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1. INTRODUCTION

The Acoustics Laboratory at Weybridge was tuilt in 1956 for work on mircraflt
assoclated problems, Figure 1 shows the general layout, with a central control
room and a number of test cells. One advantage of this layout is that teast
equipment and instrumentation can be used for more than cne type of teat without
being moved. This reduces tect set up tiue and the need for freguent rechscidng
of tape recorders and amplifiers which are rack mounted. The siren room contains
the high intensity channel, which can gensrate nolse levels up te 165 dB OASFL,
and a small reverberant chamber {6.5 ou.m.) connected to the channel for teating

" elecironic equipment. A second eiren test channel is in operntion in the large
Rolse Room. Those channels are wed mainly for testing atructures, syetems nnd
eiectronic equipment at high noise levela. The reverberant suite consista of
two rooms with a 10 aq.m, interconnecting hatch. The rooms are 105 cu.m, and
128 cu.m. volume, with lower cut off freguencies of 150 Hg and 140 Hz respactivly
and are independently supported on anti-vibration mounts. The amnechoic room is
lined with 1l.1m long foam wedges giving a lower cut off frequency of 100 Ax and
hae a usable volume of 48 ou.m.

In addition to the main laboratory thers is a mobile laboratery for aircraft and
goeneral outside noise and vibration memsurement, & portable siren rig and a high
temperature model jet noise rig. The Acoustics Department has a meparate '
analyois and computing centre which deals with detailed analysis,

2. ACOUSTICS DEPARTMENT CAPABILITIES

The acoustic capabllities of the departmont are summarised in Table 1.

IABLE 1

Pized Laboratory - high intensity testing - structures
- equipment
= combined loading .

- transmimaion loss tasta
abaorption measuremont
gound power meepurement
itnsertion loss measurement
model teats

Mobile Laboratory - eireraft flyover noise messurement
aircraft cabin nolse messurement
building noise and vibration measurement

Jet Noige Rig - model nozzles - noise distribution
- - noisd sources
silencing
General = factory noise and vibration measurement

factory equipment noise reduction
envirommental noise prediction
and measurement surveys.
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3. ANALYSIS METHODG

A comprehensive ccllection of analysis tools is available and this is basically
divided inta two groups (Fig. 2).

{a) Hardwnre. Simple analysis is done in the laberatory during or immediately
after the test. Datm can be analysed in octave or § octave bands, uasing stepped
or real time analysers, or in narrow bamdwidths {usunlly 6% frequency) using
frequency sweeping analysers. Sometimes this is done as a "first look" approach
in order to set up a particular test spsctrum or to check the cutput of atrain
gauges or accelerometers before doing a more detailed analyais. Ouiputs can be
plotied directly using level recorders or an X-Y plotter, U-V trace recorder or
Polaroid pictures.

(b) Computer. For more detailed analysis, particularly on atructural tests, the
data is recorded on magnetic tape then analysed on a computer aystem (Fig. 3).
Thie datailed analysie programme yields Power Spectral Densities of strain,
acceleration or acoustic excitation, structural mode sahapes, auto and cross
correlation, statistical properties and dawping factors. This method can be
used with discrete frequency or random excitation tests and the flow chart for
the latter iz shown in Fig. 4. The output can be plotted in a number of ways.
PSD's are plotted directly and mode ehapss are derived from gain apectra and
phase relationships using a common datum strain gauge or necelerometer. Damping
ratios can be obtained from random data information by using a basic Kennedy-
Pancu system and the display of phase and amplitude spectra of a geuge and a
reference gauge. A VDU inter-active system for circle fitting with & printed
output gives damping factors st resonant frequenciles.

4. TIEST 1) IREMENTS

The design and building of aireraft often produces some unusual problems due to
noise and vibration. Figure % shows the posaible nolae @ources on a supersonic
aireraft. Military and eivil mircraft have different kinds of problems due to
the different design and operating philomophies. One exemple ia the varied
design life of the structure, where the operational 1life of a civil aircralt may
need to be ten times that of a military mirframe. There in e requirement to
demonstrate thet & civil mireraft structure shall not fail catastrophiecally due
to acoustic loading (FAR Part 25). Fatiguo failures can repult from the fact
that, although the abaolute pressure loading from nolse may be low and create
low atreas levels, the structural response frequencies are high {up to 1000 Hz)
g0 that a large number of load reversals is built up in a relatively shert time.
The demonstration ef structural integrity is usually done in a high intenaity
siren test rig, described in detail in Seotion 5.

Electronic equipment is particularly susceptible to scoustically induced
vibration, especislly items packed in thin-walled metal boxes. There are verious
apecifications to be met with modern equipment, e.g. MIL-STD-B810, BS 30 100 and
acoustic testing at high noige levels i3 ugsed to demonstrate system integrity.

