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ACOUSTIC DESIGH STUDIES OB CUCLOSURES
Fos WoIst cosrmoL

1.0 INTRODUCTION:

Boise Comtrol 1is the techamology of obtaiming an scceptadle
acise enviromment, at a receiver, dcomsisteat with econosic and
operational considerations. It is a well knows fact that the
field of noise coantrol ceaters around the 80 called
SOGACE-PATH-RECEIVER concept (fig. V). The noise (physically
speaking, sound) gemerated at the sourve traverses (propegates)
along a path before it reaches the receiver. This (seeaingly
simple) concept 1is very cosplex due to the interdependence of the
three elements. The mnoise coatrol techaiques =may bde classified
into three categories:

® pgoise Reduction at the Source

* pmoise Control along the Transmission Psth

* Use of ®rotective Measures at the Receiver
The choice of s sethod or combinstion of wmethods depends oa the
asount of noise reduction required asad economic and operstional

congiderations.

2.0 ENCLOSURES

The best choice, if the economic 2nd operationsl conditions

persit, is to comtrol noise at the source itself. In the case
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where reduction of moise at the source is ispracticsl, ome of the

sost powerful altermative sethod 1is to enclose the source, vhieh
is one Oof the methods of modifying the transaissioan path. Though
this enclosing seess to be csusing some nuisance associated with
the loss of visibility, sccessibility and saintenance, 3 vell
designed enclosure adds very such to persoanel safety in tarms of

noise reduction.

There are two basic types of enclosures, total and partiasl.
Vhea the nature of sachine operation prohidits the use of a totsl
enclosure, it 1is sosetises possidble to control noise with 2
partial encloaure. Although the noise reduction that can De
obtained with partial enclosures is limited to 12 to 15 dB, these
are sosetises very useful to separate and protect the employees

from the exposure to noise source.

The paraseters vhich charaterize the perforsance of an

enclosure are:

® Transaission Loss (TL), ¢8
& HNoise Reduction (NR), 4B
¢ Insertion Loss (IL), @B

2.1 TRANSHMISSION LOSS (TL)

The TL i3 defined as ten times the jogarittus of the rstio of the
sound intensity incident upon a panel ‘11’ to that transaitted by
the pannsl ‘1t)‘

TL = 10 10;,0 (Itlxt)d! (v)
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It can 2ls0 be showa to de there is mo error in this linme

L = 10 1°'1o ((v/¢)as (2)

wvhere t 19 the traansaissioa coefficieat of the walls.

At very low frequencies, TL is controlled prisarily Ddy the
wall shiftaess. In general, the stiffer the wall the bhetter i3
the TL. As the frequenmcy is iacreassed, in 8 particular range, the
TL is coamtrolled by various resonant frequencies Of the wall. In

this regioa the TL depends on the dasping of the wall.

At frequencies higher thaan the resonant frequencies, the TL
is controlled by mass and is given approximately by the expression
(known as sass law).

TL = (20 log F + 20 log W-AT7)dB (3)
vhere f = frequency (ls)

and ¥ = surface density (k;l.zlcl(thlckncoo))
2.2 NOISE REDUCTION (NR)

The NR of asn enclosure is the difference bdetween the sound
pressure lsvels, insid¢s and outside the valls of the enclosure.
Thus,

R e (Lo, - L a8 (8)

P
It csa be shown that the relztionship bdetween NR and TL i»
given by the exsression.
HR = TL - 10 log‘o(tll *Sw/R) ab (5)

vhere Sv = exposed ares of enciosur (32) and




insertioan loss (IL) 13 the wmost useful from the user poist of
view. Nowever, it is not alwvays easy/possidble to reasove an
enclosure aad 1in some cases there say be consideradle tise gap
betveen "with®™ and "withou%® esessuresents. in these cases the IL

either can not de measured or tihere say bde possible errors.

3.0 DESIGN AND FABRICATION GUIDELINES

The design of enclosures is very complicated and tise
consuaing Iin the sense that there are sany factors to bde
considered if it is to prove satisfactory from both acoustical aad
production points of view. But the input parsseters at such
required for the design sre the disensions of the sachine/source
to bde enclosed, the TL or NR required and the frequency
characteristics of ths msachine/source. The 3uidelines for the

design are discussed in the sudsequent sections.

3.1 ENCLOSURE DIMENSIONS AND MAL

There asre no specific thusd rules for calculating the
disensions of an enclosure dut sost of them are designed such that
the sachine/source does .ot occupy eore than onme-third of the
total volume of the enclosure. A suitadle volume ratio is to bde
selected depending on the frequency content of the noise fros the
sachine/source. The lov frequency noise reduction increases with
decreasing enclosure voluse.

The siterials used to comstruct the bdasic shell sust not bde
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faprevious to sir flov and the shell sust be air tight. Once, the

saterial and the volume of the enclosure are selected as explained
above, the wall thickness of the enclosure can be calculated uvaing
the expression
R - 20 log, (1 * ¥2Et3/(sCo’V)) (8)
vhere £ = Young's sodulus of the saterial, (llll)2
t = thickness of the walls, (@)
» = density of air, (331-3)
Co = speed of sound at a sean temperature

and ¥V = voluse, (.3)

3.2 ACOUSTICAL LINING

The inner surface of the shell is oftea lined with sound
absording msaterial to prevent the reverbderaat bduild up. The
thickness and density of the lining vill depend upon the frequency
range over which the greatest noise reduction is required. For

example, fig. 2 shows the varistion of adsorption coefficieamt of

61070t

fiberglass as 8 function of frequency, with wsaterial
thickness as 3 paraseter. Thus, a proper selection of saterisl

and thickness is to de sade a3 per requiresent.

