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LEAD INDUSTRIES ASSOCIATION, INZ.

BOR MADIOON AVERNUE
NEW YORK 17, M Y,
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To Meabersof the lead Industries Association, Ine.t

Ve are attaching copy of a paper presentied et the Vinter Genersl
Meeting of Ths Institute cf Rlecirical azd Flectrenics Ingineers, Jane
uary 27-February 1, 1963, describirg “Transforoer Ncise Reduction with
s Closc-Fitting rass-lev Encloswze,” by P. N. Adxins, Portland General
Rectric Cccpany, Portlani, Oregon. The encilcosure {8 constructed of
steel, sheet lead and fibre glass, and we estizate that in the trans-
former dcscrited at least a ton of sdeet lcad (s used, Pr. Al:i-s bas
sudsequently sounliyriafed tvo additicnal siztilar trazsformers and {s
cwrently vorking oa & fourth, vhich is larger.

It {s extremely interesting to cote from l¥r. AdXins' cost figures
that be achieved the rediction in nolse at & cost per &) of reduction
viich ves less than the alditional cost c2 Diring a transformer souwdde
procfed at the factory. While ve Lave £o relladle statlistics avaliladle
at the pxent, ve believe tliat there are thousards of transforners of
varying sizes throughout the country wihivh =ight varmact this treatoent.

Ve vill not atterpt any further {nterpretation of the paper, but
bdecause of 1ts thorcichoess and clarity urce that you study it. In dis
conclusions r. Al:irs states: “In itg protciype fora, this ecclosure
swpassed expectaticns. Putwe installations vill, bovever, incorporste
several changes vhich stould provide grester latituls for smmstraction
tolerances., Althouch the barrier trazsziesion loes 1s alequato, 1t is
felt that the proportion of lead t0 steel should de increased, vhile

saintaining the saoe wveight.”

Ve bave ondered 2,000 coples of this paper and plan to zail 1t to
a list of over WO electric ut{lity cacpacy ezgincers. We also plan to
publish & shorter versicu in an early issue of cur publieation "lead.®

Additional coples of this pajyer are svalladle from us free of charge
in Quentities of 25 or lsss and at our cost of $12.00 per hundred for
larger quantities.

Yery truly yours,

0/-\ { -— ey
Sy e 2T —
\“rc ! T '(
RIZ:mk Beecutive Vice President
Enc.

Look Areed weth Leod
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P. M. Alxins

Susmarysy This peper dle~ysses e design (nd devels,ment of & high-atteaustion, fleld
B,; v iceule scouatic enclosure £ur large pover trensfursers, tased {a cnceft upia tra
“rield Inclaence Yess lav® frow the fleld of scoustic., Free staniirg o4 fors fitting,
enclosures of thls tyje lave Leen designed to proviie nifse predyctica {n te orler of
19 t0 20 deciels LR odlitiva Lo Other adveantages inkterest in 8 near-tctal enclosure.

JITROIUCTION

Bolse has deen Cefined as uovanted sudidle sound, and yet 0ot oli pofse csuses coe
plaiat or atirs & community $ato unified sction. It Las bees ooted that many relatively
intecse nolses give rise to mild or short-ters stnoyesce, vith oo foraal cosplaint. Io
contrest, the low frejuency, coatiouous, all-perveding bum of & large trensformer, howe
ever confortiang %o uUlility ecgiceers, Bay besoae o cowpruniisg enosysnte to neighbore.

“The Pover Compazy” $n this cese, §s a specific corporste persca vho, in sdditics
o sdvertising cvoersiip of the offendicg transforssr, 1s 1ocally svalladle Lo Lesr com-
pleints direcily fros the annoyed nelghdor, or indirectly from the courts ofr various
offices of City governaent upon vhom the uUtility must rely for zooe chazges and other
exjansion privileges. 1o orisr that its obligstion to provide the highest level of
service cosaecsurete vith goet over & long jeriod of time may be reslized, the utility
st cultivate o2 ettitude of co-cperstico vith these governing dodles and custoarnrs
to ensure that exjansion and relaforcenent vill be perzitted viere and s rejuirearcts
dictate, rot viere acd ss perajtted.

