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I. INTRODUCTION.

Noiseconnolmethodsareusedtoredncetbenoiseexpomeofworkminanindustrial
environmatt. Undl now only ray-tracing models. arch as the MYCUB model by Ondet and
Barbry’. were capable of geometrically modelling noise control methods such as acoustic
barriers and addition of absorptive material to room Manes (absorptive palches). However.
ray-racing models have long nut-times and may not he of practical use when a comparison
of several alternative noise control methods is wired.

lr has been shown that imagesoume based models can anonwa predict sound distribution
in factories”. but due to their limited geometn'c Whfim of the space the effect on the
sound distribution of noise control methodsW be predicted. The current image-source
factory nuke prediction model developed by Lindqvist‘, rewritten by Ondet' and extended by
Dance‘ used a geometric representation of a parallelepiped shaped space with each of the six
surface: having an associated absorption coefficient The model did not incot-poate any
method of representing barriers or absorptive patches.

Barriers have been represanted in the image-source model NOISMAP developed by Sergeer7
and in NOISE developed by Shield‘ as arbitrarily pom‘tioned and totally sound absorbing of
the direct sound path only. Kurte’ developed this further by Radiating the direct sound from
the barrier uninterrupted to the receiver positions. Komrbuislta'” developed an image-source
barrier reflection—diffraction model specifitu for flat rooms. that is reflections from walls
were ignored. Stehel and Braune“ hiefly detailed an image-source model capable of
modelling barriers which could reflect sound from any room surface or barrier in a
parallelepiped enclosed space.

The representation of absorptive patches using an image-some model was developed by
Gibbs and Jones". Their model was capable of modelling up to one centrally located patch
per surface. all patches having the same absorption coefficient. but with varying surface
absorption coefficients.

This paper presents a development of the image-source model. CISM. which is capable of
modelling the effects on sound distribution of noise control methods. The CISM predictions
are compared to those obtained from RAYCUB and its derivatives in two hypothetical cases
where absorptive patches are installed, and in a real barrier case.

2. THE CISM MODEL

The CISM model” has been previously described in detail, so only an brief description will
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begivmthlSMwasdevelopedtobeamcticalsormddisnihufionpredicdontoolhased

mmmmamemmmmmdmnawmothCUBinm

emptymdfiuedhtdumumdlabommyspacu“.ClSMmodelssmmdsmuoaaspomt

scmceswithassodatedsmmdpcwumddirecfivity.1'hemnmmctseachhavem

assodnedabmfioncodfideroupsoffitfinpmmodelledumesneutheflowmd

oeilingoroneithersideofagangway.eachzmehavhtganlvengeabsuptioncoefficient

Thedatsitieaoftheyoupaoffitdngnre usinathextmuffscaoeringfrequency

pammetawluchhdependmonmemnfmeamof'thefimngsummawlumeconmiahg

the fittings. Air attenuation is also modelled.

2.1 Modelling Absorpfive Patch:

ClSM has been developed. based on the Gibe and Jones model. toWany number of

arbitrarily positioned and sized alsorptive patches on any room surface. To calculate tlte

efiectofanahsorpdvepamhouasinglesomdpamnvellingiromasmtudsourcetoa

receiver. irisnecusarymcdctnatetheposidonsoftheuaagepncheswhichthesmmdpath

might ems. This includes the real absorptive patch and all combinan'otu of image patches

afieranumba'ofreflecfiomineachdirecfionofinm lfthesomdpathcrosesanyofthe

image patches then the reflection coeffideat of the patch ins-tad of the reflection coefficient

of the surface has to be used in the overall calculation of room surface attenuation

2.2 Modelling Totally Absorpfive Barriers

An extension to the patches model allows any numb: of totally absorptive barriers to be

represented. provided each barrier is parallel to a room mface. The additional requirement

is a procedure which chads whetha' the initial image barrier or the real barrier is crossed by

the sound path

3. COMPARISON OF THE CISM AND RAYCUB PREDICTIONS.

An investigation using a hypothetical space and a validation using real data were carried out

so that the predictions of RAYCUB and ClSM could be compared. and the accuracy of the

models established. The investigation concerned tlte modellng of absorptive patches in two

configurations of the hypothetical space. The validation of the barrier model consisted of

predicdng the insertion loss (IL) due to a single barrier in a non-diffuse enclosed space with

a sound source in two positions.

