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ite own ageinst fighters of appromimately twice that size.

There were two schools of thougit on this matter. Thre

rge airglane exponeunts claimed ti:at equal sced, range, and fisktin,
wower could not e olfained in a emaller airzlane because suclh fixed
itemc as the pilot size, canopy size, enpine thrust rer sequare foot of
frontal area, ané {ixed equiprnent ifem weizlits were a smaller percentaze
of the large airplane weislit than cf the smaller one. Likevise, the fuselage
croes section and size, iz feuneral, would be uufavorable for the emaller
airzlane, resulting in lower ratics of 1ift to drap and thirust to drag, even
if the same percentaze fuel weigit could be carried. There was not in
existexce a small engine which had as rood thruet weisit ratiss or epecific
fuel cungumption as the larger engizes thex available. These factore
all true at the time; 62 il was necessary o make gsome ratier major ad=
vances oxn practicallr all cf ti:ese {roxts Seiore a successiul lgll weight

=< &

e develosed,
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i, THE "STRIPPED" PHILOSOPHY

There wac a conciderable irescure from a number of the

fighter pilote in Korea to strip the fighter airplenes, in an effort to im-
wrove their acceleration and ceiling, Tlere wag criticiem of the
Americaun designer for previding "excessive complexity” in guch thinze

al flring cortrule, ejecticn seale, parking hirakeg, and a Hoet of
otlier elements. Wiile it ic eagy tu overload an 2ir; lane wity equipment
widch does not pay its way, mawuy of the t-i-s comylaired about have
amuly zroven their value iz botl neacetime a=nd wartinie oreration. It is
uot casy to zet a true answer rejardin: the comparative valaecs of the

gtrinped and unstriyped airrlanes, This can be done oaly Py comiletely

A

gesigmn? twoe airvlanes, to take full advantase of every sunce of weisit

remoeved, and then evaluzating the resulting perfermance. For instauce,

vnen 100 pounde of equipment are removed {rom the air;lane, one muct
alsc remove at leacst 1-1/2 square feet of wing arez, corresponding tail

area, rediuce the fuel for a ziven job, etc., throuzl t.e complete desisn,

o~
=
4
a
©
s
o
O
<2
n
)
]
fa

woical study aluwng these linez, removiag various
items of equipment and finzll- arriviz: at a emzller airzlane, £ show toe

total zaive iuvolved from the strizpine rocedure. I auy ouca evaluation,
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BAS I C
WING AREA 360 SQ.FT. - e |
WING SPAN 30 FT. T
LENGTH _ 654 FT. g 1N

POWER PLANT _ YJ-67-W-I
TOTAL FUEL 1530 GALS.
GROSS WEIGHT____ 31,850 LBS.

FIG. 4




EFEECT OF REDUCTION IN ARMAMENT €.
EQUIPMENT ON AIRPLANE GROSS WEIGHT

‘ FIXED CONDITIONS | ,
® BASIC EXTERNAL ARRANGEMENT ® ENGINE-J-67-W-I 7
OCOMBAT[RAD 350 N.M.-PER M|L-C-50I1 A ® LDG. GR. ROLL-2800'

B A ) el pori T
> gy

O < 10 15 20 25 30 35

AIRPLANE GROSS WT.- 1000 LBS. F16. 5




MINIMUM EQUIP BASIC

WING AREA 306 SQ.FT.

WING SPAN 27.7 FT. =
LENGTH 65.4 FT.

POWER PLANT____YJ-67-W-I

TOTAL FUEL 1460 GALS.

GROSS WEIGHT_____28,100 LBS.

FIG.6




COMPARATIVE PLAN

 GROSS WT.
' 28,100 LBS.

GROSS WT.
31,849 LBS.

WING AREA
360 SQ.FT.

WING ARE
306 SQ.FT.

FIG.7




SUMMARY OF FIGHTER STUDY

AIRPLANE

ARMAMENT

EQUIPMENT

POWER PLANT

ARMAMENT
GUNS: NUMBER AND TYPE
ROUNDS OF AMMUNITION

SIGHT

RADAR

WING AREA (SQ.FT.)

FUEL (GALLONS)

WEIGHTS (POUNDS)
TAKE-OFF

COMBAT

LANDING

PERFORMANCE AT 35,000 FT.

A/B POWER; COMBAT WEIGHT
MAXIMUM SPEED (MACH NUMBER)
SPEED AFTER 3 MIN. ACCELERATION (MACH NO.)___

RATE OF CLIMB (FT./MIN.)

RATE OF CLIMB AT SEA LEVEL (FT./MIN.)
COMBAT CEILING (R/C=500 FT./MIN.)(FT.)
COMBAT RADIUS (PER MIL-C-5011A)(N.MI.)
TAKE-OFF GROUND ROLL (FEET)

MILITARY POWER

A/8 POWER

LANDING GROUND ROLL

BASIC ___ STRIPPED
FULL __ REDUCED
FULL _ MINIMUM
J-67-W-1 J-67-W-I|
4T-182 ____ 2T-I82
800 500
K-19 K-19
APQ-42 ____ APG-34
360 _____ 306
1530 _____ 1,460
31,850 _ 28,100
28)330 _____ 24.800
23.025 ____ 19,030
1.92 1.94
1.83 ____ 1.90
15,800 ____ 19,680
43,200 ____ 53,000
52.300 55.000
350 350
3720 ____ 3,410
2,000 1,833
2'800 2.800

FIG.8
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sertain factors must be kept constant, and in this study the landing rcll
and the misgion lentih were kest constant, as was the powerplant,. We
never have the luxury of using rubkerized powerplants in actual aircraft

designg, so within the above UHmits {he data slicwn apply.

