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HIGH INTENSI'H ACOUSTIC TESTXNG A'l' BRIl‘lSH AEROSPACE. VEYBRIDGB ‘

I . INTRODUCTION .- .1 _ .
The Acoustics Department of “British Aerasapce covers a wide range of aerospace
associated noise problems. Air to ground testing. including aircraft‘noise
certification to FAR and [GAO requirements. internal noise prediction and
measurement, structural and silencer design and similar operations are dealt
uith.by the Acoustics Technical office. High intensity noise testing is done
in the Acoustics Laboratory. lhis was built in 1966 and Figure I shows the
general layout. with a central control room and a number of test cells. In
addition there is a model jet rig situated some distance away and space at the
rear of the building for the construction of enclosures -fot specific tests. ,~

2. 'rss-r mums . H
The design and building of-aircraft often'praduces unusual problems due to‘noise
and vibration. Figure 1 shows some of the possible noise sources on an aircraft.
Military and civil aircraft have different design and operating philosophies
leading to different kinds of problem. One example being thei'design life of
the aircraft structure. where a civil aircraft operational life may be ten times
that of a similar military aircraft. The structural 'integrity of 'the airframe
with respect to acoustic fatigue and acoustically induced vihration must be
demonstrated. This is usually done it a siren -test .rig.‘ 2‘ ‘ '

r.‘ I . ,
Electronic equipment in aircraft. guided weapons and spacecraft must withstand
the vibration caused by high noise levels. there are various specifications to
be met by modern equipment. e.g.. MIL-BIO. C and BS JG l00.’. dud acoustid— testing
is usually done in a' high intensity reverberant chamber. as are structural
response measurements on weapons. and space craift.‘ *- '1’

Con-unity noise is also a problem. One of the major noise generators on an
aircraft is the engine which has a number of separate 'gources:_-' .
jet eEflm. shock ce'lls. turbine and compressor. .lhere are restrictions on
operating noise and the development of engine nozzle- to reduce jet and
aasaciated noise usually involves the use of a model nozzle facility.

3. TEST FACILITIES .. " v

3.]. Siren Channsla _ I _ ‘ _
Structural testing is‘ usually done in' a iiren' intensity'jcoustic
loading is used to determine response frequencies. atrainflevelsfmo'de shapes.
damping and fatigue life. Either discrete frequency or broad band excitation.
can be’ used. Grazing incidence es‘citation'alopg th'e lp'gciplen' is usuilly used as
it is nora' representative of many of the aircraft excitation condition—3'. ”
There are two airen channels in the EM? Acoustics Laboratory equipped with
different noise sources. The basi'c layout is shown in figure 3 which is '
applicable to either channel. Compressedpair is delivered from the. Laboratory
compressor or the factory air ayat or both. through pipes and manifolds. tollthc
'nolu generators. either iing:Altec'm 955 or In, 200.. The noise Sifted. into
_horns which e_ 'a‘nd to the test section then' on to an attenuator box.

  

'l‘he‘air supply must be dry and oil free to pre'yent'nalfunction of the no“
generators, so a'nuaber of filters are necessary in the. line. Pressure is
controlled in order to control the noise amplitude and. to some eatent. the
spectrum shape. ' -
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The sirens or air modulators are driven byelectrieal aisnala from a power
amplifier and the spectrum can be shaped as required by means at '5 octave band
eieetr‘ncal filters in the signal line.

The horns are rofchypex shape (hyperbolic-exponential) to give a good expansion
at the wave with a minimal: length. The low frequency cut off in Siren No- I
is 55 a: and in Siren No. 2 is 200 8:. They are constructed from bonded glau
fibre with metal ,inaetn for fixing and are fitted into n and-filled box.

The teat section is basically a duct 12 ftvlong x A it high a I ft wide with a
.10 it long section removed from-one aide. into which the test specimens are
fitted. Channel 1 is constructed from reinforced concrete and Channel 2 is
contracted from I inch plywood with-Va 6 inch cavity filled with land. he
test specimens are usually mounted on a troiley for ease of movement during

, inspection. Figure .I. shows a typical inata‘llatian for the fatigue teating of
aircraft conponents. ' -

The next section on Channel I is a .revetberant chamber of npprnxinately 6'! cubic
metrel volume. also constructed from reinforced concrete. ihich 11 need for
teat-ingeleetrnnic equipment. It contains a renewable attenuator box fitted
with wedges 'to prevent reflection back along the channel during structurai tests.
The original Hedge. were .oi fibreglass which rapidly burnt out due to the
abnorptien of ccoultic energy being converted to heat (Figure 5). There were
replaced by cteel non! wedge- vhich are .acouatieaily flail-r but ‘have not
suffered from the 1m problem due to their better internal .beat conduction.
The absorption neetion on Channel 2 also containa' wire wool wedge- .in a .bu of
similar eonstructina to the teat section.

3 . 1 . Reverherant marchers

leverberaut caning-of equipment. .vupona system and space craft ‘ia done in s
nInaber of rm.,u . v . ' .

