.

And the talL fln reaches almoet the same dlstance ln a

ventlcaL dtnectlon.

Locatlon of hortzontaL stabtllzer on top of vertleal talL
ratges center of pnessure on talL theneby lne:reaetng lnduced nol.l
effect dur.tng slde sLtp.

To conpensate for the lncneaged r.o11 that nesuLted fnon

thc ventteaL tatJ., negattve dthednal -- or cathedraL -- was put

ln the wlng. cathednaL angLe ls approxlmatel.y 10 degnees.

SHORT AI{D SENAICBT

Why not use a swept wlng?

swept-back atrfolLs nequL:re thlck chord and long span --
wtth attendant hlgh dnag -- to glve penfonmance eonparabLe to
the ehont, etnalght wlng,



I
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Sxtnene sweep also deterlorates handLlng chanactenlstlcE.

Belng ehort and thtn, the F-1O4 wlng eneountens Ltttle drag. A

sharp leadlng edge sllces thnough the atn and eltmlnates such

l4ach effecte as buffettng and tucktng.

lilhy not a deLta wlng?

Ever"y Bqltrare foot of deLta wlng has Less drag tn a certaln

!4ach numben reglon -- sorl€whene between 1 and 2 -- than a cort?es-

pondlng Bqluare foot of stralbrt-tfrfn wtng. Everry sqnrare foot of

stralght wlng, honeven, Llfta rouglrly twtce that of a d,elta'

By the ttme there ls enough deLta wtng area fon a glven

3.oad,, totaL dnag ls consldenab]y hlghen than a stralght wlng

pnesento.

Itre delta has lowen tnangonLc dnag than stnalght wlng.

Ttratts whtrf most sL1ght1y supensonlc atrcraft use thls conflgunatlon.

AND fiIIN

llhe F-].04 wlng has a thlckness ratto of 3.J5 pen cent.

!{axlmrm thlekness of 4.2 lnches adJacent to the fuselage sllms

to only L.g6 lnehes at tlps.
Ttre wlng tlp chord ls appnoxlnately 38 pen cent of

theor"etlcaL root chord and Leadtng-edge sweepbaek ls approxl-

mately 25 degneeo. The tralL1ng edge hae a smalLen sweep for.wand.

Both the nose landlng gear and the maln J.andlng gear

retnact tnto the ftrselage becauge of the thLn wlng deotgn. $ose

gear retracts fornlard; maln gear moveg fonward and turns, go

the wheeLs can tuck tn fLat.

The wlngo attach to the ftrseJ.age wtth flve heavy forged

flttlngs that are attached to wlng sklns and lntenmedlate channeLg.

IJ
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uppen'and J.owen sktns are fonmed from slngLe machlne-

tapened pJ.ates, o.25 lnehee thlck at the root and o.].:a5 thtck
outboard,.

No chondwtge nlbs ane used. rnstead, noot and tlp
fonglngs heLp fonm a torslon box that lncludes L2 spanwlse lnten-
medlate channels -- alL formlng and supportlng the alrfoll contoun.

BUSU DAY AT fI{E ORIFICE

fhe starflghter:f s boundary layen contnol system, whlch
provldes tncreased Ltft and penmlts Lowen Landlng speed, openates

on hlghly compressed aln fnom the englne -- duetect lnto the wlng

and out of 55 slots o.9 lnches apart along the tnatLlng edge flap
htnge Llne.

rt adds energy to boundarry layen alr and, reduceg turhr-
lence due to fLow sepa:ratlon.

Alnflow thnough the orlflces ls controlLed by the flap
movement. When fl.ap angLe passeg the L5-degnee mark" the BLC vaLve

opens. A fulJ--open posltlon ls reached, when flaps are extended 45

d,egrees.

Each eLot along the 47-lnch flap J.ength ts 0.o9 tnehes
deep and 0.55 lnehes wtd,e.

ffi-ffi$s*S$-::-gP TFo$s

BulLt tn halves, the fornard frrselage eontalns the eock-
plt, eJectlon seat system, electronlc compartment, Wl.can 20 mn

cannon and nosewheeL suppont structure.
Frrnctlonal systems are lnstaLled and the halves mated

befone flnaL assembLy.
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Ftrlng loads of the cannon are abeonbed by a two-pi.ece

mount made of aLumlnum alloy forglngs.

MID-FUSELA@

BulLt on flve heary forged frames tted into a forged

keeLson assembly that supports landlng gear load,s, the m1d-

ftrselage slmlLarly ls destgned 1n halves to ease equtpment

lnstalLatlon.
Wlng flttlngs attach to the fonged fnames.

. Instde are the Starflgtrterrs flve bladder'-type fireL

ceLLs -- outsld,e are the alr tnlet ducts.

THAT SPIKED INI,ET

Excess a1r taken ln at the lnLet ls by-passed a:round

the englne for coollng and eJeeted at the nozzLe for tmpnoved

propulslon efflc leney.

Aleo reduclng base drag, the ducts are stnetch-formed

and eontouned to the aln lnLet conftgur"atlon. Deslned skln
thletinress ts attalned by chemlcal m113.1ng to assure accuracy of
flnaI d,tmenelong.

The conlcal namp pr.oJeetlng ahead of the lnLet ls de-

stgned to provtde ma:rtmrm ran recoverJr for the englne at htgh

supersonlc speeds by controL of the shock !{ave at the 1nlet.