Cabin noise lavels must not be discomforting and guarantess are required of the

aireraft manufacturer that thia nolse will not exceed certaln levels. All
likely sources and tranomission paths must be investigated,
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‘5. TEST METHODS

5.1. Structurs and Equipment

Structural ncoustic testing is done in the siren channsl (Fig. 6), High intensity
acoustie loading is used to determine structural response frequencises, mode
shapes, demping and fatigue life. Either discrete frequency or broad band
excitation can be wsed., Orasing incidence exeitation along the channel is
generally used as it is more representative of true airecraft conditions than
normal incidence (Fig., 7).

Installation of equipmsnt in an aircraft can be a problem, one example being the
location of some equipment in en engine nacelle arca vhere the nolse levels were
high. In-flight failures occurred and a test with a simulated instellation in
the siren channel (Fig. 8) produced similar failures. The aireraft structure
was represented by a plywood plank to give the same stiffness and during the test
some relaye failed and eome operated erratically. The equipment was modified amd
re-tested until ndequate life was achieved. .
Electronic equipment is ususlly tested in the amall reverberant chambor at the
end of the siren channel. Figure 9 shows the result of one itsm subjected to
165 dB QA3FL for B minutes, The metal container broke and a number of compenenta
became detached.

One problem which cccurred early in the life of the elren channel came from the
use of fibreglaos wedges at the channel exit to reduce reflected waves, At a

. level of 165 dB OASPL with a fairly flat specirum the wedges went up in smoke
(ftg. 10) and measured temperatures reached 1000°C in about eight minutes, This
wne dus to the high absorption qualitiea of the fidbregless and the mechaniem of
aboorption 1a to convert the energy to heat, Flbreglass is elso a good heat
insulator so the wedges retained the heat, and the internal temperature built uwp
until the resin burnt end the whole wedge bacame charred cinders. A variety of
materiala were tried as roplacementa and eventually very fine steel wool was
vsed. This absorbs the noige and asllows the heat generated in the wedge, to
escape. Simllar potential problems on another high intenaity ncise teat
installation were checked and the wedge material tested in the siren channel.
Some of the thick epecimens of mineral wool were also charred.

5.2, Combtined loadings

In etructural integrity demonstration tests it is sométimes necessary to perform
the tests using combined loads of nolse and pressure or in-plene atresses, e.g.
to check crack propagation rates. Care must be taken with mll pressurisation
tests for cbvious safety reasons, One such test, with a fuselage subjected to
noipe and pressure, was conducted in a special sandbagged enclosure built to
contain the results of m possible catastrophic failure. A moblle siren test rig
was uded to goneorate noise on the fuselage and compressed alr supply provided tha
pressurisatiori. Figure 11 shows the configuration of horns and fuselage during

the rig build outside the enclosurs. The test conasisted of vaiyiug tre EO*
and internal pressure levels which were programmed %o represent a typlea igght.
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futs were mede in various structursl components such as stringera (Pig. 12) and
the changes in static and oacillating siress levels mnd the crack growth
moasured., After 1000 simulated flights there wera no major failures or
uncontrelled crack propagation.

Another type of combined loading teat was dons in the siren channel on an air-
craft fin bex containing varicus systems (Fig. 13). During exposure to high
intensity nolse the hydraulic électrical and mechanical systems were operated
and their performance monitored. In gensral the various pystoms operated satia-
factorily but the test did reveal several problema with the structural supporta,
attachmente and bearings.

%.3, Noize Transmission

Cabin interlors must be kept reasonably quiet and comfortable for the passengers
sake and to meet production guarantees. Cabin noise may come from the boundary
layer, the engines, the air conditioning or the hydraulic systems, and the
trangmission paths must be controlled. A common weak spot 1s around the doors,
which may not seal properly and are usually full of mechanisms with inadequate
room for sound proofing. One investigation on door tramsmission was conducted
in the reverberant rooma. Initially & simple door was instslled in the hatch
between the two rooms snd a standard test performed (BS 2750). This was re-
peated with furnishings and trim. Then the door wesa fitted to a test capsule
repreasenting a section of fuselage and installed in the corner of Reverberant
Room Wo. 1 (Flg. 14). The walls of the capsule were packed with sandbage in
order to increase the wall transmission lose and ensure that the test resulia
were for the door and its adjacent wall. The bags were also a protection
against pressure failure. The capaule was lined with foam blocks to give the
same level of absorption ms the predicted cabin furnishings. Roise was generated
by loudspsakers in the room and internal and external noise levels measured to
determing door transmission loes. The interior was then pregsurised in atages
up to 11 psig snd the test repeated. The interior measured dota wes sdjusted for
preasure and ebsorption effects to find the difference dus to presaurisstion on
the door transmission loss, Pressurisation ususlly stiffens a structure,
changing the natural frequencies and trensmission loss levels, In this case the
door was eo stiff that tha change in pressure hod little effect. The effect of
tha seal was to improve the transmission loss by mbout 5 dB above 1 kHz and the
furnishing gave a further improvement of about 10 dB in the same range.

