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rrhis case history of the Bell X-5 research airplane differs 

in sever al major respects fron-,. the usual monofT'aph. It is conf.iderably 

narrower in scope--coverinF only the development and the cont.ractor's _ 

portion of the Phase I f1ipht r:valuation. Accordingly, the end date 

of the contents is approximately Decsmber 1951. The conventional 

mode of annotating sources, or footnotinr" is not used. Rather, 

numbers in the l eft mar gin of the pages designate the docUment (s) in 

the appendix whi ch served AS the gource. 

The text has been clCl .:; ~:!.fled Confidential; however, because of 

the nature of st~eral of the documents, the appendix must for the 

pres ent r etain the hi gher security c1a.5sif~cation of Recret. 

It Ehou1d be noted that the l.·esearch and development function 

was the responsibility of the F~fjneering Division and the Air 

l·:;tteriel Command until 2 ;~pril 1951. Thereafter, the Engineering 

Divi s ion became the Air DevelorJi'a.mt Force (until 8 June 1951) and 

the lilright Air Developnent C€!!1ter (after B June 1951). The Air 

Research and Development Commqn d, of course, assumed overall research 

and development responsibility f rom the Air Materiel Comman d on 

2 April 1951. 

Acknowledgement i s made to personnel of the Fighter Ai:cc:;:'att 

Branch, Di rector at e of Air H~apon Systems, for their cooperation 

durine the research period an d for their technical review of~he draft 

manuscr i pt. 

i1 
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THE BELL X-5 nE~EARCH AIRPLANE 

Prologue 

One morning in June 1951 a pot-bellied little white 

airplane streaked along the desert runway at Edwards Air Force 

Base, California" Bell Aircraft Corporation' B chief test pilot, 

Jecm L. Ziegler, guided the airpla.ue along the [Totmd and lifted 

it f,ently into the sky 0 The most unusual thing 8.bout this little 

X-5 IlFlying Guppyfl was that Ziegler could move its wings in flip-ht. 

For '-+0 years inventors had be en 'Working ,.on moving wings for airplanes, 

wings which increased and decreased their leilgth and width, wings 

whtch oscillated longitudinally, Wings which flapped like a bird l s 

wings 0 Nany of the se contraptions were built, and Elome of them 

flew. The little airplane over Edwards Air Force B3se, however, 

was the product of the first serious attempt to determine whether 

moving wings were practical. 

http:airpla.ue


This type of research received its impetus at the Volta 

Scientific Conver t~on in Rome, Italy, in 1935. General Artur 

Croccoj the Italian aeronautical visionary, . a.sked a young German, 

Dr. Adolf Busemann, to read a paper on a.ir.craft wings and high­

speed flight. Dr. Busemann's paper, sugg!3sting many advantages, 

started aeronautical engineers on ear ious research into swept 

wing designs. They found that one of the r,reatest advantages 

of swept wings was reduction of aeroqynamic drag at high speed. 

An airplane having zero swept wings (wings at right angle to the 

centerline of the airplane) would theoretically produce the same 

drag at 540 miles an hour as an airplane having 60 degrees swept 

wings (60 degrees, spanwise, aft from the centerline of the airplane) 

flying at 1,080 miles an hour.* 

But swept wings also ha~ inherent disadvantai!es. Although 

the critical Mach number of a wing varied with its sweep angle, 

fl •• 0 in a very practicAllfay, so does its stalling speed. Thus, 

the straight wing 1s :!deal for loW' landing speed; the highly swept 

wing ideal for 8upersonic flight. From this simple statement of 

the problem comes the solution: variable sweep .. IIH 

Early in 1945 a group of American aircraft industry repr esenta­

tives went to Europe to examine the r emains of the war-wr eked 

r

i 

~'la1kowicz, Tof 0 (Lt Colo, ·USAF), "Birth of Sweepback," Air r~orce 
Magazine, XXXV , o. 4, April 1952, pp. 31-32, 72. 

**Aero Digest, LXIII , No. ,JulY 1951, p. B6 . 
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aircraft industry. The Germans had pioneered in both swept and 

'variable swept wings.t and at the Messerschmitt Experime'ntal
',. 

Laboratories the American group discovered an airplane featuriIl:g .' 
-,.' ., 

variable swept wings. However J this Messerschmit t P-llOl atrplarle 

coUld change its sweep only on the ground. The airplane, along 

with all available data, wae brought to the United States. 

Ear~ in 1948 the Bell Aircraft Corporation, Niagara Falls, 

New York, began design studies on an airplane which could vary,I 
I 

its wing sweep in flight. In August of the same year the Govern­


ment ' loaned the Messerschmitt P-llOl to the Bell company to aid, 


them in their research. Short~ thereafter, the company oftered 


to design and build 24 interceptor airplaneelncorporating in-flight 


variable swept wings. The Air Force was interested for a time, 


but an unfavorable evaluation by the Engineering Division of the 


Air Materiel Command prevented the sale. Bell then turned ite 


attention to building a research aircraft. 


On 1 February 1949 the company submitted an informal proposal 


to ,build two varia.ble swept wing airplanes a.s experimental vehicles I 


. f 
and three days later Air Force headquarters directed that these two 


airplanes be purchased. Designated X-5 research airplanes, they 


were expected to demonstrate the best sweep angle for interceptor 

aircraft and to determine the desirability a.nd tactieal advantages 

of varying "ring sweep in flight. "These aircraft. w:i)..l be used 

solely for investigation of the aerodynamics and characteristics 

, -3­



of light weight interceptor fighters," Air Force headquarters 

stated. Furthermore, "Future production of this model is not 

122 contemplated." From the start, the Air Force intended that both 

flying articles would be given to the National Advisory Committee 

for Aeronautics for their research work, 

Bellis Specification 

The X-5 airplane WlS ", • • an unconventional experimental 

airplane ••• designed to detennine the aerodynamic results, in 

201 
o 0

free flight, of variable degrees of sweepback from 20 to 60 • u 

Basically, t he airplane was a "mid-wing cantilever monoplane. II 

The specification described an airplane which was 33i feet long, 

4, 20 measured 321 feet ' from wing-tip to wing-tip, and had a tail 12 

feet high. The engine, mounted under the airplane and with the 

tail pipe extending below the aft fuselage, gave the X-5 a bul~ 

middle and slim aft-end. Propulsion initially would be ..furnished by 

21.0 an Allison J-35-A-l7 engine, with substitution of the more powerful 

Westinghouse XJ-46-rffi-2 engine slated when the latter became 

available. The most radical feature of the little airplane was 

the mechanism for changing the angle ot the wings to any posit10n 

between 20 and 60 degre s sweep. 

The Bell company circulated the specification ong t he 

l aboratories of the Air Force and the National Advisory Committee 

for Aeronautios for their review and comments . 
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The Cost 

On 1 Februar;y 1949 wI en Bell offered its X-5 proposal to the 

Government, it e stimated an overall pro?rBm cost of { ·; 2,416,116.l~3. 

4 For this, Bell would f urnish two airplanes, a full scale mock-up, · 

nine wind tunnel models of the airplane, and all required technical 

data. In addition, the company st a ted that flight testing would 

require ~~74,698.84. ~ile Belli s proposal was beinll negotiated 

9, 17 into a contra.ct.ual document, the project officer initiated a 

purchase request for $1,500,000 to ret the X-5 work urJier way. 

11, 13 . Durinp negotiations) the Engineerinp. Division determined that it 

needen. oniy three v ind tunnel rnodel~ of the airplane J so Bell 

revised their cost to 1.·2 j 360j h3107? 0 On 24 May 194.9, contract 

·3S, 131 number :tF33(03S)329S W~tS "r.r· i t::t, " n ~ 7hi s cont rAct nrovided 

196, 197, ~~1.9487 ,072.02 to cover 63 percent of the work on the X...5 project. 
205 

li second pm:'cha.:e r eque t was written, meant im.e, to t ake care 

15 . of the rema1nner of th e cae­ 'j s e s t i mated hy Bell. This request 

totalled ~ B60,l~.31.77 j ~/hich, when added to the amount ot the first 

57 purchase request , equalled Be1l 9 • revi sed figure of .2,360,431.77. 

(By the time the .... h,mge order t o the contr-act was written, however, 

the amount· of the second purchase reque st had increased to t:873 ,359.75. ) 

Addi t i onal l~oney Requests from Bel l 

The X-5 proe am had been under way about a year when it 

experienced f inancial diffi cultie·s . As was common with many 

1C17 r] evelopment prof"T,arns, Eel l's estimates proved t o e low. On 27 July 
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1950, in accordance with Article 6(d) of the contract, the contractor 

asked for more moneyo Compari ng the cos of t he fir s t year's opera­

tion and the ~ ount of vlor k still r ema i njnr.; to complete the contract, 

Bell stated 	that i t needed 1,321,7,3 . 25. 

}orr. To J. Butler, the Air Force contracting offi cer at the Bell 

plant, estimated th t ahout 50 percent of tIe contract had been 

completed. HO'Io ever , ahout 75 percent of the funds p' .lotted to the 

project had been ~pento Rased on these f ip;ures , ~·!rCl Butler indicated 

that $ljllO, OOO v:a neces sary to complete the ":-5 program. In 

112 	 justifying the l arge ~wn, Hr. Butler noted that condttions had 

changed since t he, ~~-5 contract WAS written. f or example, many costs 

originally fifur ed B. labor costs became materials cos"ts because 

of increaeed t l"' '.!ontra <: tine 0 (t1'he company had rr-:::;orted to large-

scale subcontract-in . wh en a. st.rike c lor.:cd the plant in the summer 

of 1949.) !;t-o ~ut. lc!' concluded that Bf:!ll Y S estimate of additional 

funds was accurat ' 0 

In Augus t 1950 a. purcha.se request for <. 1,000,000 to cover the 

11; major portion of the overrun wns processed. The sum was to be 

allotted AqU 1:9" f r om FIscal Year 1949 an 1 Fiscal Year 1950 funds. 

l.28 On 1 September 1950 change order No.4 prov:Lded the t ·500,OOO from 

148 Fi cal Year 1949 funds , however, at t he time, no 1950 funds were 

alloca.tedo Tn n~cE!Jlber 1950 t.he mat-eriel cOITI.m.and dir ected Bell to 

163 stop all s pending ntil Air Force headquarters could make some Fis cal 

152 Year 1950 f un(ls :lvailable o Ear y 1n 1951, ~':ashinrton authorized 

166 th 500,000, ani change order '0 0 6 h came a part of the contract. 