$IE BMPENNAGE

I
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T-tall moves

enttre horlzontal

&$ a unlt. There

stabllLzer of the $uper Starflghter
ls no elevator.
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__t
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It ts Located only 3.L tnches fnon the top of the swept-

baek ve:rtlcaL,ftn -- whtch has appnoxlmately 2! per eent nore

surface area,than early F-LO4 modeLs.

f,tre l,arger fln and powened nrdden glve pllots lncnementaL

contnol" ln aLl maneuvers, especlaLly durlng attaek on Sround, tar-
gets.

OnLy 3.6 lnches thlck at the lnboard edge and, sLlmmlng to

a mere .6 lnch at the tlp, the horlzontaL stablllzer ls made wtth

a elng1e spar covered. wlth sktn paneLs.

llhe hlnge movement ls aLong the spar Llne.

Hlnge and operattng eontrole both are encloEed by enpen-

nage oontour -- avold,ing external falrlngs normaLly used to

eover thege ltemg.

&r1Lt on two steeL frrselage forglngs suppor"tlng two

fln forged epars, the ftn contatns boost servo unlts for enpennage

contnol sunfaeeg.

STIE FJ{D

Stalnless steeL and tttantum sklns cover the aft fuEe-

Lage sectlon that houses the englne and carrles tall. loads,lnto

the mtd-frrse}age.

AddltlonaL strength, and heat nestetance, are provtded

by etainLees steeL firselage S.onger.one and fln deck gtntrcture.

Stowage slte for the J.andlng drag chute ls a compartment

on the bottom of the ftrseLage Just aft of the mld-to-aft fuselage

Jolnt.
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Deslgned for eaoy-to-read stmpllelty, the Super Star-
ftghter lnstruments are on four ventlcally-mounted, panels.

IndtvlduaL lnetntrments ane face-Llghted. Prlnted pS.acands are

edge-L1ghted,. (In Canadtan alncraft lnstrnrments are lntegrally
llghted. )

llhe maln panel lncludes fLlght attltude tndlcatons

and navtgatlon lnstruments, tachometen and gauges fon exhaust

temperatux{e, Jet nozzl.e posltlon and f\rel o

At each elde ls a flne, on overheat, wannlng Llght that

comes on 1f englne or tall sectlons have crttlcal. tempenatuneg.

If englne tnLet alr temperatures exceed speclfled 1lmlts, a

ttslowttwarnlng Llght ls lLlumlnated on the Left slde of the paneL.

Monltonlng all warnlng llghts le a rnagten eautlm Ltght

at the bottom of the paneL. After 1t ls actlvated -- to warn

the ptLot of posslbJ.e tnouble 1t can be reset to openate fon

other parts of the warntng system.

Othen maLn panel lndlcatons are fon englne atn tnlet
tempenatune and pltch rate.

DOWN BEIOW

The T-shaped lowen paneL hoLds the nadar lndtcaton,

hydrauLlc and englne otL pressune gauges, ftreJ. flow and cabln

altltude lnd,lcators. Non-tnstrnrmentg mounted there d,t:e afira-

ment contnol paneL, l,andtng gear and fJ.ap posltlon unltg.
Plus -- dragl chute manual nelease pulJ. handLe, gunstght

controLg, plLot faceplate heat control, hydnauLlc pressure gauge

eystem seLeetor swltch and the armament controL gectton.

J
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so mffi Rtffiflr AF$s r.ffiptr

Fonwand of the thnottLe eontrol, the Left panel ls
Ette of the landlng gear swltch, J.andlng and ta:rl llght swltch,
englne starten, alleron and stabtLlzen takeoff lndlcaton llghts
and the externaL stores Jettloon gwltches.

Dlrectly above the landlng gear leven ls a downlock

ov€tl-Fld,e button -- and wlthln a tnansparent lmob on the Leven

ls the landtng gear wan:lng Llght. Atop the lrcnob ts the contnoL

leven uplock neleaee button.

On the opposlte slde of the coclcptt, the nlght front
paneL ts underneath the canopy s1lL -- dtsp3.aylng genenaton

swltches, firel $rantlty lndlcaton test swltch and the rmJ.tlp3.e

warntng ltght pane3..

Drbbed the |tpeek and panlc I' panel by Le t<lreed englneens

and test plIots, 1t has J.l separate wtndows centraLlzed ln one

locatlon for lnetant recognltlon of tnoubLe.

IjEFE SIONSOLE (OU,tUnS CUSTOUER TO Ct'STOI{ER)

Behlnd the throttle eontnoL and extendlng aLong the

left coclrplt wall ls a consoLe wlth sub-panels fon radar eontroL,

automatlc plLot control, stab1Llty contnols and clrcult bneakens.

Outboard lt has auxlllary trlm swltches, fueL tank seLec-

tLon, armament controL and the antl-G sutt neguLator.

$rEN nJCrry (Orrrmns cusToMER To cusfor{ER)

Rl8bt conso].e sub-panels are for oxygen eontrol, navtga-

tlon, bomblng control, IJIIF and clrcult breakers. Outboand: contnoLs

for extenlor" and lnterlor Llghts, tnentlaL navlgator and a1r eondl-

tlonlng, lncl.udlng the fnesh-alr scoop.
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In onden to pnoduce a trtre u1lrltl-mlsglon alneraft

that eouLd, compete suecessfulLy ln the worLd market, Icckheed

reallzed the need fon ne-deslgn.

Beginnlng ln 1956t Lockheed and the U.$. Alr For"ce

fLew 52 test F-104s appnoxlnateLy 55OO mlsstons ln a program

that cogt more than $3OrOOOrOOo.

