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NATI ONAL ADVISORY COMMITTEE FOR AERONAUTICS 

F.ESEARCH MEMORANDUM 

RESUL'lS OF l:>P.ELIMINARY FLIGHT INVESTIGATI ON OF AEIlODYNAIvITC 

CF~ARACTERISTICS OF 'l1:;E NACA T;W -STAGE SUPERSONIC PXSEARCli 

MODEL RM -1 S'l'ABILIZED 'IN ROLL AT TRANSOlUC JiliD 

SUPERSONIC VELOCITIES 

By Marvin Pi tlcin, Williarll N . Gardner, and. Boward J . Curfman , Jr. 

SUMMARY 

The design of a two -stage, solid -fuel, Tocket-::?:copeJlecJ., 
general resee.rch pilotless aircraft (RM:-l) 8vj.ta.b:.c :i:' 01~ investigating 
stabili ty and. control at supersonic velocities is cliocussed . The 
flight-test investigatJon conducted thus far is d.iscusseO. and 
information is p1.8sented on zero -length launc~10rs 8ncL oj?erational 
flight-test techniques of U,-ro-sta::;e rockets . 

The i'liG'bt-·test prodam thus fer is shmm to have resul tee, in 
the des1gn of a General research model ca,pabl e of ·,ttaining veloei ties 
vp to the veloei ty corres:;. oneline; to a Mach mlJllbei~ of 1 .11. . Sui taole 
launching methods ha.ve been devised a.Tld snccessful l'·[l.Clai" trac!dns 
and internal radio-transmission of accelera'(jiol d:i-te., p~~essure data , 
and bocy motions have been a ccomplished . 

Resul ts of lni tial .I.1ight tests confirm the theOi~etical 8.rlvantage 
of s'vept -bacle-i-ring plan forms. Use of ivings and fins si-rept b9.Clc 450 

o.ole,yed the critical drag rise to fe, Mach numbei' of e.:,'J}!roxima tely 0 .9 . 
Successful roll stabilization by means of a rate -ctisplacement, flicker­
ty:?e J all -electz-lc B.utoITk'1.tic pilot WEl.S accoItl:91is:leo. for Hach numbors 
l'.p to ap:9roximateli l .O. I nformation concerning the over-all drag 
characteristics of the RlvI -l model at subsonic, ti"2.nsonic J ::md super­
sonic velocities is presented and discussed . 

l"he res1,1J:ts of the tests shDi'T close aC;TE?ement DJllong three 
experimental methoc.s of neasuring transonic and s'..'.)orsonic velocities . 
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INTRODUCTION 

In recent years, it has become evident t..'-1at a c:ci tical and 
urgent need existed for increased research on aircraft at transonic 
and supersonic velocities . During World \{ar II, the accelerated 
development of jet propulsion and r ocket motors resulted in t.'I1e 
creatIon of power plants capable of propelling ai:c:Qlanes and gtlided 
missiles at supersonic velocities provided the ae::codynamic and 
operational requirements of such aircraft ivere Imolm . It Ivas 
recognized at this time that pilotless aircraft, h itherto utilizecl 
solely ao military weapons, offered one of the few means of examining 
the actual flight characteristics of airplanes at very high speeds . 
Such aircraft coulet be built to fly at supersonic velocities without 
encl.angering human life, and it "TaS believed that techniques could 
be devised to measure fundamental aerodyn~ic and o~erational flight 
data and to transmit these data to ground stations . 

Because of the foregoing conSiderations , the 1?ilotless Aircraft 
Research DiviSion of the Langley l·1emorial Aeronautical Laboratory 
,vas created in May 1945 for the purpose of obtaining flUldrunental 
ael'odynamic and operational data at transonic and supersonic velocitie s 
b~T cond.ucting research on pilotless aircraft in flig.1 t . In order t o 
accomplish this purpose, engineerlng facilities iVere made available 
at I"angley Field, Va . , and a test s tation vTaS set l~l) on 1>!allops Island , 
Va. 

The first of several re search airplanes to be desiened 'va s t.'I1e 
'RM-l configuration, a t\yo -stage, rocket-propelleo. aiJ.'craft desiGneo. 
to investigate stability and control problems in t::.'ansonic and super ­
sonic fliGht. A flie.ht-test program of broad genera l scope IvaS then 
started . Parts of this flight-test progra.m have been cOIrrpleted . The 
present paper is concernecl _ _ ¥ith -[,,,'1e results of fli c.:ht tests made to 
develop successful l aU11ching and operational tecmliq~es m1d with 
the sicnificance of the data obtained in tests of an RM-l model 
stabilized in roll f'lyine at velocities up to those corresponding to 
a Mach number of 1 .4. A d::'scussion is also presenteo_ of the over­
all design and. development of the test models. 

SYMBOLS 

W gross vreight of missile at any given time a.uring flight , pounds 

M mass, slugs (VJ I g) 

g a cceleration of graVi t y, 32 .2 feet per second per second 
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L lift normal to longitudinal body axis of RM-l model, pOID1ds 

T thrust along longitudinal body axis of ~~-l model, pounds 

D drag alonS longitudinal body axis of RM -1 moc.el, pounds 

absolute longitud.inal acceleration refer.'ed to P.M-l body 
exis , feet per second per second 

absolute normal acceleration referreQ to RM-l body axis, 
feet per second per second 

, flight-path angle, degrees 

t time, seconds 

6t time increment, seconds 

6V veloci t~r increnent, feet per second 

6, flfght-path-ancle increment, deGrees 

€ launching angle, degrees 

angle of bank, degrees 

rolling acceleration, radians (

d2¢\ 
per second per second -:2) 

dt I 
1-'1 Hach number (vIc) 

V velocity, feet per second 

c sonic velocity, feet per second 

PI static pressure in f ree airstream, pOlu1ds per square foot 

1'3 total pressure behind a normal shock, pound.s per square foot 

li total Dressure in free strerun, pounds per s quare foot 

F maximum frontal area of RM-l model, square feet 

3 

S combined e:x:-posed area of winGS and tail of IUvl -1 model, square feet 

:p static pressure at altitude, pounds per squa;.' e foot 
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4 CONFIDENTIAJ~ NACA HM No . L6J23 

k ratio of specific heat at constant pressure to specHic heat 
at constant volume 

CD drag coefficient 

A aspect ratio based on eJ\."'Posed area and s:yan 

A angle of sweepback, degrees 

Ix moment of inertia, slug-feet2 

Al"VALY8 IS OF PROBLEM 

The purpose of the present investigation vlaS to design and 
pla()e in to opera ti on a general research airc:raft that coulcl be v.sed 
to investigate stability and control problems in transonic and super­
sonic flif,ht . 

Preliminary analyses indicated tha,t the problems 
control a:1d stabilization of high "speed aircraft \'Tere 
most p::.~e5sj,ng because of the Im1 rolling inertias and 
aerodynaTIic damping characteristics of these desibils , 
it ,,;as decided to attack th8se pro-ole!llS first . 

of lateral 
l ikely to be 
low rotary 
Consequently, 

The over-all plan involved three basic stages . First, the 
model had. to be designed to attain as hir.h a speeo. as ,-TaS prac ti -
cable w·i th existent facilities and. Imowledge . Seconl. J a preliminary 
flight-test program was necessary to solve any ope:-ational 0.iff1 -
cuI ties and to establish correct la1..lllcning techniques. These tests 
involved use of noninstrumented, or dutillny, mod.els . After these two 
stages of developI!1ont '\vere acco.OlplisheCl. , it was plan.necl to equip 
the mod.els with instrwnentation of variOl'-S types capable of measuring 
stability an~ control phenoTIsna . This staGe , i:1 particular , required 
the developm~l1t ~~d flight testing of an adequate telemetering system . 
Once t..'lis aim iras accomplished, i G ,ms felt that the RM-l desic;n would 
be re3.1y for research tests of -various types of auto-matic pilot and 
control. 

