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NATIONAL ADVISORY COMMITTEE FOR AFR.ONAUTICS

RESEARCE MRIMORANDUM

RESULTS OF PRELIMINARY FTJIGHT TNVFSTIGATICN OF ARROTYNAMIC
CEARACTELISTICS OF TIE NACA "WO-STAGE SUPLESCNIC FISEARCL
MODEL RM-1 STABILIZED IN ROLL AT 'IMANSONIC AND
SUFESSONTC VELCCITIES

By Marvin Pitin, William N. Gerdusr, and Eowurd J. Cuvfman, Jr.

SUMMARY

The design of & two-stnge, solid-fuel, roclei-p.omelled,
gencral resecrch pllotlese aircraft (M-1) sultebic i'or investizating
otability end contiol et suysroonic veloclilcs is dlncusced. The
flight~test investigation conducted thus fur is dlscussed and
information ie prescnted on zere-lengih launchcrs and operntional
flight-test techniquen of two-sta- i ruckets.

The Slicht-tost prozran thus far 1s ehewn Lo L.ave resulted in
the design of a geueral rosearch icdel cewabls of witeining velocities
vp Lo the vsloclty corres-onding te a Mach nunbesr of l.h. Svitahle
leunching methods have becn devised and cuccescful rnder tiamcldng
end iaternel radlo-tronanission of accelerailon duta, presJurs data,
and body motions have beon accomplished.

Results of initial f1i;t tests confirm the thenvetical alvantage
of swopt-back-wing olan ferme. Use of wiugs and “ina swept brck 459
delayed the criticel drag rice to & Mach muibes of voximatoly 0.9,
Successful roll stabilization by means of a rate~Cisplncemont, flicler-
tyno, all-electiic automntic pllot waus accomplished for MHach numbors
1p to aporoximmitely 1.0. Information concorning tie over-all dreg
characteristice of the Ti~1 model et cubnonic, tinsomic, =nd super-
sonic velocities ic prcoented and dlscusced.

The resvlts of the teests show close ajreement auong three
experimental methods of iwaouring tronesconic end suorsonic velocities.
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INTRODUCTION

In recent years, 1t has became evident that a critical and
urgent need existed for increased rescarch on alrcraft at transonic
end supersonic velocities. During World Var IT, the accelorated
development of Jet propulslon and iocket motors wesulted in the
creation of power plants capable of propelling alrwlasnes and gulded
missiles at superamilc velocities provided the eowod;mamic end
oporationgl requirements of such elrcralt were kmowa. It was
recognized at this time that pllotless wireralt, hithosrto utilized
solely ao military weapons, offcred one of the fow means of examlning
the actual £1ight characteristics of airplanes at very Lidh speeds.
Such aircraft could be built to fly at supersonic volocities without
endangering human life, and 1t was believed that technioues could
bs devised to measure fundamental cerodynamic end overational {light
date and to transmit these data to ground stations.

Becanse of the foregoing considerations, the filotless Alrcraft
Research Division of the Langley lemcoriel fLeronauticel isboratory
was created in May 19L5 for the purpose of obtalaing Fundamontal
serodynauic snd operational data at tr-msonic cnd supersonic velocities
by conducting resesrch on pilotless alrcraft In flisht. In order to
accomplish this purpose, engineering facillties were marde avalleble
at Langley Fileld, Va., and o test station was set up on Wallops Island,
Va.

The first of several recearch alrplenes to be desi ned wes the
EM-1 coanfiguration, a two-stage, rocket-propelled aiicraft desisned
to investigate stability and cemtrol problems in L:ransonic and super-
sonic fligcht. A flight-test program of broad gener:l scope was then
startod. Parts of this flight-test progran have been completed. The
present paver 1s concerned with the resulis of f1i-ht tests mnde to
develop successful launchiny and operational technioves end with
the simnificance of the datn obtalned In tosts of an RM~l model
stabilized in roll flying at volocities up to those corresponding to
& Mach number of 1.k. A discussicn is also presented of the over-
all design and development of the test models.

SYMBOLS

gross weight of miasile at any given time dwring flight, pownds
N mass, slugs (W/g)

8 agcsleration of gravity, 32.2 feet per second per second

= e b = 00T
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1ift normal to longitudinal body axis of RM<] model, pounds
thrust along longitudinal bedy axis of RM-l mcdel, pounds
drag alon longltudinal body axis of RM-1 model, pounds

ahsolute longitudinal ecceleration referied to IM-1 body
exis, feet per second por second

absclute normal acceleration referred to RM-1 bcdy axis,
feet ver sccond per second

flight-path angle, degrees
time, seconds
time increment, seconds
velocity increment, feet per second
flight-path-angle increment, deprees
launching angle, dogrees
angle of bank, degrces
%
rolling acceloration, redians per second per second (d-.-tE
Mach oumber (V/c) '
velocity, fest per second
snic velocity, feet per secopd

stdtic pressure in free airgtream, pounde per square foot

total pressure behind a noxrmal shock, pounds per square foot’

total pressure in free stream, pounds per square foot
maximm frontal area of RM-1 model, square fest

ccnibined exposed area of wings and tall of RM-1 model, sguare feet

static pressure at altituds, pounds per square foot
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4 CONFIIENTIAL NACA TM No. L6J23

b 4 ratio of specific heat ot constant pressure to specific heat
at conatant volume

Cp dreg coefficient

»

aspect ratio bazed on exposed erea end span
A angle of sweepback, degrees

I, moment of inortla, slug-fee'c.2
AVWALYSTS OF PROBIEM

The purpose of the pressnt investigation was to design and
plase into operation a genoral reaearch airciaft that could be used
to inveatigete stebility end control problems in transonic and super-
sonic flipcht.

Proliminery cnelyses indicated that the »roblems of lateral
control and stabilization of high-~epeed aircraft wore liliely to be
most pressing because of the low rclling lnertias and low rotary
serodynunic damning charactoristice of these desuigns. Consequently,
1t was docided to atieck these problems ifirst.