-

Feor the example studyr, the basic airnlane weighed

31, 849 ncunds aud had a2 wing arce of 360 square feet. Remwoving half the
armament, belf the instruments, ejection seats, drag parachute, dual
becosters, fire detection equipment, and various other elements, the air-
alane could e reduc c 23,100 nounds, sritk a wins area of 300 square
feet. Tkhie includes the effect of reducin; the structural and frel weishie
to the maximum degree compatible with equivalert landing field learths
and miseion radil. A performance summmary oz Firure & showe the
minimum equipaed airplane ie onlyr slizkbtly faster than the ore carrying
its full complement of armament and equinment. Its combat ceiling is
2700 feet Tizher, and ite ground takeoff rcll 300 feet shiorter. This
ndicates, in the writer's opinion, that the performence pains shown
would not be worth eacrificiag the equipment remaoved, considering the

8 &

very extreme natuve cf the "gtripping' involved iun the example.

There was also considerable bue and cry about the

fact that we tended to load un our airplanee with equizment to So many
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differen! missicns with a given airframe and thereby zompromicsed all
basic missions. Arn actual ivvesti ation of ilie facts showed this to be
untrie in many cases. If an airplane Las bagically jood performance and
flight characteristics, it is not difficult or cosily in weight to provide the
capavility for doing a numuer of different rniggions. 1% is cnly the
marginal airplane that gets icto trouble on this tasis. This is particularly

true if the aliernate mission capability can be conaidered in the iidiial

design of the airplane and not patczed on afterwards.
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7., WEIGET A.D PERFORMA . CE FACTORS

Some of the early vrozlems encounter ani whick
etill exdst, hzve to do with such fastore ae definmitiow of combat time and

factcre affectin’ acceleration {rom cruigin; to combat sxeec. It was

: ¥y form -~ -l N : ro- P .
serformance of the airvlave the more

it was penalized by Laving a fixed combat time. The fuel Turued, for
ivstazce, for five mimites of combeat at Mac: 2 ig subetantizily leae than

]

w.at it would be for {five miuztes at Mac™ 3 (Fixuzre 9). Yet militar

srecificaticns call {or fixel c.mmbat times. nees alene i not a meacure

i h speed is at least equally imuyortaxt. Practically all of cur Americax
enzizes totay are limited at altitude o Mach numicers 0f 2 te 2.2, Level
fli~at speeds are get 0 this factor and uct the aercdyvarmic limits of
tie airnlane = for cur best fighters. The time {o acczlerate tu these
creeds, aowever, can ve greatly different, amd the orly way in widch the
better fighters can exzloit tieir nerizemance is by use of climbing

maneuvere at taeir Sixhest forward speed or by their ability to maintain

their 2igh speedsin furzning fliclt,

A comsarigon of the fuel load breakdown for a suboouic

FORM BTATA ¢




TOTAL COMBAT FUEL REQUIREMENT
vs COMBAT MACH NUMBER

6 P— AP—
o2
5 FUEL | FOR 15 MINUTES A SR LI
MIL. POWER + 5| MIN. A/B
PER MIL-C-5011 A
4
3 PROPOSAL
2
T 15 min J-67-W-I ENGINE
MIL. POWER

RELATIVE COMBAT FUEL

O 0.5 1.0 8. 2.0 2.9 30

COMBAT MACH NUMBER
FIG.9
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and a supersonic alrnlane ic clowsz is Figere 10, 2 will e s2ex that tue

@
=y
| 51
(%}
1

(%)

combat suel 1o a ouootantiaily ~roater norilorn of the weigid of a su

fighiey taan of a2 gulsdoniz cheé, In ord earxly sindies, ia syder vo Kesg aizy=
]’_ (o iz we < T . Yom oo faote 4y Poy cis = S
AU 3iZ€ Teulilule anl LU TANTTIRIoE TN 12818y a2rianes was
. » J - p - e e e - Py T 1 P - e i
JELeseEbary LUel 1ans, 8 Yaligeldh Ll SOmsal time a; a..--... S JgeL was [ To”

rew wzriais songideratisn b the Alx Force (Firure 11). Swen
arbitrary estaplisiment of time at -izl sreed, owever, and its effect cu

irslane desi r eondition, meeis furtier evalaaticxz at tie ~resent Zate.

Tie suversezic air:lane ig very critical in itc combat
radive, shculd a 1ilot comtince comlat at sizh speede too lung. Figures 12
tarougi 15 show aow the :ilct can uce ur lig tutal reserves under varisus

conditions anl eacily exceed -is safe combat radiue.

4

A vemuer of ceneralized studiee ou both larze and emall
finiters was undextaken to evaluate such things ac toe eifect of armament
Icad om airrlane zross weigut to do a given miccion, the effect of extend-
ag the combat ralive, and the effect of changing tze landing grouns roll

(Finures 14, 17 axd 18). . would like to repeat that we comsider the land-

ing ground roll o be a fundamental factor in covtrelling suzersouic aize
craft desicy, because tie landiss cliaracteristics of all our latest fi lters

require close juirment om tie zart of troe ikt iz uis flavevet procelore
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COMBAT RADIUS =370
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TOTAL FUEL IS

— 38% OF AIRPLANE
; TAKEOFF WEIGHT

TOTAL FUEL IS
30% OF AIRPLANE
TAKEOFF WEIGHT

RESERVE

CRUISE
CRUISE

CLIMB CLIMB
WARMUP & T.O. WARMUP & T.0.

F-868B SUPERSONIC
FIGHTER

FIG. 10




TOTAL AFTERBURNING
COMBAT TIME

C C
PROPOSED AFTERBURNER COMBAT
IME FOR FIGHTER AIRCRAFT
,,:fom AFTERBTJRMNG
ADDITIO!:_ TIME, .2 JOMRAT TWE
AT COMW SPEED 4(M-I)2
I gﬁTBU ING PORTIION OF
‘ FUEL FOR |3 MINUTES ACCEL-
70 COMBAT SPEED  ECATIONTO COMEAT SPED
ADDITIONA ME-AT COM—
BAT SPEED.
05 1.0 1.5 20 2.5 30

T

&

4

3

e

O

O

COMBAT MACH NUMBER

FIG. 1l




COMBAT TOLERANCE PERMITTED BY RESERVES...

ADDITIONAL 2 MINUTES
COMBAT ON AFTERBURNER AT
35,000 FT. - USES UP RESERVE

FIG. 12




COMBAT TOLERANCE PERMITTED BY RESERVES...

