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Almtr_lct

A l_cvic_," is p,ivcn of tht' meunurelnent nt_t't|s_ittendiLnt to re_ul_tlon 0|'

the noltle generated and emitted by commercial p:'oduetI1. The emphILsls J.'_

primttrily on mcautu'cmcnL procedtlres Por u_;c in conJllnCtion w_th point-oP-oale

regulations t_s opposed to regul[%tioll[l on the IIO_B_ !_hich t_ _OUI'CL _ aetll[llly

cmitll when in operi_tion. The report io divided into three m_Jof pi_rt.r;. Purl

I ifl i_ di[_cu_li31on of ovcl'[[ll l,_llSUFe[_cnt _equil'cl_ntD Ilr_I[ th_ type of dtLta

/XlIO inform_Llon which /IF_ ii_d_¢l ill order to prOlllUl_ilto rcglll_tion_ ba_d on

appropriate l[Ic/totlrcl_nt t_c|l[llqll_t]. Pltl't II ill dc_i_ncd /ttl tL chc_]tll_t |'or

the evt_luution of the suitability of t_ noise mcI_surement :;trmdard for i_

pt_rticultLr clt_uu of prod_ict_ or_ in thE: l_buence of I_ nuitablt, _tti_lli_l'd_a1_ i_

frl_mewoFk for dcvulopmcnt of o_e. The intent Is to idcntiI_ lind diseu_l_ in

[101_ dct[_l _hoII_ PlIctol_ which C/_ imp[Ic_ on th_ /LCCUl'i_cy_ prcc_o|l_ lllRd

t_pplicabilityof a lloi_ic mclltlIL_c_ll_Ilt procc_[l, Pal_t III consiilts o_ a I_CFIC'3

of flow clmrtI_ depicting the d_velopmeat of _ppropri_t¢_ procedures for the

lficl_flllFCm_ll_, O_ pl'OdUCt noillc cI_i[131on.

Key Wordu: Aeountlenl cnvlronmcnt_l pollution[ In_chine_'y _md equipment;

;loinc| notac IOx_tenlent lind control[ noloc cmin_ion| l'e_ul_tion;
8o_d.
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I'AIVr 10VLIIALL RI_QUIIIEMIsNIS

1. lnlrt,t|uclitln

'L_liu report is thL, re01_l.t of tt project initiated, in May 1972, by
the IItttlon_tl Bureau of tltttndard_; tit tile request of tile Office of Noise
Abtttct_mnt _nd Control, U. S. i.:nvironmcntt_lProteetlon Aloe:icy,lit

t_nt_clpILtion of the eventuttl p_*t;u_Lgo of leginl_ttJon ttuthorLzlng the
Environmental Protection Agency to promu]L_tte noise cml_siol_ sLund_trds

ttnd l_beling rcquiremcl_t0.

The intent, of the: pl'oJect w_is to duvelop a wol-l_in_docu]ncnt to be
utilized by tileEllvlt'onl_-'nt_lProtectlon Art:hey, or Its designlttcd

tL_elltn_in thu dt:veloptnu_t of Ine_isureln_lltinethodolo_les for noi_le
emiflnlotlor labeling sta0dttrds. The. queutlons that need to be ad(h'es:]ed

(hlrlni,_the development of t]ueh methodologleil Itl'epresented ]lure with

t|telr _propri_t: teehnie(_i ht_ckup, 'Flit'Specific dlrectlonu of efi'ot't
ttnd cmphttolu were developed in rusponIlc to:

- Dioeuoulonu with Envlronln_nt_l Protection Agency

D_POOrltlel

- b]eetlolg]with trtide _tnsoeltttlons
- F_tin_ with l_tttndltrdsorglmiz_x_Ionn
- Litcr_tture _'evlew

- Con_ulttttlono with ttcouutlcal experts

- I,c_ttlrcqulremcntt_ of tileRoiue Colltrol Act O_ 19"_.

A ll_tl_E of tilemec_Ingtl w_th other ol,_ttrlIztttiontl,i_clt;dln_ the l_Idlvldo_tl

p_tPtlei|_ttlltsttnd tile compttnlet;of tl_,encle_ they repre_ente_ at the _eetin_ri, i_
Eivcn I_ Appendix A,

']_Ic6crlcrttl stratc_r_ of thlo l'cport Is depicted in FlguPe i.

The Nellie Control Act of 1972, Public I_tw 92-57h, which wtttl /lit_,nr.*d lille

law on October 27, 1972, requlre_l or ttuthoz,lzetl tileAdmlni_trtttor of the
F.nvlronmen_t_l Protection Agency to control tile emlo:_lon rrom nellie nourect_ t)lttt
cont_tltllte a potenttttl thrc_tt to tht., public IlCttltll and welflxrc no tttl to provide
people wltll nn ellvironmc_t which ill free from helot thrtt _copttrlltzetl their
hettlt]lttltd%_;Ifare. This policy will require ttctlons for whlcll ttpprol)rlt_te
.upportinK mc_tltttrene:nt t_thodology multi be developed. The ttctJono _tt'c

nltmroarl_cd irl Appendix B fop tile bent:fit of t, holle rcadertl wile tire not fttmiltttr
with the Act. ']_e erlttrrirt doct:mentll and major noi.e source i(lentlflctltion

re,port,n developed in retlpon_e t_ _cc. 5 of the _|oltlcCotltrol Act of 19'[_ tire

the logical r_tI_rting poltltn for tile development ttlld tto_le0t_ment of tile necc_nlttry
_easllre_cn_ me thodolol_y.

Flaa_re I nhowo tha_ O;le nccdn to collect dtttlt reg_rdlng product

claa_Iflcatlon. X)rodt_ct Illltt_e, prodtlot ;lOire production, and the retntltrtnt
cffecta of the noinc oll people. 'l'heoe dtttltarc to be alned in determining tile
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ttcoustlcal quantity to bc rated, the scheme to bu used for a noise rlttlnl_
nlcthodolo_y whlch lulcquatcly correlatc:l with human rcsponsu, lind, finally, the
mc_urunlcnt stlnld_rd to be u_ed in con.]unctlon with the e:_i:]slon standtlrd Or

other rc6u]ation, l_otc that thu word "stluldltrd" is cu.qtomari]y used with two
very dlffcrcnt meanings. An cmi_i.qlonsL_ndnrd is a icF.lulpcrmJsslb/c limit_

for cxa/tll_lu,on nolsc emi_slon. A II_!_t_lul'uIilcfltstltnd_trdis a p1`uscrlbcd
proccd_irc for conductln_ a ;;icasurcIllcntin such tt wlkyits to obtain r_lltt])ic

rcproduclblc results with a spcclflcd level of itccuracy.

Conccptu_lly, thP.rc are th1`ec _]cparltteitems which go into the noise
clnIIlulonrclr,ult_tlon, whether it bc _t no1_;_ cmt.'Isionst(tndltrd, it ]Ikbclln_

rcq_Lircmcnt_ or the procedure [br ccrtii_/[nF, low-no[:_c-emlI_sion product_. (i)
'l'hcreuholild bc itmu_rdtret11_ntstn/_dltrdwhich prul;cril_ the t_st cnvirorl[neDt_

opcrlttln/_proccdurctl, nnd itcousticnl m_rtsuremcnt mcthodolo/ty. (2) There should
bc ItUc|Ic[nc.oi" itlLrOrlthIIl,by which the t_coln]tlcltld_t_ cttnbe. ul;cd to obtain

nol_o lusting which relates to human 1"csponsc. (3) Thcr_ u]lo¢l]dbca level, or

=_ctof levels, which s_ptu'_tc tllcnoluc rt_tint_into c=xtcgoricu of performance
o1`acceptability. For example, a noi:;c cmlsulon standard could set a single

.ppcm limit on the noi_c ratln_ -- products exceeding that r_ting couhl not be
::old, Altcrm_tlvcly, it co_tld set an upper limit which varied with 0omc
ol,cr_tlng i){tr_ra_-t(:rI_uoh as speed; the noluc Ptttl_{_cotlld not cxccud th_tt curve

lit :tnyVttllleO_" the opcr_ttlng parameter. A labclln6 rcqulrcment might
c.tabll:_h :icvcrI_lcllto11co(c.E,. A_ _J, C_ _ind D) Into one of whieil the nolac

ratln_ would f:_ll.

0not a rcgul_ttlon hlm bccn l)1`omlll_,_ttcd_tirc_flon_tl)ic[tad equitable

enforcement program iu _ nccc.oity; for without enforcement, the rc_lation I_
m_.aninglc:,.. The Iml,ort_ncc of highly repcr_t_blc. _tccur_tc mc_tnurcmenti_ uhould

b_. qtlltc clcI_r in the enforcement tt|.ca. To limited tlp in COllrtt t% f]clt_|l|'_q_cnt
mu_t "be proved to bc rclittblc_ of t_ccuracy _ufflclcnt for the 1_urposc. ttnd
_pproprlatcly related to the ndvcr_c impact of the noisc on people. In

addition, s mcn:n:rcmcnt _tolu*r,tnccprogrmn is highly dcslrttblc to cnmlrc theft
the determination of _ product':_ noi.c r(_tln_ will bc Independent of th_

org_i_,atlon pcrformlns the mc.:_urcmcnt_ -- EPA, manuf_cturcrn, independent
tent labor_torlc_. Unlc:_ minimum rcqulrcmcnt_ .re pl_ccd on In_trumen_r_tion.
c_llbration, tc_t facllitic_ _u_d pcrnonncl conductl:_g tcst_, no _,mlr_acc will

cxlst that _ product actn_tlly conform:t to the rcsulntlon.

,qcctlon _ of thl_ report provldc_, _n ovcrvlcw of the memmrc:n_:nt
m_.tlmdoloS_r dcvo]opmcnt procon, w|lilc 0cction 3 in concerned with the ro]c of
mcsm, rcm_nt in rel_tlon to rcy._latiotm. En_llln_ _cctlontl dew.lop in detail the

conccpt:_ dcplctc_ in Fl_re I, It .hould bc cmphar|izcd tlmt the flow of :_ctlon

is not _a ul:npl_._nd unidirectional _ts Indicated In Figure I. _ru'cly, if ever,
word4 it, be poaaible to progrc:m directly from thn input d_*ta to the rating
_chcm_ _tnd mcam_rcm_nt stand_trd and then to thr. regulation without coM_Idcrablc

rctrnci;:g. In the Interest of slmpllclty_ the many fccdb_tck loopu lmvc bccn
omltte.d.



2. Meaaun_nn_nt Mcth.dology Devclnpu..li-- Overview

A sequence of iLctivltlesmust be completed in assigning _tinclmln_l'ul
noiac rating to a product. An owrvlrw of the _tep:,Involwd in thiz protean
ia prcuentcd below -- a ,,_,'e,Ictailcdtreatment tzppcar_In the nncccedin_
aectiona of Part I.

2,1. l_rmlurt Chtr,.ifirnti.n

_%c vaat n_,_bcrof awdl,_blc producta which might be reg_Llatcdprccludea
imndllng each on an Indivldu_l baal_ -- thIL,wou_d constitute artcnalctm tttsk.
However, c{_tc_orlcnof producta tonybe subdlvidud into product elas_,esbaz;cdon
critical parttmcLcrsa_soci_tcd with noise. The Bcopc [ind C_'_Ct*IV_I|UI]U O_ thc

rcg_Llatorytank will largely bc determined by the degree of oucceu,;achlcved ]n
deviuing uucful pro_luctcl{Laalflcation_.

...,'_') N.rniit[ U,_e C{mditi,.m

DltJcu.nionn with orgzmizatiozm concerning product nolue have invariably
dc,Llt with the recuir,.n_cnt to con,drier a device under reali.tic n,m conditioms.
fly ignorln_ tim cnvironn_:nt,_l .rid opcrz_ting clmracteriI;ttcn it might bc ezmicr
to dcvolop _tztndul,dlzcd measurement techniques l)utit then _ccome:l_tlmoat
impozu, iblc to restate the notac output to impuct on people. If the noine l_pact
la noZ dctcrmincd, the rctmon for _akln_ the mcamtrcment and the vulldlty of
,my rating {_reque.tiom_blc.

2.3. hlcnliflcnti,m .f M.i.r "l'ffrdn" Paranlrlcra

'l_m charactcriuticn of ;mine nanoclatcd with the re.Jotphynlological,
lmychologicz_l and _ociologtc.1 cffcctn nnd the rclmltant impuct form tim baulu
of the criterion sca:surc to bc ulti_ttcly cmploycd by the I_iviron_cntal
Protection Agency (_tlongwith conzHdcz,zttionuof tcchnlc_d and cconomlc
fc{tnibllity). Among thozscfeaturcn u_u_lly dcP2ncd arc "loudnenn" (or
nolninc_n) nnd annoyance. The dl_ruptlon of ta:shi_nuch tm npccch cor_municzttlon
In ti_oth_rVCA,]OFcon:Ic_ucnccof noi_c o_tcn noted.

2.4. J'hy,lcnl Mr_e,,_mcn_. Currrlatcd with MnJ.r E[lrr._,

When the mr_Jorpara_rctcrn az_noclatcd _lth cPfcct,_ and popu]{ttlonJmpg_ct
);_ve been Idcntlflcd {rodtheir phynlcal correlate:,dctcrmlncd, a m_aningfttl
te.t ;r_,thodolog_ezrab_ dvveloped. _eanurea o£ nounal ]cvcl, npcctral
ch_rz_cterintlcn nnd temporal variz_tion form the b.ata for thc,c q,.mtit_xtive
deucriptiona.
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3. [leh_lio,,hi I) .f Men.,rcmenl to lh_ulalion.

Good I_lnltlr_nt_ IL1"e enuunti_l to rcse(_reh _i1_1 devt, lopIIleI_ 1_ctivltlcs.

01'L_XI 0olutlonzJ to probleIBi] clmnoL be lliII_].olhcntcd beenusu of t|lc l_ck o1'

r_lev(_/l_ d(i_(_. Under t|Ic_c cIvcull_tanoci_, tLn a])proprlatc dt_tr_ bi_s_ ]_tnlt be

developed, This ofbcll ezLll[I for ililprovud mClLmt_CS to develop control

tecllnlqucn nnd/or to dctcrz_in(. Lhclr effcctlvcncus. In addition, L,encri_lly

t_c_cp_cd I_qd [l_/kJ_d/Lrd_zod te_ I,_tho(hl Ik_]:I_II;l_ILn irnpol*_.[%nt ro_ _o _h(_ dl_t[_

t_cqulrcd at dlffez'crlttim_!:lor places can be complu-ed I_nd related Inctu_ingl'ully.

condltlon_ to lncut thn duel ob_cctlvus oi' sclclltiflc accuracy lind relevance to
re_l-mm eonditionu. 'l_*e prlmm'y Eoal t[i to make WL_td and tellable
Inei_urc_cnts si_ch thlxt the itctio_u tz_cn on the bal)i_ o|' I_ _c[_ourclI1ent z_rc o_]y

negligibly (_ffectcd by the crror_ in the mct_uurcment.

The prl_(_l'_ questions t_l't.:

o IIowi_ it now mcauurcd?

0 Whz&_ _&_c _hc curl'cn_ rcqul_clnc_tt_ conocrnlI1_ _l_ttu_clncnt

unccrtninty'l (Appendix C eonti_ns a dlscu_I)lon of

uncertainty of me:_uurcmcnt).

o What :_r_ limitt_tion:_ of lU'C_Cnt izmtrumcntn and

me thodolog_v ?

If the anz:wcr, he thc_Ic' q_utionf} rcmLlt in poor or Inadc(lut_t_ daub,

another que_hion mtm_ then bc annwercd:

o Hha_ rc.c.rch trod dcvelopme|ib need t,o be t_cco_pllnhcd

to make the rcq_tlrcd mer_mlrc_mt_'t

3.2. Mca_,,_mr.t]IC,ll.lml.r,,_af.,rl(cg,,h,thu,

'111c_r_zse.umcn_ of :mAne problem:) (_nd of altcrnz_tlvc :s_rz_tcgics

for _ol_e nbz_tcmen_ tuld control _lunt_ _Albim_tcl_ rc.t on accuri_te,
reliable, _md rnh:vant mea_mre_nt capability required to:

o n_certaln _!I_ effect, of n Kiven nol.e expomwe (_d]at
expoIlure wlll pz_duce how much hc{_I'inEdan_(_Se?)

o cllt,nbli=_h trend,] (il_ the :wcragc nolzlc cxponure of tim
populI_CC Incrca:l]ng t%lldl_remore people bcln_._expelled?)

I



o associate sourcel; with envh'onmcntiLl nol.qc levels (]lowmuch oi"

tU'bLLI]lloJ:lecornel;l'l_InLrueks? froln pl_Li]cs? from lllr
condi tloners? )

o pron_tc equity in trude (ave mtulufncturcrll beinL" treatud
cqi_illy in voluriL{_i_or lli{_ndllto_llOii;ce_llsn_oll

stand{irdu programs? )

o provldc adequate Jnforli_it_on to the coil,Jumer(which of
IJevcrtilproductu iu really the q_llctcsL filld[Lr(+_ the

no_c levcl dJ fL'crcnce_ tUT_n_ products slgnlflcant?)

o purmlt selection of co_t-cffectlve uolut_oln_ (whrlt
dc_.rco oF nolsc rcductlon _hotLld bc (|till|nedand llt
what coot?)

o monitor the effectlvene'_s of control proi_..i_m(Illthe
noi0c level acttuilly rcspondlni,, to new control

proccdurc_? )

o provide the P_ctlml (measurement) blmifl for ic(,,alaction

should that prove ncccuslLry. (Is a partlcular noluc

uotlr_e il]v_oltitioll? 'i'o_tfln(|up IllCollrti fi ]]lelID1_c-
meat muut be provud to ]mvc an unccrt(dnty which is
_ufflciently O;l_iklfor the purpouc.)

3.3. Me..urtmc.t UncerlM.ty Cormldcrali.lm in }_t.l,ltnhi.+

]|e_tlhit._ _{oj_e Limiln

|low cltn cffcctivc noi.e rc_ul{ttion be cttrricd ottt ill fiilch tt wlJ_
it. _0 minimize interference with |tUC]Ili_lortant valu,2tttillindivlduitl

fre+tidom of el|sitet d_'iml_ic operittion of the Intq'kctplttcct (tDt| pro_rciltl
in th_ development findNile or new i_cience find technolog_V?

'l_lcrc nre three need0 attcndimt to the problem of the ttbatcmeilt of

excetillnoitlc: flriit, llnuKcncy to ex_ctttc the overall policy *let by the
Icglolatlve proceml; flccond ttt lnt'chttnliila to determine allowable lcvelu
of nolnc; find tllird, i_Incrulliof enforcing the determined requirements.
He.annrcment Ill {%ke+_reaement in dei'J.nint{"allowable icvcln of no|tie" and

"eoforcin_ the determined requtremcntu."

}bre pJetlcrttll).tlllefltlllrClllClll;ll AVe ellilClltitll _0 eri'(+,etiIH2coni_lullctt-

tion_t in t.rannmittin_ the complex inlbrmittton required for nolilc almtc-
I_cnt tilld co[l_rol, 'lilt relitiltll of lne(tlitlrcl_cntfi tire el(tit% w]lich tire tile

lia/It.'s for ,}udgcmentn rttl to licceptttbility of product/i t vlolatlonI_ of ](iW I

c_c,

I_ _J_l_ qilelltion ItrlllCll tt_ to Whctller clooe _leilillirCm_llt %olcrltil¢l:ll --
flttainable b# carchtl control of environment, operitting procmlur¢:'J, niid
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measurement _roccdurc -- are Juutiflcd in vlcw of tim uncertaintlc_ in the

appllcatlon of the resultant noluc rating to prcdlet in-service noise icvelz
and the raouitan9 cff¢ctD. Firut, the torn] error in prcdletlon Involvcn the
Bum of th_ errorz In mcanurcmcnt and ratlnE, in predlctiiW. In-zervlcc levels

and in _red_ctln_ the resultant effcctu. Rc(Incln_ the rating error thus
r_du_ea the to$_l error; however, it would be economically wasteft_ to innist

u_on high levels of accuracy imd precision for rating meanurcmcnts if tim

wrrorn in predlct.lng in-nczwlcc levels and rmluitant effcctn arc rclatlvcly
grosz and difficult to control. Second, application errors and, to home

_.xtcnt, _ffcct-prcdictlon errors tend to be averaged out from one application
to _ot|ler; ny_tc_ttlc error_ arc repetitive. Third, wilcn noIue ratings arc

lIIl@dto COml_re the performance of a product to tile reqt£1rctilentsof it
regt_atlon or to the performance o|' a competitive product, if the ratings arc
in ¢2rrol'_ dlfflcultics in cnforcelncnt_ Inequitle:l in trade, and exccsslvc costn

_y b_ Inclirrcd. CnreISLl cvalu/ttion of |neao_l'elnentu_eei'taintieu is required
for _iIJ_ilrancctht_t they /tI'__eithcr too nlnltllnor too larl_e in relation to the

purpo_ for which tile Incttsuremcntu arc l_tdu.

The _cttlng of the enforcement level rclatlvc to the legal limit, for
te_t rC_ILlts to bC balled on l_olnesiunple of tl_e product_ dcpendu to it large

extent on the mcaln_cmcnt uncertainty, the varlabi]ity of thc product, and the
desired icvclu of rl_k_ in acccptlng non-conformlng unitn and rejecting
conforming units (c.g., see [i]). in t{cncI'IL_,Per rcgulatlolul to bc effcctlvc

tL_d rettllonIlble__l_ti_llrc_nt _nccrtilint_c_ should be tul nl;lallas practicable.

If, for e.X_Tlple,the icEal limit iII80 dB and tile me.aou/.cment ullccrtainty i_ _+5
rill,procedurc:l will lle.needed Per Intcrprctin 8 a noise le.vcl close to tileIcEal
limit nllch n. 03 dB or Y7 d/l. Thc cxtllte.l_CC of It violation can l,c nuotalne.d

more effectively when the nol_c level in above tile leLtltl limit by tin t_monnt
gr_atcr than the mcalltlremcnB unccrtainty_ (tlld tllo public in be.trot aLInlu'ixl Of

conformln8 product, if the :mine level i_ hclow the leEal limit by a ulmllarly
convincing ¢_ount. 'l_lc difficulty ill compounded by the need for uniformity of

e.nforcamcnt, l.e._ coznllntclltmeamare:i_ntn by dlffcrcnt offlclalll. _Ic largcI_t
uncertainty likely for meam_rement_ by the lc/t[l_ compcte.n_ official, uuln8 the
mo,t lnaccurat_ or Imprcclnc equipment allowable., nnde.r the iclt_ltfavorable
tilllt condition,, mu:lt be coni]idcrcd In the proccl]n of netting thL" cni'orccl_n_
limit. If thin mca,uremcnt unccrtntnby 1_ largo, tim enforcement /tgcncy'n

problem, are Incrcltucd. If tlm.cnforccme.nt level in net Mmvc the.legal limit,

it #%p_Cl|rllthIlt the agency lcJ not cnl'orclng the dc.lrcd nolne, nlmtement. If
the enforcement level in _ct below the legal limit, manufacture.r, incur
incrc_tlcd compliance co_tn,

Mcanace.mcnt unce.rttdntlcn nhould all_o be held (t_ nma-ll a, practical for
trade, equity. For e)'#imple,if pl_dnctn arc grtulcd A, II, C. D in tel.l_llo_ noine.
e.mt._slon, the attainable mr_llllnl'_ll_nt crrorll ohollld bc con/lldt:rahiy ,_$ttllcr tllltn

the: atop, between the middle of adjacent 8rade.l]. Otilerwl_c, productn could be
Incorrectly ],dmlcd, remitting in unfair compe.titive, t_Itu,ttlonn. Similarly, of
two compcttn8 _ri}i_ilctll with id_nticitl noillc cmi_,don, one could he bnnncd Prom

hale while the ethel' WoItld he allowed to bc _oi(I -- both bclng tm_tcd e,galnnt
the nem_ emin_ion ntilndard.

N



Coot of coIILpli[_ce wlth uinisolon Stal]d{_rds, of' of inuetlil{[ _ certain

l_c]in_ _r_du_ c_D b_ incruasoO si6ni_'Ica_tly due to _neauur_I11eN% u_cul'taiI1-

%luo. A_ pl'oductu a_ {lui_ted Inol'u {LIJdIn_cl thu IIlcremt'ntal cost Of

q_lletIIl_ typlc_l]_y in_%'easuIi. T]lu_ I |'or _xiunplu, if dlle %o _nca011ruNlei_t

uneeI'talIxtles, _t were nece_{L_'_ to qulc_ a product by 10 decibclo to b_

curtain that it itl at leaIlt 5 declhels quietcr_ the cout-to-qulet mtkv be

several times _1'catur tllt_n _f the IIlcasll_clncnt UllCUl't_IIlty wc_ (lay_ I

decibel.

!
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4. lnformalional lh:quireme,I, f,r Selling N,i,e l|egulafion_

Product ('la._ifieali,, Scheme

CoIloumor products ere ela_uiflcd into cIAtegorloo which Fcl_to to
differ_nccn in tile design, shape, style or quality o/" _lmllur products.

Clanniflcation Ilehcmuu are bused on power, cupaeity, weight, etc.

qtl_utiOllfl concerlliDg product clti:isii'Iclttlonuystulm_ to b_ I/lied1"or
noise ri_tingllinclude:

• Does u el_uuifteution system exi.t within u given

industry regurdlesu of whether or not it in nppro-
pri_te for noisu Inetiiiurenlent?

• Does U*e existing elauuiflcutlon system lend itself to
ILcecpttlncc I_s a cutcgorlzE*tlon wlth noise i_s thu

item of concern rt&tbcr than welght, power, ere?

• Is tile level of elumli/'tc(Ltion dett_il sufficient for the

mmt_uurem_nt methodolo_ to bc univcr_tLl/y ttpplicd?

In genertll. _(Ltiufuctory elunslfieationu do exist /br mout products.
A. an ex,mple, pumps cnn be clussiflcd:

• by cnpuelty -- 10 to u million 6{LIIonu per minute.

• by (tppllc{ttlolt-- induutrlal, commcrelttl, t_gricultuI'ttl,
munlclp(tl, domeutle.

• by the m.tcl'lul*l£h_t thcy tn'e cupuble of hnndlinE --

wI%_cl'_il_phur, nolldo_ l]inrlD.,liquid mctnl.

• by prcmlllr_ r_n_c -- high, medium, low, Y[&euum,

• by dcnlgn -- turbine, I_xi(_lflow_ cen£l'Ifugul, ro_;ttl_r,
rcciproct_t_ng.

m by tu%li_nt feI*turci_-- :n_|_nerslble.;ie]f-prlmlng.
proportlonins, non-cluggir_, m¢:(u_larln_.

• by thc mliLcrIi_lused -- ntt_IilleuI_*Itccl, plautlc, bronze.

All of th_ _d_ovo cluuuiflcation I*chcmcn t_revalid for spcelflc t_ppllcn-
tinnn; howevnr, none of them him noise un its prlm:_ry btu]l,.

The fach thI_t; pumps cT_n he nubdlvlded into a inyrlIulof clIusniP/catlonlJ

_hould b¢: con:lidered with ca%_Jon I]Incc Ilomc products I_rcno_ I_o l'c(tdily
ela.nlfi_d. For Inutt_nc_m the conl,tructlon Indu,_i_ hnn Ilo el¢luI*IPlcf_tion

schem_ for din pl'odllctfl. A_* tl fir|lt tltcp in developing IlllCh a I|elleme, the

I ,



Con0tructlon indutltry b_inufaeLurcr_ At;::oeiaLlon asked its incmbcrs Lo

dcI'Inc thclr concept oi" that plcce of' conx_tructlon equJ]_)icnt known _*s IL

ro].icr/compactor. The answer:; idcntiflcd _tpproximately fifty dlffurcnt
dcvlces r_mglng in weight from hundredu of pounds to scvcrnl hundrcd-thounlmds
of pounds. _Ic llst represented self-propelled, towud) and cvcn hund-contro].led

int!cl_ine_l.

Hater vehic]en alTer tmother exttmple. Since ,tl] motor vehicles do not

have the ulunc noiIle generlttion chln'ltcteristics, tile category "lllotor vebiclc'n"
lllu_t b_ ftlrthur tltlbdivlded. According to Punctlonltl chltrt_Ctel'isticn) Lhc ncxL

l_v_] of detttll wottld break into trucks) c_trn, bunts a_d over-the-rolttl

rccrcltttonal vehlclcu. Utilizing gross vehicle weight Im t_ further nubdivlvion
at thin level of cll*0nlfication, the Society of Automol;lve EngineerlJ, Inc.

eutabllshed its noble tJtlmdard_ for motor vehlclc_ (highvlkg). One standttrd
t'.xlDt,for pa_nenger ellen ttnd light trucltu (velllclen of 6000 pounao or less)

(rod another applicu to heavy truek_ nnd bulJcs, t{o npeeifie otandardn now exint
for over-the-rolul recreation(iX vehicleu. 'Phus tt pnll_engcr car collld wet(_]l ln0rc
than 6000 pounds _tnd tlleorctict_lly woll]d be conoldcred a truck from a nol_m
regulation ntnndpolnt. Liccnolng I_ not the flnul annwer nlnec tlm

diotinctlon)] between trucks trod pannenger Cnro for _Icel]slng ptlrpo_c_ (|r¢2
Ilometi_cu quite I)ubth.,. For inut_tnce, _t four-wheel drlvc vchlcle it_ llccnued
In tile_tate o£ Maryltmd an _t truck unle_u It hnu i_rein" seat for cttrrylng

pan,enters; then It _n llcenIIcd tm a car. Such an arbitr(_ry _y_teIIl could
pe_allze t* given vehicle due to an optional feature which ha_ no bearing upon
tile vehicle nol_c generation.

Even lifter the clns01fic_tlon uehcmc In determined) _tll problcmu arc

not =lolved. a tractor-trttiler comblnlttlon is eonnldcred rilln truck by most
people, floweret, to the indulitry it In comprised of two independent pnrtn
dcnt_netl _tn¢l fal)r_cated by different manul'neturer_ -- the trnctor nnd tile
tr_ller. The eventual noIIm level produced by tile combination dependo on
tt third party -- the fleet or lndivtdut_l owner -- who mlttche_ trttctor to

trnilcr and de_ermlnen which tlren nre mounted on c.ch (tlren imually
control nol_e ¢mtm_lon t_t modcrltte-to-high npecd_ for well-mltlnt_tined
vchlelc_l equipped wlth adcqu_tte muffling I_yntemn). Since trnetor-trtd]er

)ltrnc}_:_l) t%rc [lOt _Old l%_ lluch _n com/n_rce, tile ]"ederttl rcglllIttlon of

thetle might have to be vla product nohm emlm)ion nt_md_trda (See. 6 of

PIll)llcl_tw 92-57]') for the product_l (trttctor) tlreu) which nrc Ilold uepttrt_tcly
plus motor tattler noi:le cmIilnlon ntttndltrdu {See. 18 of Public iAtw 92-57]))
fop tileov_.rnll vehicle.

D_vlccn could ctlnobe clnm_Iflcd by the noi=Ic they produce vermin

=_ueh con_Iderntlonn nn the l)crvlee tllcy p¢:rfor_n (btnlcllcontra,ted to nuto-
mobile.If))tbe._r locntlon (urban _er_un remote or rurnl)) and tl_clr ePfecto

(bow m_ny people _r_ afrcctcd tmd in wh_tt why?). For cX_ml)Ic, fnrm
_achlncl_ eoul_ bc _laccd In tt_cp_rntr..cl_t*_iflct_tlon l)Ince the location

i_ u_ually rural and the only people Impacted nrc the £1_rmcr, thcmnclvcn.
In thIIJcase. the mont economlc_ noisle control llolut_on mIHht bc nn
enclosed c_b _hlch would pro_cct the opert_or of tim macIllnc.

I lO
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"Scatter" typically is observed in test data. With the adw.'nt of
govern_tent noise rc_nll_tfonn, it bccolrlesincreaslntr.ly inipcrativu to
dctermlnc the unto'cos of w_rlabllity _n tent results. Existlng test

pFocedltreu uilotLldbc revi_d _nd new procedures developed to ]]e le_s
sensitive to dcvlcc operation and test _Ite condltion_.

Tent procedures should represent typicnl opcratilIs modes -- that
is, relevant either to coIImlunityor operator noise exposure to the
device under tout.

5.1. 'rypirL, l U,_,ge l)sh,

In _c_el'(tl_prodtlctu |lave it range oi' possible opurtttional inodu_ wltll
the noise cmi_lion characteristics dependent on how they operate. The

key to dcclding upon the mode or modes of operation of' a device that should

bc opec|fled for noise tcllt purpo0cn hlngen on the knowledge of how the
device In "nor_Llly" operated. In order to detcrI1_ne "norn_l operation,"

_ image survey shined be conducted._. The results of one such survey[2|
in the outboard moto_ field arc shown in Table I.

Althou_ the data are limited, it in Interesting to note the vc*7

low percentage of' tlmc that plcam_rc boats run at wide spun throttle
(minx|imamnoise position). This ezample in not atypicI_l. In the cmlc of
railroad locoli_tivcs, for InstI_scc, over 30 percent of the time the

v_h_nle is nt Idle. Thel]c _zamplcs snbstltn_late the fact thttt u(,tntllyit
will not b_ i]nfflcient to make mesouremcnts only during that opr:rI_tlol_

M_ich produces r._tximumnoise since z.lontdevlccll are not so operated for
long pcrlod:] of time. In addition, people can be t_|Inoyed,or hsvc their
conversatlonr| interfere(| wlth, at noixle levels mnc|l lower t|IlUl the

5.2. Effect ,m N.i._ l_vch

Thcr_ |ire_ 6rc_t Ir_tI_vnolsc _o_rcus and no_lic envlronment_ to

Wl|Ich people are cxpo;_cd. The noise or.dun|on from _ f.ivcn ;mtc]dnc in
s specific location i_ dependent not only on tile zlound radiating

c|laractcristics o£ the _ta_cllineIt,|elf but al_o upon the type of mounting,
tJl_ _i_tIincr l/1 which the I_ac]lillcilJ opcrntcd, and its cnvlroll_eIlt. _n
_ttinB noine llin[tn for usch deviccI_ through rctgLlatlons, th_ mctnmx'c-

_cnt .yntcm shield include spcclflcation of :mch Ite_ au opcratlng
condltlon_ _n(| envlronmcnt -- both instetlJtttlon and wcztthcr,

a. Operation

AbLest|on i_itlltbe glvcn to the operational procedure ntiliz_d

for n glv_n tent zsinc_ the noise produced d,.'pcndsheavily on the wlkY n



Treble i. OILtboard IIotor lqchl Un._c Study

I_I_]¢CHI;TAGE 'PI?.!l! Ill ]:ACH _P]':]_D J!ArIol;

500 i000 1500 ;_0oo 250O 3000 35O0 i J,O00 ],500 5OO0 5500

iO00 1500 2000 _5oo _000 3500 h000 J,500 5000 5500 6000Outborlrd BO_L ]io_ir_ RPll
' ! .......

125 liP i? Ft. I!un_bout 16.72 3tl 12 3 5 6 I]_ 12 i0 3 1 w

i00 llp 17 Ft. IIunt_bout 11.56 32 20 7 3 1 '? 13 ii J, _ "

I00 lIP 18 Ft. I_un_bout ]_8.9], 2]i lh ]_ 2 1 ]L I Ii 33 5 2 "

55 lip (IWlrl) 23 Ft. Crulncx' 2h.30 h 19 15 5 2 2 i 8 37 8 0 "

50 lIP 16 Ft. i[unabout ll_._i_ 13 19 5 IO 5 IO I 7 I0 5 ii 5

50 lIP (_41N) 20 FL. Cr_iacr 13.56 5 12 ii 5 5 12 2l, 2_ 2 i I

l_O lip ('_WIN) 16 Ft. It_mabout lh.hl_ 3 13 13 ? 3 13 13 19 I_ _ w

9 i/2 HP 16 Ft, l,'Inhln_ llorlt 21.56 6 13 io 6 6 9 0 19 i/) 5 "

9 1/2 lip lh l,'t.J"l.hl_J8 I}ont ih.28 19 Ii 7 9 3 9 5 25 15 r_ .

9 1/2 ][P iIi Ft. Flshln_ DOtaL i0.2l* h ii 12 19 ii t5 15 3 0 * "

9 1/2 lIP iI_ Ft, l?i.hhlt_ lJont iO.16 9 ii 9 h h 9 22 19 12 _
, .... [

mOIILll(]r.F_lmotor wci[1llot tlct to l_rl in thiu speed l'tt]16_[it Wldc open thrott.l_°



piece of equipment i_ operated. _IMO devicet_ lllight generate eol_pt_rabh. •

noiue levels when opcrltted in it certain mode yet might produce quite
different noise levels whon operated in another mode.

b, Enviro_lunt

fi_l_ t_rln enviroNin_nt, It_l llsud litre, inul_ls th_ ag_:regltte of itll
external conditions i_nd inf[u_nccB _ff_ctlng, tile noise ]_v_l_ of It
_iven d_vice, wherever tile iilcll,3_reiil_ntu are I_itde.

Airborne _ound from _ outdoor l_ourcc tr_velu from th_ source to th_

receiver throu6h an _tii_sphere that is constantly in motion. Turbulence,

tcmp_r_ture and wind Eradicnta, and reflect[oils from the earth's _urflLeo all
affect the mert_lrcd data. E_scntially there arc two distinct effects corrcu-

pondin_ to: (I) external factors (usually atmospheric} which affect the sound
pressure level at a particular point and (2) external factors which affect the
accuracy of it, mcauurcmcnt.

One al_e muut be concerned with the envlronmcnt indoors, _oom

volume, tile uound abtlorption of tlm walls, floor and cellinK, and
tilelocation of both the noit_e :mumc_ and receiver mu_t be carcfI_lly

evaluated. For instance, a sound level very near a nni_y machine

m_ not be affected by _ound-i_b,orbinH mlttcrlals on tllew|_lls. |low-
ever, ,uch matcriali_ will _tffeet tile cound icv_l me,stored farther from
the machine.

The,e arc Ju_t a few of tll_ faetorll that should be considered.
In m_ny e,s_s, thcce arc factors over which the invcstlgator may h(_ve
little or no control.

c. Installation

Another important factor affcctinK tile noitlc level a.soeiatcd
with _ device in the manner in which it is installed.

For example, the rcmilt_nt noiI_e level for a food-whore dinpo_or
in dependent on (i) tlm effcctivcncn, of the vibration iIlolation of

|.he.dl_po,er from the sink. (_) tile damplnE charncteri_tie|_ of tile
sink It,_if, (3) whether the connection_ bctwccn the dlapoI_er and

the drltJn pipe arc flcxlhle or rigid. (4) the cffcetivcne'_s of the
closure of the mouth of tlm dlspor_cr and (5) whether the grinding.
chamber and motor arc e_elos_d.

Inatall_tlon i:l likewls_ crucial when one com_iders nny t_l_e
of component _oisc, for cx._ple, ;_otor_ or enEines. [leturnin_ to
the bo_tin_ industry, every eng, inn nnd drive unit, wbether it is out-

board. :_tern drive, or inbosrd, will cry/ire itdifferent noise

mlgnaturc, dcpendln8 on the boat to which it im coupled. ]']aehboat will
respond in a dlff_rcnt manner. _tndtile overall boat nolsc c_tn c|Htn_c

I with different lo,dn and opcr_ttinE conditions.



When _icastu.c._t!nto arc miLdc to dctcrJrllnc colnpllancu wlth appllcaDle

acou_tlc objcctlv_Ill specl_'ic_tlonn or ot_nd_rd_ the dcvlc_ uho_zld b_

Izl_tallcd i_l a Irlanncl"ulmllar to that in a _ypfcal cu_Jtomcrtu f_clllty, if

that in practlc_l.

I



6, lJlfq_r.mti_)md |h_qulreme.t. for Setti._, Nol,e l|egulatlo._

Effl_ct. of I_.iMe #. PcolJle

Since noise rci_ttlettlons_re dc!_IC,ned to l£mlt the expooure oi' nol_le on

pcop]c_ it 1o ncce:is_i*_to dctcrmlnc who is (Lffcctcc|,with wllf_tIiIlpeLet,b_ IL
pI_rtlcular product and h_w these c|'fccts arc I_{mifcl;tcd. These ft_etoru _rc
IIxr_cly (_ovcrned by the product i_nd th_ wzLy thltt it is normi_lly used.

