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SUMMARY

The existing roll-balance technique for measuring roll damping has

been extended for use at higher Maoh numbers and also adapted for the direct

measurement of aileron rolling-moment. Two test vehicles have been flown

sucoessfully, eaoch carrying a model of a proposed aircraft design; one was

used to obtain (b and the other F,E. Results were obtained over ths speed
range M = 0-8 to 202.
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1 INTRCDUCTION

The reli-balance technlque1=2 has become a simple and well established
free~flight method for obtaining roll damping at transonic speeds. The need
hes arisen, however, to extend the technigque to cover Mach numbers of 2.0
and above and conourrently to measure aileron rolling moment at thesse speeds.
Earlier free-flight work on ailerons has been maanly concentrated on the

investigation of aileron effectivences ( E/Zp) 5’ zero 1ift; this 1s very

easily done by flying non-separabing_tcst vehidles fitted with three wings,
gach having a faixed, pre—set ailevon?, This technique, however, w-uld be
rather curbersome abt Mach nunbers above 2.0 since cather 1lo-ger rockets or
multi-staging would be necessary

A solution to this problem nas been found by adapting the roll-balance
type of test vehicle to measwe tho aileron rolling moment.

This note desceibes t.e dovelcepment of the test vehiole and discusses

the results from the first tvo successful models which were intended to be
roughly representative of a canard svpersonic zircrafl design.

2 THE DEVCTLUSMENT OF THE TEST VAHTCLD

Tor femiznn-r broea on o o0o) wexfued 1208} nodoawhilesn yec
capable of accelerating the venicle to about M = 3.0 although the prosont
vehicles were ballasted to restray: their masxamun velocity to M = 2.3.

The principle of the experiucntal wsthed s Lo measure the rolling
moment reaction between the test vehicle and a sting<mounted model (Flg.1).
If the vehicle does not patch or yaw, the measured rolling torgue is given
by

- » - .
T = -~L P I .Lip IJ ‘ LF ;__‘ .

For ohe measuremsn™ 7 ou'l dawoing no a.leron angle is applied and
the model is forced to roll by Tixed controls on vhe rear of the vehicle.
Then the damping deravative cexn be ob*ained from measurements of T, p and
P. The aileron rolling momeznt cevivative ls obtained from a seccnd test
vehicle on which the modsl silerors are set tc the required angle. If the
rate of roll of this vehicie can be kepc near zero then the aileron rolling
moment follows directly from tae torque on the sting.

For the roll-damping experiment one of the fairst problems to solve
was that of getting the test vehicle to roll at the correct rate uhroughout
the whole speed range from M = 2.3 down to 0.8. Two requirements had to be
met:

(1) The charge in rate of roll through ihe transonic region must not be
too sudden; otherwise accuracy i1s lost because of large inertia cerrestion
and difficulty in determining bthe rate of roll precisely.

(2) The rate of roll should wncrsase gradually ©s the vehicle decelerate.
in such a way that the volling moment on the roll balance is kept fairly
constant, If this »s not d.ne the subsconic weasurcmzncs will be so low
that they wall inevitably lose their accuracy.



Three preliminary rough test vehicles were flown to investigate these
rolling characteristiocs. Thsy were not fitted with models or roll-balance
units but each carried four aluminium-alloy fins of the type shown in Fig.1.
The sets of fins were of different strffnesses to obtaain date on the aero-
elastic effects, since by the correct choice of fin stiffness the second
requirement can be met. The best rolling characteristics were achieved with
light allcy fins 0,38 inches thick., With thinner fins the rate of roll at
the higher Mach numbers was too low. The most flexable fins -~ made in
0.193 inch light alloy - experienced ailcron reversal at sbout M = 2.8 during
the boosting phase (Fig.13).