ADDITIONAL 2 MINUTES
COMBAT ON AFTERBURNER AT
35,000 FT. - USES UP RESERVE

FIG. 12




OMBAT TOLERANCE PERMITTED BY RECERVES...

SUFFERS BATTLE DAMAGE TO EXTENT /ﬁ/

OF 15% DRAG INCREASE - PRESSURE LOSS
FORCES RETURN FLIGHT AT 15,000 FT.

FIG.13




COMBAT TOLERANCE PERMITTED BY RESERVES...
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COMBAT AT 28,000 FT. INSTEAD
OF 35,000 FT. - USES UP RESERVE

FIG. 14




COMBAT TOLERANCE
PERMITTED BY RESERVES...

CRUISING BACK ADDITIONAL DISTANCE
TRAVELED IN COMBAT - USES UP RESERVE

FIG. IS




AIRPLANE GROSS WT.-1000 LBS.

AIRPLANE GROSS WEIGHT
vs ARMAMENT LOAD

35 IA ;g“egaz?(o gos., : lrélaf, 338 DS, APG-34 ]
- ’ - - g ’
+ PROV.— —
30 “‘.———-— 4 T-182} 800 RDS.,
APQ-42, K-19
o5 | T-171, 2 T-182, 4 PROV J

500 RDS., g 400 RDS, x
APG-34 APG-34,

20 {=1C PR (=|G PROV.

15 FIXED CONDITIONS
|.BASIC EXTERNAL ARRANGEMENT

10 |2 ENGINE-U-67-W-1
5 | 3.LANDING GROUND ROLL-2800 FT.
4.COMBAT RAD. 350 N.M.- PER MIL. G-50I1A

O

O S |0 15 20 25

ARMAMENT WEIGHT-I00 LBS FIG. 16




l . ‘

AIRPLANE GROSS WEIGHT vs
'MIL-C-5011A COMBAT RADIUS

AIRPLANE GROSS WT.-1000 LBS

40 ‘
ok ___M
ED CONDITIONS

20 -67-W-|
10
O
O S0 100 150 200 250 300 350

COMBAT RADIUS -NAUTICAL MILES

FIG. 17




EFFECT OF LANDING GROUND ROLL
ON AIRPLANE GROSS WEIGHT

35

30

29 FIXED (CONDITIONS

6 |. BASIC EXTERNAL ARRANGEMENT
2. ENGINE-YJ-67-W-I &

|5 | 3. ARMAMENT-4 T-182, 800 RDS, APQ-42, [K-I9
4. COMBAT RAD. 350 N.M. PER MIL-C-50I] A

TAKE-OFF GROSS WT.--1000 LBS.

O 2 3 4 S 6
LANDING GROUND ROLL-1000 FT.




EFFECT OF LANDING GROUND ROLL
ON AIRPLANE GROSS WEIGHT

35

30 \—J
23 FIXED CONDITIONS

20 . BASIC EXTERNAL ARRANGEMENT

|

2. ENGINE-YJ-67-W-I

|5 | 3. ARMAMENT-4 T-182, 800 RDS, APQ-42, K-19
4. COMBAT RAD. 350 N.M. PER MIL-C-50I| A

TAKE-OFF GROSS WT-1000 LBS.

O 2 3 4 S 6

LANDING GROUND ROLL-1000 FT. T
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ey

and, while excellext rerformance in terme of test numbers can be coe
tained for the landing rcll (with the vee of a great deal of braking, drag
chutes, etc.), it is tais factor under emergency conditions wiich will set
ur the field lenptiic required for operating susersouic fighters, Wiile

tiese early studies did uot apply directlyr to the F-104, they are of iuterest

for dackground material,
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IV, DEVELOPMET T OF THE XF-104

ous with the Air Force along the

.

After many digcusgs
lires indicated above, 2 propcceal to build a lightweigid, completely equiyed
fighter was accepied in Marci 1953, The desgign aim was to produce a
susersonic figiter that would have a performaznce capability in excess of
Mach 2 and combat altitudes of over &0, 000 feet. Tlis performance could

not be expected with the iritial engine installation - the Wright J&5 - but

could be exceeded with the Gerneral Electric J79. It was rnezes

©n

ary to use
the latest form of armament, corsisting of the T=171 (tle so-calied

"Gatling sux'), wiick was the equivalent of four to six oifer type 20 mm

7ens bul which was substaztially lighter and more compact. It was evident

hat major stexe must be taken in the nrovisions for advanced radar and

cuneignts.

Makirg use of ithe Lockheed "S»ecial Preoject' appreach
ts the fast development of pratot-jcc, the XF-104 was desizaed, built and
flown in 325 daws. Durin: tiis nericd, there were extersive wiad tunnel

terts rvun in ocuvr owo and man v JACA -wirngd tunnels.

et

2 laying oot the basic arrangement, the writer propose:d

a symmetrical dezign for the attachment of the wings to the ducts and the

FORMN BYRYA 1
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vets to the faselarje. It seerned evident thal thds form waull give

o
Y
<
w
e
iH)

razx wruile srovitding «iher arran; ernezt :

tetter cleazance for the winr, tiy tarks and avilitr to carry the inlel air

i mbom 7 - o & - $ o s = - . 7- —— 3 -~
diucts lirectlr to the entize. o a'win; span-of sudy seovew ioeb o faide

“ . ~ - e s - A L & SR o BT P . "
f ¢ se Jucte, it was conpiderel feasitle ¢ attash the wivre 4o 2iuca
T PV W, ¥ PO . y ol B2 vl anadE ekl e b -
farsaine doe watside enxdsur of the duct withset asy 2ormal caryy=tkrougs

2

structvre. Afler ceveral structvral eagineers threatened 4o commit sicid
it was evenizally detecrmined that tde could Te dave witTout an; wnalie
¢

wing welg!

-

ar freelare weiplht penalty. 4 tasic drag redcction of some
12% appeared ta rescit from the midwing ajursach compared to low wing
desigre. The decisiow to use a Ligh horizoutal tail poeitizw will e

'S

lescrived more {ully later in tie —aper.