6.1. Ihlrtic. A ffl.t_lcd

'l]_cre1{ttloIl_hlpbetween the opcr(ttlnL' cnvlronmcnt i_nd the dctermln(tt[on
Its to who i_ (_ffcctcd by a _ivcn nolsc bcco_]_ evident when product_ llrc

cl_s_iflcd in term_ of their 111obility(or in terms oi" people's3 mobility
l'ul(_tivc%o the sotLrccs). ]"o_ ex/tI_plu,tl.lxn_IxJrt(ttlonvch_clc,J hI_v_ _ ft_r
different impact on _ comii_unitytl_t_nI_ |Lomb'a11_condltlonin_ unit. An

e_lort_tlon of theuc difi'erent ty_e_ of' noielc _ouree_ will .crvc to illuut_'_te
theil' 6encral efI'e_ts.

a. Operi_tor

The operatin_ proeedurcu (ulooclated wit|* (_product will indlez_te how an

opera,or intc_-aett_wlth _ product -- what hc doe_ _nd w|lerc he _(s po_litioncd.
Tbeuc d{_tz_provlde the eontc_ for detcrminln_ tilecffeet_ of noi_Ic on _ EIVcE_
o_¢_rr_tor. The oper_to_ need _ot bc tbo _crtlo_ cxpoI_ud to the too:it_cvere noi_

effects. In f(_ct,in _olelcIn_tt_nceul I_product is dcni_ncd to _r_te_t him fro_
the noitsc,

When the m_ny tr(Lnsport(_tion vehlcleu _n oper_tion whlch _rc dc_16ncd for

more tb_n one _cr(lon _rc co;,sldcrc_, it bc_om_is cvldcnt tblxt bf;In_,t_pn_t_en_cr
i_ v_r_ cObOl|. 'I_l¢!noIiic cA_oI_tlr{!c_cri_nccd b_ itplt:][_i]_,crCrtn_c quite
dlff_rcnt from the_ of the opcri_tor _Lx*dtherefore me_It:: independent
e.x_mln_tion.

e. |Ici6hbor

A_othe_ uoelIilrole i_ thi_t of t_ nci6hbor, who m{_il_t_llnu_ fixed _nd

_t_thc_"_crr_nent rclzLtlon_hlp to (_noi_c ,ol|rce. (_n _ir condltlonln_ unit m_
be positioned :io_11to Droducc millIIrmmnoise di.turbt_nce to owncr_JD but talkybe
dluturblnK to nei6hbors,)

d, By:_ttmdcr

For th¢_ thre_ prcviou_l c]tul:leli of pcopl_ eLff_etcd b}, noine (Ol)Crt_tor,

p_tlcnE_r_ _nd nci_hbor)_ it m_ bc zulticipi_tcd theft the dur(ttion of exI_3_urc
la ul_unll_ eon.h|crl_blc, liowcvcr, _n m_my ltitu_d;ionu the noi.o cxpo_lurc iu of

re,_tiv_ly _hort dur_tion for i*n lnd_vldue_ but _ l_cr number of _coplc r_re

_ml_cte, d, 'i_ noble _:ourec tony :_ovc throuz_h _ community (t_ vehicle :liren) or
_ny I)eople m_y w_lk pf_t e_ IIt_bionlu,y uource (z_ eomltruct_on zlitc).



6.2. Nl,.re .f l",ftrrl_

Traditionally, the effects or noIIu_have bucn stndicd in terms of three

major (_p]]l'Ottch{_fit e_xellone Idotltlfled with ItTtlethodof lfle_IiJuremont--
physlolo/,,leal change_] (both temporary and permmmnt), p_ycbo]ogleal attrlbuten

such its _nnoya_ce nlldt f1_allyt tatlk Inter_'cretlce.

n. ][earing Los_l

'lYleit{oatsevere and danln_In_ effect of nol_e e_polmre is pcrmnncnt _osa

of hettring. Exposure to noise or t]uffteient intensity for long periods of time
can produce temporary or permnnent effectt_ on the ability to beltl*. In some
Inatttneell, exeellslve noise cx_nur(_ leltd_to tim dentruetlon of tile priI_try

auditory reccptorc_ -- the hair culhl in the car. Clmngcs in bearing
experienced by the person suffering hearing imp,lzlnent inch*de distortions of

tileelItrlty and qultllty of .,ound_ a_, well ,to lonDeu in the t*bllity to detect
Slld Ilnderstttod Iloun(l. '/_lese C]lltn_,e[l enn ramg, e frown slight tmpail'iILent to severe
de/tfnesno

b. 'rank Interference

'l_e effect of noise on tile perfori_mcc of desired .ctlvltieu l]ns received

considermble re_learch attention. 'Pne me:ituncqulvocal flnciing l]r_t*been that
_olse cnn uerlouuiy imptdr speech communlcettlon. 'l_e performance of other
complex tnsks is nltJo made difflctLlt by nolnc, but It hns been difficult to

ndequtttely define tile levels of nolne acceptability (or unacceptability) or to
develop an ndeqllltte menllure of _Ituk dlfficulby.

c. Annoynnce

Many components annonlt_ted with the dlnturbln6 ¢Ilarnetcrlstln_ of noise
h_ve been nuboumed nndcr tile teem of annoyance. An Intern_tlonnl Or_anlztttlon

fop _qtt_ndardi_.I_tlon:_ttld_groxlp defined nflsoynnce nil "thn£ Eenernl qut*ntlty
thltt emerKc, from the varloss soclolo_lenl surveys tbnt concern tilcmnelven wlth
dl_turbnnec of vnrlous klnds around intense nolne sources lINe nlrcraft."[3l

Annoyance c.n result from sleep dlnturbnnce, Interference wlth rndlo and TV
)._stenln_, nn well aft many other llnbtle _,_cdlt_te tuld lon_ term tloclologlcal,

psychological and pby_loloF.lcml remctlons. _tn definition and mealnm'ement bare
posed ttmajor problem for resettrchern for many years.

mm
m



7. Q.a.titativr I)c._cripti,:l ,f N,i.c

A vlRblu lllethodof itssJ_,I*Iny,nolsu rlttlni_,sfor prolILlctsdeilcnds

primarily on :

a. q'he Iduntifleatlon of those al;pectz of noise which arc of concern

in a pltrticular situation.

b. A well-dcflncd procedure for quantlfyln_r, noise UtILiSIlioll.

C. 'i_I_Itbillty to relate thu restllt_ of iilo_Durcm_nL to ht£_itn

_'espon[ie.

7.1. hle.liflc.ti.n of Ms_jorIhlrl..elcr_

The moot i_Iportant dcci_ioR to be mad_ _n _t_y m_.[tiHiPcm_nt_POC_/l_ In
_hc detcrI_niltlon of whttt tO mc{L_lur(2._n ilOln_ Itbat_mo_t t_n[lcontrol i there
i_] llot gi2|l_r{ll[isr(_crfient_5 to what fltltiIitlt_c_/lhOIil__I_in_I_urcd --

primm'lly bec_uoc of inadequate dat_ relating the impact o_ noloe to the
e_po_ure which produced that l_p(tct.

n. llclatLon:_hip to Efrcctn

The attemp_ to na.oci_tc partic_dar chm'actcrlsltica of :_oumh_ _ith

effcct:_ ola people ht_e hod mixed rcm_ltl_. Some clclu'-cut finding_ have been
_tde -- notably thooe dcltlialg with inten:li_y, _pccch l|*tcrfercncc and :lc_lc

a_pcct:_ of Ilnnoyancc (hi_ frequenclc_, pure tone eomponcnti|). However,
other cffcct_ often cited ttre le:l_ tangible nlthongh they might be

important. Intcrruptlon oP actlvltica _;tlch_to alecp, worh nnd recreation
ar_ often cauacd by noi_e_s which _rc unpredictable, or of nhort d_ration and

need not b_ inten,e -- yet mi6ht con,titute ma_or problemn for the
Indlvidu_tl from n p_lycho]o_Ical nnd p|ly_lic_lhcall_h _tandpolnt. For

_x_u_plo, _ p_r;_on Who i:_ awakened r_tllar]y from nlccp nl_htly by dIiltnnt
train whltltlcn or alrcra£_ ovcrfli_ht:l might be expo:scd to only moderate
noise l_vol_ fop a total of ].con than one mlnntc during thttt tlme and :still

|farm _ major noise problem. _olne cffect_ therefore c_nnot relulily be

trcntcd iodepcndcntly of the typical nperatlng _ituatloI1 -- incl_dlng who i.
a_po_led_ activiticn being performed e_nd_ fimd.ly, identifying the major
con_qu_nc_n oF the noltlc.

b. Envlronmcnt/U_c. Condition.

OthcP ef_cctn whic|l cannot _e rcndily (|cI_Itwith i_ _t rfttID{_ochcmc_
_}l_tIlon_|1_l_litlI_r_ often oited_ concern c[iviroIlmcntn] f_tc[.or/itlo(_l_ii{_

condition,. For exnmplc, the low-frequency noIi_c from train, penctri_tc,
grv.at dint_Iccn _indcr partlculnr we;_t|icrcondlt.lo_, tht!rcby affecting

lar_ numb_.r o£ people u,mally not 1)othcrcd 1,y tht:_ :]oun(l. Motorcyclc_ and
other ve.hiclc_ ar_ often operated in n manner that inerc_u_cn noi_c output
r_tther th_-rl l_ini_i_¢_ _t. _[_te_¢:_tr_ nil_oylD_ both ]_ccrttl.qeof t|IO noiIlc

Int_nuit.y _ml the feeling theft by:_tandcra lmvc that the nolne i_ "louder"

I t_lan i_/ n_c_nI_[%_y. IB



7/- } , _] ('llt_ IIft, It)(, j] t ])it f SJI I t'l('r:_

If h_ntory lu a valid predictor of the future, there will be com_lder-
able (ilm_greement _ to partteltbtr rating scheraes which nilo_ld be uuud to

describe tim nolnc emlsuton of products in terms whleil will appropriately

predict hi, man reupon[m to noise, 'Pile importlult measurement param_ter_ Per
rating ucilemen arc nol_m level, _peetral quality, and temporal variation.

a. Sound Level

'I_lCl'C ill general agFeellle_t that, foF It given _pectrtna Dilt_I)e _nd a given

te_lpornl vartt_tton, annoym_ee, hearing lolls, tn_}_ Interference, etc.,
incrca'au monotonically witil tneretming hound level. The difflcultieu and
dinagreements ariue relative to tile variation of noi_e level with frequency

(i.e., tile upeetrum l_hapc) and with time.

b. Spectral Quality

Altilough there are many schemes for prcdlotlng loudnc'Jn, nolulneu:l,
annoyrmec, and zlo forth from the nlmpe of a noise _pectz'tua, it is perhapz_

fortunate tlmt only a lJmlted lltm_berof these Imve Deen given offlcJal

status by rchntlatory agcnclcs or strmdardu bodice,

Helatlvc to tl_ecommon welgllting networks uncd in [found level meters,

it i:l rcal]oni_blywell cstabllnhcd that tile A-welghtcd sound level (ba)

prcdictn mo_t lmln.n re:ll_nne much better than tile B-weighted (L,_) or"C-
Wclghted (Lc) sound level. D-welghted {found level (I.D)ll(ulbceh a(loptml
npeciflcally for aircraft nolne. Both Stcvenn' and Zwlckcr'n metl|odu for

competing loudnem_ ll(tve been otnndnrdlzed, although _lgniftcant

_dl_lc_tionn bllve been proposed by _teVell{I theft are not reflected in tile

IIt_dttrdt_,ed ¥ernlon, Kryter_ Perceived ;_olue Level (I_, l) enJoyn offlci(t_
_tatua through It_ role in calctd.atlng E_fcctlve Percelve_' r_olnc Level (Im,r,u)
for Federal aircraft certification (l_nd ban ales been _tandardized by _AE _'"
and ANOI). 'l_le Air-Conditioning and Ref_,Igeration Institute Ila_ a .ound

rating procedure nomewlmt nimilar to I,plC all of rhone quantltlml mrc ruled
to predict annoyance due to nolnc.

_e Articalation Index (AI) If{isbeen ntandardizcd m_ a predictor of tllc
extent to which nteady nolne interferes with opecci_ communicatlon (for _ale

_peakern only). Owlng to tile complexity of tileArticulation Index, ucveral
v_rnion_ of Opeeeh Interference Level (filL), ba.cd on tileaverage or 3 or Ii

octave band lcve:ln, have been proponed.

e. Temporal eat'faLlen

For trllil/li(_nt no_e eYentll_ there t(I need for i_ meann to annign t_n
overall noise rating to an eVellt which Includen approprlnt(: conrllderz_tlon of

the ext;cnt to which durntion affeetn hn_m re{lponue. '/'he I{atton{kl Acadenw
0£ _Jclcnce:l-Natlonal llencarch CotlllcllCommittee 011 Ilet*rlng, Bloacountlcs,



and Blo;acchanlcs (CIIABA) propo:md a bearing dam_tge-ri_3k criterion for
impuluv noise (gtmfLrc) which npcclfically iiicludes mcc_surcs of the duration

of tileprep:lure wave. Both tile LI..' [9 I_nd the sizable cvcnt no_fle oxpoD_Ir@level ([,_ ,) include corrcctiolm [o account for duration. The• ,,1', ]',
Envirol nen_al Protection Agency hi*f3reeo_nended tlleA-welghted l,vurllge _ound

level (L ) and the dILy-nl_.ht level (Ldn) tLs generltl descrlptor:J of
enviroll,_lqtILlllOIi,e.

] ,



[]. Cnllt_(:ll_llt_ Dr(at(_(hlr(_t_ for Mt_li_ilf(_nH_II{ SIilll(hlr(|_

a.d lh, ting Snhcme_

_l.l. lnptil frozn All Afh'('h'd ]).riir.

In wrltin 8 Incltsurcment standards and cs_abllt;hln8 ratln_ ochemcs) it is

important to eonnldcr the contributions to .qtandards-writlng of all the

affected groups. First) the vohmtary standardB bodlcs (for example) the
Amcrlean National Standardn Institute) American Society for 'festlng and
Mi_terlalu) establlnh (t,eneral standard te_t methods which r_flcct the most

knowledseable engineering and tle]cntlflc practice, Tim trade nssocIittions)
represcNtln_ the mmnufactururs, must implement tct_tmethods, and therefore
in addition to technical input evaluate practicality) In t_rnlG of availltblu

faellltleu, personnel) training, etc.) in adopt|hi or develop|n8 test
nlcthods for their put'ponce. Trade a_soci,ttions) however, arc limited in the
t_aount (And k_ndi) of informatio_ that can be channeled throup.h them. Much of

the infol_ation the l_nvlrontnent{tlProtection Agency will need to ensure that

It_ndatory standard_ are rcttoonablc, tcehnolo_Ically feasible and
economically worthwhile will be supplied by industry and be of a

eonfldcntlal and proprietary natm'c. Conuequently) it will bc necessary for
the Environmental Protection Agency to COlnmunicate with individual

m)Lnuf'ncturers at; well as with trade ftsoociationl). IIegu/atory agcneles,
acting on bnhalf of) and with input from) the consumer) set le(_td level8 fox'

cttch elatns of product) levelzl which Itlu_tbe technically and cconomleally
reanonable Ibr the affected induntry. Obviout)ly) to cont)idcr only t% t)inslc
el_la_nt from tilltlelli_Inand ignore the contributions of tllc other:s, will

mtu'kedly dcereauc the effeetlvcncuu of the tltand_trdor ratin_ t)ei_umu,

I).2. lnlcrn,li(),a] 'rra,le

Several ycnr(L ago the concept of ntamlardization in We,)tern Europe

_mderaent changes that poucd it nerioun threat to United Stlttc:}-Europe_m
trade. 'l_mne e|itm_cn were the rcuult of a projected "hi*rn_nlzatlon" program

to ellmlnatc Intrt_-Europen)_ tcchnlcal non-tariff trade barriers eau:)ed by
dlffereneen in product t)tnndardl). It was clear that upon completion of the
"har_mlz)_tion" pro6ram, international trade within Western Europe would l)e

vlrtnally barrier-free and triode into Weutcrn Europe almont impounlblc[h].

TO maintain U. S. viability in European trade) the United Staten
(lole_atloi_ %0 the "Kennedy round" of trade ncgotlatlon, ha_ called for a new
I)eheme.called tile General Agreement for Tariff:{ and Trade (GA'I"I').'l'hitl
agreement ha. identified over 800 non-tariff trnde barricrn in cxit)tence

tod(_y, In Fcbrlmry IQTI) a new ntnge of the GA'I'I'non-tariff bi_rrlcr work
was bosun, Hather tha_ face the ovemahelming tat)k of nolvlng the whole

program of non-t)triff trade _){_rrlcx'_)it wa:) decided to concentrate on a few

-- of which product ntnndard, in one nrua, _tan{lardu Wcl'e ehoncn for
_ttentloN both be.cache of their Hrowin): imporLance and bccmmc it appeared

tl)at progrcnt_ mlHht l)e eneoura6cd more ren(llly ill this ttrca than in some of
the othcrn[_]. A draft code on product standard)) wn_ written and in May

1979, wlm accepted an a l)a_in for negotiation|G|. A more thorough
-_ dlsenlmion of tl_i:_code in t_iven In Appcndlx E.



9. EnviroJmn,md Prntcclion Ag_mcy Pr.mulgatio, nf l{eguhltioxm

9.1. 5[_rriu] I_rq.lrt.mrnlt_

'lhin section highlight, a few features to be eonshlered In conjunction
with the regulations (nee Section i) to be issued by the Envlronmcntal

Protection AEon. M. Pertinent scetlons of the No]ue Control Act of 1972 arc

reproduced in Appcndlx B.

a. Product Noise khnlssion Standlu'dll

'f_lu report directly £xddrelJ'Jellproduct noise clninslon utluldardIJ.

b. Labeling

A mcanlngful label on a noisc-producln_ product (or noise control

product) is dependent upon the cxlstcIlcc of _*n appropriate, rcllable, and
_cpcnttd_le measure of the nolsc level that is rea£1onnbly well-tlcd to

subjective response to the nolo.. Whether the mcfxsure in a sound power
r_tln_, IL weighted sox:nd level _t £Jolnedlutlxncc fronlthe dcvlce, or n set of

octl_vc tiled zlound pressure level data, the problem in the conversion of thin
tcc|inical ncotn*tlc data into a labclin_ £_yutcm which will be under.tonal by the
public and will provldc the approprltxtc amount and t_qle of InfolTnation for the
non-tcchnlcld i&udlcncc it is intended to reach.

DItn+icnlly there ere two ty])cn of a,ldicnccu -- the _encrItl ind)llc consumer
and the buulnenn or Indu.trlnl contlumcr, In _cncral, the public will want n
It_bcl that illnlmple llnd czlny to understand to pcrlnlt a comp(_ri.on to bc mt_de

between the noise expected flDm one device (u_opponnd to :Inothcr. 'lqleno|.(:
l_ibol t|ici_serves (*rls criterion, along with performrlncc chllrncteriiltlc.p

t_c_thctlc quality, uafcCy fcnturc:_, cost, etc., which the conlJumcr cvalILt_teI_.
Wotzld |£c be. wlllln E to pay, for example, $2,00 more f'oz"a blender thi%t docli
not annoy him or Interfere with hla llstenln_ to hl. hi-fi system dttrlnK the

blender', opc:'atlon? On the other hand, the bu.lnc.o and indtmtri(il community
will nccd ,_ddltlon,_l iaformf_tion -- either from the label itself or from

applicntion _mtcz'lal developed to ..company the lintel. |"or inst...c, it in
not cnou_)_ to know t|la_ you have pnrcl£1ulcd a "quiet" m(_chlnc, bccau'dc if thl.

m_cl*in_ i_ Improperly placed you :Itlll co_tld hnvc n nol_c problem. An cx.mplc
of thin _o_Id be the buildln8 contri_ctor who pnrcllailei!the quictc.t tli_

condltlonin_ unit. avnilablc and then Inatalln them in a location under a
bedroom window or next to a pntlo. E_on thox_h th<:unit misht be qulct. _my

complaints would bc _dc due to lo:m of _iccp or tlm deprived use of the patio
due to annoyln_ or _pecch-intcrfcrin_ .clue. _c label, or _a_pp]cmcnt_*ry

m_tcrial, should provide the pnreh..cr with enough In£orm(_tion us that he ha.
auf£1nient d._tn to dctcrmlne whether or not hln cqulpmt:nt _n .!t_3_will meet
the rcqnircmentji of t|ioI_cnol.e ordln.ncc, which affect him, be they occ.pa-

tin:ml nafcty .rid hcnlth regul_xtlonn or sound lc_cl rcntriction:; at property
linen.

m
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Product lllbuls clm t_d_e riLl'lOre; l'orms. Ai_pc,rldix I" contltina i_ dlscus,';lon
of _olnu of the t_ltu_llLivc InuLhodn which deserve con._ldurlttion its imsslblc
noise llzbcl,q. It should bc notcd thlLt it was the general corl_et_tls ol" Lhe

Ildvlsory and lndustl_ group_ which reviewed Lhe initi_d drltft Or" this rcporL
Lh_t noise l_bcl_ should pz'ovhlc qu_nltlt_tlve lnlbl_lttlon lu; to tim productts
noiuc c_dsulon.

c. I,ow-I|oisc-Emi_ion Product Curtificlttiorl Procudurc.'l

To 1)c cltgiblc for ccrLil'lclttior_ its low-noilJc-clnl_Llioll productu, the
_auurcment mcLhodology (rod fitting _chcmc 0h_u]d bc cstltbliuhcd limb. Thd
_l,_Jor tlt_}_ in to dcct(lc Wilful furthu_ iloi_lc reducLlon ill llcccoutn'y for Ix
i)roduct £o I)c ccrttflcd itnd whether or noL there could lm ucveral grltdco of

certlflct_tion wtt|l (ttlsoci_tcd prOClll'Cl;lcl_t costs, _f _icvcrltl _l'adcn _rc
c_ltbli_hcd, _]1o problems bccoln_ vcl'y Itn_r_OgOUS LO tllo_e dlllcu_scd _bovu

rcl(ttivc to l_tbcling, floweret, in _n irldu;JLry coml)O_cd o_ mony o:n_tll flrm_,
will* little rcsc_rch _d dcvclopmcnt c_tpr*bility, Lhc ccoJlomic cout of

itcolllltictt_ m_l_ullrcln_nLll In_ly _c _t ni_Jflc_t_t factor.

9.2, 'rcrl.lirLd, |','l'()llOllliv, Itl.l A(Imi.i_lndive Fe..ibilily .. It l|ch_lc_ m _Ic..izrrl.r.I

l"_*iP_tniLeffccgive nols_ l'e6ul:ttioIlumu:It be technicltlly, cconomlc_tlly,

Ilnd_dmIIli_itratlvcly fcttI_il)_ctu_d rc_Ilon_blo. Ocncr_tlly, pcoplc con_tJ(Icr
tcchnic_l fcI_ibility only In tc_nnlJof thc Lcchnolo&v t_wtil_tblcto qulcL _

product I_dcqulttcly, thc cconomlc_tl fc_:llbllity only In Lcrms of Lhc coi_t to do
,o_ nndD if Lhcy thlI)k of it lit(LII, I_dminl_rltLivc fc_olblli_y In tcmno of
cnforccmc_t of Lhc rcglrl_t_onn. IIowcvcPj the _clt0urc_ncnt mc_hodoloK_ mulJt
_l_tol_c fe._¢ilblcand rcrtoont*l)ic. Thc _cicnti_Ic ILnd tcchI|Icttl knowlc_6c,

np_roprlrttc tc_t fi_c_llLIc:i, nn(II_ult_dllc inoLrumcnt_ttlon mu,L l_c i_vrtilrtblcto

carry oli_ noloc mci_llrcm_c_ o_ _tdcquttLc(tccur_cy and prcclulon tit _t_r_ctict_l
co_t. _Io m_:_urcm_nt _nd rattln_ mcthodolo_ _rldtile tcuLin_ nnd q_l_LllLy

control proccdurc_ i_hotrldl)c InliL_blc for rc_oni_l)ic monl_orln_ by nn _gcnt of
thc rc6ulr_in6 body.

_lemc f_ctoro i1hot_idrcl_tLc to thc clmrltctcz.IIJ_ic_of thc pt_rLlclilrLr
Indn_try, In dolcc_In_ thc m_I_rlurcmcnt mcthodology fop _mc in z.cgt_In_ _

_rL_c_l_ cl_tno of prod_c_. For cxn:nplc, the _IP conditlonln_ In(luxury llrL_J
_ol_ttnrlly _c_ III__ noloc z'nl.lnF._ynLcm l_uc_l on onc-thlrd oct_vc b_md _]ound

power l_.¥oln mc._IlurcdII|_t rcvcrbcrrttlon c|Ir_mbcP-- _e_t,urcmcn_lJ _hlch rcqulre.
Cxpcnolv_ tc_ f_cilILic_t, co_plc_ Ini_trumcnL_t_on, _nd tcchnlc_dly

nophln _Ic_t.cd p_.rnonncl.

9,3, CIm,lmlil,ility wilh ()l|,_r l|c_.hdi_,rm l..I l_r_l_

In promul_tlon oi"l,'c_Icralnol_c cmi_olor_ re_d_tloncJ, c_rc _dmuld be
_kcn to _cl_ct me.surely:hi me_hodoloF_, r_ttlt_ ochcmcIl, ].td)el.ingpraatlccn,

ctc., which complcmcr_t, to ,.ho 6I'ct_t;c_cxLcnC l)r_ctlc_l)ic, oghcr rc_ulrttlon_
mid ne._.d_. For exit.pie:

P.



o ]".vcn if' lubclis£r, ycqulrcmuntu eiA]l I'or IL sln_Ic-numbur (or

lettol'_ ok coloz') rtltlng _chemt', it iillght be _ppl'oi_rb_tu

fol" l_bels on _nduL_t_lal l[ii1chln_ry to itlcludu oettLve-|)imd

dtLta flo the pLll'chaIIeF can s_lect _Ln(ldesign to lllCet Oceupt_-

tloI_Ll S_fety tlnd lletLlth AdmlnlstrI_tlon (OSIIA) regult_tlons.

(While eu_'rent OSIIA *'u_tLtlonu oP occup_tlomLl nolse _Xl_O-

_u'e _r_ exp1"_s_ed in terms of A-weighted levels, spectrltl

InlbrmtLtlon Is of'ten n_uded fol" en_Jneel'in_ de:_i_n purl_ose_.)

o _IIl_ilin'l_', slnce Intln.yloct_l ZOnll]g o_dlntlncell i_l'ew:'Itte_ in

tul_i_s of oet_iv_ bu/ld solJnd pressu_ luvel[_ t_t th_ pl'opel'ty lille,

it Inl_)*t be t_pproprl_te for the noise labels on outdoo*" cquip-

inent to provide uufflclcnt dtita to pcl'mlt prediction of

pvopcl'ty-lln_ octavc.-btmd sound levels.

o Fcdert%l product noloe c/_[ss_on sttnldt_1'du fl|lotLld,wherever

poIlslblu, utilize l_ci_sure_.nt methodology whlch Itl equivt_lent

to, or eomp(_t_blu w_th, I]tatu and loct_l operating reg.lllt_tlons

_0 t% l_llFchaller can dctel'illint*, the eond|tionl_ undcl" which he

will _e Ilble to opel'ate s dcvlce in t_ given locallty.

Mtkny othcP c_t_mplcs could be cited. Tile _mJo_' point is to carefully co_sldeP

tkll prob_1)Ic uses of _ class of p_oducts and tllcn utl'ueturc the mct%uurcmcnt

t_nd l't_i[]/_ mcthodolo_J :_o t_s to provide till ;_ucll _nfor_lIltlon tu; pl't_cticl_l in tt

foFm to meet the pu_c|Itulcr's manifold rcquil'cments.

21_
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10. ]|ccomluended Oln!ratiollal l'n._t_dure fiJr Gencnilin_ Measurement

Mclh(nlologic_ flw Specific Pr,nhu't Cla..c.

']_1(_ l'P_col[_nd(_d procedure for the efficient and timely generl_tlon of

meauurcmcnt methodologies for _peciflc product classc_ is depicted in Fi(.ure
2.

Once a specific product clan_ Ires been |dent|fled as _ major noise
IIOUrC_t th(_Envlronmcntal Protection A_ency, or its deulgnatud contractor_

woltld forl_ I_slni_ll,id hoc tiLsk _,ronp to provide key input dicta for the needed
[_{_;ISUI'_I_lltI_(_thodolo_rb'. 'i_li,__roup Wo[tld ]_cl_d_ as l_minimum,

rcprescntatlves of ti_e Environmental Protection Ardency, independent acoustlctd
Co_fl_ItI_tn_ _llfacturcrs ,_nd_ wilcrc i_pproprii_tc_ llilu_fllind rcprese_ti_tivull

of other L_vcrnmcnt t_6_nclcs _t tile Federal, sttd:c and lees] level. Careful
||elect|ellOf ttulk group ill,inborn would cn_11rc t_l_ro/uillpectruInof expertise

ineludlnE: detailed familiarity with the product c{_teEory, its dc_lgn and

oper_tlon_ knowledge of quality control and product testlng_ expertise in
acouatlc_; and _ _amillarlty wltI_ tim rcgu/atory process.

FollowinE formulation of the tusk group, meetings would bc held to
d_termlne the cxlstencc _nd rclcv(_nce of dttt¢_b{_sctland mc_mrcmcnt prGct_duren

t_ppropriate to the specific product elan_ in question. Tin'co pouuibtlitleu
eXltlt: (i) a data bauc and/or measurement procedure cxlstu a.d is relevant.

(2) I_(l_ta baue t_rld/ormeanurcnmnt procedure exiutu but is not relevant, and

(3) I_d(_tI_halle and/or laeasurcment procedure docll not cxlut,

If ti*ettulk gl_up dctcrmlncn tlmt the cxiiltlng mc{_surenlcrltproccdtmc and
t%ttend_*ntdt_t_%btu_c t%rc rclev_nt then ti_c Eroup would rceo_m_cnd to ErA tlmt _&

pro_ttm be conducted to wt_lld_ttetl_c dater base au to itIl (tccurt_ey Ilnd
templet en_s_,

On tile oti_cr imnd, if ti,c ttulk _ro_* l) dctcrmlncll th{_t dt_tt_ l)sI_e{*and
m_u%iremcnt procedorc_* either do not exist or i_rc not relevant tilen tile group
would recommend to ErA _|mt an extensive In_cIltigative pro_.rom be tend%lobed to

evaluate, t*itcrn_&tivcmetunlrcmcnt procedures and to @stttblitdl tile needed d_%t_&

bl*n_, Such t_n _nYe/Itigatlve progrt|m would Include t_ystcm_tlc vnrlt_tlon of
_oure_ operatln_ procedures, nourec lolullnK_ tout nlte elmracterltltlcs,

mieropllonc loet&tlon:_and _couutlc mc(ulurcment pFoce.dIweIl.

Following completion of tl*c Investl6t_bive t_nd/or vnlidatlon progrt_ms, tile
tssk Eroup would recon_inc /_nd evI_lui&tethe rcn_tlts. On the bI_:linof these
r_mllttl, they wo%*l(Iprepare an outline for a (h'I_ftmeaSlll,cmcnt Incthodology.

i'TPA,or it. designated oontrt_ctol', wottld tile||prcpflre t_ draft mct%tlurement

m_thodolog_ which would bc clreult_ted to t_llmembers of tile ttuik group ttnd to
a number of affected p_l.tic/*for co_cnt.

0ncc tb_ drz_ft m_tllodolo_ ht_dbeen eolnplctcd, the ta;Ik _ro_p wo_dd

reco_men_ to ErA t_ li|_t of :lclectcd indilstry rcprcscntntIvcu wi*o tlhould bc
_skc(l to carry o*lt mct_uure_:nbs in _ecord{_nec with tile draft flt_uldard. Hot
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only wmtld %|lls vallda£e the mc_l_Jurc*ncntmethodology, but it wotuld l_l_o dlrcct

_cntlol_ to key problcln areas and obt_in d_tiL in _uI_porl.of siInpl1_'Icd

In_t&_ %II'ClI]ICII_pl_OC C(]UI_CU o

At %h{: I_l_ tII_ej re2_r'e_ntILtlvcs _'i"oln EPAj oi" _t_ _]_1_nat_i| contractol'i

I_ho_Lldvlult a l'upl'_lJent_tlv_number o_'inantafacturer_ or u_'s of _he m_Jor

nol_l_ IJom'ce _n qt_e_t:[on_o: (i) obu_rvc _hc uuc of the dr_Lft m_t_ru_ent
_thodologJ, (o) to dlucus_ use cond_tlon_, op_z'_tln_ proccd_n'c_, r_nd i,c_-
m'ement procedureu_ llnc!(3) 11' neceIl_l_'y, to conduct sl_pplcmcnt_]
mCIL_ %il'_ll]_21]t_,

lJt_llz_nt__nform_t_on _iL_ned v1_ t_ _Ll_ovcprocedureu, I_ final m,:IL_ur_-

men_ methodology', w_t|l _upportlnF. doetlm_nt_tlon_ would bc p_-ep_Lr_dfo_"cinch of
the c_ndldiL_e m_LJor no1_ _ourc_s. _b the _'_.ateI_tuxt_nt fcIlnlhlc, th_ flni_l

_e._uuremcIlt_c_ho_lolo_, _lloI_iddraw upon, and b_ con_:[_ent w:[th, e_iIIt_n_ and
_ol_d ¥olunt_try i,_iLsurcmvn_ i_t_ndf_rd_,
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PART II CONTENTS OF MEASUREMENT STANDARDS

Pnr_ ZI of tlll_ Feport eneomput;ses _he :lubject ttlttttcl* of Illcnllnl'utllun_

ii_tnldt_rd_ _o_ ugu In conjunction with noizo emfz_;lon '_tandardz to be

protaul£ated by the U, S. Environmental Protection _Ecncy. Pin% IX 1_

daai_ncd air t_ chccklit_t for the cvtthuttion of the suitability of a heine

_/l_lli*_tent _tlndnl'd l'of tl ptll*_eUl/ll' eltlsfl oP _31"odt_¢ttI o1', _ th_ tlbt3unee oi"

tl tJulttible o_anda_d, an a fral/ie_ork for development of one, The intent t_t to

hlcntil_ rind dltlclnlu tho_e factorn which can Dnpnct on the accuracy_

prcclnion, I_Ild applicability of heine mciulurcments.

Ptirt II :[_ /Itructured uimilarly to _ nlcatnu_cmc.nt nt/Jndtt_-d. Each of

zcctionn 12 through l_ containzl information rclcv/mt to n numbc_" o1" different

%_|1c_ of _lc_t_lll'eli_cn_ pl'oecnneB -- _,_,, mcuau_-cmc_ta of aouttcl power anti tlound

prC/lllllr_i l_/iBtlrc_n_n lntldo in nllCChoic_ llt!llll-I|llcohoiqt l'eVCl'bVl'tlnt, ttnd

$]_gll-l_/!I_b_r/lllt _p,lccll; iiic/l/itll,C, lll_nt_ lazide outdoorl] nnd _lldOOrll; l_CllHUl'elH_ntll

I_t(le trader laboratory and in tlttn conditiono; mcettlurcmcntt_ of overall
wclgl_tcd _onnd level (tlld of nonlld prcanurc lcvcl_ In frequency banda; ctc,
Obvlout_ly_ _tnah of thin rattcrial _111 not bc appropriate for any given

At the b¢ginning or eticli l_ctton, the l_t_jor fl_ctol.il to bc {_ddrclluod tire

outline_, 'ihe remainder o£ the t_ectlon pruncntz technical _upport m_terlttl

necdcll to £aeilltttt¢ an appropt'lntv choice between alternative optiomt.

Info:vaation in given 11_ to thu type rind ttt::e ot errora whtcl_ may retmlt from

di£f_l'_n% I_la_ll/tbl_ cl_l_:_u, tl'h_tlt_ d/tt(I ttl_ not intended to be cnmpr_hcnntve
or doflnlti_c, but merely illustri_tlve,

Part; I_ ha. been wplttcn with the atnlumpHon that it will bc tlued by

l_copl_ trttincd in the pl_t/:ic_tl ucicncc:_, Accordingly, h(t:lle cnne(,_

tevm_ a_ used without (leflnlt_on or dl!!cl!z!!llon.



11. |'url.l,_c and Applicability

• Every .I,:aalo'cmcnt _lt,vldard Mmzdd llnwh_d,' at: _nt.vo(h_et_oll id_mtiJ_/in.q
(1) tile fD,ozq_ that pvcp, n,cd the _lLmdm,,l. (2) the review proaess u_ed

for approval of the otan([zrd, co_d (,7) a clear IItate.;e)lt of the
ne_atimiI:h[p of Uh _Itandard wlth oth_u, iItandard_l.

• The ocope of th("mcail_(rement i_tmi3ard _lJlolddbe a co,lciiIeab_Jtraet of
its eolztc_ituand flholdd clearly dt_lin,'atdwhat /'a and what ia not
ooVered b9 tile t_tandard.

• The imrpom; of tile .leasz_rement _ltandard ohozdd make aZcar the rca_onfl
for etl¢abZishl'ng the _)tatldm.d.

Extuting otmvlardized definitions Mzoldd be I_tiZtzed; tho(le tez_ml vttaZ

to th(; mcaom.cment otandard which have opee_aZ tcehmlea_ mcamlng o1" m'c
_alique to a 9iven Dld.otr!l _,cqui2,e definition.

a AI,Z publieatiomJ noted in the meaiim.,m_elLt_tandard oholdd be li,_ted in
a _parate "Reference{l" ecotion.

• '_lerc 4_holdd be a _ear atatement oJ" tileaeoiiiItieal quaati_ff to bc
tt;caaz_r6d, _.fl.* aolol_ pz.ceolt_.t? o_, nounal power.

'_haratyde of applieabi?.it_d oholdd be elearZff _tatvd iI_ the mcaol_r('mcnt
iltandard (i.e., the typcl_ oj" noiac eom,ctm (na_a,e and illn_ of aol_rae)

and t!lpel_ of holm: h_tcady and non-_tcady; pcvfodie, apcrtlod_e_ z_ndom)
/br which it ia appZieable) and ffz,idane,; ahozd, d be prvvfdcd aa to the

asa;_r_ol!and p_.eolt_ionIohieh can be obtat_ncd .tilini_ _he tltandard.

ll.l. lilt r_l.cli.ll

]'_vcr_ _l_{_ttl_l'_m(_i_ istl_ndttl'd should ilic_u(l_ t_ll i/ltl'Od_l_,_Ol_ or _oreword

ittentifyin_ tile _roup _lmt prcp.r.d the atandt_rd, including, or6ttnizationn
o£_ici{_l_ _c_rcflelL_cd or, tht_% grolip_ .nd {In indteatiolh e_q)iLcltly or "by
re£ercne_, of tile review _roeen. uaed for _91wow_l of _he _lt{u_dard, If tile

t_ttx_dal'¢l _epl_ccn_ ;lupplc_I_tl)_ or co_l)],cnl_n_ll ollc or _0_ otht:r fitl_dt_rdg_
th{_t _fllmtht be m_de clear.

11.2. fi_l_e and P.q.me

'I%o t_eoI,c ol' tt t_tt_nde_rd ahould _e _ clear It,d eoneiae abatr_ct of i't,a
Co_n_fl. _t, flhOu].dclt:l_r_ dellnet_te wht_ ill tt_d wh_ Ill not covel'_d ];_

the n%andtxrd -- for examp]._, clmmtm o£ i)roduegtt to be lncludea, typen or

$_c Imrponc of tileutemdard nhould be _rlefly at{_ted _o tul to r_ke

_qce al_o _ecttonll ll.I; and i1.5.
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11,3, l)t4iuitimm ..d lh, l+rn'nrr.

_cference t]hotlld be m+idc to cxJtztin_ internationally oi" nationally

Peco[_nlzed definltlons WILl'PC' appl]cab]c. Unusual ttPrlrlnot' Inett'duretnt]nt,

abbI+evlatlogn, and oyt.lbolt+xlmcd _tn th(-'nttmdttrd t+hould ttlso b(! defined. It
In recol+mtendcd tht_t tile ]nterntd:ionnl System of' UnJtu (SI) be used
throu_holtt the _t_nda]'d and that cqu_vtt2ent wtluuL; ux[.Fesscd in cu.3tola£tl'y
U. S. unlt_ alien be included when fallure to do t_o would Jlltct'l'_rew_th

effect.lYe comIunictLtiono. In the cauc of hc_ qultntitic:i, c.g.. (llsttLt+ce

Prowl t]l_ nOtJPCC to tk |nieropl3o_, it lilly be d_sJylkblu to _v_ the nun]ul'_c_il

w+lue in the text in both SI and U. S. eustotmn'y u_Itn. Fol'other

qtnXlltiti_ll, it Inay ]J_ pPcfePtLble to l-ePcl" to eonvcz'uion Pttctor_ _r£ the

"DeflnJtlonl_" _cctio_. ],_or ftu-th.,r _ui(|t_nce, thu rettdct' lu l'C_'_J'r(2d tO

[]-3]",

All publieatlon+ r_fcrr_d to throughotlt the utanO2xl.duhould be ll_ted
Jn {1 _cpaF_tc "RcfePcnccu" unction, _Jach reference tdlo_id bc _p-to+dute ttnd

=_houlttInclude +all information rc_U_rcd Pot cletkP ttnd unlm_b_uotlu

Idcntlflct_tlon nf the rt;fercnce. In rcl'crcnelng othcl' utt_ndaPdn, tile full

title of th_ document, i_t_ deulgn+ttion (al+d d_tc of Isnuc, if thl_ i_ no_
p(+rt of the del}J_,nlxtlon)and the name txnd addrc_I+ of _hc io.dui_

or_anim_tionnhonlrl he _ivcn, If t_otttnd/trd hau mo+'c th.n one OffIclt_
deal6nt_tion ((?.g., an Americtm Society POP Pfcll_in_ lind _4(_teri_:] t]tand.rd

which ham betrn .dop_e_ .l_ .n American ++atlona_ _t_nd+trd), till ]inown
dmnit.m_tionr+ _hould be ln_ltld_d Jn the rcfcl'ence, It nhollld I_e _:+ttlc qlllt_

cle/_ wh_tlleP the intention i_ to r_Pcre[icc only It pttrtlcttlt_P _:]+_e of

Ot_ndc%Pd O1" whether, if I_ t+tttndru'dwhich in Pc_'uPmncP{1 Ill ll+._+_t' rcvlncd, tile
lltt._t revision In intended. If reference i0 to part of tile document only+

theft _ILrt ilhon_d _)e /t¢|_qlltLtol_" _d_nLiPied l]o t]l/kt in t% l/tier 1,_vll_Oll %)1_

pertinent mI_%criltlcan bc identified.