This peper vill deseride the development of & close-fitting trunsforser enclosure @ e
based 0o the Field Incidence Mass Lav, (1) ani the s;plicetiocn af this metbod of nolse
cootral to & particular traasformer bank ca the Portlsad Ceseral Rlectric Cospeny systea.

CONCLISICS i

The scoustic ecoclosures studied and descrided {n this paper are free-standing, form
fitting, nesrly total enclosures designed to provide nolse reductioa in the order of 15
10 20 decibels. This order of noise reducticn 1s shown to e svellable using mass lovw
sttenusticn, effficlent energy absorptica, and pesrly cosplete enclosure.

Ia ediition to providing bigh soise pducuaa at 8 cost equal to or lower than
other methods, further advants es of this method ere:

1. 8oise reduction 1a ell directicas,

2. effectiveness is unaffected by topogrephy,
3. does not require remots transforwer cooling,
8. caa be spplied in the fisld after cospleint,
3. caa be oocadestructively disascenbled,

6. iaproves spprarsnce of the transforaer. @ e

The sethod of noise tiestaent described represents 8 departi'ire from methods cozmone
3y coasidered for fleld spplication, and Ie telieved to be unique, economic, end suf-
ficiently effective to varrsnt further development and spplicetion. |
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Rites O atn.l Mequireasnts
e g.o. of sy n.ise control schems 6 o alter the charscter of 8 sound fleld o
that 3t is ot otJecticvnable, most frequectly bty meens of nolse reduction.

The diffisulty of deternining the sacunt of nolse reductica thet e reguired of &
Bcise control scheme cen better te 87jrecisted after considerirg the folluwing ftems:

A, Boles levels “gererally coneldares scceptadle” for representstive erces
sre useful as & gulde only If it 1s recognized that trey sre tased uj.a
group ratler than irdividual reactica. The isplicatica {s tlat & nclse
control scteme should inccrporete plans for ediftional nofse reductica
beyond trat vhich fs indicated by estoblished group ecceptadility eritee
ris. While these criterie sre valid as a guide 1 an undisturted ares,
they sre not cecessarily valid vhea sprlied to aa indivilual or 8 saml)
group trat hes been anncyed to the point of complaint.,

B. Koise levels "generslly considered scceptadle” do not take into czasider-
reion tre preic=irance of cae, tvd Cr thrce coujcnent frejuencics as s
the case of pover trensformers, {.e., tle sphectral distritutican of crergy.
This furtter qualifies the use of tlese criteris by the fact that sxtlie:.
Bolse and transforaer nolse cannotl be ccspared oa the tasie of sound
level as Brasured vith a Sound level Voter. Comiarison ebhould be tased
o0 the dietridution of ensrgy 1 the sudible spectrus, i.e., the sound
levels in the octaves contelning 120 end <M cpe ur ccxperadle zessure-
metits of sabient snd transformer ncise made vith & parrov tand enslyzer.
The difference thus deteriineld fs more relisdle for the determineticn of
barrier attenustion requiresents.

C. The rete of chenge cf nolse level is s8¢ important as the asount cf crange
in Its effect on the resjonse of a group or sn Individusl. HKence, &
large nolse reduction drought stout gredually over s loog jeriod of tiae
will be less effective than o szaller reductica effected o & 3hort pericd
of time. This introduces the peychological effect vhich zay te uczed to
sdvectsge to facrease the effectiveresa of treata=ent. Ideally, the sost
pronounced effect v-uld be achieved by allowing the nocise tc continue
unsteted until the lsst bolt was to te {nserted, at whizh tize the roise
would be shut off suddenly. This exphasizes the isportance of scheduling
work for tre shortest snut-down period, and returning a truneforeer bank
2o service as so0n ss possidle. It follows that ccnsidersble beneflit
might de achlieved frus sriificlally augrenting or sustaining trsnsfcraer
nofse during the vork period.

