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Technical Memorandum No. GW 213

September, 1953

C)
>ROYAL AIRCRAFT EOTABLICSIfENT, FARiBOROUMH

LLJ
- j

-. The ileron Power and Roll Damping of the
: R.T.V.2 as determined from Flight :!easurements

- -by

F.G. Chapmn

Sc&ARY

The roll motion of !r R.J.V.2 has been analysed to determine the

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

nw.bers. The results of this analysis together with some theoretical

extrapolation of the results are presented.
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I Introduction

In order to obtain flight measurements of the aileron pover and roll
damping of the R.T.V.2 ailerona, R.T.V.2 round 8 (Trial PR2/C/1, round 1)
was fired with a progrunc of uileron dufloctions on two ailerons. Roll
velocity and aileron :tngles wurc ruas u ed throughout the flight using the
R.A.E. 465 m.c.s. sub-miniaturu telemutry system. Thu roll attitude of
the vehicle was ilso mu isurfd, both by canLra observations and the 465 m.c.
roll telemetry system.

The variitions of ailcrcn deflection, roll velocity and roll
,ittitudc with time vre anrilyocd to obtain the ,ilcron power and roll
dimping of the R.T.V.2 over . r-nge of Mach numburs and the results of
the analysij ,rC .restnted in this paper. A mom- dutailed account of the
results of the tri il, the mthod of a unllysis employed and the analysis of
thu trirls d:ta will bL given in , future R.A.E. Technical Note.

2 Dtecrination of Ail.ron Powu" 'nd Roll D'nping

'.ht equattion of motion of a rollin, prcjectilc is :2,.kcn to be:-

.'-pL L- +o = T (1)

where A prJuctilc moment of inerti-. in rcll

p roll angula r vlocity

roll torque per unit rate of roll

= aileren deflection

L- roll torque per unit "-ilcror. deflection

Lo  = roll torque due to misa lignments

T tot l roll torque due to .ileron deflection and
misailignments .

Roll velocity and aileron deflection were measured continuously
daring flight, a programne f deflections of two ailerons being used.

The programme was:-

t = 0 to t = 0.5 sec. = 25
t = 0.5 to t = 1.0 sec. -2.50
t = 1.0 to t = 1.5 sec. + - 2.0
t = 1.5 to t = 2.0 sec. -2.00

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 tine to give change in roll attitude. This estimate of the
change in roll attitude was then compared with the roll attitude obtained
from camera and roll telemetry observations. The measurements of roll
attitude obtained from camera and roll telemetry observations were in good
agruement with each other, and were assumed to be subject only to random,
i.e. non systematic error. With this assLsmption, the comparison of the
integral of recorded roll velocity, and the observed roll attitude enabled
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scale error ( ) ,nd zero error 1.2 r:L/suc on the rccords of the roll
velocity to be removcd. This proctdure Illowed the scale of the rcords
of th(. roll-velocity tyruicopc to bc obt:ained to %n accuracy of rather
bt ttkr than +4'.

Using th- corrected v-.lacz of th,; roll velocity the following
principle w-.s ujd to dctermine the. ail ron povA.r and roll daping, from
records of roll vLlocity.

It is -.ssum cd th'.t during a p~riod of timn, 6t -ay, when 4 is
constant, 1,, L4, Lo, arc lso consta-nt. *,ith thuse a.szumptionu intxo-
gi rting cquhtion (1) over a finit, period of time 6t, wt obtain

t+ ot

A(pt+,t - pt) - Lp / p t = T bt (2)

t+tt

Th.u r o : . period e. ti1e; At, plottia, pt+6t " pt against / p t

t
for differ,nt vJ.lu uf t, but keeping 5t constant we ottain a straight

t+St

line of slope , and intercept -t when pdt 0.
A A

t+tt+ 5t

In practice the definite integral I p dt can be evaluated with

t

sufficint accuracy by u.ing .,. trapezoidal summation, providing the time
interval between uccecszivc values of p usc.l in the sumnation is small

comparea with -- .