+J_lrOtl_lOlit t]l_ t_xt+ thc i'ollow_n_', /t_revitktcd rcPcpcnco form:+ m+_y be
tl_Cfl:

_tlint|/xrd_ --- t|l_ l]ltm_. Of th_ l_;£n/_ll_ organization and th¢_ de.ig-
_qmtion Of tile dO_llhl_/lt (_*_, , Amcl.Jcan Iltxtional _tandard
,_i.13-+1971)

_A%W;I l CO(_/], l%llf_ Ort_lnlkn_cll ---- t_t_e ttnd ntll_l_cP

O?.hr_rpubllcutlon_ -- tllcltem,y be ;+_ltlpl_referenced by number, l)y
¢%tlthor /:nd yC[tP l _ootnote(l I or tIl@ complete rcfcPe_c_ _Ivcn

in the, text•

11,4, AI:..nlIP.I Q.m.tiltem h) Im l_lelln.rrd

O_d_r "_]cope Iknd lhlrp06c_" there +lllotll(I be t_ nle_tr uttttement of tile

neountlc_l quantl_y Which in to be mettr]u]'cd -- ;loutld prct]tJnret+ at one or
mote p_rttcttln_ loct_tionn_ tot{tl ,ound power, or .ound power phi+ direct=

I Jvlty. If n freqUeney-wciBhged quan_l%y (e.g., A-wel6htcd t_ound pret_Iluecor
"Flgl_c. in |)rackets indicate the llt_ratur_, ref_rcnct_ tit the end o|'
P_rt If.



po_er level) is to be mc_tsurcd, thls should b_ so indlcatcd. Usua].3y thi:;
will _11_iplybc stated in very brief forln without nccd for Justification.

However, l)cc[ttlscOf the prcvailin_ _tr_iimenLs _iito what quant.lty is _lost
appropriate, _ discussion is presented below.

Noise r_till_.u_Lre derivc_d from tteo_tlc_tl me_t_urcI_lentsWhich fltll into

two _oupu :

o ]']ffccti_c (root-JIlc_n-_qultre)_or InstltQti_neous, sound pre[istn'elevel

o Sotmd power level, plus directlvity if de|fired.

Som_ ttcousticittnn tire quite adammnt in their preference for expressing noiuc
rlttingu in terms of sou[ld Dowel' rather thttn sound pressure -- or VIce _erua.

_Inc_ sound power Io [Lln_st Ltlways Computed from Ine/tsllrud'3ound pressures, it
Illdlfflettlt to itr6uc that sound Dower is inherently superior to prclnlurc.

Howevcl-. t|icuound pressure resultln d from a /_Ivcn uourcc Is strongly
depI!ndcnt upon tilepoint .at which the ]ncasurcment lu mlide and can depend upon
the environment in whielt botll the sottrce I_lldti*emciLsurlnE n;Icrophone tire

located. So%and power level Is Itincauurc of tiletotal ilound Dower r_tdilttedby
the source in till direct|one and dlrcctlvlty 10 itmclimtre of the opettiltl
llltcnslty diotrihtitlon. Sound power and directlvity are bn.lcltlly

chttrltctcristlcu of the noise _onrcc _tnd ilencc donor nccd to be :*llcclfiedin
terms of any pttrtlc_tlitrmcltaure_ant dlstt_nee (other than tllIitmcaliurcmcntll

n|lot_d hc _tdc in tile fttr field). Sound power in let,s dependent on tile

cnYironmcnt in which the uourcc ill located thltn ill sound pressure. ||swayer.
both the rltd/tttcdsound power and tl*c dircetlvlty {trc Influenced by nearby

reflecting _t:rfi%ee_.i]uch |el floors _tnd wallfl. In c_elosed I_pltcel_, the tlound
power unnltlly ill Icon affected by tllc environment than illtl]c _ou_d pl'Cns_re
_ttdluT,nnccIl f_trenough sway from the :louree to llc in tl_crevcrbci.Itnt field.

As wni_mcntloned ::hove, the sound Dowel' n:illallymuiit bc computed from

llo_mdprc.;lllrt."meltmlrcln_ntll. '_II:_in ttceompliIlhed alto|flylind itcctlrtttclyin

two lind|tins ca:_el_: (i) in the region of It free field beyond the ncltr field,
and (2) in a rcvcrburIlnt, (diffu:le) sound flcld. In :Inch flcldl) the sound
po1_cr clt_ be e_tlet:it_tcdfrom the mcnn-lltiultretlound pressure, avcrt_f_cdover Its

:i_proprlt%te nllPfnec cnclo_in S thn :lourcc (free field) or _%verI_gcdover the
¥ohlmc of the. rood (reverberant flcld). Clone appro_Iinlttion_ to frcc-fleld
c0_dltionn can be Itehicv_d in ttncchoie chttmbcrIl,ilcmi-anechole chltmbcrl]

(i,C., free flcld over n reflecting plane), or ontdoorl_. Approxl_ttcly
dlffus_ i_ound fields eltn be shin|ned in ]itrS_, hfn,d-w_llcd rcverllcrat_on

c|lamber:_, To detel_nlne t]Icdirectivlty of tile l*ourcc, an ct_entiltlly
f_¢Ic-fle.]dcantonment must be nscd.

_ten ocouI_tlc{tl d_ttltare e_]_rc[Iscd in term|* of sound power, one .ilould
|}_able to I_e¢:t:m_thmt; 'tile datlt corrc_ipond to the flip flcld itround tile

source _tndthat tile|found Dower II_balled on I,eltotlrcmentllat ¢t_lufflcicnt
5



llUlilber of itn_ular po.qltiowJ to Iltunple adequately tile l'lcld ill nil

dll'_etionll oF by /Lclequ[ttoly llanlpllll_ it revul'bcl'allt I'luld. Thll_ olin cttn
hav_ tt fair de_ruc of confidence in ut;tng tile sound power to pre,,lict _ound

lll'_ure /tt _ p_rticulltl" loc_ttloll in tt pltrtlculltr env_ronlnunt. _f on tile

oth_ hlLlld D _COUSttcttl dttttl are exp_'e'Js_d _n tul'l_:l of _on_d _rc:l_urc, thc_c
dltt_t uhould be IIccofIlI_ltnll_(l with sufficient inl'oz-lrllttion re_ardln_ th,_
• easul'cl_cnt loclttio_ and tezlt unvll'onl_unt to entLbl_ nile to l_rer tile extent

to which the dlttlt m_y be n_ed to pl'udlct solnld pruslnlrc tit otheP locntJons

a_d In othe_ cnVll'ol_nlenttl. Co_lpltru tile followlnF, stfltclllentsl

The A-wl.'igh_ed tottd aotmd l_ower ]eve] of the machine wa_ fotmd to bc
93 _1 re 1 pW,

_/'Ile A-wet£hted jlOll!!d Dl'ennure lc_vel of the IlIaclllnol when rulltin 6 on
ll_rd l'el'lcctln_ pl_nc, wall found to be 69 dB l'e 20 uPtI lit a location 7

_txlu Of the maehlnc, tit a Imlght of l. Sm above the :u_pportlng plane,
NO o_Iler r_lectiIl_ _ul'l'ttge_ were wlthln 50m of the mltehtne. Tenta
ca_abll_hcd that the mcaIlurcmcnt locaclon was in the far /'fold and

locntlon due to pllIulecancellntlon between _he sl6nal reflected fz'o_
the _upportlng plnnc and tile direct _lgnnl.

_0to that th¢_ remtltu of aonnd power deter|alnatlonI_ can be utated quite
lll_ply nl_cc measurement locution need not bc _peclfle.l. A _iinte/acnt

1,cgardin_ local vnrlaLlonu in Iloilnd pl'ell_tll'e dtlc to phttsc cancellation
fre_llcntly wotlld not bc _tde btltni_n be qultc Import_mt (zlce_cc. 15). In

th_ eaue of tllc :ltatement of neuralprcsuurc level, there h_ no lnformtttlon
nbollt _otl_d prcflllur{: _n othcz" dll'CCtlon_. ,qound X}OWCP(letcl'_i_lttlon
n_lllt_l_ ycqnir_ I_cn_Jl/Pcmcnt Of lloIIlld preterite l,:velIlnt It n_mbcr of

microphone ioe_r,ionIl. Directivlty infor_ttion _#ay be nvttilnble if dc:_ircd
(_rovld_d, of cournc, tile meam_rcm¢_nt'_ were made under free-flcld

condltionn). Some of tim ar_umcnt_l in fttvof of cxpl.c_tl_n_ nolsc cmilmlon
Illterms of /_ound power hltvc been In_mmltrlzcd by Lang and Flynn[hl.

In upitc of the above cndor0emcnt_ hound power Is frequently not tile

s_proprlntc qn,tntlty to use for hattie ratln_II_. A_ llI_Ittcd ItboVc, tlolnld
}_OWCp l'cqnlPc[_ I_ctttltlrC_entll in the fttl, flt, ld o_ the nottl'Pc In tt
w_,ll-deflncd ncou.tlc cnvlronment, The c_tcnt of the far flcJd of

practlcal /lOtll'CCsttf,tiny _ivcn frequency I_ not ttccnPntcly known. For {_

I_o_rc_ who_ rc_diRtlnF, _uyfttc_ Iit_ it repl'ctl¢:nt#tttvc dtmc_lllon_ _ tile ncttl"
field Is Itpproxlm_ttely clrcumncl'Ibcd by tile dl_tnnceu 2tt"/A or 2n,

which_veP i_ lar/_cY, llcre _ I, the "dyn,mlc" dimension of the tlol|rev,
wl|i_.hmay vary coni,Idcrnbly with frequency lind can be eutlm,xtcd
con,crvutlwly to be cqnnl to the maximum _ouree dlmenslon, and A In tile



wLtyL;!len_.th co]'ruL;|#r)lldin_ tel the fri:qtlt:ney o[' operlttion. [;Olllltt.illlet3 [t 1[i [Llllo
rccl_Ml,endud thltt rnult_tlr_!M_rlt:; bc Iilltll_ _tt ll_n_;t one wftvt_lcrl(_th Itwity froi_ the
_cIIPce. ll' Ill_/t'Jt_ruI1_'iit:; itru Ill(_dc wJt}l the _ol|rc_ loc[tt_d ltn e_'l'ect[vc

d_tance, )1t Itbovf." it i't_fluctin_ p_ftne_ l[leltsllI'_MIqlt_ .qhol_ld be l_ltd_ lit Lt
distance away of l_t least Idl, 'file][Init_ttic_nto dhltancet_ greater thlm 21t2/I
tends to be the Inost ucrlous one. At a frequency of 10 klh:, for inatunce,

the wuvelength, X_ In only ,0311m. As_umlng a source dimenslon of u = O.Sm,

tlm me_nmrlng dlutanee must be ut lea_tolSm. For re_Ll sources, the situation
• iwould rarely bc tm bad us ills. _I e 2_ /X ]laitatlon lu bul d on t lource

for which all points radicle coherently. In many products, there are a

number of individual soureezl, u large number of vibz'_ttional modes are
excited, there may b_ aerodynumieully-gcnerated random nolue, and the source
bchltves more like an cnse;able of mnull incoherent sources -- in such a c_u_c,

the I'ur field may begin very close to the source even ut higher £requencicu°

l_ecent Inveatl6tttiona[5-7] hIwc demonstrated thut Im _tceurrltcdctcrmlnlttion
of the Imund power cI_[tted muy be derived from sound pressure measurements

which ere In,de quite close, uay, one )octet) to the machine whose noise
emission l_ bein6 men_urcd. The va/ldity o£ one-meter meum_ren_ent_ hun been
confirmed for all of the sourcclJ studied that emitted brood-band nolue

without prominent discrete tone_[5-7]. If tmch clo_e-in mei_nurementn ylcld

mzfI'Iciently i_ccurat_ roe|Its, um_tller te_t fncilitieu m(_{be u_led _nd
_unbient nol_ requirements ml%y he relnxud.

Whether or not it tu possible to midge aecurltte _lound power determina-
tion., there lu'e inst_nceu where it in diIltinctly preferld|le to eh.rueterize

or l'_%e g_i_chi_cryi_ ter_'d of IIoIl_dpre_Inlr_. One of tho _oIlt corm_o_ of such
sltI_ttien, illwhen the noine ratlnN relutei| to nn operator location, If the

oper_ttor _t_y# {_t a pI_rtieulr_r loclttlon, the hound preulmre level at the
po_itlon of hl'_hend ill the most useful qu.ntlty to melulure. £_ the operator

move_ _tround in hOme known tu'c_t near to the machine, a nI_ttinl averr_gc of
.send icvel_l over llke]y operi_tor loeI|tlonu (e.£., _ path _round the machine

at ertrlevel i_nd _u_'u length from the m.chlne) iu approprl_te. In aome
c_Ile_ w|ler_ It_op_rlttor wol'k[lneltr one of a iftr_,e_IiI_cml)IIt_eof _it_hi_el_ it
_y be neccln.u'y to know the clo_e-in (operator poilitiona) _mund premmre for
his muchin_ told, in .ddition, uound power of the other maehinc_ in order to

provide Ilufflclcnt dltt_tto predict the tot_l noise level _t the operator
po.lt toni| •

On_ r_y be priI_u'lly concerned with the noii*e radlnted in _ p_tr_icular

direction ilothat tot_ul .ound power inform,ilion Ii_ not needed. N_tor vehicle
noi_e rating_, for ex_mple, m_kw not require totul _ound power inPorm_tlon,

but only the imund prcilm_re radiated to nelu'by co_unitie:l. O_ m_Jor concern
in the noi,_ rt_dlmted to the I_Ide of the vehicle, while noi_Ic rltdilttedto the
front, h|tck_ .n_ top i. of much icsn concern ttnd m_ v be dlrficult to mcu_|ure

for tt _0¥10_; SolIrcQ. #l_lUll noted prcullurc lit It far-field lJldelinc po,ition J,

a losical mclulurcm_nt which r_,late, dlrcctly to the noise level_ in
communities.

_ound pl'_ur_ in the preferred qu_tntlty for nourceIl_ Iluch _u) flrcurmn,

which produc_ impululve nol_m, llere the innt.ntuncou, sound preunure t_nd it.

1



thnc hinbory urn rcquh'ml in order to c!h_Lrz_ctol'i:;e ndequately the :lound _tnd
_Luscou the potent_ul noil_e hazr_rd.

In Ecncr_l, sound pres_;ure is npproprlate t_' the llctencr location is
well defined, the tvani1miu_lion to the li_tc.ner do_:_ not differ much mnonc,

typical e_pplJeations, and. if it i:l dcl_Jrcd to extl'apol(_te the data to othel'
loc_tions, typicul applications arc _Jl*_l_ U_S to pc*nnlt this to be done with

(_dcqu_te confidence. _]o_lnd powe_ is ii_u[_lly mol'(_ z_pproprie_tc _' inforlll_tion
iEl n_cdcd to pFcdict uound pressure In _ v;_r_cty of environments which
utEniflcantly effect the r_ultant oound pre_su_'cs. All other thin_ bcin_

equals llollnd power data i_r_ pref_r_'cd for Innch/nu_ which _rc sl_l_ll _noug.h to
be te_ted under luborntory c_nditions_ if directivlty iu _ uisnlficant

fl_ctor_ howcvel', revcl'bcl'_tioo rooIn i_clLoul'c;_ts o1' _ound powul' would not bc
uppropr_tc ninon no dircctivlty inforr_tion can be obtained.

11.,5. A p|,lk'.bility

u. 'i_pec of I|ci:le

_le meauure]ncnt utlmdard uhould clearly ut_xte the types of noi[_e for
which it iu applic_tble, '1_i:_ i_ importnnt since solon laeamlretr,ent

proecduren are not at all appropriate for certain typeu of noiue. Tim
followln_ all.nuns|on of elauulfieation of no|tie by type in adopted from
American N_tional Stc_ndrwd Method. for the Meauurcment or Sound PreI_sure

Lcveln, SI.13"1971[ 8],

_Ic noi0e_ 1|uu_%llyencottntex'cd in pr_etice aFe cl_iolPied ns ste_dy or
nonntcttd_ noise.

(i) Ht_._dy Nott*cI, The level of a :ltc:i_dynoIIl_ rcm(_Inu euucntiall_
conntant (that In, flnctnation. |*re ncgliEibly um:%ll) divine the period of
oDuePvg_tlon. (See neeti0n 8.]t of [8] for _ diIleuuulon of obse_vntion
tlmcu). To tht ty_nlcal obglcrve_, _ clmnSe in noise Icvcl of le:):sthg_n one

d_elbel is not likely to be dctcct(_blc While n six decibel eh.[*Sc would bc
con,ldcred .lg;.lf!c_nt, I_' the l_ver.b_e heine level Ill rcl_tlvely conul;l_nt

b_t the npcntr_l di_trilmtion of the _o%*nd c|inn6es d_*r_i*6the pcrlod of
obtle_Y_tlon (nn dctcrmlncd by llotcnlns), the no|tie shI_ll be elnuniflcd |el

nell:st_..d_.

(_i) £{t;,,_d_Nolne Without Aud|l_]_ ])|negate 'I*oneu. T|l_n type of
noia¢ iN £re.q_';e,lt]? rcfe_;r'ed to i-_-tl'_ibrO'ltd-b.nd '' nolu---c_prominent
di_cr_t,c componentll and nnrrow-b_nlh_ of xnoiI_care abuent. The plot of

pF_,B_]ll_C_ n_(_otrnr_l 1(_%'c_ vcrnlnl fl'e_lll_llCy 10 "_.thol_t _l'onollnced

di_nontinuitie_.

(b) St_,_d_ !!oi,_!ewlt]! Audib]e |)_m:rl_t,e 'roni_n. Thill type of
noi_e hai_ compone;ltll_t one of more diuerete f_equencle;_ which ln_vc

si_llflcantly gre:_tcr llmplitll(|c:lthttIlt|lone of %|ic:%dJ(%eexltnpcntrl;in.
C],%l_,tcrnof ouch nolnponcn_s or nnr_ow-bsndll of noillc Inlaybe obllePved.S



The spectrum obtldncd with IL narrow-band arlrLly:_cr hlLu slmrp peaks
(prominent sin_lc-frcquuncy comp_n.:llt.q) or _Jtl_c:i_ t_.rzull_:nt:; (nl_rrow
b_Lnds of noiae).

(2) Itonntelldy Ill)the. The levi.1 of EL nonstcmly noh;c shirts ni_.nifi-

ctlnt]y during the period of observlLtion. Thin typr: of noise fully or inay not
conttlin audible di:icl'etc ton_s. 'i'ht. CllLlt_II flcatlon el' noIl_t(!ll(l_ noisc_
depcndll upon the period of oS[.Cl.vlLtion which must be defined for (_llch _ell:l-
llrelncnt.

(a) F]uctu[_tin_ IIoint_. Tile sound pressure h_'vcl vl_rics over a
_n6e grc_tcr thigh six decibels with the "slow" meter ¢ll_rt_ctcri[ltic
t_nd docll not equal tim _mbJent level more tl]_ii once durin_ the p_riod
of obBcrv_tion. Altcrnl_tivc]y_ tile noise lntty flucttll_tc between two Or

l_OYe _teL_d_ levels nix Or inert dcclbcl:l I_pl_rt when nlc_lnlrud witll tile
t_ftl_t I' meter ch[_l't_ctcri_tic of l_ _ound level Inutcr. Fl_etulLtion_ lllay
OCCUr bcc_ll_lc Of bc[Lts between two or more Iludiblc dlser(_tc tenon

lllLvin_ IIc_l'ly th_ nellie l'rcqucn_y.

(b) In_c_ittcnl_ fielding. 'i'hu so/lnd prcuslu'e level cquz_lu tile
_mbient level t_o or more time[_ during the period of ob_;crvl_tion. 'l_e

period of time durin_ which tim level of the noise rcml_in[I I_t Im

c_entilLlly con,ttLnt v_lue different from tll_t of the t_mbicnt iu of
the ordc_ of one _ccond or more.

(e) Impul!dve Ilol.c (}lu_':ittl).Impu]slve noise h,, brlcr
cxcu_iorm of _0und prc:l_ure (_eou_tic Impulnc:l) which nigniflclmtl_

_CC_ tll_ t_m_iCIl_ _ilvirOlli_ntril lloun_ pPctlnuFc. _1(_ dllrfktion 0_' I_
,Ingle impul,c in u[_ually le;ln tlmn one uecond. 'i_o m_bei_tegoylez of
impel,ire noii_c life:

l.olatml lhu'lltr_. One or more lnwstri occur during tll_ period
of oh_)crw_tlon. The envelope of the burst wavcform {m_ybe th(tt
of t% (Icci_?In_.trt_nnient o_ it mr*y be of enllcntit_lly constt_nt
I_lplitudc. fOP c_,mplc) _I tone burat. The burst :llmeint_ (tinlc

intcrvtll between Inn';ltll) ill nuch _h/Lt cinch |llll'll_ is individu_tlly
_lntingui;_hrfl)lc with t_ sound-level meter.

_u..i-,qtet_d2{Nn|I_, A train of two oy _orc bIlrtltSoccilr
during the period of obacrw_tion. Individurd buri*t_:ill the train
mi_y hr_vc eill._lor uncqllItlt_mplitudes t*nd tileburnt ;lpIIcin6(time

inbcl'Yi_lbetween burst.) mi_y bc t_nlforln or nonuniform. An tile
burst rcp_tltion rtItc incl,ctulen,tile l'euol_tlon of Individu,%l

burilt, b? Ii[found-level m_ter becomes difficult; the noi::u in
then clIiIIIlil'ledfillqImsi-n_elldy,

Ill :_pccil'_in8 the mc{_,urcmcnt of impul_)ive nell*e, it i. importtmt to

II_.very clear _%IIto I;h_qii_Liltityde;fired: l_cl_hiIl;it_iittLI;collIliloluld
pr_i_Ilrc Or p_k root-r_i_N-llqultl.c;ioulldpl'Cll_ill.U;czcrtlg_dover tt

nhortp _nd _pcniflcd. _vcrt_i_in_time.



Ex_ai_es oi' dilT(_'rcnttypes of noluu '_OUl.Cel;_trc given in Table 2.

'l_leiLco_llticcIlvlronlncnt bus i_sLror_g influence on the types of noi_i_

which elm b_ II_(tDurudt|Ii_'eill._cc_luI_oitrcvcrbcl-{Lnt_ or ilcmi-vcvurbcrltnL,

l'0oi__ctll to _vcr(t_c__ound pl.cs'Jurcsover tlmc_ Iil_'ormiltiollciLnnot;bu obt_i_u_l
co_cernln_ the uhort-turIil Lci_or(_l vuri_ttlon of iloise c_1_luloil. P_irLieulur
cauf_ion 10 _cc_ii_l_ry In rcveFbCl'_Rt rooln inci_su_cmclltsif th_ Xlo_c cmlttc(| by

the :iourcc conti_inu ui_nlfic_u_t discrete frequency and/or low frequcl_cy
coinl)oncilts(sue licctions 12.2 liI*d15).

All types of noiuc can b(} inc_surcd in (_n tmccholc oi>{_ccor L1h_iml-

anechoic ilpt_cu(i.e.. fl'cc fle]d condlbionn over Itrcflccbil_[_ plI_nc). In
conducting n_,a_urt.mcn_Iiover a l'cl'icctIil_pli_nc_ partic%11_r ctt_itloniI_ rc(lulrcd

if the noise cr_[tLcd by the uola'cc cont_iils :_i_nlfici_iltrill;cretefrcqucncy
components or if a i*urro_-bttnd frequency iti%(tlyslsill deslrc(l (oct _cctlons

I_.2. i_.6 _nd 15).

TI_bl e 2

I_xi*mplell of Sourc£,s of Different 'Pypell of I]oiIlc

S$1:I_d¥ l{onl_c_tdy

Witho_ Audible I"_//]_Lct*,'_in_

l]eltvytrttfflc (ncltrl)y)

Diilt_nt city PoundlJ_, Ii_rl'
W_tcrf:_ll

Ti_t_,rmlt t(,nt

With Al_dlbl_

dls_rete i_(}n_I_ Ail'c_£_ fly-over
At_tomobllc pi_ilnil*_,])y

Clrc%*l_ aaw TrI_.i_ptt_lulngby

_'r_I_ fox'met

Drop for6c |l(*l,mcr
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Dlft'er_,nt lypu_; oL" ilol_l_ _111_ l'¢}IlllIIq_(l[l'ft!l't'llt _'|I_:_Of ln!_trumentatlon

(l;e(_ _c(_tion [_). Accor_tlIigly _Lz:lultsnrci;_nt sl,iLndl_l'd mlll;t till] f0f s[Jt_clflc

instrumentutlon l_eri'orlluuleceharaetcrh;tics; t.hfd,standard wl]l EcneriLlly not
be _;ultab/e /'oz"tall types of noi_;e.

Dup_rtin_: now f!'olnthe elt_ll_Ificatlon of noise fly typE" ao l_iven in
American [hLtional StuniIi_rdSi.]3~1971, it is also useful to clnssiL'y noise as
being dutez'mlnistic or nondetermlnintic. Deturmlnistlc t:Ignal:lcan be

described lu_ a_, explicit function of tlme; nondeturmlnlstic si_:imls c_nnut.
l)cterlninistic si6nID-n _z'c perlodlc or lq_crlodic. Periodic sl_'na]I;repeat

themselves in their entirety over uon_ tlm_: IntcrWLl. Aperiodic nlgni_Is arc

every other type of detcrlalnlstlc signal. Nondctcrmlnlstic slt_nals, iLiim
referred to its random ui_l_r,_ II_y be descrlbcd statlstict_lly. 'nu:probability

function for tilne-w_rying Wave fol'ms indict_tc;sthe relative frequency of
occuz'rcncc of the various instanttmco_ VlLIIIcSof tile WILV(_for_l.

_}*e llccul'acywith which an aco_ntlcI_l :lignI_lcan be mclulured depends

upon, tullon_other thlnl_s, the rl_le time and the t_vcra({in_ time of the
mc:&nuru[ncnt system. 'lq_csi_,n_f_must bc "lookcd at" lon E unouEh fop the

instl-umcnt_tlon to respond and, in the clme of nondutcrmlnlntlc slgnaln, }oni{
enough to obti_in I_ sulttd_ic _vcrugc (ucc ucctlon 13).

b. I;aturc _md Size of Source

A noise mcasux'cmcnt nttmd*n.d should include an Indic,_tlon of tile type:_of
noII_c sourceI_ cncom!_nsned, Thief should include uuch factoi's l%n ntntlonn_'y or

mobile, uIze of SOl/Fee_ _llowI_ble opert_tlni_,eh_u'_&cterlstlcn, etc.

c. IIctmurc_.'mt Uncertainty

A moIIlc mcI_uurc_rant utnndI_rd Ifllouldprovide t_,uldi_nccas to the

mc.anurcm_,nt unc_rti_Inty which cnn lle toleri_tcd in cinchl'cd_Intory Illtu_tfon.
To have opel'litlonal r._nln_, the unccrti&inty of t_ incmnn.cd value _uut be given

rcl(_ti,lc to some act_u_lly I_chicvablc t_nd nlttlonnlly ncccptcd reference. 'it do
thlu, _ clcI_l"stt_temcnt of wht_t would contltltutc the nation_lly I_cceptcd I_nswcr

Ill receded. In l|ome cl_ucs references to att_ndnrds t%s m,_Intltlncd by :_ _ll_tlon_l
Iid)orntory im_y be _*fflclcnt_ in othur_l tllc reference m_y be t_ conncnnull of
many inbort_torlen.

'l_*eentre:st Intern_tionml Org_ll.".t_tionfor StI*ndt_rdiy.ntlon utnndi_rdI_z_nd

draft _tnnd_rdu for detcx_nlni_tlon of uound power cmlttcd by :ItI|tloni_l'yrloiIlc

flourccs mni_oclatc with cnch document[9-15] one of tilefollowing £1.1_demof
i_ccurncy: pr_.clnlo_, cnsinccrln_, nnd n_u'vcy, Within cinch docnmenh t_.
stiff.meant _uch an the Ibl]owlnz is mf_dc[ll_];

}4cnunrcmcntn Ira%deill conformity with this Internt_tiont_l fltlunli_rdti_odto

l'Cllultin st_n(l_i'd dcvi;_tlonflwhich are equI_l to or icsn thlm tho;Ic 61_cn
ill tld)ics ,qI_md 3. _.11e nttuldnrd d¢:vltltlons of tld_icu 2 nnd 3 tulle:at the

cmm%_Intlve effects of I_ii ci%n:icl_of mctLsurcn_.mt unccrti%Inty_ cxcludln6

vari.tionl| ill tile ooun(I power of the I]oln'ccfronl tent to Legit....



'l'ttble 2. [hlm_rtnlnt$ In d!_tr_l'IIllll]llt; :R_lllld_ Ilow(_l' ]_!w.I_i of' s_llr]d I;O/ll'e(NI
In itil(_C}lOlC 1"oo_;

Octave Band One-Third Octavt. Band t;l;ttll(lt_z.tl I)cvltttlon

Center FFe(l/IOIIc_u.q Ce_t(?l' l.'reqllt?[l(_l::; of I._ettll V_tlut_
II:: II;: (Ill

125 to 500 i00 to 630 1,0
lO00 to bOO0 800 to 5000 0.5

. 8000 6300 to io000 i.o

'i'_tble 3. UIleuPtttInt_ tn dqtq_l.lnlIlin_ _ollnd pcJw(!l" ]t!vuls of normal [loltrcuII
_13 Ii{!mt-ltnucholc l'OOlnIl

Oct/lye Band OBe-Tlll_d Octave iltmd Stttiidln*d Deviation

Center l.'l'e_uczletes Center l.'re(_ucr*cic:; of ble_n Value
liz llz db

125 to 500 i00 to 63o 1.5
i000 to lio00 800 to 5000 1.0

8000 6300tolo000 1.5

_l_llll p_rtienlltr eztinlple corl'espoll(ln to prcclllion i_ell_llF(_I_entl] in anechoic lind
|iemI-,rleelloleenwlronmcnts. Aniilo6_ol_}tal)letL (_I'eeontldned Ill tile other driil't
tltt_ndtLrds. 'l_l_tle doetl_llts aloo inelutlc dlocusllions of the llmJor cltuucn of
uneertaint_.

Whcn,Jvcr l_ollsible, _hc *ltandlLrd nllould upeelfy tile colnponcnts of vt_rlance
wllich _hollld enter into the lmcertttinty lltrt_elnent and the mettn:l for (lctermintn_

tt r_._liltl;lc limit to the offllct of the proceau from tile "neecptcd" l*roeL'sn lul

defined in tile ;ItnIldard. In addttlo[l, tile llt{tnd_tl.d (lllould spccil'_ the tyl_(: of
evidence ne_tlc{l to est{d)ll:lh that the m(uulurc_cntn arine, from tt mcrulul,ement

procc_ll wIllcll In ill t_ nt_tte of control (i.e.. llttu lu'cdlctld)lllty).

_f _ nolu(_ _e_ul(ttlon for a partielllttr c]lu;s of prothle_tl l'equlruu all
nol_c m_t,urcrmall_S to 1_- _%dc in ttceord_tnce with tile t}t_mc _lCttnul'cmcllt nt{uldnrd,

_n_ if thn _ntol.-labor_tol_ r_prodllclblllty If*excellent, th{tt mn_ lie

aeeept_blo even If t_ _ytltem{Itle btan l(I ilul]pccted ,inc(! tlmt bllt;I would Itffeet
all me_tlurcmentn _lm[ll_l'ly, On _llc other hltlld, ¢t incanlwem,:nt procclls mlgllg be

capable of producing rcllltlt_l that wol_ld ttgeragc out, over a verg lttl'6C numl)er

Of mcanur_mentn_ I;obe quite aecllrate but tileimpreclnlon could _c ,o l_rge ml
to be imneeep_ld)le. In generltl, and If I;ufl'Iclent knowledge (;xlntll,tt
_tlt_cmcnt /luch _t:] the lbllowing Ill_ttld be IIitttlc:

Ndc_at_raEl(rn_u _ld(: {tl con]bl_t_Tnoo l,l_t/; thi.'o tllcnldaud tend to l,(:tllcZt {n a
tltaltdal_ t:l'l_l' Of I _]B a*ld a tr*jtltt,mclt{o Ul,l_l, o]" riot t_ol,c, _]ldn +Y dll.mm

l'rovlde_Ithat neparatc tl_atemcntu of ir,_prccinion find nyntematlc error arc

I lneluclcd, it in aee_l)tnble to prel)ent _ {_tntement placing boundn on tile39



I]IILCCUpILCJIi.c. I the' tlVi:I'Itl]UIICl2rIIc[l_tyOf lhCfL:lqt'UdVI[IIIL:_;*]El }_I'tI_!FZL]_I,_IL:
bound_ IndJcilti[l_ the OVt_l':Li]IuIcu|'t/Llllty_;hoLlillllOt ilq_liIII_l_,ricltl]y le_;_ thILIl

th_ coP]'osiloIldln_ ll_undl;plIlccd oll thi_S'I_.;Lt::T_tlCerr'or olltwill'd]y[_dPeilse(Li)y
_L_l_ot thi'_ tl]nu_ the _t_LniIILl'del'Cot. ]"o_"_I_rTip]i_:

1.0 dB cllzd an a_lc,u(m_c oJ" +2.0 dB Jbl' I;i/llt,.':zll'c cr_'ol,.

ConsidurILblu care mtmt be tld:cn in suleetln 6 values for tile stltndm.d

error _nd systeimLtic error %lhleh are fLpp_'opriate for IlIle [_1 IX [;IUlk_l[ll*_'Ille_lt
st_ndt_rd. The atal_dt_rdel-rot shou/d tort.el;pondto the reproducibility lunon_ i_

number of Ii_bo|'c_tories,rather than the repeatabll[ty ill I_ given labop_tnry.
Slmilf_rly, tile allowu_lee 3"or systei_tle error :;houid corresI_nd to thi_t of Lllt:
_'IxSUl*_ITi_ntutI_ndKLrdIu; reI_llzed in IL_Iven laborlttory. Thlm, the '_tatumcnt

_ust pl'ior to this plzragri_ph should be Interpreted _ts incllci_tlng that, If' a
very l_tl'genuml)er of ]aborlkLories were to carry eel ir.ct_surelnentson a 61ven

noise solu'ue, t_pproximate]y 99_ or the ii_hor_tol*les would obtldn vnlues within

_+3 dB (corrcspol*dln£_,to 3 nttuldard errors) of tilemc_Ln of izll the values lind
th(Lt IP_[_n vILllI_ (IIUS_InI_ CliOtlf_h ll_bor{_torie:| p_u'ticJpr_ted I;o that tile ;nOah of
the w_luet] obtltlncd dhl not dIl'fcI"significantly from the tautenof _Ii infinite

pOptLl_tion of iI_borI_torietl)would not differ CrOl_lthe "true" value by more thrm

4_2 dB.

tleithez' tile lltt_nd/&rd error nor th¢_ nyste:_tlc error bound _tPc uas_ to
obti_In. Selection of appropriate valut!s nhould he cnrefully connldercd b_ the

group prep_rliIf_ the t*tandard. A worthy, but dtfl'lcl_lt _o_1 ttl to _ll)ecil_r the

te,t environment, tile I_ource-operI_tIIl6proccdureIl. _%nd the NeA&ourcrfurlttlIld
eI_libri_tlon proccdurc.i to mI_xindze both accuri_cy and pruclulon while lnlnlmlz.lng
the t:_lllu, difficulty, trodco:*t of conducting the tent.

All in t_ll, i_ is the "qui_lit_" of inenuureliluntnwhich Is _*t iulnlc. Thin

"q_n_lity" dependrl on ttvarlet_ of riveters includln_ the oper(_tor, _he _nviron-
merit, the item or qut:ntity being mct_llurcd, the instl,tmmil_, etc. Spcelflctttion
og Lllo ins_rura_..nti_tlon(e._., tr(&cenbillty, rc-ci_llbrlttlon Ilchcdt_le,etc..)

pr_rtiet_It_rlywhoa _hc 1'esttlts_rc done under the cxtrcii_clyl'est_Ictive con-

dftlon:l of I_ labort&tor_ Ni%y not _ive vtdld indlclttlonn of the performs:nee of
th_ instrument in routine u_lc. In rcg_l_tory Inel%nurc_nt. it in I)articl_lr_r]y
ImI_}rtan_ th:*t the fool|Ifbc on the coppcetncss or IndividuI_l inet_nIIremcntII,
b_c:I_u.eof the "crolin..examln_%tion" to which the _,-'a_uFemcnt wlll be n%dmiittcd

in legal proceedltl_:i. 'lllcdcci:|lon nil to the tulcqu_tcyof me(Inurement l;houhl
llotbe _l]owcd to depend i_olclM on pz,o/o_,;,I_tri_cet_blllty rcquircmcnLil rclId;in£_
to the llulentlflc cvidcncc which is needed to dctc_mlnc the unccrtI_intM of

melu_urelrant (:lee Appendix C).

l_o
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12. fieou.tie Enviromnem

o 'fhe inca.re,ernest otm_dm,d ldlo_dd ol_cci]_! and pvovT;dc .n'ita_v_;a for tIh:'
cPallwtt{on of tile aLlob):2blc teat cl*v{),ot_ncllt(n),c._., ,tlh'e]lo¢_o,

hen_-a_lcehvle (fl,c¢!-j'ioZd eve1, a 2,,!fZect.inj pZanc), vcll,_vbcraut wld i_L

e For rhone eaoea uln:re t,hc baekilvound no._ic Y,n ai,q £j'_emz_Z!i,but Zca_J

than 10 dl1 beZow the no£nc be£nl7 inealno,cd, tile meanhl,Cmo_l_ atandavd

ohou_d provide eorrcetion factors.

• 1710 rllcao.retrtcnt otandal,d tlhollZd inoZtido l,_'ntl*{o_ioAIn Oil CgtCl'lV'_.

factor# tall/oh can cq'fcet the 41olotd lll'olltnll'd _.(3I)t?Zat a partT_crnZav
IPoi_lt or the aeour_e_d of the Ph?tItIto,cl,te;_lt Of thtlt llolind pl.oOtIltl,o Zt2neZ.

AZZtnoabZe l,angtm of tctopcvatui,c, bal_tnct.r_a protlsnrc, hzanlch:t v arld
_irld eliot b)h'_oh moanto,emcnto maid be iilczdo all IJ_;_Z (in ro.tltl,ic;t_;onn o91
Oorti.eaZ arid horinontaZ (_Trole_d pZanc) v,:j'lce_:n,q m_rfaocra and

oovPeot_onn for the offeot:n ohougd be lineZndod tdhOl,dlJor potlLlibLe,

In Section 5.2. tt brief discussion was 8iron of tile el'feet of the

enviTonrnent on the noloe levels _l'oduced by varlo'd:l _ol_ree_. From this
d_u_nlliliOll it tlhollld be clear tlnt_ Ineaninsful Itlett_urements of noise

e_i_tllon 6ener(_lly elm be mnde only in Ixwell-ehztreictel'_zed acoustic
¢nvlroB_llt. Whenever tile noise source can be taoved rettdily into a lltb-

ortttory_ or other controlled _n_ll'on_cnt_ i_ i_ _Ollur&ll_ pre.,L'Cl'ttbleto
_ttk_ t_eout|tical meatntrc_cnttl there rttthur thttn to be a_b_t!ct to the
Ytl_tWlt:tl of ll{tttiru {tnd tile need to ch{traetcrize a flew &coutltic environment

every time tt tout ill ct_rricd ou_ tit u different location. Due to tile slzc

or mhility o£ n_trk_noi_m noureeo, however, it Is frequently ncceusury to
conthlct _nct_utlrel_cntu outdoors at It _[tr_lct_l&r te_ ,ditc or_, _ithcr otltdoor_

or indooru, i_n 2_i,tu

12.1. (;e.ernl I{_l,dre,t,enl_

Four _l_tlic tellL cnvlronmcntl] Frcqne_tly tire utled for acoutlLic&l
measurements:

Anne heine-- An tmechole (mt!nnln_ "wlt,hout cello") environment It_
tmnally obtttincd in tin indoor chttntbcr_ or roots, in which the wtLlltl, floor,
•n_ ceilinM e_ro tlpCelttlly tre_tted to absorb vlrtuttlly till of tile incident;
tlounti =_e,r&v. An ltnechoIc npltcD ctxn 1%1110be obtttincd on_doortl, by

nutlpendin_ the test npuci_cn w_ll ttw_ty from tile 6round or other tel'looting
obJee_n. An anechoic llpnee can nomc_imctl bc well I_ppl'OXilnated in _t lttr6u

room. without npcci(_l t_coulltlctretttmcnt of the room bound_l'ICl], If
meaunremcntn e_tnbu mndc clone enou|,h to the uourec thttt there in
nesliF,Ibl_ contribution from reflected Ilound enel'_.