D. A nofse couplaint may te sn objlection to the existence of s substetion
rather tran sn odbjection to transformer nofse, in which cese no aunt
of nofse reduction will satisfy the coaplaint. Although s cozplaint say
be susfect, one slternstive to imsediste treatment is to eovalt lezsl
acticn as evidence of 8 serious noise cozpleint, Since this slternative
iovolves unfevorsble publicity and {3 detrizmental to the interests of the
utility, the possibility of this type cosplaint can oaly be considered as
cause for & ccaservative epproach.

The nofse cosplaint vhich resilted {n the treatment developed in this pejer, vas
vehezent frum the beginning. It prcessitated the use of measurement and comperison
methods vhich, as has been pointed out, are not strictly valid, but vere consistent
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with approved techniques end witngin the capablilities of the mearuring equijmact svefl.
sble.

The object of cosplaint vas 8 bank of three single-phasce 119-597 kv sut,transfurs
ore esch reted 29/33.3/01.7 MiA, CA/PLA, PCA, standard nclse leva). Tre standand oufse
level for esch unit §s 74 4oy (db, A scale, ba=ed on 15,%00 KVA-jarts), end field
sessuresents acconding o KA Ctanderd methods $ndiceted this ves the noles level of
esch unit.

A cursory sound level survey vas zade to deteruine the validity of the varicus
complante end further define the probles. That survey, made botwveen tvelve o'clack
end four in t'e morning, indicated that seversl custcmers rad Jusat csuse for Zosplaint.

A seccod, more extensive survey vss thea aade ord from 1t, for ezslysis snd con.
trol, & mep of sound level contours vas drevn., A ccaparis.a of that w2p vith contiNre
calculated fros the transforaer sound level and paysical disensicas shoved no corrella.
ticn Yecause 3f the tomgraphy and reflescticns from nesrty bulldings. Typical sound
levels ot varicus residences are shovn 3o Tatle J.

TABLE 1
Sumary of Sound Level Survey Results

Win. Aatieat Trsns. Koise Resultant  lncreese
Customer Distance {2-4 a.2.) level Only Leve} in Lrvel

A 100 ft. 0 &, A dv, 49 dv, 19 dv,
3 200 E'el V9 'Y 1
c » X 7 L1 17
1) 500 X 39.% » 10

The columa headed "Increase fn Level® iIndicates the smount by vhich the ainfauna
esbient nofse level vas increased by installatioca of the trsasforaer tenk. The ainiwmn
sab; ot level shova {s & ccalition occurring oaly mcaentarily and ia s;proximately 5 4b
belov the norael for that time of alght.

Frow this it veas judged that 8 trunsformer sound level reduction of at leest 10-15
dd vould be required. A reducticn of this order wvould not render it inaudidle, but
should sufficlently reduce the probability of future complaint.

In consideration of plens for future systes sdditions, snd recogrizing the prodee
bility that nuise problems would srise vith incressing frequency in the future, the
decision vas made not Just to solve this prodlem, dut o decose familiar enough vith
traasforser oofjse problems in generel that enslyzing and prescriding treataent for
future problems vould be relatively peinless. After estizating the costs of various
sethods of achieving the necessary noise reductions, §t ves decided that the kncvledse
ond experfence to be gained by constr.:ting a barrier of nur ovn design vould =ore than
offset & ressonadble increase {o cost over that of a sacufacturer’s design if such in-
crease did, o fact, materfalize.

Design Considerstions

To date, the most reliable method of achieving substantisl nofse reduction in an
existing inatallation hes been to insert & mascnry barrier betveen the nofse source
and critical observer. The primary effect of thiu treatseat 1s to distort the sound
field by reflectica and fs slvays sccompanied by a nolise level incresse in & non-criticel
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arve. Applicatiova of this sethol, 88 §n thie cage, §s often mele MffIcult Ly tla
phrei-sl srrargesent f the a.latati.n and 1 ~6) terrain features, 18 e Lol8 peluce
tion requiresecta sre such that thurve or £ 4r valle and guasibly o full or jertiel rof
sre required, It eay Lo necessary to {natell cwiing equijoent wutalle the enslcsure.
Vhile these obotacles are not {nsuracuntable, they do edd conailerstly to the cust of
trestacnt.