5.4. Hoine Power Measurement

Turning now to the anechoic room, the low mmblent noise levels {17 dBA, 35 4B
OASPL) meke it suitable for mepsurement of the acoustic power output of fana and
pimilar equipment and the calibration of microphone systems. One particular
piece of equipment to be measured was an inatrument used in Air Traffic Control
contres. It econtnined a moving bal) hearing system and wes required to produce
leas than 35 dBA at ) metre. This level im difficult to measure in a normsl
workshop or office and a very quiat environment is necesaary.

. Y
Another use for the anecheic room is the cablibration of microphone systems using
long cables which must be dene in a qulet envircnment so that the effect of the
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cables can be measured. The anechoic room is eufficiently large to get all the
parts of the pystem connected and a total system calibration performed.

5.5. Jet Noise

To go to the other extrems of noise level we have a high tempersiure model jet
rig used in the investigation of noziles. (Flg. 15}. The test rig uses com-
pressed air from the factory system through valves end a long length of straight
pipe containing a burner section to the nozzle exit. Hydrogen is used in the
burner and nozzle temperatures up to BOUCC can be obtalned. High velocity jote
genarate considerable nolse from mixing with the ambient mir. Full scale effects
can be simulated by ueing medel nozzles and adjustment of the nozzle area and
flow temperature. Modifications to the noszles can reduce jJet noilse and wodel
studies are used to measure the effects of the modificationa. Unfortunately
shape changea ususlly producé lospes in thruast.

One recent investigation wab aimed at reducing the jet nolse of an exisiing
engine on an aiveraft in production. Different types of model nosele vsing
multiple flutes or lobes were tested in conjunction with an ejector. The models
weore also tested in a wind tunnel to check the potential thrust losses. The
best compromise gave a toiee reduction of up to 9 dB with a performence benefit.
8imilar deaigns evaluated at full scale have confirmed the figures predicted
from the model tests.

Another, alightly different, model test was the mespurement of neise distribution
around a rear fuselage and tell construction (Fig. 16). Due to the high temper-
atures involved, a ayntem of water cooled microphencs wes developed. The dia-
phragne of the microphones were protected by porous metal and the body of the
microphone and cathode follower asmsemblies were aurrcunded by a spiral chamnel
earrying the cooling water. The outer casings were also wrapped in an insulating
case. ?m peesured model data were later confirmed by measurements made on the
alrcraft. ‘

6, IRSTRUMENTATION "

Turing etructural development testing it is neceasary to measure strains and
agcelerations as well as nolse. The atrain geuges used are small so that there
is mininum effect of mase on light welght siructures and to messure strains
clogse to mresn of strems concentration. Figure 17 shows the siren data
collection system and the elrcuits umed for stetio and dynamic strain measure-
ment. The gauges are reatricted to 1200 or 600 A to fit the half bridge
gystem installsd. Ambient temperatures in the channel are usually stable and a
stabilised power supply or batteries are used for power, The weak link is the
attachment of the wires to the gauge tags and these have to be bonded to the
atructure with ATV silicone adhesive to prolong thelr fatigue life.

Acceleration meagurements are made ueing very amall aceeleromsters (BaK 4344

2 gmn). These are bonded to the structura and a conditioning (charge) amplifiér
aystem with measuring amplifiers allows the signals to be either read directly
or recorded. They are kept in place for s minimm time to avoid fatigue failums
of tha cables.
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T. HOBILE LABORATORY

The mobile laboratory is ueed in the messurement of aireraft and environmental
noisa. It can be fitted with various analysis squipment to form s eelf-
contained base with man-mobile systems and radio communications sre used when
covering m large area.

Smaller mobile messurement end recording mystema are used whsn dealing with
individual tasks such as factory noise or bullding nolse and vibration.

8. CRCLUSIONI

To summariss the activities in the BAe Accustics Laboratory we can aay that,

although designed and built primarily for aircraft and equipment tests, it is i
suitable for & wide range of testing. Fany varieties of scouatic testing and
meagurement, including mized lomding, can be catered for am well ms standard
transmission loss, absorption and sound power level meamsursment, The noise,
acceleration and strain messuring instrumentation used are generally of standard
types with particular care taken in the inatallations.
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