One unexpected problem that arose was the difficulty in obtaining good
roll records from the insgtrumentation at Aberporth. The roll position, and
hence rate of roll, is measured by detecting the minimum signal-strength
points when the plane~polarised signal from the test vehicle is orthogonal
to the rotating plane-polarised receiver aerial on the ground. This system,
however, works properly only when the vehicle axis lies along the axis of the
receiver aerisl dish. As it strays away from this line a "Hooke's joint"
error is introduced and the signal strength falls rapidiy. Further errors
vere sucpected from the strong sea-mirror effect reflecting the signal from
ioe vehicle to the receiver by a secondary path. The three preliminary
vehir~les were flown along a low trajectory (launcher elevation 250; maxdimum
height 5000 ft) but on later vehicles better roll records were obtained by
elecating tne launcher to 40° and firing the models up to about 18,000 ft.

Before the present models were flown three attempts were made to
ceasure the roll damping on a typical guided missile design. The vehicles
vere beosted up to a maximum velocity of M = 2.7, but in each case the model
oroks away from the sting just before the maximum velocity was reached.
Coreful examipation of the high-speed ciné falms showed the vehicles performed
& slight barrel roll towards the end of the boost phase which probably
imtiated the failure of the sting by a combination of aerodynamioc and centri-
fugal forces on the model. In order to prevent this on the present models
the maximum velocity was limited to M = 2.3 by ths addrtion cf a | )
ballast weight, the sting diameter was increased from 0.785 inches to 1.25
inches and great care was taken on the rolling vehicle to ensure that the
rocket venturl was accurately aligned with the vehicle axis. These modifi-
cations were suocessful in eliminating the barrel roll and it is hoped that
the velocity resiriction need not be applied on later test vehicles,

3 DESCRIPTION OF THE TEST VEHTCLES

The complete test vehicle 1g illustrated in Figs.1 and 2 and the major
data are listed in Table 1. It is built around a non—-separating so¥id fual
boost motor which carries four stabiliei+wg fins at its rear end. For roll=-
damping experiments each of the [ins has its tip bent to form a 45 degree
delta aileron but for the aileron rolling-moment experiments the fins are
left flat, The ballast weight and roll-balance unit are screwed to the front
of the rocket. A diagram of the roll-balance is given in Fig.3; &t is
similar, in prainciple, toc that described in Ref.1 but has been re-designed
to withstand the extra loads experienced at the higher Mach numbers. The
semsitive element is a torsion bar which 2s supported in 3 ball-race bearings
and anchored at the rear; the model is screwed and pimmed to the forward
end., The angle of twist of the torsion bar is detected by an inductance
transducer which amplitude modulates the carrier wave of the 465 Mc/s tele=
metry set over the frequency range 130 to 160 Ke/s. The whole range of the
instrument is covered by 0.35 degrees twist and the stiffness can be easily
adjusted by suitable choice of the torsion bar diameter. Shortly before
£light the roll-balance unit i1s calibrated by applying a range of rolling
mozents to the model and noting +the output frequency. This test is repeated

-l oo



with side forces of 50 1b applied to the model, to check that the balance
is insensitive to such forces as wall arise in flight from centrifugal
loading if the wehicle barrel rolls,

Two spike aerials are mounted at the rear of the telemetry housing,
and each has a reflector aerial mounted 11 cm in front of it to improve the
radiation strength rearwards,

Two flares are fitted to the fin assembly to assist visual tracking.

L DESCRIPTION OF THE MODELS

The models are illustrated in Figs.4 and 5 and major data are listed
in Table 2. They were representative of a possible design for a supersonic
aarcraft but were simplified by malking all the aerofoil surfaces of trape-
zoidal section and mounting the wing on the body centre-line at zero inci-
dence. The structure was kept as light as possible fo minimise the bending
moment exerted on the sting by centrifugal forces. The bodies were machined
from hollow magnesium alloy castings, the wings and fin were of aluminium
alloy but the foreplane had to be of steel to prevent leading-edge tap
divergence. The nacelles were mede of alumnium alloy tube spun over at
the leading edge to produce the correct lip angle and entry area associated
with the céntrebody used.

Model 1, for measuring &P’ had the arlerons set to zero and was

mounted on 1ts sting at a roll angle of 300 relative to the bosst fins to
ensure that they were not in the wake of the model wings (Fig.1). Any
small asymmetry in flow over the boost fans could initiate a small barrel
roll; this must bs avoided at all costis.