The over-al) plan involved three basic stages. Firmt, the
mode) hal to be desigmed to attain as hiph & apee. as was practi~
cable with existent facilities and knowledge. Second, o preliminary
flight-test program was necessary to solve any operational Aiffi-
cultios and to establish corvrect launching techniqres. Thece tests
involved use of noninstrumented, or dummy, models. After these two
stagee of development were accomplislcd, 1t was planned to equip
the models with inoirumsntation of variovs types capable of measnring
gtability end control phenomsna. This stoge, in particular, required
the developmont and flight testing of en advquate telemetering systom.
Once this alm wea accomplished, it was felt that ho RM~1 design would
be realy for research tects of verious types of avtomatic pilot and
control.

TESIGN FOR SUPERSONIC VELOCTTIES

An adequate propulsive system, low aerodynsmic drag, and strict
weight control are the delnrmining faciors in the attainment of super-
sonic velocitiea. The proviem confronting the designer was that of

CONFIDENTIAL
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NACA RM No. L6723 CONFIIENTIAL 5

desiming an aircraft which would embody these factors and yet
have adequate structural sirength and space for instrumentation,
end. vhich would be easy to modify.

Propulsive System

Research tests require the develomment of high speeds only
for the time interval necessary to measure the npl.enomenon under
investigation. Conseguently, & propulsive system lusuring long
£1ight range or duration was not necessary. This consideration
eliminated the moi'e involved types of Jjet-propuluion system
(such as liquid-fuel roclets or rem-Jet systoms), erd solid-fuel
rockets were chcnen aa a propulsion source. In oxder to cimplify
instrument construzction and operation, it wes desired Lo lreep
lavnching and flight accelerations to relativel; low velues.
Rockets of rTelatively low thrust end long firing times were there~
fore cl.osen in prefeience to higa-thirust ioclets of short firing
timss. The British 5-inch cordite roclket motor, raled at 1200
pounds thrust for 3.5 seconds, was considered to meot the power
specifications and was chosen for une in the Rl!-1 nodel.

Troliminary celcurlations indicated tiat one roclet motor
possessel. insnificient power Lo carry the estimated pa;lond and
structure of the RM-l model to sumersonic valocitles. An
additional power boost was therefore roguired. In urelerence to
using a catapult launching rarmp vhich entrlled a lasge exwenditure
of work and tine, 1t was docidod to éssicn the Il{-l as a two-stage
rocket. With suel an arranceuwent, the test dody of the RM-1 model
would be attached to a booster tail roclet that would jetiison
1tself after its fuel had been expended. Altliouy:r the problems

pregsented by a two-stege rocket system at I'irst anssered formidable,
i1t was felt that cuch an arrangemsnt would vltinmatsly vprove superior

to other methods of providing bdoost.

Aerodynamic and Structurel Design

An over-all layout of the RM-1 configuration is presented
as figure 1 and a photograph of the vehicle is shown as figure 2.

‘The principles underlying the component design of this aircraft are
discussed in the following sections.

Bodv desim .- The results of the investigation reported in
reference 1 show that increasing the fineness ratio ¢f & body
reduces its drag at supersonic velocities. ILater rosults obtained

in the Lengley Flight Research Division indicete thaet fineness ratios
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of the order of 12 to 15 percent may be optimm for low drac at
traneonic veloclties. A cylindrical body was thorefure deslgned to
poess3s a finenses ratio ae close to the optimmm ag nossiple and
yet be caupatible with etructural and installational renuiremente.
The diameter of the cylindrical body was rostricted to 6 inchos,

the ninimm eize requlred to houee the eustalning rocket and yet
car’y the estimated etructural loade and intermel ejperatus. A
sml). conical noee was falred into the cylindrical psrt to form

e body of fineness ratio 22.5. Thie conlcal-nose section wag chosen
after a etudy of the rosults of rsference 2 which iniicate that

this shape would probably be ae good aerciynamically as more refined
shapee for use with bodles of large fineuese retio.

The M-l body wae deeigned to comnslet of a eerles of megnesivm
monocoque sections (see fig. 2), each socticn readily detachable from
tha othere and housing separete narte of the equiment. In addition
toc the cmmvenlience of maintenance and installation, thio fsature
provides for rapid modification of body length. For tests of dwmy
modsls, the eectione in frout of the wing were replaced by e solid
wooden body of identical ehape and weight.

VWing end tajl design.- Recent developmente in Germeny and the
United States {eee references 3 and 4) have indicuted the desirabdility
of utilizing swept-back plan forms to increaes tie eritical Mach

number (delay the advent of compreeeion shock) and hence to delay

the rise in drag and the loss of control effectivences at tranecnic
and superscnic vslocitlies. Although it was realired that sweepback
dild not gnarantee improvad cerodynemlc charzctoristics at speeds
exceeding that corresponding to the critical Mach mube: of the
swent-back eections, neverlneless lte use arpeared to offer the most
favorahle apnrooch to the problem of maintaining control thioughout

the transonic and into the supersonic ranges of voloeity. Wings end
fins of 45° sweepbacl:, therefore, wers incorporated into the BM-1
design. A sweepback nngle of 450 was chosen because it was large
encugh to indicate the inflnence of sweepback on ecrodynemic character=
istics but small enocugh not to introduce any eeriovs structural or
aercdynamic problems. Becaues of its high criticel Much number the
HACA 65-010 eirfoll section was incorporated into ihe wing and fin
design.

In order to minimize the rolling moments creatsd by airnlenee
with swept-back plan forms when sideslipping at velue of 1lift other
than zero, a cruciform design was edovted lor the vings and tail fins
of the RM-1 model. With this arrengement the rolling monents croeated
by one set of swept-baclk wings are theoretically ecuel and opposite
to those created by the other set. Actually, unoublished test data
cbtained in the langley free-flight tummel indicate that at moderate

A .
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end high angles of attack or sideslip, body-interleronce and partial-
blanketing effeocts result in the creation of sams rolling moments
with sidesalip. The wings and fina of the RM-1l model were con-
structud of lamlnated spruce Streseed to take a 177 load.