AE a nesult of the tegts, the eornpany dete3mlned that

some tnter.nal alrframe re-deslgn was necessalT.

the etrrrcture, thenefone, was ne-stressed to meet'the

stnength requlrements of alL-weather mlsslons -- wlth nrLL

exter-taL loads. Ad,vanced aLl-reather. eLeetrontc systemg nere

lnconpor:ated to ftrLfllJ. speclflc mtselon asslgnments.

A total of 36 new fonglngs uere deslgned fon sueh

naJor strarctural. components as ftrseS.age maln fnames, wtng

fltttngs and beams, ftrselage Longenons and Jotnts' tatL fnames'

enpennage beams and nlbs,and gome fuselage sklns.

About 60 smafler zero-draft, cLose tol.erance forglngs'

fabrlcated at appnoxlmately 50 pen cent of the cost for conven-

t1onalJ.y machlned, parts, also are ln the Super Starflghter.
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STRONGER STABIIIMR

TatL-untt modlfleatlons were made to provlde lncreased

contnoL power needed fon openatlon at low aLtltudes and hlgher
gtross welghte.

The change prlnclpalLy 1s reflnement of the en3.anged

verttcaL area developed to counteract lncneased slde anea of
the two-plaee F-1O4B.

l[}re ftn Leadlng edge.was extended aft. ft"nevenslble

trydrauLlc power was tncorponated for the nrdder and more power

was glven the honlzontal stablllzer eontnoL system boogter.

I)

I
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qIQIdpF, I;$SrpJhrg€, auIgKER. sg)3s.

To assure gulek-stop capabtltty,
powered blakes to the Super Starftghter,
an antl-$kld system energlued by senslng

The braktng parachute Is dlameter

16 feet to 18 feet.

Locldrreed added nrlly
combtnlng them wtth

untts ln each axle.

was lncreased from

$O ICE TODAY

Although tt fLleE negularly through extnemel.y coLd alr
maEs neglons, the supen starflghten presents no tclng pnob].em.

ltlo thtngs keep lce fnom formlng on the wtng. one ls ttre

extremely thln leadlng edge Llke a canvlng lmlfe blade -- ao

thln tce eannot estabLtsh an anchor on the metal. The other la
the aerodynamlc heattng that resuLts fnom the alrpLaners verSr

hlgh atr:speeds.

Iclng around the splked englne alr lnLet le pnevented by

applleatton of Brlttsh Spraymat electro-thenmaL unlts pnoduced tn
the Unlted States by Pactflc Aenomottve und.er Napler llcense.
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SIJPER STARFIGfigAR EI,ECTRONICS

Pnobably no other alrrcraft ln the uorld has carrted

as eompaet and preelse a package of eLeetronlc gear as the

Super Starflghter.
Beef-up structural. changes astde, the advanced eLec-

tronlcs wlzardqr more than anythlng eLse aceounts for the

blggest dtffenenee between the F-1OI$C/Cf-f.Or+/f-1O4J alnptanec

and eanLler mod,eLg.

Perfonmanee -- 1500 m.p.h. speed and ablLtty to zoon

to SOTOOO-pluo altltude -- remalns, wtth neflnement.

Tlre eLectnonte magLc contalned 1n I'black boxfr arrays

opens the door to new defenslve effecttveness -- to lnoneased,

deadLler. deternent poweno,

NA.SANR

The name -- NA.SARR -- comes fnom Nonth Amertcan Search

and Range Radaro

A nuLtt-puspose system conslstlng of a radar set that
lnconpor"ates an optlonal flre eontnoL computer, for atr-to-aln
weaponc, atr-to-ground, and navlgatlon.
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Used wtth the flre controL computen 1n atn-to-atr nlg-

elons, NA.SARR flgures for the pl1ot Lead angLe attack for auto-

natlc nocket neLeases, and Lead angle attack (wlth lnformatlon

cuppLled to the dlneeton gunstght) fon the M-SL VtrLcan grnr

pJFEcrgB rqPE $ut{srgHr

After NASARR has computed the proper lead angle fon

ftrtng the VuLaan gun, the dtnector" gunslgbt glves the pll.ot

an optlcaL llne-of-slght lndlcatlon.

l$re slght ls used fon flrlng m1sslLes and -- wtth the

lnfra-red stght -- ca,fi do the same at nlght. lfhe caged slght

retlcLe al.so lE utlLlzed as an atmlng nefenence for vlsuaL dlve

bomblng.

Advantages over earllen slghtsl smaLLer slght head; lm-

pnoved tr"aeklng, Llghter welght, and easlen to lnstaIl and

malntatn.

IIIFRA.RED SIOST

A Icckheed deveLopment, the IR elght ls tntegrated wlth

the dlreeton gunelght and shanes lts optlcs. AbLe to t'geet'

targets by plcklng up emleslon of lnfra-red rays fnom heat

sourees, tt can be used ln the day and ntght.

AIR DAfA COMPITT1ER

The alr data computen necetves eLeetrloal analogs of

aln tempenature, and angLe of attaclc fron tnansducers and tnans-

forms the lnfonmatlon lnto ftrnctlons of trrue aLtltudea, tnre alr
speed, tnre lrlach number and angle of attack as r"equlned by other

alrbonre syateno.

I)

I

)

-_-l

IJ

._J

I

*J

I

J

I

I

l

I

__J

l

I)

I

i



The tnformatlon goes to othen systems

erabLe welght and avoldlng errors probabJ.e ln

NEAD NECKONTNG NAVTGATOR
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,'.o sa,vtng eonstd-

seperate unttg "

PHI (for Posltlon and Homlng Indlcator) teffs the pl1ot

where he ls by rememberlng whene he started, and keeplng track

of course changes, tlme and speed..