-6­
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During the .. ix months it had taken to obtain funds for the 

overrun, Bell found that changing conditi ons had made its July 1950 

estimates i nvali d. On 4. December 1950 t he company informed the 

153 	 Air Materiel Command that overhead and labor rates added another 

$126,609.63 to the overrun. The entire overrun figure was now 

$1,448,362.88. Since change orders No.4 and 6 had supplied 

$1,000,000, Bell asked for a third change order to furnish the 

157 remaining 44S,362.8S. A purchase request for that sum was written 

165 in December 1950 and, in January 1951, chanee order No. 7 became 

a part of the contract. 

About sL~ months after the first overrun had been covered, 

269 Bell .informed Wright Field that'still another allocation--$266,759~62--

277 was needed. The Ajr Force reviewed the request and, in October 

298 1951, provided the money through means of change order No.9. This 

constituted the final large grant. However, there was continual 

financial dickering on a smaller scale throughout the life of the 

program. 

On 27 May 1949J when the X-5 program was just gaining momentum, 

Mr. J. F. Strl.ckler , assistant executive chief eneineer of the Bell 

42 	 corpor at i on asked Mr. Butler and ~.a..jor ~!illiam Seevers, the Air 

Force plant repr esent ative, f or permission to work the engineer i ng 

department ov t ime. Th os overtim~ invol ved 245 hours over a 17-week 

period nd would cost 10 , 000. Mr . Stri ckler added t ha.t the company 

had already spent 500 for overtime . 

-7­
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Bel l ju. ·ti f ied t.he r qu t by DtA.Li n that ' t des. r d t o me EZt· : . 

tihe lO-mont h 'eliver y rJ Ie or. the fir. t ... - 5 airplane ,; th r efar e, " 

overtime )las necessary . The .ld.r 'orce representatIves knew of no 

44 	 such deadline nor had overt 1me costs been considered hen Bell 

8utmitted i ts original cost proposals. Accordingly, the Air 

Force refused to approve the request on the basis ot meeting deliver,y 

schedules. However, by the t i me the decision was announced, Bell 

had incurred ~,SOO in overt~me charges, and the Air Force agreed to 

pay that amount CI 

In September 1949 the contractor a s ked reinbursement for the 

moni es pent on t he prel i mi n ry X-5 research--before the Air Force 

59 became J.nterested i n the program. Bell had begun this \OTork in 1948, 

more than a ye ':.r before t.he Air Force ha d agreed to the X-5 develop­

ment. Nevertheles J since this "prior research" '''/as incorrorat~d 

into the prograrn,j Bell mai ntained that ~t should be paid for the work. 

Under the terms of the c ontract (ft~icle 3, paragraph b , 1), 

all costs after 28 Hareh 1949 were allowable. Under the terms of 

the Armed ::" ervices P ocurement Reeulation (Contract Cost J rinciples, 

59 Section XV) ~ all r ese(i.rch and development appli cable to supply or t· 
tservices \rer e tUlowable ; terns of cost under a contrnct . The X-5 

cont - act (Articl e 3, paragraph b) s t ated that t he ~r.med Services 

38 'rocurement ReC-.ulation, " . I» 0 whi ch is specifically incorporat ed 

herein by refer enc&, " ould dete rmine '-that wer e a llowa.ble item of 

cost. Ba sed u pon thes e do cument s, Bell asked t ha t it e paid for 
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the prl or \.. or~ , l'he 0.0: ,t ~oun t. e: . ~ 0 j 57 ,1\50.2. fr . Ra .le 

..entiTllat. (. ~ ths ::UJ.I woull1 . r,) crea. sci ,0 abctt :' '), 0<..:.:' t.or 

59 

.. 1 r~ ...rr" 1 ~ the problem t.o trigilt ;" teld , said ne d. not be l i eve 

t~~L~ ... os ',~ 'ere allO\oFi ..Ie J..t , r as ren ra re~e< r ch or direct co"ts . 

·/I.rovi ;'CW!10 .llowan c.: 0_' t Hese co :..::'1"s ·s consider ,If he concluded , 

roc!!ren .,n~ 	off' '! iMl-. at 'lI·ir Lat.Ol'l 1 Command ac71"eed wi h 

i:r D t.ler Ltw.t. t > . <:t.! pr i. o .. :-""olJenrch ~o sl wer e not < lOl-:ahle un or 

t r.e t~ rr.ts of .L he ' .- 5 cont.r,-:'..ct . H O\'-JCV r, t.he,' believe, i t 'lias 

II61 	 }. Of J . ..l e t . c.t ~··OJ ., 0 l LLe sc cost. • ,. 0 could have h en consid red 

~nticipnto ,'I C03t~ h'·d they ~cn r eHel.ted at t he t : e t.he Co tract 

cor:t ractor O\! a. I I ~ 1 !':-omc of '1 t 0['· c::ri nt. ennnce f inct st.ry· ' r easons . 

t;: . pI'obl e: · '., rcfe!"J. t::"~ t o t.he. oJ: . ani' 9 ,1udJ' e J\ vocat f o 

le 

befor e "ir e I\i~~ ! \(n~c n(! contctl t he X-'5 !1 o pos 

uncer the contr~~ct ,"or eve""', he ::-5 contr~et ... U ..ot .u~ .. lyIi 

th~ COller ..:!-:nt for c imina­

14, 1,(;, .nst~ll aut-o: j . .Jt··, hu ' : ~ ': >: ra.t/ or 1 f~v:~ory' (;omr dt, : e fu r .-.cro­
9: ~ , "I.:;. , 

154 
-t"l. 1 1::1. 
" , ' .' " -/, . 

9 




installation of autopilots. About a y ear later, in }'1ay 1950, the 

Air Materiel Command asked that the Government be credited for the 

deletion. After several months of discussion, Dell agreed to credit 

the Governm nt with approximately 21,000. 

The original estimates of the X-5 program, plus the overrun, 

B2, 223 the changes in specifications, the mock-up changes, the cost of the 
225, 226 
309 flight test program, and minor changes, brought the total cost to 

about $4,260,000. All in all, the financial aspects of the program 

were not unlike those that usually afflicted many, if not most, 

other developments of this nature. 

Details of Design 

As noted earlier, the first X-5 speCification circulated among 

Government laboratories for evaluation and comment. At ~Jright Field, 

the Aircraft Laboratory, on 29 AUgQst 1949, recommended numerous 

changes to the spec' fication. At the same time" the lahoratory 

questioned the worth of the undertaking. Insofar as the Aircraft 

Laboratory could discern, the propram WAS intended, to determine 

the potential of variable swept wings and their effects on stability, 

control, a.nd performance 0 f an airplane. Because most of the existing 

5a da.ta on stalling performance was f or a "no sweep" configuration, the 

20 degree minimum. win ·, svleep of the X- 5 was too high to allow 

application of available data t o performance evaluat ion. I n addition, 

any st alling data gained from X-5 fli ~hts might he wor thle ss since 

sl ats or nose flaps would be necessary at the minimum angle of sweep . 

- 10­



Finally~the Aircraft Laboratory held that information obtained on 

the combined effect of high angles of wing sweep and high speeds 

would duplicate data readily available from airplanes under 

5S 	 construction or already in existence. "In other words," the Aircraft 

Laboratory concluded, "the X-5 doe s not fill any parti cular gap' in 
. ! 

either high speed Or sweepback research." 

The Power Plant Laborator.y at Wright Field submitted its 

comments of the X-5 specification on 9 l-iay 1949. The ma.1or fault 

the laho~atoryfound was that the airplane carried its entire fuel 

32, 54 	 supply directly over the engine. The laboratory asked for a change; 

73 	 however, to move the fuel or the engine loiould have resulted in an 

entirely new airplane. Therefore, on 5 Aurust the propulsion 

officials reluctantly approved the design, stressing that the 

approval was applicable to the X-5 only in its role as a research 

aircraft. 

Failing in its attempts to have the fuselape of the X-5 redesigned, 

the Power Plant La.boratory asked that a double fire-wall be installed 

54, 60 between the engine and the fuel compartment. Ventilation was pro­

258 

39 

16 

' 

vided between the walls to guard against the accumulation of fumes. 

The Natj.onal. Advisory Committee for Aeronautics objected to 

the design of the tail pi pe . However, there was insuffioient infor­

mation available t o justify changi ng the design of th airplane . 

Pending r e sults of tests on t he XF-SS airplane, which also had an 

underslung tail pipe, the COl!1IIlittee ,anted the aft fusela e of the 

. . , 

-11­
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X-5 constructed of fire-resistant material to keep the exhaust from 

scorching the tail. 

The Committee also thought that the X-5 would require 80me 

36, 39 modification when the XJ- 46-r1E-2 replaced the J-35-A-17; otherwise, 

the airplane might drag its tail pipe when landing. 

The National Advisory Committee for Aeronautics emphasized 

that some arrangement woulo be necessar,y to protect the control 

lines of the airplane in case the E!1 gina came apart in flight. Bell 

14, 16 was asked to provide a system of alternate controls as well as a 

number of V-shaped guards Which could deflect particles of the engine 

from the controls should an accident occur. When these were 

furnished, the Committee would decide which was wanted--the alter­

nate oontrols or th,e V-shaped guards. 

The alternate controls proposal was eventually discarded. 

Space restrictions f or ced t he auxi l:tary lines into approximately 

145 the same route a the main control lines o If a disintegrating engine 

tore out the main control lines, the auxiliary lines would probably 

be taken out also. The Committee chose the V-shaped p:uards instead 

156 of the alternate controls, and the Air Force approved .. 

Later t he Air Force requested additional shields around the 

rotat ing sect i on of the engine. Bell thoupht t his compl icat ed the 

145, 156 desi gn of t he ai pl ane, added unnecessar.y ei ht , and went f ar eyond 

its or i gi nal ae.reement9 Nevertheless, the Air Force persisted and 

directed Bell t o install t hes e guards. 

-12­



14, 16 The National Advisory Committee for Aeronautics also wanted 

the X-5 airplane outfitted with controllable, instead of automatic, 

leading edge slats . In June 1949 the Aircraft Laboratory sent Mr. 

Woldimer Voigt, former chief of design engineering of the Messerschmitt 

company in Germany, to visit the Bell plant 0 He reported that the 

normal foroe coefficients used for stress calculations on the slats 

were satisfactory . However, these calCUlations were made assuming 

49 open 81ata at maximum speed j 60 degrees wing sweep, at high anyle 

of attack. This me~t, Mr. Voigt pointed out, that under the same 

conditions, the slats would not be safe in the 20 degree wing sweep 

configuration. "This layout implies that the advantages of the 

variable sweep system with respect to maneuverability, which J.lr. 

ffi. J,;J ltloods ffiell's chief design engineey claims, can probably 

be demonstrated only with Bome, maybe severe, restrictions," Mr. 