Alleron-control desicn.- A plain-flep tralling-edze aileron
contiol wae chogen for the firsl testos of the iM-1 model. These
ailercons arc mounted on two diametrically opposite winza and are of
33 percent scmispan aud 10 percent ciord. Ae shown in rijwre 3, the
ailerone ure equipped with o 209-bovoled trailing ¢é o to novide
aprodynemic belance at subponic veloclitlos ond airo caupletoly mass=
balenced to avoid flutter. They are Linjed on & Hin which is internally
opring-loaded to provide {or e-wy wemovai snd ins talletion . Stops are
provided to 1imlt the alleron travel to “10°, Thie allercns aro
constructed of cast mapgnesium to reduce their ineriia and are mess-
balanced by & strip of dense motal alloy which is attached to the
leading edye of the control.

Booster-tall degi/n.~ A study o¢f launching techniques indicated
that the pr Pr 1..1&::/ p;ob’em involved in the design of 2 second-stege or
booster rocket 1s irat of keeping the booster rocket carefully alined
go that ites line of thiust passes through the center of gravity of
the airplare. If tLis allnewent is not a.ccwmlisnod, tiie booster
roclzet will crente levrge asyimetlric mcments that, ¢i leunching or low
speeds at which the eosrcdynamic dumping of the aivclene is cmall,
will vesult in violent maneuvering an’ eventual destiuction of the
alrplsne. It 18 alco required that the hooster szwrate ypositively

t Enocthly efter firing to aveoid Jaring the main body end thet
those aims be accomplished with a minimwua of additicual weipht. In
addition, tho rea-vnrd (destabilizing) moveuent of the center of
gravity caused DLy booster attechmont must be accourtedi fur by sddition
of suiteble stabilizing svrifeces. Theso problems were solved ws follows !

Cruciform triangular tail surfaces were attached to the rvear end
of the booster rocket to compensete for the loss irn otatlc stadility
caused by rearward movement of the center of mrviiy. Tke effectiveness
of these surfaces was determined by the theoiry of reference & and

checked by drop tests of - 10 -gecale dyuamic modelc.
In order to avolid misalinemont of the boosie: thirust axis, a
special fixture was designed to ettach to the front end of the booster
rocket. This fixture (ses fig. L) was designed to vtilize the nozzle
of the susteinir;: rocket a8 an elinement J}i,. Uk:) assembled, the
booste-fixture slide fits into the nozzle of the sustuinin~ rocket
and thereby prevents bending movoments in any direction. The thrust
of the booster rocket was transmitted to the lip o2 t.e svataining-
rocket nozzle so that no load was brought to bear on the internal
plug. The booster fixture was 2lso equiprmed with = compressed epring
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which vas designed to eject the booster fram the muetaining mnozzle
after booster firing (in the event thet the dreg of the booster

wnit was inoufficlent). This epring was held in it3 caupressed
position by means of o Frictlon-grip essembly tizatoned with two
hollow bolts countalining delay-ignltion oxplosive ceps. These caps
were wircd to the ZFiring circuit and wers set to relcase the frictlon
prip after the missile was launched. The spring vas released euto-~
metlcally after the booster thrust fell below 150 novnds.

Autcmatic-ailot degipn.- An all-electric, flicker-urpe automatle-
pilot design consliting of one rate gyroscone znd cne dieplecensn
gyroscope, Bolencid servamechanisus, »nd tis trallin--edge serodynamic
occantrol was deslgned to stabilize the RM-l :wodel in :oll. Thie
system was chosen bscause of 1ts slmplicity and bocouse of 1ts
inherent quick-ncting oporation. A schematic layout of this system
is chom in figure 5.

In oneration, & devintion of the angle of bari. rud/or rolling
velocity is Aetected by the gyroscopec wiich by mrans of a two-
segment commtator, roley the prover electrical slinal to the
solenoid servemechzniasme mounted in each wing. Baerglzution of the
gervomochanisms ceuces an abrupt deflection of the acerodynamic oon=
trols.

The camuercial rnte gyroscope used in the RM-1 tests 1s equipped
with stops which liuit its action to angles of bauk: within *14O.
At angles of bank grsater then these limita, conticl signelso are
deteruined eolely byr action of the dlsplacement ryirvacone (r1gut
benk reculting in left ailercn; left bank yeevltiy: in richt alleron).
Within the rate limita, hovever, the :rate gyrodccre primarily
detormines the time of siwnal reversal, beiag so arrengod as to cause
the control moticn to lead the body motion. (Cont'ol reversal is
accomplished priox to reverasal of the annle of banl.)

Becense 1t was reclized that the time lag between the tims of
slgnal veversal and tho time of full-control epplilcetion woauld Ye
the determining fector of the anplitude of the enjle-of-bank
oscillations under antamatic control, every attemst was made to reduce
the mechanical and olectrical lag in the antomatic-nilot system.
Particular emphanis was given to reducing the time lag In the servo-
mechenisms. The lag in servomechaniems, after development, was of
the order of 0.03 to 0.05 second - valuves defining ihe time interved
between the time an electrical. slgnal was introducod into the salenoid
colls and the time the znilercn controls reached full opposite de-
flection (110°). The nower charactoriatice of the servamechanisms
are shom in figure 6.