In _n nncchole cnvlronmen_. "free field" condltlonn prevail t_nd tile
nol0e cmltl,ion chetrnc_t:rlntIcllof & tloul'¢_,eltn be determined nlmply f1'o_

met_,urement'_of _lound pl'enllurcIn %he fliprndltttloll field (nt:cSee. 15) of

th_ l_ourc_, _n 6env.r(_] , tiny typ(! of noise .i/,nal enn be inunlnlrcd in an

I hl



anecholc envlrol.nent. A p_LztlculitrmIvmatuge oi" Itllitllecholc(!nv[ronr_%entIs
that tiledirectlvlty oi* the radlztted :;ound fle]d curl be menslzr,,d. Several
limlttttlons to Lhc use of ttncchoJe cnvlronlni2nt_ arc: (]) the high cost of

anechoic chtunbers, (2) difficulty In su_;pundllll._huT;e sourcc_ well tLwi*yfrom

itny reflccttn_ stlrl'itcc, alld (3) dil'flctlity In provhllrlg l'or o[lel'atillL; loadlt_
heat loi_dn trod cxhltust cmhmlons."

Hemi-Anccholc -- A "hcml-anccholc" cnvironmeil5 is one In whlch l'rco-fleld

conditions exist in the hiflf'-splmeon one side of i_ tot:tl]y el° plu.tllt]ly
reflcctlng plttnc. Unuttlly zthcml-ancchoic upttcc is the free splice above a

httrd, reflecting_ horizontal surfltco btit the concept cftn be extended to Include
free-field mcasurelnentll nettr any partlz_lly rcl'icctIiii;surf nee. A hcml-lmccholc

spilce cztn bu obtMned in an indoor chlunbt'rwith the wldls ttndcelllng itcoustl-
citlly treated au illan anechoic chtu_ber but wltil the floor acoustlcttlly hard
a_d reflecting. A hcml-tuluchoic tlpltceelm also be obtttincd outdoors, with the

test specimen resting on or above a paved nuI'facc. Occnslolmlly o11tdoor

)llcttt)urci_cntstire_,itdcoyer itp_trtittl/yreflcctln_ sllrfacu nllch it'dgrzttl/l.

_n ztheznl-ltncchoic splice, im in ztnttnccholc zlpttce,noh*e cnlsnlon I:_

detel'ml_ed from sound pressure mcrmu|'c_entu in the filrradiation f|eld of the
source. Ncttsurementzl tire complicated, howcvcl', by itltcrference effects due to

tile co_bintttion of direct llound W/lyon and wnvelL l're7_ tile reflecting plttne.
'i_|ln rc_ults in locttl intlxlmlt _tnd mlni;_ in tile sound field and considerable

optltlttl tlttmpltng often is required to obtcttn mcltnlnt,,ful ft.,stilts (nee Sec. 15).
I_ gellel'ttl, any type of heine nlgllal ct_n be mettuurcd in zt hemi-ttnccho_c
environment. Directlvity informttlon ettn be obttdned under condltlonzt typicltl

of use condl_lonfl for mttny typctl of cqulpment -- e.g., over itreflecting plane.

'l_ere is no pttrtlculttr difficulty In lntpportlng or opez'tttlnglarge oz' mobile
equipment. In conducting outdoor meauurcmentt_ considerable difftcultiell can

ttritm due to wind, ritln, humidity ttlld temperitture,

An cxtcnnion of tile hemi-sncchoic enviro_zlent hi It free fiehl _tdJztcent to

two or three inter,coting reflecting surfaces. 'l'hlu eottld be useful when It
product is normally no inst_lled.

#TII-_title rcqulrcd to mitre IncttuurcmentzltitIt l(trge ml_ber of mlcropho_c

loctttlonn, in order to obtttilltulequlttcsplttlttlttvernEllli,r In ml tmecholc

t'_l%'IrOB_le_l_ I hllfl _dc_ ind[cztted It[l tt l'e/t_on for prcferrlng revcrbcrttnt-
field rncltrlllrc_cn_rlto frec-fleld l_eltllttrU_lenttl.IiowcveP, ttti the ulldcr-
:_tandlng of th_ r(:qulrcmen_:_of rcverberttnt roola t_ound power de_crmln_ttlont_

has _ncreltllCtl_ it htt_ l]_col_e clettr thld; ln(tny microphone J.octttlo_ll_ /_nd
frequently ocvcr_t]._OllPCe locI_tJoD{lt Itllloltre needed fox'ttdc(Itltttenttlnplin_
in r_v_rbcrrtnt flcld:h If only A-welghtcd .send power, rttLher than

r_ _pectrctl lnfor_Nttioli, ill nc_dcd, ;s_ec|loic ch(tf_ber i!ielttJtlrc_cntll r_(ty be

e.sler thai% rcvorberlttlon C]lltl_ber[RCttl]tlre_Iel_t'_l_ill(!_) Ill rcverberhtloll room

lr_tlldlLVera_tlt_ it tl_llal]y ill _c_;ll#[try to determine Iloll_d power Yl._rntl_l

frequency nnd comput_ A-weil_hted power ritther them _lealntrin6 A-wcl_hted
It:wl. dlrcctly tul elm bc done in an Imcchoic chamber.

I_



]{(_vt_Fbe1°lmh -- }h_vcl'beFllzlt Fi(:]d Incl_:;lll+cZ;,:IIt:i ILI'U CELFI'J(!d ollt ill I_ to,

with (_coustically hard wlt]ls (i,e,, low :;onzld id):;orptlon) :;uch that sc

waves _Inder_o mtmy rel']I:ctions bu|'ol'(_b,:[[ii{$Lb[]oFl)(:(l. }_itv<:!'l)(_l'tttIo]lF, ._,

are typlcttlly equipped with :;tldilon_*ry or moving dIFi'u:;er:_ t.o Incrcltsc the

uniformity of the I'CV(_Fb(_I'tLIItSOIIILd Ci,'hl.

Irl a reverbcl'ittiol; room, one IneILsurus sound in'(_:i::ure]cw:l (uLd

colnputcI; total sound power, tlm eomput.'itJon b,±Ing ba:1,±d on th,: preiilJ:u: thiLt

tile molto-square sound prem;ure ILvel'aged Ill !lime,: lind tfm+_ t s (1) directly

propoPtional to tile sound power output of the source_ (2) lnw:r!;,±ly

proportloiliL1 to the total ILbSOl'ption in the rc_oiil,and (3) otherwII;u dul)(!ndr'nt

only on tim phy.,;iclL1 constants of ldr dt:nnlt.y inuI velocity of :found.

l_(.'vurbersllt room Inuthods Rrl: pltrtlelllnFly _Idw_ntlL_COUS for :loureull which

produce steady noise lind for which (l|roctivity inforlnlltion in iiot required.

Noise lnetlGUl._lliellta in ll l*everS(_l'lttioll rooI_ _l*t! dependent upon Rccill'i[t_

Illea_llrClIlent of tilt! llOUlld eIli?l'_ry density, ill thl! l'requcI]cy _llnd/l Of

illtere_t, in tile yeveyl_urtult field of tile rooi[I with tile noi:_c source ill

opul'atto_. In order to obtl_tn such _ecur+_te llu:llsureinents it is de_lilNlhlu

fOX' the roo_l volulile to be sllfflcicntly lttrgc (see Sec. lP.2) l.hlLt ]llally

llorl,li1 lllO_el] Iire excited 1_ tile 1"oo[_. At low fre(lUC_lcies iklld/or wh_[1 tll_

rool_ ill excited by pure tollcu OF very llayyow blinds of _oi_C_ it ig COll_nOll

fOP only tI few _lod_tl to br2 excited [Hid /ICCllylIte IQClIIIIII'CI_IItof t_/ICr_

dennlty requires VCl'y e_ten_Ive samplln6 of tilt,tlound field, prefertlbly

with the uac of m0vl.g dlffusera.

In _itu-- CCl'tIIl_ tyl_cU of equipment CllilllOt_ fov pri_ctlc_xl rclxuons, be

oll_rlxted outdoors or ill t% llibOl'I&tory cllvl_onlllcnt. _hc_ the llol_u clilill_io_

of tt _ourc_ mu_ _ mctunlrtld in .J.t.lq It i_ hl6hly desirable to utilize

l]Foccdtll'e_ which IIppI'OtIC|l_ lx_ lle/Xl'ly _ I)oInlible_ ollu o_ th_ till'CO clISes

,]list di_cuallcd. 'Ywo of tile recent IIrt:ft International fitt_ndar(ls for ilound

power dctermtni_tion[13,15] include provililolls for eorrectin_ for l_

le.II'_-thtIII-idc_%lt_Couutio envlronm¢:nt. _q_e need for llllcllcorrections would

/II_IOIIt lllWltyll imply II dcgrlidtl_lOll of I_cltIllll'c_lent /%ccill.licy.

12.2. Clilrrhl [tlr Adetlml_y .f lh¢ 'reel l'hlvln...rn!

_lin section include+l mor_ dcttxilcd dincu¢lnJonn of _,hc cz'iterltx which

_IICII Of _ho libel+ follp t_ll_u of t_cOtllltIc+_lcnvlronment tJhollld ffluot.

a. Anechoic l'_nvlronment

'lql_Draft _ntcrn_tlonI_l Standard for preciulon dctcrmintxtion or _ound

poweP in -n uneeholc cht_mhcP[iId nttxtcll (Annex G) tlmt "tlm volume of tlm

1,c_ room sht_ll be inr_c enough _o tlmt the microphones elm be placed in

the f_ r.dl(_tion field of tilt}hound lJource under t_£_t, witIlout bclntl too

clo_e to the _+l)norl_tlv_ lltlI'f_tcol_ of tile tent rooill." It i_ intltl'tlct_vc to

con.lder briefly tile mclunlrc_cnt error tllttt inlght rcnttlt duc to rcf.lcctlonn

fPODI thc WItll 0_" Itn IIncchoic chItllll)cl'.

m



Cent;iduP tt :iitut*tion L;uehas shown in ]qgure ._,with a sound soltrce in

tm tmcchoic ch_llber trod i_lllct_ul.inl_mlcPophot_o In the l'tL1,vadiaLlon Field of'
thu source. It i_ t_s'_;UITiedthttL tile :lourcu elnits a sph_Picai sol|ridwt_vc [Lt I_n

an_u.lar fruqucney _ = 2_. The inst_ntlmeotul ppe[,_uPe of tht'emitted wt_v_
_tl be t:xpr_s_cd rL_

I'
pc(r,t) - _- c,., [,.(r/c - t)l, (1)

where P iu the mIiplitude (Pa) oi' the llre:luuret_t a unit radial diutrmec, r =

I m from the uource, t is tit,_2(u)_ and c iu the velocity or s_und 0n/s) in
the medium. The wttve rc1[IccLcd from the chlmlber wall may be t_pproximt_ted by

t_W_AV_ elnltt_d fror_ tln Iifltt_etlouPc_ n dl,qLu_ic_L to the _'i6ht oi' th_
eff_ctlve loettt|on oi" the chamber wit11,n The _ntlti_l_t_no-o_|:ipressllPe oi' the

l*eflcctcd w_u ctx_%bu cxpP_t_ud its

. Ill'
Pr(r',t) _-,- coll[_(r'/c - t) + ¢1, (2)

Wh_r_. I"I i_ the ditltt_BCcfl'O_ tIIc ilI_tde .qolll'c_to thu _c_ul'cl_t loct_tlo_t

I_3 tll_ mltEnltudt_oi" tilepl'_llsllP_refluc_lon coctTiclcnt of the chL_ll_r witll fop

BoP_t_ll_-i_clde_t l)it_c wt_vcs, t_d $ is {_plnu_e tingle which dcpendti on tile
t_co_B_Ic'_l IEped/tnee Of tile cht_ibel'wttll, FOP _orlmtl Irlcld_IlC_ r t _ 2L - r,

'l_le t_plitude o_ the tott_l prcuuure, p = Pc ÷ Pr' will be between the following
ltmitu :

_R < <P[I+rR-

_h_ lo_cr l_mlt corrcapondlng to dc'_tructlve interference and the upper limit
co_rc_p_ndln_ to contltruetive interl'el_cnce.

"_e anslyt_in Ki_t:n in this .cction is fltlrly ttcctu,atcfop estimtttln8 the

c£_e.c_ of the reflectln_ pitmt: in heml-anechoic t_ctmuvemcntu or the efft_cttl
oi" _|i_ wt_ll_ in re.ve.I'_er_tioni_etLtluPcme_tll,It it|let1_ t_|tI'ttt_fop "r_oft"

wtt11_ _t_h t%tlthotle,illtin tLllccho_ chttm_. _la ttddlt_o_, _In¢_ tilei_it_ox_p-
tl-re linin_ of t_n anccholc chamber ht_ eont_Ide_t_blcthi_kne_n, tlm "effective

loc_ion" of the wall Itl unc_r_ttln. Th_ii_the t_I_tt_yt_In_hieh follown I:_
inte.nde.dto _lu_lILativel_ .how cffcctu but _hould not be ttLkcn too t_criouuly

_n _ quantlt¢_tlve t_cntle. More e_ct ttnt_lyttct_of tllc tJound flnld due to t_
point t_ou_c_ _l¢:_tvt_imvtiltlly reflecLinz boundq_ry ave _i_cn by[16,1"[] _ which
t_1_o refeFe.nc_ _tt_lie_ work.
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In terms of mcl_q-squarc pros,_uru l-at[on,

Convcrtlng to sound pressure levels, the dlffcrcnec, AL, between the ;censured

level and the level in the l_hscncc of reflections itl brl_ckcted by:

_-j - _ , (5)

where "log" dcsigm_tcn the colin;ionlogarithm (bane i0) and where rIl/r'

reproncntn the |'KLeinof the mngnltudc of the reflected p1-ess_ro, at any r, to

the _Lgnitudo of the incident pressure, at the slime r. 'll_usthe iileI_nured
deviation of th_ preuuure from that oi' a ilphcrieally spreading wi_vc depends

on the product of two Indepeodcnt, non-dimensional parldnuturil, R, {tnd r/r'.
R depends on the w_Lll impedance only while r/r' accounts for the reduction ill

the reflected p1'esl;uret_t any _oint r dec to the uphcrleal nprcadlng of the
prousurcn fro]a the re_L1 _bnd im_*gu nourceu.

Dcflnins

rR

fill__-i', (6)

th_ rsngo of th_ mnximum sound pressure level devlt&tlonn from tt nphcricnlly
[JprcltdinEwa_c bccomel], f_'oi_cq. (5),

20 Ins [i-1[R| <_At_<20 Io_ If+fIR|. (7)

It i:] cnntomary to dcflnc _n crlc_ tdnlorptlon coefflclc_t, _, which Ill
th_ r_%io of the _b_orbcd e:mrgy to the incident entropy. 'lq_inin rclt_tcd to

the pressure.'r_flcction coefficient hy

a - 1 - I{2 ;

sire|lilly, a loc_d, met:sure, at r, of the _ner_ lost; dnc to w_ll nbIlorption
_nd spherical :Jpr_ding in

"V"I"
When m_nnurcmcnt, arc m_tde _ith the microphone appro_chlng the chnmber w[tll,

|l'--_-I|nnd _--,_. _klng mcanurclnont:_ _Ith the mlcro_honc nctx_er the nourco

ii__quiv_lent to having _ lower ln'ennurc reflection cocfficlcnt, or higher
cnerg_ i_hlsorptioncoefficient, for the chamber walls.

The.limlt.lsof cq. (7) arc plotted Vn. II|l.nd I| in Fi£urc l_ for tile can_.
,hewn in Figure 3_ r' _ _1.- r.

[I
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A stltndRl'd for nolst! rn_a:;urulnunt:;IllItrl_t_f2¢llo]c_httiIdii!r_hould pvovido
_r.llldellne,._for coDstrllctin_r_ttsiiIttth]_c]iftillbl.rttlltl_ipeciI_ e]'IteI'I_tfor

mmertldnlng Its adequtley (:_eeAnnexes A trod G el' [ll_l).

The usual procedure for deterI_}nIDI_ tile ttdequ/tcy Of ttll Rneehoic ehltl_bol _
]_ to lflelt:_Ul'e th(_ pru!lsll_c I'IL1]OlT ttl; ft Ill[erophon(_ t.q Inoved it distftIICe_ r, itwlty

l'ro_l tL source which has been sc]euLt:d lie its Lo rftdllttu t!n_unLlttlly tt _pbel'lClL1
wltvefront no thflt the hound level should ftdl off a:; L m I, - PO ]el; r, whereo
L is the sound level ttt unit dintnncc, from tile acouutie center of the source

(_tnmmtng th.t one i_ in the rtLr field tit a unit di:ltlmee) -- this corruspondn

to a 6 dB dceretme in sound pro:mere level for every (loul)l_n(_ of the dJntlmcc
from the nource. Returning to eq. (6), it [u llhmtratlvc to plot tim sound
level vernuu IIlea_uPer,lu_t distance from tilesource. ']'hl_l |u done _II Figure 5

for R = 0.2 (a = 0.96); the valuer; ueleeted For other plu,mnetel's are given in
tlm figurecnption.

An indicated previously, tile itmtlyuls above is only npproxlmately correct
for rettl tulccholc chm_ber:l. Plu'ticultu. dlfl'icllltic:;could occur it* 5olne

inutttnecs, l'ofexample:

- mlcrophoneu placed Ile:tr room edges or eornerll could rueelvc reflecttOlUl
off two or three wttll_ thu_ lnerentlin[r tht_ error

- highly dircctio_ttl l]ound l]otlrceu etlll ettlllle pttl'tie_lttr probler_ll due to
_ollnd e_l[tted fro_i the "louder" _hle of tile Bourc_ bclrlg rel'lectcd into

microphone locfttlonu o_ the "qulut" [_Idc of the source.

An itddltiollal_ trod qllit_ Ullcftll _ethod for cheekl/ig for Ii_wltnted rt _-
flcct_onll ill ItncC|lolc ¢bnlnbcr_ i_ to till(! tt pulsed _ound _otlrce or tl corrcltttion
technique to determine not only tlle mognltude of the reflccted energy but al,0

tile nurface (e.g. , m_I}portinF, rltrllCtllrell) from which tile'hound lt_ being
reflected.

Tileprlneiilttl limittxtions on microphone locations in an anechoic chumber

are (1) to get tile mtcroplmnc far enough awny from tile lmuree Lo be in tile far
radiation field (nee 8ca. 15) nnd (2) to keep at leant it qutu'ter-wavelength, lit

the low_:nt frequency of intcreut, t_w.¥ from ,tny ptmt or the tdmorptlve lining
or the cht_l)cr to ell_llre tlltlt tile _otl_d prcllultre does not, :lt_trt to 1'(111 err
rnpidly due I;o the proximity or the abnorptive mttterlal,

Ihmful rePercnec:l concerning the det_ign and quttliflctttion or Itncchoic
oh,tabor_ includc[i8-_6],

b. Ilemi-knechote Environment

_lUtliflclItio_ Of tt bcmI-I_IeCIIoIc environlnent it_ eSllentttt].ly tile name Itn

thttt o_ tin itnccboic e,nvlronm_nt, Tile refit tlourct" generttlly _dlol|ld b_ plttced all

clon¢_"to tile reflecting, plmm Im pont_iblc to promote spherically divergent
wavcn t_nd thun minimize tile influence or reflections fl'_n tile plt*nc.

_ Id]
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Yl_irc 5. ]lypothctlcf,l variation of hound prcunurc level vcrmul dlntnnce, tt_

one wall or _n t_ncchole _h_mbcr It_ approached. The dt_nhcd lltl_
_ndlcntc_ _h_ _niX-of£ (Invcr,_ nqu_r_ la_) theft _O_Lld b_ e,_pcct_.d

In th(_abn_.ncP_o_ al_v _flcct_on_ fx'o]nth_ _nll. Th_ l_o_nt_ _cr_

computed from the tnnn of eqt_. (1) and (2) at_tl,,_:_nt; f - t,_/2_r ,.,
: i00 llz. ¢ a _, and R _ 0.?. The cffcetlve locat_on of tile

chamber wall wttt_ taken ttn i0 m from Lhc nource.



In &ddltion t_ me&._urinC 1.he fldi,_ff of sound prus::urI_with dints:ice to
determine tileeffeetlvenes:; of the five itbsorblr*{::|in'ffLees, it is necessury
to cheek tilerufleetlvlty_ or absorption of the reflecting pliLne." The

current Draft Internittlonal 0t_indllrds for both englz*eerlng[13] and

Dreclsion[ll_] dete*'mJnatlons of sound Dowel* in & free field over u refleetlrlg
plsne call for the normul-iilcldence energy ab:_orptlon couffleient, s, to be
less then 0,06 (R > .97). Thls criterlon nolomltllywould be met for dense

concrete but the absorption mlgJ*t bu too iitrge in the case of unsealed
l_uphult pavinsu or certain types of floor eovertng_s.

An indication of tile read,on for setting what may seem to be a rather

utrlet requirement on tile absorption or the reflecting plsne Ibllows from all
extension or tile analynls given _n tileprevious (;teflon. Consider Fig_u'e 6 t

which shows itspherlettl source located above a reflecting plune. 'l_le
microphone lu no lot*_:errequired to be directly between tile source sad the
imI_ge source. With r and r' defined as shown in Flgln'e 6, eqs. (I) through

(9) rem{tln valid, for u locttl]y-renctlng plurle. The llnlltn of eq, (_) _re

Ilhown in Plgure 7, plotted a_ainst both 11 and s with r/r' rLIlItparluneter.
'lq*cupl_er li]_*iton the mertut_|'edsound prt,ssure level in seen to be rather
in[_enllltlve to the value or s ulnee wht,n the rt_fleeted ;llgnttlill in phtls_

with tlle direct slgnILl and P/F'--_I, the combined ulgrLsl level can be at JRoIlt
6 dB Itbove tiledirect nlgnltl, ][owcver when tilereflected slgnltl ill out of

pharJe with tile direct n]gnul, tile combined sound preuilure--_O us r/r'--w-i nnd
s--_0. In order to bc in the far radiation field (;*ee [_ee. 15), it In

generally ncccBflltP_t|tat r/r'----i _io the Ilound level in regloml or llb|tsc

cnnccllatlon depends ntron_.ly on the vttluc or (l. For u I_ource which rtidlaten
uniformly in all dlrcetlo:m, rcqulrln_ a to be les_] thrtn about 0,06 cmu_rcu
t|irtttile _ound level in uuch regions will be sufficiently below the level in

re_ions of phnIlc reinforcement tlmt no :llEniflcant error, relrttlvc to the
icvcln corresponding to a perfcctly-reflcctil]g pl.ne, in the me&unreal noi.e

cmlnnlon will oc@tlr (provided, of collrs(_ _ctlOUl'C_le_tll/tPcin{tdeat enough
locntion_ to ensure _tdcquatc uplttlal averaglng). For hlghly dircctionsl
sources, _tlll _trlctcr requirements* on a misht be needed,

'i_lenor_tl-incidencc cner6y absorption of the i;_ate*'i_tlconntltutln_ the

reflcctlng pl:tnc should bc me(inured, for example, in sccordrmcc with[aY],
Mcsnuremcnt of such low abuorptlon coefficients i:_ dirfict_It by an Impcd_tncc

tube, technique and cltre Iu requirml to obtain itccurztbcdftt_t. A dlrect
measurement of thn prcrmurc rcflectlon eoefflclcnt mi_,ht be prcferublc, for

cxar_,lo by puln_ or correlation techniques, but no current :Atandr_rdmethod of
m_tst_rcmcnt exlntn.

"In tho cs.o of outdoor m_n.urcmcnt,, of course, there wlll I_..no wall. and

ceiling i;o be concerned with. However, site qu{tllflciitlon is ver_ tmcf%_l to

dct_rmln_ tho influence, if any, of ne(u'b_ reflectln_ or _tbilorbln_ nurfetcel].

i 50



,' :: . :' i

MICROPHONE

SOURCE r

REFLECTING

/ PLANE

/////////////////////////

IMAGE
SOURCE

Figure 6, ,_chesatlc re,1)re_entattoll of a hotrod _ot_rce iz1 a free field above
re.flcctirl_ _l_ne,

n

-- . =

i .



R

0.99 0,98 0.96 0.94 0.90 0.8
IO i i i l i--[ I i tl I , i

r/r t = I

0
m

, , r/rt=0.6

-,o -+, r/rt ,,0.8

0
•-J -20 --
o
('4

-_0 - / r_ ._ I_R 2
-40 w_ i

0.01 0.02 .05 0.1 0.2 0,5
Cl

Fl_u'e ?. Limttn for the effect of the i_Lfle uouree (ace Figure d) on tile

obnewed aotmd prclJuure lewl aa _ function of the abi1orption
coefflcicnt o/' tile refIcetlng pltme with r/r' arl a parameter. The
noli4 lJnon correspond to destructive Inter£crence while, the d_nhcd

i_ coITe_]Ex)ndfl _0 con_tI'llctlV_ illterference.



If the rcflt:ctinF, utu'faee l_; not an lnteb;ra] part of tile heml-anecholc
cnvironln_nt C[LF_ Intl*3t be tlLken to ¢_l]_ul'e thl_t noise Dourcus clAnnot cxeitu thc

rufluctinE _urface into vibr_Ltion of _uch mrzgnitudt; as to radiate significant
sound cnerE_. If there is any quel_tion that this miF, ht occur, neoustic_ll

lurid/or vibration melLsuremt;nts :lhould be mrLdc to el;t|mate the encrl_ radiated by
(au oppotl¢:d to ruflect,ed from) the l-el'l_eti:_g plane.

Corrections for tho influence of the aco/LI;tic c_11v|1'Onlrl_:Bt,, othur than

the m_jor reflecting plane, are di:leusl;t.d in Section 16.2.

c. I(uvurbel'ant ]:[tv ll'OnT]lt_nt

l_articul_rly in the ca_u of noise mulLs_rellluntlx in ruvurbe_'ant envir-

onments, it i_ difficult to separate the _duquacy of the test environment

from the adequacy of the entire mcasurcn]ent process. In [_ection 1_.
I_ttcntion will be directed to iluch factors ill1 the varfation in sotlnd power

output duc to _o_rcc location, spatilL1 Vl_l'ifLti011 of IJound prcli:_u/'u, alld thu
u_c of reflecting clcmcnt_ to increane the diffuse eu " of the sound

fiuld. In th_ prcuent uection the properties which thv room iJhou/d htLve
will be con_idercd.

_trly worJ_r_ d_veloped th_ basic rcv_rbcx'_tio_ room theory _uing

certain simplifying asutul]ptions: (1) uniform, diffui*e distribution of

sound cscr_y throughout the room at any inl)tant; (2) cq_lal prob(d_ility of
propagcttlon of sound in [All directions; (3) co;itinuouu abIlorption of sound

by th_ roo_ boundarie.. The as_nlmptlons were those of' geometrical
_%co11[|tic/;,IH which _otnld c_cx'_ iS consldcrcd to travel in ray:* and all
wmvc phen0mcn_% _rc neglected.

'l_e _ound cncrg_ in t% reverberant room can bc con:]Idered au two com-

ponents, that ill the dirc_t field of the tlourcc, which has not yet Inlffcrcd a

reflection from a room boundary, nnd titbitin the "reverberant field", which
can be. somewhat arllitrmril.T dcflncd nil that sound which ha0 sndergosc one or

more rcfleetlon::[28, p.311]. Of the total power, W, emitted fro*, the :_ource
fractlos, s W, will be absorbed at the first reflection, leaving It total

power of (i o
- So)W in the rcv_:rbcrant flcld. ][ere the abr)or|)hlon

socfflclc_t, Ix , corrcnpond_ to /in appropriate t_vertlgcover the surface:* ofo
tho room, with t_scount being tltkcn of variations in the abl]orption
cocfficlcnt .:;. function of loct_tion and snglc of incldencc, Note th_t_ a

does no___tc0rrcspond to a diff_1.e field absorption cocfflclcnt since there o
ccrtaln]y i, not an equal probability of 'the energy, directly from the

uource_ .rrlvlog from _tllll*OlJSil)Icdirections.

Co_I|crvt_tlonof cscr_ rcq_lircn theft:

p otoofins,,°,,,..." ofomi,.,ionof l of  d,,,or   ionl
=,,to0, J o rs,o,. ornntIOnt° fl. d,- ofre or er.oLcncr6y in room

i .



In tile si+irit of the I_LlsUlnption of I_ U;]Ifol2n cliff nil,}rcvcrl_crfLnt uound field,

the rlttc of absorption of rcvcrbcrlmt ener_ tit any _ivcn iIiI;tant of time

_hould be proportional to tile hound cnt_rgy dcnI_ity In the ronm at theft

in,Jtltnt. 'l_le_totILl cncrL_ in the revcrbcrailt sound i'icld Is VDn, where V Is

the vol_nc (m_) of the roora aild D_ is the energy dcnnlty in the"reverberant
_otuld field (j._-3). 'l}_us the dlf'l_crcntiILl equl_tlon which lollo_s fl'om tile

ILbov_ _t/ttCIllcnt of ClI_I'_ conservL_ti0n is

dDlt 2VDR (10)
V _lT- - (1 - (,o)W- "t

W]I_I'C T In Itch(_PAKC_CrlIIt_C _iX_t_ which d_fiIl_H th{} rA&tc of l)ound A&b£)orp_oll

I:I the room, whether by the WLLIIs, the all' in the room. or by other

uul'fl_ces uuch I_ll diffuueru. Under _t_,t_dy-utatc colldltionu (dDR/Ctt _ 0),
tile en_r_ denuity iu _ivcn by

_(I- _o)W
X)R" 2V (II)

_C c;_ergy denu_ty in (t dlfful]e uound field ci_n %)e I]ho)_n to be cquI_l to

p_/pe ", wllerc I__ i_ tl]e mcltn-i*q_re nouIld pl'cssurc (Pa _) i_nd p lu tlle

deni*i_y of air (]_ m-_) in the room; thu**

pC2T(l - ao)W

PR 2 " 2V (12)

i_ tile tne_n-flqUal'e llou/Id preIlllul'e Jl] i_he reverl_erl_l_t flt}]d ofil_.

If tho r_vcrbcrI_nt uoun_ (:ncr_ deIltllty ill tttltlumcd to |lave tt conllt_nt

value, and_ at time t _ O tilt;ao_md power Inpllt i_ iluddenly _urn_d off, the

ener_ denalty wlll dccc_ _I_

1 dDR.2 (13)
DR dt T

_o that _ _IIlo in :_ccn to be the tlm_ con:_t_nt which d,_fln_n tht: r_tc of

dce_q/ of thc r::vcrberant noln_d field; +_itcrnr_tivcly

d(An

PR 2) 2 (i/,)
dl: '_

wt*cr_, "An" deulgn.tcs the i,,tturi_l iog_rltl)m (to the btt:_n e - 2.71()_°8 .... ),

indlclt_inK thltt _ {.'anbe direc_ly ol}tttlncd by InettIlllrl*_6tlle r(tte of dcctty

of th_ flouild preI_fll_rc.__c.]eve2whetl tlle flourcc of _]ou_t; l_ower iI_ ttII'_ed off.



Convertlni: to :;ound l)r_,:;'.;urclt.vul, L = ]O io 6 (pii_/po'-),where Pc

20 mtcrollttscttls (IJP&) h; the rul'urt:llee pr,-':_sln-c, and sound powur luvel, I_.1
IO iof_ (I_/WO) , whel'e _O I plcowatt (pW) i:; tilt,reference power, t*q,

(12) bucomes

LI)II - he + 10 lo_:L- 2_ + 10 lng dB. (15)

'lhe biNl_ COIlS_lbflt I l_ ill r(:l&tud _o thu con_lonly ulled rcverbcrlttion timer T
-- tilt_"thllercqulrud for the sound field to decay by 60 dB -- by the relIttlon

T = 6.91T, the non-lnteger number itrlsill{_from the conversion between ntttural

liNdcommon lo6_u.Ithms, 'l_icIitut be_'InIn eq. (15) can be evttluI_tedby
rcoullln_ tlltttfor nn Iduttl f,us, pc - 711, where y lu thu rtttlo of upeelfJc
heiLts (= i.I_for air) and B Is btLrometl'Icpreooure (P_O. Utillzln_ these

qtltultlt;les,eq. (15) ettn_tlso be written &a

I'm - %)]LpR - I.N -I.IO ioi{L V + i0 losB - 36.0 dIl. (16)

l'_qlNtbioll (16) IS (lll(tlo6olla gO th_ C@l'l'esl)ondlll 6 expreulllollu ill tile cliff,lit

intcrn_tion(tl[lO] lind ntLtlool_l[29] :ltsndllrds for dcterlaintttlon of sound

power in rcverbcrlttlon roo_iIlpwith the followlnff diffcrcncea:

. tll_ conutttnt tel'Ill differtl becltllUL, tll_ b&roI_tl'l_ pr_llllllre Ill bhc
nt/tndiIrd, itl e_preollcd in mlllibt_rs (i b{ir - I0 _ l'lt)i

.there i_ an _tddltlolml term in the :ItandltrdI_itri_In_ from Interference
_ffccts near the roo_ l)ound{_rlcs; the t_bovc dcriwttion neglect. _ilch

cfl'cct_ ;

.the. _t{tod&rd:ido not Include the term iO log (i - ao)i thlt_ wlll bc
discUIl_ed _lhor tly.

In order to e_llure thttt the Nol|nd field "l]cen" tile nr_m_ effective {tboorp-

%lon in both tile ||tel_dy-I]tlttepower determln!_tlon and _Ile tri*n[ilcnt(lecI_y
r_tN for l'c_:rl)er_ttlon ti_e mcll:lurcmcnb_ the *_ound :lollrce uncd to c_cite
the room for rcverl)erntlon time Nlettlu_rcmcNt_*preferably phou]d be in the

nnmc location and h(t_e,tileoi_me dircctIvlty _ts the source WhoNe sound l_owcr
la beln_ determined.

An _ltern_tlvc method of mea_l_rl_ tile effective room ItbNOrl_tlon i. by
unc of _ reference _cun¢l oourcc of kno_n _ound power output. This known

oct|tee _dml_ld be &t the s.mc loc_tion _t_ tI_ unknown lmurct_ ttnd prcfer_b_y
h_o a .imIIi*r dlrcctlwlty. Looklnff lit c(D (16) for tc_IblJon two _ourccN
under othcrwi|ic _dcntic:tl condiblo:m,

(I?R) I " (I'pR)2 " (1%/)I - (IN). , (17)

N



so that no explicit knowledge of room proi_ertlcn h; required.

fl'h_c (_XpF_BSiOnS itr(__)tts(!i|llpOl_ Iiiul_{llrcmcItt;lor tl_L• i_/1_1-sql1/tl'_ |{oft|l(|

pl'Cssur_ of t]1{_reverbol'Imt ]'_el(l. Thus it it; I]eCeS_try to cxitmIi)_ the

rclittIve strengths of the direct rmd reverberant i'Icldt; to determine whcru

microphonco {nay bc loc_tcd, The mcltn-,qquaru :_ound prcssl_c duo to the dlrccL

field intlybe exl)rcnscd 1_s

WQ0

pD 2 = pc (lfi)
4_r 2

where the directivity factor Q is defined (is the ratio of (I) tile Inclm-0
13qultre uoulld I)rellBurc me_uurcd tit ttl){_lu0 (tIlddlstltl&ce r fro[_ {%_ Itctu{tl

SOUI'CC l'(Idi_tiI]_ (& Dover W Lo (2) the |lie/iN-square SotlDd l)rousul'u IIiO/l_l_'cd_t

the s(tr, le diotttnec from tt nondircctlvc (:;phcrlc_l) source radl_tln8 tlle i;tunu

total acouutlc power W.

The totttl mutll_-squi_rc pressure duo to both the dil'cct lind the rover-

berant flcld follows from cqs. (12) l_nd (18):

pT 2 . FD 2 + m pc'W + (i_)

'l_ICdlffercnee between the total l{ound pPe_{nure icYel and the reverberant

flcid _otlnd prc;nlurc level ill

I|"'r-Lp,-io I+- • "o)'

_qubntltlttln E T - 6.91m t_nd c _ 31)3.{i m/s (tdr at 20 ° C),

l,l)T - I,Pi{ - i0 lo8 i + 0.0032 '1'(i- ao) _ ' (21)

'_le d_ff_l'_nc_, L - L ) _etween the totltl solJIld level (tIl(l_h¢: rev_rli_l'/l_t

PT DR
1 2

field level lu plotted vI) r/Q0 / , the equfvitlcnt (llnttmee from the tteountlc

cnI|ter of l;|letlOtlrCO) in FJFuI_ 8 with V/[T(I-s )] (_s It par.meter. It cl_ be

ncen th.% aI V/f bceomea ittrge it it) nccc:luttry to be much f(trthcP from the

source in order for the (llrecL fleld contrlbotlon to tile aound field to

beeomo ne_llgil)ic. While J.t In rather obvloun flint, for *t chnml)er of tt given

volume) the dlrech field cootrJbtttlon docretu)en tttJthe reverber/ttlol* tlmc

_Dcrett:]c;_) it i;l p,_'rht*l)nIctls evldcnt [;h(tt for ft _Ivco rcvcrbol.tttlon tlmI:) it

Ill IIeCClI¢I_I_ to ])e fttrl.hcr from the source Ill (t large chI_qlbCr _|lOllit i:{ In ¢t

ilm_tll chamber,

S





l':qlnitio*1(2]) zmd I"ltDn'e8 provide informatlon as to the crltel'ia wlilch
_t revurburatlon eIl_uTlbu_":_hmt]d meet In order to have a ncg]iglble
cozltrlbut_on frola I,hl_dlreet field at reasonltb]e distances frola the uource,

The key polnt_; are

T/V .qhould be a:; ]az'gc as l_O:_:_Ib]c.;thi_ Is equlvalent _o the total
ub_orptlon in tile room being a5 _nlall as por,zlble;

highly dh'ectlve sources require tlmt mcasuremento In the dtrectlon('_)
of InltxilzlUm[IOISItcm_tllon b(_ t/_]_c[l[it d_stlt|Icesfror_ the Dotlree W]llc]l

ape laPger thlnlwhen Q=_.

'l_lere iu still another reu,_on to require tile _ound ablmrption in tile

room to be vel'y ore(ill. I_eturnlng to eq. (26), tile term I0 log (i - ao) is
normltlly llc61octud ill ooIIipUtillguound poweP from mcltl)-uqllsrcsoup(| pFessure

icvelu In the Pew)rbcrlmt field, Au dlucuuscd at the bcglnl]Ing of tills
:Icct_on_ the particular value of _ may depend on tile loclttlon lind

dlrectlvity of the _IOISe uource all_. in general, cannot be meanured directly

in tuly s_mple Immner. F_gul.e 9 u|lowu -i0 log (I-ao) plotted vs s ; it is
llCerlto become u a_glllflcant correction when _o exceedll It_alue o? Itbout 0,i.
An approxlmlttc vtkhle for a call bC COml)Utud from tlle rcverbcratlon time uIldo
room 6eomctry but tilepcz'evnt.ge uncertalnty in tile value !toobt/tlned co,lid
be fail'l? large.