DESIGN FOR SUPERSONIC VELOCITIES 

An adequate propulsive system, low aerod.ynamic draU, and strict 
weight control are the determ:tnlns factors in the attainment of super­
sonic velocities. The problem confronting the deSigner ,vas that of 
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designing an a i rcraft which i.,.ov~d embody these· fac t ors and yet 
have ad.equate stru.ctural strength and space for instrum.entation, 
and i'Thich vTould be easy t o modify . 

Propulsive System. 

Research tests require the development of hi@l speeds only 
for the time interval necessary to measure the pllen011leEon lmder 
investiga.tion . Consequently, a pro:pulsi ve system insuring long 
flight range or duration w'as not necessary . This consideration 
eliminated the mOl'e involved types of ,iet-propul'sion system 
( such as liq'uid -fuel rocl-::e ts or ram- jet systems), 8l'ld solid -fuel 
rockets were chosen as a propulsion smITee . In o:ccter to simplify 
instrument construction ann. op6ration, it was desired. to keep 
launching and flight accelerations to relatively Imf values. 
Rockets of relatively low thr''.1st and long firing times vTare there­
fore chosen in preference to high - thrust rockets of short firing 
times . The British 5-inch corcute rocket motor, l'ated at 1200 
pmmds thrust for 3 .5 seconds, was consiclered to meet the pow'er 
specifications and. ·vTaS chosen for use in the Pu:.-l model . 

Preliminary ca lculations indicated .t} at one l 'ocket motor 
possessed insufficient pm.,er t o ce.,l'ry t.he estimatec. payload and 
structure of the RM-l mod.el to supersonic veloci ties . An 
additional power boost Ifas therefore requirec1. . In prelerence to 
USing a ca tapul t launching ra.TU:9 which ento.ileel a la.:q;e expenditur e 
of i'i'Ork a..'1.d time J it was decided to clesign the m'l- l as a tHo-stage 
rocket . \Hth such an arr8.J."ls ement, the test body 01 t.he RM-l model 
would be attached to a booster tail rocl:et that ,wu.ld jettison 

5 

i teelf after its fuel had been expended. lU thOUi3-~ the problems 
pl~esented by a two-stage rocket system at fiyst a:9~)eared formidable, 
it was felt that such an arrangemBnt woul ultiruately:prove superior 
to b~ler methods of providing boost . 

Aerodynamic and Str1lctural Design 

An over-all layout of the RM-l cm~iGU_ration is presented 
as figure 1 and a photograph of the vehicle is s:lovm as figure 2. 
The principles underlying the component design of this ail'c:.. .. J.ft are 
discussed in the follovling sections . 

Body design. - 'l'he results of t.":le inveBtigation l'e:ported in 
reference 1 shoW' that increasing the fineness l'atio of a body 
reduces its drag at supersonic velocities . Later results obtained 
in the LanGley Flight Research Division indice.:ce that fineness ratios 
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of the orc_er of 12 t o 15 percen t may be opti mum for low d:c~ag at 
transoni c velocities . A cylindrical body vTaS the:refore designed to 
possess a fIn.eness ratio as close to the optimum as possible and 
yet be compatible vri tIl structura.l end install ational requirements. 
'E"l0 diameter of the cylindrical body '-Tas restricted to 6 i nches, 
the :minimum size required to house the sustaining ~~ocket and yet 
carry the estimated structural loads B..nd internal a:?paratus . A 
small conical nOS8 i-ras faired into the cylin.drical part t o form 
a body of fineness ratio 22.5. Th.is conical -nose s3ction was chosen 
after a study of the results of reference 2 which indicate that 
this shape 'I.;ould probably be as good aerodynamica.lly as more :refined 
shapes fOl~ use vri th bodies of large fineness ratio. 

The FM-l bo(ly was designed to consist of a series of magnesium 
monocoque sections (see fig. 2), each section readily detachable f r om 
the others and housing separate };larts of the eqUipment . In addition 
to the convenience of maintenance and installation, this feature 
provides for rapid modification of body length . 1!'or tests of dummy 
models, the sections in frol:t of the viing 1Vere replaced by a solid 
'\woden body of identical shape and weight . 

'Hng and tan deE?ign. - Recent developments in Germany and the 
United States (see reierences 3 and 4) have incUca ted the &,es1rab1li ty 
of utilizing sW'ept-baclc plan fo:r'IllB to increase the critical Mach 
number (d01ay the ac.vent of compreSSion shock) and l1ence to delay 
the rise in drag and the loss of control effectiveness a.t transonic 
and supersonic velocities . Although it vTaS realized that s~veepback 
d:'d not guarantee improved aerodynamic charactoristics at s:peeds 
exceeding til at correspondins to the critical Mach nlmmer of tile 
swept ·-back sections, nevertheless its use agpearecl to offer the mos t 
favorable approach to the problem of maintaining control thr oughout 
the transonic and into the supe!'sonic ranGes of velocity . Wings and 
fins of 1~5° svreepba ck , therefo:::ce , iIe~'e incorporated. into the RM -l 
design. A sweepback angle of 450 i{aS chosen because it 'VlaS large 
enough to indicate the influence of sweepba ck on ae~'odynamic character­
istics but small enough not to introduce any serious struculral or 
ae rodynamic problen~, Because of its hidl critical ~hch number the 
NACA 65 -010 airfoil section iIas incorporated into tile wing and fin 
design . 

I n order to minimize the r olling moments created by airplanes 
;'Ti th swept -back ple.n forms ,.;hen sld.eslipping at value of lift other 
than zero, a cruciform design vTaS adopted for the ,.rings and tail f i ns 
of the ID1 -1 model . 1rli t..11 this arrangement tJ1e Tolling moments created 
by one set of ffiJept -bacl;: wings are theoretically equal and oppos ite 
t o those created by the other set . Actual ly, unllublished test da t a 
obtained in the Langley free -flight tunnel indj.cate that at moderate 
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and high angles of attack or sideslip, body~interferonce and partial­
bla..'1ketinG effects result in the creation of some r olling moments 
wi th sideslip. The wings and fins of the RM-l moclel . Tere con­
structed of laminated sp:rucc stressed to take a 1213 load . 

Aileron -control design . - A plain -fla.p trailing-edge aileron 
control was chosen for the first tests of the P~-l model . These 
a.ilerons are mounted. on tlvo diametri cally opposi te ivings and are of 
33 percent semispan and 10 percent chord . As sho"¥.'n in li3ure 3, the 
ailerons are equipped with a 200 -beveled trailing eCi..ce to :provide 
aerod~18~c balance ~t subsonic velocities and are completoly mass ­
balanced to avoid flutter . They a:r e hingecl on a )in vThich is internally 
spring-loaded to provide for easy removal and installation. Stops are 
provided to lim:i. t the aileron travel to '!J..Oo • Tile aj,lerons are 
constructed of cast magnesium to reduce their inertia and are mass ­
balanced by a strip of dense metal alloy Ivhich is attached t o the 
leading edge of the control . 