Model 2, for measuring ﬂg, had the tip-ailerons set at 59 t» produce

a rolling moment to port. On this vehicle the intention was to keep the
rate of roll as near zers as possible so the model was mecunted on its

sting with the waings in line with two of the boosi fins; in order that

the downwash acting on the fins would produce a rolling moment to starboard
tendang to cancel the rolling moment produced by the model.

5 ANALYSTS OF RESULTS

5.1  Trajectory data

Both models were fired at an elevation of 400 and were tracked by
kinetheodolites for the whole of the flight. The trajectories are plotted
in Fag.6. Velooaty {Fig.7) was obtained by radio-reflection Doppler
corrected for flight path cwrvature and wind component. The slightly higher
velooity and trajectory achieved by model 2, compared with model 1, arises
from its lower drag, since no energy 13 expended in producing a high rate
of roll. The roll data (Figs.B8 and 9) were obiained from a combination of
spinsonde records and high~speed camera records of the flares as viewed
from the rear. The roll-receiver amerials were set up at L0 degrees
elevation which enabled the roll record to be read for the first 19 seconds
of flight. Beyond this point (corresponding to about M = 1) the trajectoxry
curved over rapidly and the roll record became unrcadable., The mean flight
path elevation for the fairst 10 segonds of flight was about 32 degrees;
some further improvement in the roll telemetry reception might therefore be
obtained by raising the launcher elevation to 45 degrees to bring the flight
path more closely in line with the roll-receiver axis.

The results have been completely analysed for the first 30 seconds of
the flight only (M = 2.3 to 0.8).



5.2 Roil darping {model 1)

The equaticn for the single—degree—of-rrovodum raling motion of
model 1 is,

Iyy P + LP p = 1
where T is the rollln; worsni reasntod uv Gove s umid teL Lonst rochefl
and is measured by the roll balazme. Tog “moe vq Geym, Lowsvsr, 2s £0

[ %
small sompared with T (less than 0.55 *he! 1. can be Lspl 9ctad Then,

" -—
€. = S

D 2 ¢
-};p\f’ v" 5 p

Ixmcs;)haric data are cbtained from a rzdiosrnde ballocn shortly
ative is plotted In Fig.11 and the corresponding

5.7 Alle.o0a rolliag momer s {model 2)

The 5.1l ng e-rwbica for model 2 is
I..p+L L g = T .

Agaza the anertaa lerm ocan be nsglestec and. for thir parisiculear
venicle, ths damping term also; since the cats of w01l was s0 low (Fig.9)
that L p was less than 0.4% T in the worst .sse.

Then,

T

LY . SRR " Y

S
This derivative as platiey wn Pig. -
If the rate of roll, ani hence s drwving tenwm, had not Leen negligible
~t conld, of course, hove beecn allowed fur u-.nyg the damming data cbtained
from modcl 1. In ‘bhls casc ihe correction vwould have been negative since the

venrcle was rolling in che direction opposed to the aileron deflection.

s DISSUSSION CI' RESULTS

6.7 Flight behaviour

¥~y the roll-damping experiment it is =ssential that the vehicle rolls
awdirateiy about its axis. If 3t does not, the molel describes a barrel
xull 1+ a2n indroduses errors from the yawirg comrmonent of the motion and the
weabryd Lt Torces exevted on the sting may be large erough io break it.
Jur cxperierce on these and earlier damp:m.g test vehicies indica®c that, to
wileve ths required acouracy of rolling, Uhe following rules must be
hourvods

e 5 -



(a) The longitudinal pitching frequency of the test vehicle must
be kept well below the rolling frequency at all Mach numbers.

(b} There must be no 'bow' 1n the boost motor.

(c) The venturi axis mist be acouratcly aligned with the axis of
the boost, typieallyto wtl 4w -k -degroc,

() The boost fins must be aligned within *+2 minutes relative to
the vehicle axis and the tip axleron angles must not differ more
than *5 minutes relative to cach other.