3.1 Absorptive Patch Predictions

The hypothetical space was 30th long by But wide by 3.85m high. The walls were assumed

to have an absorption coefficient of 0.1. the floor 0.05 and the ceiling 0.15. The source was

assumed to be omnidirectional and localed 0.85m above the floor in one com of the room.

The receivers were all located II. a height of 1.5m along the centre line of the space, 3m apart.

The number of reflecuons was determined using an energy discontinuity percentage of 99%,

that is the percentage of energy which should be attenuated before the ray or sound path is
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terminated.

Configuration 1. Eadlnnfauhsdansharpdvepamhemnlly pcsirionedmova'ing one-
qunerofiumhchpamhwmmedbhavemmpnmcoerficientequalwthe
reflectioncoefficiernofthestnfaceonwhichitwasmomted.

ConfigmadonZJhemreemamsuf-eeaclnsesrwthesmnewuemeqmnereovaedwim
ahsmpdvemmefiaLtheehsapdoneoeffidmofthepatchesheingchosenasin
Configum'an 1.

Configuration 1 Predicflm

TheerepresattafionsomeifigtndoulwaemodeuedbybnthCISMandRAYCUBw
demmstme the neocssitycfahscrpn've patch modelling. as well as facilitating direct
comparisonofthemodela.

Represention 1- used the avenged absorption coeffidait of all the surface areas and
anthepatchestpliedtoIfloftheroomslnfaces.

Representation 2- used the avenged absorption coefficiatt for each surqu

Represaitation 3- moddled mdt surface mctly. with two absorption coefficients for the
patch and the atn‘flce"

‘l'ltreesoundpropagation (SP) mphsuedtowmtlieClSMpredicdot-uforsllthree
representations in Figure l and the RAYCUB predictiqu for all three representations in
Figure 2.

As can be seen from Frgurel the predictions by ClSM using Repesatmen 1 and 2 gave
very similar sound levels for all of the receiver positions. With Representation 3 the predicted
sound level nu: the sound somee was higher than forthe otha Williams. but thelevels
decreased rapidly ill the centre of the space due to the effect of the patches on the side walls.
floor and ceiling. The RAYCU'B predictions for all three represattalions gave very similar SP
curves to those of CISM. see Figure 2.

A comparison of the predictions by Representation 3 with those of Representations 1 and 2
shows that it is necessary to precisely model both the position and absorption of each patch.
in order to predict the effect of the patches on sound propagation.

Configuration 2 Predictions

As the necessity of modelling patches individually ha been established. using Configuration
1, Configuraan 2 was intended to demonstrate that it is possible to predict the effectiveness
of a typical noise control technique.

Figure 3 shows the SP predicted using both CISM and RAYCUB with Representation 3. As
can been seen there was a 343 drop in the predicted sound level by both models compared
to the Configuration 1 predictions for the nearest receiver point to the sound source. The SP
curves diverged with increasing distance from the sound source until at the furthest receiver
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paintthaewasaMBdiffmoeJheRAYCUB modelproducinathememmuted curve,

AtthisstageitismclwutowhichmodelwasprodudngthemostrealisficSPcm-ve.

3.2 Barrier Predictions

Anempryfamqspaoeemuiningahufiawuusedtocompanthepmdicdomofume

models: CISM. RAYCUB—Dfliandmm.

RAYCUB-DIR is an enhanmd vast'on of RAYCUB" which include: I source
modelandnm-fimeendrepresatmim REDllluisaneameasiunxoMYCU'B-

DER whiehincludeslburisdiffnctionmodelbasedmasimplified implementationofthe

geometricthearyofdiflnaion.1h:models1xedicledtheinsfionloss(ll.)duetothehanier

atmmmfimncemmemmdmnepefiudmwmpmwmemm

valueateaclxposition.