3.1.1. Siren channel'llo.. I A

the reverberent chamber on Channel I “la used for rating «all electronic
componenta. Theae are auspendedby-elaatic cords iron roof fixtures to. prevent
val-l vibration being “emitted; Test levels up to more: use]. can be
achieved and a bet at five nicrophopea' is d, to neuute the excitation spectrum.
A typical specimen failurelis shovnjn Tilly/re 6.. ‘

 

3.2.1. Reverberant Suite

M rev'erhernnc room with an interconnecting aperture. (Iced for acoustic .
transmission lnas tests. are available for” tenting larger it Juéh as cmlete
weapons systems.- A mobile ache generatingiayaten coal-ting of four m it a'.
.airenc with horn: it fitted into the aperture to project into Room I (I18 cum-L
Noice levels up to 150 In W can be produced around the specimens Which are
suspended by elastic. cord- from a heavy trane.‘ lnotrumenrntion cables are
taken out to the control room through ducts in the floor.
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3.2.3. Noise Roan .

The large Noise Room (7”) cum.) normally contains Siren Channel No. 2. This
channel can be dismantled and the EFT 200 sirens used to generate high noise
levels in the. room. They have been used in combination withhiqurwzl’ljh -B
sirens_to generate levels up to. 147 dB OASPL for the testing of space craft
components. The sirens are fitted into the corngrs of the room,to .give a diffuse
noise field. _ The item.being tested is suspended in the middle of the tonal from
a high frame. The facility exists for modifying the noise field by use of a
Hartman.,,generator when discrete frequencies are required. -

 

3.3. .le't Noise Rig_.

The degrelopment of jet propelling nozzles and associated silencing deVices can
he done with the model jet rig. This uses compressed.air- fromrthe factory system
through a long pipe with a hydrogen burner near the exit (Figure 7)-giving gas
temperatures up to 800°C. Full scale effects are simulated using model nozzles
which can be modified more quickly and cheaply than full size nozzles.

3.4 . ‘COmbined Loading
. ,, . ,

In structural integrity demonstration tests it is sometimes necessary to perform
the tests using combined loads of noise and pressure or in-plane stresses. e.g.,
to checkctaek propagation rates. Care must be taken with all pres-urination
tests fonobvious safety reasons. One such test. with s-fuaelage subjected to
noise ,snd pressure, was conducted in a special aandhagged' enclosure built to
contain the results of a possible catastrophic. failure. A mobile siren test rig
was used to generate noise on the fuselage and compressed air supply provided the
pressuriaation. Figure 5 shows the configuration of horns and fuselage during
the rig huild outside the enclosure. The test consisted of varying the noise
and internal pressure levels which were progrsnaned to represent a typical flight.

Another type of combined loading test was done in the siren channel on an air-
craft fin box containing various systems (Figure 9). During exposure to high
intensity noise the hydraulic electrical and mechanical systems were operated
and theic performance monitored. In general the‘ various systems operated satis-
factorialy but the test did reveal several .prohl _ with the structural supports,
attachmentssnd bearings. ._‘ .. . _ '. _, ,-    

  h'l"'in§rfiu1irmauon If ' -' ‘ I.

During structural development testing it is necessary to measure strains and
accelerations as well as noise. The strain gauges used‘are‘ s‘mal‘l‘a'o' that there
is minimum‘effect of mass .on lightweight structures and ‘to measure strains close
to areas qf'stress concentration. Figure IO.s_hovs, the siren data collection
syste'm and. the circuits used far static and dynamic strain measurement. 'nue
gauges are restricted to .l_10$lor 690}; to fit the half bridge system installed.
Ambie. temperatures in_the,7c‘hannel are usually stable .and a stabilised power
supply pr_hal:teriea 'are used _for pouer. The weakJink is the attachment of the
wires touthe gauge tags and these have to be.hondgd to the structura with RTV
silicone adhesive to prolong their fatigue life. -
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Acceleration measurements are made using very small accelerometers (36K 63“

2 gas). These are bonded to the structure and a conditioning (charge) amplifier

system with measuring amplifiers allows the signals to be either read directly

or recorded. They are kept in place for a minimum time to avoid fatigue

failures of the cables. -

5 . ANALYSIS METHODS

A comprehensive collection of analysis tools is'available and this is basically

divided into two groups:~' I

(a) Hardware. Simple analysis is done in the laboratory during or immediately

after the test. Data can be analysed in octave or? ’5 octave bands, using stepped

or real time analysers. or in narrow bandwidths (usually 6! frequency) using

frequency sweeping analysers. Sometimes this is done as a "first look" approach

in order to set up a particular test spectrum or to check the output of strain

gauges or accelerometers before doing a more detailed analysis. Outputs can be

plotted directly using level recorders or an X-Y plotter. U—V trace recorder or

Polaroid pictures.

(b) computer. For more detailed analysis, particularly on structural tests, be

data is recorded on magnetic tape then analysed on a computer system. This

detailed analysis program yields Power Spectral Densities of strain.

acceleration or acoustic excitationi structural mode shapes, auto and cross

correlation, statistical properties and damping factors. This method can be

used with discrete frequency or .random excitation tests. The output can be

plotted in a number of ways.- PSD's are plotted directly and mode shapes are

derived from gain spectra and phase relationships using a common datum strain

gauge or accelerometer. Damping ratios can be obtained from random data‘

intonation by using a basic Kennedy-Pancu system and the display of phase and

a reference gauge. A‘ Vol! inter—active system for circle fitting with a printed

output gives damping factors at resonant frequencies.

6 . COHCLUSIONS

A wide range of high intensity 'noise testing facilities is available in the

Me Acoustics Laboratory. Sites channels. reverbersnt chambers and a jet

nozzle rig are backed up by a comprehensive computer analysis system to cover

the variety of problems aasocaited with the aerospace industry.-
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