One of tiie {iret yrotlems tiat scemed agparent from the
tagic layout of the airrlazne was that the g-an of the vertical tail above tie
centerline of the fusclajge was practically couel to the wing semi-g an and
with the high o rizontal tail jwsition the vertical tail was very effective.

It was evident tuat the rudder was, therefcre, a ~god ailerown, and that ad-

verge roll would asceur with rudder Seflection. Tlis indicated some amouyn

of negative dibedral or "cathedral" would be necessar;y, Hut it was &
o determive the proger amount. At this time, tie JTACA at Amee

Laboratery had modified a zrogeller-drive:r airrlare {0 rar;y the lateral

FORM B7674A 1




LR 12236
\ June 18, 1937

[ b e

N o

Jochtrced MIRCRAFT CORPORATION

CALIFCRNIA DIVISION

&

"' 3o that differe=nt apmarent amouantis

stability artificially by '"black boxes,
of dikedral could be evaluated and pilote'! opirniore rathered on what was a

desirable relation between dihedral effect arnd 2 given amcunt of directional

stability.

A phone call to Mr., Smit: J. DeFrance obtained is im-
mediate concurrence in running a series of tests trying to simulate the
desirable degree cf catihedral whiel it would be neceescary to emzloy for
tie F=104. Lockieed computed the characteristics required tc simulate
zerc degrees, five degreee, aund ten dersrees catbedral, and Mr. Tony LeVier,
our engineerins teot Tilot, vigited Ames tco evaluate the provlem on the

~ACA aireraft. He was nct tcld in advance what anles of catiiedral were

)

tc Ce simulated, but ke was told by radio what gettings to try on the '"black

B gy
DCK,

He was first given a cetting of zero degrees dibedral,
wiereupon he said over the radio, "My God, what ¢id you give me here?"
The airplane was very difficult to fly. He was then given several othier

settings, with the result that a minve ten degrees wae ciogen to give good

characteristics for the F~104 configuration. Throughout 21l phases of

testing the F-104, such tysical coojperation was ckitained from the 1HACA.

A major problem in the concept of the zirplane was the
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flutter and aeroelastic characteristics encountered with a 3% thick wing.
This wing was only three-quarters as thick 2s tie thinvest research wing,
and about 82% as thxdck as those flowa at that time on the X=T test velicle,

There were many unkncowne, and stiill are, in the nredictiow of flutter,
sarticularly im the transcuic sueed range, 25 well as at supersonic sreedc.
it was necessary to find some chiear meanc of festing empirically various
wiag and tail configurations to insure {reedom from flufter. It seemed

that the use of E=inch HVAR rockets mizit be argranriate, usiny camera
means to obtaiz data of flutter, and a sarachute for recovery of the camera,
Thie study wee actsally mndertaken jrisr to getting a2 contract on the
XF=104, ani was carried on initiallr for the larzer fijlters indicatesd iu

the earlr part -f {hig paper, for which we Lad wo Air Force cormract.

Wien a nrivate crganization tries to ;o out and buy Seinch

S

. =

rockets, they rapidly find cut such armamext canuot be purchased without
zoverament saxction, One day when the writer wag visiting General =ce---
iz Baltimore, he made the prokler: known to bim. The General immediately
turned to kis aide and said, '"Send a messaje tu General =---=-=- iu Korea
and tell him tc stop shootin S-incl: rockete for one moruing and send them
to Kellr." By the time I returned to California, some four hundred odd

Seinch rockets Had veen delivered to Lockleed, for imulementing studies

of flutter. There wae no red ta-e in that overation, usutil we found out

FONM 3787A 1
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ourselves we lacked proper sltorage facilities for the rockets, an area in

which to fire them, and ceveral similar items. E3wards Air Force Bacse

solved these problems by providing the necessgary facilitice.

A tymical shot of the data cbtained iz indicated in the
accompanying movie and slides (Figures 19 and 20). A grous under Mr.
Ford Johnston was able ix: a very short time to do some excellent basic
research on the flutter =f the F=104 corfiguration, including such factore
ag tip tanks and tzils. Oue dollar in every eight spent on the XF=104 zro-
sram was sneut on flutter and aeroelastic problems. Later, tae tail
surfaces and aft fuselaze were mounted on a sled and tested to hizh creels
on the Edwards Air Force Basc sled facility.,. Thesge precautions resulted

ir: our Daving encountered nc flutter proilems on tie aircraft to date,

The problem of flight coutrole was solved by the applicaticn
of irrevergile boosters on the stabilizer and ailerous, and various damper
devices were evaluated for providing the ontimum gun platform at all
s-ececs., The basic stability of the airplane is s0 good that perfectly safe
flight can be maintained without any of the vaw, pitch or roll dampers in
ozeration. The uee of these devices, however, zives the airplane sujerior
stability and damping, wiich is no doubt neceesary for effective use of any

supersonic airrlane g an effective armamernt platform.
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Au imtercetivyg rroblan develsed i tot i € it a,
ez eversinle Twosler jutn 3le 8 win:., T"15 was solve g M greenio®
desizn (Fizure 21), irvolving oo Rinle operatic, svMadere imbedded in

wrat amouats to a scliZ siece of dural, wrica is zracticallr a structural

part of the airzlane.
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V. PRODUCTIOU  STUDY PHASE

P
-
=
41
1
(2
&
-
.
-
a
o
U]
M

x:erivieutal aixslases weve being
wrilt, a new approach was taken to the overeall :
The rapid 2rotoiyre develogment siotern does nct alwayes allow sufficient
time for incornoration of degirable production features in the exnerimental
airplave. A program was therefore rroposed to the Air Force, and
accented, whereby for a sum cf $400, 000, a “roducibility study for th
production airplane would be made concurrently wit: develosment of the
exzerimental aircraft, A special zroup of about 20 peojple, made up of
wroduction engineers and etructural and coct analyeic engineers, wae set u3
in an area separate from the experimental grous, aud ther were given dupli-
cates of the prototyse drawings &6 goou as these were releages to the
experimental shop. This zroup was riven a divective tu invecticzte the
cheapest, lightest, and most maintainable form in which o produce sach
zart of the production airplane, Lut were limited so that ttere wunld e 20
increase in weizit or Zrag, and likewise no adverse malstenance {eatures,
compared with the experimental aivplane. They were comuletalr free to
study any method of making tize various aircraft cornpovents, The Buccess

%)

2f tlis study is very outstanding.