Voigt wrot e • 

. The Committee desi~ed fighter aircraft load factors used on 

the X-5, provided there was not too heavy a weight penalty involved. 

14, 16 It also thought that the airplane would require speed brakes. (These 

40, 41 brakes were placed in an unusual position: forward of the wing roots, 

near the nose of the airplane.) 

Instruments f or th X-5 

The X-5 airplanes wer desi gned to carry 500 pounds of ational 

202, 33 Advisory Committee for Aeronautics r esearch instruments. Recor ding 

devices, r epresent ed y cardboard cut-out s in t h mock-up, t ok much 
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51 of their informati.on f rom about 1 , 112 str 'in r allgp.s scattered 

114 tht"oughout the ai r planes and from the 1 ng sl ender pitot boom which 

extended forward from t ha Hose. 

The 0 i r in: 1 desi gn .t01" the o itot' s boom \olas shortened and 

18S 	 then constructed of steel i nstead of aluminum a l loy, at the request 

of the t. a t,i onal dv i sory Go dttee for Aeronautics. Mr.l 

Hartley;". 	Soule ' , .l.t search AirpL nes Projoct Lea :ler at the Committee's 

Langley 1 horatorie s , ask etd tha t the research indtruments :~ nd the 

pilot's ins truments i n t he pitot's boom b s ep r a.ted. J hould they 

be combined, Mr. Soule' s aid, every chanpe· of research instruments 

on the X-5 would r eqld e a. r e- calibration of the pilot"s instruments. 

101 	 In July 1950, Bol l submitted its cost proposal 'for the X-5 

114 	 instruments DAf t er tl [Jrice rev! sian, t h Air Force prov.i.ded 

113, 169 53,132037 for i nstrunenting the airplanes. 

The first X-5 a i r plane \oms outfit t :rl \td ,th Na tional Advisory 

85, 100 Committee for Aero nautics research inst.r umonts . The s econd air!)lane 
ISO, 119, 
147, 244 	 initially had Air Force instruments f or the Phase II fi i¢lt t e sting. 

Provi sions ~lere made in the second airplnne, hO..,lever, for the 

Committee t s res e r .h instruments which ~ere to he installed after 

Air Force pi lots compl eted the Pha s e II eValuat i on. 

Then the program start., , t he Air Force and t he cont ractor 

43, 46 t entatively sch duled the mock~up inspection f or the summer of 1949. 

Bell t r ied t o ha e th mock-up reaqy b 2B June 1949, but on 13 June 
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63, 122 

74, 75 

74, 75 

78, 93, 

a s tril<:e closed the Bell plant. Although the strike lasted until 

November 1949, Bell managed to do some engineering wor k , and it 

expanded its subcontracting work. 

In October 1949, while awaitinp t he mock-up inspection, 

~rational Advisory Committee for J\eronautics and v.Jright Field 

engineers held a conference at the Niagara Falls plant. They 

discussed, in the "preliminary to the f· ock-Up Inspection," the 

press urization and air condi tioning of the X-5 cabin; decided that 

the canopy be j e ttison0d by blowing it rearward of f its tracks; 

and di rected that emergency landing gear operation and landing 

gea r locks be installed on the airplane . The airplane was to be 

capable of carrying about 300 gallons of fuel, weighing 1, 200 pounds. 

T-wo months l ater, on 6 and 7 December 1949, the mock-up 

inspection board met. "The cha.nges directed as a result of the 

~1ock-Up Inspection are of a minor nature," the inspectors reported, 

"and will not affect the basic configuration of the airplane." Of 

the 76 i t ems On the board's report, about 40 items required action 

or study by the contractor. The Air l lateriel Command l s representa­

tives pointed out that the revised specification for the X-5 did not 

include a number of changes that the 1:;right Field laboratories 

. anted. These chanfes, t hey s aid, would be submit ted with in t lofO leeks . 

Three mont hs after the i nspection, Bel l est tmated t hat the 

changes r e .uested by the mock-up board--plus the chane:es directed by 

Air hateri el Comnand- - would cost about 107, 086 .01. 
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,1r . But ler :. the fir Fol'c contract 'nr 0 'ficer at. the plant , 

90 thought t he contractor1 esti a t e of ovey"h a ex!' nsea a s high . 

In turn, ·:to lte'lant 0 on ,1 ' )0 i,: . Graham, hi ef f the : ircr aft 

and r~ sco ':'l es Section, J"rocurem~nt Division 1 informe d Bell that 

93 many of th(~ chanf,cs 1 i ted i n it s e timat 'l-Ier not requir ed by 

98, 99 the Government a d asked for a r~vi.c.e (l estimate 0 In Juna 1950 

B 11 ch(lJ1.~e the tot ~l c;l'i 11l~/ ly--to . 1 h,O( • 'i'he COrnrtl"no pproved 

105 t.his . mount. j and tl"~ i t,em ·CI~ h: 1 1"'<1 indepen dent of the OVf1-rrun 

112 "eitlf n~ ,0 t, i llt. ed at. t.. to; S e to ~!Tle • 

Tunnp.ls 

Lhen tho Bel l proposed the X·-5 proeram to t.t e ,t' ir Force , it 

~'1"" 5 \-Tell a ong 0 1 co ,struction of one \la nd tunnel mod el. The company 

" .. 0 sugpested t,he f ubrication of ei ht o t her morlel .., for tunnel 

tests; but this 'as turned down hy the l'1at,ional Aovisory Committee 

8 fo r !'.eronaulic an th p. '~ i r f-· .ateriel ~orrmRn(L Tn a confe~ence held 

at the Lanr~ey laboratories in February 1949, they decided to use a 

7~ by 10-foot 1 0\'1 speed stability and control mod 1, a spin tunnel 

model, and a S' lpersonic model for URe in the g-foot h' e h- speed tunnel 

.?.I • the 4~ by 4-foot sup ..r s onic-preH sure t, nn~l at the l·an l ey 

1 bor,.-.tories . 

'rh · tabil:i y and contr·ol r.lcde1 of the ~:-5 lilA. 60 percent 

4, 6, 8 completed 'When Bell submitted its fi rst cost propo The co nt ract or 
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4 offered t :.e model to the Government for ,26,309 0 It WR.S bought 

for 24,995 j the s ale being negotiated separately f r om the rest of 

24, 25 the program. 

In lay 1949 the lO\Ol-speed stability and cont.rol model was 

ready· for test evaluation 0 EarlJr reshlts i ndicated th at the model 

41 was s atisfactor,; at the 20 der,ree wing sweep position but at 60 

degrees win~ sweep it indicated directional instalility at coeffi­

'. . cients slightly below maximum lift. Bell en1!ineers thou~ht these 

55 results might be in error; nevertheless, they had, in the meantime, 

50 increased the dimensions of the fuselar-e of the airplane and changed 

55 the lenet,h of the "dnl7s" Later, the \"ring changes '\oTere abAndoned. 

The completed sta Jility and control report indicated that the 

X-5 configuration, ~en accelerated, had a tendency. to duck its 

nose. The ir 14ateriel Conunand EngJ.neerinp; Divl sian infonned 

Bell that, Althoueh this nose-down condition was desirable, it was 

not required by Ai r Force . speclfi~ation9. At high speeds there was 

a high stick force i n the controls of the model, but at low speeds 

the model ~ndicated tha t sti ck forces would he too light for proper 

pilot IIfeel If Bec2.u se of the speed range of the airpl.ane (difference 

between low and high s > eeds) , the Air ~ ateriel Command thought it 

140, 151 mi ght be necessary to a non- linear fe el device or a ~ear ratio 

correct i on device, as r oposed fo r ot her airplane s with th ame 

stick forc$ pr oblems 0 . The tests i rrlicated t hat the X- 5 air plane 

woul d have s t abl e s t all s; t hat sidew8sh caused s t atic l ateral and 
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directional instability at the 60 degrees wing sweep position in 

high angles of attack; that aileron reversal speeds would probably 

be between 	700 and 760 knots indicated air speed; and that dynamic 

l ateral stability (nut ch Roll) would probably be marginal in some 

c on.figurations • 

Spin Tunnel 	Hodel 

In May 194.9 y~o mold, a Bel1 engineer, visited the 

National Advisory C ormr..itt~ee f or l\eronautics laboratories at Langley 

Field to discu ss the d s i gn of the X- 50 At that time the scale of the 

spin tunnel model o f t he a.irplane was set at 1/20, the "Wing" span 

34 	 was to be 15 inches , and loading factors of two pounds to the square 

inch were decided upon . The Committee engineers suggested that only 

one model of the airplane be built, but with three eets of wings to 

simulate three wing sweep pesi tions. The Committee also asked that 

Bell construct an alternate tail corifipuration. 

Apparently 	some mi sunders tanding arose over the model. In 

. 76 January 1950, when t he Engineering Division directed its Aircraft 

Laboratory to pr epare f or the tests, it stated that there would be 

th r ee models. In February , after t he spin model had been r eceived, 

t he l aborator y expressed some surprise, noting t hat there as only 

one model , but three sets of wings. I t al so commented that the 

80 odel was made of Balsa wood, a mater ial too fragile f or the t e ta. 

Pending construction of a more suitable model by the Experimental 
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· , . 

Ff!bricR.tion Labor tory, only preliminar y t efJt,s co lld be ru.n 1ith 

t ,he Bell- built model. 

Spin recovery tes ts of the st.ronger model ere ~~ady to start 

on 22 r:"ay 1950. The Snf,in eerinp Division ask d tha t Bell have a 

represent2.tlve present inas~uch as If. • • t _ r~ h'-s been Rome indi-

Oitt I on that. confi~ration changes may be necessary to effect 

recovery." 

The evaluation actually got under us')," in J'une. From the results, ' , ' 

Bell deduced that the hest maneuver for a pilot'jn a spin was to 
. . 

turn the ailerons with the spin (stick ri('ht in a right turn). 

Nationa.l Advi.90ry Committee for Aeronautics personnel noted that 

this could 	be expected from any airplane which had a thick mid-section~ .. ! 

102 	 The tests also indicated that the X-5 might recover from a spin 

easily when the wings wer e in the 60 degr e e wing swept position. 

Recovery, however, was consjderably more diff:i cult with the wings 

at. a 20 degree sweep. To allp-viate this, i1. ventral fin \'.188 added 

mrler the aft fuselape of the model, and tIts seem1.ngl:\T corrected 

the deficiency.. The fin, on the airplane, would measure eight and 

one-half inches at t he fantail. 