Boostel~ -t~l.Ji.esierl . .:. A st'J.dy of Im.mching techniques indicated 
that the l)rimary problem involved in the desigJ. of a second-stage or 
booster rockst is that of keeping the booster rocket carefully alined 
80 that i '~s line of thrust passes through the centel~ of gravity of 
the airplane . If th1.S alinement is not accoj)l~?lished, the booster 
rocket will create large asymmetri c mom.ents that, at lauIlching or low 
speeds at which the aorodynnmd c dampi~g of the ai~~l8ne is small , 
will 1'e3ul t in violent rna.Tl13uvering and. eventual destY'Uction of -Ghe 
ai~C':pl ':.l.':1-:: It is also required that t'he'boos ter separate positively 
b1.~ t Ef.a:(IC)t..111y after firing to avoid. ja~cring the main 'body and. that 
these aims be ac complished 1-ri th a mir..imum of addi tio:!.lal weig,.'lt . In 
ao.d5.t:!.0Yl, t.l1e ::oeaI'\vard (destabilizing) :;novement of the c entel~ of 
gravi"li;y caused 'Jy booster attac!unent must be acc01.m-ced fOl~ by adcti tion 
of sui i.,c))J.<3 sta"oiliz:'ng surfa.ces. These ?l'o'blerns V81'e solved as follows: 

C:ruc::fonll tri ::t'1~ .. J.laT tail s u.rfaces I.".ere attaclled to the rear end 
of the boost0r rocke 'v to con:p;msate for the lesa in static stability 
caused 'by rea:::'We.rd movement of fue center of Gravit~7 . The effectiveness 
of these surfaces -was deten)ined by t.l-J.e theory of reference 5 and 

1 
checked by drop tests of 10 -Deale dynamic models . 

In order to avoid misalinement of the booste~: thrust axis , a 
special fixture 1"a8 designed to attach to the front end of the booster 
rocket. This fixture (see fig . 4) ioTas designed to l~tilize the nozzle 
of the sustaining rocket as 8.J."l alinement jif:, . '1hC:l assembled , the 
booster-fixture slide fits into the nozzle of the sustaining rocket 
and thereby prevents bendinG movements in any dil'ec-c,10n. 'l'he thrust 
of the booster rocl~et ,.,as transmitted. to the lip of the sustaining­
rocket nozzle so that no load vras brought to bear on the internal 
plug . The booster fixture vras also equippeo. wi t.h a compressed spring 
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which was designed to eject the booster from the sustaining nozzle 
af tel' booster fir i ng (in the event that the d:cag of the booster 
uni t was insufficient). This spring was held in its compressed 
posi tion by means of a friction -grip assembl;r tightened '\vi th t\-ro 
hollmT bolts containing delay-ignj, tion explosive caps . T.nese caps 
were lrired to the firing circuit and were set to rel ease the fr'iction 
BTip after the missile was launched, . The spring ,'ras released auto ­
rna tica11y after the booster thrust fell below' 150 pOlmds . 

fuAt2!!§tic..::Q..ilot design .- An all -electric , fUcker -type automatic-' 
pi lot design consisting of one rate gyroscoJ?e anet one displacement 
gyroscope , solenoict servomechanisms, End the trai1ine -edge aerodynamic 
control was designeo. to stabilize the 1M-I model in i'oll . This 
system was chosen because of its simplicity ano. be ce.use of its 
inherent quick-acting operation . A schematic layout of this s ·stem 
is shO''im in figure 5. 

In o:geration, a devia tion of the an31e of bant and/or rolling 
velocity is detected by the gyroscopes which by mG8JlS of a two­
segm.ent conmmtator) relay the pro:9or electrice.l sic;naJ.. to the 
solenoid servomechmisms mounted in e8.ch YTine> Ene:cgization of the 
servomechanisms causes an abrupt deflection of the aerod}narrd,c con­
trols. 

T.ne cormnercial rate gyroscope used in the RH-l tests is equipped 
vi th steps which limit its action to angles of b8.i.l~;: vi thin t14°. 
At 8.j:.g '.0 8 of bank greater than these limits) corlti~ol Signals are 
c1.ete~:,:r...!.rl3i solely by action of the displacement gy:'oscope (right 
bank resu1 tine; in left aileron j left bank res1,11 ti'L1G in richt. aileron) . 
\-7i thin the rate limits) hOylever) the :cate gyroscope primarily 
determines the time of si8nal reversal , being so 3.~:,r'ange(l as to cause 
the cO,l'crol motion to lead the body motion . ( Cont;'ol reversal i s 
accomplished prior to reversal of the angle of banl~ . ) 

Because it was realized that the tiT1e lag betvTeen the time of 
signal reversal and the time of full -control application would be 
the determining factor of the amplitude of the Bns le -of -bank 
oscillations under automatic control) every £I.ttemyc ,vas made to reduce 
the mechanical and electrtca1 laB in the automaUc .... 2ilot system . 
Particular emphasis was given to reducing the time lag in the servo ­
mechanisms . The lag in servomechanisms) after development) '\ms of 
the order of 0 .03 to 0.05 second - values definin[; the time interval 
between the time an electrical Signal was introdu,cocl into , the sol enoid 
coils and the time the aileron controls reached full opposite de ­
flection ( tIOO) . The nmver characteristics of the sei~vomechanisms 
are shmffi in figure 6.-
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A:PPARATUS AND INSTRUMENTATION 

Launching Apparatus 

The RM-l test bodies were launched fram a zero~length la)nching 
ramp} a sketch of which is Shovffi as figure 7 . The lau-Dching l'amp 
consists of a box beam. mounted. on a T-shape base and hinged at the 
junction of the T. The free encl of the beam is su.pported on a pin­
ended st!'Ut ,~-hich can be adjusted to raise or lower the end of the 
rronp and thus adjust tile missile launching angle. 

~lhen mounted on the launching ramp, the Rlil-l model is sup-
ported either by tvro support arms or by one sU:Qpo:~t arm and a tail 
rest. If the model is to be fired with a booster rocket, both support 
arms are used; if fired without a booster, one suppo:c't arm ana. the 
tail res t are used. The support ams are hinge -pinned to the ramp 
and are held in a retracted position by elastic shock cords. When 
a modeJ. is mounted on the ramp, a component of its ,,'eight holds the 
s'i1pport al'IllS erect. ~lhen t he roc cet is fired, t."1e elastic cord 
causes t..'I1e anllS to retract into the ra.m:p in orde:;.· to clear the path 
of the airplane . A photograph of the R\1-1 model mounted on the 
l aunching ramp is shown as figure 8 . 

TIadar E~uipment 

A continuous-'vave Doppler eff8ct rade.T set, the AN/ TPS - ) 
(see fig. 9), was used to obta.:i.n velocity -time records of the RM-l 
moQ.F31 during the early part of its fli ght. 'Elis radar set is 
a ground installation that transmits continuous rachr signals of 
lcrlO'~m fre<iuancy and ,'lavo 1ene tl1 along a cone-shape pf.th of vertex 
8i'lgle of 70 • Reflected rad.ar echoes from a moving body are received 
by antorma mounted near the transmitter and are merged \v1 th the 
transm::' toced signals. The r09ul tant oca t frequencies are a function 
of the body veloci ties and are recora.ed as a trace on a chronograph 
device. Tl~e flight veloci ties a~e then detennined from the chrono ­
graph records . 