Prior to makin- the firal jroductior drawinge, all shases

of the vroducitility report were reviewed witl:. engineering, tosling, and

FORM 8T8TA




LR 12236
June 18, 1957

Ao §

Jochheod BIRCRAFT CORPORATION

CALIFORNIA DIVISION

cost seorle, and the best specific desinun chosen for larze scale production,
in ceriain cases, as many as twenty alternative desigrs were craluated.
Methods of building tae wing, for instasnce, included the use of castings,
forsings, honevcemb structure, heavy plate structure with ¢olumn surperts,
and many other *ariations. When the meeting was concluded, there was

complete agreement on the part of the various groups involved

LI

that a goecd
compromise had been reached between factors on perfermance, weight,
and producikility, Examules of some of the teet specimens developed and
tested by the group are shown in Figures 22, 23 and 24. The changes in-
corporated into the production airplane as a result of this study will result
in savings of the nature shown in Figure 25, For a reasonable run of pro-
duction airplanes, it seems that a saving of from $40 to $70 will be ob-=
tairned for eacl: dollar spent in the study. The savinzs per airplane,
including the effect cf the learring curve on production efficiency, are of

thie nature of $10,000 to $12, 000 per airzlane ag a result of this study

alone.
This procedure secems to be an excellent way of taking
full advantage of the fast prototype development system and still combiriag

it with the most efficient type of production study at the lowest nossible

cost.
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VIi. VARIOUS PROBLEMS Ei'COUL.:TERED

T2e problem of nitchy; wae first cvalzated by Lockieed

i
in October 1952 iu attemiiing 1o put a low agresi ratio tidin wing on the

wind tunnel model of the XF-90. Pitchup ic a term used to descrice tle
maneuver that an airrlane makes wien it suddenl; lcses its normmal longi-
tudinal stability. It hag occurred cn a large nunber of different airplanes

in varicus dejrees. Its causc is a suddex klanketing cf the norizontal tail
surfaces oy the wake from the wing, {ucelage, cr ducts and, in tie casce of
thie swept wing airplance, {rom tip stall resulting in a {orward movement

of the aerodywamic cexnter pressure. Low aspect ratio wings have very
sirong fields of downwash with large vortices wiich sometimes Blanket

the tail. Alsc, long fuselapes required on superscnic airgplanes, particularly

those with ducts attached, develop stronyg vorticee off tie nose or ducts,

which can combine with the wing tip vortices to zive cevere downwagl
conditions and low impact pressure conditione for the horizontal and verti-
cal tail. Each configuration hag its own particular 2roblems with regard to
pitchup. Horizontal tail position ic a determining factor as to whal angle

of attack produces witchuw. Some cowfigurations witiz gchort ducte cluse to

the wing can escape pitchup, so tzuat one cannot jeneralize from one

—
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confizuration to another. The wiand tunuel nredicts accarately conciticns

-

wiich will be encouxtered iwu pitclun (Figures 2%, 27 and 28).

~

Figure 25 ghows {:e subsonic piteany provlem. A ncrmal

slope of the longitudinal stability curve oceurs 3 to ahout 15 degrees

aznzle of attack. At that anzle, for tie Maci: number iz questior, tie tail

3

zecumes irmmersed iz the rorgl flow {rom the fuselare and the wiag stall.

i the angle of attack is allowed tu ircreass from this point, a severe noge-u:

.o
-

% 0

witeh develons and is roaintained througl anrles of attack above 40 degrees.
Even witl. fnll ncge~dowan stabilize: setting, it is suscible to zet a strons
mose=un pitecn, as shown ou tie sarne elide. [r actual {light tests, tre aire-

-
Sl

plane at gubgouic eneeds cete about 2 30- foz to pitela

.
ot warniagZ oy

This wartds is made oy of

-

tze airnlaae pitclice mose urward

and divir,. 3Because the vertical ¢

o

irec ilitr e venerally loot

t.A

fereat forme, invelving - anyle

Witli any reasonakly slow ajyr

te the pilot €0 prevent bis enteriag

contzol is 8o yreat, lLowever, that
o acceleration in cne-tentl second

at ni~F alt

Lulfetin,

w' e

aac!

e may not ret cufficies

lateral instability, and then firally

it generally rceovers by rollizg aver

tail ig alsa in the same pocr flow pattera,

t, 3 that the mane ver can ageume gile

8 of yaw a@ 'well as higi angles of piteii.

it tlhe stall, there ic ample waraing

The lengitudinal

p.

D rezime.,

soesible L. develsy one unit of

Ll
of TATZE.

:f a pilet starte this mraneuver

nt war
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FLOW PATTERN FOR PITCGHUP

FIG. 27




VARIOUS FORMS OF PITGHUP
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aerodynamic sources and will essextially do a hHorizortzal snap roll.

Wier first excouvtered by Lockhkeed, a ceries of tests was
undertaken immediately to determine what confijuration changes would
elirminate pitchuz. Prior to t-e {irst {li~ht of the XF~104
conii

izuration modificatio

some ninetr-eizit
7 neg had i find

, ceer: testes o find an

aerodjymamic golutio
witchup. Figures 29 threuzh 3TA ehow scme

fox

te
\

-

=L

it was possilkle in meany casee to eliminate pitchur,

{ the varicus iceas tried.

out elvvave at a cost in
otizer characterictics fclt to be totally unaccertaktle. Tie use of a low tail

in almost every case eliminated 3¢

. witchur oun the F=104, but,
normal longit

waen it ¢id, the
zdinzal stability, the directional stabilit:, drap, weight, and
aver-all combat utilit:- of the airzlane were seriougly compromised, Attemjts
were mase, tunsuccessfull, to use

vorndary lavesr coxtrol oxn the wing,
fucelage, and cancpy to control ritckh:

b IJ

I‘L&Vl" s tried

arded all formsg of aercdynamic modi-
ficationg which mink of, an€ apparently wii
siuce thought of

ey

ch auyone clse has

it was decided t2 take the ooc features of the xigh tail
gition and provide artificial warzing and etability to

