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SUMMARY

E. Stevens

A brief experimental investigation has been conducted by the
National Advisory Committee for Aeronautics to determine qualitatively
the feasibility of sta~ilizing a body by the use of a freely spinning
monoplane tail. A theoretical treatment appears in an analysis of the
effect of rolling on stability presented in NACA TN 1627. Two models
were flown, one with freely spinning fins twisted to approximately 5°
at the tips and the other twisted to about half that amount. In addi-
tion to these two models, two test rockets were flown for comparison.
One of the test rockets had a standard cruciform fin configuration,while
the other had a single pair of fixed, opposed, untwisted fins. No fixed,
twisted, monoplane fin vehicles were flown but the theoretical analysis
indicated similar stability boundaries for this and the freely spinning
fin configurationprovided the rolling nmment of inertia is not more
than about 20 percent of the pitching moment of inertia. Observations
by motion pictures and radar showed khat the two nmdels and the l-fin
test rocket all were stable in flight and had approximately zero-lift
trajectories. The fixed 2-fin test rocket flew with a pronounced wobble
(ab&t @OO ) which indicated an ‘appreciable

INTROIXJCTION

amount of instability.

Among the problems encountered in the installation on aircraft of
missiles, rockets, bonibs,and jettisonable external stores is that of
maintaining adequate clearance between the fins of such devices and the
ground or the aircraft structure. It has been suggested that one possi-
ble”solution to the clearance problem lay in using monoplane rather than
the usual cruciform or tri.formfin arrangements. Stabilization of the
missile, rocket, bomb, or store in free flight after release from the
carrying aircraft would be achioevedby forcing the fins (or body and
f~s) to rotate continuously about the lon@_~&l SXiS of the Wdy.

. t
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The rotation could be forced simply by building asymmetric twist into
the fin assembly. An analytical study of the possibility of using
rolling to stabilize a body that would normally be stable in either the
pitch or the yaw plane but unstable in the other plane appears in refer-
ence 1, an analysis of the effects of rolling on the longitudinal sta-
bility of aircraft.

In order to obtain some experimental verification of the effects of
rolling in stabilizing bodies that would normally be stable in only one
plane, some simple
Pilotless Airiraft
of these tests are

noninstrumented bodies were flown at the Langley
Research Station at Wallops Island, Va. Observations
reported herein.

SYMBOIS
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moment of inertia in pitch, slug-ft2

Iz moment of inertia in yaw, 81ug-ft2

d nmximum body diameter, ft

MODELS

The models used in the investigation sre shown in figures 1 and 2.
The basic body and fin shapes were the same as those used in the investi-
gation reported in reference 2. The flat-plate fins and a portion of
the body skin approximately equal in length to the fin root chord were
mounted on ball besrings and were free to rotate relative to the rest
of the body. The fins were twisted to produce clockwise roll as viewed
from the rear. The only difference between nmdels 1 and 2 was in the
amount of fin twist, approximately 5° at the tip for model 1 and about
half that amount for model 2. (See fig. 3.) Preflight estimates showed

that these deflections would produce roll rates about 22 and 1~ times

the natural pitch frequency of models 1 and 2, respectively. Both models
were powered with motors from standard 3.25-inch Mark 7 rockets. Infor-
mation on the weights, center of gravity, and moments of inertia of the
models is given in table I.

In addition to the two models,’two aircraft rockets were also
flown. (See fig. 4.) Rocket 1 was a standard 3.25-inchMark 7, Mod. O,
rocket with a 3.5-inch Mark 8 rocket head, a standard cruciform fin
assembly, and launching lugbands. Rocket 2 was identical to rocket 1
except that two opposite fins were removed and a monoplane fin assembly
resulted. (See fig. 4.) The only twist present in the rocket f5ns was
that resulting from stsndard construction tolerances. .

at

TESTS

The models were flown at the Pilotless
Wallops Island, Va.

Aircrafi Research Station

Model velocity and position data were measured by radsr. Reynolds
numbers, Mach numbers, and drag coefficientswere obtained from these
data and radiosonde atmospheric data by the methods outlined in refer-
ence 2. 1
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Visual snd photographic observation with 16-mil~imeter CO1OF motion
pictures (taken at 125 frames per second) were the only means used to
obtain stability information since the models carried no.internal instru-
mentation.

In order to obtain some more nearly quantitative information on the
stability of the models and rockets, the apparent pitch angles were
measured from the motion pictures: It was possible to measure these
angles for about 1~ seconds of the test flights but beyond this time the

model image on the film became too small to allow measurement. Errors
titroducedby the camera not remaining horizontal and the film not
remaining parallel to the flight path during tracking should appear only
as a very low frequency distortion of the mean pitch angle.

For the models, which were coated with bright orqnge-fillow lac-
quer, it was also possible to note the angular position of the fins well
enough to define a time history of fin rotation. Graphical differenti-
ation of this fin-rotation time history provided data for an approximate
time history of fin-rolling velocity for the first two seconds of the
flights.