Ins trumented models of the ~l-l model were internally equipped 
'vi th a four-channel radio telemeter developed. by the Instrument 
Research Division of the Langley Laboratory. A photograph of tile radio­
transmitter ~art of this Qevice is shrn~ as figure 10. ~n operation, 
the movement of one of the instrument commutators TD.00.ula tes the 
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fre quency of a subcarrier which , in turn, modulates tile ampli tude 
of a high -frequency radio carrier. At the grounci receiving stations, 
t.he radio carrier is detected "Ti th a 'Wide-band r eceiver and. the sub ­
carriers are fed to a set of four discriminators each of which is 
tuned to one of the center frequencies of the subcarrier . TIle output 
of each dlscriminator is proportional to the devia tion of the input 
frequency fram the center frequency ~~d is recorded by a ffitlltiple­
element recording galvanometer . 

Photographic Appe.ratus 

Photographic installations wer e used throughout the tests of 
the lli~-l model t o observe launcher operation ~~d general fli@lt 
behavior. TIlese installations included. £.1i tcheil 35 -millimeter 
motion-picture cameras, Cine-Kodak 16"millimeter cam:ras , and Army 
K-24 aerial ca.'!OOras in grou...Tld implacements 0 TIle K~24 cameras ,vere 
used pri marily to record latUlCher operation a:nd operated. at approx ­
ima tely 3 frames per second. The Hi tehell and Cine ~Kodalc cameras 
opera ted at 125 and 61j. fr8J:10s per second. , respec ti vely . 

REDuCTION OF DATA 

Accuracy 

The items telemetered in same of the tests reported herein 
'VTere angle of bank, nonna}_ accel.eration, longi tudtnal acceleration , 
a~d total pressures 0 Ex:.,)~rience has shmffi that the total error 
involv8cl. in the telemetering of quanti ties S:.l.Cl1 as these is of 
tile order of 1 percent of the maxlmUill scale readinGs . Consequently , 
the teJ_em.etercd items are believed accurate wi til in t..he following limits: 

Longitudinal acceleration . . . . . . . . . . 
Normal accelera tion 0 • • • e • • • • • • • • • t o .10g 

Total pressure ••••••••••••••••• ±0.5 in . lig 

Angle of bank relative to gr£oscope reference ••••• + -0.9 deg 

Determination of Fli~ht Path 

Tl1e flight -patJ1 characteristics of the RM -l model were 
detemined as follOi'Ts: 
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If the assumption is made that the static stability of the 
PM-1 model is very large, the airGraft "'Till tenet to aline 

11 

i taeU with the relative "'Tind at all times and the forces acting 
on it are those shown in figure 11 (a). Resolution of these forces 
along the longitudinal and normal body axes of the moG.e.l yields 
the relationships 

~ 2 Longi tudinal forces = MaL = T - D ~ IV sin '"Y 

'-..., Normal forces = MaN = - W cos /' + L L:: 

(1) 

( 2 ) 

Dividing equations (1) a~d ( 2 ) by ~~e mass M gi ves the acceleration 
equations 

T - D 
~= - g sin '"Y ( 3) 

M 

L ( 4) aN = - B cos '"Y + -
M 

T - D L 
The quantities 

M 
of equation (3) and 

li 
of equation (4) 

represent the relativ(-) accelerations of the P. i-1 mede1 and can 
be directly obt.ained from w lemeterc.ld acceleration (lata. Solution 
of equations (3) a1'"d (4) for t he fli. gh G"path angle y by direct 
mathematical methods is difficv~t be~au8e '"Y is a function of the 
acce1era tions aL and aN . Consequen ely , ::C9courS8 VTas Iracle to a 

s tep -Jy-step integration as follrnrs : 

T - D L 
Values of ~ and M against time were obtainect from 

te1emetered records and the total time scale \Vas divi ded iuto a 
series of tim.e increments ,0,.t in length . Ifilen the value of a 
quantity at ~le start of a time incr ement is denoted by the subscript 
nand t.":te value at the end of 8...11 increment by n + 1 -the f ollm.,in8 
iterant relationships can be set up: 

(T - D\ . a = -- - g s~n '"Y 
L(n+l) ivl J(n+1) (n+1) 

·L \ 
aN = - g cos '"Y . + (M I . 

(n+1) (n+l) \ / (n+1) 
( 6) 

where 
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t::,;y = 
LWN LWN 

= ---- = 
VLn + lWL VJJ (n-:-l) 

( 8) 

A vectorial representation of equation ( 8) 1s shown as figure II (b) . 
In order to start the trajectory calculations, it is necessary to 
know only the launching conditions. At time t = 0, the flight-path 
angle is equal to the launching angle €, and VLn and VNn are ' 
zero . These conditions are assumed to persist through the first 
time interval. 

During the time interval betw'een t:::: 0 and t = 6t, therefore, 

'T D) aL = (-~ - . 6t - g sin E 

(10) 

where (T ~ D)6t and (~lt are values taken from the telemetered 

data and averaged over the period 6t. 

From equations (9) and (10), values of aL and aN during the 

first time increment can be determined. By use of equation (8), 67 
and hence 7 at the end of t:ne first time ;?eriod can be determined . 
The value of 7 obtained in this manner can then be introduced into 

equations (5) and (6) with new values of T ~ D and ~ and the 

fli ght -pa.th changes occurring in the second tilne i ncrement then 
determined. The procedure is repeated for as lone as desired and. 
yields the time histories of the fli ght -path angle and the body 
veloci ties . Integration of the velocity curves will produce al ti tude 
and range data. 

Determination of Velocity 

Veloci ty values were obtained from the Dc)"opler radar records 
by a simple mathematical treatment involving the recorded frequencies 
and the wave length of the transmitted. radar "lave. 

Velocity data were obtained from telenilltered l ongitudinal 
acceleration data by the follm'ling procedure: 

The variation of longitudinal acceleration in g units with time 
was determined from the flight records. These values were corrected 
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to '3.bsolute accelerations by subtracting the gravitatlonal accel­
eration component g sin 'Y, "ihere tille flight-path angle 'Y in 
posi ti-ve in climbing flig.ht . The absolute acceleru.tion was t..hen 
plotted against time and the curve was integrated to yield longj.­
tudinal velocity. 

Total-pressure measurements were converted to Nach number by 
utilizing the follo,'ing theoretical expression obtained from. 
equatim!s in reference 6 . 

(k+l)/(k-l) ?l /(k-1 ) 
P3 (k+1) III I: -

--- = 
k!(k-l) (D )l/(k-l) 

2 2kM'- - k + 1 

This e:x:pression a.efines the r atio of the total pressure behind a 
norma l shock ,-rave p" to the static pressure in the free stream 

.) 

13 

Pl in terms of 1'>1ach number M. Tho total p.:ess·uro P3 was obtained 

directly from test d.ata. The static pressure Pl 1-TaS obtained from 
standard atmosphere tables (reference 7) a.fter tho determination of 
tile RJ.vI-l traje ctory -oy methods discussed. previously in tile present 
soction. The ratio of specific he::lt s k was chosen as 1.4 for all 
calculations. 

The speed of sound c used to convert velOCity to Mach nunber, 
WaS o-o ·tained from the relationship 

C = {kPT 

where the gas con"'tant for air R vas chosen as 1716, am'.. T is 
tho Pi-·~ 01 tJT.e -sc..Tl'"I}<=rraturo 1n 0]' at a1 t:i.t~·lde . 

~'8r3 and Normal Force 

TJ.10 drag of the BM-l model in pounds i'Tas obtained. by multiplying 
the telenetered pover-off longitudinal a ccelel'atioYl in g lmi ts -by the 
'weight of the missile . A. similar procedul'e r eg.3.rding normal acceler­
ation was used to obtain normal force . Tne drag coefficient .las 

D/FP 
calculated from tile relationship CD = ---. (See reference 1.) 