The values of p obtAinod from >:...V.2 round 8, vhn treated in
this way did in fact give good straight lines, and from these lines, LP,
and T were obta.ined. .L a jyn=irneticnl aileron programme was uscd L0
could be elimin-itcd from lt.rnate values of T, and L4 and
dute rmined.

The value of' Lo is cquiv-.lent to 10 of' ,ileron deflection on two
.ilerons.

Figs.2 and 3 ive (,. and (p as functions of Mach number, where

L~ LP
6 = 2 '2

,pv 2  ~vd
f S .P v d2S

S = body maximum cross-sectional area = 1.576 ft 2 ;

d = body maximum diameter 1.417 ft.

Computed values of L, and L obtained from the experimental data
are plotted in figures 4 and 5 respectively, as functions of Mach number
and height, trbles of the 'I.C.A.NI.' standard atmosphore being used to
obtain the variation of 2 pv 2 , and tp v with Mach number and height.
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5 Djzncuzsion of' Reulato

Ccridcrition; of the crrurs in the icprimurital data sugcst that
i n d L,- ire iecuz-itu to ibeut t7., Lnd p mdL are accurate to

35.1 Ailero~n Power

In ?i.,the c rtntjvalue.; of' <-,)oathcr with theoretical
'Stim%*aL, of thv v,.uc:s cif - Lro ho

Th...hcretcLQvalus woere obtiined ty calcul'iting- the lift on the
lcrc'i, 'r4n., full roa, 10. tte ucs. f 'he --ilcruns with the

body, but i -rL;r in,,n inter .ction of tht a.ilcron.-: with c,-cPc. other.

Ne th, i'vc body valuc of tho aiierc;n powt-r, ru.uming ICS

f g , ar.iluron. whent AR is th, P-sp t r.t--* -,of ech il rn,

n, ~ intcr-.cti~r bLctw or. thu iern is -22.5, whereaz thec
ocrcscn.2..:v-J1iu .> lutturmined cxp-1urer:lJv i.e. -t 11 = i j

14.5. Further, thu xp~rirunta l v-duso of , %n~car t tiend tawards the
theior. tic 2. v-1le- tM 4.

izLL..,v,-a th-.t tlh& t,.ndc-,, c i'.i tl- xz iiz~ntJ ruojtst be
beI-w tlhe th --.. tic-J. '-:a Uts -: tnu 1,wur Maclh r..bcr-;, bu.t t,. appr,.ch
thur-n at ',-A -iL.r Ma'ch -. mberc- is du,- t-. irtr.ctio)r. Ltvct.n cach failcron

aa. i t  . -ilh .4~Z t

will ;e hov,-r. in .' uuei. .Tecchr-ic-.1 Mutc tha t such arn
aner-otor. s g~~r~e tio iy r~sil -it Mac-h nuirnberz leis thin anproxi-

7: te iy .3 hi,.Jo. of' 'lc.-or.' h-.. teen iot~.d elsewhare.

71ho cxpcrime'at .1 v riir.of wi th 1ach nxmber i6 shown in

Tht .-'..V.2s ,-in~s -.ve c-'eppoa ue~: ih net span. of 4,4.8",
root ch:r-d of 51 .," -. 6 tiq cho. cf 29. 2", the buaiinC, ci4e being s*pt
LaIck at 4~50 . It i.; difficJ te o t imnt te Z theortetically for such
winos fo;r the ra-nj;Q of 11-lch nua.rz eovercdl ty the cx-perimcnt, but slendor-
body thcory, doco Lzabl to Lotim ato c for IM =1.0, the thkoretical
vaIues; bum., shovrn in Fi.j. Fhu, lower value is that for thu wine's alone,
,nd th(e uppcr vatlue io,- for tthe wingS- ml tatil, asszning that the; tail is
54, effectiv,..

A .s cain be Oeen from Fi ;.3 the- -.xpuzrimont!Al values6 of eplie
bctwtucn thfsu two values;.
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