CnAE e,
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APPARATUS AND INSTRUMENTATION

Launching Apparatus

The RM-1 test bodies were launched from a rero~lemgth lauwnching
ramp, a sketch of which ia shown as flgure 7.« The launching remp
consists of a box beam mounted on e T-shape base and hinged at the
Junction of the T. The free end of the beam is supyorted on a pine-
ended strut which can be adjusted to raise or lower the end of the
remp end thus sdjust the missile launching cngles

When mownted on the launching ramp, the RM-1 model is sup~=
ported either by two support arms or by cne sunport arm and a tail
rest. If the model is to be fired with a booster iockst, both support
arme are used; if fired without a boostor, one support arm and the
tail rest are used. The suvport ame are hinge-pinned to the ramp
end are held in e retracted position by elastic shock cords. When
e model is mounted on the ramp, a compenent of ite weizht holds the
support ayms eract. When the rocket is fired, the elasiic cord
ceauees the arms to rotract into the ramp in order to clear the path
of the airplano. A photograph of the RM-1 model mownted an the
launching ramp is shown as figure 0.

Radar Equipment

A continuons-wave Doppler effcct ruder set, the AK/TPS~3
{moe fig. 9), was used to cbtaln velocity-tims records of the RM-1
modsl during the early part of its fiilgnt. Tais rader set is
& ground installation that transmits continuous radar signals of
Imown froquency and wave length along a cone-shape pethh of vertex
aagle of 7°. Refieccted redar echoes fran & moving body are received
by antonna mounted nenr the transmitter and are me:rged with the
tranasmittod cignals. Tho rosalient tcat frequencies sre a function
of the body velocitlies and are recorded &8 a trace on a chrcnograph
device. The flight velocities are then determined frcm the chrono=
graph records.

Radio Telemeter

Instrumented models of the RM~1l model were intermally equipped
vith & four-chennel radio telemeter developed by the Instirument

Research Division of the Langley Laboratory. A photograph of the radio-

transmitter part of this device is shom as figure 10. In operation,
tho movement of one of the instrument commitators modulates the
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freouency of & subcarrier which, in turm, mcdulatee the amplitude

of a high-frequency rodélo cexrler. At the grownd recelvin;: statlons,
the radio carrior is detected with & wide-band receiver and tiie sub-

carriers are fed to a sot of four discriminators cach ol which 1s

tuned to one of the center frequenciss of the subcarrier.

The output

of each discriminator is proportional to the devintion of the Ilnnut
frequency fram the center freduency and 1s recorded by a muliiple=-

element recording gelvencmster.

Photogrephle Apprratus

H Photographic instellations were used throughout the tests of

. -the BM=l model to obsexrvo lamncher operation and general flight
behavior. Thesc installetione included Mitchell 35-millimeter
wotion-picture cemeras, Cind-Kodak 16-millimeter cameras, and Army
K-2k aerlal camerss In ground implacements. Tho K~24 cameras were

i used primarily ‘o record lewncher operation and operated at approx-

imately 3 frames per second. The Mitchell and Cind-liodak cameras
operated at 125 and 64 frames per second, respectively.

REDUCTION OF DATA

Accuracy

[ S,

‘Longitudinal acceleration + o ¢ s s o = o o o o
Normal acceloration o « o o o o o 0 00 ¢ o 0 o
TotAl PYOBEUY® « o o s o o o 6 0 6 s 0 0 ¢ 0 &
Angle of bank relative to gyroscope reference «

Determination of Flight Path

um as follawm:

The 1tems telemotered in some of the testas reported herein
were angle of bank, normal accoeleration, longitudinal acceleration,
and total prensures. Expurlence has shown that the total error
involved in the telemetering of quantitles such a3 theee 18 of
the order of 1 percent of the maximum scale readinge.

Consequently,

the teiemotered items are belleved accurate within the following limits:

10.16g

m -103

't005 in. Bg

t0~9 deg

The flight-path characteristics of the RM-1 model were

!
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If the assumption is mede that the static stability of the
PM-l model 18 vory large, the alruroit will tend o alins
1teelf with the relative wind at all times and the forces ucting
on 1t are thoso shown in Pigure 1li{a). Resolution of theas forces
along the longitudinal and normsl body aves c¢f the motel ylelds
the relaticnshine

z Longitudinel forces = May, =T =D - W edn 7 (1)

Zwomnl forces =May = -Wcos 7 + L (2)
Dividing equations (1) and (2) by the mens M gives the acceleration
equatione

T-D
%.T-gsmr (3)

L
ey = -~ @gco8 7+ o (%)

- L

W D of equation (3) and i of eaaation (L)
represent the relatlve accelerations of the IM«l mcdel and can

be directly obtained from “»lemoterod acceleration data. Solution
of equations (3) and (%) for tie flight-path angle 7 dy direct
mathemztical methods is @ifficvlt bescuse 7 48 & Punction of the
accelzrsiions ay and ey e Coasequontly, rscourse waes made to a

stop-by-citep integration as follows:

T-D L
Valuea of —w - and " against time weie obtalned from

The quantitios

telometered records and the total tire scale was dfvided into a
series of time incremsnts At 1in length. Wken e valus of a
quantity at the atart of a time increment i1a densted by the subscript
n and the value at the end of an increment by n + 1 the following
iterant releationships cen be sel up:

' < D) .
S{ns1) (_I-d-/(nﬂ) g sin 7(n+l) )

T T
.l(n-l»l) § oee ’(n+1) * (M)(n-l-l)

Yna1) =T + &7

. [ )

Tt O AN e g e N

s L AR e
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ey, Ot Avy oy

= = = B
Vip + 81, Ot Vo, + AVL Vi(gig) (8)

Ay

A vectorial representation of equation (8) is shown ms figare 11(E).
In order to etart the trajectory calculations, it ia nccessary to
know only the leunching conditione. At tiwe t = O, the flight-path
angle is equel to the launching angle ¢, and VLn and an are ’
zero. These conditions are aeeumed to persist through the first
time interval.

During the time interval between t =0 and t = At, therefore,

8y, = (T_M;-P)At -gsine ()
ay = =g cos ¢ + (ﬁ)m; (20)

where ('I'_l;_l)) and. (ﬁl are valuee taken from the telemetered
Ot 14
data and averaged over the period At.