~;: 
2 

In certain cases} this coefficient w'as cOl'rected to plan -fonn area by 
multi:plying CD by t..he ratio F/S} i·rhe:tEJ S is the combined exposed 
areas of four i-rings and four tails . 
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Angle of Bank 

The telemetered reco:~ds vlere converted. to engle of bank 
dtrectly by use of prefliGht calibration results . 

RESUL'IS AND DISCUSSION 

LaunchinG C~aracteri stics 

Calcula~ions . - In order to estlmate the launchinG characteristics 
of the model, i ts drag and th:tust characteriotics ¥Tere estil~ted , 

and the step -by-step s ystem of calculation cU.scussod in the preceding 
section waG utilized to ca lculate the flight-pat.h cll a:cacteristics . 
T'.ae estimated d.rag curve used L~ the calc1.1.lations :i.S shm/Il in figure 12 
and is based on resul t3 presented in references 1 and 8 . FiGures 13 
and 14 present the calculated zero-lift t:cajcctories of the P,M -l model 
l aunched at different angles, 'vi th and wi t..hOl,t booster, for 
clesign 3ross ,.,eights of 110 :?ound.s ror the basic b ody cmd 65 pounds 
f or the booster sta,ge . The calculated variation of maximum veloei ty 
wi th launching angle is s llOwn in fig\E'e 15. 

The launching calculat ions indicated that the second-stage 
rocli:et ivould increase the maximum veloci ty 0; the =':M-l m:)del by 
approximately 33 percent . (See fig. 15 . ) It w['"s also incUcated 
that the variation of maxiIDluu veloci :'y vTi th lE'.unchinc angle Hould 
be small although hiGhest veloci tics '\vould be enc01m.tered at 101Test 
angles because of relieving gravitational effects . 

A launching angle of 60 0 ,.,as selected for the tests because 
lower angles produced trajectOl~ies l ess sui table for radar tracking 
8:!ld higher angles causcd Ulli"l.eCessary reductior,.s in l'DB,xj.mUlll s peed . • 

The calculations also sho'wed t.'1e neccssi ty for strict weight 
control . Figul"e 16 :presents the variation of maximum velocity vrith 
overl.oad weight for t.he RM -l model launcheo. at 600

• These data 
show a sizable reduction in top speed with incree,se in oV0I'load 
vTeight , the top speed decreaslng appI'oxima tely 100 feet per second 
for each 20 pOund.3 adJed to the maln body . 

Du!.!!:Q1y flight tests . - The first BM -J. mod.el 'so be fired vTaS 
a dummy body of 127 pounds gross weight equipped i.,l t h a booster tail . 
The launching appa}:at1..'..s functioned perfectly 1n this test as in all 
others, and released the model without any noticeable disturbances . 
A photograph of the model leaving the launching :;,'o,::,]? is shown as 
figure 17 . Although the aircraft functioneO. well (luring the early 
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part of its flight, it did not reach its top s :yeec!. because of 
failure of the booster -rejection apparatus to reject the booster 
tail . Sentry circuits thereupon prevented the sustaining rocket 
from firinG and the entire assembly remainecL together t.."tJ.rouQlOut 
the flight . ' 

15 

Although the model launching did not accomplish its ultimate 
a im, the results of the first test demonstTatecl th8:l:. a two-stage 
rocket could be launched simply anct satisfactoi..'i l y from a zero­
length launcher and that the stability of the missile plus booster 
tail was adeql'.a te . In ord.er to determine the ate-bili ty of the 
basic body, a second durm:n;r m·1-1 model 1vas fire cl. 1vithout a booste:>:> 
tail . (See fi g . 18 .) Again latmchins 1-laS unm.ar:..ecl ancl the air­
craft control-fixed flight Ivas cOlnl?letely sta.ble . 

The failure of the booster-re jection tilli t to function properly 
was belie reel to have arisen from f ai l1.n·e, p:r.io:..' to flight, to 
compress fully the l.'ejectil113 sprinG' (See fiG ' 4 .• ) Consequently, 
the booster thrust ,jammed the alinement cone into the sustainiTlg 
rocket nozzle and thereby prevented rejection of t~le booster tail. 
A nell booster-rejection "lL.'1it was t1crefore Cl.esicnea. (:Jee fiG ' 19) 
which avoided this difficulty and, in addition, lessenecl the weight 
of the unit . 

The third durlilllY fired consisted of ' the basic bo0.y ' ·'i th the 
revised booster tail . All a?paratus ft~'1ctioned as desired - l atillching 
and booster separation Ivere accomplished uithout ra.ishap . Radar 
recOl~ds obtained in this test are shown converted. to velocity in 
figure 20 . These data indicated that the ma:x:i1ID.lLl s:gee(1 measurecl in 
the test was ,,,ell into the supersonic range (M = a;91):i.~OA . 1 .4) and of 
the order of the values calcu.lated by the step -by-s'Gep procedure . 

It was noted from motion -picture recorcls of the third flight 
that the sustaining rocket fired almost irrmlediately 2.fter the booster 
unit had been rejected . TI1is condition arose as a res~lt of the 
increase in the booster-rocket burning time due to 'Ghe lmv atmos ­
pheric temperatures prevalant at the time of the test . This phenom­
enon, if accentuated further, could have led to an explosion of the 
susto.ining rocket due to blocking of i t8 nozzle . .."ddi tional calcu ­
lations 1.,e1'e therefore made to determine the effect of increaSing 
firing lag between the two rocket stages . These results in(licated 
only a small decrease in n~imum velocity for reasonable time lags . 
Conseguentlv, the arming circuits were rearrD.Il.gecL to provide a less 
hazardous (2 aec) firing laB in the next tests. 
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Lateral Stabilization and Control Fllght Tests 

The conclu_sion of the dunnny tests prov-icted a }?ilotless­
aircraft arrangement that could be launched, flmll1, end tracked 
U1) to velocities corresponding to d Mach number of a::'1proximately 
1-.4 . The airc:caft ivaS therefore equipped iorith ap:?aY'utus sui table 
for a quantitative lateral -control investiGBtion . For this phase 
of the flight investigation, the model 1vaS eql ip:yec. with its 
flicker automatic pilot and the fonr-channel telemeter . 

Flight of fourth mod.el . - The fourt.l1 moclel havin~ e gross weight 
of 124 ~pounds ""as laUJ1Checl equipped wi th teleraetel' ancl automatj_c 
pilot . Although the launching was successful, the ai!3l1ane failed 
t o reach supersonic veloclties mvinG to ignition failure of the 
sustaining rocket after the booster had been rejec·cecl . The veloci ty ­
time data obtained in thin flight from the rade,I" elata are given in 
figure 21 . Tile raclE'.r records s11m., that the maxinr..un speed attained 
by the RM-l model Ivas ap:proximately 700 feet :ge1' seconcl . 

Because of t.l1e 1m., speeds obtained in the fou:.'th flight, only 
the angle -of -banI: telemeter records possessed quon ti ta ti ve signifi­
cance . These data indicated tha t satisfactory banl: stabilization 
of approximately :40 a.:m.p.li tud.e ,-ras obtained th~:,ou&.out the entire 
flight . 

n:~Bh t of fifth model . - The l aunching of the fifth model, a 
configuration identical in s_lape and equipment i·rith that of the 
fourth, ,vas cOllylete.ly successful. No difficulty vTaS encmmtered 
in launching ; t.l1e telemete:i.~ operated satisfactorily -t..l1l'ouShout the 
fli gh t ; and t.l1e model .TaS trackec_ by radar over moc t of its ini tial 
flight path . Time historles of the 10nGi tueUnal e.ncl. nonJal acceler ­
ation and total pressure obtained from the telemetered data ere 
gi ven in figure 22 . 