¢ prevent pitciup
maaeuvers,

in October 1953, au

automatic pitck control was develco e
in theory, whick showed that two thn~c muat 2e done to provid

vide safety from

FoRM 87674 1




F-104 MODEL WITH DESIGN HORIZONTAL
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F-104 MODEL WITH DESIGN HORIZONTAL
AT INTERSECT. OF VERT. TAIL AND FUS.
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F-104 MODEL WITH FWD. TRIMMER VANES
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FIG. 31




F-104 MODEL WITH DESIGN HORIZ. SPAN
INCR. 3IN. AND RECT. TRIMMER ON
BOTTOM OF AFT FUSELAGE
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F-104 MODEL WITH STRAIGHT TE.
HORIZONTAL TAIL ON ER.L.

FIG.33
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F-104 MODEL WITH HORIZ. FINS AT ER.L.

FIG. 35
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pitzhup. There must be awn input ciceal from anzle of attack {o cover the

cases of slow anproach o th

]
\
~
-
(¢}
13
oS
Lai}

angle, bt there must also be a factor

put into the control whick would ke a function cf ¢he rate of piteh.

The firal form of the develoned antomatic <iteh control

(APC) is shown in a schematic dravinc (Finure 35). The rate of itch is

2-

{m;

int

&)

the longitedinal contmel ©v a 7yro srsfem teo increasc the appareat
etatility. The amount »f the stick foree (whrich {g adjustable) ig about 35

peunca tull force. The rate of sitch factor is also combined tc feed into the

%

ar:le of attack warnias gvsterr and stick ghaker. There {s a dual vane

ich mrowvide

such angle of attack warnin it

e

" oy~ 3 T ™ -
arvanzement ou the rose w

L]

was necegsary {0 include what ie known as a "warnaout civenit’ {for seriods
of zrolonged turn where variong force eommnnents due to the turn would be

fed into the warning rystem and pive improjer warning,

Fivure 39 showe the oreration of the automatic pitci cone
trol for varicus sharp maneuvers, It is belleved that this device is au
excellent solution to the pitehues sroblem for

tize gspecific configuration of

tihe F=104 and prohably cther types.

Figure 40 shows tle eiffect of Mach number on the changes
in the huffet, lateral irnstakilitv, and reuvtral leasitudinal stability limite.

= . . O -
Ir the supersavic rerior, ancles nf attack above 20° 42 25°% muet be
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TYPICAL MANEUVERS
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excountered prior to nitch in t-is re;ion the complete flow | icture isg,

of course, different f{rom tiat existivg subsounicallr.

B Roll COu'Dl.:.Z

The subject uf voll counling ou the F-104 tas been dealt
2 % % g T ) S (Z)
with at comgicderable length o Hepge and Celsiker in their report.
F=104 configuratisz is such tiat very good btasic stahility exists even turousna
the transonic region, and roll courlin; hacs not Leen an important protlem

cu the aivplave to tais woint. By zlacing the sorizontal tail ahove the verti-
cal tail, the latter has a very wizh

- since it is

wrovided with an end nlate oxn the lower end oy the fuselaze.
- - ( £+

The variatic: of directiozal statdi ity with Mac: numser §

. - - -

cure 41. The mere nrevisizn, however, of nood zirectiona

v
¥
p‘-

and lateral stability doeg nct izsure that a couwdi-uration will be totally free

irom rrovlems of inertia cod

e

wlzy, Tue critical condition for excounteriag

this problem oun the F-104 ic at low

o

or uepative liftc. It a';pears that ratee

J.

of =cil of well sver 1807 ser second will have to e encounte

t Mac..

umocers vetweer 1.4 and 1. ¢ before an inertia coupling will be excounterec.

o

Duriug the flight test nrogram on tie exrerimental airilace, come 350 rolis,

moct cases, and at altituces

pee
"

carrvizg through tihree total revolutiors

ravugin;, fro=: 10, 000 to 40, 600 fcet, were made. Our aerolyrasnics groul

&)

(2) Airplane Desizn im, hca.tu)rs of tie Inertia Coqu-. Prcbhlem, by
R. Richard Heppe and Leo Cbluxcr, Locki:eed Aircraft Corya.,
at the I,A. S, lWaticunal meeting in New York, Ja:.;uarjf 1957.
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has been able 1o set ux theoretical compulation means wiich show excellext

azreer:ent between {ligiit tests cn thie varicus factors affecting inertia
o

This subject has beexn 80 well cuvered in the paper referred to

¥

coupliag,
above that it will not be dwell on in trnig report, except to say that the basic

configuration seems to be lese ceneitive o tie inertia coupling problem than

1. Thic is one of the Dencfits

t-‘o
)
‘*-
(\)
"

a number of other gsupereonic typee invest
obtaired from choosing to face tize uitchiep rroblem wrevicusly described

(Figure 42).

C. Powernlan:t Prctiems

Tie exnerimerntal XF=104 waz powered with a2 Wrigkt J&8
engine and afierburner, capaivle of develcping about 10, 500 pounds of sea

level static thrust. TIis wasg not sufficient thruet to require the use 2f 2

very involved air inlet ductin: gretem. When the General Electric J79

enzine wae provided for the production airrlaue, speeds could be reacied
viiicha cequired a more comilicated form of ducting than on the experiszental

airplane. A great deal of wind tuzcel testing was Jone in cur ows and 1. ACA
wind tunnels to develo: a gophisticated t e of inlet and bypass svetem {or
the F=104A., Tize cuct finzally develened makes use of a fixed cone in front

e

of the duct and a variable bypass arrangement to allow a certain jercenta

[hg]

of the air tnat vitc te duct to flow Setween the engine and the fusclaze gkiu

LY

3 iinally out an aupmenter arranpement arounc the afterburner. .ot
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onlyr is excelleut ram oilaine” for the anize by tiis azrraajeraeni, Cul ac

-~ inm- ——. o LIP g b o LR & P 2 -a - - R N
aercdynamic nczzle is fiymer, s {hat the ruer expancisy caz take place

behind the afterc-vrrer to ocbtain a ccod thrust cvefficient rver-all, Fig:wre
43 sowe a scirematic diayram of the ductiie arranzement, Tois faorm - £

.

irlet arras-emest szovides whwvinnel- excellent croling (wit ixt'e Hmits of

adiabatic rise) and o3 fire protecticr a; 2inst fuel leake and Latile

(-
tn

camare.