102 Bell proposed nstalling a spin cecovery pArac.hute in the aft 

f uselag of t he X-5 , but t h t he ~Yational Afivi sory Com"ttee for 

173, 177, 	 A9ronaut ica and t h .Ai r Hateriel Comrn ld b elieved that t he tests with 

179 	 tIl va· t r al fin indioated that s uch an ins tall a t.ion was unnecesaary~ 

102 	 No further spin te ts were .required on t he X-5 pro ject . 
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Sup 1 

In ,1l1y 1950~ Bell proposed that an X-5 mode l be te s ted in 

the su pe r~~ol lic \d aj tllnnel f - ci I1t i es nt Lanr:1ey. Such t e ....ts 'ould 

be '!l'd 1.lah l · f r t he f irst f'l ights of the at r plane, would give pr ior 

103 . informa.t 0 on unusua.l fe ~.tures of the X-5 (the wing-root fillet~ 

and t he no t>e r i nlet wit h i ~ drooned lip, for instAnce ), and would 

afforrl t h(J :\inll!ll.tt ~ an oOTiortunity to cont.rast t.unnel dat. wi th 

f 11 fh1.. ;t !.;,;, ~ r o!" \1p.r to le1- ~i·. : j.ne tho a TriOl\nt of wall int. erference 

present i n i ts tlnoel. 

TIl e ad risor y comJr.it,tee -I d the Air Force afreeti that the tests 

,'Joul d b :a]llar] 0 0 fit 5uper ~onic Hind tunnel model "las already on 

106 the ::':-5 or!tract 1l and Rell loJe. s in .trueted to hegin construction. The 

117 InO el waf; BC 1 .d at 0 .. 90, And had movable ailerons, elevators, and 

r udder, ' l i le the wings hhct varic hIe :'''H:~ep. To eva! uate the drooped 

l i p Ai r . nt.~l<e, the jet . Illat WfiS to l ie accurately dupl icated for 

a ~ out t he fir ~· t two inches on the medel, which would h.ring it to 

bout t.he pOfl it.ion that t he engine compressor intake would occupy 

on the full - scale airplane. A restriction was placed near the 

129 tai l exit ..)1 t he syst t o re? u l at e t he flow of air throuf!'h the 

model . 

130 In 0 rlar to l eave t he nose i nlet r ee , th e model was st inger 

146 :rr.ount ed t hr ough the aft fusel ? ..ge , makinp: t he aft end a little out 

of scale. Theref'ore, Bell had to bu ild an ad itiona l aft end to 

scale so t hat i t could be ovaluat ed separatel y . The company also 
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··,nclwip" ] 	 ".,i P ~ t~ ?fo- .1.at.s so t } r,t i r·' fl tt P' t i on. of i "l'h-alt ituda 

control C lara ,t, ~'1. t. {(!S (:0' 1- be c. rrl e out . Rell wan t. ed t o bui ld 

he }.lO' el lo' :l t~ ~ . :-.t- (I.:! co;' . (:0 re['~l bJ hf.,;·od hut Covernment nginee 

objected be a: ,,:00;1 \·;onld l>1arp nnd pit in tha t1 nn 1. 

IJike the j 	 ul - C t; e X-5 test re. ult.s .. t.h . up r sonlc tunnel 

monel t~~t . me T),'?rt oj toll r~at onal .1 ri 'J1 0 Ij" iJomr.:it t, . 

106 fo . i .er mauf...C9 • A. ;ilY, '.nt· .. se~~ ch rop-ram, r.a.: . '.,,+- a f :';) 

,,,,er ·t b J 	 ,' , ,·.~e.m · n~tf-)d . hroul-~ the r eru1ar channBl f' of tha.t 0 ganlz, ­

tion. 

The en rin ~s qf the X--5 "\oJ r e placed 'b low t he fus el a pe for 

32, 54 	 s ev ral ! o.r,. ·~ to [t.ee 1m od;lt,e more ea.;":; .ly vari ety of pm er 

plants and t o h ~ ve th m out of the "jay r. f the 1ilP.' seep mechani m 

heing Amont! t . more l.mpor t ant. 

F-B4 Th un.4er .1et, was 

210 initia ly ln, t a Iled in t.he X-S to pr ovlde a. proven engine for the 

poun':t t hl'ust , ?1. S .Li.lni t e in per.forn~r,~ . 't.o a. spe ad .;u t und r i.·!ach 

10 

27 


31 


spares. 1~1 ray 1 19, Alli so forni,..h ....J nell with t he fir t engine ll 

\'.rh ich l"ir~s ; . corpor[!t:'"~d i nto t he mo :k-up o'f the X-5. The cent act o i 

however .9 lound t,h t t he t a i l p pe of the tack J - 35-A 17 enpine was 

t oo hen.vy, huilt a t ,, ' pipe of it.~ m·m d ni fTl, and c ar~r.ed fiane 

accessory hrac ets and p • mhinr to ne.ke the J-35 fit nto t,he air ~rame. 



A v]ef;tinghouse XJ-46-viE-2 engine, generating approximately 6, oeo 

68 pounds of thrust, was to replace the J-35 when the fo~er became 

available. In fact, Bell included performance estimates for the 

airplane with the XJ-46 in its orig.inal proposals, but the Aircraft 

58, 69 Laborator,y believed these estimates overly optimistic. Moreover, the 

96 National Advisory Committee for Aeronautics thought that the landing 

39 gears of the airplane would have to be redesicned to keep the X-5 

from dragging its t ail pipe when landing wit h the XJ-46 engine. 

However, these prohlems never became pressin~. Westinghouse 

encountered considerable difficulty in produ cing the engine, and 

it was never installed in the X-5. 

"Souping Up" the X-5 

Although the J-35 engine was used in the airplane and the 

XJ-46-vlE-2 was planned for use, the Bell company wanted even more 

113 powerful engines for the X-5--and the underslung mounting fea.ture 

made the airplane readily adaptable to a variety of en ¢,.nes. 

In February 1951, Bell supgested that a t .lright J-65 Sapphire 

engine be installed. The com.nany claimed tha.t this engine would 

192 increase the speed of the X-5 from Mach 0.99 to about Mach 1.04 

at an altitude of 30,000 feet . The National Advisory Committee for 

Aeronautics, however , t hought that the airframe of t he X-5 auld 

have to be more complet ely test ed before such an undertaking was 

justified. 
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203;;' 210 Bell also i nvesti gated the possibil i ty of installing' an 

227, 23S 	 XJ-46-WE-I with afterburner and two l , 500-pound booster rockets 

in the X~5 airplane •. The Air Foree ~sked the NaVy'e Bureau of 

Aeronautics to supply Bell with data on the engine, and ~~ o voods, 

Bell's chief design' eng:ineer, had his rocket research engineers at 

the Bell plant investigate the possibilities of operating booster 

rockets with either a combination of lox (liquid o~gen) and JP-3 

237 or lox-gasoline. Reaction Motors, Incorporated, quoted Bell a 

price of 536,414 for the ro cket engines. 

The contractor' s engineers estimated that the fuel capacity 

of the X-5 airplane would enable it to climb to 30,000 feet under 

. t-urbojet power j operate at full power (turbojet, afterbumer" and 

rockets) for three minutes; and still ha. ve 60 gallons of fuel with 

210 	 which to return to base and land. Bell foresaw several outstanding 

uses for the aircraft: for physiological research at high altitudes 

and speeds, for investigation of turbojet operation at high altitudes 

and high Maeh numbers, and for research on the tactical worth of 

~ooster rockets as aids to high altitude and high speed maneuverability . 

Most of the material ne cessary to modi fy the airplane, Bell stated, 

could be bought from off-the-shelf stocks. The only exception was 

equipment and materi al f or modifyin the booster rockets so they 

coul d operat e on je engine fuel. 

In . July 1951, Mr . oods presented his proposal at lr i ght Air 

Development Centero H no suggested r ockets wi th 4 , 000 pounds of 
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thrust, which could speed the X-5 to f.lach 1.4 at 40,000 feet 

altitude. As an alternate to t he Reaction Motore boosters, Mr. Woods 

247 said" that Bell was considering an acid-jet fuel rocket similar to 

that used in the Shrike missile. 

f.fr. Woods also noted that the Douglas Aircraft. Corporation 

had contacted Reaction Motors regarding rocket boosters for its X-3 

experimental airplane$ He therefore suggested that the X-3 and X-5 

247 	 ro cket pro jeets be comhined and be handled jointly by the two 

companies . 

The Power l ant Lahoratory refused to concur in the proposal 

to incorporate rockets in the X-5. It claimed that Bell was 

asslming that the Shrike missile booster was a proven item. Actually, 

304 	 the Shrike was nothing more than a test vehicle; considerable 

development work yet remained before the booster could be employed 

safel y in a tactioal missile, let alone a man-carrying vehicle. 

The Power Plant Laboratory also objected to some of the fuels 

suggested. 
I 

Mr. Soule had earlier expressed the National Advisory Committee's 

b l ief that XJ- 46 engines would not be plentiful enough to allow 

247 t heir use in both the X-3 and X-5. The combination of objections 

was enou h to kill t he r ocket en one sche e for t he 1-5. 

Landing Gears 

Landing gears were a pr oblem from the beg~nning. The main 

gears extended from the fus l age and st r addled the bulky under sl tmg 
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engine somewhat j11 the manner of a 1D:an standing with a. keg between 

his knees. Because of this, it was difficult to construct landin~ 

gears which would operate properly and still be strong enough to 

support the airplane. Special landing gears for the airplane cost 

53, 56 the Government approximately '6,500. 

Hydraulic System 

Bell designed an open center hydraulic system which controlled 

the operation of the landing gears and allowed pressure in the unit 

79 to lower after operation. Air Materiel Command engineers suggested 

that a different system be installed, primarily because Bell's open 

110 center system was an untried piece of equipment. 

The asslst · hydraulic cylinders in the landing gear system were 

operated by compressed air. The Engineering Division questioned the 

efficiency of these assist cylinders. l-ihen the cylinders were umler­

charged, the landing g.ears would extend and retract but would not 

lock into the down position. \o/hen the cylinders were overcharged, 

the landing gears would extend but woUld not retract. Bell repre­

sentatives told the Air !o.aterie1 Command tha.t the "unusual geometry 

79 of the landing gears" on the X-5 made the assist cylinders the only 

practical solution to the problem. If this were true , the Enfineer­

ing Divi ion replied, then Bell would h v e to r edes i gn t he enti r e 

l anding gear system. 

After furthe r study, the contractor converted the pneumatic assist 
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lS6 cylinder int,o nvent lonal hydraulic cylinders and the Air Force 

accepte d t he de~i~ . 