Ve10ci t;i :rr:easUl~ement . - A comparison of veloci t;y- data as obtained 
fraiil integration of the longitudinal accelers.tion d.ata , total-pressure 
measurements, and. ractar recorcts is given in figu:.~e 23 . These data 
indicate good agreement bet-.. reen the t n'ee experimental techniques of 
veloci ty measurement . Particula:cly Bood 8.e:;reement (Hi thin ±2 percent ) 
vTaS obtained at the transonic and suuersonic velocities after the 
ignition of the sustaining rocket at·t, == 5 .75 seconds ( a:9prox .). At 
lower velocities and tJmes than those corresponclinG to this value, 
discrepancies in velocity values were more Gv-ident . 

The acceleration data are believed t o gtve t ile most accurate 
velOCity measurement at small flight times and hence at low speeds . 
Since errors are accumulative in an integrat':'on process, hOlvever, 
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the veloci ty error should increc.se vTi th time . Bas eo_ on the 'telemeter 
8,CCllracy previously mentioneo_ (0 .16g ), velocity ej.' j.'ors f r om a,ceeler­
ation dat8, were estirD:9.ted to be of the Ora.81' of ! 20 feet pcr second 
at speeds below 700 feet per second and about t 50 feet per second 
at maximum speed . 

Actually, it is believed that the accu~~acy of the acceleration 
,-~esults is much be tter than tile fOl'e,'3oing estil!latos "because of the 
close agreement of the acceleration data "Ti 'Gb the total -pressure 
data aJc high speed_s, ',There the total-pressure }?rOCe3S is believed 
to be more accurate . At the to:9 velOCity recm.'cteo_ in the flight , tt 
is believed tl'_at tile total'-pressul'c meam,rrements are a ccurat e .Ti thin 
i20 f eet per second; however at Im1 8ubs ::)llic voloci tie s the total ­
pressure data can have inaccuracies of over :':100 feet per second 
based on the previ01~sly mentioned telemeter 3.CC1.' :;'''2.cy ("1:0 .5 in . he; ). 
Because the telemeter pressure com..rnutator must be constru.ctecl i n 
su ch a mBnner that it .rill be capa1)le of measu.:dnJ the hieh imlJact 
pressures associated wi til tronsonic 8....'1.d 8u:gel'sonic veloei ties , it 
cannot be expected to measure accurately tho rela' :i.vely 1m" impact 
pressures associated with low subsonic velocities . The low-speed 
part of t he velocity curve obtaine0_ from im:?3.ct prossure data has 
t.herofore been ami tteo_ from figure 23 . 

The rada:;.' method of measuring velocity is believed. to be tee 
most accurate of the three methods em'ployecL . I t is believed_ that 
velOCity can be red.uced from the r adar data withln tlO feet per 
seeono_ of tile true velocIty values . Thi s er:co:c in baaed on tile fact 
that the l ong5.tudinal axis of tile model is not constantly in line 
,vi th the radal' b9am . It should be observe _, howeve:.' J that this 
technique, l i ke tile acceleration methocl J registers ground s::?eed 
rather 'chan airspeed and. hence may differ f:i.~anl t otal -yl'eSSUro values 
dependillG on the ' ,Tincts encountered in flight . On ~:.ll e firinG date J 

the wind.s at a l ti tuc10 yTere l ess than 15 feet pel' second.; he~1.ce their 
effect uJ:lon the correlation of velocity techni<?ues 8hou10_ be sma,ll . 
Al t.l1ough t~le radar data "rere in excellent e,[!;Tosm.C!l t ,,,i th 'those obta ined 
f rom other methocls after t == :) ·75 seconcis J the r£',o_a:~ de,ta r eo,d 1 m, at 
t imes preced::'ng this value . The reason for t he cHscrepancy i s 
be] ieveci to bo that the rao,ar was r eading the vc10c:i.ty of t.he booster 
t..'1.il during the coasting period . For a short pe:tioo of time, the 
booster "Tould remain behind and d.irectly J.l1 line \v:i. th the moo.el . 
Because of l imi t atiol1s in radar recorcUng o~Ui2?m9nt , j, t 'va s possible 
to obtain radar data for only a sho:ct period. of thne . In oro_er to 
obtain the mos t valua..ble data, t l O e~uipmont was not :put in operation 
unti l approximately 1'·.5 seconds after the model was l aunched. As 
indica t ed in figure 23, no radar data. ai'e avail able after approximately 
7 ·5 second.s. After this time, the tra.cl~ers Ivere tmable to keep the 
r adar beam on the model . .-
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I nasmuch as the acceleration d.ata aGreed cloGel~r wtth ot.':ler 
eta ta at tranoonic 8nd su::;>ersonlc voloci ties an~. S~.Ece ti.le tLC Celel'a tion 
d.atE'. are believod to be the most 'iccurate eta ta 2.vo.i 1 8.ble at su.bsonic 
veloci ttes J these Lata were us so. to define the V02..0CJty character­
istics of tho fifth flight of the RM-l mode:1.. 

A comparison of tLe resll ts in fiGU:..'e 23 .-li tJ'. t1:ose in fieure 20 
shous t.hat the maximum ve10ci t:r of tlle L\ 1-1 moc.el in its fifth 
:L'lit)1t was somewhat smalJer than recoro.ed by the :·.'3.,lnr for the 
l:..hird. flight . This o.iIfer-ence in lTI8.xj.TIlUln veloci ty is believed. to 
be 1argelJr duo to an ineql:aUty in rocket thrust . The thrnst of the 
booster arret sustaining rockets of t.he fifth model is shown 1n fi2,l1.re 24 . 
These 0.ata were obtained 'by addin.1 the dl'a3 i n CO<.1st:~ng fligh t:. to 
the thrust curves in power-on fliGht anci ind.icate that the sustaining 
rocke t of the fifth model produced l oss th'ID its rated thrust (1200 lb) . 
Calculations ind_co. e that. if the sU3taininc.~ ::..~ocket hao. producod the 
same thrust as the boostel' l'ocket, a maximum. velocity in excess of 
that corree:ponding to E. Mach nur,lbel' of 1.4 1l0u:'.c"L ::2.V0 been obtained. 

Drag date:. . - The over -all draG ano. drag coefficient (baaed on 
maximum bocly frontal area) of the HM-l mOd(3l in ]oiTer-off fU[sht 
are sh01m plotted aGainst JYlach number in ficu:..~e 25 . 

The drag data for the R[.J-l model 8hOl'1 that tlle i-Ti.ng ano. tail 
surfaces e)..'}lerienced sha'~ rlre.g increaS0S 5.:11 the 1-12c 1 nur'ber :i.~ee.ion 

bet\Teen 0 .95 and 1.04. A more sro.duo.J. increase in t..l}e drag coefficient 
occurred at 1-1ach numbers in the vicill~. ty of 0 .90 t.o 0 .95 . 'Ibis drag 
rise vlas p:..~obably caused by shock ~.osoes on t.I}O f''.solace inasmuch as 
d.c.ta from reference 1 j.ndicate that a hid1. -fincness ··:cat::.o fusela0e 
reaches its critical speed in this region . 

A t supe:..~sonic velocities J the drag rose mo::'s .:;raclually cansing 
a near··linear decrease in the dl"ag coefficient . 