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

firet tims incremsnt can te dstermined. By uee of egquation (#), Ay
and hence r at the cnd of the firet timd seriod can be determined.
The value of 7 obtained in this menner can then be introduced into
equations (5) and (6) with new values of 1-‘-!%-]) end ﬁ and the
flight-veth changes occurring in the second time incrowent then
determined. The procedure is repsated for as lony as desired and
yields the time histories cf the flight-path engle and the body
velocities. Integration of the velocity curves will produce altituds
and range data.

Dotermination of Veloecity
Velocity values were obtained from the Doopler radar recorde
by a simple mathematical treatment involving the recorded frequenciee
and the wave length of the transmitted redar wavs.

.Velocity data were obtained from telemetersd longitudinal
acceleration data by the following procedure:

The veriation of longitudinal acceleration in g units with time
was determined from the flight records. These valuss were corrected

<
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to absolute accelerations by cubtructing the gravitntional rccel-
eraticn component 4 8in ¥, where the flightepath anzle 7 1s
positive In climbing fiight. The absolute accelerution was thon
plotted agninot %ims and the curve was lntegrated te yleld longl-
tudinel veloclty.

Totel-prersure measurcments were converted to Mech nurbor by

utilizing the following theoretical oxprocsion obiteined fran
equations In reference G.

B3, (k¢ 1y L) /e

P 21:/(1:-1) (2xf -k + l)1/(1:-1.)

This expression defines the retlo of the total yressure behind a
normel. shock wave p3 te tho etatlc pressure in tle freo streem

in torms of Moch nurbor M. Tho total presswuro p, was obialned
bt 3

diroctly frem test data. Tho static pressure py, Wes obtainod fram
gtandard atmosphere tabios (rofeorcnee 7) uftor the determination of
tho RH-). trajocbory oy mothiods discussed proviously lu tiic present
soction. Tho ratlo of epncific heits k  was choson as 1.4 for all
calculations.

T™e spcod of sovnd ¢ used to convert velocity to Much number,
was obtalned from the reletionship

¢ = {k PT

whore the min conctent for air R wes choson as 1715, end T is
the #%aolvte termarature in OF at altiindo.

Dieg and Normn). Force

The drag of the RM-1 model in nounds wes obtained by multiplying
the telemetered puisr-off iongltudinel acceleiration in g units by the
weight of the missile. A similar procedwre recording normal cccelers=
ation was used. to obtain normel force. Tue drag cosfficient was

D/F2
calculated from the relatiwmship Op = -ZF—;- (See reference 1.)
o Eof
In certain cases, this coefficlent was ;mwected. to plan—fona mrea by

mltirlying Cp by the ratic F/S, where S5 1s the combined exposed
arces of four wings and four tells.
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Angle of Bank

The tolemetered yacomde were converted to mgle of bank
directly by use of preflight calibration results.

RESULTS AND DISCUSSION

Launching Characteristice

Calculationd.- In oxder to e8 timate thoe 1awnching characteristics
of the model, its dreg and thruet charncteristice were estimated

and the ptep-by-etep eystem of ocrlculatian aigcussod in the preceding
gection wad utilized to calrulate the f£1ight-path characteristice.

The estimated drog curve ueod 1n the calculatime se ehown in figure 12
end is based on resulis presented in yeforences 1 end 8. Figures 13
and 1l present the calculsted zerc-1ift trajoctories of the TM~L model
launched at aifferent anglos, with ond without boodielr, for

aesign grose weights of 110 noundgs for the vasic pody snd 65 pounds
for the booster stane. The calculated yesrdation of maximmm veloclty
with launching anglo is eiown in figere 15.

The launching celculatlone indicated that tre gecond.-stage
roclet wonld increasc the maximut volocity of the “M~1 model bY
approximatoly 33 percents (8eo rig- 15.) It wos aleo indicated
thet the variation of meximm velocisy with 1gumching engle wonld
‘e small elthough higheet velocities would be encountered at lovest
angles becauece of relieving gravitaticnal effacte.

A launching argle of &0° was eolected for the tests beceuss
lower englee produced trujectories less eultable for redar trac
and higher anglee coused unneceesary reductions in peximan 5peed.e

The celculations also ehowed the necoseity for strict weight
control. Figure 16 presente the veriation of maxiunm velocity with
overload weight for the RM-1 model launched at 0%, These date
g¢how a elizable yrodnction in top speed with incresee in overload
weight, the top gpeed decreasing upproximtely 100 feet per gecond
for each 20 pounds added to the main body-

Dy Plight teets.= The first RM-1 model +o be fired was

a dummy body of 127 grose welight equipped with a booster tail.
The launching apperatus functioned perfectly in this tost as in all
others, and released the model without eny noticeabls disturbances .
A photograph of the model 1eaving the leunching rarm i8 shown a8

. ¢igare 17. Although the ajrcraft functioned well dwring the early
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part of its flinsht, it did not reach its top sneed becauee of
fallurc of the hooster-rejection apnnietue Lo reject ths booeter
teil. Sontry circuits thoroupsr. wrcvented the sustalning rociet
frau firing and the entire aceembly remained together throughout
the flight.

Although tho medel lzunching Ji1d not zccanmlich lta ultinato
aim, the resultas of the firel test deuonstratod turl a lwo-slape
rocket could be launched simply and eatisfactoirily i1om a zero-
length launchier and that the stability of the mlssile nlve boosctor
tail was ademiate. In order to detorminoe the etzbility of the
basic body, a second dury Ri‘~1 model was fired wlt:out a booeter
tail, (sese fip. 18.) 2cuin Jaunching was wma od. and the alr-
craf"t control-fixed flight was ccmnletoly asueble.

The failnre of the booater-rojection tnmit Lo Smnclion proverly
was belis.cd to have arieson from failvze, pric: o Jlight, to
compreer fully the rejocting swvring. (See f13. %.) Consequently,
the booeter thrust Jemed the alinement como intc the sustalning
roclet nozzle and thereby prevented rejection of e booscter tnil.
A new booster-rejection unit was therefors dcsiined. {cee fis. 19)
vhich avroided this difficwlty end, in addition, lessoned the welmt
of the unit.