_le above dlucu_101on dove not itddref]uwave effect_I. When conuldvl.tLtloll

Ill _i_]o gLven to wttvc _ffeetu_ furth_P guidance on Poom lllze, Ii]inpe_a_d

_tb_o_'pt_on ei_nbc ohtltlned. The frequ_lley of a normal mode of vlbra_lon
(so-called _resontnee frc.qucney") in et rcctnngi*IItrrOOl_ with hard bOUlldal,_en
_,:1 glvcn by

_hcr¢: n , II _ tllld I1., 1t1'¢2 ltltc_el'll timid _x_ J_ , [tIlll _ tu'e_ rcgpcctlvely, ghc
Jc|Igth,Xwld{h, and _'clgh_ of tileroom. It _an be niiown tlu:tas f Iilcrcancll
tilen,_mb_:rof normrtl mode_'_in a frequency ba_*d of width At' centered o;_ f

Itp]II'OSgIlC/I the value

1_her_ V lu tlm voh_mc of the: I'o0_I, _q In tile total mu'face area of the wall_,

ned L 1:1 the tn_m of the icngl;hu of i_ll cdgen of the room. /,'offreque_icy

analyulrl in i/3-octavc or Ill-octave blinds, eq. (23) may be written au

(_N)I/3 A 2.91_____f 3 + 0.36.q t'2 .t, O'---03---Izf (2/,a)
_m _3 c £_ c c c
m
S

• i





_nd

(AN)I/I & 8._9V f 3 + I.LIS f 2 + O.O9L f (2/,b)
c] c c2 c c c

where f In the band c_ntcr frequency. For tL given reels vol[ii;lu_flhcue

equations predict thtxt ix CUblCIL1 room will have the lowest modL_l dcnulty eL'

any basically rcctill*icar room shape, Figure iO show.+_ the approximate n_nbcr

of *;lodes in I/3-octfLvc frequency bands, iAs a function of fz'cquency_ I'oi'

cubical rooms h, 6_ 8 and i0 in on a side. There would be approximately three

tim_s {x_ mtLn.y nlodcs Ixl tilloctLLve bttnd bt_vlnI_ the s_zmc center fruqlluncy,

A kn0wlcdE;c of the chal'acteri_tlc fl'cquenclc_J of a reverbc_rILtlon room is

i*nDortlxnt in terms of ilndurstandins its properties as _ ;Ilel_suremcnt tool. If

excited I&t IL loc_tlon where there is not a node in the pressu/+e ut_ndlng wI*vc

pal;terns a room will act as a rcHon_&tor _nd _Ly l-cupon(| Sit'oDdly to imprc[mcd

0ound cncx'£¢/ at frequencies near to the chartLctcrlstic norm[xl mode

frcqucnci_l]. _|e extent to which the l'ooIILrcupol_ds is dependent upon the

rev_x'b_rt_ion time. Ill clcctrici_l circuit theory it iu customary to tt_Ik

nbo_t the "Q" of l& circuit clement and in ;nlcrowavc theory, the "_" of a

ci%vity. In the sam_ sense, it Is uscfttl to consider th_ Q of It reverberation

room, Q is defined txs

fT
o (25)

wh?.r¢ fnils I_ natur:_l frequency of tile roe*, and T m 6.91T iu tile revcr-
b_l,£&_io_ ti_, 'l_e frequency rcilpoxme of tile mclxn-sqlu_ro sound prc/J_l_rc_ fox'

iI,rKe Q, in Ei_cn |_ppro_imntnly by

f2/[o"
i_ (f)_ (26)

(f2/fo2 - 1) 2 + I/_ 2

Sub.tltuttr,6 cq. (_5) into cq. (2G),

f2/re" f2/fo"

(f2/fO2 - 1)2+ 1/(nfo_)2 (f2/fo2 - 1) 2 + (2.20/foT)2

It can be l_ccn t|iitt if 'i'is very large, the room will h_ve a hi6hly petered

r_npon_e+ for frcqucllcle+t_ ncI_r r° while for nmi_ll 'f the rcIlponIle pcttk will be
nborLer ._d brot_dcr.

rl_oprovlde. _n t+'_nml)le of the I;i_l*ificI_ncc of the height luld width of the

rc.onant lle.k., conr_idcr _ room in which, fop the 1/3-set,we bi_nd centered _t

,
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iO0 ]Iz,there t_reonly tll:'ccnoI'inaE:nodc_, i_t l'r(_quunclc_ oi' 95, i00, _intl105

]i_ reUl_cctlvcly. It i_ i'urLhur a_'JulncdthtLLther,c modct_ _ll hi,re the _If_u
rcvc_'bcr_Lio;_ tlmc (_cc d_cun_]lon _clow). Fi_ul'c iI _howIl the frcqucncy

r_'Jl_ONIlcof the i'oorn__4hcn i_ll thl'_c tnod_l _i_'co|_ t_qllul¢I_]tl'cN_',Lh_jfor
rcvcrbcr_tlon tIi11c_of 1 iLnd _O _ccond'_. It i_ _ccrl t|l_L _thcn T i_ lt_r_c the

_'_'cr_,eoound pl'o_xlrc level it_ LhI_ rooi_ v!_Ic_ ri_pld_y With l'l'_q_ency.
Fi_ur_ ]2 iJl_m_ratco how the 'rrangc" of' thi_ v_l'i_tlon_ dcflncd txllohown in
l,'_[_ure].i. wLri_n _ith _|icrcvcrl_cr_Ltlon tltnc ol_ the _ooIn for dil_fcrent

tl]_c_llL_of the ilor_l _lo_c fFcilllcnclcl;. In ]"i_t_(_i_, iL hILtlbc_n i_]ntlm_l

t_it_tt|l_I'c_c _ n_ll_cl_ o]" iIlodc_of cqti_ "_tI'cngt,h*' ol_iL_c_|_ni_ori_!y_ t_t

_cp_ratlon of _£ u I, o 3_ ]_, o_. _ _[_ wlthln t_ frcqucncy brand centered at
iO0 ][_,. (Altcvnt_tlvcly. the _od_l _p_tcln_ crm be thought o_ I_ bcln_ l_ 2. 3,
}_, or _ percent of t_ny bund center frcqucncy.) rlotc tht_t both T _nd _i' depend
_inon Lh_ l'oo_ voltise.

If _ noi_t_ _ourcc wc_c _,o c_alt only _ rtlrc ton_._ _t _oiilc_l_cquc_Icy i_ Lhc

bt_n_l_I_ l_cg_OtlOf" th_ filter, the l'euultlmt iilct_l-t_qtii_i'c_Otllld_l'ctlullrcitl
the room _ot_l_lbc dcpcndcnt upon ho_ clonc the drlvln_ i_rcqucncy lu to one or

more rc_ont_nt fl_cqqcnclctl. In order, for L|icrooillto _c rclt_t_c_" inocnt_Itivc
to I_tlch_t_ cl'fc_t_ it wolllclbc dc_r/_blc to ht_v_ t_ iI_r_e n_n_cr of' I_o_|cr_in

t_c IneI_tiIAl_CI_clltIJ_n_widL|_, to hi_vc tho_c _io_c'3it_lunil_oril_ly_pi_cc_l_
po_ll_l_ ttnd to hi_vc Lhc reuont_l_cc pct_ku broad cnou_h to 1'fill in the _Lpt__'

bct_en _tdJ_ccn_ pc_ku. 'l'hci_nI_Ic_ttlont_of thcuc obocrv_ionu _rc:

-t|_ room uhould be iiLr_c to increlmc the number of modcu in tL_Iven

frequency Intcrw_l,

-the _eom_try o_ the. room uhould bt! tJclcct.cdto _l_xlm_e thc _umbcr of

_dco ancl }]romotm unlformlty o£ _ll)_cil_.

-t_m rev_rb_,rf_ion tlmc _hould _c Io_ enough to brot_dcn Lhc rcnonttnce

pc_k_ by _tn nmount con_p_r_ble _o the moth_l I_pacln_.

_rlzln_, i;henumber oi'modcn Itl controlled by the slzc of the room, _{hllc
the mod_1 _pae_n_ in controlled by the _hnpc of the room. If thc room in vc_y
h,_rd (i,c._ lon_ r_.vcrbcr_tlon tlmc corrcl_pondln_, to lo_t _bltorptlonl the

r_.oontt:_c_pcctkn wlll bc _httrp -- t_; lowcr frequcnclc_ whc_'_!thc _o_a_l dennlty
i_ _o_ _n_ th_ _ndal npncln_ n_ay not bc _:llfor_Lithe room vcI_ponu_, f_n

function of _r_qllcnc_i m_y not bc _n unlforla itlldc_llrc_l. 'l'_:li_ in denlvt_le
Lo _dd low f_equcney al_I_orptlon to cnhnncc :nodt_lovcrlt_p. I[owcve_ nddltlon_tl
_b_orp_ion _I11 dccrc_n_, the op_iI_l volumc in which the _evcrbcrnnt _ound

field _ w_ll r_ovo _h_ direct flelc| froI_ _hc _ourcc° A comproml_e nho_fl_il)t_
_ou_ht be._w_.rltIleI_ct;wo elf corn.

In_I,_etlon of _l. (2_) llho_l th_ ftph_nomenon_ ]_rlown_I dc_encr_cy_ in
whlch th_ _u_ r_onttnc_ I_rcqtlcnclc:_occur ;note th_n oncc_ will b_ e_hlbltcd
any _Imc th_ _i_nnlontl of tile ro_m t_e in thc ra_io ol_ n_tll intc_rIl. Amon_







rectanLrul_r room_, a cubical uln_pc exhibits the it_r_iestnumber of degenerate

modes tu_d hence clei_rly should be avoided. Current IIltcrnatlont_l[10] (uld

n_tlonul[29] standal'ds list the following room proportions as ha_ing been
found to giv¢_ satisfactory mode spacing for rooms of about 200 m volume (the

"preferred minimum room volulne" for me/_iluromunts dowll to the ]/3-octave band
centered at i00 l[z):

_y/£x £_:/£x

0.83 0.1_7

0,83 0.65

0,79 0.63

0.68 o.;_2

0,70 0.59

'j_lcwidth of i_ relJont%ncclln_ u|l_p_ c&n be chi_r_eterIzcd by the width

of tll_pcI_k (ac_ Figure 13) between the frequencies _t which the cncrbry
denIllty is onc-lnllf of whist it Is t%t the exact resonance frequency, Thlu

width, 61yen by

Af - fo/q - I/IrT - 2.20/T (2tl)

d_flncll the freqtl_n_y rc_1o_ ill which the m¢.'an-zsqu_reprctlnurc iu within 3 ¢I_
o£ th_.t¢_t tho resonance frequency. Tt wm_Id seem rc¢_i_on¢_blcto I,cleet the
room=_ r_.Ycrber_tlon time uuch theft th_ width of t_ rcsotn_n_e line i_

ui_alflc_ntly grc_t_r than tile avcra6e _ipi*cinF_bctwc_!n normal modcu for the

Iowm=t frequency o£ Intorct_t (i.e., modal ove_it_D, M = Af/6f, t_Ignlflcantly
grc_t_r 'tha_ _m[t,y); tllu_, from eq. (23), one would deIllrc

T 1 h_lV
,,: .--- f2 (29)

2.20 --M c3

whe.r_ |4 is t||(:det_Irc¢_amount o£ modal Overlap and only _h_ Ino_t nIKniflcaat
term in _q, (23) Ira.bccn rotalnt'.d, Wlthc _ 31_3.1_m s" (_i? t_h 20_C) and V

eXpl'e,,ed in cubic meter[l, thin bcqomcs

If one molect_ M - 3, the low_ut frequency _t which _ revcrberation roo,_ col_d
b_ u._d and _till meet tile acleeted criterion for mod¢_l ovcrlI_p _oula b_

All of th_ an_ly_len in thIIl m_b-.eetlon are rather ,_pproxlm_tte. For more
rlgoroun trc_tmenti_ of roost ¢_eolmtlc., nee[ 30-36].
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As dilJcusoed carllcr, it ii_denir_Lblc to make the rcvcrbcr_Ltlon tlmc flu

l_6c _ pou_Iblc so tb[Lt thq unccrtalnty due to inadequate knowlcdi_c of _ iz

_ccop_ble _nd, over moll! of th_ room volume, the contrlb_tion _'roznthe direct
field iu ne_li6iblc compared to the revcrbcrant f[chh At lower frcqucncic'_,
th_ue dcoidcrhta are in conflict with the Ju_it-di._;cun_edcritcrion calling for

n rcv_rberlttiol_ title sI_[tlle_ou_h to 0pl'u(_dthe ruso_i_ncc pc_tl:sin the room

ro_po_o. Fov _ny _ivcn roo:_ it is dcslr/_blo to _nI_lyzc _li of thcs(: factorll
_nd li_icct an _dcqu(_tu colnpFomise for th_ situlltlon at bled.

'l_e current A;ncrlean standard[291 requires that the room volume be "at
Iclu*t 180 _ _nd preferably 200 m- for Iil¢:asurciilentsincludln_ the 125 }lz
oct(wo band, _x_d 70 m for lll_in)_ruliicntscov(:l'i_g the 250 Hz _nd hi6bur octave

b(_ndn, but excludln_ the 125 Ilz band." It further states that

"tllc floor of the test rooln uhall bc reflective with an ab0orptlon
coefficient below 0.06. Apart from the floor, none of the i*url'_ccshould

ht_ve abIlorptlvc propcrtie:l si6nlflcuntly dcviatln_ from those of the
other out'facto, For each one-third octave band within the frequency
r_ngc of intcrcl;t the m_an v_lue of the abuorption coefficlcnt of cinch

w_ll and of the ccillng uhould thus be within 0._ and 1.5 times the mean

value of the absorption coefficient of all w[_lls and ccilin_."

'i_lefollowln_ guidcllnc:_ arc siren with rc6ard to the t_bsorption of the room:

')_l_h_Ilo_andt%b_Ioyp_iollcocffloicntl) of the uurft_ccs of the reverberant
room _utlt bc ;_m_ll enough to insure an adcqnatc reverberant field. The

co_fflclcnt m%u_t be inr6c enough to mlnlmizc the _ffcct of llource
po_itlon on the notu_d power prod_ccd by the source (refer to _hc

qu_lific_tion procedure of Section ii). 'l_c twcrI_6c hound nhnorption
cocfflcient of till ourfaccn of the rcverbcrntlon room :lhoi_Idnot exceed

0.06 OVer the frequency range of in!crest, except thnt _ddition_%l

_b_orDtlon below a frequency EIveIl by

20f10

f--g
in um._lly dcnir_iblc in order to incrc,u,e the bandwidth of the rcIlonI_icc

curw_ or tlm norm,_l mom:_ of th,_room. 'i_e hiEhc:_t w_lue of the avcrngc

nollnd _b_or_t, ion co,:fflcl_nt, mt _m_ frc_u_-ncy, _hmdd not exceed 0.i6."

'_, international _tand,_rd[lO] Incl_IIle_very _Imliar rcqulrcmentll.

Doth th_ American _*nd IntcrnI_ti0n[_l ntI_ndard:*[lO, ll, 20] Includ_ quite
detailed room qui_llflct_tion prooedurcl; -- t_cpnratcly for the mcnsurcmcnt of

broad band _ound and for th_ m_i_,l|remc'ntof discrete frequency componcnto.
_el_ procedures i_volv¢: not only the reverberation ch_unber hnt ilollrccloc_-
tlonn, microphone Ioo_tlons, dlffu_inK elemcntn, tunl, in effect, the entire

measurement procedure. Anyone p]_nnil:8 to conduct rcvcrbcrntion room

_icaaurements l_ho_ld ntud_ these ut_mdnrd:_ carcf%llly,



In the present section, the rel_ttlon,_;among room absorption, _otu'cc

loclttion, _nd power outlntt h_tvc not bcun die,cub.ned. 'n,ei_cwill be covered in
Section 15.3.

d. _n _]Itu

It Is not posslb]c even to attempt to cover all of the dlffercnt types

af test envlronmcnt_1 theft mIsht be encountered in carry_n_ out _n situ. tests.
In _cncral, mc_tsurcment_ should be m:_dc to dctcrmlnc the extent to which the
tclJt cnviroi_mcnt approaches an anechoic, semi-anechoic or revcrbcr_ult

cnvlronmcnt. _e typc_ of mc_surcmcntu which should be made should be fnirly
obvious from the prscudlng discussions.

Whenever the sound source can be removed from the test environment, the

environmental influence should bc checked by plltcin_ a reference sound source
tit selected points whici_ define the _oundln'icu where tileaetuttl sot_c_ will

bc and then m_t_surin(_ the _ound preu_urc _t wArious dlstanccs from eoci_
reference source loc_ktion. Procedures for corr_ctin6 sound power
measurements for the influence of the test envlronmcnt :_rc discussed in
Section 16._,

12.3, Cr|_cris for lh.'kgr..sd N.i,e

In |loresloctttion_J, par tietll_r]y for _n :lltu ll1_st_rcltlc_ts_It m_t_not bc
l_o_oiblc to m_'tlntainb(tckBround noi_e m_ffisicntly below the noise cmittcd

from the .ourec for the bi_k_round noise to bc ne_icctcd. In thi_t clu_c, tl|c
rncI_our_dvItlue;__t s_ch _Isropilonc Ioclttion may hc (td_ustcd usin_ tile
corrcction_ _Ivcn in T_blc 3.

'i_,cn_¢orrcctionu _rc prcdicr_tcd upon the bltck_round noise not bciu8
coherent with the noi_e emitted from the source. Ao _n c_amplc oP _ c_t_
_hcrc thIi_mi6ht not bc true, ti|c noise from _ vcntil{ttln_ f(u_which emits

discrete frequency components could ht_vc it dcflnltc phase rclittion to the

noise from the tct_t _ource when _oth ttrcconnected to the 60 IIz line power.
'2hem tho _d_ovc corrcction_ for b.ckg_round noi_c would be iniq_propri_tc.

In som_ clrcumntt_ncc_, it may bc diffie_tlt to scpar_ttc the noi_e of _t
p_rtlculIu, plccc of equipment from the noluc of its* supportinK cq_dpmemt.

For cmamplc, in mc_ul||rin_the |iohlc of I_pncum_ttic tool, c_rc hlu* to be t_tkcn
to cnuurc that tho noise from the.,_ir compressor in not influcnc_n£ tllc
result.. _I_ck_rolm(l holms mc_surcmcnts mrtdc with tl_e tool in_t,:tivc(_ndtllc

compressor opcratin_ mlt_i_tnot be approprl_tc since the nol_Ic from the
comprc_mr m_¥ incr_tnc when it iu cmllcd upon to supply _ir for ti_ctool.

Anothor problem _rca is tim_-vi_ryin8 b_ck6round noise. Connlder nn
outdoor tc,t _itc folr3y ncI_r tt hi_.l_way. |)_tek6round noi:ic mc_tr|ur|_entu|u_vc

little m_ui_ unlcsll one can _)c confident that the _vcr_,£c bltckzround noise

w_ the ,a_c durln_ the time interval when ti|e noise emitted from tl_c_ourcc
wt_s mc_m_rcd.

N



Table 3 Corrections for Back_'ound Sound Pre_*suz'c Levels

Difference (in deciIJels) Correctlon (in decibels)

between uound pressure to be subtracted from sound

level l_ui_u_'cd with sound pressure level mi_asul'ud with

source operatln_ and uound nource opcrlxtin_ to

b_ek_,round ,0und pressure obtaln sound pressure level

Ic_vel t_Iont_ due I;o no_ind som'c[_ 16[on¢_

6 1.3

•f 1.o

8 0.8

9 0.6

10 0.I_

11 0.3

12 0.3

13 0.2

ii, 0.2

15 0.i
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12,.L Critrria fiJr Tf, nlperamn,, Ihm.nrtrir Pn'..Lm', Ihnnhlily. al,I Wiml

U., Tel7113(2 FLL t lit 4_

_It'ItHIU'_n_ _tlgndl_rd phoned Inclndc rcutrictions on the ttllowablc

tciilp_rt_tur_ rlln_ over which l_ILSUl'_nl_/Itl] llltl_ I)12 conducted andj if' prllCt_cILll

provide CO1T_Ction_ for tilL, effects of t_l:Ipi:rI_ttLPc.Temperature cnn affect
th_ IncetnRrc_iuntreslLltS In the followln_ wlzyf_:

- the perfornmneu of the te_t _lource l_ay bt' a function of temperature with

tile rcilult t]l(it tIl(_ llo_sc ci_ttc(I v/trlc_ wlt]l tcI_pc_/Ittlr{; even though

the opel-ltting load appears to be conlstttnt;

- tilepropcrtlcs of the air unrrounding tiletent uource mI_ wu'y oufi-
ftctcntl_ with temperature to affect tim uound prcumwc at the
I_{2t&l]UFCIIIC Y1t loctttlon_ _

- tcmpcratttre gradicnt_ or _nhoIllO_unclticll ill tile atmouphcre cttu_c
refraction or ncattcrlng of the uoufld;

- tile accurt_cy of the measuring lnotrumcntation may bc affected by

tcmpcrat ure.

_lc ncouu_lc Jmpedrmce of air lu aff¢:ctcd by both temperature and by
barometric prct]nure nnd will bc d_ocusnled in tile _ection on barometric

l)retmu_e. Abnorptlon of uound by the air in influenced by temperature,
b.rom_tric prcnuure, and humidity; it _lll bc dincunncd _n the ncetion on
humidity.

Tn _.thin_ menIlnrcmentn ollt(loorllOVeP itreflcctln6 pllin_, eFForn can

occur due to rcfrnetion of ,ound arising from tim varl(_tion of the npeed of

hound dne to tt _lteep temperature gradient above the reflecting plane. Such
ttn effect would be c;q_ected to lie p{u'ticulnrly ncrtou:_ for nourcea which emit
pure token and to hc wor/le t%t hi_.her frequenele, where tile wave length Of the
nonnd 1_ much nhortcr thtm tile height of the .ourcc and/or tile _let_InlrJng

microphone nbove the reflecting plnne. To a certain extent thin could be

compcnnt%ted for by multiple micropllonc location, or by trttvcrolng the
mlcrophon_ over an npproprinte perth (flee See. 19,2).

It ill difficult to g.-ncr_lize on the elf corn of temperature on m¢:mnwlng
tnntr*tmentation. The American _]tanda_d for hound level mct(:r¢l[37] inclndcn

the followln8 nt(_tement:

"7.1 Tempcrr_d;ure. Tile tcmpcr(_ture range over which the t)cn.lt.ivlty of

the nonnd level meter varies lcnn tht_n 0._ dcclhel (_t nr_ freqllency
tHlall be ntt*tcd by the mnnufncturer. If thin rnnge doel_ not lnclnde tile.

extreme, of -lO ° to 90° C, the mnnufacturer tshall nnpply tclnpcrature
correction vt_luen ov_r that rnnge. If proviulon for internal
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calibration is I_ade in the sound ]evol router) thc EIiIttltli'Itoturer0h/ill

stEtte the effect) if _Lny) of tempcriLL1u'eupon the culibriLtJon system,
and thence upon the sulf-cullbrutcd noulld level meter over the

tcmp_rltture rarlgcoi' -i0 ° to 50° C. The mltnufi_cturer shell utltLu th_
tcmpcrttture ldr_it,qbeyond whleh permanerlt dlunui{uto tilesotuld level

I_tcr I,_ occur)"

If' it ill Irltcnc]edto mltke molt_itrelne[itt;over it bro_d t_inl)cl°itt_rerltn_e)

the _ntltrumcot(ttloll_ystcm sh0_lld be cltll]_l°ittedover thltt rltD_c -- ellre
sllould be taken that tile calibrutlon procedla'e itself does not huve

unac¢oulltcd-for t_In_Lqq_tuy_ o_l'ect_,

b. Barometric Pretmure

In Section 12.2, It wire indicated (see eq. (12)) that dnou reverberation
chumber, the rncttll-BqtJtwc i]OUrld pretiBlll'e iB proportlotlt_l to pc_W. A 8imilllr
analyulil Of free-field ruditLtion would _how tiler the mcun-_quare llound

preuuure iu proportional to peW, Thun the computltt_on of _ound power
rcqulrea ineluolon of lk terra of the form 10 log (pc") for reverberation room

tlound power level" end a term oV the form lO log (pc} for free field 'Jound
power level. _lc/Je termu do not correct tile dtttlt to correnp0nd to otaildard

condition:l of temperature and bttromctPt¢ l)rcu0tlrc) bill ttrc ltimp]y pttrt of the
procedure to cltletllttteuound power level from tiound px.cutnlrelevel data (or
VICe ver_Ht).

_c effect Of ttvIwi(ttlon in tcmpcl,ttturc and prcrmurc on revcrbcrlttdon
room mca))r_rcmentu iu more readily uccn by rcwrltlil{.:cq. (15) atl

1%4 - LDR - I0 ioI_ - 1o I _ - los ; (32)

thIAliif tll_ cttlcl;l_ttionwcru l;mdc utlin_ It i]tltnd_tPdvltlue_ PoCo ) the

2 2
correction term to be imbtrltetcd itl 10 io_, (oc /OoCo ).

FOP free. flcld m_ttlluremeoto over tin im+)glritu'y_]phcrc ctt rttdior]r from it

point. Iroorco. of power W) the _elt_-_qllltre IIo%lBd prc£Hlttrc_ll

I)_ . £92_ , (33)
4or 2

from which the cqu_tlon for power level Ill ucen to be

I_ " Lp + i0 log[4rtr 21 - lO 10H Z2F - 10 lo_ [.,?oj o,,)

I _If revcrbcrtttlon room c_Icul_tiont) arc made uuin_ _ot(tl roo_n al)t_ol'p_ion)A)

rather than rcve.rbcratlo)) time) 'I')to account for tilepower lent) _t tllc

boundaries and in tl)_ air) _he term _/V it) replacer! by cA/h) tlle c canceln

one: of th_ c':_ In Oc °- arid the. correction term bccomet) i0 lo810 (pc) ,-- the

name au for frcc-flcld rmilation, 71



The dependence of lO log (pc/p c ) on tcmpcrtttln'c ttrld baromcLric

prcuuurc is shown in Figure lb. 'i'h_ c°u_vc co_rcspondin/; to O°C also 2
rcprcucntu the dependence of 10 log (pc/o c ) o:1 pressure since pc- is
independent of temperature. 'lhesc dcpcndc:°c_c._ stein from the following
cqut_tlono_ b_cd o_ the idcI_l gas law:

p c lI 'l'LI

where p c il; the value of the acoustic ruDigtaiicc {_t barometric prcuuurc II
o o r o

{_d _buolut_ tcmpcrature l'o, and

n (36)pC2 . DoCo2 "_--
O

All stated previounly, the above d]sCUl;Uioa o_ly concerll_ the li]flucncc of
temperature and baromctrlc prcuuure on the calculation oP uound power level

from the appropriate DO_lIld pI'CUU/II'C level, It doc_ not correct the relJltltu o('
(_ c(_lc%Ll(xhtolz to terror, pond to tim noise (2;]liull_oil of [L l]ourc_ under _ol_:u
standard condition, other than thoue which existed at the time of mca{lurcmcnt.

Temperature and barometric prep|lure directly inflilcnce both the radiated uouad

power and the l]011_Id _r_unll_?_ llt Lipartictul(u" loet&tloIl,but in a Inanll¢.'rthat i_
different for dlffercnt type_ of _}ourccn. Sourccn with very high internal

acoustic impedance (constant velocity (lourceu) will bc affected differently
from oourec_ havln_ very low intern{_l impedance (conutant near-field

l_ru:1_111'_),_ In addition, uourcc_ having different dircctionulity
charact_riflticn {&re affected differently by tcmpertiturc and barometric

_r_]tlr@, _,x_r{:fl_iO_[lfor mollopolc, dipole, I/|l(|qu(tdrupolc poinb I)ollrc_;},
radilttln8 into a frac flcld (air) |lave been derived from C(lUatlon:lin gorn_

{rod Ingard[3L _, pp 306-318] and {trc li_tcd in Table 1¢ for sound rmurce{l h:wlng

m.ither con:l,,antvelocity or cormt_nt fi,.,_tz'-fi(.,idpI'CiIIIilre.It Cft_ bc [leCll that
the dependence on teinpei'nture f_lldthe dcpcildencc on barometric prc0:_ure can ]_e
quite diff_rcnt for different typcu of uoucccu. 'l'hua correct|one to Ii_andard

condition, cI_nnot be made reliably without :lomc knowlcdEc of the
charncterlntlcu of the nol:*e :lource.

A ral{&t_d pheno_noll that _luo can affect the accuracy of acouutlcal

mcaln_rcmcn_, i. tile dwpcndcnce of I]OUIld px-cnuuru level prodilccd ])y p_llto_-
phone., _nd other typ_$* of _icrophone c(_librators, on bI_romctric prtIl_ux'c.

"|ICe fluction 15.1 for diucumlion of pltrtic].e velocity, volume velocity,
near field, and ft_r flc]d.

/
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Table il. Dependence of far-fleld sound pressu_'c and rndi_itcd sound power on Inu'omctrlc p1'e_n_ul'c

_nd tc.:pcF_turc foF w_l'io_l[l types of sound sourceil. The nulnbcrs Ir_ ptL_ntheses P_pl*e-
sent tile rILtcs of chimE, for the source in tlir _t '(60 mm HLt, (1.013 x i0 Pa) fred 20°C

(293.15 K).

_ypc of Source Constant Volume Velocity Const_mt Near-Field Pre.mlrc

;nu_n-nqut&re presnure sound powt.l' in_n-JlqIIgtl'c 131*¢_nnul'_ _ouiÁd _owcr

Monopolc I 'I'_o Be ,_ 1 --,o/ k\J kTo!
(.O11 tinram II_) (.006 dB/mm I16) (0 dB/mm |I_) (-.006 dB/_. Jig)

(-.o3o _m/°c) (-.02_ ,m/°c) (o ai_/°c) (.oo7 oral°c)

Dipole: -- T-- _ IT ! /_ / /'l' 1
o\ o/ ",, o/ \ o/

(.O11 dI)/mm liE) (.006 dB/,_ ]I_) (0 dB/rmn liE) (-.006 riB/ram ll_)

(-.01d,dn/°C) (-.O37dl$/°C) (-.015d]_/°C) (-.O07dm/°C)

II 2 T -h

(.O11 dl_/mm ]I_{) (.006 d_/mm ll_t) (O dB/n=i ll_) (-.006 d_/fmn 116)

(-.059 dill°c) (-.052 dB/°C) (-.030 dB/°C) (-.022 ¢,sl°c)

/ 1 ....

1,

2/ '', t?



c. Ilumldlt.y

_le two major cffect_ of humidity c)n noise mcttmlrerrlents are (1) the

effect on _boorptlon on sound by the air Itnd (2) eI'feets on meuaurement

sy_tem_.

BOuIld ener6y ill attenuated by moleculsr absorption, by viscosity, fieldby

]le(_t coBdllctios, For It pl_lse wttvc, the i_el_s-nqultl'e SOllSd pl*eOllllre will
Itttusuat{: with distance as

p2(a)- pa(O)ezp(-mx), (37)

where 1}2(0) is th_ _lc(m-squ{*re pl'e_0ul*e _t x _ O, ConverLin_ to souI|d
_l] LtlIP_ levcl _

L., z.(o)- i,tx . (313)

whel'e M - 1_.343a i_ the z*ttcnulttion in declbchl/meter, The (tttesulttion coef-
flcies_ wt_len in t_ complicated manner with temlmrzLture, humidity, and b{_ro-

mctl'lc pr_lslurc. It iu l(_rger _ high frequencies _nd, _tt normal

tempel'z_turczJ, _e_k:l :tt r_tther low rel{ttive humidities, Repreuent_tivc curves
t_'_ given in I,'_gt_re 15. For _dditiolml isform(_tion _lee[38, 39] and the
_f_ncel_ therein.

_le reflect o£ _r r_b:lorp_ion i_J quite llTipol't_nt, e_peeit_lly i_t hi6hcr
l'yc{{ll_llCl_ _ ill _v_l'lle_(_tioR i'oo_ In_e_t]tl_'elrt_ntll _ise_ t with he,i'd wztlls _ t|l_

rcverbert_tion time ll_ l_everely limited by z_Duo_'ptios of sound by the _ir.
'/'hl_ re_t_lr_rn theft clare bc tz_ken to In_ln_l'c reve_'be_{_tion time_ under the

_am_ _tmonpl_e_l¢ eosditios_ r_l_ when _tc(_dy-.at_te aound ener6y dcn:_l_y mc(ul-
ln,mm_nt_ nre. made. Current ne_tionr_l[29] lind lsterm_tionr_l]lO] _tlmdard_

_cquiro %,h_t th_ tcmpcrI_ture t (°C) .nd _he relative humidity l'h (pc_'eent) be

c_n_rolled Iluch that the: prod_ct rh(t÷_) doei_ no_ differ by more th.n + 10
_e.rc_nt from the v_lu_ of this product which prevl_iled chn'ing the
m_._u_'cment_ of the r_.vm_'be_'l_tios time (for the dl_'ce_ method) of reference
_ot_ld _ourcc (for the eomp_u'izmn me_hod).

_vcn when ear.frilly controlled, high t_ir et_no*'pt_on _tt high frr-'(l_lesele_
coupled wl%h the fl_c_ th(_t sound _ouree:l tend to 1)e more directive Is their
re_dl_tion p_ht_rn _t high frequencies, c_ts makc it diffic_£1t to I_chiev_ _

diffuse r_.vc_'berzlnt field theft i_ i_ufflctently ll_rge*' tll(_l_ the direct field
l'ro_l t,h_ _olll'ee.

A _Jor effect of high humidity on l_eou_ltical m(_unl_emest l]y_tem:_ ltl

cosd_Dn_os of r_oJfl_l_ i1% ;_lerop|los_n_ l"c:]_tltis_ is _]le eslle Of colldeslbe%"

_. mierophone.zl, in _lcctrlcltl lcl_k_e. M_ny cosden:ler mierophone_J _re h_fttcd to

_voLd thin problem, I[_gh humidity can i_lno lead to clectricl_l lc(_hs_e in

i,
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c_blcu_ conncctoI.ii, or IIlutrumontu,

d. l¢i nd

A ucrioul] c]'t'cctof wl_d on outdoor _LensuYc[_unts is the extraneous _olt_e

generated by the wind blowing, tLcro.qsthe mlerophoncs. In general, a wind
oel't'en vhottld tLlWtlyn b_ used and ttinut_surdlilt,nt _tttIld_Lrdshould set li_lit_

analogous to bhoue for baehground noise, on tlm allowable wlnd nolse[35].

Wind can t_luo lllflllcnccthe pi'opa_atlon of tlolse from the SOILVCC. A
flht%dowzone, Into which ;Io direct sound c_ll pencil-ate, may be encountcl'ud

upwind from a noln-cc because tiletypical pouftlvc wind _radlect (i.e., wind
IJpccd Incrcasln_ with heiEht abovu the Eround) bcndu tile sound ruyLI
upward[33,35]. If l[lctttIul't:mentuI,ust bu Inltdc/Iconsiderable di/ItttnccI'l'Olntile

source, ti6hter llmitu (than for close-ln measurements) should be placed on
_tllowable wind upcedu.

12.5. Criteria h,r 5ira..,f IIv: 'l'e,t E,luipmenl

A _iven teIlt facility _hoL_Id be sufficiently laz'_:crthan the equipment
ht!_rl[; tc_tcd to ennbic iilCnUurcm,-'nt_to be: IntuIe otltsldc Of the nell" i'luld of

the nol_e _oureu. The Intcrnatlon[d Or(_t_nl;:ation for _tltndardlzatlon draft
O_ itlbol'ttto_y_etl/itlrci_cn_ill anechoic a_d hef_i-/mucho_c eIii|iid)el'u[l_]

r:c_l_cil|_ tht_t the velum(, of the /lo_lce_b_ ic_f t _ 0 )cI urccnt oi _h(.,
volume of the tent rooIR (e.g., a 1 In sou'ce mk_ be tested in a 200 m_
thither). For l(iu_,ecqtllpl_nt_ [IIic]It_l'(_t;trlct]o_wottld hc too /devote f'or

prreetle_ity. I[owevee, tileII]_(L[IILI'CIIIcnt[Ittt[id/_rdt&hotlld/t(Ic(_ut_tcl_(tddl'cnfl
thi, point.

12.6, CrJt_ri. f.r l|dle_!|i.g 5t,ffm'e.

A dl,cunnlon wa:_ 8ivcn in Section 12._, in conjunction _¢Ith tile i_tel,lal
on mc,xnu_cmentI+ in (_:Jeml-aneeholc l:paee, o_ the imi)ortattcc of Lhc reflcctill_;

plnno h,win_ a vnry low hound almorption. Thlt, c_m be Imrticular]y difficult
in olltdooP _Bn_/_e_,2]Itllellit_1+_c_OP _o_)lle_ i]ourc_llwhere it talkybe

dlfflmtlt 1;o rlnd lar_,e paved area, with nufflelently low hound nlmorption.
]_n [_ll_l-t_.l _ /]l_ttfltll.Cmt!llt/l over _l'tXt_l]or I]ol.l t_I'c not i'ccotr_cl]dcd -- tIl_
_urfaee in nelthc_ ha_d enou_ll to I_pproxlmate a perfect reflector nor neff
enough _o _p_eoxlm,_te t_ pePfe_k t_b;lol.ber.

J'-'¥e/1wheB 1die _o111'c_of _he noi_c ll_ VCI_ eloIlc to tile _ro_d_ :|o tJl_t
ther_ arc e_en_l_Jly no a'efleetlonn, dlfflct_Itle_, may arltlc. A cound wiwc
kravellng pat'_llel to an |dnlorptive in|trace can ]o;le encr6y into that uurfaee

if the "_onnd raya" pa_:l cJonc, in termn of wavelcI_g_h, to the Inlrfaee.

In nddII;ion to criteria for the reftectln_ pl.ne, melx:nn,cment _tandardt_

_hould Include _c:it_letlon_ on the prc:_cnee of nearby obJcctn which could

rcfd.ect :_otmd energy in tn_cht_ way an to influence the ttmt rcuultn.
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l'_, |llMrlllrll+llJ£1iJoll for _oJ_(! Ptle£1iillrellll_lltt+

• '+/'JILlI_/CaIII+J'CI/IOH_,O[_lldclPdirhoid_d,I+cql('_i,c, that ea(lh "_IHttl,l(/lJ(2'l]tmeek

apoeil_ed vequlvcmenLs of ex4.at, C.nff nationaZ ov intePnationaZ (ll_ndalvla.
For inutvwnenttr fo_, rahich atcmdavdo do trot e.ar_at op where o_'iot, iny
_tandavds al,e trot ar+ff_c_ent, Pile meaeuz,cttlent atarldavd tflrould itr(.'Zude

t+pc'eific cz_itm_a for evaluating tile pev]b_v_nee of aueh devises, e.U.,
Jbv _oul,eee which pvoduae tl_noient uignal£1 the atandalY1 mipht ineZude

aZZol..'able t;oZepanc.ea J'o.,' o!/atem voai)om_o to one ov mope weZl-dej'-g.ne.d
tl'atlsietlt OP+TtltlJ.

• 'The meaam,ement £rt.atrdal.d should elcm'Zy state the aZZet_able tolet_neeo
]by l],equcno U J,eopenm;, enVlvorunental efd'eet£b hal_tlotli6 dlotol'tlou, cta._

rMr£ah tire "2_t_tl,tetletrto ave veql<iped to meet. 'l'ho.t2 +lpec;ifleatioml ohouZd
be allplied not onZy l:o spceiJ'_Ce eo,Ii)onent_ oj' tilt; system but to tire
ot;cvaZZ ovotcm ao h_eZZ,

• 1'he ttlea_lo.emetlt tlt_ndm.d _hot(Zd reqldve olh;vaZ_ aVotcttt ea_ibt_tlotl at

stipulated -intevvaZs, The ]'act that each component oj" tire ayaton appt;aml
natiojhatovy dogs trot emmpa that tile syt_tc'm pevfovrn,'tnce wiZZ be

steal)table,

'2'he tneaoru,t'tth_trt £)tatrdar,d uhordd l,cquivc that the ouepa_ £ryotctrr
meaeuz,ctnen_ eVl,ol, not be deJvadcd beZoto that aZlel,led for diveot

meaota,+:_cnto_ veflaPdZees o.t" tile imltl'tartt:ntation ¢_o?l_i_]lO'at{.Otl.

13.1. Get!eral Jle_ltlireltlelll_

II_o_;_IIm_/_ta_o_ |'or /lO_tl_ I_e/tl]ul'crl&_nLtl _Ol_llt_tir_ _enePtxlly_ of th_

eomponehtn Miow;_ in Fiotre 16. 'lira tloulld premmre i_ converted Into an
elee_glet_l M_n_al by a microphone, Thin Mgnttl lfl amplified ttnd _tumett

throush tt filter which welght_ the trttriorltr frequency eomponentn of tile tJlgnrtl.
_1_. fil_ePcd a-c t)tgn{tl In then detected (lltlllttlly converted to a d-e value

equlvrxlent to tile root-mean_tlquare value of the a-c Dtg/r¢tl) anti averaged OV(,_P
till ttppropl*latc time tllteFVttl. _lt_ detected llt_Ilttl ill thcll dt/lp_ayetl via some

rend-ott_ device, q_le nlgnal ratty be recorded on a _lttgnetlc _ape recorder ttnd
_POU_,I£t brick to tile labol'tttol'y for £tnltlyllltl. _f thtll itl neceO/ittPy_ tile
re¢ordln_ t_nd plt_back opertttton :_hould no_ degrade tile overall meeuluPcmon_
el'fOP be].o'd th(tt filleted for direct lllel_tlugeraellttl.

"'+-' Tl,,  Ao+

Fl/glro 16. flehematlc reprcnr:ntatlon of /nntrumentat[on for riot|rid level
meamtrcmento.
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In ttCOUl}tieltl measul'elnentl} where it frequency Itlltlly_ifl iS reqtlired, It
hau been trudltlonttl to use a b_mk of band p_Lss filters, and uwltctl tbrough

them ucquentlnlly to obtuln sound pressure levels in each frequency band.

_Iore recently, rettl-tlme unrLlyzcrs have become nwtllzlble which have parallel
filters, with detcctlon and read-out for eltch frequency band. The output of
the_3e can be read visually or they can be interfaced to a computer.

Alternatively, the inst,ntaneous voltage from tilemicrophone can bc pl_s_ed
tbronEh an tmalo6-to-dlglt_tl converter which is interfaced to a computer.

Digital dat_ are ttlken at _t r{tte at Iclts_ twice the hlgbent frequency of
Intez'el]t. Filtering and detection ore done digitally wlthln tlle computer.

An_ of tbcl]e technlqur:s i_;_*cceptable if done properly. In the (iIL_-

cuuulon below it will generally be as_Jumed tbat the various elementu in Figure
16 arc anttlos devices which c_n be trcltted ueparately. IIowever, tile

measurement standttrd ohoILld apply to the over_t]l measurement process and not
au_um_ any _articu/ar configuration of components.