Drag results fOl~ the RM-l model are in ar.;:.."ee:'lent 1.,rith theo ­
retical :9l~edictions a.'l.d test data measureo. by othe:.' j.nvestisators . The 
critical opeed ran3e noted. in the present tests is in good agreemen t 
vi th that obtained in v1inG-flmT toste of a winr; 1'l£..:.1. form similar to 
that of tile RM-l moO.el but of hlgher aspect ratio . (See reference 8 .) 
In addition, the theor~r of refe!'ence 3 ino.icat.es 'Ghat the crltic3.1 
1-1ach n :unb0r of a section increases as the cosine of the svreep angle. 
The critical Hach number of an aj.rfoil section (N.:\CA 65 -210) s imilar 
except in camber to the test eection 18 eotimate. rl"OLl lOlv -cpeod 
pressure meas1.'.rements B.t H ::: 0 .75 . (See :"efel'ence 9 . ) If the c;ain 
in criti ca l s~ee0. vB.Tied. 8.S t 1 e cosine 0 .. the Sl-Tee) c1Jlsle, the test 
wing "lould have been expected to reach its critic3.1 speed at M ::: 1.06 . 
Throe -dimenslonal effects were ap2?c:;.rently esponsi"01e for reo.ucing 
the gain in c1.'1 tical Hac~l n unber pl~edicte0. by 't1·To -c'..imens5.onal theory 
t o values measured in the tests . 

CONF "(DENTIATJ 



[ACA RM No , L6J23 CONFIDENTL'\L 19 

A comparison of drag-coefficient data fQj: the PJ1 -1 mo(lel vri th 
oim:i.lar data obtained in tests of a research moo.el (the RM-2 alrcraft ) 
equipped i"i th 450 m"e:;>t-back Ivings by the flig.h.t t6clmiq1 es of 
reference 10 is shovm in figure 26 , All o.raG coefficients shOim 
in this figure are based on total eXl?oseCl. vring an0. tail area to 
f acili ta te a more o.irect compari son , 

The data :presented in figure 26 shOl-T that the drag characteristics 
obtained in tests of the RM-l model are in agreement vrith those 
meas1J.!'ed :for the RM -2 model , The aircraft :i:eac.1eC;. 'I:;heir critical 
velocities in the same reGion and their drag coefficients are in 
fair quanti tati ve agreement . The higher clro.,g coe:l.'ficients of the 
RM-2 model are ascr:lbed to obvious aerodYD.alrlic cUfferences in the 

Norma..L-acce.Leration data.· '1'he Ilorma.L-acce.Lerat:"oll c.ata p.Lotted 
in figure 22 show that the missi le received a shar;9 incremental nor mal 
d isturba.'1ce (about 2g) when the' sustaining r ocket started firing. 
After the sustaining roclcet vTas fired, only small values ' of acceleration 
n ormal to the. l ongi t1.A.dinal axis were experienced, which indica ted that 
the missile was flying at a lift coefficient close t o its design zero 
lift coefficient. 

Lateral flir;ht.2.ata., ,. The flight :listory of 'clle la':~el'al behavior 
of the lTh1 -1 model as obtained from telemeter recore s is :0resented 
chronologically in figures 27 to 30. The resul'i~s ~):;,·esented. in fi@-'.re 27 
shovr tha.t the mod.el 'eceived a slight rollinJ distl~y.·ba.Tlce upon launching , 
Correcti ve control by ailerons ioTas apparently ap)li ecl 8.S inCl.icated by 
the reversal of the ban1\: CUl've. At the J. -second m.8.:;.1:, the data 
incUcate that the mocLel received a larGe :rollins c.isturbance causing 
it to diverge l 'a-pidly in left bank until the 3 .7-s0concl mark, at 
",hich tiIile the control stopped the divergence 8.J.""1.(1 I: "' .. llliled the motion 
to small values in Slightly over 1 second . The cause of the olllng ­
moment d.isturbance is uncertaj.n. Tho increasing slope of the bank 
cur ve after the I -second ID!1.rli: iwuld ap:gear to inc..ic:-.te the. t the 
cort:;.~ol i,'as inoperative fo:.. a short ti e . T tlUS, it is possible that 
the control was j8..l11!tl.ed for ap:pro;dmately 2 seconds , It is aleo noted, 
h01"ever, that the tim.e a.t i-Thich the control reve~~se-1 the rolling motion 
( 3 ·7 sec) corresponds to the time at. which t he boost.er thrust b08an 
to d:L.minis'1 . It is possible, therefore, t hat the ~:,olHng dicturbance 
was induced by pover effects possibly tl1rot!.ch i!D.' 2.o1'T erfects in the 
neighborhoo:: 0_ the booster t.9.il surfaces , 

Figure 28 show's that after t.he ailerons :.~eGainecl control of the 
model motions, excellent roll stabilization was obtainecL up to Mach 
numbers of 0 .95 to 1 .0 , T11e p:cesence of an out-of -tl~im rolling moment 
on the model is indicated by tbe asymmetry of the i'olling cur'Va vi thin 
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one -half cycle . Figure 31 S~lOWS an enla::"~Gement, 01' t~le actual 
telemeter "trace at Ha.ch murDers near 1 .0 . An a:9:9:~oxj.mate estimate 
of the size of this out-of -trim moment 8.l"1(1 the aile:r'on effectiveness 
was rJade by doub:Le -nifferentiatinG the bank curve of fiGure 31 near 
i t s gealcs (where rolling veloc i ty, hence ae~coctynam:~c ctampinL.:; I1ome:lts , 
are zero) and by assuming th3.. t the gross torQue ( con t:col mOl;1en~ 
~ out '·or - trim. moment) was equal to the inertia resisting moment I ¢. 
Tl is proced.ure i ndica ted. tha t at Mach num.bers just belovT l .O, the 
ou t-of -trim moment ,vas appro'c.i.mately 20 foot -IlOVJlO.s ao compared with 
a control moment of approximatel y 25 fOOt -P01.mds . 

After a Mach 111).1:'lber of 1.0 "TaS reached tlle m-1-l model di vel-ged 
rapidly in roll a1 though eviclence of restoring cont:col action 
perSisted up to a Mach num.ber of 1 .1 . At velocities higher than 
tha·t c Ol'respond.ing to this value of Mach l111lIiber the mod.el roJ.led 
continuously to the right 'vi th no evidence of 0:9cTat ive cont:."01 . 

The failure of the au tomo. ti c -pilot system to s'~abili ze the model 
occurred i n the velocity ree:ion at i'lhich t1e svle:nt -back wing became 
critical as indicated by the d. 'au data . (See fi e- 25 . ) In this ' 
region, test data obtained by Beans of the lviDC-:nOi,r method ( refer­
ence 11) allow that trailinG -erige controls mounteel on svept -b o.cle 
wings l.mdergo some 108S of effec ti veness . I t is ~J:cobable , t here ­
fore, that the rolling mom:mts created by the PM -1 ailerons i"ere 
reduced at transonic 8.ncl sunersonic veloci tien to values at least 
below that necessary to overcome the out -o·o- trim rna.Gents . It is 
also possible that a rise in aile:cor.. hinge m011len !~s occurred a t the 
cri tical velocl ty, which overload.ed the se:cvoilleCll8211 sms aila. pre ­
vented control application . Further tests are y"quired , however , 
to cleterrnine the quanti ta ti ve na cure of these phenomena . 

The telemetered data 8hOl" th8.t the Rl>1-1 mcdel :..'ol led con­
tinuously to the right at Nach numbers above 1 .1 at a :,,'ate of 
approximately 1 cycle per second . As the model ~)asBed i t3 peak 
velocity and entered its coasting period, evicl.onco of restorative 
control again became evid.ent as a Nach number of .1 VTas reached . 
(See f· '.g . 29 .) At a Mach nu.mber or 0 .97, the cont:;"ol ivaS sufriciently 
effecti ve to halt and Y'0VeYSe the rotation an _ gooo. stabilization vTaS 
again achieved at subsonic velocities . 