Thls automatle system also serves as an lndtcator for
the lnertlal navlgator TACAN and C2G compass systems.

The plLot has only to select a posltlon to learn the

headlng and nautlcaL-mll-e dlstance to that target or destlnatlon.

(One statlon 1s always set fon the return fllght hone.)

TACAI{

ExtnemeLy valuable ln aneas wher.e TACAII stattons are

Located, thls radto alr navlgatlon pnovldes lnstant and conttn-

uous read-outs ln nautlcal-mlLe d,lstance and dtnectlon ln d,egnees

of bearlng.

A polar-coordlnate tyBe gystem, TACAN provldes lnforna-
tlon vla the PHI system lndlcator for. aceunate posttlon flxes.

IJIERTIAL NA\TICIATOR

' Aetual. gnound dlstance and track -- lndependent of fore-

cast or computed wlnde -- ls measuned by the lnenttal navlgatlon

system.

Reading through the PHI, lt requlres no slgnal outputs,

emlte no eLectromagnetlc radtatlon, and contlnuaLly presente to

the pllot a dlrectlon and dlgtanee to pre-selected statlons.

Fon othen eLeetronic systems, the lnertlaL navlgator

pnovldes headlng, pttch and ro11 d,ata.
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Llghten and smalLer (about 500 cublc lnches less d1?-

pLacement than prevlous components), an lmproved IIIIF command,

commtrnlcatlon set ls standard equlpment for all Super Stanflghters.

IN-FLIGTIT NASARR PROOT'

OC-3s weanlng the sharp radome nose of an F-LO4G now are

ln German A1r Force senvlce after development and, use by Ipctclreed-

CaLlfornta Company.

Tfie transportrg usual seats are removed. Inslde the

cabln are the Super Starflghtents electr"onlcs gear, and maJon

f-Lolt0 coel<p1t components, test and measurtng equlpment and sta-
tlons fon englneers monltontng systems tn actlon.

Wlth Lockheed, the unueuaL hybrld made 5O fllghts ln a

I5-week provlng pr.ogram. Besldes cheeklng operatlon of avlontcs,

the rratrplane wlth a polnt'r evaluated quaS.ttles of the F-lO4ts

fllament-wound, !Lastlc radome, now belng pnodueed ovenseag aE

weLL as at company headquarters 1n Bunbank.

Irq+RE?

The Super Starflghten el-ectronlcs compartment ( t'Err Bay)

ls Located beneath the aft sectlon of the coclcplt canopy, approxl-

mately flve feet along the alrpLane a:cls,

Access to the compartment -- shaped Llke a round-top

chest 1s provlded by a hlnged door on top of the firselage.

Each tnterehangeable electnontc box, faahtoned Llke gas-

o1lne cans used on mtlltary Jeep vehlcLes, 1s the same hetght

and depth but ean varT 1n wtdth.
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Unlts have sel.f-test polnta and adJustments penmltttng

qutck t'go, no-go" checkout aften lnstaLLatlon.

Secured agalnst 1n-fL1ght movement, the cans are cooled

by ducted, alr.

EI,ECTRIC PO}IER

DeLlvenlng the. neeessarTr power to eLectnonlc components

ane two englne-drlven varlabLe fr.equeney generatonE potent

enough to suppLy eLectrlclty for alL homee ln an average clty block.

In addltlon to the maln generators are a flxed fnequency

unlt drtven by a hydraullc motor, an emengency genenator drlven

by a ram aln turblne, and.two batterles.

If one of the two maln generatons fa1l such Loads as fuel

boost pumpe, auxtLtaql frrel tnangfer FUCIFr duct antl-lclng and one

gun moton, ane dnopped. Ttre emengeney sygtem can operate aLL ftrnc-

tlons need,ed for a dead stlck landlng, lncLudtng nadlo, coclcptt

llghts, wlndshleld defogglng and fLaps.

$lo battentes provld,e capablLlty for tn-fllght englne

restarts and, externaL stores Jettlgonlng.
Uslng three-phase genenatons, the Supen Starflghten has a

vanlabLe-frequency prluary alternatlng current power system.
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Ortglnal F-1O4s bulLt for the U.S. A1r Force were

equlpped wLth downward-eJectlng p11ot seats. 1[wo reasons:

L. At that deslgn perlod, no seat had been deveS,oped

or ilas avalLable that Loclclreed, feLt had sufflctent boost to

al.ways push the p1lot elear of the T-talL.

2. It was surmtsed that essentlaLly aLl eJeetlons

wouLd be accompllshed, at altltudes hlgh enough for successftrl.

comp3.etlon of the naneuver,

Slnce then, a capabJ.e upward-eJectlon systen has be-

come avalLia,bLe -- the C-2 model.

The C-2 was selected for lnstaLlatton ln alL Starflghters.

TTIE C-2 SEAT

Capable of provldlng firL1 necoverles at atrspeeds fnom

approxilmate3.y lOO to 550 krnots and aLtltudes from ground, LeveL

to !0rOO0 feet, the C-2 l-eaves the Supen Stanftghter. vla a rocket-

catapuLt devlee.

At or near ground 1eve1 the tlmlng meehanlsm 1s set to

oeparate ptLot from seat one second. aften eJectlon -- and para-

chute depl.oyment one second Later.
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To eJect, the pllot pu1ls a D-shaped nlng located

between hls feet on the seat bucket structure. The rlng flnes

two 1nlt1ators. One eJects the canopy. The othe:: stants pre-

eJectlon functlons.