13,2, Mh_n,l,lm.e ..,iC_ddc

There t_rea number of different types of mlcropboncs in ut}e. For
t_couuticttl mea_urcmentu, condenser, eleetret. _nd piezoelectric microphones

t_re moat coupon although dytmmlc mlcrophones are ntill used occi|lJlom_lly.

The Importnnt features of microphones nre frequency response, sensltlv-

ity. un_ freedom from adver.e environmental effecti_. '1_e AmerleI_n
otund_rd[2_] for rcverbcri_blon room determlnatlon,_ of oound power rcqulrcu
th_t_ :

"The. mlcrophonc slmll lw_ve a £11_t frequency rc.ponse for r_mdomly

incident =_ound over the frequency range of intere_It. _le mlcrophonc
shall meet the requircment_ of ANSI SI.12-1967. _le microphone and its
ss_oci(t_ed cltblc shltll be cho:len so thltt thclr scn:*Itlvlty does not

c!icsngeby _ore thltll 0. 9 dB in the temperltture rttnHe eneountel'ed in tile
mertnt_remen_. _f _t movln_ m|erophone i_I uncd, c_tre t)ht_ll"t_eexercllled to
_¥old in_roducIs_ tlcou_itlc{tlor clcctricltl noiue (e.g., from geltrll,

floxing cnblen, or alldinF, contt_ctl;)that could interfere wi_h _he
me P._llti_em _II_,S."

An Amcrlcan _tandnrd[l_0] dencribe_ t)'pen of iItbortttory micropbone_* theft _re
suitablo for ci_llbrablon by _#n {*l),olutemethod nuch an the reciprocity
t¢cllnlqtt_ dencrlbcd ill tile Amcrlcnn ntltndI_rdfor the c_libr_ttlon of

micropbonea [I_i].

13,3. F_q.r,_cy l{_l..mc ,,flhc li_Inm._I,h.i..Sy_I_m

Tb_ American[3"/! and InternI_tlon_,l[h2.1_3] sti_ndardn for .ound level
meters pre.scril)ol;olernnccn on frequency renpon0e, olnnl-dircetlon_tl re_pon=le_
_nd _hc _ffects of cnvironmcnt(_l eondltlonu,

P.. '/_lo #%mcrlcan st_*nd_rd t]tal;e_ tll_t:



"the frequency r,:sponlleof' the instrumentt_tlou calibrated I'o*'r_Lndom]y
incident 'Jound sh_ll he determined accordin_'_ to the procedures of AIJSI
Si.]0-1966 _u]dthe random incldcnce resl_on:;f±_hall be uniform within the

tole._ance'_ _ivun below:

Frequency Toleri_nceLiln_ts
Hz dI_

50to80 + 1.5
i00 to I_000 + 1

5000to 8000 _ 1.5

i0000 + 2 ,"

13,,I, Wci,_hthag Nctw.rk _._dl.r l,'r_pra:,,:y A.illyr_.r

If direct mcnmlrcmcnt_J arc to bu made of the A-, ]]-, oz'C-wclghtcd nowld

icv_l D the xneauu/*c_icNtstandard ghould clei_rly reL'uz'cnec the _Lllowable
tolerance'J on the frequency wciEi*tlng. The intcz'ntLtiont_l:itandard for

precision _oLuld level metcru[l_3] _veEJ tolerances] for all three welghtin _

nctworku. 'Die AmcrlcI_n :_tandard[37] deflncs threI.,types, or cla[lues, of sound
level meter with dlffcrcnt tolerances. _ic American Type i tolurnnccu[37] arc
cmlenti_lly idcnticI_l to the intcrnstlonal tolerance:lib3] u.xccpt below 100 Hz

where th_ American tolcrai,cc_ are tighter.

It is anticIpI_tcd thief frequency an[_ly:Ic;zrcqulrcd for rcF.l_latoryactionI_
wlll not require meauurcmP.nt:_ in frequency bands nnrrower than i/i- or

i/3-octI_vcIl. 'lq*cintcrnI_tlonr_l [ztI_ndardfor bI_nd-pIluu filtcrs[hl_] dcflncs the
center frcque_cicn and _cts limltm on tcrinin_tind ii_ped_nec:l, effective

bandwidth, atte.nuab_on in the p:_sIl-bI|nd,attcnu_tion outuldc the plulu-band,
ovcr:_ll tolerances, harmonic dlutortion, and the effects duc to cnvlronment:_l
condition.. _e American _tandard[}it] i:lI_ rather ;ilorcdetailed document

which cutI_])liuhes three clan[ice of band filters, Cla*l:_c:*I and II for octave
b_nd filtcl'o and Claln_c:_)[Iand III for |*alf-octI_ve and thh.d-octiwe band
flltcrn.

The choice of a filter for l&given measurement In b[_llud_Ipo;lthe _%cc_ll'{%cy
reqltir_.d. _l_tebt_ndwidth _rror of i_filter dependn upon ita trantlmi_tllonlout]

_t tileband ed6en _ the tllo_c of tiletrz_nu_llu_ilonloI]n charactcriutic outside
the b_nd_ and 1;he input noii*e spectrum :|lope. Appendix B of [h_] dincul;I_c:_
th_ _bJcct an_ MIv_s dI%tI_I_nd rcL'crcncell_tllowin_ nclectlon of filter

c|n_r_icte.rintlcnwhich will yield mci_Ilurcnlentnftdlin_: within :ipcclflcd cr|'or
limit. _t various no|he |l_luctr_I_l:llopcn.

'l_Icinterll_tlonal tolcrancc:l[l_I_]arc less rcntrlctivc than the _mcrlcan
Clan. III l)_tUOnlcwh_tt i_oFe rcI_trlctlvc th_n Clai_u II. The Alllcrici&niiLItn(bi_d

for d_tcrmln_tlon of i_ot_ndpower in revcrbcrlttlon roomu[29] z'equlre_*that "an

octave band or on,l-third octI_ve band filter s_t m{_etlng {_t leant the
rcqulr_menti* for Cl.::n II filter|* of A_{SI SI.II-1966, or latc_it rcvl_lon,

S
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tlh_ll bo tl.e[l." International standards[lO,l] ] and dral't sttmdclrds(12-1h] for

, , _llulldpowc, l" dc!_erl_Inatlon npcc_fy a band filter set mueL_ng the requirellcnts
or [l,4].

13.5 Sil41iill I)l!ll'l.llitli lili,l _tlvi, fill_hit4

'lho e.lcctrlc /li_nill froll ii m£cl'opiionu 15 tyl>Icallycoinprl_od of _lie sum

O_ Colli)on_Dttl lit lltiliy frequencies. 'l'llc' Ill/!lillUrlli_ _ll'_LFlllilOIItlit]oTl Silotlld

Ilt_{_li tll_ I'OOt_llll_llll-ilqlltlr{ VIIlUl) Of thlD 'Jt_.fll_l l (Icflnnd lis

• - (3_)

where c(t) iu the t_lll_ v_u'ylri_ vo/tal:e lllld_ 'l_s the lntc_l'lt_lOll t:[llt_ I silotLhl be
1Oll(_ CllOil_h to 19rovJ_d_ £iduqiliite avei'll_lil_.

MIIDy ioltll_l_l'tl lletiliur_ tile llverll_e libsolut_ vltltlc Of tile i3t_Iitlll dcl';lllcd

T

i: .{/o (,0>

_{_le %'lllll_ Of _ iu Ilniqll_ly r_llitc(l to E l'o_ ll ollluuoidtil nJ_rial _o thi&%

rectified (i%._l'tl_,_ d_t_ctorli lirc Ciillti_ uatil)facto_y for thlit I)I/l'Iiol_. floweret,
tllc_ c{in l'(:llul_ ill vt)ry large erForil for _iorc Colnplcx 01gnaln. Tabh_ 5

indi_ll_Oll tlw. error or li r_.cttfl_.d livcrligc litter for _cverlll typcn of' lli_Dlllii.

,qinc_ tylllCal llolllc iltg[Itllll dlt'l'crcollllldcrll_ly from plu_c ulne wliVCll I it in
lllportall_ to Ilp_ci_ II "6rllO rllll detcctoF. 'lTlc Illtcrllatloniil £itliDdlird Oil

pr_etl_lon lloImd l_vel llc_crn[li3 ] r_tllFCli thtll_ in:ltl'll_lerlteitlo_ coll_lyllig wltli
thP._ _lllidard be llbl_ to llcfil_ll_ the collbllititton of /ligll/llii of two

non-liiil_noiilc frcqucncic_l _o wl_hln +0,I d]) of %he truc l')Hil vtiltlo.

After tile _lt_lltil ill 'ldc_cetcdll, it lil I1CCQ[III(Ir_ to C(il'ry Dill tile

lntcgra%lon Intllcatcd in oR, 39, Prcferltbly, thlu llhotlld _)o doDo ualng ti

'ltrll_ lil_¢grl_oril I either linmlo/_ of digital, blany mcoutltiCtll Jnutrullcnttl

litlllze ilC-avernging _ll which the zi(ltmrcd lltgnal ill the lnpll_ to i_ Jow-pl_0il

_C-FII_cI'. _f _il_ rlnll vt_lllc of tile li_pilt vol_agc to lln IIC-Intcgrlltor Ill

cilan_nd from one valu_ to tlnotlicr (¢.6., tilt! oyfltcm ill llwl_chcd to a different

mlcrllphoilo or f_l_,er), tile OU_l)U_ of _he integrator will vi%l.y wJ_h i$1llc all

Elil "_/RC + E2(I - e'_/I1C) ;
F. (41)

tlw, tnitt.1 v_lilo l_1 dcc_yn with ll ttllo corlllttiIlt IIC lind tli_ new villtic 1_ lil
_tiJ)ro#/cll_l _ily_l]toticiilly with tile /lflll_ i._[lf." collll_tin_. Ill tcrllii Of the*"

vo].ta_e cilan_,

I I; - I:l -_/li¢--" - i - e (62)
_1 1:2 " It'1
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T_Lblu 5

Wav_ Fol'm ]C_'l'or in )'ut_dinl: of ructil'led

[_vf:l'l_ _ltrtUl •

Sin()Wave 0

Sin_ W_ve Plu_ 100%
'i_lil'd )larlmntc in Phauc -0,50

_iIlu W_C Plus 100%
'12_irdllan_onicolltof Pha:ic -6,_2

Zqu_re Wave +0,91

Osu_sian IIolo c -1,04

Pulse Tralil; i0;_
on alld90_ off -9.1}_

Ptll.e'f_In: 1%
on and 99_ off -19,17

T_blc 6

tl[(_ l-c-tlIIC _0 lOglo(l-c't/I_C)

I 0.632 -3.98dl_

2 0.865 -1.26

3 0,9_0 -o.hh

I_ 0.982 -0,16

0.993 -0.06

6 0.998 -0.02

7 0.999 -0.Ol

¢,



Table 6 nhow:l tbls function for difrcrcnt times after tileintegrator input It;

switched from E1 to I"2.

Thus if there or_inally was no input to tile integrator, one iihould wait 5

tlme conutant_ for tileoutput of tileIntc6rator to bc within lees than 0.i dB

of its final value. _ Sinlilarly, If one wluhc.,i to take successive indel)undent
rcadln6u of tile _tlr_esignal, an interval of several time consti_IztLl:fllouldbe
allowed.

For nondctcrmlnIstlc, or random, signaln (:IceScctlon ii) the averagln 6
tlmc muut be _ufflciently loDg for thc statlstlcal error i.o become umall

cnouEh to be acccptt_ble. For bundvldth llmltcd Gaom_ian _llitc nell:c, the

standard error (normalized) ill tileroot-mcan-mluare presalrrc (or voltage) lu
_iven approximately by

_here T Ill the averaging time and B is tlm cffectlvc bImdwldth or the filter.
'l_le 90, 95. and 99 percent confidence lilnttll for bands of rImdom noJl;e are

uhown in Figure 17 a_ func_ionn of b(mdwidth and averagln_ time. Fox
additiontL1 detail_ _ce llJ6-117].

Itl tile ca_e of a dctcrmtnilltie Droeesu, tile Ilvel'lLging tllnc de_cnds only
on the r¢;sponnc of tilefilter and detector, That is, one muut wait long

enough for tile filter to rcnpond to tile _16m_l and for tile detector to renpond
to tile .ignt:l. If one clef'Incathe flue title of a flltcr ao the fllmI!it takell

for reai)onuc to rttm from 10_ to 90% of ltu final ,lgnal, then tile fine time,
T ill I " 0.8_/B where II lu tile effective b[Lndwldth of the filter. If nn

_-int_rator i i iied in t_c detector and a 0.l dl]error iu tLccepted,• colnl_Bred
to th_ renpon_c to a unit ntcp chan_e in voltnge of a true Intcgrtltor, one
_l.t wait 5 RC tlm_ COll0t(_n_u. _le total ohuerwLtlon tlme uhol_ld be

..BIf+ 5RC ,
II
c

In mo_t c_ne_ of concern, the rluc tlme will be much lelm than _ IIC tlme
coo:;tantI_,

13,6, J|tlld'()lll l)_lre

If th_ Iivertl_lll_ h_ll been aecomplhlhed by a trlie OF I1C integrator, tile

r_l_dout can be ill analog form via a meter or a t_trtp chart Pccorder_ or
digitally through a digital voltmeter or a computer. If tile averaging wat_

_one dlgita]ly_ tile reltd-oltt wotlld IlallIllly he ¥1t% tl compllter.

_le _qu_r_d voltage YPOm tile detector will contain lt-e eompollents

superimposed on tile met_n-_quare value. _'(lell fre(lU_llcy compollcnt will he

attenuated In .quoted-voltage nmpl.ltudc hy (i/ull{C). For llmi_llvalucIl of IIC, i
thl_ can rem_It in notlccablv "rlppl_ voltage" pmmlnt_ through the Integrator

if there I. eonnlderable low frc_lueney vo].tngc l,rcllent.



EQUIVALENT DEGREES OF FREEDOM

,12_ 5 I0 20 50 I00 200 500 I000 2000
I :,l I _ i-r'_,_ i i i [ [ i iii I i i i i ] i ii

"7 90"/. 95% 99% ........ :..: ......... =''" "
Z-

I_ .,. f

_ -4 , ,/.S__ Y-6 /. /z
__L_ __L,_II I _ t__l_d_l I 11 I I I I I ]II

2 5 I0 20 50 I00 200 500 I000

(EFFECTIVE BAND WlDTH)x (AVERAGINGTIME)

FIK_ire,i'(. Con_Idez_ee intervltlu _l:tfunctions oi" _'i'£o1" mea:]tlrcnt_.nt:1on _'_Lndom
zioIf]_o

R
:1 82_

t



Grltphic levc,1 l'_cerdcr:i al'e l'z'_quent]y u:le.d to pl'ovfde It tlr_lu histol'y of

[IOUtld l_vc1. When u_ted fop l;uch |luri/i)_l_;]_ till: _l_])cr _i|lel_l| _rlll_ i_]lcclltllyt

the _'itlng nl)ued should be s,+'lected ¢_Ll'_:l'ully itr/d :]hou]d be r_port_:d with tile

r_llulto of th_ Incl_JuI'elnent. leben _l'ltl_h[e level _'_¢ordt_l':] al'e U:_ud in

conjunction with a l'tlter to provide _'eltd-out Of fro:quench' aIltllyue:;, the

writ|hi, r l_pe_d _]hould he e_tl'el'tllly u_,lect_:d with r_gl_rd to tile freqtle_ley :;_eeI_

Z_l_eed[llS,l_9 ].

It i_ quite Corr,rllonto use a nlo1_ wl'itlltg _;peed on t_ gl'aI)hlc level

recordel' in |in attclnpt _o obttlln a long tlv¢:l'itgillgtllrle :_ucll _ls InlghL be

:[lldicated ill revel'bcl'lltlon room ineltntu'ernent_;. 'l'ypleltlly, the_'e is tm _C

Integ1'tttor, followlnI_ tile uqll_l'e-iIlw detector, wlllch ll*_s i_ low el'feetlve

_veraglng tllne T . 'i_le w_-ltttlg l;peed of tile recorder In el'l'ecL iteta tts1

lmo_hcr int_grat_r with nn avertlglng time 'i'2. 'l'llu_l the recorded level ill

" at .

If _1_] • rl'o_ tll_ Ilyllte_l i'_ Un_tltlllc. Ilowever_ ti' '1'o it; ehollen to be _ll/ch

6reltger tlim_ T 1 lind th(_ l'|-equellele'a of the fluetul_lum_ in the detector lnl)Ut
level are of the ordel' of 1/'l'_ tile l'eeordcd nll.rn_l level will be the _ellll

detected vltlue '_ (l.e., "No{In l%llla"), 'l_lls qutlnttty l'.l of dubloun plwnical

In(._ltlling Itnd from u theoreticltl point of view it would l_e b(.,tter to tncre*_ne T 1
Itnd eltminttt_." tile necond tllteilrlttion[l_6].

1_1,7. 'J'rltll_ieril [{¢.l._llae _f ]lmlrlllllrnlllli_ii ._y_lclll

Althouglt not:_¢ metumrcment tnntrument_tlon wltl_ dlfl'erent prlncipleu of

opcl'_ttton nlr_g be cltltllrl_ted to Field the lltt_le rellultll on ilt_:t|dy-:*l;Itte dlgnltld

nl_eh iPalg not he tll_ c_trle for tl'tlll_lient effects n_lch a:_ l;lotof vehicle ptluu-by_,

_'or on_ cxaml)le of tile dll'fcre_cell itmon|:,gltI'iO_ll l_eltIluro_elltll Of tlllle-g/tl'ylllg

llOille_ Ileg [_0], It ill reeo_ended tht_£ IneltlJurerneglt [ltlnldgl'dll for :louz'eell

which l_rOd_cc trtln:llcnt uou_ld:_ include npecil'lc eriteri{t for _lyutcm reoI_onue

to one or more well-defined trl_nstent cvent_ (e.g,, _t p_:'c tone thttt i:_

:ml_lltllde-lnodttlt_ed In tl llpecil'led mzmner).

la,ll. (:11]illr_ilillll lllnl ]_l_Inlen.,,_'r ,,flll_Icllnl<'nlilll(lli 5)'_lelll

_ _COll:_ttcttl inll_l'llrlle_ttt_ton llylltem el_n b(: quite CO_lI_lex. kccol'dln_ly_

li; in n_cchr_t_I7 to c_t]lb_'_ttc th_ overl_ll uyutem l'requently _lnd not to rely on

tile. ;lyll_l_ l}_rl'oyl_!_nc_ llein_ aeceptttble lllllll)] _ _eetll_tle clteh colnI)on_nt of' tile

ri_l_ _ler_cl_.ll U|;llnl|ttPd ['or _]lc _le{tlltlre_lt_llt of nou_d prelllllll'e _CVCIL_[_]

Inal_de, i_ the folZowln{{ r_tt_tcment with re_,i_rd to e_llbr_tlan _lnd nl_tlnte_l_me_' oi"

i_ntrtlme.ntlttion :

I_TIIO i_ntl'llmelltll nll_tl _of tile ilcoull_eltl multfltlre_ntrl _lll_l _e llcrViccd

_t l_nt o_c¢_ ev_)" twelve _ontllll In ita_ox'{lllnc_. • _itII tile _ll%nlll'_tctu_erlll
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instructions. ']'hisshall include chceklng the purf'ormance oi" all

mc_hanlcal com[_onunts and clc_ct:.Ical clreults and ruplaein_ substandard
items. The date oi' most :'_ccnt scrvlcin_ shall bc wi'Itten On tu_s

attached to t]icine_tl-uiilcllt:_.To ensure that the calib*'atlon of tile
equipment hus not changed dul'ing zL sc2.1cs of measurements, the

instrul_cntation system shs]l bc eILlibl°llte(lacoustically accordln_ to the
._inuf_etln'cr's in_tructlons. A colIiI)ZL_'l_tivcei_llbriLtion provided by a

sound-level calibrator o:' piI;tonphone of known sound pressure: lew!l is
uIlua]ly satisfactory for this purpose. The frequency response of the

complete inutl'tu_cnti_tionsystem shall bc checked pc_'iodically to in_ure
that the rcqui:'cmcnts of 5.h.2 are szLtisfled. For the leLboratory method,

l_Icrop|loncs |)hull ]iv cekllbl-eLtedby conlparlson with rcferul]eo standard
ndcrophoncs which are callbreLtcd aceordinI_ to Amln'ican National Standurd

H_-thod for the CiLlibration of Mlerol,hm_es, SI.I0-1966 (see Section 12)."

l_l.9, l'n',.liulh.i, I. ].. Taken Whcll _rI_,'lln_ hl.trsln.!I*tathnl

'l_lefollow|hr, is also taken from the ;bIluriceulstemdal'd for InleasU/'emontof

|found prcsslu'e levels[8]:

"5.'f.l Prccuutions (Field and L_boratory 14cthodi_)

_.7.i.i Wind (Field Method 0sly). To perform *found prcosurc level

_L_z%suI'ementsin _ movin_ air stresln, _ uuit_bly designed wlnducrce|% or
nose cone shI_ll be utilized to minimize the influence of the _ir IltruI_m

on the output of the microphone. No such precaution is nceuInlI_l7 if _he
wind nolne iIII0 oF more dcclbcls below tileIf|El*elbeln_ mezlsurcd in each
frequency beAnd of interest, Corrcctlons for chan6eu in mlcrophonc

sun_itlvity for the wlndncl'ecn or nose cone u_ed d[_rln_ the measurements
I_]II_llbe tq_plied to the obilervcd llound p_'cllsurelevels.

_.'_.i.2 Huli*idltyand Tclnpertttlu_c. lll6h hu_Idlty or tempcl'_t_e

will c]II_nget|l_ i]exlllltlvltyor dluile_emany types of misrophonc_. The
microphone me_nufacturer'_ instructions _shnll be carefully followed to
live|if _uch effects.

_.'/.i,3 |fish Sound Pressure Levels, Many piezoelectric,

movln1{-coil, and csplicltor _le_'o|)holles_ay be used fOl"the _cl%[itlrcmentof
I_osnd prcIlsurc levels up to _pp_oxime_tcly II_0 dB re 20 }_I|/m_. At higher

icv_.is, spcciI%l]M des|Shed microphones with stiff dlaphr_Hmll :_hall be
u.c(_: the,s|: sh[%ll be clklibr[%tcd_t the levels to be m_tsured nnd, if

poll_iblo, OVer the entire freqllcncy ri_ngc of Interest. At high sound

levels, spcclz_l pFcc_utlons nh_ll lie tI_ken to ennurc theft "l,lCrophonles"
arc not 6cnernte¢[ by the trttnsmIIision of :nec|Isnical VibrI_tlon to the

microphone or Inlstrnmcntlttlo;1. 'l_*cIleinclude:

(i) Instnllln_ the Inlcrophon_? :_x*dllli;trumentI_tlonon z_ sof_
_oulltln_..

(S) ]|cmovln}{ the inl}trunlcntI_tlonfrom the hlEh sound icvell* :_nd
u_ili_.InE long cltblcs: prect_utions t_rc nccetnlary to mlnlmlzc ci_ble
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noise, that is, tilenoi_e produced when tilecabl,: itaclr Io subject to

vibration or flexing,

(3) Instulllng the Instrl_ncnt_Ltlon behind sultable barrier:; or

enclosures: a mechanically soft mounting slmll be mind for the

low-ncnsltlvlty microphones tlmt _re utlllzed for the mea:Jurcmcnt_ of
high uound icvchl.

(h) Determining electrical noise and pom_Iblc "llllcrophonics"

problems by replacing the microphone wlth a highly insensitive (d_Im_)
.d crophonc.

_.'[.l,I_ LOW Zoilnd PrcIlSlll_@ Levels. A microphone used to iIlcac;ure

low sot_nd pressure levels ,_tmt haw hlgh scnsitlvlty and low internal
no,no. _Icn connected to *]ult_ble low-nolsu amplifiers, many

piezoclcct1'Ic, movlng-coil, and ci_pI_cltorl_icropboiles al'e uu_t{&ble For
Inet_nurcmcntn of sound pl*enilurclevels below 20 dl] rc 20 Idl/m .

5,7,1.5 bow-Frequency llolsc. Piezoelectric and some eIlpaeltor
mlcrol)l]onco t&rcnuittd}le for meanurlng sound p]'cuuurcs at frcqucncles
down to frt_etlonllof a hertz, S])ccliLluInpllflcrs _l'e rcIlulrcd for

measurements of low-l_cqucncy noi_ic. The low frequency IlcnsLtivlty of

t%mlcropIlone Inay v_ry contlidcrabiy from the inid-F*'eilucney[icn_itivJty
due to tileprooencc of a preln*ure-equttlizlnF, leak. CItlibrtttlon Idlnll
be lOci'formed over tile frequency rtnlge of ln£eretlt.

9.7.1.6 IIl6h-Frequency IIoisc, For menmn'cmcntu above 20000 lIz.
_dlllabul'e ct_lOIIcltoroy _ic_oelectrlc Inlcrophoneu uuutLlly _ivc tile moot

Ill_billfact Ol'y l'erilLl_ll.

_.'(,i.7 lhm_ Pickup. When sound prctiInlrelcvclil arc to be race,cured
ncal_ eleebrlc_l cquipmonb, _ moving-coil mlerol_honc l]h_dl no_ be ruled.
'_*o inntm_mcnti_tlon nlmll be cIlcekcd to m_e certi_in there, iu no hum

pickup in tile lnlltrumcntll tllcm:lelve:*. IIum ct_n be r¢!duccd by movln_ tile
lflstrume.ntn tAwl_y fro_ the Iiotlrcc of the laagnetic Field or by llclccting n
p_oi_e_ orientation of the in:_tl'ument:i with respect to the mr_gnctic field.

5.7.1,8 eablet), When I_ cI_ble Ill uocd bctwr:cn tilemIcl'opbonc t%nd
the mcou:ltical ln/ItlU_cntntlon, tile nyl, tCln llhnl_ be cl_libl'_bed _ccording
to the m_nI_fz_cttll,cr'I_InIltyuctionllwith tilect_bl_ in u:Ic.

5.7._ Pl'_.callttons (Survey _Iethod). SOIIIId-Icvcl inctcrIi tf_th lntegrIll
mierol_honc_ lit. g_ncr¢llly not. _lllttlblefor t_ mctu]uz'cmenb progrmll tbag

roquircs th_ obocrv:_nee o£ the lipceltIl9rcelultlon:Y of _.7.1.

_,_.3 Additional EFfeetll on Hel_uured D(Ittl

5.7.3.1 EfFect, of Oh.erect t_IIIlHctcr Cr_sc on 51caIn_rcdDr_t{_

• ' _.'_.3.1.1 llurv_y M_bhod. The nounal-level ,ictei. ldmll bc held in

_ Fro_t of tile ol_erveI'. 'i_c ob_cx'ver llht_llbe o_lented witll respect to
m



th_ pr_ncli)ttl sound soll_,ct, so thlLt the :hnlnd url_l'l!y l_Fl'iv_:s lit the_ _

micFophon_ fl'o[n t|lq_ s_du t|nle:;_ _(1II1_! othel" orlelltnt_on _ !;pt, l_ll'_ed by
Lh_ ln_trL_nunt l_rtnufaut/ll'el'.

5.7.3.2 Field and Ltzbm'atory I._cthodz. In order to mhllmlze tile
ob:_tacl_ effect cauned by the in_,:1"tlon into th_ sound field of the

zound-lev_l meter and th,: experimcnt,n" ho]dinf_ it, the microphone flhall

]Ju connected to the .qolllldrLIIRIys[_I_qUJpmellt _y laI_ILl]_lOf [LIla[iI)rol)l'i/Ltt'
ettblc oi" _xtenaJoll conrluetof and Incluntedon a tl'ipod of other 'auspeilslon

system. 'l_leohscrVel" _nd all acoustical Jn_;trulnt,ntI_tJon _xcept
mlcrophonc2(s), as:mclatcd prcmnplii'lel's and cnbl,._ :;hould b,_ located
outside the tel;t area.

5,7.B.,_. _ Microphone Besponsc led Orientation

5.7.3.2.1 General. The mic1'ophone calLbration applied to compute
_ound pressure level uhall conform to the way th,: microphone is used in

the _letLuul'craunt'_Fop cx_unple, frcc-fleld c_Qibratlon at the appropriate
angle _f incidence. It should be recognized that inlct'ophone calibrations

arc often fm'nlshed in ternm of the prcusure response, _hich may differ
from the free-field re_ponue at high frmpn,ncicn by as much all 9.5 dB for
Ollc-ineh diameter microphones.

5,7.3.2.2 Survey Method. See 5.'/.3.2.1

5.7.3._.3 Field and Labortttol7 Methodic. The *ItleroDhencuhI_ll be

orlent_d with rc:*pect to tilesoul-co no that nounal strlkeu tiledlaph_I_m
at the angle For which the mlel'ophonc WL_S calib1"atcd to h_ve the flattcnt

fl'cq_lency re]_l_onncehi_raetcl'istic. The variation of the l'espsnuc with
f_cq_l_cy :;hall be taken into account in each f_equ_ney band Fox" Im_xl*i_u_l

accuracy, It uho%_Id be noted thI_t microphones are _nlually _at :iciiilitive
for so_ncl pl'opagt_tlng,perpendietllar to tile mieropholle diaphr/_g_1.

floweret, the an61e required to obtain the flattest response vu fl'eIlueney
will lle ¢t funetlon of the microl_hone delllgn. It Is ilnperzttivethI_t
r_llab]e cnlibrlttion data lleutlcd to determine tilean_le of operation for

tll_.fll_ttellt1,e'dponse. It [Olould be noted thief a microphone may be
e.xt_mely llensitlve at high frequencies to slnttlleh,_n{_,ei_in ol'icntlttlolt

for .ound W[_V_,q l_rriving, pal'all_l to tile dil_phl'tt(*.ln. Tllercfore, durln F a

m_asurement of nouad which e0ntainii ,_lg, nlfictult high-frequency
components, it i:l ndvi_(_b]e to inttlntaintile _llel'ophone orient{ttlon to

within + 5 degrec:u for the llurvey and Field methods and to within Z _
dcgre,atl fo_ tilelahort%to_y m_thod."



]4,, ]nMa]hltJoll alid ()l.,r£1tion of Sour('e

• Th_ mralutz'c/ncnl. _:t(uzd_zz'd tlhoz<_d _tpc_u_j)¢ tll_zt. _hc ,l,'z_[ec zozd_'z, t,edt. bc
Zo,_a_cd gn 7_t_ urn: .'onft;_jzwatfon oz, aE_cmictt.f,p+_/_j the locatT;cn +fllou/.d be

fZo_cu,ned b9 t.h,; t,:_lt. ,:_nu_rot_,:,mt, ,znd the qu+zntT:u./ to be rlea+ua'ed, c,_j,,
ltottl,dc _oc_tt,_.'(] HCEtl' tIic Octlt._ l' 0]" _}l(t IYJor,'l fOl' (ZHI?CIIO_lt I_h_(Z,'tZtt'elncntzt o.t"
Botozd poIdCP.

• _l_lf: tt/17£ldtlPl;lrlUtlt 13tcot(llzz'd LthoN_t_ B['Cc'{J)/ t:]l(_l, thc (JC'l]Z'dOIOZ(_UI' t,?13t ZIc
nlotOltcd l+ndct' aond{t.'t'.ono tIT_IIILZCll,to Lhouc pcoott_lcncZcd /or PzcuquaZ

_.ntlt.a!._at.£o_l. Cal'c ohouZd Do takclt to clmttt,c that (1) ac&'qnat,7
i_)oZaI._ol) {o p.,,on{.dtnl to tn{n£_l{::c cxLrancol,n a_z,bovm_ no,it+, due Ix)

iI_b/_t_o/l die, tart'oil ant[ (2) th+r pl'oeOtll_ tlOT_tt(_ doca tier c_rcccd tile tlound
of _hc device "_tocZj'.

• fhc mcatll_l,tuncn_ otandard ahould ],cqu{z,e tile _5zlmt ttlaell and cPtm,_j and

the output cn,n,Ei ! to be b_.ol+gh_ to and v+wlovcd from th,: oo:a,ae Itndo.z'
tetlt w_tltot¢t .tTtt]'[t,etlcz:,z:.] the. qzlan_t_t_j bc_bzft tzlcatll<t,ed.

• '_710 mcauuz'emcnt otandard uhouZd opc_,'{f_j the 1lt¢lbcl' of Ol;,U,at_onaZ t,,_octcu
undcz, byhlch _ctl_tl ape to be ea_,z,_cd ol_t.

'27t,: mcaala,cmau_ t_tand¢u,d ahol, Z,l opeeij)! the _;r_ent of the toadln_ and

tha mannel, of appZ_Teat_an oJ" the Zoad _o tile zlota,ec under teat oo rhone
m,,; uCmilm, go aogual nee condi_iotm uhc].cuez, pom)_Tbl¢.

The nol.e icvel pz'oduced by t_tlpecil'Icdevlcc in not only dependent upon

the t_ou/id rttdllt_in_ c]lttz'ttcgerlt_tleu of M£e re.chine l_tlclf but ttlso on the way
the _+_elalnu itl operttted und/or inn_ttllcd ttlzd Lhu upeclfic cnvlz'onmen_ in

which 1_ ill utlcd. In ucttin6 nolt_e lintitu fop uuch dcvlcell thz'ough noise

cNl_tlion Or lttbcli_ /ltt_lldttl+(ln, tc_ pl'oecdul'cfl /tIld l_calnll'Cliien_ ;flo_|lodolo_
I_hottld incluae nuch itcmt_ au _ot_¢|l;l_ opcrtttln/_ zlpccdtl, inutttllt_tlon

requlrcmcntu_ and tile loct_tion :tndnpcclflctttion of needed tn_Jllttry
cquipmcnt.

14,1. Sml_e I.I.!lllJoll

_Ollfl¢l prclltlll_ level mc3ttfllll,cmexl_ii fOP t_ _i_Cl] d_vice /tI'¢t obtttlncd by

menuucln8 t_t, +t flpcciflcd dtnt_mce from the.. source in ea.cntlally l'rce-fleld

condl'gionfl, Fox* hound power dcterm[l]_ttio|m, in tm ucouu_tettliy control]re
c_lronmcIl_. _]lo /iollpce ill Ilfllll_l_ loctitcd ncltP L|lc center of the room for
_C|lolc FAc/t_tlrcm_n_ll_ llcttI' _|le c(:ntttl' of' tllO _i001+ fol+ hcI_t-ttllcehole

mcraflllrelnc_g_, while $'OP FcVcPl)eFl_n_ I_txtllll_e_t'.llttl the tlolll_cc dottld l)c lOCrt_cd

_ _'/_'loll_ loct_lonn. Fop devic(::_ llol'_ltll_y _otlfltcd Oil or Iq_lttlln_ tt wltll.
they .hould b,, _cnted in thcil' "tnlc col_flattrutton."

Aft tin exttrnpleof tt typlcul t]otl|'ccloclttlon _puclficlttlol], contildtr/'
Amcl,lc_n floclcty for Ilctttlng,llefrlaert_tlzla,ttn(lAiz'-Conditlonln8 Englnccr:J

m
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Stundard I.:ethods fol. Tustinc for :_ound [h_tin C He_ttJ:ll.*, lh:rril_erlLtinC, and

Alr-ConditionJ :li_EclUill]lluIlt[bl }:

"_.i EqU II'[.[EI_TLOCATIOII

'l_lucqulpl;lunt to hi!tested shi_]l be p]ricQd In the soulld tout *'ooI;lIn It
position rel)rlnlcntlltiv(:of no*']nrtltlsiige(i;cc|:JI:.i,)

5.1.] EqulI_nlent lined A6alnst it %qltll: I,;quipment norln_//y used

ugILlnst Itwail uhul] be positloncd lii_alnsta wnll, &t h:I_.'_t5 ft from i_
cOl.hCf" of th_ I'ooi_, nnd not o[i li contcr lil]U of the WIL]I.

5.1.2 Equipment Uucd Awuy From u Wltl1: I_quipment normi_lly mounted
on thc floor or ceili_ away fro,l *_wl_ll ilhii]lbe lock,ted Iio cloilcr thiln
5 f5 to I_ny wall. lindtLwlkYfrom i_y position of room ny:luIlet_'y.

5.1,3 EIlu_pmci*tMouiltcd Through Window, WI_II or Celllnt_: Equip-

mc_t normI_lly ]nountcd through tlwlndow_ well or ccillng shrill be mounted
thPout_h the wall or cclllng of the test room end uhall be loclltcd 1_t

icI_nt 5 f% from any corner and l_wr_yfroln emy position of room itVlnmctry,

except tll_t equipment norm_ll_ mounted heal. a cornel, Llh_ll b_ locriZc,l_it
%he l,Ormttl di*_tance from such corner.

A - Eq_dpment IoctttRm, P_r. _.1,2
B ,. F,ipllpment hlvatlon, I'_r. 5.1.1
C ,, Ell_lpmcntl_,catlon,l'_r. fL].3
D - Dl_meUzr (ffclrc_tlnr mlcruphon¢ trnver_e
h'- Length of microphone tr,wcr_e (_rc or

line,r)
F - Location of _cferenco _¢ntnd t,ottrce, l'_r. 6.2

X - 5|t m_nim_m

I FIB. i Loc_tiolt of Y,qutpmen_ in the 'feu_ Room9o
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5.1+.I+ 'l_%eequlpm_nt UhILII be mounted accordln_ to tilemantd'acturer's
Intltructions. OpeninEt_ bet_een th_ equipment ca'_ing and _aLll shall be
uealed _Ith a g,at_keted sound i_olI_tion plui{ I_imilt_rto that _ho_n in

FiE. 3. "

_.,, K-- "-.... I / _"_'I;'_'_'"

-I , +fo.+.,

FiE* 3 Typicnl sound l_ohttlon plu_

Mounting prohlcmu durln_ te_t art_ not lilaitcd to tltt_tlonary cqulpmcmt.
F_r Instance, thc Com_ret_ed Air and Gat_ Inntitutc - T_1_t Code for the
M_uPemcnt of _ound from Pn_u[_xtlc Equipment[52] _peclfles that It_casc_

whcrc th_ l,_o_e_ noSnm fat'mxce_du the _ound output of th_ m_chine _t[lelf,
e._._ rlmeterll, _d _t _u llee._tl_ry to coBt_Idcr the m_chlnc on Ittl ow_ "it

_ould b_ run w_th th_ working tool _befldod in _ zhock _*bJ_orblngbody w}_onc
_econdmzy nounal l_v_l I_ at learnt ten (i0) dl_ bclow the mt_chlncu own output

_n _ch o_t_v_ bnnd of Lmter_t, (For extxmple, the tool lJ_ to be e_bcddcd in
oF running On rubbe_, _and_ _t_.)."

For _n_,_mu m_lltlr_me_ I elthcr Itldooro or o_t-of-door_ iit_xdeon _o_-

tlt_t_o_l_ [lour_et|,m._, _ Rotor vch_cleu, _o tJpeci_l _rov_'nlo_t_ a_'eu_ut_lly
neceI_ry ¢or_ce_il_ _ount_ or inutt_lhttion.

14.3. AiI_llMryI':,|.il..e.t

In _ncr_l, mttchizlca tt_c govc:rncd, hy the conueFvtxtion of' clte_ prin_

clpln rolmtin_ %h_ bttlamec of input/output cncr_.y. For r:x_tmplc,the fucl
(_t0olino) tbmt i;_UlJcd _n _tn lultomobilc is converted lJ_to Tower (Iricl_idln$
nol._ v-ridYibrmtlmn) and heat du_II_E the combut*tion proectJtl. It :lhotd,d b_

o%)v_our_thmt thin cncr_ flow must bc accounted for du_'|n6 noitle m_txuurelit_nt
%_l_tn, esp_clmll_ thon_'coi_ductetl in enclosed spttcel,such t%_*ttnechoic oF
rmve,rbnr_tlon room_. If a cttr is to he tested II_ an £_nechoic room_ th_ room

must b_ cooled to d_l_IllpI_tmthe het_t l_roduc6d by the comhui_tloi_ proeestl_ the
e_h_mnt em_nslo_tt must he removed from the %*morn,t_nd th_ Tower to tilewhccl_

taunt bn d_sip_ted throush c% dynamonleter.

ea

+
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In the ct&sc of an automobile the outpllt eneF_ i'J the elaln []foblcln+ For

dcvlces which operate on electricity, the input en,:rgy is also a problem. A

good power supply is necessary to supply any plecc of clectrlcal machinery
durleg test. _h:chlne nolsc may be inf'luenccd by irrcgularltlotl in the power

supply output, Nolne Jn alternating current ;notoru .l_y be influenced by
voltage unbalance |led/or harmonic content; noise in dlrect-cumrcnt motors may

bc affected by ripples in the power supply.