TtJeakne SB of the X-5 La.."1ding Gears 

Early in t he 1-5 pro ram, in August 1949, t he Aircraft Laboratory 

predicted that the shock struts for the landing pears were likely to 

be troublesome" The contractor had constructed the struts of 

aluminum alloy and very little was lmown about the strength, f atigue 

58 properties, and wearing qualities of the metal when put to such use . 

The laborator y suggested that the contractor conduct tests to prove 

that the al uminum alloy struts were as good as those constructed of 

steel; furthe r more, t hat the contractor be held r espon sible for 

replacing the aluminum shock struts i f they proved unsatis factory. 

In May 1951, at the time of the En~ineering Inspection just 

202 prior to beginni nB the Pha s e I night ' tests, the Ai rcraft Laboratory 

objected t o t h e exc essive a~~le of inclination of the shock struts, 

but no action was required of the contractor because the angle was 

"inherent i n t h is design .1I However, Bell had al so taken the precaution 

219, 235 of havi ng a subcontractor work on hea~ duty shock struts to replace 

t he aluminum alloy ones, Of that be came necess~. 

The Aircr af t Laboratoryt 8 l=l"ediction w s bor ne out dur i ng a 

f~l t earl y n the Phase I eValuation " ~..r. Ziegler, Bell' 8 t est 

pilot, was demonstrating t he ai rplane t s abi l i t y to land at the 40 

262, 264 degree wing sweep position o H was i n the final approach, the airplane 

bein about 100 feet off the grrundand a speed of about 180 mUes 
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an hours when he accidently t r ipped the fla.p switch to the "Upfl 

position " r.~r .. Ziegl er believed it was danp:er ous to attempt to 

flare (level out) since the airplane had demonstrated a ' tend'eney 

to roll to starboard ~en near the stalling speed. He returned 

262, 264 	 the flap switch t o "down", but continued to hold the rate of 

'ZlO 	 descent. The airplane hit the grrund in a slightly nose up position 

bounced off again .. he fl aps had, meant ime , reached the down posi­

tion and Mr. Ziegler set the airplane down between 140 and 150 miles 

an bouro The tires and brakes for the X-5 airplane \<lere the sante 

16, 209 as those us ed on the Navy ' s experiment al D-55S-I1 research airplane, 

221, 224 whi ch was twice as heavy as the X-5a Nevertheless, the X-5 apparently 

rolled slightly to starboard~ for the impact damared the right main 

270t1reand it threw its thread after Mr. Ziegler ha.d the airplane on 

runway. The tir e did not blowout. 

Inspect 10n sho~ ed the s trut support for the right main landing 

267, 273 gear had also been damagedo Tools were secured to begin repairs, and 

276, 285 Bell rushed the proj ect of installing the stronger struts in both 

X-5 airplanes 

The l ling- Sweep Mechanism 

'When an obje ct moves through t he air at supersonic speed 

a cone-shaped shock "lave is formed, having its apex at the nos 

of the object " An airplane, f l ying at Mach 1 .2, \\Quld produce a 

shock wave cone slanting back t o torm an angl e of 55 degrees with 
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the cent erl ine of the airpl an e. To avoid th i s shock t he win gs of 

the airplane must be ;ept aft about 35 degrees from r ight angles 

to the c enterline of the a:l.rplane . The sh ock cone from CI1 airplane 

flying at r.1ach 2 0 0 ~ ould form an angle of about 30 degree and t h 

wings would have to b e swept about 60 de rees to avoid contacto 

At greater speeds the wings could not be swept enough to avo i d t he 

narrow cone waves j so t he atraight wing with its more e ffect i ve lift 

and aileron 	ope r ation mi ght as well be used. One writer stated :* 

The ideal all-s peed wing would be, of course, 
a variable ep design capable of taking off \-Ii th 

. 	 a strai eht ading edge, sweeping it rearward 
progres s ively to 35 deBLreeilror transonic speed, 
to 60 degL!eeilfor low supersonic speed and back 
straight ap.ain for hir-h supersonic speed. 

The Gadget 

The most unu ual thing about the X-5 airplane was the me chanis 

which gave its wi ngs many of the features of "the ideal all speed 

~ling " The 	"lings of the X-5 airplane were mounted on hinges Just 

outhoard of 	each side of the fuselage. Inside the wings, near the 

23, 201 	 leading edge, one end of a ball bear1ng screw jack was attached ; 

shafts pas sed t hrough t he interior of the wings and into t he !us el age 

of the ai r plane wher they were anchor ed to a gea r box o When the 

motors of the mechanism were operated, the jack screws rotated the 

wings on their hinges, chan . ng th angle of sweep. 

*McLarren J nobert J "DeIta :ings , It Aero Digest, Vol. LXI, fo ., 6, 
December 1950, pp. 98, 103. 
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The ch ange in sweep of the wings Call ed a change jn t he cente r 

of pressure nd center of p-ravity. To compen sate for th i s, t he 

wings were moutlt ed, hinges and all , upon rails on e i t h r slrie of the 

fuse la ge of the X-5 irplane. An additional pair of s crew .1acks, 

an ch ored i nto t he varne gear box as the sweep screw j acks, drew t h 

wines fore or a ft alony the se rails. At 20 degrees sweep , the 

entire ldng ass b1y slid forward on the r ails untjl, a t 60 d ~rees 

23, 201 Sl-!eep , they were about 27 inches for"/ard of their starti nr posit ion . 

21 In addition, there were provisions for minor chanres of lvi nr. posi. tio 

up t o four and a half inches fore or aft , without chan¢.n?, t he ffi.leep 

angl e of the \-f:i.rlf.S . 

The sweeping and Tlos itioning actions of the systen took place 

14, 16, s imult aneously lEIS the sweep and posj t i oning comnone nts wer e reared 
be 

together. The entire process of moving the winp.s from th e 20 degr ee 

to the 60 clep-r ee weep took place j n about 20 second s . 

I n the cockpi t of the X-5 airplane were tl fO d i als. (n t he 

large circula r dial the pilot selected the wing sweep angle ar.d 

"'ling pos i tion he desired. lIe pressed a hutton on t he control stick 

72 and the \,jnr. ;oved on thei r hinges a nd sJ.i.d fo e or aft on thei r 

r<: ',Is until th~' reached the DOS it . on sel ec t ed . f small e r dinl indi­

c ,tor showed the exact degrees of sweep and i nches of position of 

the vli~.r7s <~t all times. 

Also j n t he :{-5' s cockpit wa s a hand cr ank fo r e ergency pur­

poses . ~ho l d the electric motors which paw re d t he \od nr sweep 
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system fail, the pilot could adjust the sweep and position of the 

wings manually y means of this crank. Because the 20 degrees sweep 

23 position wa.s t he hest configuration for landin the X-5 nd b cau, 

the X-5 could not be landed safely with the wings wept more than 

40 degrees, the hann crank was a most imT~rtant emergency tool. 

Testing the Swe~ Mechanism 

Bell built a dummy center section of the X-5 airplane's fuselage 

and installed a wing sweep system to test the operational wear and 

fatigue of the parts. The company intended to test load the system 

66, 81 and apply unsymmetrical pressures during 6r~ cycles of operation 

91 and to devise a method of inflicting impact loads on the mechanism. 

To make the tests more realistic, Bell proposed to rework one of 

the wings from the German Messerschmitt P-IIOI airplane and then 

81 mount it on the dummy rig. The German wing, Bell engineers reported, 

. was to be strenethened to withstand 70 percent of the design load of 

the X-5 wings. 

89, 92 . Since the German wing had to be reworked, the Engineering 

Division su gested t hat it he constructed to take the full 100 

percent design load of the X-5 wing_ Bell pointed out that t he 

German win@' was ntirely dif ferent in des! from t he X-5 trin. To 

95 make jt strong enough to lithstand such l oads would require much 

time , wo r k , and money . In ad ition the object of the rework was to 

deterrnin Of r ational wear and fatigue of the wi ng sweep provisions ; 

100 percent loads on the wing port i on of t he t est rif were not 
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236 

inue furt ll€' t rati ons. He feared t hat a f iluk'e in th 

J ch 

n t allo 1 h irn:~ to I an the s . rplane sa el y The emerr 

242 wa r ark.d so t ha it wo Id operat e, but '_·n1 after tb~ n ....10. 

exert,e gr~ pr( ..:.ure t tur n t . Th crank fro!n t 

2 This ,.. a..Tlpe a110 ad t h . handl e to me. 

e ::3ilyfJ e' •. l.. th u . more turns were nec~ss:'l.ry to operat e thP, l.r:: n[ .., 

t hrough th enti r ra.nge of sweep. 

l) hi s i nt h fiirht, r " Zie?l er' o led t h wi nrC" 0 t L .e 

airplane completel y thro ugh t h r cycle- ­ 20 de "ree to 6l ' de.t:1 e~ 

ar. b_c <> 0n l ate ' fl irht the ;i nfT we p r:1echnnL.m m:-l fu"{~ ction ", j 

:It 40 ' egrees of sw e 0 1·11'0 Zi e~ler returned t he selector .~ th 

21",8, 20 derre s ma~k, which p08ition wa r. l1 ,d .~d jth ,ilit d > f f1 r:;u ty 0 \ h n 

249 , 250 t he y tam ~a in~pe ct ~d eer s found the fJ'rs h'd 

261 an . w,re l-.ot mesl in. J.lr()~ er 

f urther troubl !a.s exp rienc ed wit h the wing ,'weep mech"i. ~ i in d lrin 

t he remainder or t he P~~se I fli r ht t.stin~. 

i ei,.,ht of the ~'iing-S'W~ep l:e ch anism 

The Tational. Advisory Committ e for '\eronaut cs ha consider d 

in-flight vAriable swept wing efore the X-5 program 8tart ~u In 

fact, th ey h d a 1ad several aircraft d s i ,ners about the pr ospect 

of h ilding a mechanjem for that purpo 6. Allays thy Con·,!ltte as 
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told tilt t s\!~h a contrapti on w uld r~ i ht t a mu~h f or act i cal 

28 us (The Lockhceti Alrcraft Corpora tion Jesl.pne 6 had been particu­

l arly emphatic on this point.) v!hen Bel l , came up _t h such a. 

mechanism loTh ch it claimed would weigh only 250 pounds--appr xi­

mately 3 p er cen t of the total weip-ht of the airpl ane-- the Co Ot t 

engineers to/e re extreme ly interested. 

In August 1950 , however, the weif ht of the winS( S\'leep Ir. ch rd m 

125 was 340 pounds M d this, the EnginearinR Division 5 d J was too h~avy 

for t actical use. 