In thnee-tenths of a second, thls happens:

Metal stlrtnrpe puL1 feet close to the body and hold

them untll tlme of man-seat deparatton.

Knee guard.s rotate lnto posltton to prevent 1eg

spreadlng and to counteract effects of alnloads.

Arm suppont webblng fL1ps up and prevents outward move-

ment of arms.

Movlng up the'nalls, the seat hlts a strlken and -- one

second Later" -- the lap belt 1s released, foot retentlon cabLes

ane cut and the p1Lot-seat reeL operates.

(nrfffng the D-rtng also operates a baclnrp system that
flnes a deJ.ay lnltlator lnto the catapult unlt and a gecond one

lnto foot eabLe cutters.)

ROCKET CATAPI'LT

The Xil-lo nocket-eatapul-t, a pyrotechnlc propuLslon

unlt, flts on the seat back uppen eross-beam memben and moves

up and down wlth seat adJustments.

LNAlruN# T}M SEAT

Forclble separatton ts actuated pyroteehnlcaLLy by a

wlndup reel behlnd the head rest.
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l{yLon webbtng ls routed, from the reeL down the fomard,

faCe of the seat back, under the sunvtvaL klt, and gecured to

the forrrand seat bueket 11p.

Sequenced wlth the J-ap beLt reLease, the webblng ls

dnalrn taut between the head neet and the L1p ln two-tenthe of

a gecond, ttpughtngt' the pllot out and away from the seat one

second aften eJectlon.

To aesure pnopen foot retentlon and ret:ractlon, the

pl1ot wears foot spurs equlpped wlth balL sockete at the back.

lttre baLL lock end, engaged by spunsr 1s attaehed to eables that

puLL feet reannar.{, and gecure them ln foot shelf, untts. TWo

lnltlatons, ftred one second apart, cut cabLes fnee at the proper

tlme.

Carnled on the alumlnum alJ.oy seat ts an automatlc sur-

vlval ktt that lncludes dlsconneet hardware' automattc Llfe naft

lnfJ.atlon, hlgh-presoure emergency osrgen bottLes wtth L5 nlnuteE I

dunatlon, dnd a regUJ.ator: sultabLe for pantlal pressune sutts

above 42roo0 feet.

OANOPY

lltre left-hand-hlnged coclrplt canopy te operated nanualLy

for nornal entrance and, egregg.

For: eJectlon, hold-down hooks ane reLeased automatlcaLly

on each slde to assure syumetrl'caL operatlon.

lf6e canopy can be Jettlsoned three ways: puL3.1ng a handle

on the forward eoelcplt console, worktng the seat esc&pe handle,

and -- on the gro.rnd, -- from the exterlor by rescue crews.
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ITSDRAUTICS

Supen Starflghter hydnaultc power ls assux'ed, by two

lndependent systems worklng fnom englne-dr'lven vanlable dls-
pLacement pumps. flrey ean openate ln varrylng tenrpenatuneg.

HSDRAUI,IC SASEGUAND

An emengency ram aln turblne Lowened fron the nlght-
hand eLde of the ftrse3.age wllL provlde hydrauLle po!{er Ln the

event of englne selzure that Leaves the prlmary system lntact.
(e ftamed-out but notatlng engtne glves adequate hydrauS.lc fLow

and pnessure for sunface control.)
lflhe ram atr turblne permlts safe f11ght and, modenate

maneuvere and suppLles emergency eLectnlcal power.

fhe hydrauLtc system uses stalnLess gteeL pressure

llnes and standand flaneLess ftttlngs.

POTER SIEERING

Nose wheeL steentng po!{er for aLL models of the supen

Starflghten ls suppJ.led by the landlng gear door. pressure l1ne.

In these alnpJ.anes, pnessure lnd,lcators are lnstalled
tn the cockplt.

.A swltch on the plLotts control stlck goverans the nose

steenlng shutoff vaLve, whlch ls actlvated by cables fnom the

nrdder pedals.
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POWERPI,AI{T

GeneraL Electntc Companyts Fllght Propulslon Dlvlslont

destgnen and uanufactuner of the Super Starflghterrs 8-79 Jet

engtne, ts Anericats ploneer ln the fteld.
In lg4L GeneraL Electrlc produaed, the natlonrs flret

turboJet powerplant -- deslgnated the I-A.

power -- measured at 13OO pounds.

Punsulng lts ploneertng advantage, GleneraL ELeetrle

durlng WorLd War II deveJ.oped a new style engtne butLt around

an axlal fLow compressol3.

Earller models, guch as the J-33 whtch powened Lock-

eedts f-BO Shootlng Stan, uged a centnlfugal. conrprescor that

nopelLed ain outward, from the center of r:otatlon.

A:rtal fLow means that the aln fLows stralght thnough,
I'packed,r' ever tlghten by a ser.les of splnnlng fan-Llke blades

before fueL ls added and lgnlted.

The one btg goal of engtne manufacturers was an engtne

comblntng Llght wetght wlth hlgh thmst, mechantcal. slnpl.telty

and reagonabLe f\reL economy.

WJ-th the 8-Tg s that Soel 1il4.s reaehed,
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For the flrst t1me, an advaneed alrcraft (f-fd+) and

a powerplant (J-79) were developed and pnoduced sluruLtaneously.

The englnets thrust-to-welght ratlo -- 35OO pounds

wetght and llrOOO pluo pounds thnrst ls unprecedented. Deve-

loped ln eooperatlon wlth the U.S. A1r For"ce under the govern-

mentro weapon system management concept, the J-79 wag the flrst
produetlon englne capable of powerlng alrcraft twlee the speed

of gound..