These 8nd cther considersticns prompted the search for & mstlad of treatrent
which vas effective, cuzjact, and eccromical and did not require sdditl nal cooling or
remote jnstallatica cf colirg ejuljarnt, These rejuirewsnts ¢ .uld te fulfilled ty o
barrier conctructed tetveen the rediators snd the trensforwer tana if:

1. o high enough transsission loes cculd be built iatoc the tarrter,

2. the increese 1a scund level betveea the berrier and tank (tulldup) could
be limited,

3. 5t did not izpalr the function of tte trensfurwer,

M. the ccst of trestacnt by this means vas ccasensurste vith nafse control
requiresents.

To consider the ilesl situation, the nolse reducticn tiat weuld te achieved dy
covering & uatforaly rsdletirg souice vith & jerfectly stienusting tarrier v.uld te
given by ejustion (1), in vhich K re;resents that fracticn of the total ares vhich s
covered. This function {s plotted in Pigure 1. Drvelopmeat of this equatica vill be
found ia Agpendix II.

@ « 10 ¢ (1 - X) (1)

As might be expected, covering half the rsdfeting sres results {n e redu:tioa in
redisted pover of 3 db {or hslf pover).

Bovever, no barrier {s infinitely sttenuating, and so it §s5 desirsdle to oodify
equation (1) to Incluie the effect of finite btarrfer transaission loss (see Apjendix
I1I1I). This may be dcne {n effect, by replecing that pert of the originsl source "re-
moved” by & perfect barrier with & source equal ia sres, Lut vhcse strergth is equal
to the original source level minus the tarrier transatasico loss. The resulting et~
tenustion may thea le given 83 8 function of the jert of the originsl scurce sres
covered, and the barrier tranaafssion loss s ia equation (2).

€ = 10 log (1 + k (1070 2(TL)y)) ()

vhere: db e resultant noise reduction
K » fraction of original ares covered by barrier
TL = darrier trensaission loes {n decibels

A family of curves shoving some solutions for this equstion {a given in FPigure 2.

With reference to Figure 2, it cen be seen that the bepefit that might be ettrid-
uted to incressing the btarrier transnission lcss is lost unless great care {s tsken to
provide nesrly perfect coversge. It vill later be shown that it fa not difficult to
sttain @ barrier trensaiseion loss of X db, hence the sound level reduction achieved
is prinerily dependent upon the extent of coverage vith tne dbarrier transalssioa loess
s a limit, It should elso be evident that the lsst fev per cent coversge would de
increasingly expensive.
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la prectice, several thirgs contrilute to lizft thm effectivercss of this fdealleed
enclosure. The physical eoafiguretion of the transforeer, the lucetion of valves, e
guazes, 8rd ulhar devices for vhich eccess Bust Lo priviled, ant close prurieity of

radietors sll serve to Increass the jhysical ccaplexity of the ernclusure, Jn scme cases,
fixtures must fess through the vell of the enclosure enl zust be fsclsted frum It since
anything that bridges the space betveen the euclusure vell snl transformer tenk will

trensait scoustic energy.

The close proxiajty of the tarrier vsll to the transfcrmer tank causes edfsbstic
expansion end cospression of the enclosed afr, It has teen noted by others that if ¢.¢
controlled, this phenomencn may be responsible fOor an a;rarent six to ten decivel ic.
eresse in the source sound level. Contrcl of this fors of Puilldup aay te sccoapli .hed
in sn enclosure of this type by lining the csvity vith dense blankets or blocks of glass
fidre to provide viscous losses. In the descrided enclcsure, 8 twvo-inch thickness .°
dense fibreglas ves mcunted epzroximately oce inch frca the tarrier. 1t ves estinmeted
to be adequate to liait the spparent increase cf source nolse level to 3 db. Subsequent
nessurenents indiceted that this nolse level incresse vas no more than 3 dd.