'ing Root Fillets 

When the rings o f the X-5 rotated on t he i.r hinges , there wet 

a gap between the f uselare of the a i rplane and the leading and 

trailing edpe of the wings. The desi?n and construction of f i l let 

to keep these raps closed on the variable swept wing airplane proved 

to be a pesky problem. 

Bell desieners h d planned to use a t. e lescopinf arran pel.ent but 

this plan, so far a s the trailing edge of toe wing was concerned . 

6a -las abandon ed in June 1949. It was r eplaced by plans for a f illet 

41 ~ hich would fair into the wing t highe st sweep ane. es o . 

In November 1949, Mr. John Herald , X-5 project engineer at 

1'right Fiel , eported . "A major design pr oblem was resented by 

the leading and t raili ng edge ",ng-to-fuselage f 11 tfl • hich r.1USt 

expand and contract as the wing sweeps. The e fillets "Jill he 
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329 demonstrated on the oCk-Up.1I But when the mock-up inspection was 

held, in December 1949, fillets were still under study. In Fehru ary 

1950, }.1r . Herald reported the "dng-root fillets were". . . sti ll 

under development and no design has yet been submitted for a . ~roval . 

The design was nct submitted until April 1950. 

Fillet trouble s were not completely o,'er J however J for the 

"fabrication a.nd installationll of the fillets delayed the en ineering 

164, 329 inspection and first flif,ht of the X-5 airplane until well i nto the 

first months of 1951 . 

Control Surface Testing 

"Jhen the first X-5 ,..,as assembled, with the exception of the 

win~-root flllets, the Dell company prepared to conduct flutte r and 

vibration tests on the airplane. These tests were designed to fi.nd 

out what airflow pressures ta/ere dangerous to the ap endages and 

174 control ' surfaces of the ai.rframe. To simulate conditions which 

duplicated various speeds, Bell used electric motors (nollins 

Electro-Magnetic Vibrators) attached to various parts of the airplane 

to allow controlled vibration frequencies. Velocity-type strain 

S7 gua e pick-ups on t he wings, stabilizer, fin , and cont ro l surfaces 

of t he X-5 r ecorded t he d ata fr the t e s t s . 

d Balance' eight s 

The ~ n gineering Divi sion at Wright Fi eld appr oved t he proposed 

t ests for flutt r , but sup.Be~ed that outboard w i Chts be pl a ced on 
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170, 185 the rudder l d elevat..ors. -'~hen the first rCJ:l".-':,a from the flut t er 

190, 191 tests indic 8t t that safety in t he rudder 5· stern was r gi nal, the 

208, 231 engineers reported that if the outboard balance weights wer not 

installed, the X-5 airplane ".QuId have to be flight tested for 

nutter tendencies. The contractor was not convinced that such 

weiehts were necessary, but the Engineerin~ Division directed that 

6.5-inch pounds of balance weight be added to the tip of the rudder 

and that 3-inch notlnds be added to the tip of each elevator. 

Vibrat'ion Tests 

Vibration tests on the X-5 airplane were conducted with the 

174, 190 same equipment used for the flutter evaluations. First results 

from the tests showed that the wing torsional f~equency (frequency 

172 of twistingar turning motion at the wings) was much lower than 

predicted. This meant, for unknown reasons, the \olings were more 

rigid than they should he, thus throwinp off performance estimates. 

The Engineering Division wondered if the Bell engineers had 

190, 212 made mathematical miscalculati ons \<Ihen figuring the redicted wing 

torsional f requency. It suggested that the troubl e might be in 

the root sections of the wings. Bell added strain gaufe to the X-5 

and r an additional vi bration t ests. It fou nd that the wing panels 

responded as expected, conf i rming the opini on at the tro ble lay 

in the wing root sections . t~so , the Dell engineers -figur e d their 

calculations on t he basi of the new t ests and reported no mathemat i ­

cal errors in their original mng torsion frequency predictions. 
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239, 231 all ron r, te-of-roll a.~ a.i leron revers"l. speacl c ' .cu lo.tions were 

u:qele;.,s until the irplane oroved by actual performance t h:at . , \- 3 8 

s €. f e for hiph s d flight. As early as April 191.9, Dell had been 

r emind d of aileron r eversal and up-float at h rh s pe , ( IS and high 

30 an~:rles of 5 ' ~e , , l- i"dch caused the ai e rona t.o act a.s 1evA. .ors. 

231 Until n ,­: calculations were made, the td rcrpft Labor t.ory imr o sed 

a speed l i wlt of 425 miles per hour On the A-5. 

~.hen the spe ed limit was placed on the airplane, the Phase I 

f1 i-ght evaluAtion t E2 StS nn the X-5 were under way . !·1r. L.iegler wired , 
229, 229 to a Ie if the 1i!ripht FIe l ei enr.ineers meJlnt 425 knot s. fl. 4;>5 miles 

233 8J1 hour limit. t· lId m' ke a. big difference i n the flj ght test program . I 
'rhe t.il' r'orce ro. e ct officer, 1- ,a ~1 or t :j 111 G. LOfan, r rlied that 

t he sneed lindt ,'a s j n miles per hour. 

After the ::tj leron e ffectiveness Wr:lS investif'at durinp s~veral 

f1.i~ts of t e X-5 j the Aj craft Lahoratory raised the limi.t on the 

airplane to 525 miles an hour. This spee d would j mpose 10 ds of 

atout 700 l'lounds per square foot on the n.t leron qurf ces and, 

~ ccor ing to avai lable da.ta, c ause the airplane to lose ap roximatel y 

75 rcent of its rolling ffectivenes The a.i l eron '~ever6al speed 

W2.S r(walcu late to oc Cl1r a t about 9 ;0 pound of pre sure per squar 

fo ot on t he aile ron sur f aces . ' 
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Hr. Ziegler fl810f another aileron effectiveness test and 

the contractor asked that the speed limitations be rai sed to 5g~ 

293, 295 knots (about 677 miles an hour), the design speed of the airplane. 

306 The Aircraft Labora tory refused on the strength of only the one 

additional flight. It pointed out that many more aileron effective­

ness tests could be flown within the 525 miles an hour lDoit and 

ordered that the tests be conducted at Fradually increased speeds. 

~nen the 525 miles an hour speed was reached, and aileron effective­

ness remained good, the labora.tory would again consider increasing 

the speed limit. 

~fuen the X-5 airplane was accepted by the Air Force, the 

2aO, 3Z7 speed limit was still 525 miles an hour. 

Flight Testing the X-5 

In August 1950, Bell proposed a 90-hour prof-ram for the Phase I 

night evaluation. It planned to demonstrate ground performance, 

111 take-off and landings, stalls at numerous wing sweep posi tions, the 

"Wing sweep mechanism operation, the rate of climb, operation of the 

speed brakes, pull-ups, and flipht load factors. 

Colonel F. B. Wood, of the Engineering Division's Oper ations 

OfficeJ questioned this 9O-hour program since Pha se I £1 ght s w re 

141 supposed t o show only the air \ orthin 8S of an airpl ane Col onel 

C. F. Damberg, chie f of t he Aircraft and Guided issi1es Section, 

Eng:ineering Divi sion, r ef erred t he question to r.:r. Hera d, pro j ect 

engineer f or the X-5 airplane. 
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The Phase I program normally" •• would requ i r e only 30 

to 40 hours," l·~ . Herald replied, "but, becaus e the ve.ll'iotl S Sl:1OCp 

. l44 increments gave the effect of several different airplanes many of 

the tAsts must be repeated at three or mot'e s weep angle s. 1I r.i • 

Herald promised that all offices concerned would have the oppor­

tunity to study the flight program before it was approved. 

Sub sequen tly, th e Eng1.neering D1visi on deerood muc h of t h e 

plan as tmnecessary.A great many minor demonstrations could be 

combined. For inst ance, cl imbing performance and variou 5 systems 

could be checked during a flight being made primarily to danonstra te 

132 the rollin~ effectiveness of the ailerons. 1l1oreover, the !li r Force 

wanted landings and take-offs demonstrated from only a few win 

sweep positions. 

The National Advi sory Committee for Aeronaut i cs stat ed tha t it 

was unnecessary for the X-5 to fly beyond Hach 0.8 and that t a ke-off 

at 40 degr ees wing sweep, as sufgested by Bell, wa s also unne cessary. 

137 In fact, the Committee' continued, many of the demonstra.tions pr oposed 

by the company were performance items and not necessary to a Phase I 

night air \-sorthiness demonstration. The Committee a.sked, ho ever j 

that more t urn and stall checks be made. 

The pilot 'f/as all owed t o di s cont inue any specific test when he 

judged it dangerou ; however , sny adn tional ork or co sts caused. 

by hi s discontinuance was the responsibili ty of t he con t ract or. On 

132 t he basis of t he comments from t he two or gan izations , Bell rlas to 
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submit a detail d Tlhase I pro raJ , outlining the actual fl ight 

hours reC'] ll:ir ci (lr'ld the c.alandar t ime reqllired to complete the 

testing. 

The company sutrrlitted a r evised flight test progr~ call in 

for 66 hours of flylnf. v;hile the plan did not meet r equirements 

149 for testing tactical aircraft, it would demonstrate the a ir worthi­

ness and safety of the X-5. But even this plan failed to recei. ve 

158, 199 Air For ce approval.. At a conferenr.e nt t'r1ght Field on 6 December 

155, 189 1950, the plan was reduced to 27 hours. The Air Force allowed three 

hours for leeway, and the Enpineering Divi$ion "approved a total of 

30 hours of flying time--to he accomplished wjthin twelve weeks. ' 

Cost of Flight Testing the X-5 

11 · In t~arch 1949, Bell estimated that the Phase I flirhts l«>uld 

cost $74,450. At the 6 December 1950 conference to establish a . 

159, 160 de finite nlr;ht pror ram,the Air Force allocated ;:' 60,000 for the 

204 program. A purchase request and oontract change order were written 

302, 312 to fumish this money. Later an additional $4,000 was provided for 

316 one functional test fligh t of the second X-5 airplane. 

Durin . the flight test program discussions , Pell brought up 

the quest i on of p~ing it s tes t pilot a bonus f or flying the X-5 . 

Ho ever, the Procurement Din sion i mmediat ly pointed out t hat no 

uch cost had been s uggested at any time during cont r actual nego­

161 tiations. The Air Force Flight Test Cent er ob j ected to any such 
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arrangement; jt \o!oulrl fly the airplan e r:~.t.her than flgre t the 

Bell pilot's recei vi ng a bonus. 