The third lurmy flred conpisted of the baeic bely with the
revised booster teil. All asparztus tinctlonsd ne Cesired - lounching
and booster separation wero accamplished withiout .xisham. Rudar
rocords obidined in thie test ave shown converted to volocity in
figure 20, Theso data lndicated that tha moaximu croed measired in
the test was well into the superoonic ranre (M = vconrox. 1.4) and of
the order of the valuee calculutcd by the eten-by-sten procedure.

It wee noted from motion-picture recomds of tie third flight
tiat tha eustaining rocket fired almost lumediotelr =fter thc booeter
unit had boen rejectod. This condition arome as = :iooult of the
Increaes in the booster-rockot burning time due 1o the low aimos-
pheric temmeraturce prevalent at the time of the teet. This phenom-
‘emm, 1f accentuated furthor, could have led +o en explosion of the
taining rocket due to blocking of its nozzle, - dditional calcu-
pions were therefore made to detormino the effect of increcsirg
¥Mng lag botween tlie two rocket stagon. Those wesults indicated
A small docrease in moximum velocity for reasoneble time lage.
bguently, the arming circuits wure roarranped to provide a lese
wlous (2-ses) firing lag in the naxt testa.

oy ik
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Jatera) Stabilization and Control Flight Teots

The conclusion of the dummy tests provided a pllotless-
alrcraft arrangement. that could be launched, flown, snd tracked
un to velocities corresponding to o Mach nurber of anproximately
l.t. The elrernft was therefore equipped with aple.ctus sultabls
for a cuantitative lateral-control investizntion. TFor his phuse
of the flight investiration, thc modol was equirmed with 1ts
flicker antomatic 21lot and the four-channel telemster.

Flicht of fourth model.- The fourth model having e gross welght
of 124 pounds wng launched equipped with telemeter and automatic
pllot. Although the launching was successful, the airplane failed
to reach suverscnic velocitles owing to ignition fellure of the
susteining rocket after the booster had dbeen rejecied. The veloclty-
time data obtalncd In thic flight froan the redsr dete are given in
figure 21, The rador records eirow that the maxiinm speed attailned
by the RM-1 model was approximately T00 feet ver second.

Because of the low speeds obtalned in the fowrth flight, only
the engle-of -ban': telemeter records possessed quxntitative slgnifi-
cance. These data indicated thot satisfactory banl: stablilization
of approximately *4° amplitude was cbtained throuzhout the entive
flight.

Flignt of fifth model.- The lmunching of the Iifth model, a
configuration identical in shape and equipment with thet of the
fourth, was comnlotely successful. No difficulty was encountered
in launching; the telemeter opereted satiafactorily thioughout the
flight; and the model was iracked by radar over moct of its inltial
flight path. Time historles of the longitvdinal exd norral accelsr-
ation and total preasure cbtnincd from the telemetored deata exre
glven in figure 22.

Veloclity measurement.- A comparison of velocity date as obtalned
from integration of the longitudinal accelerstion data, total-pressure
measurements, and radar records 1s glven in fisuye 23. Thene deta
indicate good egreement between the throc experimental techuiques of
velocity measurement. Particularly good agreesent (within i2 percent)
was obtained at the transonic and supersonic velocitics alter the
ignition of the sustaining rocket at t = 5.75 seconds (anprox.). At

.lower velocitles and times than those corresponding to this value,

discrepancles in velocity values were more evident.
The accelerstion data are believed to give the most eccurate

velocity measurement at amall flight times and hence »t low cpeeds.
Since errors are accumulative in an integration process, however,

CONFITENTIAL
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the velocity error should increzse with time. Based on the telemeter
accuracy previously mentioned (0.16g), veloclty eixors from acceler-
ation data were cstimied to be of the order of 0 feet por second
at speeds below 700 feet per sscand and about 150 feet per second

at maximm speed.

Actually, 1t is bolieved that tho accuracy of the acceleration T
. results is mch better than the foregoing estimrtes because of the
N ologe agroement of the acceleration data with the total-pressure ¥
data at high speeds, where the total-pressure process 1s belleved
to be more accurate. At the tov velocity recorded in the flight, it
is believed trat the total-pressuro measurements are sccurate within
. 120 feet per second; however at low subsmic velocities the totel- 1
pressure data can have inaccuracies of over $100 feet per second ,
based on the previously mentioned telemeter accvracy (%0.5 in. Eg).
Bocanse the telemster pressure ccmpmutator must be constructed in
svch & manner that 1t will be capadble of meesuring tho high impact
pressures associated with tronsonic and supersonic velocities, 1t
camot be expected to measure accurately tho relatively low impact
pressures associated with low subsonic velocitios. The low-speed
’ part of the velocity ourve obtainod from impact pressuxre data has
{ therefore been omitted from figure 23.

The redar method of measuring velocity 1s delieved to be the
most accurate of the three methods employed. It is believed. that
velocity can be reduced from the radar data within 110 foot per
second of- the true velocity values. This error is based on the fact -
that the langttudinal axis of the model is not constantly in line l
with the radar dboam. It should be observed, however, that this
tochnique, like the acceleratiocn mothod, registers grovnd speed
rather than airspeed =nd hence may differ fram total-miessure valucs
dopending en the winds encountered in flight. On the firing date,
the winds at- alti’dtd.o vero lees than 15 feet per second; hence their
" effect upon the correlation.of velocity technigues should be emell.
L pAE- . ‘ re. 4n - llent egreemaont with those obtalned
re | Srom’ otiied: 8 after $.a 5.75 seconds, the redex data read low at
- “41i88 precedins this value. ﬁlhe reason for the discrepency is
believed to bo that tho radar vu roading the valoclty of tho booster
tall d.nrin.g Lhe coegting per iode For a shori period of time, tho
booster behind and ddrectly in line with the model.
Bocause | dm dons in redap recording oquimment, it was possible
& short period of tire. In order to
requipment was not put in operetion
bor the model was launched. As
are available after aponroximatoly
C 8 were wnoblo to keep the

P P
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Inasmuch as the acceleration data azrsed closelr with other
date at tranconic nnd suserscnic volocitlies end since tie wccolecstion
date sre belleved to be the moat accurste dutar cvailsblo at subsonie
velocitles, these dat: wore usod to deflinme the valcelty cauracter-
iptica of the fiftu filgut of the FEM-1 wmodel.