The physical {rregularity and non-unifera radiaticn of the transformer tank causes
dending veves (2) to be set up {n the surfece of the enclosure, vhich in turc re-redfate
sound. The introductica of tending veves also rmakes jenel rescosnces possitle at fre-
Quencies other than those characteristic to trsasforser ncise. The presence of bending
vaves makes It necessary to provide daajping to dissipate energy transaitted in tre vave,
11aiting the eaplitude of stazding waves set up on the surface. This daaping can te
obtained by use of 8 barrier aaterisl ltaving high Internsl losees (mechanical hysteresis)
such ss leed. OCeneral or spot epplicaticn of  deaping after ccastructioa could sleaoc de
used.

1f the noise source ves 8 uniforaly rodfating flst surfsce it vould radfste plane °
vaves. A darrier cocatructed perallel to the surface viull enccunter souni vaves i~
pinging nor=ally on {ts surface, end nO becding vave cculd be set up. If, {a sddftion,
the fundszental self-rescnant frequenc) of the barrier panel were gufficiently lov, it
vould not be excited by s scund vave of the frequencies eccr 4 in transforaer noise,
bence danping trest=ents would de unpecessary.

In the slsence of resorances, 8 janel ettenuates scund in proportica to the
logsrithr of the squared product of frequracy sad jenel susface veight. Bence, st &
given frequency, doudbling the surface ve!lght wvould {ncresse transaission loss by six
decibels. By the sexe token, doudling frequency would have the ssme effect. This is
the Field Incidence Mass Lev 1, 3, reduced to equatica (3).

TL = -5 ¢ 20 log (1 +(1.8 x 20°3)(£d)?) (3)

vhere; TL = diffuse field transaissioa loss in db
£ = frequency in cpe 2
¥ s surfecc veight of jenel o §/ft

By equatfon (3}, s barrier baving s surfece velght of ten pounds per square foot
would have & trsnsxfssion loss of 28 db st 120 cps (the fundsmertal tresnsformer noiese
frequeacy), 35 db st 240 cps and kO 4b st 360 cpe (the second and third harmonic fre-
Quencies respectively). Applicability of this equation does, hovever, rely upon "1limp-
nees” and interual hysteresis to prevent devistiona in trensaission loss which would
reault froa resonances st integer sultiples of the basic penel resonant frequency.

In viev of these prodlezs snd 1n considerstion of the restricted spsce svsilabvle, .
the darrier section used ves cozposed of 1/16 {nch lead sheet liminated to ten gage

R
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stes) vith epoxy resin coajnund, A tvo fach evrtala of "s prund denslty fibergles ves
mounted 8 prusimmtely otie Inch from the berrier to pruvide viscous loss vithia the
cavity, The tarrfer sni supporting structure » -6 free standing and fsolated from the
transformer. Those pipes ani fittings vnich, of necessity, suuod *h.uugh wie “arrier
vere fsolated and sesled vith conpliant neofirene gaskets.

A lined, sheet motal rocf ves extended from the edge of the tank top end fasterneu
vith sheet-metsl screvs O the tep cige cf the tarrier, ensuring & persancat, veatlers
tight enclosure. The roof is the otly intentional brilge Letveen the tark and terrier,
snd vas cunsiderecd scceptatle tecause of the flexidility of the rocf, ani the vitratica
node st this point on the tank. The top of the particuler tranefcrmer being trested
veas not considered to be an sctive nofse scurce for four reasoas: 1) the szall ares,
2) the direction in vhich 1t redfeted, 3) effective mass due to bushirgs, etc., V) the
gas-filled cavity under the top. A typlcsl penel sectica sad other vicvs of the en-
closure sre stovn {n Pigures 3 through 7, Arpendix 1.