It had more than L2rOOO houng of factory, slmrlated

altltude and fL1ght testlng tlme before reachlng the pnoductlon

stage.

VarlabLe-ptteh stator blades adJust automatlcal.ly to
(1) reduee staLL pnoblems at 1ow englne speed.s, (2) glve

mantrtrm compressor efftclency und,er a1L fllght condltlons and

(3) to match engine and atr"frame lnductlcn system fon good etal.L

mangtn at hlgh alrplane speeds.

llhe deslgn permlts rapld aeceLenatlon from ldLe to nrl1
power wlthout compressor stall -- a feature Labeled by m13.1tany

p11ots ag |tamazlng.tt

Tfre J-Tg ts 2OT lnches long, wtth a 36-1nch fname s1ze.

Pressure ratto ls L2:1. Englnes lnstaLl-ed tn the F-104G,

F-L04J and F-I"O4DJ -- asslgned a de_slgnatlon ot J-79-LIA --
welgh appnoxlmateJ.y 3500 poundsr and are rated at LOTOOO pounds

thnrst wlthout or !5rO0O pJ.us pound,s thmst wlth aftenburnlng.

_l
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The axlaL flow compressor has 1f stages and a slng1e

rotor, wlth the ftnst rlx stator stages and lnlet gulde vanes

vartable.

Rotors ane made of thln webbed dlecs and, spaeer r.lngo

, bolted together. Blades are attached to the rlrn sectlons by

eonventlonal dovetalls. (top and bottorn compressot' caslng

sectlong can be removed for lnspectlon and, malntenance.)

rHE c_oMBnprrgL cHAI}{rgIr

The annular-d,eelgn combustlon chamber has a spLtt caotng

that can be dlsassembled qulckly and. contalns 10 combustlon

chamberg.

AI-ITI-ICINc

Conpressor d.lscharge aln guands agalngt lnlet gulde vanes

and stnrts lc lng.

TIIE TT'NBII{E

mreels of the three-stage tunblne ane coupLed to the

compressor notor by a conleal shaft fon Low welght and hlgh

strength.

The llghtwelght caslng ls made of fabrlcated gheet metaL.

Top and bottom seetlone ane removable.

CONTROLS

The englners separate fireL systems -- maln and aftenburnen

-- both are fLow controlLlng unlts, hydno-mechanleally openated.

An tntegnal part of the bastc engtne, controlg have

electnlcaL trlm, wlth both hydraulle and eLectnlc\ower. over-
aL1, the syetem serves maln fue1, afterburnen fireL, nozzle anea

and varlable staton controls (tntegrated wlth maln fuel control-s).

Aftenburrnen features: fulLy modulated, vanlabLe area,

wlth a eonverglng-dlverglng extraust nozzle that works automatleaLLy.
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PRODUCTION PROCESSSS
-ttlr

Iockheedts atncraft manufaeturlng technlques al.L are
keyed to produclblJ.lty.

Ttre F-1O4 ls no exceptlon.

These teehnlques, paseed on to Super $tarflgtrter Llcen-
seesr &1n for easy strtrctunal accesslbtLlty ard effectlve use
of sub-assembLtes.

Deslgn goals were -- and gttr.l are -- llght werght,
conventlonaL stnrctur:e, manufactuntng method,s and equlpment, Low

eogt'pen pound, and htgh pnoductlon rates.
Because of the F-LO4rs pnectse toleranee requlrements

and, henetofone unlicnown aenod;mamd.e sleelmees, Bome new fabrl-
eatlon methods were deveLoped.

coMPnEssIoN_IoRr{n{e

, parts fabrlcatton wlth tolenanoes as Low ag .oLo ls
posotble wtth contour formtng, ln whlch sheet metaL flret ts
shaped bnoadly, heat-treated then preelslon fonmed ln the
cavtty of a eompresslon d1e.

the sunfaces and edgeq of the part agatnst the dle face.
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BecauEe of sharper flange band radlt, rlvets can be

seated aluost 1n llne wlth the web of wlng sttffeners 1n-

creaslng the connectlonrs strength and cuttlng down ,twonklngrt

of the area under gtregg.

llhe sharp radtl also permlte use of nrreh narnower offeet
fLangea, reduclng wetght.

Aeeuracy of compnes.slon fonmtng eLlmlnateg wavlnesg 1n

wlng paneLe that dlsturbs alnflow and promotes frlctton and

dr"ag at hlgh speeds.

Ttrls method. 1s used utth sheet metaL fon maklng wlng

Epars and rlbs that do not carry b1g loads. In heavy load-
carrylng aneas forglngs are standand.

ZERO DRAFT FCIRGI}IGS

UnttL recent years, forglnge were made wlth a tapen --
on dnaft -- on r'lb sldes so they eould be wlthdrawn from the

d,le cavlty.
On most forglngs the taper was machlned off etther

to nemove unneeded, matental or for attachment to other parts.
Wonktng wlth the U.S. Aln Fonce A1r Matenlel Command

and severaL alumtnum vendors, Lockheed hel.ped develop new cLoge

tolerance press fonglng that turned. out pants wlth thln,
untaper"ed rlbs.

Uslng hlghen pressures and pneclslon dleg, Iocl,clneed

and lts a1lled Ltceneed manufacturers now produce about 5O

. zeto-draft fonglngs for each Super Starflghter.
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stmctural materlaL wlth LocaLlzed aneaE of thtek
and thln sectlons -- to accommodate varlable loads -- for^merly

er"e made by fantentng smalLer parts together or machlnlng

fron heary stock.
' Chenleally m111lng now does the Job.