Close examination of the high-speed camera records of model 1
disclosed no measurable barrel rolling at all. The rate of roll of model 2
was extremely low; the model made eonly one revolution in the first 15
seconds of flight. For such a vehicle the roll-damping moment on the wangs
may be neglected and the aileron rollang moment can be cbtained directly
from the firing of one test vehicle only. Thais may be very desirable for
some types of test where various roll-producing devices are being investa-
gated since 1t is the damping experiment with its requircment of a high
rate of roll which s the diffioult one te do.

6.2 Roll damping results

The experiment was, of course, done at zero incidence and the result
has been compared in Fig.11 with estimates based on linearised thecry for
the damping at subsonic speeds and at M = 2.5. While there is fair agree-
ment at M = 2.5, the subsonic measurement appears to be about 4L0% below
the estimated value. The sudden drop in gp on deceleratang through M = 1.0
is believed to be a genwine resvlt as the balance unit has a very rapad
response and the drop is clearly shown on the telemetry record, The magni-
tude of the rolling moment being measured in this test varied between 1.5
and 5.0 £t 1b and the tip helix angie (Fag.10) between 0.5 and 1.5 degrees.

6.3 Aileron rolling moment results

The experamental recult (Fig.12) agrees very closely with a theoretical
estimate except, again, al subsonie speeds. This probably indicates that
there is some subsonic flow separation from the sharp leading—edge of the
very thin wing section.

This type of aileron, incorporating a fairly large all-moving tip,
does succeed in maintaaxning a high elfectiveness in the supersonic region
and should therefore provide adequate lateral control at the top end of
the speed range. It is, perhaps, worth noting that the parting line
between the wing and the aileron horn was sealed by a small fence. This
was done to give some support to the aileron leading edge which otherwise
might have failed through divergence.

The rolling moments measured varied between 3.0 and 12.0 £t 1b.



6.4 Accuracy

Since the main object of these experiments was to prove the technique,
only rough models were used and no claim is made conocerning the accuracy of
the final GP and 5?—; curves with regard to an aircraft of this partioular

configuration. It is possible, however, to say something about the
possible accuracy of the technique for future tests.

Ths measurements of velocity and atmospheric data follow well-established
renge prastic2 and can yield Mach number to about 10.5%. The rate of roll can
be obtained within *+2%.

The limiting factor on the roll balance unit is hysteresis, which on
the present vehicles was reduced to wathin 1% of the full scale deflection,
Thus it should be possible to measure the ep end ¢, derivatives on a given

model to within x4#. The major factor is, however, the acourscy of the
pndal and particularly the absence of wing twist on the damping model since
t7s tip helix angle is so small. If we assume a typical mean helix angle
of 1 degree it is obvious that very high standards of acouragy will be
sequirsd to climinate any spurious moments arising from wing setting errors.

s Teivly sample and straightforvard free-flight technique for the
measucemert of roll~damping and aileron rolling-moment has been developed.
RQcme carz has to be taken in the aocurate assembly of the test vehicles
but zrect_ ool workshop tolerances have been established as a guide.

'“ns velicles shculd be fired on a high trajectory with a launcher
evcle o) about 45 degrees and the roll receiver aerisl must be closely
£2izred with the exmected flight path.

Tle results from one pair of models indicate that acourate measure-
ments of roll-damping and eileron power can be obtained from ¥ = 0.8 to
2.2 and that the maxirim velocity can probably be increased to M = 3.
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TABLE 1

Test vehicle data

Overall length - (without model) 150 ins
Span 33.8 ins
Inertia in pitch 221 slug ft

Flares = two 30 sscond magnesium

TABLE 2

Model aata
Weight 3.7 1b
Inertia in roll 0.0025 slug £t2
Span 10.93 ins
Wing area (gross) 58.2 sq ins
Aspect ratio 2.0
Length 26 ins
Aileron angle {model 2) 5 degrees

Aerofoil section - trapezoidal 3% ©/c
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FIG.2. TEST VEHICLE 2 (FOR MEASUREMENT OF é,g

NOTE:- TEST VEHICLE 1 (FOR MEASUREMENT OF f,v) IS IDENTICAL,APART
FROM HAVING TIP AILERONS ON THE FOUR BOOST FINS
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