If the NR of sore then 10dB is required of an enclosure, it
sust be sade air-tight. It sust have tight-fitting joints and sll

cracks and openings tightly sesled in order to reduce leskage of
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aoise. The bdase, wealls, door asnd odservation wiadov are to Dde

fastened and scaled properly. Fig. 3 shows the effect of leakage

on epclosure profersance.

3.4 NOUNTING

The enclosure should de isolated fros any vibrating part of
the sachine. If the aschine is mounted on 2 heavy concrete block
or floor, it is usefully satisfactory to fasten the enclosure¢ to
the floor. However. if the sachine causes the floor to vidrate
consideradly, either the 3achine or the enclosure (preferadly the

sachine) should de vidratlon isolated.

3.5 ACCESS/PROVISION OF UTILITY SERVICES

For convenient access of operation 3and saintenance the
enclosure is to be provided with access doors and resovable panels
vherever necessary. Use of resotely operated ganges for
observation sight help in reducing/avoiding tre frequent opening
and closing of the g¢oor, Depending on the requiresen, »
persanent panel sasy bde provided through which oil, water and

electrical lines can de run,

3.6 VENTILATION

One of the sost fsportant prebless encountered with

enclosures is hesting due to asir-tight environsent inside {°.
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Forced vaatilatioan wight de raquired {f the emnclosure causes

overheating of the sschine. If the enclosure is ventilated, the
fnlet and discharge ducts must DdDe auffled to coatrol the

additional noise in ducts.

8.0 PERFORMANCE EVALUATION OF AN ENCLOSURE

As discussed in txe previous sections, there are saay factors
that coatrol the perforaance of ar enclosure. To staudy sose of
such factors, Quite a fev experiments havae deen conducted recently
with a 30.5¢cam wide, 30.5ca high and varialde length enclosure sade
of plexiglas. Three diffsreant noise sources have been selected;

® a bdlendes (quite noisy)

® a speaker vith randoa noise signal input

® 3 blower as small as that used in 3 hairdryer
The experiaents are conducted in anechoic chasber. In slasost all
the cases, bdoth narrov and octave bdand analyses of spectra have
been carried out. All the narrowv dand spectrus plots are showa in
appendix 1I1I. The reszults in each case are discussed in the

subsequent sections.

8.1 BLENDER NOISE

The sound spectra due to 2 domestic blender for various cases
have bdeen nmeasured and cospared with the sound spectrus vithout
enclosure. Table 8.1 ghows the octave dand sound pressure levels

for each case. For some of these cases, the sound spectra are




plotted (fig. ¥). 1t csa be seen that air lnsertion loss of 1548

fs achieved by enclosing the source. This value his incresss to
2148 vita fiderglass lining inside the eaclosure. Whea the source
is sounted oan isolastors and then enclosed vith fidreglass lining
ineide, there was no consideradle imcrease in the {nsertion loss
of course, the 1solators were not designed selected for the
purpose. But s vell designed vidratios mountin helps grestly in
incressing the noise reduction.

This set of experiments reveals that s good asocunt of noise
reduction is possidble by enclosing the source of noise by 2 well

designed enclosure.

8.2 RANDOM ROISE SOURCE

This set of experiments aims at studying the effect of voluse
of enclosure on {nsertion loss. The sound spectrs for three
different volume ratios (voluse of enclosure/voluse of the source)
have been aseasured and cospared with the spectrua without
enclosure (Tadble 8.2). It can be seen fros the plots (rfig. 5)
that the insertion loss particularly at lov freQuencies ijsproves
with the decrease in voluse. However, it is to be esphasized that

the rstio sust not be less than 3.

8.3 SHALL BLOMER

Fig. 6 shows the spectra due to a sssl]l bdlower without and

with enclosure. Though there 1is reduction of noise, (it wvas
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obeserved that the perforsance of the dlower was affocteé. 1Tais S

due to the fact that there is mo proper air circulatioa inside the
oenclosure. Hence, proper veatilatioa is to de proviced vhea the
alr eirculation 1is needed or, the overheatiang of the inside

eaviroasent is to be preveated.

8.8 QVERALL DISCUSSION

It can de seea froa the results of the adove experiseats thst
fa mome of the cases, the expected imsertioa loss PFIC. 7 was
schieved. This is eue to the lesnuage fros the eamclosure which
reduced the insertion 1083 greatly. FPFor high insertioas losses the

eaclosure sust de sade atlr tight.
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5.0 coscLesion

Snclosing thc sschine/sourees is 8 powerful aoise 3oatrol
slong the sound tramssissioa path. As discussed esrlier aa
snclosure is to de designed carefully, by giviang proper atteatiocn

to the factoers like seals, veatilatioa, vidbratioa isolatiom ete.

There are two major obstacles which stand sgaiast the use of
enclosures, viz. Space lisitatiomn and heating when space 1s wmot
sufficieat to emclose the sachine, one may try to emclose the
individual perts of the sachiae which are dosiment scurces of
moise. The prodlea of heating of inside eaviroasest cam bde solved

by providiag forced vemtilation.
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DESIEN GUDEL.NES
| Dimensions./Velume

® Sowoce Volume < (1/3) Enclosure Velume
%) Low Frequency Less Volume
M) Meterial should be IIPERVIOUS

v) Wall Thickness ¢,

Transmission Loss Characteristics of Sound
Adsorbding Meteriels
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