AftEr nrasktng certaln areas, aLumlnum sheet, platas
and extnrgtons are lmmbrsed 1n a caustlc sod.a eolutlon that re-
moves unwanted materlaL by etchlng lt off much llke prtntlng
photographlc plates ane prepared,.

Maehtnlng costs ar.e cut and, toLerances are heLd well
wlthln Ltmttatlons.

An F-104 chem-mlLl exanpLe: englne alr lntake ducts ln
thelr extnrd,ed form.

ssEr r,IrRy_s.ross

Squeezlng hot steeL blLlets through a dle Llke bakene

use a d,eeorator tube to 1ce oakes, rcckheed fashlons hlgh-
otnength a1Loys lnto a d,ozen extnrded pants sueh as the ptano

hlnges that attaeh allerons to wtngs;

The tlme-savlng facton, companed to fonmer methods of
maehtntng pants from solld ban metal, 18 obvlous.

CADIINM PLATI}IG

Cadmlun ls a t'seLf-gacrlflctngt' metaL.

As a coatlng for other metals, Lt alLows ltse1f to
become oxydlzed, rather than the load-bearlng member, thus

absorblng corroston and. fatlgue.
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Appllcable to extremeLy htgh heat-treated steel, specl-

fted fon Landtng gear parts and fasteners, cadmtum-p3.atlng ls
accompllehed in an alr-tlght chambern.

PLaeed ln the chamber, the part ls coated. when vlr-
tually a complete vaeuum 1s created and cadmlum ln a eructble

1s bolLed untll tt evaponates and condenses on the component.

FIItIING MACIIINfi'IG BY TAPF

Three proflJ.ers -- two Glddlngs & Lewts 4-Uy-tes and

one Morroey 4-Uy-4 -- are eontnolled by magnetlc tape as they

machtne tall hook houslngs and, eJector nacks fon Super Starflghters.

Pnogrammed, fnom IBM punched cards, the tape guldes the

three-axls pnoflle mllllng machlnes compLetely througfi aL3.

thetn maneuvers, produclng more aecuracy 1n haLf the tlme

RADOME SPINI{ER

Shaped exactLy Ltke the Super Starflghterrg nose ls a

cone-Llke steel tooL that wlnds ftberglass threads lnto dls-
tontton-free radomes.

Splnntng at a contnolled speed, lt pulJ.s flbergl,ass

strands through a resln bath and, und,en regulated. tenston,

weaves LaSrers of gLaso thnead lnto the radome.

When thneadlng and cur"lng are conpleted, the radome

1e machtned, to exact dlmenslons -- by deLlcate cutg on the

flrst and flnaL layers.

The eLectronlcally transpanent nose ls checked for

radar transnlsslon characterlstlcs wlth an lnterferometen and

boneslghted on the companyrs radar range.

I

J

J

I

I

I

--t

)

I

I

I

i

J
.,

J
i

J

l
I

_J

-J

-J'_l

l

I
i

__)

I
I

i

_l

j
_i



-

gprp kplrygs- s&Fgg$g- g$ff$.

Page 5
$ectlon IX

Reltablllty of Supen Starflghter electntcaL connectlons
can be ehecked, napldly wlth a portabLe clrcult tester that can

be elthen wheeLed dlneetly to the alrcnaft or wor"k bench.

capabl-e of detecttng and necondlng clrcult errors, 1t
wlL1 nake 4oo tests 1n 4! mtnutes by companlng an eLectntcaL

ctrcult wtth pre-set standandg.
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}lAINTENANCE

Alrplanes ane usefirL, vltaL lmplements of defense

only when they are f1y1ng.

lrhe slmpLer the ualntenance, the qulcker and the
longer they f1y.

Based upon the necord of F-1o4s 1n u.s. A1n Force

senvtce, supen starflghtens now flylng and abulLdtng wlJ.J.

spend more.than thetn ghare of tlme at work -- ln the atr..
usAF stanftghtens have nequtred on3.y about half

the malntenanee manhouns pen fllght hours need,ed for other
cur.rent Jet flghtens 1n the lnventory.

The atrpLanets sLze and easy-to-reaeh ground attl-
tude ane lnhenent malntenance attrlbutes. No skyscraptng
laddersl no glant aerostand,s are necessary.

, The alrpLane has f.65 lnterchangeable parts -- from
smalL accessorles to firLl paneJ.s -- that can be swltched on

nepLaced wtth tools from an average mechanlc rs gtand.
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EASY-DOES .. IT EXA}-{PLES

L. Modulan boxes contalnlng eLectrlcal equtpment ls
lnstalLed or removed by one meehanlc ln a matter of eecond.s

vla plug-ln destgn.

2. Clrcult breakers and load carrlens are Located

1n servlce bays accesslbLe from the gnound.

3. Bu11t lnto the lowen stde of the f.uselage, the

hydraullc panel opens eas11y for servlce when the coven paneL

1s unlatched.

4, The cockptt bottom hatch can be removed, the eo-

tlre seat lnstallatlon taken out, and stand-up room provlded

tnstde for technlctans.

5. Electnonlcs gean packaged, 1n t'Jeep eansrr ls
neached stmpS.y by unhooklng and, openlng hlnged, eover paneJ.s

Just behlnd the cockplt.

6. ttrei.e are provlslons for all types of externaL

storeg.

ENGINE MAINTENAI{CE

The J-79 englners spl1t tunblne caslng permtts !un-
blne tnspeetlon and work wlthout complete englne teardown.