Auxiliary equipment may also be a problem out-of-dooril. The diesel
train locomotive, for iImtance, incorporates t_ dlescl englnc which driven an

electrical gcncFator which in t_u.nprovides power to tr_ctlon motors on each
ax/c of the locomotive. The diesel engine is water cooled and utilizes

w_ttel'-to-alr heat exchaegc yadlutors tlnd I_usocl_tcd coolln_ Tans. ]>/nlun_c
br:_klng is used on many locomotives to slow the locomotive and tFaln at
higher speeds or on steep _rade_*. Thlu is accomplished by dluconnccting the

trac_ion motors from the ;sale generator and using thc|n tiffdenerutoru. The
high olect1'Icul currents L|ii_tresult are dissipated as heat through heavy
duty re|fluter grldn with the uIIc of llcparate cooling f_ntl located in the roof
of Lhc loconlotlve. When ouch a locomotive ill cwLluatcd for noluc cmlunlon

utilizing Itstationary test, thc genertltor load output nulut be disslpatcd

into a relJistor grid load box. This load box faclllty muut bu i,lolatcd Pro|if
the locomotive under telJt no that the gr_d cooling fan nolue will not affect
t|Ic mca*nLremcntll.

'I_ICbasic rcqulrcment In tht_t the input mass and energy -- _asollnc,
L%ID_ clcctrlclty, etc. -- and outllut csergy -- powt.r, |ic_Lt,air cmlnlJlonn,

ctc. -- bc brought to _ind removed from the dcvlcc undL,r te_t without influ-

cueing the qllantlty bclng measured.

Such requlremcntu ehollld be specified in t|ic mcttsurcmcnt standards,

Amcrlciln Socle_y I"oi"||caring, Rcfrigcri%tlng, and Air-Condltioning Englnccrn

Standard Methods for TcIltln_ for Sound _ating ]IcILtlng,||cfrigcrt_tins, and
hlr-Condltioulng Equlpmcnt[51) ntlpulotcs the following rcqulrcmcntn for
auzllla_ cquJpmvnt :

"5.5 AUXILIARY FACILITIES FOR SOUI{D T_UTING AIR CO_ITIIOL& TERMINALS
(ACT) DI.NICES

5.5.1 General

9.5.1.1 A qt#iot _il' ay.tc]_ .ht_ll be pl'o_Idcd t_nd i_rrangcd to

_brJorl)sound gcncrtdicd by tile fan or duct syntt!m _o that it doe/] not
afro.st measurements of sound power generated l_y the ACT device,
Col'tootles to sound _,easurcmcnfin for background nodtlc frcla the f_xu or

duc_ nye_cl;l||hall not bc permitted.

9.5,1,2 J]ackground sound entering the tent roo_n through pI_ths not$n

In¥olvlng the ACT dcvlcc I_ra corrected pel' Table l_I, provided tllt&_the

I t background :found level in the tc_t room i:l meamlrcd with _|Icair duct

into the tent room blnnkcd _:ntlthe mx_crlor noise, tl]l_%i.lnot (._xc_edthat



to pFevall during measurement of the sound gcncratlon of' the ACT dcvlce.

5.5.1.3 Air flow control _ccessorles (dtu.per, derluctoru,
strai6ht_ners, cquallz_rs, etc.) normally used in corljunctlon with the

ACT device under tent. whctbcr t_n Integral part of the d,:vlce or not,
sbt[ll be included in the te_It setup. They shall be located and set in
tho s_u_c m_Lnner recommended for the application of' the ACT device.

5.5.1.h ACT devices shull bc tug,ted with an outlet duct of

rccoim_icndcdsize terminating in the refit room. In addlt_on, ACT devices
which l_rerecozr_ncndcd to be used in combination with lined ducts, ells

or silencers s]mll bc tested together with th,me wltb an outlet duct of
recommended size terminating in the test room.

5.5.1.5 When required, return air shall be vented from the test

room thl'ou6h _ sound trap to prevent pressure build-up within the room.
All sound met_Jurcmentu of' tc_it equipment, reference sound mcamn'cmcnts
of tcIlt equlpment, reference sound source and huehground nolsc shall be

made wlth the return sound trap in place in a conslI_tcnt manner, per
Pnr. 8.1.I."

14,4, (Jl.'r.li.. of 5o.rt'_ Dm'i.fi '|'c.t

'l_;era,6_ of nolnu lev_l_ _cneratcd _y _ device io dependent on th_

range of opcrationt_l modeu. A nol_e cmi._:lon or l.bclln_ .tandard _ho_Lld
0pccify test. at a nufflcicnt number of opcr[_tlonal modes to lhully ch_ractcr-

izc the dcvlcc. For cxt_mplc) a truck lu ehi_rI_ctcrlzcd by two opcri_tionl;l
modes _ithot_th the v_hlcl_ cnn operate over a wldc range of op_cdI_ under the

v_rlou, lond., Low upoed opcri_tlon Io mca,urcd by a m_ximum accclcz'atlon
t¢_t (cn_in_/_bauut noine) whil_ hlgh isp_cd oD_ratlon lu mcanurcd by a
co_tby tc_t (tire noi_c). 'i_c Society of Automotive En61nccr. Recommended

Practico for the Fzgtcrlor Sound Level for Heavy Truck. and hu,)e**[53] define.
in great dctI_ll the operatiom_l procedure for measuring im:ximum noine:

'q_. Procedurm

]_.l Vcllicle Op:_ration - Full throttlm [_ceelcration and clo:*cd
tbrott].m decmlcratlon tc:itllare to 1)_ uocd. A beginning engine .pc_d

_nd proper gc_r rt:tlo mu,t he de.tcrmlncd for une durln_ mea:lurcm_nt:_.

]i.l.l S_Icet the hi_h(!_;t rc_r nx1.e and/or tvan_mis:_ion _r
("h_hc_t _car" Ill u:_ed in the u,ual _nI_e: it in i)ynonymoua to the
lowest n_erical ratio) and an inltii_l vchlclc _pccd :_uch that _:t

wldc-op_n throttle the vchl_le wlll accelerate from the accclert_hlon
point:

(a) St(_rtinK :_t no inorc th::iitwo-thirds (66%) of mlxxlmum fitted or

0£ _ovcrned eDSine :ipce([,

(b) Hcachln_ m,_xlmum rated or _ovcrn_d englnc :)pccd within tlm end

_ono,
g



(c) Nithout exceeding 35 mph (56 ]un/h)before reaching tile cod point.

l_.l.l.l Should maximum rated or governed rpm not bc attnincd
before rcachlng thc cod zonu, dccruase the approach rpm in i00 rpm

increments until maximum rated or governed rpm is attained wlthln the
C_d ZOnO*

]_.i.i.2 Sho_id mnxim_n rated or governed rpl;_not be attained until
beyond the e_d _oncD Dclcct the next lower gcltr unt_l mltxlmlii_l!.arid o_"

governed rpm is _ttuincd within the cod zone.

I_.i.i.3 Should tilelowent gear still rcuult in rcachln_ i_xlmum

rated or governed r_m beyond the pcrmls_iblc end zonc_ uIflo_d the
vchlclc and/or iocreauc the t_pproach rpm _n i00 rpm Incrc,lcnt_ until the

iiltbxim_nr_tcd or _ovcrncd rpiiiin rcltcI1cdwlthln the end zone.

h.l.2 For the acceleration test. approach the accclcratlon point

uuln_ the cn61nc upccd _nd gcar ratio uclectcd in paragraph h.l.l _nd a_
the nccclcratlon Dolor rapldly clJtltbli_I_wldc-opcn throttle. '/_ic

vchl¢ic reference zdmll bc _n Indlc_ttcd In I_tl1'l_grttI_ll3.7. Accc/cratlon
shall contJlolc !1hill maximum rttLcd or governed cngln_ _pc_d I_ ranched.

I_.1.3 _hcel ,llp which affects m_xlmum _und luvcl mu_t bc
avolded.

h.l.I! }'orthe dccelerntlon test, approach the mlcrophonc point at

m_xlm_un rated or 6overncd cnglno _pccd in the gc_tr nclcctcd for tile
_cc_lertt_lon %c_t. At th_ mlcrophonc polnt, clo;_c the %hrottlc and
_Iio_ th_ vchlcle to dccclcrtttc to onc-|itLlfof ;n_xlmiiJarated or of

Koverned crl_In_ _pccd. _ic vchlclc reference _hall bc _ indicated in

paragraph 3.7. It the vchlclc i_ equipped wlth nn cxhaunt bra_e, thi_
de.a_.leratlon tent If: to b_ rcpctttcd with the brake f_dl on Immcdi_ttcly
followln_ cloalng of the throttle.

_._ M¢_uremcntn

_._.i _Ic meter ohall be nc_ for "rant" rcupon0c and the A-
w_i_ht=4 nntwork.

);.,o.,_The meter _hltll b_ observed dtlrlng the pcrlod while tile
vehicle i. accelcratln_ or decelerating. The #q)pllcltble rcadlng _hI_ll
be, th_ hlghc_t .o_.Iillevel obtained fop the run_ ignoring unrelated

peaks duc to c_trancoun amblcot noli_eo. !_cadlngt_:lhtdl be taken on both
_ld_s of th_ vcMcl¢.

|;.P..3 R_W. ;sound level /or erich .|de oi" the vchlclc !)hall bc the

_tvcrage o_" the two |li_hc_t rc_dlng_ _hich nr_ wlihl|_ _ dB of each ot!icr.

_cport _|ic ;Iotmd level for the nlde of the _chiclc with th_ |ll_hcnt
r_adlngu."



An opcratlonal procedure for mcaouril;L, tire nol:;c would incl_ide thu vehicle

upoed, lo_d per tlru, and the pavcIImn_ outface on which the truc}_ could z'uo,
In thJIJcLt_c t|icp_vcI_ont iJ11rf_zconot otlly hill;zLn l_I'Pccto_ the propi_iLtlon
oP Uollzldbut also oi_ the _;ol_nd_cnuI'iLtlon procc'_8.

])evIc_ i;uc]l(Lt_dl_hwauhcru _nd c/othcn wi_D]icr_o])or_ztc_ccordi_ to a

prc0eribcd cycle _Lnd the _oluc lcvelu _encratcd dcpcnd ell the partict_r
opcratlonal chaz'acterL_tico of each Indlvldual portion of the total cycle. A

nxc&utm'cmcnt during & _i_(_le opcri_tloniLl Inodc i'or ouch _ devlcc wol_id bc
mc_ni_gleuu. To fully chl_r_cterIze ouch dcviccu_ ILIilc_urclrtcntwol_d h(_v_ to

bc In_dc d1_ring the z'_zzt]coperation, the water flll_ng opcra_ion, the
_pln-drylng operation, ctc. Thlo iu 0omcwhat an_logous to the alp clnln0ion
tcutxl conducted on _utomobdlc_ in wh_¢]l _;_li_ion l;leiL_;lll-clncn__rc in_dc _hil_

the vc|_i01c runfl t]irou_h IA prcocrlbed _crie/l of opcriLtlon_ )_own _u the
d_'ivlng cycle.

The Comprenocd Air and Oa_ Institute - European Committee of ManuP{ict-

urcr_ of Comprc:l_cd Air E_uipmcnt Code for the t*_cauurcmcnt of _ound from

Pncum¢_tic Equipmcnt[_2] upccific_ for percu'_nlvc machincn the working
pren_ur_ tim mt_tcrial to be penetrated, the depth of penetration and the

fccdlng Porcc. For other pncl_atic tool_ tcIlt_ i_rc to bc run at no-load
(running frc_), at {_rated load and upccd, at governed _pecd under load, at

idl_ _ t_t_It_xi_tl__crfori_(xnc_ etc.

To _cc_irt&tc]y chL_rt_ctcri_c _ourcc_ In_vi_ignellie icvcl_ dependent on the

manner Illwhich they arc operated, operational conotri_int_, in conjunction

wlth precise ;neacurcmcn_ and calibration proccdm'cs, _hou_d be incorport_tcd
into the ctt_ndard melon|foment _rocedurcn.

14.5. I...,Ih,,_ .t E,JlZi[_llmlll [)llPJl,_ T¢,_I

A _i_rb_A_,c{li_poxnzlobvlotlaly _till prodtlcc t_dlfPercnt noi;_ level '_hcPz
£rlndin8 bon_ _han when grindln_ regul(_r £ood, LikcwilJc, a dryer _Ith _
Io_(| oP r_lll(zr wt_rJ]|_u_blln_ _ollndo very d_Pfcrcn_ t}l{tflif' I]cYcrlzlpt_ir/loF

t_nnJx] Jl)1ocl]_ro dz_rifl_, For {zuch dcv_ccII there i_ l%i'ICC(IPer L& _tt_ll(hzrd
load" _o tha_ comparix_onr_ can be made i_monb3 the noizle IeVcI:_ produced by ouch

c_ulI_cnt,

_t_tionary tcnt_ on movie6 equipment rc(lnire _ difPcrcnt type o£ /oadin8
_cciflcation. In nuch ca_en a dynamometer or brake m_y bc utilized to apply

a _pcclflcd load _o the device undcz' te_lt, thull uimul(_tin8 the road loped
charactcrlotie oP normt,l vehicle opcrl_tion.

'l_le0tittle load c(trrlcd by (_vehicle t_li_oban an influence on the I_oi_c
goncratc_ by tlm vehicle. For inI_tnnc,:the loaded vehicle wclght influence:;

the nol,_ gcncr_ttcd by tirco, l)cpcndln8 on the tread derlign, the tl_fluencc
can b_ algnlficant,

m
_e opcrmtion_l procedure can be nuch thief the loading i:i no% important.

Touts run according to thc opcrationtil procedure :q)cclflcd in 9AE J36611153]



(ace Sec. lh,l_ l'or detaila) ar_ intended to yJeld the m_e nol_e level

whether _ tmLtctor lu te_tcd by Itnell" or the tractor i_ pulling L_ load oF
70,000 poundu. '_m operatlona] procedt_re upeclrled hopefully ensu_'e_ that

the engine la loaded px'opezqy and thlm the load pulled i_ not impo1'_ant,

_e ex_en% of the lot_ding lindthe mc_nnel"oF t_ppli_m_ion of %he load to
device under teu_ a_'e Impo_'t_Lntconaldem_tlom_ which _hmLld be t_ddre_Imd.

Loadlng M_ould be similar _o ac_utLl uoc condltlorm whc_'eve_"po_lalblc and
ope_'t_tlonal procedurca ul_ould include lo_td_n£ t'equirementn (_long with those
for _l_ccd, _Iti' uelec_lon_ and otheF o_eFa_lonal pa_'ametel'_I.

i
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]5. Mea_llrcnlt!lll l)rnccdllrt_.

• The nlea(nwenlent ntandm,d ilhould :lpoeify the location of all microphone
pooi tiono.

• The poaition of tha vom.ee with roopevt to _hc t_'_Jtenuiromtlent ohol,Id
be dcJYnad. If (for example, in reverberation l.oonlmoamlrementiI)

.mlt_ple t_olo,cepo_i_tioml may be indicated, criteria _hoi¢Id be 91vclz for

aocertai_ i_.q how nlanU sore.co poaitiona are reqi_ired in order to attain
the deoirod level of preoioion and aomtrac 9.

o The nla_Jber off obm;rvationl_, and the anaragin 9 tlnlc for each, ner;emlaJ,y

for each vonnd level• ttlcaala,cmen_ _lhouZd be tlpeeified in tlte .tcavm,eclcnt
atandard.

• Cl,ltvr£a aholdd be oiucrn to enable dat,n_n£ming whath,:r the .oc of
diflfmlere ia indicated in reverberation room llloaglo'f:ItlcHtll.

• P:'oecdla,co for dctc_Tninin 9 baokflrowld heine tlhoidd be opeeificd.

• T_ahrffqllc_, and proocdla,c_J for aharaat,n,hling, or "qualij_ino" tile tent
Unoirol_lcllt ahol4ld be olcarlr 3 laid oat irl tile Incaourcctcnt otandard.

• It;otrl_nantation a d Jacil4t_d calibration rcqaircTncnto and prooudm,co
I_hould ba _ftvcn.

Previouu oectlonn of Pt_vt II hltvc included dtacu_lulontJ of tile acoul_tic

qtlttlltiti_n of concern in notice _ct_u/lrementll, the. t_r_cfl of tte0uatic
_flvIvotl_lent0 {t_(I how _h_y l'Clltt_ to meltll_lreme_ttl o_ .ound pren_;ure and

i .0tlo_ _wer_ IlnltrH_n_ngio_ uacd _or _C01{Ilti_ _{llltll'_Rta_ ttn_ tile

iM'luenc_ or tile wilt the l_ource in inatt_led and opert_ted. In the preaent
fl_cLion, theae ft_ctora (_rc lncorportttet| into Ix diuc_lnolo_ of over_t_l
pgoe_d_lrel_ for condllctin_ KeOWdttc _etHIBY_lltn,

15.1. Gt||tnd

It la ea.cnttt_l to .keep In m_na tIlt&t_ht_ llountl power radlt_tc_ by a given

,0urea. and thn hound prelnn*re i_t rtny 8iron loct¢.ion relative to that ooumc_
will d_pend upon the menu.ileal properttel_ of tile envtronnmn% in _hlch the
nourcc in lnet_ted. %|1_ tran.milnlion pt_th(a) between tile aource and the
m_crophonn, and the propertie, of the cnvlronraent in mhich the mierol_bone in
located -- all in addition to the propertle_ of the _murcc l_nell'.

For a morn con_letc description of tmund propa_tlon in _ medium, it in
l*nc_l to introduce the particle velocity, _'_,in _dtlitlon to the .ounR

prcnm*m_:, p. t_nd the dcnnity, p, If the _cnuntlc prennure ttndpt_rtiele

velocity can Im expre.l|cd ,:_h:trmonie funetlonn, then theme qur_ntitlca" arc
related by:

_An undcrlin_.d uymbol dcnotca I_complex qut_ntlty h_vlng, in genert_l, both rc_l

_ml_inary p_rtn..rrow over _ I_ qu_ntity.
and An n:/l_bol denotea vector



- :At_ _ , (l,l,)

where _ m 2sl' io tile clrc_Llar [requeney, i 2 = -i_ and _ dcsi_nateu the
gradient operator.

In _encro_l, p io of the form Pei'_e -i_Ut, where P is the amplitude and 'I'
acouut _ It i_J customary to ollpprel]o theif3 the phI_e angle at. t = O. In _

time dependence and oimply write _ u Pc_'J', Nlth this convention, the
timc-ttverage power per _mlt area, known as the intcn:lity, is

= Pr_l uriiIu cos O, (I,7)

wher__ dculgnntc_ a time avcrt_gc, 0 io the phlt_cangle between the
scouatic"prc:_tlure/tadtileparticle vcloclty, and "rmo" indicates the
l_oo_-_P.n_l-I]Qtl/trc vlt_itc_ of prcIlsurc lllldvcloclty.

_e totlkZLlmc-avernge power £Io_ ttcro_ any cloi_cdsurface t_urroundlng
tile_ource i_

whcr_ _ la an outward directed iznitvector perpendicular to the elemental
surface arcs, dS. The integ.rstionin over the entire c_o:_cdl]nrfscc. In
terms of the Poo_-_can-aqnarc pre_anrc t_sdvelocity,

I cos d_. (I,9)N m t a iZrms
0

_]inceW repre_¢:ntstiletotal radiated po_er, It it_ independent of the size or
shape or the.surface or Intcg|'ittlon,providing tilemedium I_ non-almorptlve.

I; 99



Ideally, tile total sound power multtud by a source WotLld be (Ictclmllncd by

direct application of cq. (I_9). Althon_h there have been "int_ni31ty metero"
conotructed (e.g., scc[55-61] and there if;current inter_i,t[62] in thls method

of ootu1d power dctel'IIlint_tion,intensity reuters are not commel'c_tl]y ava11_blu
and thcr_ are cm'tain diffimAties in _pplyJn_ uq. (I_9)to reiLl-world
oltuatlono [63 ].

It also is of interest to consider tile t;n_l'_ydensity (or totltl encrlSy per

unit volt*me), w_ in tlle lt*ed_,uln throuEh which th(: sound i$Iproim_,atln_:

w - 2 pc 2

1.1"%

At nuffIciuntly la_6e dlntances l'rom tileooul'ee,

nc

ou,)

(51c)

w -_/'-- 01a)
pc 2

w "_ m/_ (51e)

_ic rcKion _le;'c all of thc_c l'clation'Jhold truc Io known t_tL_hc lira,
Yl_]do _e pf_rticlc velocity, ill in phlmc wi_h the a_ou_tic l_rC_Ilurc(_ in
th_ ca_c fo_ _ _imI_ic _l_nc w_cl _md _hcre io no z'caetive comi1oncnt of
_ncr_J dcnnit_, Thull all of thc _ncrgy dcnoity io radlaE_t cnc_. In the

ne___r-.f.i,_Idr_gion, cloI_e to the _ourc_, there I_ _ large compon_:nt of thc
p_r_cl_ _eloelty which iz_ out o_ p|l_m_ with the _Lcou_tia prt'._lu_e,

re_ultln_ in rcactlv_ cncr_ _hi_h do_o not _'ILdiI_tcoutward[3_].

_Ino_ in_tI'umc||tl_for dircc_ Ineanl_r_cnt of _cooI|tie intcnnin_ _r_ not
_._nl]_ _¥1_il_d;lef_n_1olnce, over thc f_cquc.c)_ l'I_gc of IntcFe[J_ fo_ miLny

noi_ _o_irn_ aco1_Ic _e,_o_ir_ e_| l}e_a_u_cd _noye rcodil_" than pI_Ftlclc

V_%oclty, it Io _noto_ to ear_ out dct_rmi_,I_tlonllor thc noi_c emi_n_on
of nource,o by mca_n|rlng th_ mci_n-mquarc p_c_oure and _m_omlnF_ ¸that IIl=_'/pc.
Note thab th_ a,ln_t_on il_ oftcn__m_l_e_t_, mad_ wheth_ir o_, not on_ i,
Int_r___e.,t_d in e_m_tlnl% th_ _m*n_ power. If one mc_Io_rc_ the _ound l_wl du_
to, _a_b _ moto_ 7ehlcle paor_b_, onc winhcr_ to _e t_blc to prcdict the L_ound

level _t other dlntnnccu from _]ir_tmcoDurcd at a partlel_It_ di_tt_I*ee-- thi:_
m Implielt_ re_uir_n _hat I '_ p .

_ it i_ de.lli_d to d_te*'minc the total l_ound powcr from m_aIlu*,cmcnto oi'
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th£s equat£on Involves two d_stlnct a_e]umptiont1:

- the acoustlc intenulty can be accurt_telycstlmated by p2/oc.

- tile surface of integration lmts been oclectcd ouch that tim flow of radiant
power i_ normal to that tJurfaceat all points on the :flu'face.

D_viI_tlonufronlelthcr of these condltlons will result in error_ in tiledeter-

/nillat_onof _ound l_OWCl'.[rlt_ddltlo_ of collrse_el'rOF_rattyreutlltfrom inIldr.'-
qulLte xlampl_ng of tho _ound field over the :]la'fzLee of Integration.

: Netc that it iu ncccuuary for all five conditlou_ 61run in eqtl. (51) to be
true in order to be in the fin_ field. Jlowcver,it Is only necc_tu'y that eq. (51b)
be _rue in order fop eq. (52) to De ve_lid. _i'hunL in tmm_ ch.e. L t*ceurate deter-
r_n_t_onll o_ tott_], _oll_d. _0_, _ltk_ bI_ _Itwl_d o;1 _let_nur_r_i!_tel_f mei_tl-z_qlla_o DI.'_gl:itlre

even wllet_ illleh _e_tHl_e_e_tll a_ riot _tult! _n _lle tl,ll_ fal' f_t_ld. An CX_OI_ O_"

Colleeptu_lly,one of the z*implcutooll_t_zlonrcc:lla a "p_lutltlngsphere"
_o_I which acou:_tlceflerEylu radiated uniformly in all dircetioa_ into free
npace. 'l_e lnatzln_aneou_ so.nd preflnllre dtlc to DIICIIa :IOIlI'CC lll_ :in complc_
for_v

1' ul_(r/e - c) (5_)

where P l_ tile t_mplitude at unit dinttmce from the ccn_er oi' the uol_rce; the
real part of e q. (93) Is _cen to be tnl given In eq. (1). U:_lng eq. (hJ_), the
radial _artlele v_loelty ds

-i _11 (I + ti_) P. clt,,(r/c- _, (54)

_litl carl aluo b_ exprc,_ed zl.

t' e_[_,,(_/c - t) + ,_l (55)
u " _er co.,

' her_

e (56)

t_ the phaaa arIgleb_tween p and li,
g

i I01
r
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'llms th_ intensity in given, from eq. (I_7). by

I_I " J [':'
pc 2r 2 (57)

at any rsdiuo, rl_leintensity Is. of courue, radlt_l]y directed. Tlle total

oound power, from either cq. (hg) or uq. (52) is

W " 4_1r2 " l p2 (58)
pc 2r2

. _. _ (59)
pc 2 '

which, ao it mu_t be, i_ indcpcndcnt of r. !

The cnerEy dcnt_ity at any radiuu r iu given, from cq. (50). by i

w - + + • (60)
pc 2 2r 2

_nla, the energy d_nsity =pl_rOache:12itu far-field velum only when (_r/e) 2
>>i. or. equivalently, when (_/2.r) _<i. R bein£ the wavelength o£ _ound at

the frequency of interest. Yet. even in the wry near field, nu r_/c--_O.
th_ Intcnnlty nnd Ilound power arc given c_act]y by the umli_l "far-flcld

form_.,c",=_u. (58)_na (_9).

For _Ldipole point aourec (i.e.. two point ,ouree, of equal ntrensth but
O_po_ite phaoc located elo_e together) the radial inten,ity at r[_dlns r in
related to the me_/-oquarc prcnnure at the name location by[32, p. 31_]

Ir - _[i + c2/_2rZ] "I_c L (61)

_U_ for a dipole _ot;rce. entilnaten of nollnd power bmnc_ on r_ettflnreFacnttlof

mean-a_uarc eound pre_nurc will give nomcwh_tt hlgh reaultn, the approximation
getting b_ttcr n, the dlntnncc from the nource Incretmce.

For more complic_ted _ourec:|. _nalyticnl _xprcnolonu giving a gcncrnl
de,crlption of the rc]_tlom_ among intcn,ity, ncountic pre|Hlt;re_ _nd p_rticlc
_clocity are, i£ attainable, frequently quite complex, AecordinHly, the
following dincunalon rclatcn only to the intennity in a pnrtlc_tlt_r dlrcctlon

i0_





Fi_ul'e 19 indicates the v_rltLtlon with distlmcc of the _xlal intulmlty
level for three v_]uc_ of wa/c. It i:_ _cen that for lar6c w_/c both the

intensity and pressure level o_Icillate r_pidly _or m_ll z/_ and do not
dccrc_sc Inonotonically _intll

a 2. c = i

where I is the wILvclcngth of sound at a frequency _/2_. 'lllisphenomenon

occuru bcc_u[_c sound radiated from dlffcrent re_ions on the piston results in
Interference phunoIIlOn_. '[_icc,IrvellIn l"i_urc 19 arc nor;_llzud to the

flLr-l'icld on-axis level[l, extrapolated back. bcln6 st!t cqual to 0 (h% at
z/a _l. 'l_ledifferences, in c[B. between the solid curve and the dotted lieu

of :flops -6 dB/doublc-dlutancc represent the crrol'n th_Lt would l'cuILltfrom
prcdlctlng far-fleld on-axis levels froln ncar-flcld on-iLxls levels at any

pILrticul_r z/a.

_11edashed line in Figure 19 indicates the intensity that would bt
predicted fro_ far-field tn_lulurcmcnt:1of the total rltdiatcd sound power rather
tln_n thI_t radiated in tile z-directlon. It is scan that the far-field

Interiorityin the axial direction is greeter thl_n the [tvcra6_ intcnility
pt_l_tlsUl[Lrlyfor _la/c >> i. 'lq_inis better tlccn in the dircctivity plots

shown in Fi6urc _0. where the fi_r-ficld intensity level ill shown, all a
function of anEle, relative to the avcrng,c intensity level (i.e..

eorrc:Lpond,in_ to tile tsti_l :found pow(!r radiated into the hi,if-space
corresponding to positive valucu of z) [65.66]. For Ii_rgc vt_luc:_of _m/e,

mont of the sound power in r:_di_tcd into a narrow be_a alon_ the z-axls.

Thn rapid oscillations in intensity and sound prcnlwmc lcvcln and the

dlrmotlvc radiation patterns rcuult from the fact that the pi:iton i:* a
coherent source -- the velooiti_n _t all p_¢nt:_ on the piston have a dcflnitc

I,h_so relatlon_llip with one .nothcr (for a ri6id piston they in.c exactly in

pha,c). It i_ In:itructlvm to contrast this with the cI:0cwhc*'e _Ii points on
th_ pi_ton r{ullate Indcpcndentl_ with no phnse relations. FOr I_n cn:leml}icof
incoherent point nourccs; cnch r_di_ting uniformly In all dircctlonn_ the

i:itensitieo ¢_n nlmply be summed and the on-_:xi:lintenility duc to _Ii
Incoherent circular ,nurse I_[6T-68]

Iz " pc 2_2 z _

where W i_ the total I|ouiidpower rnditAt_d into tileh:_If-npace (Z po_itivm).
This is pl_ttcd in FiKurm 21. It is sccn tlmt the intcn:_ity dcerea,cs

monoto;lis_lly with di:Ltnnee awI:y from the piston :_ndnpproI_chen itn fiLr-fimla
dependence on dist¢_ncn very clo;_cly for all valuen of z/n grcI_tcr th::n l:nity.
'l_c _a_-fiold rndlation from mlch an incoherently radintlng circ_rlar source i_

independent of both angle and frequency.

I_ order to introd_cn .nothcr phenomenon th_t i_ eharneteri:_tic of .ound
radiation, son,ldcr an infinite plate that in vlbr:_tlnE in flexure nt_

indicated in Figuro :_.2. If the velocity of the pII_tc normal to itn surfncc ill
dc.crlbcd by

*i(O,y) " U,I_(Y/C. - t) (67)

iO1_
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where c_ is the velocity of t;osnd for f'lexuz-txl(bendln6) wttvet;in the plate,I
the sound pres,mrc can bc shown to be [33, 69, 70]:

£(z,y)- _cu J.dyl% + _:_I :,i2 .
Q] - C2/C12 ' Cll

_'_ii 2 - 1 ' cl$ < c.

When cB >c, tile prctlsure at z = 0 is illphase with the velocity; when cB < c t
th_ presuure ttNd velocity a_ Z = 0 arc out of" i)httse.

'l'hevelocity, c , of fle_an'_Llw*_ves J.n an infinite pl_to I_ not constant,B
but is related to frequency by

i c B - aV_ , (69)

I wheF_ _ i_ tlconutant which i_ dependent upon the pll_tI t|)ickncus lind eltt0tle

I llropertieu. Intro6ucin_ a "critical frequency", w _ c'_/__, and uzlln6 eq.
(III_),tllepartlclc velocities in the z- and y-dh'e_tions arc

u'z " pc £ , _>,% (70.)

._ t_lp , tO<_o (701))i

O_

U_InH eq. (J$5), the corz, c:qxlndin_ interlultletl arc

I _ eB2 (72_)
w>bl

_z p o

0 , ta%l° (72b)

Y 2 "X/_7_o-'V'%Iw-, ,.>% (7_n)

pe_ .... -2u)_i _,o/_- 1/_
" 2 V_7_-_V_o _ ,,,,<%, (Tin,)

R_c maKnltud_ o£ tilt: inte.nnlty i.

ioo
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tiJ - z + ry (70

peU 2 1

2 i - Wo/_ , w>_ o (75_0

pod 2 1 -2_z

In thu c_ue wh(-_r(! _ > [dot th_ power is Padlabt.d llllII platle WaVe i_] the
direetlon O, where

IIy] 1

t,,,,0- _ . _ ' _>"o (76)

_loth(_t

3/_o cn AI_.i. 0 - _ " _'- " i-- W>_o '
(77)

where, as allown in Figure 22, A Ii_ the wavelength of the rudlatcd _ound zmd Ah
in the w_vclength oP the rle_uotLl wave In the plaLc, The ungle, 0, nb which -
the._ound i_ rlldlt_tcdmu_t be _uch that the rndiu_cd wavv him t_ "trace", or

pro_ee_.ion_ onto _hc plt_tc tht_t it: e_it_l to the w_Lvclcn_tll o£ the plate wave.

In the c_no where _ < w , there iu a ncar-flchl Intcn.lty, parallel to
th_ _l_t_., _hlch d_et%yn _xpo_ntlally with incrctuxiD6 z° [hcrc iu i_o rc_l

_nglo a_ which _ound Dower I_ radiated from _he pl_Ltc into the far field.

_I_ thc0_ wo_dd Incllci_c that at _ - w an inflnlte alnount oi'power ill

radiated in a,lirccti0n p_rallel to the plr_t_. In practice, the _urroundlng

air io_It_ th_ plat_ in_inlt_ power cannot bc _upplied to the plat,:_ and real
pl_t¢_ arc of f_nltc e_tcnt, '/]ntlltile _'tL_11_ttcdpower, albci_ lar_c, rcJ_in_
fl;ilt_.

Fl_*'e _3 Indieatc_ zhe po_cr rmli_tcd Into tile£tu" flcid uu ¢_function
of w/w _nd _lmwu tim dircc_lon in wI*l_h ic il_ rt_dla_cd. Fl6_we 2h
_llu'_t_te_ ho_ the ncar-£1ehl tntent_lty deel_u with dl_ttmcc u_g" h'om the

_n r_l plI_tc:|,%h_ comblna_Ion of Inter/it|ldnmplng, air lot_ding, ilnd

finite size r_nlLltt| in floraer_di_ttlon of _]otlnd power Into tile far field cvczl
be_lolt the Critical fr_q_e_cZ,

_ho aboYe _i.cus.ionll Indlcatc llcvert_l l_hcnomeno, tht_t _hould bc kcp_ in
mind whe_ cmr._'_]I*_ ont #ound power metui1_v__mc_tn:

- there can b_ a r_netlv_ ;]o_n(lfield nt{_r the source tllat doer) not
_ontrlb_tc to %he far-fleld sound power
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- coherently radtRtinl{ som'ces arc frcqu,mtly hli_h]y direction_tl and in
solr,c eztueu the intensity in it given direction o:_cilhttc:; widely with
dl'_t(_ncc from the source

- vlbratinl_ pluLes ht_vc (tu_oclatcd with them tt "eriticttl frequency" below
which very little sound encrl_ is radiated Into the l'ttr field mid ILbovc

which clmrf-j is r[tdtf_ted very efficiently in (t specific direction

When Ilourccs r_dltLtc pl'ot_inent diseretu to_c[l, prtl*tlcul_tr e_Pu should be t_ken

to _nolll'_ thltt microphone loclttions lu'c f_Ll" cnolll_h ttwl_y l'rofl[ tile tloBl'ee

(llnleu_ of courlle, pl'lmttry _ntcrcst Is i_ ncftr-field IlleRsul'clil(:nt'a, c.6. , ltt
an opert_toz- loclttion}. Fop mltny prltctic(_l sources, however, relinb].e sound

power dcterlnintttions elln be bltscd on _l_asln'elnents mltdc rlttheP elope to the
.OUrC_ [5-7'],

15.". Aticr.phl.lr I'._iS..,

a. Anechoic SDaec

I_ _ouud prcaullye [flcftullrelllCn_ tire lli/ld_ over iI |lypotht_tlcttl ii]311Cl._, of

l.tldiln] r, nurroundinl_ it _ourld zIOlll'eei th_ tOtttl sound power is Riven by

pc

_hcrc_ pa> ill the aptttiltlaverage of tile tilIle-tlVel'_ged_qu_red sound preII(Ku'e
over tlle nurfscc of the sphere, lU'ovided the conditions for tilewtlidity of

eq. (52) nre met. 'l_letotal r_tdlated sound po_cr level can be computed from

- Lp + 20 lob r + i0 lob 4_ - I0 h>l|_,_ _ (79)

in metrl_ units, where L illtile Sl_ttiILlrtVel'_tgeof the sound prcnl]ure level,
th_ average _eln_ t_tken,Pon tt inettn-Ilqu_rcpl'cIlflUl'_l)tffli_l, OVCl" tile nurface of

the _phcr_.

In _arrylil_ ont l)OUnd power detcrminatlonu in _tn [tnecholc elmmber_ it in
frequently deulrcd to incltsurcthe dircctlvlty l)tttternof the noise source.

It is cil0_oI_tryto define _tdlz.cctlvlty fncto,_ Qo' deflncd c_s tile ratio ofthe intensity mettsured titangle 0 and diuttUlCC r from the _ource to the
avcrn_ Intcnslty _tt ditltImce r. Thun,

QO " Io/'l " PO 2/p'_" lO(l'PO-L'_)/IO (_lO)

'_I_ dlrcction_l gain, nt angle O, c[m be de£Jned _I[_

,, 10 lob Qn " I, - _ (81)DI o
PO

_l_le_oufl{Iprc_nurc l_vel _tt Al]_lc 0 {tIkddintnnee r in relIttcd to the total
nound I_w_r and t,hc dircctivl_y index 1)y

,m
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_Ic current American standard[71] tLnd thc draft intcrnatlonal

st_xndard[1]_] for determination of sound power in an anceholc cluunbor recommend

that the sound pressure be measured at locations corresponding to the 20
iztlrfacesof a regular icosahcdron. Other possible Inlcrophone t_]-r/zysare given
in [72-73]. In lleu of a ntatlonary array of mlcrophoncs, measurements can be

made along a ntunbcr of continuous pnths, elthcr by moving the microphone(u) or
by rotatin_ the source (ucc b., below).

The major considerations in selecting microphone locations for incasurc-

monte in _Ln aIlechoic environment arc (I) to bc far enough away from the .ource
to be assured o£ bclng in the far field yet close enough thtLt reflected
signals and background noise lu'c ncgli61blc compared with the direct signal

from th_ sou/'cc and (2) that sufficient microphone locations arc used to
obtain adequate spatial avert_glng, cspcclally for directional sourccs.

Whcllcver there is any question concurnlng these polntu, it is advisable to
retakeInc_surclncntl;at additional angular positions and/or at two or more radii.

b. Hcml-Anecholc Space

In carryln_ out mct_surcmcnts in a free field over i_rcflcctlng plane, it

may be del;Ircd to obtain the sound pressure level st one or more *;peclflc
microphone locations (e.g., tLmicrophone tLt a distance of 50 feet from the

¢cntcrlinc of a pssslng vehlclc) or to obtain the uo_ind power level (with or
wlthout dlrectlvlty Infor;mLtlon). In the case of sound prcLnlurc level

_Lc_nurcmcnts, the microphone locat_on(s) is(arc) selected to correi*pond to
t_q_ical lintel,or locations or to provide dnforlntLtlon thILt can bc reliably

extrapoli_tcd to other locations. In the cas_ of sound power level
dctcrmlnationD _ctLsxucc_cntu of sound pressure level are typically mttde over tx

)_poth_tlcsl surf_ce surroundlng the sol,roe. If t_heminpherlcal surf nee i_
ul;ed, eql]. (79) ,_nd (8_) npp]y, but wlth ]_, replaced by 2, and the directivlty
index comp%ibed From

nl 0 - I. - _- + 3 d., (,3)
PO P

W|icr_.I, If| no_ the tx%,cr:z_cevict th_ tent hcm[nphez._, q_le 3 dB arlncn from

the £ac_ that av_r_glng i:l not carrlcd over the npace below the plane.

A n%_nber oF _Icrophonc nrr_tyu corrcnpondlng to hcmlnphcrlc:tl Inclulurement
surfac_s ar_ ntlggcstcd in the llteri%turc. T|ic cur-rent Amcz'Ican ntnndI_rd[T1]
_ndorn_.n i% 12-polnt army which i:| one of i;evcri_larrays suggci*tcd in [Y2].

Altmrn,_tlvc lO-podnt ,rrI:ys I_regiven In [72], in [33,13], |rod in [lh]. One
r_c_n_ Inv_ntlgntlon[7] utlilz_d a '_3-polnt array. In addition to thcuc f_.xcd

mlcrophon_ _rrt%yn, it is common to *|nc contlnuou;| microphone tr:_vcrnci: (cdthcr

|lynkgvlnK th_ mlcrophonc nround the source or by holdlnE the microphone
.tationary _uldrotntin_ the sot*roe) along circular pnths parallel to the
rcl'lcctlng plane. One such configuration Is shown In Figure _5.
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Flf_ure 2:;, A =}uf_e_]tcd =s_ o£ contlntJou'J mlcz'ophon_ tr=_cr_r._ for dcteilnlz_f_tJon
ox" hotrod power :in _ £ree field nbov_ _ rcfleet_nE pl¢me[lll].
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geleatlo_l of iil|crophonl2 locationt; fop I_t!a!]Ul-Cl,onts ow:r ix l'(-'fdeatillg planl!

is complicated by variations in sound pres*;ure wlth angle due to connti'uctive
and deIltructive irlterl'cl'encebetwee;l sound wltve::radi_ted directly to the

iilicrophone and reflected wi_ves. The type of d_fflcultl_::; thnt IIIttybe
encountered can bu illustrated by considering a point source located abow_ a

perfectly _'eflect_ng plane, Al;oumi[IC the ineanurcment locations are
sufficiently far llw*kgto be in the far £1eld of l,hesoln+ce and its llIla_e,the
variation of sound pressure level wlth angle i_;as shown in Figure 26, wbc*'e
the t|wee curves |;hewn Correspond to a pure tone, a d/3-octave band of nelL;e,

I_lld It i/l-octave band of noise. Biuldc['_3], l'2"omWholn thln /'l_tu',:w(tu ta?,en,
draws the followlng coJmlUslons:

u(a) At low frequencies, sound reflection doea *lot cause any si£;nlftcant
dlrcctlvlty i*u lon_ an the wave len6th is more thttn l0 times the rill;tahoe

between tlm source and the rcl'l(:cting plane. (b) ]Ilgh frequency randoI_
sound is radiated £alrly uniformly dn all dlructlonu except those allilo_;t

parallel to tileruflectinE plane. Hicrophonu readings taken near the
l'et_ectlB_ plalm thurefoi*e tend to have low llcctlr_cy, Tills low accttracy
zollcuhrlnks wlth dncreal;In{,r frequency and band width. (c) At nledlum

freq_ellclesD the dlrcctlvlty pattern ill very proaourlced, evell Ibr l'a_dofn

SOUlld of one octttvc cffcctlve band width. (d) 'I_Ic"wtlleys" in the curves
[o£ Figure 26] occur in regular Intervi_lu. At any given frequency and

source loeatlon) low readlngs will be obtained at several mlerophonc
pO_ltlOllll spaced Ill tile r{tttO Of 1:3:_; 7 fl'Olll tile reflecting plane. Odd

ml_ttple _paclngs should therefore be avoided."

