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SUMMARY

T D

Measurements of rate of roll and aileron deflection have been made during
the landing approach, in turbulent air., These have been used to compute spectral
densities of' the rate of roll whilch would have occurred with the eilerons fixed,

The resulis show goed agreement with comparable spectra which were calculated
theoretically.

Replaces R,A,E, Tech, Report No.65033 - A.R,C,26996
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1 INTRCDUCTTON

In most cases, the need to provide satisfaotory roll contrel during
flight on the landing approach in a turbulent cross-wind dictates the amount of
ailereon power which must be built into an aeroplene., The advent of highly swept
and inertlally slender designs has increased the difficulty &f satisfying this
requifement, for such ailrcraft have a greater response to a unit side gust then
that 4f the more conventional designs of the past. The way in which more
modern types respond to atmospheric turbulence may well differ in ocharaoter as
well as in magnitude from that of the older generation., Tor example; their
dutch roll ratios and dempings may be quite different., Difficulties therefore
exist in applying, to these new aircrafi, design requirements which derive from
experience of older, straight winged, types. Methods must be developed in whioh
the dynamics of the aircraft response are taken into acoount, and to do this a
mere fundamental understanding is needed of the rolling response of aircraft to
turbulent air, ‘

A starting-point is provided by a paper by Zbrozeﬁt in which he develaops
a method for calculating the rolling response of aircraft to stationary random
turbulence and applies it in several typical cases.. The major part of his
paper is ooncerned with the aircraft response with controls fixed, although-the
effects of a number of aileron control laws are briefly considered. Fellowing
this theoretical work, experimental measurements have been made in order to
oheok the theory and to obtain, if possible, some understanding of the way in
which a human pilot controls an seroplane during flight through turbulent air,
The latter work will be the subject of a further report. The present paper is
concerned solely with the 'controls fixed' response of the aeraplane, which was
8 Hawker Hunter F6 (prototype), & photograph of which is given in Fig,1; and
with the comparison of the results obtained with those celoulated theoretically
for a similar aercplanc (type A) in Ref.d.

2 THE FLIGHT EXPIRIMENT

Ref's1 gives the spectral density of bank angle arising from unit rms gust
velocity. The effects both of lateral gusts and of inequality of vertical gustis
across the aircrafi's span are taken into aocount, but so far as the present
work is concerned, the effects of tho latiter are negligible. Aeroplane A of
Ref's1 corresponds to that used in the present tests, which were mades at a speed
of 150 knots. 8ince flight on ihe approach is of the greatest interost, and
the measureme?ts described here are part of a series in which pilat control

gctions are being investigated, the test data were obtained on actual approaches



)

from which the aircraft touched down, although for the present purpose it could
equally well have been obtained in nominally straight and level flight. The
stability derivatives used in Ref,1 correspond to the test aeroplane with flaps

up, so that the present data were obtained in this configuration,

The speotral density of rate of rcll decays less rapidly with frequency
than that of bank angle. In order to achleve greater accuracy at the hiéher
frequencies it was therefore decided that rate of roll would be msasured in
flight, Aileron angle was also measured and both quantities were continuously
recorded, It was not practicable to measure the latersl component of gust
veldoity directly.

The theoretical results with which the present measurements are compared
were caloulated under the assumption that the allerons were fixed, The
aileron movements which occcurred ain flight wers found to have too great an
effect on the roll rates which were measured for a direct comparison between
spectra of the latter and the theoretiecal resulis to have much value, However
if' the frequenoy response of the asroplane in rell in response to aileron inputs
is known, it is possible (as will be desoribed in Section 3) to compute the
spectral density of the rate of roll which would have ocourred had the allerons
not moved (hereinafter referred to as the 'uncontrolled rate of roll') from
measurenents of the spesctra and cross spectra of rate of roll and aileron angle,
To determine the frequency response in roll, aileron pulses were applicd during

flight in the test oconfiguration through smooth air at a height of 1000 f't.
3 THE RESULTS OBTAINED