Three months later, Bell was still putt~ng pressure on the Air 

Force plant represenatives f.or the bonus. The company cit d a s 

precedent the fli ghts of the X-I airplane by Be l's test pilot, 

Io-1r. C. H. Goodlin, but t-Lr. Herald could find no record of such 

payments. flHe dl.d try to,.et ~150,000 or so for the RU p· .r onie 

183 	 nights which was refused resulting in ffiaptain Ch rles;.J Elf!. ... 

making those flights, II Mr. Herald said. ItApparently bonus or 

insurance arrangements have been a] lowed on a majority of e xperi ­

mental fli Cht profTam in the past," Hr. Herald continued. He 

concluded that if th e Air Force allowed a honus on the X-5 program, 

IJ a command policy and unifonn fOrD.u1ae for detennining the 

amount should he stablished. 1t 

The benus w:] s not paid. 

Flying the 	X-5 

Bell conducted preliminary enp.ine runs, erot.:nd coolin~ surve:y s, 

171, 176 preliminary static test lahoratory sturli s, tat :lc firinp: of the 

178, 181 e jection seat, and i ni t i al taxi runs ~t the Niag r a FaJ I s plant . 

192, 194 In April 1951 the compnny he an ar r angin g for the arrival f t h ir 

195, 200 cr ews and t he X-5 at t r e Air Force Flight Test Celi t.er. In t·h,y, the 

265, 278 Air Force conduct ed the Enpineering InsrJ!ction an , on 9 June 1951, 

175, 207 the first X-5 airplane, crated board a C-119 a irpl ane , arrived ~t 
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the t e at center. Dell pe rsonnel a r-emhled the ai.rplane Bl1d then 

211 ran preliminar,y tests. 

On the morning of 20 June 1951, ~ r. Zieeler flew the X-5 for 

213 	 the first time. He lifted the airplane ofr the runway at hi h 

speed after a r oll of li~OO feet into an lB-mile ari hour wind, then 

cut the throttle back to st.ay within the airplane' S k!heels-down 

speed limits. At 15,000 f eetl f.!r. Ziegler experimented with the 

controls of the airplane and found them in order although somewhat 

stiff. \'!hen he started to bring th e airplMe dowh, he not iced a 

213 	 dangerous negative pressure being recorded on the instrument'S for 

the fuel compartments. (Negative pressure could cause the f uel 

compartments to oollapse or rupture and, since they were directly 

over the hot parts of the engine, might result in a fire or 

explosion.) l-1aneuvers showed the recording instrumErlts were not 

~egistering correctly J and Mr. Ziegler landed the airplane without 

incident. 

Normally J 	 first fli~hts of any new aircraft r eceive full 

162 	 photoeraphic cover sfe. However, becau~e of a misunderstandin 

between Edwards of fici als and \ 'right Air Development Center photo­

graphers, the latter were not permitted to photograph the fl ight. 

215 Fl ight test center personnel s cheduled t o record the event f '.led 

t o become airborne Ther e fore , "the X-5 pr OT d the exception to 

the fI fi r st flight" photop.raphic cover age practice . 

On the next t hree f li r ht s of t h_ X-5, ~.r . Ziegle r emonstr at ed 
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the handling character' tic of the airplane and conducted structural 

220 cooling tent s II An air speed calihration '-J as made with an F-80 pace 

234 airplane and a maximum rat e-ot-climb t est wae r un in connection with 

a structural temperature cooling survey. 

Mr. Ziefler first operated the wing sweep on the fifth flight 

of the X-5. On the next flip,ht he stopped the sw ep at 40 degrees 

when he discovered the emergency crank would not operate. He put 

236 	 the airplane :l nto a stall at 40 degrees sweep and reported the 

ailerons had very little effect for the first one-third of stick 

throw. This indicated that the airplane would roll badly in roueh 

weather or in any high altitude, high speed fli ght. 

After the emergency crank for the wing sweep mechanism was 

reworked, l:r. Ziegler continued the fiiE"ht tests. He investigated 

the stahiljzer trim points and operated the speed brakes. Fin~.ly, 

242 on the ninth flight, he operated the winy sweep from 20 to 60 

255 degrees and back. After putting the X-5 airplane into a series of 

stalls.. ire Ziegler reported a dangerous characteristic of the X-5. 

At low sreeds almost all of the available elevator action was 

necessary to level the X-5 out for landing. This condition was 

serious bee use t he airplane in l anding could not eas ily be flared 

246 	 out from a steep, power f f de scent. ~ . Ziegl er wrote that 

II •• i t QuId be ~ce8sary to actuall y accel erat e the airplan 

to ke ep i t f rom flying into t he ground." Should th engine of t he 

ai rplane f l ame out" the X-5 would be dan F"erou s to l and. 
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On the s eventeenth flight, after demonstrating some dives, 

Mr. Zi. gler t.rie d to change the wing sweep. The ~ch.anism erarluall y 

slo,,"/ed down and stopped hen th winrs to/ere at the 40-deF-ree sweep 

261 posi.tion, but t.h e pilot had no trouble returning them to the "0 

depree position. The pears of the mechanis m, h'Orn until they failed 

to mesh correctly, were replaced. 

First Air Force PUat· Fl:J.es the X-5 

256 On ,1 ~~IJt1St 1951" Rd.j!?dier General AIDe.t Boyd j commander 

of the _~ir 7'or ce Flight Test Center, received permisston from ~· :r· ght 

257 Air Development Cert er to fly the airplane, and Bell WFiS di rected to 

rele~se the ru..rplEt.ne fo r one evaluation flipht by the fener,~J_ . 

0n Thursde.y rr:om:inp, 23 August 1951, General Boyd took off in 

the little ~~ -5 airplane. At 1,,0,COO feet he swept the '''l.ngs to 60 

dep:rees. He put the airplane through some accelerAted turnn, then 

259, 261 dbreri front 40,000 to .30,000 feet at a speed of Mach 0.92. l't 30,000 

:t'eet the Emera! r{l.ade a speed run at 1\ ach Cl.92 turning out. in a 

three g !-1ach o.a5 pull-up. After some 28 minutes, General Boyd 

returned ~he wings to 20 degrees sweep and landed. 

Flying Stopped - Out of Ijone;r 

On 4 September 1951, during the nineteenth flir,ht of the " ~-5, 

J'o1 r. Zief?ler accid nt l y tripped the f l ap Si'litch !hile demonstrating 

8. L,.o deeree wine sweep landing. By t he t ime he ha d t he f aps dmm 

270 again, the a irpl ane slaJrJT1e d into the ground, bounced off, and settled 

f or a no rmal l anding . The right main l andinp­ {'ear t rut was dama?ed 

and the f light propram wa.s delayed .for repairs . 



!~eantime.9 	 Bell r equest d an extensi on or s:Uc weeks on the 

f l j ght propram. At the current rate, the contractor said, it would 

260 	 rtm out of money before the flight test program was completed, and 

the extra. six eeks of f lying would cost 25 , 680. The Procurement 

Division refused to approve the extension and instructed Bell to 

continue the night prorram until the remaining money ha.d been spent. 

266 	 l'1l\en tha t occurred, the airplane would be given an accept ance flight 

287 	 and 'the ",ir Force ~uld tRke it over. 

232, 253, T~e contractor spent a number of weeks cleaning up some pre­
271, 272, 
273, 276 J 	 acceptance work on the X-5 airplane, which cons iste,d largely of 
279, 281, 
284, 285, 	 items from the Engineering Inspection. Bell performed its final 
288, 290, 
289, 29l.. , 	 flight on the f irst X~5 on 8 October 1951, and it \'1as formally 
305, 307 

acc epted by 	the . !" r Force on 7 f<l ov ember 1951. 

Upon acceptanc8 j the ! ir Force formulated a plan for the 

flight test cent er- t o complete the Phase I flight program. The 

plan i ncluded a series of non-accelerated stalls, Rtrt ctural. 

integrity tests ,. and accelerations. The airplane was to be stalled 

without leading-edge slats and, on later flights, would take off 

299 	 in the same condition, to determine whether the slats could be 

elim'nated. During Mr. Ziegler' 5 initial demonstrations of the speed 

br akes , the X-,5 had buffet.ted badly at speeds \'Th ere t he brakes were 

useful. The fli ght t est cm t r , t h erefore , pl anned a more complete 

investigation of the brakes. 
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Flying the X-5 Numh er 2 

Standard Air Force instruments had been motmted in the s econd 

X-5 airplane so that it could be used for Phase II flight and for 

any other program which might be required at a later date. In 

August 1951, General Boyd asked that the first airplane be used for 

the Phase II evaluation flights in order to avoid delays while 

awaiting completion of the second airplane. Although the \1-!right 

Air Development Center agreed to the surgestion, it sought the 

opinion of the National Advisory Comndttee for Aeronautics. 

!wIr. vlilliam J. Underwood, the Committee's liaison officer at Wright 

Field, pointed out that if del :tvery of the second X-5 airplane were 

rushed only one week it would be available to tl e f~ir Force at the 

sam.e t.ime as the first airplane. Furthermore, such a move would 

avert a change or delay in the Committee's research plans. ~.rever-

theless, the commit.tee acceded to the Air Porce's request to start 

I1haee II flights on the first airplane, using the instruments already 

inst alled. Hm\lever, as it worked out , the Air Force received the 

. second airplane before the first X-5 airplane was ready to begin 

the I-hase II program. 

Early in Oct ober 1951 the second X-5 airplane was ready to be 

moved from 'iagara Falls to Edwards. It was stlg{!:est ed t hat the 

airplane be flown across t he count ry f rom ~~ew York to Cal i f orni a , 

but J./Ir. Ziegler advised that the a i rplane she I d not be no under 

its own power . He pointed out t hat a ~eat many short flight s oul d 
i . 
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be required to get the airplane to California, that special servicing 

crews would be ne eded at each stop, and t hat much time and money would 

be spent on the task. The Air Force agreed with ,r."r. Ziegler and 

ordered the second airplane flo~n to California aboard a C-119 

transport . The airplane arrived at the flight test center on 

9 October 1951- -the day after the acceptance fli ht of the fh-st 

1-5 airp1ane--and began its pre-flight }Jrelim:inaries. 

292, 294, On 10 December 1951, Er. 7.ie gler flew the s econd airplane. 
297, 301, 

307 J 310, It performed satisfactorily except th at the cabin pressurizat1.on 

311, 313, 

314, 315 J 	 failed. As this could be corrected without further flight, the Air 
317., 318, 

322, 321, Force accepted the second X- 5 ai rplane on 18 December 1951. 

323, 324, 

328 

The X~5 ass Fighter? 