For the rockets, which were coated with a
it was not possible to define the fin position
obtain a rolling-velocitytime history.

All models snd rockets were launched from

dull aluminum lacquer,
in enough pictures to

rail launchers. Ele-
vation angles snd other pertinent information are listed in the ,following
table: *

Launcher Wind

Elevation, Azimuth
Flight deg (approximate), Direction ‘el;y’

deg

Model 1 30 145 ESE
Model 2 30 145 SE 5:8
Rocket 1 145 w 1O-I2
Rocket 2 ;: 145 10-15

The flight Reynolds numbers are shown as functions of Mach number
in figure 5.

— —
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II?SULTSAND DISCUSSION

General Flight

Radsr data.- The flight paths and
rockets, as obtained from the position
shown in figures 6 and 7. In general,
depict deviations”fromthe mean flight
thus, from the radar data of figure 6,

Behavior

Mach numbers
and velocity
the position
path of less

5

of the models and
radsr data, sre
radar will not
than *200 feet;

the only indication of a major
difference between the two models or the two rockets is the much shorter
range (higher average drag thereby being indicated) for rocket 2 (non-
twisted monoplane fins). A higher average drag for rocket 2 is also
indicated by the greater deceleration evident for this rocket in fig-
ure 7.

Visual and photographic observation.- Observation of the actual
flights snd study of the motion-picture film indicated that models 1
and 2 and rocket 1 all were stable in flight snd had approximately zero-
lift trajectories. Rocket 2 (nontwisted monoplane fins) ,flewwith a
pronounced wobble, which indicated an appreciable amount of instability.

Pitch angles.- Apparent pitch angles measured from the motion pic-
tures are presented in figures 6 and 8. These data show that both models
and both rockets flew with almost continual oscillation in pitch (and
probably also in yaw). The amplitudes of the oscillations were about
the ssme, *l” or 2°, for the two models and the standard rocket; for the
rocket with nontwisted monoplane fins the oscillation increased in ampli-
tude with time and reached a value of about &20° at about 1.3 seconds
after firing.

Rolling velocity.- The rolling velocity data for wdels 1 and 2 are
presented in figure 9. Also shown in figure 9 are rolling velocities -
estimated from measured fin-twist angles, strip theory (ref. 3), and
measured velocity data (fig. 7). The measured rolling velocities are
generally higher than the estimated velocities. Part of the difference
is probably due to aeroelastic effects on the thin magnesium fins and
part maybe a result of errors inherent in the approximate method by
which the rolling velocities were determined.

As noted in the section entitled “TESTS,” the fin positions could
not be defined well enough to determine rolling velocity data for the
rockets. For rocket 2, however, when the motion pictures of the flight
were projected at 16 frames per second (1/8 speed) it appeared that the
rocket was oscillating in pitch, roll, and yaw in such a manner that the
resr end of the rocket was describing a circular motion with the plane
of the fins remaining tangent to the circle so that the fins were hori-
zontal at the maximum and minimum pitch angles and vertical when the
apparent pitch angle was equal to the mean flight-path angle.

====’
._. —.—.._. __ ——— ————.—- —— ——-.————-
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Thus, the roll rate in revolutions per second would be equal to the ‘
apparent pitch frequency in cycles per second for rocket 2. An inspec-
tion of the data in figures 8 and 9 disclosed no such systematic rela-
tionship between pitch and roll frequencies for models 1 and 2. The
quality of the data, however, is not sufficiently high to conclude
definitely that there was no systematic relationship.

Estimated Stability

Models as flown.- Estimates of lift and moment coefficients for
models 1 and 2 were used in con@nction with measured moments of inertia
and center-of-gravitylocations to calculate the pitch and yaw natural
frequencies. These calculated values of natural frequency and mea~ured
values of rolling frequency were combined to provide values of ‘e
and U@ for use with the charts of reference 1. These values of a@2

snd m$2, which are shown in figure 10, were such that both nmdels should

have been stable according to figure 3 of reference 1. In these calcu-
lations the models were considered to have zero roll inertia since only
the fins and a small portion of the body was rolling and the greater part
of the model mass was not rolling.

Effects of changes.- As an illustration of the effects of various

geometric chsnges on the estimated stability, the values of 002 and
2 for M = 1.3y

‘v t . 1 second (from fig. 10) have been plotted in

figure 11 on an enlarged plot of part of figure 3 of reference 1.

By using the characteristics of.model 2 as a base, points have been
plotted on figure I.1to show the calculated effects of variations in fin
size, center-of-gravitylocation, and fin rolling velocity on the values

of Ue2 and u)
V2

and thus, on the stability of the model. The amo&ts

by which various characteristics of model 2 could be changed and still
have stability as indicatedby figure 11 are given in the following
table:

Item Range of change from model 2
without reaching instability

Center of gravity 1* diam. ahead or 1$ diam. back

Fin size ~ to 1. times original area
2 3

Rolling velocity ~ to m times original value

.
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< Thus, the indications are that appreciable variations induced by such
things as errors in estimating stability derivatives, manufacturing
tolerances, and variations in load (such as fuel) probably can be toler-
ated in a particular missile, bomb, or external store without critical
losses in the stabilizing effect of freely rolling fins.