Te vese of t.e variatle =ase mai cet De recessary in

o . e Y B e T S 3 e, LB° 1 WP S, A s ! S . o o +$ %11
zeriall gages,; 9¢t t.o s riter 16 oY tie srarasy that &t I wortingatie and ~Fill
- - - - "N - f--" - - g - - -~ >,

ide a certaiz itneaciire of zalcts o peversl canditis.e iCs aave g

et Seew encountered at Zi:lr Magh nuzxber. Shuald the er-due Tlow s ul at

extreme goeeds, tlere i3 everr kel rar that € e drct woirls

stall and thie resulling flow ~atier: cauvse severe
tions of the winrs but of the vertical and Hopiznrtal tail. ThHE ~:3a%lew vil
e common to all “ick sneel suzerssuic air;lanes avd requires a ;reat fea!l

-~ o IS 19 &3 - P | by elos £ 0. oy » s A il & 2P cenm & .
more coneinerazinm and gludy thaxn have Deeuw lven i it un fe tilc time.

tie supersouic airrlave (Ficure 44), it raakes vocoille tie vce of a g ser=

=~
~
)

souic ceiliny: that is above the g.hsoaic ceilins tie airrlase, Good ram

o
12
(44
m
W4
V]
i
L d
n

irnsroves enzive distributiz: = practicell: alwa:-

Waen we comvat at ol Mach nusaber ana i~ altitusde,
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cufortunately ovr nresent confizurations of ¥iyl speed aircra’t, utilizing

low aswvect ratice and high wing loadin- s, tend to rake the duct srovilem

very difficult. Variatious of asgle of attack i maveuvers can chax;e the

e

B e T T Bl st "
cause nizh altitude sugive blowouts. T

L
Qo
e
(2
o
¥
=
L}
&
A
&)
P
4
<y
0
(43
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¥
(=3
: i
o
m
b oed
‘
[

2e (dlot under these conditiome, a partial sressgure suit

.4
"
0
e
"
o
®
»
e
0
o>

‘

]
".
0
o

ust be nsec. Thic bas provern to be a very reliatle device, Dut extramel;”

vicomfortatle, particularly whes long periods of nre-cxrr-enation are re~

quired prior to fligni, Figure 45 showe suel a siit,

A new sroilem wag encourntered on the F=104 i resard to
wrevious practices of efterturuer modulation. Finure 40 gl.cwe basic aire

rplane drac and tizrest curves., Ir the moncafferiurmiyg comdition, a wormal

=y
s

xe

sreeC of about Mac™ 1 ig nitaived. I the {ull afterburniv: outyut woul

3 < K (‘f \ T3

asex over a corgiderable ranune of altitudee, there wourld be nz intezsecti:
of te drap and thrust curves witiin tle arbitrars euzine temperatare Hmits,
Should it be desired to stavilize {l:ot at a Mac: nammber ¢f, say, l.E,
be necessary tv modslate the aminurt of afterburuin;.

ould aiso be ver; difficuk to fk {nrrzations (L r make poed attacks o a
bomber), in tbat close thrust control ie required for equal szeeds oxn twa os
more aireraff. The probvler: of getiing a ficld of power retween the full

neafterburyis; requires guvetantial 2evelor~

amouit of afterburnizn~ and no

ment work, and tue initial attemite to cltals t'se modulation efficienc™ are

A L
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ok 21l snccessful., T!le foz2s not ceem to De a prozlem tual is Tuca atle

D. Hiryk Speed Eccave

Inthe earl; desiyn stulice -f toe XF=104, every cff.rt veas
made te attaix the siznplesat and safest ejecilon seal arras. ems: tiat was

4 b at b ‘ : > - o - s Y e ey
kanown at toe time, Do BIeetios was touoen for a munmger of reasass,

3 g vy Sop. Hmo — " el o T SN % - EPETN o Bpemirm e —— 25
Trere “wvas a mucl more reliaiic vle-lx Getwes.: T e seat £l {2 levyer eacase
b by & " S i T e & Pl e o aaa S e 18 o - - . —y .

RO PEBL SNl ghLCYeil S Gletllitil o Tl SEVDTASE WA TL 8 Ji.o< L (i" BT
Dowwra jeckiow als. funars Py - o i ZOsiRL Bl eR A caa el

As experierce was rathered ouw other Zink sseed airplanes,
"~ ()

e

it became angperent that a ctandard zjectioz seat would not be able to cove
witk the RiaZ indicated sreeds of the subject airjlaze. A srour was srianized

uvnder Mr, Irwin Culver to iuvestizate toe sossibility of reducing t2e air load

on the zilot and preventin: tumblin: of the seat, so that the sweed enveluone

-
[

for safe escape could be impzroved in keenin: with the airvlane serfcrmance.
Fizure 47 indicates thze tyve of 2erformance soundf wity our advanced geat.
By rnaking use of a ey flow nenerator, emall retractaile vares aloncside

the seat to srovide roll darnriv, awo vertical vaues fur Jaw ctadilit,, a
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substartial improvement in election seat cavability has been uvitained, ag

1~a

ghown on {il:ns taken at Hurricane Mega., Winé tunnel tegts shovwes tae
application of the skiz=flow cenerator to be very important in reduciug the

drag of the oecupied seat and tae airload on the nilot. Finures 48 and 49

saow Scilieren pictures taker in model teste. Tiere ic every indication

thet the deeign objectives for tie seat have Heen attaired, ut actial Live

jumps have not beexn made at izh greed to tiis time.