The Test Space and Measurements

Sound measurements were taken in a enclosed empty factory space by Jones“. The space was

56m long. 36m wide and 8.6m high rising to a canal apex of “Mat. The walls were

consuuctedofbdchtheceilingwascladdedmdthefloorwasmadeofconerete.Afree-

standing barrier of dimensions 0.1m x 2.7m x 2.4m (high) we: podtioned away from the

walls in the space. The measured absorption coeffide of the barrier were 0.4 at 1251-12.

approximately 0495 berweut ZSOHz and lkHz. and 0.8 at 21:11: and above

Sound measurements, in the form of SP curves. both with and without the barrier present

weremadefortheocuvehands lZSHztodkHz’Ihesoundsourcewaspom’tioned at:

distance of 1m directly in from of the barrier. at a height of 042m. SP measurements were

taken at six points one metre apart beyond the barrier.

The Barrier Model Validation

Table 1 shows the logarithmically averaged IL prediction differences (dB), (predicted minus

measured 11.), for each wave band 1251-12 to aid-1:. Figures 4—6 show the measured and

predicted 1]. curves for the 125Hz, lid-l: and dkHz octave bands, respectively

TABLE 1

    

T712 averaged IL prediction inference: for the Barrier Valuation.

17: ‘mm

0.98
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CISMcver-estimatas themdirectlybebindthebarrimfortheoctavcbandsuptolkflz. but
csthedinanoefmmthesotmdmroeinaeasesthelocuncyoftheprcdictionimprovtsr'l'he
fmefl'ectwuoaused bythebarrierheittg modelledastotallysotmd absorbing. Also
diffractioneffecmaroundtbeedgcotthefteesundingbarrierwhichwouldittaeasethesound
levelsonthefarsideofthehuriuwerenotincludedintbemodeli‘heeflectofthebarner
oninsertionlossmduceswithhlaeafingdisnnefiomthebminsthesoundnflectedfmm
roomrurl'ooesdominatesthesoundfieldiudtiategiott.whiobt.hcmodelhaspreviouslybeen
showntoaocuratelyyedict.

ForthebigberfreqltarciestheshapeofthcpredictedILcurveandILvalumwaemuch
closer for all the receiver points. see Figure 6. due to the diffraction effects lessening at these
frequencies.

Although ClSM is less teprsentao‘ve titan RAYCUB-DIR it produced more accurate
predictions This seems to indicate tltat a basic image-suture method of modelling is
consida'ably mae accurate than that of ray-tracing when diffraction effects are ignored.
However. the ray~tracittg model REDIR which included a diffraco'ort approximation and was
geometrically representative produced the most lotto-ate predictions. The data preparation and
the prediction timn for the ClSM model wae approximately one-tenth of the times required
for either of the othn models.

4. CONCLUSIONS.

An image-source model which has been shown previously to accurately predict sound
distribution in empty and find laboratory and industrial spaces has been extended. enabling
the effectivenss of noise control methods to be evaluated The noise coan methods
investigated here were additional absorption on room Manes, and absorbent acoustic
barriers

An investigation of a hypothetical case using the RAYCUB model showed that representing
patches using an averaged absorption coefficient either for the entire room or for each surface
produced almost identical These were significantly different from the predictons
using a model where each patch was accurately represented. The ClSM model predictions
using three diffm'ent representations showed almost identical results to those of RAYCUB.
However. when modelling mtegically positioned absorptive patches the predicted sound
propagation curves of RAYCUB and‘CISM diverged with increasing distance from the sound
source. Further investigation is required to estabLishcd which model, it‘ either. is correct.

A barrier validation of ClSM in an empty factory space showed insertion loss propagation
predictions in the octave bands 125Hz to AltHz, to be slightly inure accurate on average than
those of RAYCUB-DIR. This wu unexpected because the space in itself was of a complex
nature and hence other approximmions were involved. Howev , REDIR was more accunte
because it could anempt to model diffraction whereas CISM could non

ClSM has been shown to be an accurate model capable of modelling complex factory spaces
which have beentreated using noise control methods. The barrier noise control predictions-
were more accurate and produced in a fraction of the time of those produced by the basic ray-
tracing model.
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