A comparison of tho vemulto in fimwe 3 wit: those i figure 20
showe that the maxim velocity of the FM-l mocol in ita fifth
fli:ht waos somewhat susller thwn recordsd by the walar for the
third flight. Thio difference in meximm velocity 1m believed to
be lergely due to an inequallty in rocket thrust. Tho thrust of the
booster and sustaining rockete of the fLfth model 1s shown in fijure 2%,
These data waore cblained Ly wdiding the dwes in cocsting flipht to
the thiust curvos in power~on flisht end indicute that the sustaining
vocket of tho f1fth model prodnced lose than 1ts rebed thrust (1200 1b).
Calculations indicate that if the sustaining rocket had produced the
same thruat as the booster rocket, a maximm vslocity in excosc of
that corresponding to o Mech number of L.l would have boen obtained.

Drag data.~ The over-all drej and dreg coefficient (baced cn
maximuon body frontel arsa) of the EM-)L modsl in »ower-~off flight
are shown plotted against Mach numbor in flsuwe 20.

The drag data for the Ri-)l modcl show that tie wing and tail
purfaces exverlenced sharn Aragz increaees in the Mach nunber reglon
betwean 0.95 and 1.0%. A more pradual increase in the drug coefficient
occurred at Mach nurbers in the vicinity ol 0.70 to 0.95. This drag
rise was prohably coused by shock losoes on the fsclape inasmich as
date from reference 1 indicate that a hish~fincnezs-ratio fuselage
roaches its critical specd in ‘this reglon.

At sunersonic velocitics, the drag rose more ;radunlly caneing
a near-~iinear decreasc in tune dvag coofficlent.

Drag results for tho M-l modol are in arcement with theo~
retlical vredictions and test date measvred DLy othe: investigators. The
eritical opeed range noted in the presont tests 18 in pood agreement
with that cbtained in wing-flow tests of a win~ plan form elmllar to
that of tie FM-1 model but of hirshor rapect ratic. (Sec reference 8.)
In eddition, the theory of reference 3 indicates that the critical
Mach numher of a section increases as tho cosine of the swoep angle.
The eritical Mach mumber of an airfoil section (NACA €5-010) similer
except in cember to the tost ssction 1e esivirmated Iran low-opecd
pressure measwremonts at M = 0.75. (See weferencz .) If the gain
in oritical speed varled as the cosine of the swoo) enrle, the test
wing would have been expected to reach its critical snced at M = 1.06.
Three-dimensional effects were apparently reeponelbvle for reducing
the gain in critical Mach number predicted by two~Cimensicnal theory
to values mpasured in the teats.

CONFITENTIAL
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A camparison of Areg-coefficient data foir the TI~1 medel with
similar data obtained in tesis of a rosearchn model (the FM-2 uircraft)
equipped with 45° swept-back wings by the flight teciniques of
reference 10 is shown in figure 26. All dreg coofficients ehowmn
in this figure are based on total exposed wing and tell eree to
fecilitate a more direct camparison.

The date presented in figure 26 show that the dyeg characteristics 8
obtained in tests of ths RM-1 model are in agreement with those
moasured for the RM-2 model. The sireralt roached itheix critical
volocities in the scme reslon end their drag coefficients are in \
fair quantitative agreement. 'Mie higher drag cocfiiclentes of the
RM-2 model are ascribed to obvicus eercdynauic differences in the 1

‘Normal-acceleration caia.- Yhe nirmal-eccelerati.a data ziotted
in figure 22 show that the missile received a sharp incremental normal
disturbance (about 2g) when the sustaining rocket started firing.
Artor the sustaining rocket was fired, only small values of acceleration
normal to the longitudinal axis wers oxperienced, which indicated that

. the misgile was flying at a 1lift coefficient olose to its design zero

1ift ‘coefficient.

Iatera) flight date.- The £light hietory of the lateral behavior
of the RM-1 model as obtained fram telemeter records ie vresented
chronologlcally in figures 27 to 30. Ths resulis nissented in figure 27
ehow that the model received a slight rolling aisturbance upon leunching. P
Corrective control by ailercns was apparently apolied as indicated by
the roversal of the dbank curve. At the l-second m=:il:, the data
-dndicate that the model received a large rolling disturbance causing
it to diverge rapidly in left bank until the 3.7-seccmd mark, at
vhich timo the control stopped the divergence ead demped the motion
to .emall values in slightly over 1 .sscond. ‘The causs of the rolling-

moment dilm'bm ‘48 uncsrtain. The increasing slope of the bank

curve after the l-second mark would appeer tb indicote that the
comtrol vas . ingperative for 'a short time. -Thue, 1t 1s possible that
ths ‘control was jexmed for approximately 2 soconds. It is aleo noted,

‘however, that the time at which the cantrol reversed the rolling motion

(3+7 3e0) ‘coxresponds to the time at which the booster thrust began
-bod:ln:nilh. It .18 possible, “therefore, that the wolling disturbencs

was ‘induced. by povsr sffects possibly through inflow sffects in the
iurnoel.