Most englne accessortes can be lnspeeted, or removed

wlth englne lnstalLed -- a maJor advancement over most other
flghters whtch requtre removal for only mlnor repJ.acements.
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POTERPLANT:

one GeneraL Electntc J-79 turboJet englne, equlppedwlth aftenbunner.

Thmst z L5rooo pJ.us pounds, rnaxlmum aftenburntng, sr,s.

PERFORIiIAI.ICE:

Maxlmrm speed: Mach 2 pJ.us.

Maxlmtrm aLtttude: 1OOrOoO-plus feet.

Range: rn-fllght reftrellng provlslons gtve vtrtuaL
nound,-the-worLd. range. Standa:rd wlngtlptanks can be _supplemented by pylon tanlci
and gun-bay f\rel stor"age.

DI}IENSIONS:

Helght: 13 feet, 6 inches. .

Length: j4 feet, 9 lnches.

Spanz el feet, lL lnches.

LA}IDING GEAR:

Trlcycle lvrpg retnaets lnto ftrseJ.age; eq'lpped wlthi.arger maln J.andrng gear ttres and-rirpndveE-rrq..ldspnlng strtrt.

MIfICEI,&ANEOUS:

Truo-place super stanflghtgrs have baelcaLLy the samefeatures and ehanacterlstlcs: wlng uounaarrr rayer- -

control, Llghtwetght flne controL-systemrautomiticpltch controL that senses and pnevents sf,aLj.so
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RFCORD.SATTER

Itre F-104 ls moden,r avlatlon I s mogt pnoJ.lflc recond,

getten.

In 1958 the F-1O4A set wontd, marks for stnalghtaway

speed, altltude and tlme-to-cllmb to seven dtfferent altltud,es.

. The Starflghten recond nrn-down:

May 7, 1958 -- altltude, Sh,e43 feet.
!{ay L8, 1958 -- speed, l-4o4,08 m.p,h.

December 18, 1958 -- tlme-to-cl1mb to 3OOO metens

(4r:85 second,s), 6ooo meters (5rr4r seconds), gooo metens

( t mtnute 21:14 seconds ) , IZTOOO meters ( J- mlnute 39:90

seconds), l5rOOO metens (2 mtnutes 11:1 seeonds), 2OTOOO

metens (J mtnutes 42t99 seconds), and 2jrOOO metens (4.

mlnutes 26tA3 second,s) .

December 14, LgSg -- al-tltude 1o3 r3g5.5 feeto

(fnre U.S. Alr For.ce award,ed Lockheed a contnact to
modtf! thnee I'-LO4As for regulan fl.tght at aLtttudes up to
L2orooO pJ.us feet. Modlftcattons lncluded a nocket englne

ln the tal1 for propuLslon at the hlghen LeveJ"s, Jet reactlon
contr"ols lnstead of the nonmaL control surfaces at peak

altltudes, and 24-1nch extenston of wlngs.)

En route to the lo3rfp!-foot mark tn L959, the F-IOA

flashed above the desent at Maeh 2.36 (more than 15OO m.p.h.

gnound speed) and, the pllot sald., couLd have fLown fagten.
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MISCHIJLAhT

,. At Least 14 completely dlfferent destgns were consl-

d,ered ln 1952 befone Loclclreed declded flnaLLy on the F-1O4

conflguratlon. Studied, tested and abandoned were: slldlng
lntake centerbody, flush cockplt, delta wlng, rocket pnopul-

slon, wlngtlp-mounted, talL booms, naceLLe-netnactlng landlng

gear, V-shaped w1ndsh1e1d, J.ow talLp1ane.

***

. Super Stanflghter maneuverlng flaps resuJ.t 1n up to

50 pel cent reductton ln alrplane turn rad.lus fon combat

maneuverS.

***

Fokker Royal Netherlands Alrcraft factortes have

lnstalled two-LeveL docks for F-104G assembJ.y whleh, Fokken says,

saves 10 per cent ln man-hour expendltures. And a Fokker

eLectronlc test centen -- completed tn Just 360 aays -- has an

output of one complete system every f* daysr

;r**

SABCA ls manufacturlng the wlngs, and other components

for the Super Starflghtens, 1ncludlng servo controls and trydrau-

licg.
lr*#
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mi.ss1les are belng produced 1n E\rrope by

Netherlands, Greece, firrkey and the Federal

l

l
Norul&V.,

Republic

Stdewtnder

Denmark, The

of Germany.

J

-.J

J
***

Super Starflglrter allerons ane made wlth a steel beam

that has been heat-tneated tg an ultlmate tenstle stnength of

1SOrOOO p.s.l. Actuated by 10 rods, allerons are hung on steeL

ptano hlnges.

lF**

Lockheed Vlee pnesld,ent C.T,. (feffy) .fohnson, who

taLked wlth combat pllots 1n Korea, learned they wanted an a1r-
plane to fJ.y hlghen and faster than the enemy, wlth easy f1e1d

malntalnablllty. "The F-LO4 met those need,srt' he sald. "Its
outstandlng penformance ls stllL not ftr1ly appreclated. It
stllL has penfonmance the engtne cantt explolt.rl

**tt

Herers a statement to Lockheed from Capt. Charles E.

Tofferl, 4Tgtn faetlcal Flghter Wlng, who f1eil h1s F-104C to
the L962 Flghten Weapons Meet tlt1e:

"Thank Vour one and aL1, for the best alrpLane Irve
ever flown.t' He sald the F-104 "reaL3.y shlnest' ln malntenance

capablL1ty, "so slmpLe to malntaln, people wlth llttLe €)cpor*

lence can do tt.tt
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