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1. . INTRODUCTION

During the early stages of the flight programme on the Lynx it was noticed
that the Lynx generated a distinctive noise which can be best described as & deep
throated burbliing' noise., The burble ncise could be heard over and above normal
helicopter ncise from the main rotor, engines, tail rotor, etc., and was consider-
ed to be subjectively amoying., Comparisons of the Lynx external noise levels
with those of other helicopters showed that the Lynx was no noisier than heli-
copters of comparable size and 1t was decided, therefore, to conduct a detailed
investigation into the apuarently unusual ncise characteristics of this heliw
copter,

From listening tests made during the early flying it was found that th
curble noise was not present during the hover condition, but was very noticeable
during the anypreach of a flyover, especially at relatively large distances from
the observer, After passing by the observer this noise was no longer disting-
uishable, It was not certain if fhe origin of the burble ncise was actually on
the helicopter cor if it was due to an interaction some distance away from the
relicopter of individuel helicopter noise =ources, Also it was not clear if the
noise was associated with the rotors or with the gearbox and a2t one stage
credibility was given t¢ the latter vossibility since the main nolse source was
vrominent arcund 1ki¥z and the gearbox meshing frequencies occurred in this region.
In addition to geasrbex noise excitations, other possible generating mechanisms
were the interaction of the rotor noise sisznsls with themselves or with the
gearbox noise giving rise to a modulation effect. In order to clarify the
situation, therefore, it was decided to measure the external noise of the Lynx in
flight both on the zround and at positions on the helicopter structure,

This paper describes the theoretical and experimental studies that were
carried out to determine the nature of the burble noise (1). Much of the work
was experimeéntal but since some of the analysis techniques were not fully under-
stood, it was necessary to assist the comparison by considering the thecretical
approach and developing a computer program for the Fourier anaslysis of periodic
signsgls.

Based on the findings of this work a further theoretical study (2) was
undertaken to assess the effect of reversing fthe direction of rotation of the
tail rotor and recently the opportunity was taken to repsat the noise measure-
ments %u§ing flight trials on a Lynx helicopter fitted with a reversed tail
rotor (3).

2 STANDARD TATL ROTOR — EXPERIMENTAL STUDY

The experimental flight programme congisted of hovers and level flight
flyovers over a ground array of microphones with three microphones mounted
externally on the helicopter siructure; these were on the transmission decking
around the gearbox, on the undercarriage skid snd on the tail cone corresponding
to approx., 1+ diameters from the centre of the %tail rotor (see Figure 1).

The preliminary analysis of the noise recordings at the ground pesitions

showed that the Lynx external ncise levels compared quite favourably with those
of other aircraft in that the Lymnx does not exhibit unusually high noise levels,
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The burble noise was most noticeable on the tail mounted microphone and the
ground microphone positions during the flyover conditions but nct the hover
conditions, The burble noise could be heard as a rise and fall in level versus
time and comparisons of the freguency analyses for the parts of the recording
with and without burble noise showed that the former analysis was richer in
harmonics of the tail rotor blade passing frequency 47 {4 = no, of tail rotor
blades and T = tail rotor speed in cycles/uec and contained a large number of
unidentifiable discrete frequency peaks in the 500 - 1500Hz frequency region,
Purther analyses on a Spectral Dynamics 3D 301C Real Time Analyser showed that
the frequency spectrum of the tail microphone recording was dominated by the tail
rotor harmenics 12T, 16T, 20T, 247, ete. together with a large number of
prominent peaks occurring at intervals of 4R (main roter blade passing frequency)
after each harmonic. The latter appeared to be given only by the frequencies

n4T + m4R where m = 1 to 5, but there may have been more peaks at n4T -~ m4R
frequencies buried beneath the zeneral ncise level, Similar results were
obtainad for the wround microphone when analJ31 12 those parts of the recording
for which burdle noise could be heard. The 4R discretes were not present when
the burble noise was no longer audible on tape,

The zround microphone racordings were subject to a Sonpler anif't
freguency dependeﬁt on the forward flignt speed of the helicopter and
relative angle between the flight path and the line Joining the observc to the
source. This had to be taken intc account when comparing the results »f 1
zround microphone recordings with those of fhe tail microphone,
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Time history analyses were obtained on & standard frequency analyser and
—vel regorder and Figure 3 shows the dBA and filtered 1ki¥z octav band time
tories for the flyover condition recorded on the tail micrephcne, It can be
n from the results (especially the filtered 1kHz octave band trace) -t the

nal is being meodulated by another 51gﬁ%§ of period —;-a,d to a lesser extent
a signal of period = The period of == csrresncnaé te the ftime when one
lade of the fail roto% 001n01des with any¥'blade of the main rotor.
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In order tc examine the burble ncise signal in wmore detail, pressure
zmplitude ‘pcak —to-peak! time histories were obtained with a U=V recorder and
Pigure 4 shows a dBA time history for the zround microphone., This is not a true
dBA weighted analysis since it was necessary to play back the recorded signal at
f of its recorded speed in crder to provide a suitable time scale., 1t is ¢lear

at the signzal consists of a number of impulses which form falrlj well defined
and repeatable groups of 3, 4 or 5 impulses, Also al though the number of
positive and negative peaks in the individual impulses varies from 2-to 5 there
is a predominance of 3 peak impulses. The impulses follow closely a sinusoidal
form and thelr duration corresponds to a frequency of about 1000Hz, thus
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accounting for the fact that burble noise is subjectively most noticeable arsund
this frequency.