361 The airoraft frequenay response in roll to aileron input

O0f the time-histories of the roll response to aileron pulse inputs which
were obtained, two were selected in which the aircraft returned accurately to
wings level flight as the response docayed. Rate of roll and aileron angle vere
read from these at 1/16 soc intervals and the amplitude ratio and phase
difference of the frequency response computed from them by Fourier integration,
The results are shown in Fig,2, Also shown are theoretical values obtained,
using the same stability derivatives as in Ref,1, from formulae given in Ref,2,
The experimental and thecretical amplitude ratios diffeer by a constant factor,
bécause too low a value of the rolling moment due to aileron deflection
derivative (6g) was used in the theoretical calculation, This derivative does
not affect the aireraft response to gusts, Other than this, the agreement

between measured and theoretical values of amplitude ratio is good, In the case



of the difference botween the theoretical and measured values for phase, the
diserepancics at tho lower frequencies are felt to be due o experimental

error, The constant difference at the higher frequencies is due to different
phase lags in the instrumentation, the amplitude ratios of vhich were flat to
much ‘higher frequencies.than are considered here, TFrom tho sgreement shown in
Fige2 it therefore appears that the stability derivatives used in Ref.1 provides
an edequate description of the test ameroplane, The aotual values of the roll
frequency responsc to aileron used in computing the spectra of uncontrolled
rate of roll are shown in Fig,2,

3.2 The spectral densities of uncontrolled rate of roll

The spectraldensity of uncontrolled rate of roll, ¢Pu(f), may be
obtained from tho spectral densities of measured rate of roll, ¢p (£), and
ailerdn angle, ¢§(f), their c©ross speotral denSLty, E(f)’ and the fre-
quenoy response cf rate of roll to aileron deflection, P (f), by using the

relation,

$ou(®) = 9,4(2) + [P(E)]% 9 (2) = 2R{BL(R) ¥, (0] (1)

where R denotes 'the real part of',

The records of rate of roll and aileron angle, for the eight epproaches
which were made in the configuration appropriate to the present tests, werc
read at 1/16th sec intervals end this data used to compute the spectral and
cross speotral densities of these quantities, These were then used, together
with the frequency response described in Section 3.1, to compute the spectral
densities of uncontrolled rate of roll, The results obtained are shown in
Fig.3 in non-dimensional fsrm as the ratios of the computed spectral densities

tn the mean squares of the uncontrolled rates of roll fer each approach,

b COMPARISON BEIWELN EXPERIMENT AND THELORY

The theoretical result frem Ref.1 appropriaste to tho test configuration
is also shown in I'lg.3, replotted as the same non-dimensional speciral density.
It will be seen that it agreos woell with the experimental results, The dis-
crepancies at the ends of the frequency range covered, vhere the experimental
points have rather larger spectral densities than is predioted by theory, may
well be due to the former having been determined from finite samples; this has

the effect of apreading the energy from the peak over the whole frequency
rango,



The spectral density of uncontrolled rate of roll is essentislly the product
of two factors; the spectral density of the lateral component of the turbulence
through which the aircraft flew and its freguenocy response in roll to this ocom-
ponent, Over the range of wavelengths covercd by the meoasurements, it has been
fairly well established that the spectrum of atmespheric turbulence at low
altitudes has the shape used in Ref,1, The present results can therefore be
regarded as showing asgreement between the thecoretical and experimental shapes of
the modulus of the frequency response of the aircraft to lateral gusts, Since
the lateral oomponent of the turbulence was not measured directly, it has not
been possible to determine the ratic between its rms and that of the uncontrolled
rate of roll. However, the data of Ref,1 have been used to computc the rms
lateral gust velocities éorresponding to the rms uncontrolled rates of roil.
These values correspond well with the pilots dcscriptions of the turbulence;
the values being between 2 and 5 feet per second ard the descriptions of ths
turbulence ranging from light to moderate,

5 CONCLUSIONS

Spectral densities of the rate of roll which would have occurred if the
ailerons had not been moved have been computed from flight measurements in
turbulent air and wore found to be in good agreement with similar specira
calculated theoretically in Ref.,1. A detailed oxperimental verification of
this theory must await more detailed measurements, which would include direct
measurements (which were not possible in the present case) of the turbulence

through which the airoraft flev,

O
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Fig.1 The test aeroplane
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