Freely rolling fins rather thsn fins fixed to the body were employed
in the present tests in order to approach the zero rolling-moment-of-
inertia case analyzed in reference 1. In the analysis presented in
reference 1, however, the effect of roll inertia was considered by uti-
lizing various values for the ratio of moments of inertia about the roll
and pitch axes. This analysis showed that increasing the rolling moment
of inertia to 20 percent of the pitching moment of inertia (more than
equivalent to fixing the fins to cause body rotation) would not appreci-
ably change the stability boundaries for monoylane fins, that is, for
positive values of Oe2 and negative values of ~2.

. Drag Data

Models.- Drag coefficients obtained from the flight of nmdeh 1
K snd 2 are presented in figure 12. For comparison there sre also pre-

sented in fi~e 12 the drag coefficients of similsr models having no
fins and cruciform fins from reference 2. The data for models 1 and 2
are in fair agreement. At subsonic speeds the drag coefficients for
models 1 and 2 (2-fin panels) sre about halfway between those for the
finless snd cruciform (4-fin) models as might be expected from simple
fin-srea considerations. At transonic and low supersonic speeds, how-
ever, models 1 and 2 appear to have about the same drag as the finless
model. One possible explanation for this drag phenomenon is that there
may be a favorable interference effect of the rotating-fin assembly on
the body base pressures.

Rockets.- Drag coefficients obtained from the flights of rockets 1
and 2 are presented in figure 13. The most apparent item to be noted in
figure 13 is the lsrge difference in drag between the two rockets. The
actual values of the drag coefficients for rocket 2 sre probably meaning-
less in themselves and serve only to emphasize the high average drag of
a body flying at large angles of attack and sideslip.

Additional Research Required

The results obtained from the present investigation represent quali-
tative data only. Further tests would be required with internally .

instrumented models to obtain quantitative static and dynamic stability
. . data. It is believed that the results presented herein prove the prac-

ticability of providing stability by the use of a rotating, monoplane
tail (either with or without. k

.ody rotation), but various details need
..

. ..__ ...z .—— _.. —. .— ——.
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more complete investigation. Among the items requiring more study are ●

(a) l-aucfig or releasing monopke fin bodies from aircraft, (b) effects
of rolling moment of inertia (fixed or free fins) on the launching or
release,
thus the

ad (c) quantitative-dataon static and dynamic stability and
.

dispersion after launching or release.

CONCILIDINGREMARKS

Results of the tests reported herein indicate that two models having
freely spinning monoplane fins and a standard rocket with cruciform fins
all were stable in f~ght and had approx~tely zero-lift trajectories.
A fixed, nonrotating monoplane fti test rocket flew with,a pronounced
wobble (approximatelyf200) which indicated an appreciable anmunt of
instabi~ty.

Data from the monoplane fin test rocket indicated approximately
equal roll and pitch frequencies but the quality of the data from the
two models and the crucifozm fin test rocket was not sufficient to show
whether a similar relationship existed for these vehicles.

Rolling velocities for the two nmdel.swere apprecfahly ~eater than
theory indicated and a large part of this difference is believed to be
attributable to aeroelastic effects.

Computed effects of various changes to the model configuration show
that fairly large changes can probablybe tolerated in fin size, roll
rate, and center-of-gravityposition without critical losses in the
stabilizing effect of the freely rolling fins.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

.

.

Iangley Field, Va.

.
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TABLE I

PHYSICAL CHARACTERISTICS OF l@DELS

[
All the quantities (except fin inertia) varied approximately lineerly
with time between the loaded snd empty values during rocket burning.1

Loaded hpt y
Model 1

Weight, lb. . . . . . . . . . . . . . . . . . . . 41.06 . 31.68
Center~of-gravityposition, behind n~se, in . . . 32.88 33.09
Moment of inertia (pitch or yaw), slug-f%2 . . . 2.215 2.022
Body plus fin rolling moment of inertia,
Slug-fta . . . . . . . . . . . . . . . . . . . 0.0224 0.0208

Model 2
Weight, lb . . . . . . . . . . . . . . . . . . . 40.69 31.31
Center-of-gratityposition, behind nose, in . . . 32.75 33.03
Moment of inertia (pitch or yaw), slug-f%2 . . . 2.230 2.035
Body plus fin rol13.ngmoment of inertia,

Slug-fta . . . . . . . . . . . . . . . . . . . 0.0223 0.0207

Fin rolling moment of inertia, Model 1, S@g-ft2 0.0065

Fin rolling moment of inertia, Model 2, slug-ft2 0.0065

,,

,

—— — —
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(a) Side view.

Fig-me l.- Photogmphs of one of the models.
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(b) Three-quarter rear view.

Figure 1.- Continued.
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(c) Model on

Figure l.-
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the launcher.

Concluded.
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Figure 4.- Three-view
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drawing of the untwhted, monopkule fin test rwket.
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