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Introduction

When applying noise reduction measures in exceseively noisy factories it is
desirable to control the noise at source. However, in many cases this approach
is not practical. For instance, industrial proceases which require constent
manipulation by operators preclude the use of enclosurea which hinder accessib—
ility. Coneideration muet be given in these circumstances to other methods of
noiee control such am the treatment of wallae and ceiling with absorbent materia
the re-arrangement of machinery and the use of screens. In order to be able to
apply these methods effectively it is necessary to understand the behaviour of
eound in factory spaces.

The mooustica of factory spacee are different from awditoria because factories
are usual ly very low compared to their length and width. This tendsto give rise to
sound fields which are non—diffuse and so cannot be analysed by Sabine'e rever—
beration theory, The sound level from a single sound source drops continucusly
with increasing diestance and does not approach a constant reverberant level.
Moreover, there are usually mumerous complex sound sonrces distributed over the
whole floor apace.

The complexity of analysing the factory situation theoretically is the principd
reagon for resorting to acoustic meodelling. Thia technique has been used for
gome time in deeign and research work on auditoria and has proved very effectiva
Horeover, many of the methods developed and materials used are directly applic—
able to medelling factoriea.

The Prototype Pactory and its Model

It was decided to conatruct a model of a specific factory which is Tairly typi-
cal of many other factoriea. This enables resulte from the model to be compar-
ed with the prototype building and so indicate the accuracy of the modelling
technique.

The factory chosen houses twelve production limes which manufacture domestic
light bulbe. The structure is supported hy a portal frame system and is 120m
long, 45m wide and 10m high. One wall is almoat entirely glazed and the roof
construction consiste of two ekins of asbestos cement, the outer one being
corrugated.

A scale factor of 1:16 waa chosen for building the model., Initially a scale
factor of 1:8 had been considered as eubatantis) experience and data had been
accumulated at this scale. However, because of epace restrictione and cost the
ascale was reduced by a factor of two.

The model was constructed uweing eimilar techniques to those used in building
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the prototype factory. The floor consists of blockboard which has been varnighed
with two coats of glosa varnish.. This gives an absorption cocefficient of 0.06 at
model frequencies and so is suitable for modelling concrete and brickwork.

Puenty steel framen were erected on the floor to support the wells and roof. The
glazing was modelled by transparent polystyrene sheeting which has an appropriate
absorption coefficient at model freguencies.

The moet difficult surface to model was the asbestos cement roof which covers the
largest single area. In the first instance the abeorption coefficient of asbeston
cemont gtructures was unknown. In particular, the sbsorption coefficient of a -
roof strusturs was required, namely, ome in which the emergy transmitted through
the roof was taken accpunt of, A full-sice asbestos cement roof eample wes con-
structed and sealed into an opening in a reverberation chamber which led to an
anechoic chamber. The outaide of the sample was thus expoeed to free field condi-
tions. The absorption coefficient obtained is shown in Figure 1. There is subs-
tantial absorption at low frequencies which drops to & minimum at mid-frequencies

In order to model the roof material acourately the same measurement technique was
adopted ueing a medel reverberation chamber with a pample hole cut in it. Init-
ially materials were tested where the weight of tho asbestos cement weas approx-
imately scaled. However, these materials, such as cardboard, provided little low
frequency absorption. A much lighter material, 250 gange polythens sheeting,gave
an absorption cosffloient at 1:16 soale which very closely matched the absorptiom
of asbamtos cement at low frequencies., At higher frequencies there ie a gradual
inoreamse in the sbaorption of ashestos cement which ia presumably due te¢ iis por—
ous nature. This was modelled by gluing a fine polyeater material with high flow
resigtance to the underside of the polythene sheeting, The match in absorption
coefficients was now close.
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the laboratory which became coupled to the one in the model.

An alternative model roof system was adopted based on the perforated-board fared
absorber. The conatruction consists of 5% perforated hardboard mounted over a
half-inch airspace. The absorption of this arrangement is also very similar to
the prototype roof although the mechaniem by which the abeorption occurs is diff-
erent. The construction can be reproduced accurately, has long term stability
and is temperature insensitive. Further, very little sound epergy is transmitied
through the roof structure so that re-entry of sound energy into the model from
the laoboratory im minimal.

Modelling of the air absorption is also necessary end thie is achieved by reduc-
ing the relative humidity ineide the model to 2%. The model has beon constructed
inoide a polythene tent which ie connected to a silica gel drying plant. & rela-
tive humidity of 2% prevides fairly mccurate modelling of air absorption up to
AxHe equivalent frequency, above this corrections have to be applied.

Ad jugiment of Reverberation Time

The reverberation time (R.T.) in the prototype factory was measured using theatre
maroons as a scurce. The R.T. curve displays a mingle hump with a maximum at
1kHz of 3.5 seconds.

Ths R.P. in the factory model was adjusted by first measuring the model empty and
then introducing sbmsorbent until the R.T. was correct. Very little ie known about
the absorption of machinery and so thie was a triasl and error procedure. 1t im
important, however, that the correct distribution of absorbent is kept and that
the scattering properties of the machinery are also modelled.

Each production line consists of ten machines of approximately equal size togeth-
er with diverse factory paraphenalia. Part of each production line, which cons-
igts of eight machines, has becn modelled using a metal basket Filled with swarf
and gteel wool. These baskets provide the required absorption and attempt to
model the scattering of the sound by the machinery. Workshops, cupboards and eo
on have been modelled with varnished timber.

Saund attenuation ag a function of distance.

A very significant measurement in the analysio of sound fields in factory build-
ings is the attenuation of sound as a function of digtance. This has been meas—
ured in the prototype factory using three types of sound source, namely, asingle
omnidirectional noise source, single machines running and a whole production line
running.

Figure 2 showa the measurements mads in dBA of the attenuation with distance for
a whole line running. Sound level measurements clome to the sourcea are obvioue-
ly dominated by individual machines. However at distances groater than 4m sound
level values are feirly similar acroses the building. Between 4m and 20m the rate
of decresase is 1.5 dB per deubling of distance, between 20 and 50m — SdB per
doubling. The abrupt bresk in attenuation is indeed remarkable; the width of a

production line is ém, at 2lm there are ihree production lines between the eource
and the receiver. This position is not however associated with any particular
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Measurements of sound propagation medewith a B & K Sound Power Source (Type 4205}
were compared with thome fromindividual machines. The loudspeaker was placed at the
centre of the machine being examined and the pame microphone poeitions were used. '
Thd agreement between the resulis for the machines and the corresponding results
with the loudspeaker source are fairly good.

The same measurement are now being repeated in the factory model using alr-jet sources
placed at the individusl wachine positions. The mir-jets have a response which is
close to omidirectionality and cperate over the required frequency range. The sig-
nal ig picked up by a 6om or Jom condenser microphone which can be traversed in any
direction in the model uping amotorised miorophone carriage which runs on railas.

These results, when compared with those from the prototype fastory, will reveal
the accuracy of the modelling technique for factery buildings. -

Scope of Factory Modelling

A measurement programme is envieaged which will investigate the effect on sound prop-
agation, and henoe sound level reduction,of acoustic treatments on varicus surfanes.
Further, the effectivenves of different types of absorber will be investigated suchas
vertical noise absorbers end space sbsorbers as well as screens. The layout of
machinery, ite denzity and eige will alsc be studied to see the role it plays.

From the noise aspect, acoustic modelling of factories could clearly provide a use—
ful tool in the design process of industrial spaces. Asa research tocl, it may
enable s clearor picture to be developed of the behaviour of sound in factories.