On several occasions a combat version of the variahle Sl'lept 

wing X-5 airplane was considered for production. As early as the 

f all of 194B--before the Air Force had established the X-5 program-­

~1ajor General Kenneth B. ,'olfe, Director of Procurement and Industrial 

122 	 Planning at the Fir Materiel Command, beca~e interested in a variable 

~wept wing aircraft proposed by Bell. However, the Engineering 

Division' a evaluation of the proposal was not favorable, and tl:'te 
I 
j . 

i 

matter wa s dropped. ' -?hen the prog ram for two experimenta l X-5 

5 a i rpl ane s Vias l aunched, i n February 1949 , the Air Force had no pla 

tor a t actical versi on of t he airplane . 

Earl.y Proposals 

r. \·roods, Bell' 8 chief desi gn enlli neer, had designed a t actic 
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variabl ~rinf' irplane even before the X-5 pro€'l"run began. In April 

1949, lmile visitin~ the Ames laboratories (as part of a western 

trip to ohtain data for the X-5 program) he di!!played a design for a 

28, 29, 
30 

lO\lI-level attack airplane powered by two ducted-fan engines and 

featuring in-flight v riable swept wings. Instead of the WlnfS moving 

fore and aft alonl! the fuselsj:?:e to compensate for changes of center 

of pressure and center of fravity as the wing sweep angle changed- ­ . 

as wa.s the case "lith th :~-5-Ur. 1t!ootls planned to .inr .le the "..eight 

of the fuel fro~ compartment to compartme,nt to effect the compensa­

tion. 

Using the X-5 airplane as a basis for a tactical aircraft, 

28, 30 Mr. vJ'oods holieved that the air intake screen JTotectinp: the engine 

might be alter ed t. o serv e als o A.~ a radar antennt'. screen . The dive 

brakes on the X- 5, he thour,ht, might he designed to serve as a 

rocket l~unchin~ platform. 

T\iO months la.t.er, in June 1949" to'r. ~':oods exnlained his idea. 

to 1r. Herald, the project engineer, who reported: 

49 

It v.ould appear that the X-5 type would make 
a suitClble intercel;tor and "export" fighter if (1) the 
ducted-fan ~ngin!lworka out, (2) the inlet screen 
radar ;·nt.enna and s:i ngle pre Rentatlon radar is OK, 
and (3) the combination clive brake and rocket launcher 
can he used. 

loir . v.roods ll h<Mever, ap paren ly never r ot beyond t h . cirafting board 

stag e with eithe r of h i s t w plans : a t wo - ngine j variable wept 

fighter or a modified X-5 t actical airplane. 
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General Sav lle Interested in the X~5 

I n July 1950, ~1ajor G eral Gor on Saville , Deputy Chief of 

121 Staff for Developm nt at Air Force headquarters, visited ell' s 

plant. ~;mle there he expr es sed interes t in the X-5 airplan as 

a lightweieht day f ghter ., He asked the contractor for dat on 

134, 121 the airpl ane in several diff erent en ine confi urations o These 

da ta were suhrnitted t o A~r Force headquarters who , in August 1950, 

139 	 forwarded them to tf i ght F eld along wi th a request that an evalu­

at~on be made of the X- 5 proposal, of an F- B6E, and of a stripped 

F-S6D. In addition, ~rashington asked for "0 • " any additional 

recommendation for satisfying a possible requirement for a cheap, 

high perfor mance day firhter. • • 0" 

Bell pre~ ented several major claims for its X-5 in a tactical 

configur ation 0 I t 'was a small simple machine whict could be 

produced with fewer roan-hours of labor and fewer pounds of mat eri als 

"than any present firht er. If The airplane would be able to take off 

113 	 from and land on 3,OOO-foot run",'ays. It could be air-transportable. 

But most imnortant of all , Bell claime d tr.at the airplane would have 

a high spe Gd, a high rate of climb, and great maneuver ability. 

r~r . Her ald speakinr. for the En¢neerin~ Di visi on , t ook a mor 

conservati ve point of view.. He noted that larger, heavier airpl anes, 

s uch as the F-S6 or t 1e F-89, ,yere caJE-ble o f take-off from 3,000­

foot rumJays " The division conc eded that the X-5 t acti ca l version 

125 	 could outperform t he F-86E b ause of its small er size and Ii ht r 
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ei.[!ht; h WAve: 9 tt X-5 would t e ham~r d dth such portal t 

it m. -,\1=3 las" f.ira-p0'l:er, Ie ctrol C ipment, and a consider-

a ly smaller rnnre of op rations (due 0 its lim t d fu 1 ca.p city ) 

As far as the variable wing st e aspect wag concerne , th Engineering 

Oivision d clared, "It is not a-p I t t at the advantage of thi 

eature ft. et its added \oj i he and campI xity . I 

The d' vi3ion thought at he a.i r ",ran port bil it f tllr 

rleht h v thctical 81. J.if 1.0 me" for c rtaln Sf oi i ze me i on and 

125 thAt . ne til ccupling for re ' el l.ng or escort lIor mi ht also be 1.; 

possible 0 Tber fore 3 it 3ugeested "the purcha e of a limit d quantity 

of ..-5 t./f' ~H t . ', luata th !. e po- ibi] it~es o 

I n - tt! over' 1 corle} us" ons th Eng1neOl"ing Divi.sion quest ioned 

t he' '..'i... cion of MY 11 ·htwe r.ht fi hter~ Since thi s t ype of airplane 

'\-lould have limited fir -PO\/ r$ equ~p nt.;i · d fuel capacity , a great 

nmnher ;,~ uld be reqt!ired for com a t f'feet iveness .. Fur t hermore, 

125 re bases, person el, nd supplies than nor ly u ed 

"/ould h _ requl.red to pport t he larger number of ireraft . These 

f ae <"! i nd3 cate to the Engineer ing D vi s ion ". .. • that a smaller, 

light r airplan m y not rlecessarily b l op.istica ly an econo ca14r 

sound." 

A year later~ in July 1951~ Colonel Victor R. Haugen, chief of 

the htrcraft Dlvision~ Deputy Chief of Staff for Develo nt, wrote 
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thAt the Air Fore he adquarters wa s st 111 looking for a daY' a ir­

superiori ty f i ghter. Although r equir ements for the airplane ~ er e 

not "finalized, tI Colonel Haugen wrote the newly operational ir 

240, 241 Rese arch and Development Cormnand that rr . • • the present thinking 

is for a very high performance, lignt weight, easily produced 

fighter•••• II The colonel asked questions about the X-5 vari able 

swept . ng a irplane (at that time being f lown at the Edwa ds I i ht 

Test Center) , Ifsince the X-5 is one type of aircraft that approxi­

mates the requirements under study. .." 

Brigadi er General John \"1. Sessums, Jr .. , Director of Operations 

at the Air Resea r ch and Development Comw~nd headquarters, passed the 

240 questions on to the vlright Air Development Center for action. (Again 

the X-5 project r:nginee r - - now l'-Iajor Logan--wrote an opinion for the 

"Jeapons Systems Division's Fi hter Aircra ft Branch.) 

Colonel Haugents questions were~ Could an airpl ane l e i hing 

10,000 pounds or less perform the air superiority mission? ...·hat 

would be the best sweep angle for the wings of such an airplane? 

240, 291 Would an airplane with t wo-position variable swept wings be pr~ctical? 

· ~ aj Or Logan a nswered that the t··eapons Sys tems Division did not 

b lieve an a irplane of 10,000 pounds could accomplish the t ask in 

question. In fact, i t would be diff icult t o design an airplane 

weighing 15,11000 pounds that could do t he .1ob . The best win sweep 

291 angle for an air superiority fight er , Ma jor 1.0 an said, wa about 

40 degrees. And t he tactic alu e of t '­ o- position vari able swept 

wings 'as Jl doubtfu . " 
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Colonel Haugen1 s final question was: Could the X-5 air plane 

240 be produced immediately or would another experimental mod el be 

necessary" 

The ~:eapons Systems Division did not favor a production model 

of the X-5 airplaneo Major Logan pointed to the many changes 

necessary to make the X-5 suitable tor production: the landing 

gears must be redesigned; the cockpit must be enlarged and modified 

for a standard ejection seat; neW dive brakes must be designed and 

mounted on a different part of the airplane; and the entire airframe 

291 	 must be strengthened to pass structural testsD or more -mportance, 

Major Logan said, WAS the entire redesign job on the X-5 to provide 

adequate stall war ning in the clean configuration. An entirely new 

engine mounting provision had to be 1M de and the airplane redesigned 

so that the fuel supply was not carried directly over the engine. 

At the same time the fuel capacity of the airplane would have to be 

doubled • . By this time, Major Logan concluded, the resulting 

airplane would no lon6er even resemble the X-5 re5earch aircraft. 

Nevertheless, the major said that Edwards would conduct a flight 

test program to evaluate the X-5 for day fighter use. Besides 

291. 	 general performance t eets, a s imulated combat flight was to be made, 

using the bes t ting sweep angle for each phase of the mis sian . 

Finally, t he simulated combat fl ight would b duplicated wi th t he 

wings stationary at the best compromise wing sweep angl e--probably 

300 	 b tween 40 and 45 degrees- -to provide an evaluat~on of t he variable 

swept wings of the X-5 airplane .. 
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Ear ly in 1952, just f ter t he X-5 airplanes wer e accepted y 

the Air For ce and Pha se II fli ht t esting was t o begi n, Ai r IX ce 

325 •eadquarters 1al.ted the day fight er evaluation t st s on t he airpl a'1e. 

Th X-5 as no longer being considered for tacti cal use. B 11 was 

326 	 so informed, and t he X-5' s 'to ere rel eased to the ation 1 Advi ory 

Committee for Aeronautics for research and to the Air Force fa 

Phase I I ying . 

* * * 
Elimination of the X-5 from consideration as an Air Force 

weapon did not close the stor,y on variable swept wings. In fact, 

soon fter the order removing the X-5 from consi deration was i sued , 

another stranee airplane was rolled out at the fli[!ht test center . 

Thi s as a preat- grandson of the famous old F4F ''Wildcat, II the avy's 

new Gr umman FIOF carrier-fighter, featuring two-position, in-fli ght 

variable swept wings.* . 

* * 
Although t he Air Force could foresee no tactical application 

of inflight variable ng sweep, at least for the present, this did 

not mean t hat the X- 5 would not be a valuable research t ool t o the 

N tiona! Advisory Committee f or Aeronaut i cs ( and the Air Force) in 

the .1ob originally sch duled f or i t. Both organizations expected 

:J*Intervie Lieutenant (JG) F. Blaser, USN, Off ice of 13AGR- CD, 'right ­
atterson A-r Fore Base, 2 June 1953. 
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to 0 t ain cons i d er able b sic aer odynamic inforrr.ation on t e subject 

o f \-Tine: s\,leep an I e from t he COT. Ir.U.t tee I s r esearch fl i ght s. 
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