Detign Evaluatisn
AMler the coapletion of the f1rst of three enclosures, sound level messurecects

vere made first vitniut radlstors, and then vith reiistors in jlace. Mesiurezreis io-
dicated the sound level of the tank bad been reduced 22 dby to 52 do, (WA wethod)
vith good unifuraity. Felnstallation of the redfators rafsed the sound level to 57 a3,
giving & net reducticn ¢f 17 dbp. The 1csiing effect of the radistors oo the tank is
pot known quantitstively, but the result vas that of addirg to the transforser tenk
nofse level a secord scurce vhose level vas 46 db,. It cea de surmised from this that
Lo achieve any further significant nofse reduction, the rediators muet be fsclatel froa
the tank.

There ves no indicstion of panel rescasnce, nor d1d sasple measurements iaside the
enclosure indiczate a significent btuildup of oolse.

Based on these findings, the tvo recaining treasformsers of the bank vere similarly
treated. Sixzilar sessureceats indicated scund levels three to five decibels higher than
thet of the first unit, and vere characterized by vidrstion antinodea. Perforaance vas
izaproved by subsejueat relief of spot cootacts.

Prolonged surveillance of top-oil tezperature {no thece transformers indiceted thet
theraal insuletion of the tenk resulted (n esrlier application of secord end tnird stage
cooling, but did not incresse the peax loed tespersture. It vas therefore notl necessary
to derate the transformer bank.

As vas menticned pFrevicusly, construction clesrsnces vere extresely liszited. De.
tail design snd fadbricaticn wes done in the field for the first unit, and ves closely
supervised. Fadricetion of the second snd third uaits vas dcne, vithiut wodificaticn,
from the original ratterns snd messurezents vith only soderste supervision. It {s be-
lieved thet manufscturing end coostructics tolersnces vere the cesuse of the troutle
experienced vith these units.

Installaticn of this type enclosure $s nov planced for & three phase transforaer
of the same totsal rating se has been descrived. Tha trensformer has been purchased vith
additional clearance belveen the tank and fixtures in expectaticn that coastructios
problems vill be ninimized. Header arrangeaent Of coolers oo the nev trepaforser pro=
ises considersbly less nolse froe thia source.

Cost of Trestment

cost of tresting this trsnsforwer dank vas spproximetely $21,000 or $410 per
db per trensformer and represents 0.8% per db based on the transformer cost. By ecom-
perison, an offending trsnsforner may be repleced by & nev one purchased vith reduced

hotad
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sound level., Thie chafca v uld rejresent an atditicnal .cost of 1§ to 1,38 jer & (lus
ebangeout ¢cats {and fixed charges co the exleliig Lank until It cen Le used 1a 1w
event 1t 35 made dle).

Purther coajarison §s provided by the eatimeted cust of 0.7% [wor db for a 2 ree
vell mascnry Larriar, acoustic treataent .f the barrjer, snld comercially sveile:ie
panels applied Lo the trensformer 10 achieve the aawe bolise reductica.

Susmary Conclusi>ns
"Thie pajer has briefly descrided tha develcpment of & compact, deacuntatle s-d of-
fective scoustic enclosure tullt by Portland Geners! Klectric Compeny.

In §te prototype form, this eoclusure surjassed expectations. Puture {rete.laticns
vill, hovever, incorporate seversl clargss vhich s-ould provide greater latitule for
cotstruction tolersaces. Althcugh toe terrier tresssisiion 1oss 1 adequate, 1t 's felt
that the proportica of leead t5 steel s™>uld te focresscd, vhile maintaining the s1de
wolght. This wculd provide greater liz;rase, reducing the effect of stiff Jolats bLe-
treen plotes, and reiucing the lixeli*sod of staxiing vaves due to vibration arl ‘endirg
vaves. Jt La aled felt thet more efffctent 2tz rption fa e cavity and more 2 - lete

fsclation and closure sround pipes vould provide & wortnwhile faprove went in reliilility.