There is a continual izquiry about the use of carsiles {or

M<ch speed escape, It ig the writer's opiniow tiat the sacrifices wiiich must

be made to adapt a capsule to our hich speed aircraft are not warraated ans
that the capsule dees not neceesarily provide a fizher dezree of safel
carn be cbitained wil: ejection geats as a result of furtier studice aud i-n.rove=
nents in sersonnel equipment, Tie nrodblems of makivug discounects from
many controls (radic, etc.), as well as the problems of stabiliziny tae
cavsule itself, present many Jdifficuliies and sacrifice serfurmmance, simplie
city, arc mairtaina®bility in any designs which the writer has seen to cete.
There is likewice the problem, bHec.mizs more and more izmportant, of
egcape on takeoff, landing, azg low altitude {Light. Unlecc a very large
paraciaute is carried, wiich can lower tie ca;sule »lus the occurant, there

will be a double escane .roblem of pettin; the ca sule szt of the air laue and

then the man out of the ey sule. Downvard ejectisi:, of course, cces uoct
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MODEL "D" SEAT AT MACH 2.0
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orovide for escape at hizh takeoif and anproack szeeds, but the princizles

that have been Cevelored for the Lockrzeed "D" seat can »e anplied to un-

ward ejection geats and a pood over-all escanre system nruvided withouwt the

nse of capsules.

E. Spin and Rate of Rell Requirerncuts

It ie quite cifficult for the suersonic aizrplane confijuration
to compl- with certair existing griu requirerments developed over maxny vears
for subsonic conficuratiorse. Likewise, tie avility cftie giort gnan suser=

sunic airnlanes to obtain fantastically kisl: rates of roll sroduces unnecescary

y i

zrobkleme iu inertia counlin;, etruciural desizx:, etc. A revision {o tiese

requirements ig leng overdue, It is not reasomnatle to exzect our newer

fighters to make gix=tur: normal grine and, should tiey be forced te com=
ply with such regulations, it will ix all likeliood result in mouificatiors

ti:at will be costly in performance and weigit, The writer recommends thet
the incirient conditions jor spinninz and spin crovision be given the emihasis,
ratier than wasting a zreat deal of time and effort oz fercivs our newer
configurations to meet oboulete requirements. Roll ratee ghould be lirited

tc those practical in combat, without encousteringy rates of roll widel may

X e e o "
be ag hich as 3007 to 400 per second.

F. Boundary Layer Coatrcl Development

in addition to tie boundary layer control studies mede in
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connection with pitchny, the F=104A was ctadied with varicus forms of

»oundary layer contrel for an incrzace in maximuem Lft. Figure 50 siows
toe se of the blowing system for flow control over the trailing edye ila;s.
This siygtem ic standard ou all ~roduction air -lanes. A decrease in stal-

ling sweed of approximately 15 mph can be ovtained with this systern, Fupe

ther development using boundary laver cortrol helu

shows excellent prozzise, Tie straigit th
in; gvod increases from such boundary layer contrcl devices, wiile this is
net always possivtle with other wing rlavforme. This wiug planformn bas

toe {urtber advartaze that hicdi lilts are obtained at relativel; low anrlies of

attack, so t:at problems of vigisility i arproack and lavding are wot en-

countered.

G. Electronic Develo mend

Ag wreviousl:- ex laized, il was »pszsitle to make an
efficient lipitweig™ fizider onl- by makin; improverneuts i the weizit and
gize of such things as armarment, Jowerplast, and eleciro:i: and radar pear,
areinnt, it wag recognized at an early date that radar was
required tc extend the ;ilot's visios im searc’:, as it would be adoolutely ime-

Jezend on normal visicn aloze.

L
Ly

mweasitle, at the ¥is' sieeds £t He used,
A rroposal was made (3 the Air Fozce wierehy the develsument of a W ik-

weithi radar and sunsi»it wourld e undertake: nd tiis was apsroved, The
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MA-10 syvstem evolved, weizhing less thau zalf c¢f othier fiziiter radar and
- w2 (&)

sungight develozments. Infrared was providel for sigiting at might, Thoe

performance of tiie airylarve is sa nijzh, owever, that radar ranges ontained
are not fully suitable for completel solvin: thie rroblems of air-to=air

searci and trackin:.

in the field of communications and navization equizment,
repackaging of tiiese uniis and incerporatiosn of Luilt=in test equizment is
cing forward, While it has not been possitle, to this time, to reduce
rreatly tie weicnt of this gear, tiere have been impertant advancee made

in maintainabilityr and general arranzement fron: anr ingtallation ~olit of view.
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VII. GEI'ERAL DESCRIPTIO.. OF F=104A AI!D F-104B

With the forescins as an iitroduction, outlining the reascus

foz using the bagic counfiguration and equizment, it ig iz order to ghow the

over-all ontcome of the desicn rotlewms referred to. Figures 81 through 558
are scli-ex;-lanatory awd ghow the seneral arranjeme:t of the F~104A a=nd
some of its svsteme. Provisioz was made in the initial aireraft layout to
nrovide fer a tvwo=rlace, taudern seatin;, trainer version of the aircraft.
Thiise tactical trairer has performance practically identical fo the figkter, ex-

- sl B o o L L . . — ~ = s B2 ins g z - a%
cept for range, and will no douibt be a very uwseinl machine to iuncure ;004

traininy nroprame for the tactical airziane (Fijure 56).

Varicusg sther developmenie, aviag to to with carrving

external stores, missiles, ranre exteusion devices, and smilar features,

have been made, but will not be described at thic time.

The foregoing summary covere develovmente leading up to
tie actual service indoctrination of the F=104A, eucom assinz some 4700

wind turvel tests and a vast number of decisn studies and develoumente,

sucli ag it takes to make a mudern [izlter,
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{ view, to congider ihe vertical takeoff a=zd landing covfiguration,

it ie very difficult to cee where added niph speed ic wortiswiiile, aud it apjicare

o

that the develepment of arniament, radar, auwd fire coutrol s ctems ig tX

uCe'ts

i1 fiel2d for our receare’: efforte over the next {ive vears.
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