Harrowband filtered U~V time histories, however, were subject to limit-
aticns since the pulse signal was always affected fto some extent by the filter-
ing process being used. *he filter 'rise time' must be short compared to the
tyrical impulse duration and since the impulse frequency was about 1kiz this
neant ideally a filter banduwidth greater than 4kHz, 3Such a filter, however,
would not be able to detect the impulses buried in the normal broadband helicon-
ter noise, Thus analyses obiained with a 100Hz hetrodyne crystal filtsr vere
affected by the filter rize time ag shown in Pigure 5 and c¢losely resemblie the
filter znaps characteristics., The + octave R-C type filter results, on the
other hand, ("1~ure 5) were not affected so much by tne filter shape but they do
have a '"Dl&y appearznce which 13 due to a 'ringing! (050111at1n5) zffect caused
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It was clear from the experimental results thst the bhurble ncise waz not
glrectly associated with normal nelicopter noise sources and in order fo deter-
mine if the burble noise consisted of impulsive noise siznals zrising from an

teraction effect beitween the main rotor wake and the $ail rotor, it was

decided to examine the wake patterns produced by the Lynx main rotor, On the
Lynx helicopter the fail rotor rotates in an anticlockwise direction amd in
Torvard flizght the tall rotor blades cut through the wake produced by the main
rotor as shown in Figure &, During hover, however, the main rotor wake is shed
away from the tail rotor. In forward flight each vortex from a main rotor blade
enters the tall rotor disc and, depending on the relative positions of the vortex
and the tail rotor blades, it will intersect with several blades before leaving
the dizc, Since there are 4 tail rctor blades, it is usual for there to be 4
intersections per vortex, although 3 or 5 intersections sre also possible, After
the first vortex has passed through the disc there will be a certain time delay,
dependent on e before the second vortex reaches the disc, Thus every time a
vortex passes through the tail rotor there will be a group of 4 or 5 inter-
sections followed by a ifime delay before the next group. Figure 7 shows on s
time scale the calculated intervals between each intersection (represented by a
straight line} and between each group of intersections assuming that at time

t = 0 a vortex intersects with a blade just at the point of entry to the tail

in
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rotor dise, After applying a time delay correcticn to account for the relative
positlons of the microphones and the L&’l rotor, it was found that the inter-
section frequency or impulse repetitio fTGQAQ”C" was about 1408z and the group
frequency was about 21Hz, These figures agree well with the measured data. As
a vortex passes through the tail rotor dlSC it will dintersect with each blade at
different parts of the blade dependinz orn the blade azimuth position., An interw
secticn =t a blade tip will produce a grester impulse tw" one further down the
blade (owing to relative velocities of blade and vortex) and thus it is possible
to assess sach impulse on an amplitude scale. . Figure 7 shows how the amplitudes
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loading haV1ng positive and nggative characteristics and this generates a bang
or impulsive pressurs wave., “he widfth of the impulse and its characteristic
frequency are depsndent ma*ﬂly on the velocity prafile of the tip vortex, as
geen by the blade, and clative dimznsions of the blade chord and tip wvortex.
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In order to link the experimental and theoretical results and to undsr-
stand the processes of rectificztion and modulation, a computer program was
develo ped for the Fourier analysis of signals, Unfortunately there were several
limitations in the programme owing to the fact that it was difficult to simulate

the burble noise signal. It was possible, however, to confirm the narrowband
frequency analysis results in that rectification displaces the medulating
frequency from the rest of the spectrum and makes it easier to detect., Alsc it
confirmed that amplitude modulation of an impulse signal vy & sine wave gives a
lobe snape spectrum with sidebands about the individual discretes in each lobe,

5. THECRETICAL IFFECT CF RIVIRIING TATL RQTOR
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3ince the burble noise characteristics are dependent on the direction of
rotation of the tail rotor, reversing the tail rctor should sisnificantly redu
the magnitudes of the impulses and the subjective effect of the interaction noise,
Uging the theoretical model discussed previcusly, calculsations were made for
different forward speeds ranging from 60 knots to 200 knots with the tail rotor
rotating in both clockwise and anticlockwise directicns., For the standard tail
rotor direction the impulse repetition freguency increased with increasing
forward speed but when the tail rotor was reversed the frequency decreased with
increaging forward speed., Similzrly, as shown in Figure 9, the impulse
amplitude increased with increas ng forward speed for the standard tail rotor,
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while a fairiy vapid dmcrease in noise all rotor was
roversed, At 130 knots forward zspeed t iz impulse neak
cound pressure level was about 1243 {ze ince < impulse peaks
zre avout 15/20dB above the general helicopter noise in the normal configuration,
reversing the tail roteor would mean that the burble ncise should b =zffectively
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The subjectively distinctive roise characteristics of the Lynx helicopter
during the approach flizht conaition are gere“ated by the intersection of the
tail rotor w1th tip vortices shed by the main rotor., During ferward flight tne

the tail rotor blades are such that the

3
relative positions of the vortices and
main rotor tip vortsx is intesrsected bty 4 or 5 tail rotor blades giving rise 1o
groups of impulses as eg sses through the tail rotor dise. Owing to
this grouping effect and the variation in amplitude which results, the chain of
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impulses 1s effectively modulated and the interaction noise is heard as a deep
throated burbling sound.

8.,

9.

Reversing the tail rotor has eliminated the burble noise, as predicted
and significantly reduced the tail rotor blade passing noise in the far field,
Prediction methods based on blade thickness effects have calculated the tail
rotor noise at the tail microphone to within 2 or 3dB but owing to problems of
directivity etc., accurate predictions for the ground microphones have not been
possible,
distances of about 3000 ft, and thus the noise detectability of the helicopter
has effectively been doubled by reversing the tail rotor.

On a dBA basis the far field nolise has decreased by 15-20dBA at
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