As previcusly notel, reifators ani thelr fans vill alvays te o protlea wit: cuis
type enclosure. Jome coafiguretions ajprar to te {nterently quiet, tut at this %ilze
11ttle 18 known sdout them s & NOlse s.urce 83l 80 cust reaain & matter for Ju:r=ent.

MFEFINCES
1. ¥olse Meduction, lao Bersnek, McGrev-Hill 1960, pp. 275-301
2. Did., 20-36
3. Handbook of Motse Control, Barris, McGrav-Bi1l 1457, On. 22, pp. 7-10
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ANITRDIX T
CURAVIS A'D RIDTOCGRANS
(OIT FICLSIS ) 1Py 9)

ArTETIX 11

Development cf Ziuaticn (1)

The terw decilel, o the field of nolse conircl as in other flalds, §s uxed tn
define the intensity of @& sound {n terss of & stardand intensity bty the followving re-
Istionship.

dby « 10 log (Po/Py)

vhere Po ¢ the ;»c:sr fatensity of a sound telng specified, 1n
vatts/

-2

P} = referecce intensity, 10 vatts/o

dby = sound intensity level which might te indicated by
& sound level meter

The total power emanating from @ source of sres A, and level dby i then

'1(‘”3)n!tc.

PoA = P4 x 100
A perfectly stteruating barrier vith an ares A) steords

Poh) = PiAx 10°- Md%2) vyees.
Trat pover vhich resing to be redisted {8 the difference

PA = Pok » BoAy o Py x 20230492004 1) varta,

The jover intensity resulting froa the redfstribution of this pover over the
originel sres A is

n=Px 100'1(452)“ - Ay)/A \unl/n2
vhich, vhen referred o the defined refercace level Py s
n/py = 2001099204 L )/
ab, = 10 log (R/P)) = dby ¢+ 10 1og (1 < (Ay/A))

The difference betveen this resulting sound fntensity level dby snd the originsl
level db, §s the sttemustion db of equation (1)

b o dby, - dby = 16 log (1-x) (1)

vh:ve A} = KA
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Develcjaent of Equatin (2)

The development of ejuation 2 follovs closely the pover dalance method of Ay e:iix
11. The original scund $ntensity level fs taken ¢ db) snd agafo Fesults 10 8 L %0
redisted pver of

o°' 3(dn,)

PAel xl {A) vatts.

A perfectly sttecuatirg berrier ageain absorte 8 portion detersined ty its aret &

PoAy =« P x mo'l(‘b?)(ﬁ) vatts.

Acoustic trsasaission 1068 of & tarrier {s ten tizes the loganiths of the ret!i; of
the source side pover intensity to that quantity sresured cn the receiver side. Ixe
pressed in decibels 3t is the numericel difference betveen the scund intersity levels,

TL = db, - db.‘

The effect of finfte acouatic transajesion loss can then be cbtajned by reple:i~g
that part of the criginal source represented by ares A} by s nevw s,urce equsl in art O
‘1 and having & streagth «Jqusl to

‘bs a dbz - TL
The total pover radfeted by the derrier i then

P emx 100‘1“&'“)“1) vatts.

By & pover balance, the total redisted pover is now
A o FoA = PoA) o P3A) vette.

b 200 2(8%2) 4y ? = mo.l(dbz)“l) o Py x 2002802 - L)y )

AA e Py x 200208204 L g0 p (2070 ML) pyues.

The pover intensity resulting froa redistributioa of this pcver over the origi:al
ares A 1s

A« 1y x 20”80 L () o /000 HTLY)
Meferring this to the reference level Py,
n/ry « 1022201 L (/) - 070 TY)

ab, = 10 log (R/P,) = dby + 10 log (1 = (A/A)(1 - 10°0-2(Ty)
The difference betveen the resulting sound intensity level, ddy, and the orig::al

level, @by, s the ettenuatioa, db.

““"k"‘z'mb&(!-x(x- m-o.l(ﬂ.)n

r2)

vhere A; = KA

e

-
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