“Figure 28 shan that a.fter the allerons’ -ezsined control of the
model motia:m » excellent roll stabilization wes obtained vp to Mech

_ nunbera of 0.95 to 1.0, The presence cf en out-of ~txinm rolling moment

n, the model 1e indicated by the asymmetry of the rolling cuive within
4z g :
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ene-half cycle. Flgure 31 eliows an enlarsement ol the nctual
telomster trace at Msch numbers near 1.0. An anoroximite estimnte

of the elze of thie out-or -trim roment and the ailercn eflacilvenese
wae made by double-diffcrentiatirg the bank curve of flgprs 31 nenr
1ts poaks (whcre rolling velocity, hience serodynomic damping moments,
ave zero) :nd by esowning that the gross torcue (contol mament -
+ out-oi'~trim mement) wud equal to the inertia resicuing rement Ix¢-
This procedure indicated that at Mach mumbers Jjust Delow 1.0, the
out-of ~trim moment wes epproximately 20 foot-nounds as corpared with
& control uoment of approximotely 25 foot-pounds.

After & Moch number of 1.0 was recched the sM-l model diverged
repldly in roll although evidencu ol reneoring contiol aclion
perslsted up to & Mach nvmber of 1.1. At veloeitles lilgher than
that corresponding to this valuve of Mech mmuber the medel rolled
continucusly to tho rigsht with no evideree of oncrative control.

The failure of the eutomitic-pllot system to ciebiliue the model
occurred in the veloclty rogion at which the swont-beck wing bcecome
critical ae indicated by the diag data. (See fime 2%.) In thie
region, test date obtained by meana of the wing~"low mothod (refers
ence 11) show that trailina-edge controls momted cn awept-back
wings wndorgo come loss of efifectivenoss. It is -wotable, thiero=
fore, that the roiling momonts created by the IM-1 allerons were
reduced at transonic end sunecrsonic velocities to values at least
below that necessary to overcans the out-ol-trim monents. It ia
also pnsgible that a rise in aileron hinge momen'e occurrcd at the
eriticeal velocity, which overloaded the servauechonisms aad pre-
vented control npplication. Further teats are roquired, hcwever,
to determine the grantltotive nature of thess phencmena.

The telemetered datn show that the RM-1 modcl olled con-
timously to the right at Much mumbers above 1.1 ai e rave of
epproximately 1 cycle rer second. As the model noded 1ta poak
velocity and enteied 1ts comsting pericd, evidenco of rcatorative
control again becarme evident as a Mach number of .1 was reached.

(3eo fig. 29.) At a Mach number of 0.97, the conirol was sufiiciently
effective to halt und roverse the rotation and gocd stabilization was
again achieved at subsonic velocities.

The aubsonic rolling.oscillation 18 shown in figure 30 and is
typical of the oecillation induced by a rate-displocement flicker=
type autamatic pilot. If stops prevent the deflection of the rate
gyro {as was true for the tosta) the displacement ;yroscope governs
corrective contrel signal at large displacemsnt angles. When the
sngle of benk is reduced to smallier volues, the rate gyroscope governs
8igna) reversal and & high-fregquency, small-amplitude oscillation is
created within the anguler range cantrolled by the rate gyroscope.
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. The data of figure 30 indioate that the RM-1 model tended to
gtabilize about & mean value of approximately 22° right bank.
This valus is believed to De in error becsuse siznel reversal ie
not poesible with the automatic pilot employed at engles of bank
groator then 1140 (the outer limits of the rate band) provided
that the spin axis of the displacement gyroscone is in the plone
of symwtry of the airplane. (See fig. 5.) It ic vrobable,

thorefore, that the displacement gyroscope precessed during the %
accelereted part of the flight and caused a rotery shift of its
reference positim to the right. [

The pertinent charscterietics of the subsanic rolling oscil-
lation heve been swmarized in fisure 32 end show that both tho
emplitude and the period of the oscillations incroased with increase 1
in forwerd velocity. The amplitudes of the rolling oscillation '
during the coasting flight are larger than those et the seme epeeds
in accelerated flight probably becauss of the greater initial rxolling
disturbance induced by the continuous right spiral at supersonic
velocities. The tendenoy of the rolling oscillations to increaose
with velocity is due to the fact that the rolling velocities induced
by & given control deflection aleo increase with speed. Consequently,
for a given automatic~pilot timo lag (time between detectiom of
body deviation and time of control appiication) the esmplitude and
period will vary as a function of the rolling velocity and hence
will increase with airspeei. It can be seen that in omder to cbtain
supersanic roll stabilization of the order obtained et subsonio
velovities it will be neceseary either to deoresase the time lag of
the antamatic pilot or to reduce by some meane the rolling velocities. ]

CONCLUDING .REMARKS

A tasio ressarch vehicle capable of attaining flight speeds
up to those correspanding to a Mach mumber of 1.% uas 'l?olen designed,
devoloped, and put into operation. Zero-length lainchers and various
:‘]!.:g!;t gx:.intima to:lfmﬁues have been devised which peimit the

ssful operation o-8tage, rocket-powered, pilotless aircraft
and instrumentation hes heen: developed which pexmite tho tmnnd.u:lm,
of data from a.d ng at tnic velocities.

- p Rl ,"» R
Data obtained fram
advantage of ewep

%

initiel flight tests confiim tle theoretical
t-beck wings. Drag values obtoined et lLiansonic
ocities weie in genoral egreement with those

- T ;, technigues. Successful :'oll sitebilizetion
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by meens of A rate -41aplacement f1icker-type all-clectric antomatlc
pilot was accomplished up to @ Mach mumber of aporoximately 1.0.
Excellont agreeient wus scacked among thres meihods of umeasvring

transonic and supersonic velocities.

Further tesia &re required to develop

econfigrrations sultable fur cperation at supers
to devclo, meana of providing adequate stabilizetion within thias

region.

Langley Mcmorial Aeroncutical Leboratory,

Naticnal Advisory Conmtttoe for Aercnautics,

langley Field, Ve.

NACA RM No. L&J23
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Figure 9.- Continuous-wave Doppler radar set (AN/TPS- 5).
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Fig. 10

Radio-transmitter part of RM-1 model four-channel
telemeter.
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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 31.- Telemeter record of roll oscillation
of fifth flight of RM~-1 model.
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