The subconic Yolling oscillation is shmffi in riGure 30 and is 
typical of the oscillation induced. by a rate -dis:plc.c ement flicke:c ­
type autom.atic pilot . If s tops prevent tile deflection of the rate 
gyro ( as was true for the tests) the d.isplace1":lent GYToscope governs 
correcti ve control signal at large displacement aneles _ When the 
angle of bank is reduced to smaller values , the r ate By-.toscope governs 
Signal reversal ancl a hi@l-fre _uency , small -anrpli'0ude oscillation is 
created within the angular ran3e controlled by the rate gyroscope . 

__________ C_O_~7 __ ID_E_NT_ IAL __________________________________ ~ 
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The cLata of f igure 30 indicate that the m1-1 model tend.ed to 
otabHize about a mean value of a:pproximately 22 0 riGht ban~ . 
'I'his value is believed to be in eioror because si3ne.l reversal is 
not poss i ble 1vi th the au to!:lEl. ti c pilot employed at angles of bank 
greater than ~J)~O ( the outer liLlits of the rate ba:.0.Cl.) provided 
tilat the spin axi s of the displacement gyrosco}e i s in ~le pl ane 
of symmetry of the airpla.ne . (See fig . 5 . ) It is :!?l'obable) 
the:cefore) tlla t the displacement g~rro"scoJ?e Ilrecesscd during tile 
aCCelel"ated. part of the flight and caused. a rotc:.:."y shift of its 
r eference position to the rig.h.t. 

The pertinent characteristics of the subsonic rolling oscil­
lation have been summarized in fi.?,'Ure 32 ano. sho,', that botil the 
ampli tude ano. the period of tile oscillations inc:cec,seO. vTi th increase 
in fO:::'l,rard velocity . The amplitudes of the rollinG oscillation 
dudne; the coasting flight. aloe lar8er than thODe at t,he same speeds 
in accelerated flight probably because of the G::ceater initial x-ol ling 
distuy'bance induced 1)y the continuous right spiral at supersonic 
veloci tj.es . The t.endency of the rolling oscilla,tions to increo..se 
with velocity is due to th8 fact that the rolling velociUes induced 
by a given control tleflection also increase ivitil slleed . Consequen t ly 1 

for a gj.ven automatic -pilot time lag (time oetveen detecti on of 
b ody deviati on and time of control app:icat.ion ) the amplitude and 
peri od \iill vary as a function of the rolling velocity and hence 
will increase 'wl th airspeed . I t ca.'1. be seen that in order to obtain 
supersonic roll sta'bilization of the order obtained. at subsonic 
veloui ties it wi l l 'De necessary ei the":' to decrease the tim.e lag of 
the automati c pilot or to reduce by some means the ~('oll.ing velociti e s . 

CONCLUD1NG . REMAPJ~ 

A basic research vehicle ca·pable of attainin(' flight speeds 
up to those corresponding to a Mach m'.l11ber 01 1 .4'-'l:as been deSigned , 
developed, end put into operation . Zero -1enct.h la"LU1chers ana. vari ous 
f light operational techniques have been devisecl. \"Thich peTIlt t the 
successful operatton of "Q;V')··stage, :cacket-pm-re::"'ed) yilotless aircraft , 
and hlstrumentation has been (.Level oped "'hich permits the trs,nsmission 
of data from a body mOVing at supersonic velocities . 

Data obtained from initial fliC.!1t tests confi:r7n the theoretical 
ao.vantage of s,{e]it-back "lings . Dl~a0 values obtaineQ at transonic 
and. supersonic velocities were in .general e'Cl~eement wi tll those 
measured by other fli@lt techni~ues . Successful ~oll stabili zation 
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by means of a rate-displacement flicker -type all -electric automatic 
pilot 'lIaS accom.plished up to a I-iaGh number of approximately 1 .0. 
Excellent agreement was :;.~eached among three methods of measuring 
transonic and supersonic velocities. 

Further tests are required to develop aerodynamic contro}_s and 
configu.rations Sl.1i table for operation at supersonic velocities and 
to develop means of providing adeQuate stabilization vii thin this 
region ' 

Langley Memorial Aeronautical LaboI''1tory, 
National Advisory Committee for Aeronautics, 

Langley Field , Va . 
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instrument pickoffs 

Telemeter Automatic pilot 

I 
o 30.0 43.5 63.5 

Wings 
Span 26.00 in. 
Chord (min.) 10.00 in. 
Chord (max.) 14.14 in. 
5weepback 45° 
Area (exposed) .J65 sq in. 
Airfoil (min . chord) NACA GS-OIO 

Fuselage 
Length 136 in. 
Diameter 6 in. 

General 
Rocket motor: 

Weight ( loaded) 671b 
Weight (empty) 40lb 

C.G . rocket loaded 
Cord ite rocket motor (sustaining) 

~ 
450 

-.--...i 

84.5 

Fins 
20.46 in. 
7. 21 "n. 
10.20 in. 
45° 
293 sq in. 
NACA 65-010 

6.0 Diam. 

136.0 
4o.0l 

5.0 Diam. 

t 
15.0 

Booster rocket motor, 
ejector u nit, and fins 
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ure 1.- Over-all design features of the 
NACA supersonic control­
research model , RM - 1 . 
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Figure 2.- Component design of RM-l model. 

CONFIDENTIAL 

~ 
o 
~ 

~ 
~ 
~ 
0) 

'----I 
I:'V 
W 

f:rj 
1-" 
aq 

I:'V 



• 



10 

3 
t 

CONFIDENTIAL 

1- 14.14 ·I~ 
-- ...... -7 

''0 

NACA 65-0/0 

~ 

CONFIDENTIAL 

Z Center line -or model 

NATIONAL ADVISORY 
COMMITTEE F'OJI AERONAUTICS 

Figure 3. - Wing -oileron lnslollafion of' the 
RM-/ cO/J/,igurafion. 
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A)wer 
Rider arm 

(attached to outer 
9ljmbol of d;sP/~ae-Comutator drum (:dtached to 
ment 9!1ro) mounting case of displacement 9!Jro) 

Righf Left 

• 
Displacement gyro axis 

Rate 9!Jro 
Electromagnefic 
seryomecIJanism 
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figure 5 - Schemafic diagram of RM-/ automot/c pilot. 
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Figure 8. - The RM -1 model with booster tail 
mounted on launching rack. 

CONFIDE NTIAL 

Fig. 8 



• 

L 



NACA RM No. L6J23 Fig. 9 
• 

CONFIDENTIAL 

Figure 9.- Continuous-wave Doppler radar set (AN/TPS- 5). 

CONFIDENTIAL 





NACA RM No. L6J23 CONFIDENTIAL Fig. 10 

Figure 10 . - Radio -transmitter part of RM -1 model four -channel 
telemeter. 
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reference 

1F7;9hf path 

w 

(0) External forces on airplane in free flight. 

On 

Horizontal reference Vn+1 

(b) Vectorial representation of iterant fliqhf­
path re/oitonshfps (eC/uafion (6)). 
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Figure II. - RM-I flighf-path nomenclature. 
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Figure 17.- Launching of RM-1 dummy with booster tail. (First flight,) 
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Figure 18. - Launching of RM -1 dummy without booster 
tail. (Second flight) 
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Figure 19.- Revised booster-rejection mechanism of RM-1 model. 
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