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- The aileron Power and Roll Damping of the
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SUMARY

The roll motion of =n X.7.V.2 has been analysed to determine the

aileron power and roll damping of the 2.T.V.2 over a range of Mach

nurbers. The results of this analysis together with some theoretical

extrapolation of the results cre presented.
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1 Introduction

In order to obtain flight mcasurements of the aileron power and roll
damping of the R.T.V.2 ailerons, K.T.V.2 round 8 (Trial PR2/C/1, round 1)
was fired with 2 programme of uileron deflections on two ailcrons. Roll
velocity and alleron angles werc mensured throughout the flight using the
RehsE. 465 moces. sub-miniaturc telumctry systeme The roll attitude of
the vehicle was 2lso measurcd, both by camers observations and the 465 m.c.
roll telemetry system.

The variations of ~ileren deflcction, roll velocity and roll
attitude with time were 'wnalyscd to obtain the ~ilcron power and roll
damping of *he¢ R.T.V.2 over  range of Mach numbers and the results of
the analysis arce presented in this paper. 5 morc detailed nccount of the
results of the trid, *he method of annlysis cmpleyed and the <nalysis of
the trirls date will be given in 4 fature HesoE. Technical Notc.

2 Determination of Adluron Powe: 'nd Roll Damping

The cqurtion of motion of a rollin, prejectilec is <nken to bei-
A=pL = ZLz+lL, = T (1)

where . = prodectile momunt of inertic in rell

= roll wngulsr velocity

= roll torgue per unit rate of roll

= aileren deflection

= roll terque per unit ileron deflection

= roll *orque due to misalignments

S OE e g
H

= totual roll torque duc to :ileron deflection and
misalignments.

Roll velocity 2nd aileron deflection were meas.red continuously
during f'light, 2 progsrarme : deflections of two ailerons being used.

The programme was:=

t = 0 to t = 0.5 sec. Z = +2.5°

t = 005 to t = 1+C sec. : = -2050

t = 1.0 to £ = 1.5 sec. Y = +2.0°

t = 1.5 to t = 2.0 sec. Z = =2.0°
et. seq.

In order to check the calibration of the rate gyroscope used to
measure roll velocity, the recorded roll velocity was integrated with
respect to time to give change in roll attitudc. This estimate of the
change in roll attitude was then compared with the roll attitude obtained
from camera and roll telcmetry observations. The moasurements of roll
attitude obtained from camera and roll telemetry obscrvations were in good
agruvement with cach other, and were assumed to be subject only to random,
i.c. non systematic crror. With this assumption, tho comparison of the
intogral of recorded roll vclocity, and the observed roll attitude enabled
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& scale error (&) =nd zero error 1.2 rad/scc on the records of the roll
velocity to be removede This procedure 1lowed the scale of the records
of the roll-vclocity pyroscope to be ¢btuined to nn accuragy of rather
botter than 4

Usings the correeted volucs of the roll velocity the following
principle was usud to dcturmine the nileron power and reoll dimping, from
records of roll velocity.

It is <ssumcd thet during 2 period of time, At say, when % is
constwt, y Ly L3, are ~lso constinte ¥With these assumptions intue
greting equition (1) over = finite period of +ime  §t, we obtain

. t?(wt
Mpgest = Pt) = Ip / pdt = T 5t (2)

+
[

t+ét

»

Thos aufing s period ¢ thie it plotlin, peepy = Py Acainst / pat

t
for difterent v.doco of  t, but keeping 5t constgnt we obtain a straight
t+5¢
line of slove M, and intercept % ot when f pdt = O
A
t
t+8t
In practice the definite integral / p 4t can be cvalaated with
.

swficient accuracy by ucing « trapezoidal summation, providing the time
interval bestween successive values of p o uscl in the sumation is small

comrared with = .

The values of p obtained from 5. 7T.V.2 roumnd 8, when treated in
this way did in fact give good straight lines, and from thesc lines, Lp,
and T wure obtained. so 2 symmetrical aileron programme was uscd Lg
could be ¢liminnted from altormnte values of T, wnd Ly and I.p
determincd.

The value of Ly is cquivilent to 19 of nileron deflection on two
~xilerons. .

Pigs.2 ~nd 3 .ive iz md fp. 8 functions of Mach number, where

» L
(‘; = ——&l&——- ; ‘:‘P = -—.2-— ;
spv2 as sov a%
S = body maximum cross-sectional rea = 1.57€ ftz;
d = body maximum diameter = 1eld7 ft.

Computed values of LY and Ip obtained from the experimental data
are plotted in figures 4 and 5 respectively, us functions of Moch number
ond height, tubles of the 'I.C.A.N.' standard atmosphere being used to
obtain the variation of pv2, and 7pv with Mach number and height.
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3 Discussion of Resulta

Censideriticns of the errurs in the cxperimental data suggest that
¢z wmd Ly are accurate to about 7. wnd ép ~nd Lp are accurate to
nbout #1550

Sl Aileron Power

In Fig.e, the experimental values of <y, oycther with theoretical
. A
estimedes of the values of ¢y nre shown.

The theeretienl valucs were obtrined by crlculrting the 1if't on the
wdlerens, wsoaming rfull rooy lose 2t the Juncture of the ~ilerons with the
bedy, but iyroring mny interaction of the iilerons with ¢ch cther.

. o N ) . aCy

Now the slemder body vrlue of the aileren power, assuming —2i =
- R . s .
T s, fer ¢ won ndleron where AR is the aspect ratic of cnenn aileron,
md ne inter-etion botwoen the 2aileruns is vy = «22.5, wherees the
corrncercndin vilue of <y letermined experimentally dec. 2t M =1, is
14e5. Furthcr, the cxporirentnl values of <y PFReTr to tend towards the
theoretic:l vrlucs M = 1u4.

D4 dc believea thet fhe tendency 'or the oxtocriment d resalts i be
bolow the theoruiie:l recults »t the lower Mach numbers, but to approoch
therm 2t “me Ligher Mach nusboers is dat to inter.etion between cach ~ileron

and the twe .t right onglos 4o

oW in X fatire meAWE. Techrnicnl Hote that such an
e tricilly peossicle at Mich narbers less than approxi-
os: 08 cileron vowe: has been nmoted elscvhere<.

It wili te oh
inser.eticrn is fuom
mately *eDe Thio 3

502 zell Drmping

Tre experiment .l viorinticn of ¢y with lach nupber is shown in

4

Z vings ure crepped aclisewings with @ net svan of 4L4.8%,
L4 Lnd tip chord off 20.2", ¢he lending edpe being swept

is aifficd <o estimite ¢p  theorcticslly for such

wnge of Mach nuabers covered oy the cxperiment, but slendere
body theory doce ennble us to ostimnte & for M = 1.0, the theorectical
values buin chown in Fig.’s The lower value is that for thc wings axlone,
~nd the upper voluc ic for the wings ni t-il, 2ssuming that the tail is
500 cffective..

v
reco* chori of 5
buck 2t 45°. I

-

As can be geen from Fige3 the cxperimentnl valucs of ép lic
between these twe valucce
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