Fl_Irc 27 llluutraten tile errors In determtnlng the total _ound power from
tt 1_t_ndO_po_|lt IloUrCe 1%¢lJlltll_ce ]1 II_ove tt reflecting pla_e_ whell l_e_tlre_lents
are _tde in 1/3-octltvc bttlld wldtb0_ rot. the microphone tlr_ltyo Indicated. The

differe_co betweell the _ett[l for each Ilrr{ty (_rokell cIl_vell) _t_(lthe trtlc melt_

(_olid curve) rcpre_cnt_l tile error an.sedated with tile pltr_lculln' arrlty.

One w_ty to obtain e_llc_ti_tlly perfect vePtlcal averttgtng lu to tl'avera_e
tile microphone _tlon6 It meridian a_ nhown in Figure 28.

'l_m curve. _llown in Flgurm_ 26 and ;-_7 were calculated lbr tile cane of (t
polnb llollrc_, abov= a perfectly reflecting plane, In gencrttl_ tncretu*lng the
t]otmco _ize will renult in le_u varlIttlon of tile hound prcn:*ure level wi_h
a_F,Ie •

Other reference, relevant to the effect or the reflecting plane on the

.election or nppropriate microphone po.ltlonI_ include ['ll,-'t'l].,

Sevcrltl recent lnventigatlonn (e.g., [7_. 5-7]) have fOUlld bllttt rather

accurate, det_rmlnattonn of ghe to_ftl lJOtllld power emitted by real machtneu c.n
be made uall_g memmrementt: 0£ :found prctmurc level made qulte clo_;c (0.3 to 1

m) to the _ourcc. Accordingly, a draft lntcrnltt_onltl iltundard[13] m_i_gcntu two
_trr_yn o£ mieropho;m I_o,qltlonu to be used for nuch clone-in detcrmlm_ttono of

/JOIIRtl. peWS*'r,

m
n_

,|_



-_I ¸ _ ----

I-.

11I-I_J_ILJ_LLI_I_lll.I L
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_.ltnlnR not_ld l_owcP o_t]p|lL of ¢t Ptlndorl point _1011Pcc r:cltr tt reflcctln_
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pondln_ to a glvcll microphone _rrny ttn(lth_ solid curve which corrcIl-
i)ondn to the. tz_c TnCall icvel. All curvca corretlpond to t_ i/3-octttvc
banll width,
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In the first of thence, _,"reference purallelepiped", as shown in Figure
29, i_ ima_incd to Just unclose thu _;ourcc. A melt_urcmcnt .qurfltceis

hyl.othcuizcd to have itn f_ecs parallel to, and _;pneed a constant distance
(typically i m) from, the rc1'crenee ptLralleleplpcd. Nine key microphone

ioc(_tions arc eot_Lbli_hcd, corresponding to th_ (approximate) centcr.J of the
five faceo, plus the Peru"upper corners, of the mca_uremunt surface.

Procedures _Lre given in []3] for tLddin6 addltionIL1 microphone positions for
large sourccu.

Figure 30 ill:ownan ext_iplc of the "composed Inem_urelr_ents_'facc" given in

[13]. It conuiuts of a paralleJeplpcd with rounded edges _u_d corners Ilot_u to
be everywhere cquidistant from the rcf,_rence par_tllelcpipud which Juut

encloucu the uource. 'i_ere (rYe _i_ht ]_ey InIcrophone po01t_ons, folir on the

IJidc fz_ces and four which uoually lle on the upper ct_-vcd cdgeo of the
I11C_fll_CIllCn t £1ur fac_,

Ho]mcr[7] llas carried out extensive comparisons of data (on 17 portI_ble
air compresilort_) obtained uuing the surfaces of Figures 29 and 30 with data

obtained usin8 a 73-point hemispherical array of 7 m radius.

c. Hcverbcrttnt Spttcc

AS utatcd tit the beginning of Section 12.2.e, elementary reverberation
room theory i:_ bm:Icd on geometrical t_cou_Itles, in which w_tve phcnomcnI_ arc

neglected. If that Itsoumptlon were tl'_le_It oingle mlcropllone plmced in the
r_vorbernnt field Wot_l_ iit_'flcc. ]Iow(Iv_r,WItVO phfnomcn[t rcStLlt in local

vnritttiono in the _ound prc:n_urc level, pttrticulitrly for pure-tone_. The

quei_tion of how bent to oample the _otmd field in ttreverberant room |]tillbeen
the subject of active rcsctt_ch ovcr the paut decIule[79-103].

'Phc IIOIlR__OWCr emittedfro_a .ourcci,,refitted,aa dlsctnIIled iIlSection
I_, _o the :Io1_mdprc_nttre i_l the reverber#tnt field itvcragcd in I1pacc lindtime

oll a mcsnmnqu_tr_ bI_#_io. In prttcticc, apltti_tl{tveraging over a finite p{tth
length (unln8 _ tr_wernin8 mlerophonc) or over _tfixed number of microphone
po_Itiol_ lead:; only to t_nc_tim#ttc of thc truc me(tnm:]qlutrcflo11_dpre/;unrc.

'l_eory _how_ that in order to ]hiVe c_ocntl_liy Independent s_mple_ or the

;found fle.14, microphonen must bc located (it icltiit(approximittely) onc-lmlf
w_vclcngth apart at c:tch frcq_Icncy of intercat. In addition, interference

phenomena occur ncltr rcflcctins surfncea no theft microphone0 typlcI_lly arc not
iocntcd Within one-hirer wmve icnsth of any room bound_try or diffuaer. For n

clo_-pack_d (hcxI_gonltlcloIle-pttckcd or fltcc-ccntered cubic) srr_ty of
: mlcrophoncn located Olle-h(tlfwttveleIlgth from cncb other _nd at lelu_t onc-hnlf

wavelength from nny w_tll, t|lo nllrobcrof microphone_ thltt c/in bc _tecommodttted
in icnn than

t_- 0 = /] v . (S4)

where V In the volume o£ tile room and _ i_ the wmveleng._h of i}ound of

frequency f t,ravnling _t speed c. _lio upper limit in ohown in Fifj_re 31 _

f_m_tion or frequency for roomn of different volumcil. In practice the nt_bcr

_- IndeDcndcnt microphone pomitlons could be lectured a reverberation
of whloh in

room wo_tld usually bc olgnlPlcnntly icon than thls upper limit.

_ 1.19
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When a reverberation room is cxcltcd by a rllndoinno[_ SO11Fco, the
Dorlnaliz_d val'iance of the i_c_n-square uound pressL_rc in th_ room io given

approxlmatcly by the following cxpression[Sh, 93, i001 prey]deal the modtLl
overlap ill Ilufficlcntly gre_Lt (e.g., see cq. (31)) and there l_rc no i_oving
dlff_mcrs in the room:

V2 2 arctnn z 1 h* (i+ z2) (_5)

where z = _/2,2, T being the reverberation time and B the bandwidth of the
filter. For smlt]l valuc_ of z, eq. (85) becomell

2 z4 z6

V2 - i - _.---_+ y?_ - ?,n7 _...... (86)

so that V2--_I {_s BT--_O, For large vtLlues of z, cq. (85) can be written Itu

V2 _ 2 1 1
" z ---_ (I + in z) ----- + - ..., (87a)

z- 1,3.z"_ 2.5.z6

[ ]-'_. _ + 0.8 - + 0.8 , z_>l, (_7b)

2
me thI%tV --_/z _ 6,91/BT {_c z>>l. _*c norr,Lalized varit_ncc, V _, computed

from eq. (8_), if* shown in Fig_Lrc 32. The spt_ti_llwLriance of the mcan-I*qu_rc
uouni| prc._%ire deereI_ucu with 1_n incretAnc in the bandwidth of the noise signal
_Incc the ember of modc;_ excited in the room is approxlm(_tcly proportiOn(Ll to
the bI_ndwldth. As the revcrberIltion time incrcnues the lunount of lnoth_l

overlap dccrcluJc'_ _o theft the effective number of independent fl_iples in (i
siren bandwidth incrcI_scI_. It _]hould be emplmsizcd that cq, (83) in on_y
vlili(|for modal overlap greater th_n _d)out 3 so that if the reverberation tide

i_ too large, the bchlivlor ohown in Figure 32 cnn no longer bc expected to be
ob_ePY_d.

If N indcl,cndcnt :;(unplcsof the sound field _l'e t{_ken, the mca;} .l{_l;)cof

the (normali_cd) squ{_red sol*nd pro*inure is _ivcn approximately by s_ _ V_/N.

The 9_ perncnt confidence interval i:lgiven by @e - +_i.96_.Thu. the number
of independent microl)honc ponition;_ required ill order to h_vc 9_ percent con-
fldcnce that the frnct_onal error in the _cI*n value of the llqu_%rcdpres:_trc in

ic_:_ tbm:l @c is

- v (|m)

An _a cxam_]c o£ the unc of cq. (0_), let e_.259, eorrenponding to 95 pcrcent

contldencc l_mlt_ of +I dl). Let B - 23 |Iz (i/3-octav_. band centered at _00
3_ _ m|[Z) and _' - _ _, 'l_1_nZ - ]IT/2._ _ 20,_. |from cq. (03) or Flgi1re o V _

•_ ,) ,)

0.13_, '_um a value of N gr_i_tcr t|mn (1.96/0._29) V - 57.3V _ _ 7,6 i.

requi_cd.

Fihn_rc 33, which w_. generated using c,I. (85) i*nd (88) , :,|lowt;the minimum

i n|mber of microphone position, needed In order to be 95 pcl'ccnt confldcnt that

• _ for i/3-octavc band_) of random nois¢1, the ni,i_tit%lavcrsKc of %||n ;nc#_n-|*qlmro
-I

,_ sound pressure is known to within +i dB. This number i_lshown i_I:a f_*nctlon of

_:m-_- -.................................................



I°O --

_" 8]-I
+0.

,B i

.2

__

I 2 5 I0 20 50 I00 ZOO ,500 I000

BT

i,he. aver_gc taken over all room loc_tionn, of the mc_n-nqu_rcd rloun(i

prc_aurc in a room ht_vln8 _ reYerber_tlon lllme, T. an_ exelted byrandom noloe of b_ndwldth, I_. _:_ curve, corre::pondo to e,q. (8_)

which in valid for :nodal overlaps 8reaL,:r than about 3.





i'requency (utillzini_ the filetthtzt tht_bllnd_lldthof It nt_tnJtt:'d]/3-oct_vc.

filter lu equrll to 0.232 t.inlesthe cf_lltei"£requoncy, so tli_t z = I_I'/9.5)i_itll
rcvePbOl'_itlon tlmc a_ia pftl'IUnetci'.This f_(_i_rerattybe u_ed fol- other

rcverbcrlttlon timei_ ulmply by ellt(_rln_the Itbclsslltit _ numei'Icttl vltlue equ_il
to l'r__lld rolldIxi(_t|icmlnli_ulnnumbcl' of' lil_cl'o])Iiol_pollltlollsfrom the ClAI'VC
corre_pondln#_ to q' --is.

Suppos_ _ddltlon(tl _bIlOl'ptJollh(idbeell (k(Idedto a reverl)er_ition rooi_,
low_l'ill(_the rcverbel'atlOll tililefl'oifl)is to in_ in order to obttLin a lllOl*C

uni1'oPm frcqu(:llcyreuponse ill tile)l'OOlll.A_JwniIl_ _iodilloveri(Ap _er_ high
enou6h in both c_lueu l'ol.cq. (83) to be w*lld, it would be n,)ccs_try to
increase the number of nllcropllonc posltlon_ i'rom Ii to iIi in oi'dcr to _till hlkvc

95 pcz'cent canfldencc th_L the aver(,6_e_Jound pressure icw_l oi' a i/3-oct_vc
b_nd of noluc wa_ known wltIiin _ 1 d]). This exalnple Illuati'i_tcu _h(ttonce

enough _b_orptlon h_tu been added to Itchlcve adequate nlod_tloverlap at the
lowest _cquency of interelJt, it I_ _ener(_lly inltdvl_,tble to further i'cducc the
rcvcrbcratioll t_mc.

l_)lena revcrberlltion.roam i_ excited by a llumbcr of pure torten, the

_lOl'_llAliz_dVttPitlnceOf tho l_(An-uqullre _ound pPe_sul'e in til_ rooln_ provldcd t|i(_
mod_l overlap io uufflciently 6_i'e_tllndthere _e no movln6_ dI/'fu_ci'u in the
room, i_ 6iron :*pproxlmittcly by [81,, 93, i00]

v2 _ 13 Aj_ i+ .f_)T _ -_- C_)
I 1 J_'lk'l

w|l_re A_ (or Ak or A_) is tilemc(tn-sqi_trc lloundprcsotll'eof tile tonJ At

freqtlcn_y f_ (or fk ) and ¢I ia the rcverbertttion flee. In itllcomplete foi7_
t|li_ cA-Drill.ion is l)¢.'r|Isputoo complex to fleecitilllythe efrcctil of _hc
rcverberatlon %line llndthe llI_acln6 ])etween tones. Ilowcver, sevcrt%l lipeci_l

csilcn do yield conliiderable _nl]IEht.

_f th_ frclltlency lleprxrlltloll,f4 - fk' i)ctwcen toneIl ill itlr_,ccompltrcd to
tile mod_tl bandwidth, 2.2/'f, only t, hl-_ terlml for j"h contriblltc si6nlficitntly to

the I_llmznatlonsnnd eq, ({]9) l'cdllcct_to

_Lm..i _i^m _ " _ (X)-'---_ (90)

_I" I _l_r_llCl'm _11 tile tolleli LtPO of cqll(tl Iltrcli/_th I

V2 .!M (9i)

_ull for weli-_¢:l_*rittcdtonc¢i of equ_l li£rcllg_h,the norm_tllzed Yttrliinccof the

#nCarl-sqllsril_olilldprcilsurc i_ nlmp_ly equ411 to till)recil_roclil of tile nllmlierof
toIle, il o

rm

_lm If tli_ ton_,ll arc of eql_t]. /itrc_l_l;h hilt tire no lorlt_cl, well-lle)_)til,ltted I tln

..............



interesting special ease is that where the M tone.';are uniformly separated by
6f Hz. With this simplification, eq. (89) reduces to

M-I H-n I

V2 " 1 2l +_ _ (92)
n-[ ] + (nT_fl2.2_ 2

Figure 31_ illustrates tile variance, computed from eq. _ 92) _*s a function of the

m*mb_r of tones, wltb Tgf, the product of the reverberation tlmc and tile tone
spaclngp au _Lparameter, It is seen that when TgP lu very Ilm,_ll,so that the

room responses to the several tones l%r_:hlghly correlated, the variance renK_ins
ne_&r unity, the value for n ulngle tones, until I,IincrcI_Des enough us that uomc

of the tones are fILrenough apart in Prequency to significantly reduce this
correlation. When Tgf becomes large, the variance approiLches 1/51. the value

for well-separated tones (eq. (91)). If the tones are not of equal strength,
the w_rlance will bc greater than thILt indlcatcd by cq. (92) and by Figta'e 31_

but the effect of rcverbcratlon tlmc will be approximately the saInc provided
more tbnn one tone contrlbutc siEnlf'icantly to the overall Incan-square sound
prefigure. It ill again seen that the reverberation tlme should be as large as

possible provldcd only tht%t it is nmall enough to provide i*ufficlcnt modal
overlap in order that tile rcverbertLtlon room have a ft_irly uniform frequency
response,

If the number, ntrength, and *Ipaclng oi' tones is known, the variance com-

puted from one of cq,_. (89) - (92) can be _Ii_cdin conjunction wlth cq. (88) to
P.st_m_to the minlmx*m nu_mber of microphones needed in order to dctermlne the

me,an-Mqllarc _ound pres_|uro witbln the dcslrcd confidence limitz_.

Eqn.tion (Slj)and l*'ig_u_e31 indicated upper lIinlt:lon the number of
indcponde.nt ntcLtlona_y _dcropbonc posltlonI_ which can bc _*ecommodated in a
r_verborablon room of a given volume, It i:I frequently more convenient £o u.e

i_ mingle microphone which in moved slowly over a pr_rtic_lar path I_o as to

.|Lmpl¢ the sound field fit . n_mb¢!r of l_o_)Itlons. Since tile ilound flcld at one
location can be highly co_relatcd with the :found field at a nearby ponltlon, it
i_* imeful to connlder the equlvalent number of mlcrophonc posltlon:_

correspondln8 to a Hivcn path. If a contIiluous linear _icrophonc tl'.verse over
path icnKtb L i_ nsed tb_ equlvi_Icnt nnmber of Independent microphone

ponltlons la [85-87, 91, 93]:

2|. '! • N < 2L '! + 1 , (93)
c uq c

For a circular p_th of cireumfcrmnce L [93.96],

1 21,"-f < 1

J| q ,T. t [_ ' i (94)
2L" , 2I.' __ 1 .

At high £requ_neleIG wbe.re adequat_ I:p_tlal sampling can readily hr. achieved,
it m%v be ea_i_r to u.e a contlnuou:_ t:'avcrL_e. At lower frequcnclel], a flxcd

array will u'_ually cn¢_ble more ind.,pendent Immplc:_ than c¢_n almply be obl;alned
_! with _ co_tlnuoun _z'avcrnc.

Ig 1_7





'lqle current national[29] and tnternational[lO] :;tanclard'J for determination

Of 0o/lnd power ill a reverberation rOOh3 state tImt l'Of brot_d-band uound Bolll'ccs,

npace avcrz_ging of the _:ound field _hall bc accol;_pltuhed by one of the
following two procedures:

(i) TravcPsln 6 a mlcrophonc i_t constz_nt Ilpeed over i_pI_tIlat least 3 m in
length while the signal if hclnt_ averaged on a mean-square lJt_siii,

The path may bu ILllne, an arc au obtained by swinglng the
microphone, IL clrcle, or some other gt'oIIictl'iCfl6_urc.

(2) Using an al'ray of at least three flxed microphones (or microphone

poi_itlons) ullaccd at lctult El2 from each othLT, whul'e I is the
wavelength of sound corresponding to the lowest frequency in the

frcqucnc3 r ranEe of interest. The outputs of the microphones shall he
ei_hc_ IActLnrledt_utoi,iLticallytLnd avcl-a_cd o_ a inutLn-squsrc bl_uis by
the indicating devlce, or tlxeaverage sllall be eol;Iputud from the

I zncllll-squlLl'C outputs of' each tnd_vldul_l I_icl'ophono i)ollition.
I

i A l_ttthicnEth of 3 In fop tiletrLwcruc _md three poIJltionu for the {u'ray are the
i inlnl_itlmrcqulrementu. It ;nttybe neccllfll_l-yto UllOa IIIOI'Uextensive llllerol]hotlo

tr:Lvel'u_ ol" t%rylkY, or uIlc Inovlnt_ or :LtatlonI_l'_. sound dli'lh:llers_ or both, in
P

{ 0rdcz' to meet the requirements of tile standlu'd.

For pure tonc_l nourcc:l the natlonal[29] zLnd utaodttrds
intcrne&tlonz&l [ii ]

r_qulre tile mlnl;nllmnumber of independent inicrophonc positions shown in the
I followln_ %_*bl_:I

I 0 CTAVI'.' ]3AI{I) _{I_ID-OCTAVE MII_INUM

COIdTAINI_G IIAI_D C01rPAINItIG ;{UMIIEII OF
DIIICH_fl'I DIZCIII_fE IIIDInPENDEIrI'

FR_IQUENCY I,_/II_QUI..'I_CY M[CIIOIUIONE i

COMI_OIIEN'_ COIfi_ONEIIT POSI'I'IOIdS !

I la_ loo_o llz

t

)llz 160 6

] 290 Ih: 200 to 315 l#z 12

_00 Ilz 1100 to 630 llz 2h i

!I _ooom_ ooo_o.z_oI,_ ao I} I

l _hc corre.pondl_=K apl,roxlm_te minimum Imth lcngthn, 1£ a trt_vcmdng microphone ]

l

i) l_ uocd_ fOllOW fron_ cqs. (91) or (92). 'l'heucnttuldI_rds[10,29] lthlo rcclulre i

:'1 ,'



'l_Icmicrophone tr_Lver_e or arriLy ._i_lllbc within t]iiLtpart of the. te'_;t
room where the!rcverbcriLnt _ound £1eld domlni_t_!_ _indwhc_'L'the

contribution of the direct fi_id to the m_:i_sured;nea:l-_;qufLrepl'esst_rcis

negligible. To ensure ti]at the chosen ullc_'oilhon,±traverse or lu'rllyis
within ti_ercvcrbcrtlnt fleld, the following crlteri_ :lhi_llbc met:

(I) The tnlni]nLulldiSttLIlcebetween the _ound source and t;hcnei_rest

microphone position si_ll not be less then

= 0.08dlnin

where
V - volume of test room In cubic meters

T = reverberation time in seconds

(_) ....

'l'hi_Jcrltcrlon corref*llondu (see e(I. (01)) to the toti_l (direct c_nd
revcrberiLnb) sound field not being xnorc ti*iLn1.8 dB I_bovc the reverberI_nt

ilon_*dfield (i.e., the direct field i*l 3 dB below the reverbcl'I_nt field),
provided tile source iu eununtiI_lly o;nni-dlrcctional. If the sotu'ce il;

dlreetloni_l, one should plILce the ncI_re:;tmieropllone(s) still fie-thor from the
_lou_'ce(ucc cq. (;_-i))to a:lnur_ tilILttllc direct field Is at IcttuL 3 lIB below
tilereverber_nt field. Since typically only one or two of thf_"_Icvel'lUl

microphone pol]Itlons would be close enougll to the l]ouree to bc I_fPected by ti*e

dlr_ct field, the bias introduced Illr(_%hcr *_miLll(e.E. , if only one of ulx
microphones is blaued _qn_rdo by 1.0 d13. tilecstlmr_te of' the _&vert_Kesound

l_vel will be bill:ledupward by 0.3 dll_ if alore mlcropiloneu arc uocd, tile biI_s
would typle_ll M he le:nl).

15.3, ._..rcc l',,_lli.l_

_ Im_orti_nce of s_Icctln_ an appropriate source loelttlon, t_piclxl of

nor_l opcr_lon_ wIl_ mentioned in S,_ction ll_.l. In clxz'rylngout mct_tarcment,
under condiblon_ of a free field, or It frcc fl,.']dover _ reflcetlnE pliant',
th_r_ ,ro no additional mc_0urement proceduren upeciflcally concerned with

nource po_Itlon.

_o currexlt n_ttonl_l[29] and internl_tionltl[ll] :ltI_ndard:_ for

determination of _ound power in i_ reverberation cl*_mbcr Eive an empiricl_l
formula fo[" calc_fl.ating the recommended number of .ourcc loc_tionl* widen tile

_ouroe prod_*ce._ pure tonn:_ (l_ce alr_o [9_]). Tl,i. number depends: on tl*e
reverberation tlm_ _nd vol_mc of the room and on ti_e frequency o£ the tonc(_).
_?*a _:se of multiple source l*O:_ltion_ reduce:* the error du,: to low mochtl

dennity bcc_u_o th_ extent to which _ 61vcn :,ode in e_,eit_d depends on the

.ource position[lOb). "TI_. error duc to Incomplete :;pt_cc:_ver_*glnEI:_ reduced
bcca_ th.-. total nl_nbcr of ucunplc:l of _llc _ol*nd field t:* tile product of tile

n_u_bcr of mlcrophon_ pouitlon, ullcd for et_ch .ouree ponltlon times the n_abcr
of the .ourcc po=lltlonIl"[29].

S
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IS..I, Ih,ria.I .f Ob_erwtli.i]

I£ the hound l_vcZ at nny 6tvcn microphone posit_on ts ,atc_{Ly, the
required _alnplin_ time followz_ directly from con_idur_tionu :luch as t}louu
diLIcuz_cd in _c. 13, In cltrrylll_ otLt illclt_t_rc[g_ntlJ 'o£ t]lc i_oiB_, clllittcd froln

]_ttPtictll_r _ou_cc_ _cvcrlsl _tctor.q Citn cltu_L' the _ou[lcl lcvcl [tL it givc_
location to vl_ry:

1. '1_lc flol_e clniD_on from the t;ottrcc I_ety b_ iflhcrc_ly vttriltbl_- • _ &
1'unction o1' changc_ in _oInc ol)cratin _ i_nr_ct_P (c.g._ _I_ccd, lo_d,
normal opcr_tin_ cycle).

2. _lcrc _l_y bc chl_ ix_ th_ _nvlrorJm_t throtlgh _h_ch the _ot_ld
pi'opt_,_tc/_. 'Iq_c Co_d i_cluclo wl_d, _ir turbul_nc_!_ te_lpcr_ttlYc
_r_di_tlJ_ ctc,

3, _o_ _xJ1_c_ Of L]lc I_tt_tlrcIIlent _rocc_ l_Ity V_tPy th_ _ou_ lcvcl.
Typtc_l c_ampl_u _ould bc motion of _hc ratcrophone rcltttivc to the
l]ourcc o_ _lloduZIttio_ of _]1_ _ourl_ ficld in _ r_vcrbcr&tio_ roolfl by it
movln_ difft_lcr.

In ct_nc 1_ it l_ nccc_Lry to dcclde _hcthcr on_ i_ £n_r_ntcd in t, hc
nol_ c_[u:lion during onc or more nl_ccl£1c l_Orttons o£ an opcr_t_ing cycle or
_lt¢_hcr onc il_ lntcrcutc ,1 in an _ppro_i'i_tc _vcrztsc over it co_plctc opcrz_tin6
cycle° Onca thllJ dcc_ion Im_ _c_n mttdc, the ap_roprt_t_ period o£

In c_;_e 2, on_ ill pro_l_bly in tronbl_ i£ the _ituation arisen zsnd hence
on_ _hot_ld _cck _ _ore £_tvo£z_blc cnvlronmt.'n_. Zlowcvcr_ i£ that if_ no_

_onnible_ _uf£_ci_nt lnd_c_dcnt _llttzt pointn _hould bc t_cn to permit
t_crngln6 one, _Jt¢_titJttcetl vnrl&tions,

Irl cl_xle 3_ t_o xlitu_ttionu merit uI_CCt£ic m_ntion. If _ _o_trc_ i_ bein_
rol,_tctt in zm _ncchoic (or hcmt-_m_choic) cnviz_rancnt (or i£ a_ m£crophonc In
h_in_ moved t_ound thc _onrcc) it i'_ important that the m_ton bc _llo_ c_]ough
to permit; vnli_ .amplins, _lts tn p_r_lcl;l_rly i_porte_nt £0r highly
_rcction_l _onrccz_ z_n_l for iIm_rccn _hlch produce random noi_c, If xlound po_cr
detcrmlntttion_ _rc bcinS ine_c in tt rcvcrb_rntion cht,mbcr _t ill vcry common to
u._c _ mooring microp_lonc _tnd/oP _ mo_rlnE diffu:_cr. Tile nl_tion_;l[29] nnd
_n_crn_tional[lO, 11] _t_ndarclzl l}rovidc £,u}d:tncc on the z_pprollritttc pcriocl of
ob_l _rvitt _on.

15.5. U_.[ l}iff._r_

It hrtn1_en ctmtomttry fop _my yc_tr_ to tmc l'Ixcttand/or movinE
IPdlf£1zl}_r_"to _%{'£¢:cttll_ /tcc11vztcy_BI| prcci_io_l oI" uotln_ mclt_luP_._t_ cttrPi_i[

ou_ _:I rcvcrbert_tion roomn, l_Id and Don_[lO_] ht_vc poln_cd on_ the rcI_r_orln

why _tt_tionary diffu.cr_ nr_ probnl)_y rt_ther tnci'fectivc in improvtn6
rcvcrbcrntlon room dctcrlntlm_ion:s o£ _sound power:
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"Also, it Is pcrf_ctly clear that, whi_tevcr else they may do to

affect sound pressure level distributions in reverberai_t rooms, fixed
dlffuscrs in no way reduce, or otherwise affect, the st_ti,qtlcal spatial

_nd fr_qucilc_ i'llletlzatloi15in sound prcssul'c level described above. Thus
uDc of fixed diffusers will ;lot, in dcncral, reduce the amount of

frequency alld 'Jpace t_ve1'a_l_ required to _ive untunbl_tlous ineasuFelnc_it_.
Flxcd diffusers could, in theory, reduce c_cnfrequency degeneracy and

also eiscni_inction degeneracy (i.c., the tendency of ei_cnfLmctions in
geometrically simple roomu to fall into cla2_ses having mtrxima or minima
at particular points). As, however, reverberant roomu t_re seidcm

co;mtructcd in the _hapeu of perfect _Jpheres, cylinders, or cubes, and

alz_obcctLu_e when used in practical measurements they usually contain at
ictlnt one scattering object, it wo_Lld appear that use of fixed diffusern

contributc:l IIluchmore to optical aesthetle:; than it does to acoustics.
Of course, th_l'e ID one notttblc cxceptio_ to this reznark, Whexl

relatively Ituoge arct_s of almorbln8 m_d_erial are placed in reverberation
ro01n. _°or ab_orptlon coefficient meamzrt_ment:_ -- on the floor, for

e_amplc -- the revcrberan_ fleld may no lonEer be dlrectionally
inotroplc. In this c:_e, it is post_ible that suitable fixed dlffuuer:l

can restore a mca_lure of directional Isotropy to the field in the
neighbourhood of the arc_ of the _bsorbent material."

On the other httnd_ it lm_l been well cstablluhcd that moving dlffut_ers can
very _i_IPlc_n_ly improve the determination of the _vertt_e _tc_dy-'_tatc I_ound
prctlt_um0Icve.l in _ rcvcrbertttlon room, Con_ider first the slttmtlon _hcrc a

dlffuncr i. incrementally moved through a r_n6_ o£ _t_tionttry oricntationtJ.

Each chan_c in orientation ct_n result in ttpcr_urbtttion o£ the ,ttLndlng wt_c
pattern in the ro0m, wi_b both the ci6cnfrcqucncicu _nd the ei_cnfunction_
bcln_ _0mcwha_ cban6cd, In addition, tt_ t_hown by Ebbing[106|, th_ rttdia_ion
Im_cd_n¢_ ncen by the _ourcc will vt_ry wlth dlffut_cr oricn_ittion _o that the

actu_l n0und power rt_dltttcdby the _ource tLl_o will v_ry, 'l_uu, cvcn when a
dif£u_cr i_ moved v_ry t_lowly, the w_riou:l orientation, of the dlfPu_icr ict_d

_o _n _ro¥_d av_rt%_c for t|l_mc_n-l_q_t_rc uOUXld _)_ctJ_re illthe _ooI_.

When th_ diffut_cr is moved more rapidly, there it_ both nmplitud_ _nd fre-
quency mod_l_ion of t|Ic_ound fie_d[107-110, 93. 97-100} wlth th_ re.sit th.t

th_ mound _n_rg_ fro_ _ p1_r_ tone it_ converted into _ nt_bcr o£ tonctl -- _t_
_ccn in _ctlon 1_.2, the npatittl v_rianc_ due to a m_Itltonc ctLn bc much Ic_:_
than that due to I_ sinsle ton_, In addition, the rot_ttion of t|ic diffuser

doe,u not p_mlt me_ct_ to build up to the full .trctz6th they could b_ve if the
dlffu.cr _e.re nt_tiont_ry.

Whl]_ the deaden of moving dlffu:lers rctr_tint, t*omcwhat of ttn art, it is

rccogni_a_[llO] that the major det_i_n pttramctertl arc _Iz_, _httpc, percent open
•r_._ _u_f_ d_nfli_ npccd_ nu_ibcr of pttnclI_,ttnd plxxlel"dt_mpi_l_, A few
_n_ral _dd_linc_ for the dc_i_n of roti_tin8 dlf£u_cr_ are _ivcn in current
st nnd_rdI:[29, IX ].

1.5.6. Jl.¢kgn,.t.| N.t,,e Mc.,.,n'menl._

A g_ilcr_l d_tlcuat_ion of critcritt for backEround noltm wttu _Ivenin

Section 12.3. It i:: i,,por_ant to antnzrc that the b,ck6round noiae it_ t||c _ttmc132



when it i_ measured _ it is when the source I_ operated, If corrections For
background nolsc arc to bu inadc, additlon_l measurements _ay hc necessary to
asccrtaln whether or not there is coherence between the source noise and the

baehground noise.

PeterL_on[lll] h(_sr(!cently extunlned the unecrtaJntles which may occur in

the b_ek_round noise corl'ectlon when the devlcc noise _nd the background noise
l_rcboth pandoln in charactur.

15.7. (lhanlrtcritmi_n of 'l'r,t Envir,lunt.nl

Suction 12.2 includes discussions of tl_uadequacy of various types of
test cnvlronmunt. In th_ i)Fuount unction, a brief uununary is 61ven of the

illcansfor chttracterizln_ the test environment which are spelled out ill current
standardn.

a. Anechoic Chamber

'l_l_current draft international Ilt_ndlnod[ll#]for prcelnion dctcr;,inatlonu
of hound power in itncchoIc roo_is rcqulreu mca_lurlng the change of i1otutdicvcl

with distance alons at IC{Lst eight ntrlti£ht path*i ttwtLyfront the centc:r of sn

omnldlrcctlonltl |found uourcc which lu rltdlntil_ga pu/'u tone. T]Ie rsn£e of
dlntILnceu (_nd fre(luunclcn for which the nlcai_urcdsound levels agrcc_ within

npcciflcd tolerances, will* levels prcdlcted by the inverse n(luarc iI_w dcflne
the u.ablc volume and frequency range for the {Lnecholc elmmbcr,

b. l[emi-Anccholc Environmcpt

'_|e ¢%*rrcnt draft intcrnatlonsl stILndard[lh] for prcclt_ion dctcrmlnatlonn
of t%o%:ndl_WCr in hcmi-I_nccholc room:l utillzell the qualification procedure
Junt dcncrlbed but t%llowlllarKcr dcv_I_tlon:; than in the catlc of ancehole

chamb_r*l. ]]0 correction:} _re pcrmltted for the influence of the tct_t
CDvir onrncDt •

'i_. current draft Intcrlmtloni_l nt{tndi_rd[13] for eI*gincerln_ m_thodi_ of

de.tcrmlning |found power under frcc-flcld condltlolnl over a rcflectln_, plane
pe,l_Itn m, kln6 i% col,reetlon of up to 2 d]_ for the Influence of the tc,t
cilvJronmcnt, 'i_%rcct_itcrn_tIvc methods arc F,Ivcn for quslli_Iilg the aeoln*tlc
cIlvlronmcnt a_d dmtmrzlnlng the "cnvlronmcnt{_l col'rcctlon":

i. ]_epl_ee the device who_c _ound power level i:}beln_ dctcrmlned wlth
_ rcfercne_ 0ound t]ource of known :_ound power outp_It. 'l_c cnvlron-
mcnt_/ correction il;then taken a:* the dlffurcnec between the known

power level t_nd the power level computed using the proccdurc;_ o_ thn

_. Hcplae_ th_ device whoi_o l]ollndpower l(!vcl lu bcln_, dcterntlncd Wit]*
i_hroI_d band test t_ourcc (of unkno%n_ power outp_it). D_tcr/,Inatloni*
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of the sound power of this test source are mndc using three :ncasiLrc-

ment surfaces of clmilar shape but different si;:e. Tile
environmental correction in obtained from tiledlffercnces _nong the

three sound power levels obtedned in this manner.

3. Compute the cnvlronmcntal correction frola measurclnents of the rcvcr-
beratlon tlmc of the test room.

_hc current draft international uurvuy Iilcthod[15] for dctcrnllni_tion of _iound

power levels permltn environmental currectlons of up to 7 dll based on the
abl;orptlon (estimated or computed f_'om tilereverberation time) of the Lest
roo_l,

'l_leabovc-deucrlbcd procedm'es :ire based mainly on the work of
IIClbner[5-6]. Diehl[ll2-113] has invcotl6atcd determination of environmental
correctlonn by the "two-surface method" in which two meatus'cravat surfaces of
different area are utilized with the actual device under inveI_tlgt_tion (rather

than a spcclal test _ource).

][_bner[6] has pointed out that none of the above procedurcc for
determining environmental corrcctlons can account for the Ini'lucnce of the

acouatlc impedance of the reflecting plane, tl_e draft International
atandard,[13-1h] for sound power dvtcrmlnation _imply require that "the
abnorptlon coefficient of the plane should be IclJs than 0,06 over the

frequency range of interest." In the case of outdoor mcam|rcmcnt_, whether of

sound power level or of sound prcumLre h:vcl at a npeclflcd location, it may
be difficult to cm|urc thttt the abuorptlon Is t_n low tnl deairc,!. At tcct

altcn for mctmuring motor vehicle nolne cI_l:mlon, very large dlffercncca have

be_n observed between the ncousticltl abIlorptlon of sealed and nni_calcd
sspbalt,[llI_]. 'lqlcflatnclm of reflecting surfaces can aluo lead to

problcm_|[llS]. StfAtlotical]y significant dlffercncen have been observed a_ng
rctmlts obtalncd tit vsrlous tent .iten[ll6]. Whi_e there !nt_ b_ctl progretla in

developing means to correct for the cffect_ of the reflect!asplane(e.S., _c

[_6-'/8]). much further work lc needcd. At preheat it appcaru thst dcn_
concrete, av.aled nsphttlt, or It matcri:tl tit icmlt equally dense and free from

poro_Itlcc sho_lld be tlpeciflcd for the reflecting plane.

c. Reverberant !,'nvlronm_nt

_,c current mttlonal and intcrnatlonal utandttrdc for rcvcrbcratlon-room

dctcrmlnatlona sf both broad-bnnd[lO, 29] lind pure-tonc[ll, _9] nourcca glvc

npeciflc room qm_liflcatlon procedures.

_n the cain of l)road-band hound, dctcrmlmttlonn of the apparent hound

power level of a reference hound .curet arc cltrrlcd out for tit _c/tct eight
dlffer_.nt nource loc_ttlonn. In order for the room to bc qualified, the

_t.ndar_ deviations of thi_i _ct of band _owcr icvcl_ mnflt not cxcccd the

limits t_bn]atcd (as a fnnctlon of frequency).

_n !!to cane. of nourcc_ co_tt_Inln_ die,crete-frequency componcnta_ two

I alte.rnatlvc qnaliflcatlon procedurell arc _Iven. In the flr,t of these, an
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array oi' six mlcrophonc positions is used to estimate the spatial variance of

the incan-_quarc prc_uurc in the room while the: dcvlcc under tc._t iu cmdttlng
noi_c. _lill irlfornt_tlon iu uucd to cntf:r _ table which gives the miniin_a

llunlb_ro_" rcqIiil'edlllicro_]lODCpI'OCCdUI'C_. Proccd_'cu tLrc_itlo _Ivcn for
detcrJnlninF, the mlnJ_n_unnui_bcr of required source poaltlons.

_h_ _ccon(l qu_llflctLtlon procedure for th_ 1.1_a_ux'cmcntof" di0cr_tc
frequency compon_.llto dnvolv_tl ll_CttE]urln_the f'r_qiLcncy rc_l)on_ of t]l_
revcrbcrt_tlon room. Thl_ i_ done by meamlring the _pacu/tlmc t_vcragcd _ound

l_res_urc l_vel lit cltch of a upeclfled ucrlc_ of f'requencie_. A loud_ct_kcrl
cxcltcd by an oi_cillator, Ir_ uucd and adJu_tmcnt'n are _adc for the frequency

rc_pon_le of tlm Ioudnpcakcr and meaI_urln_ Inntrui_icnt_t_on. 'l_icappt_rcnt
flt_ndttrddovlt_tlon of the frequency rc_pon_c over each frequency band nluutnot

I
cxcc_d _ tttblal_tcdlimit.

15.11. C_dibrali,,n

A mcaal_rcment _ttuldt_rd sho_d upccify whttt calibration proccdurc_ arc

l,Cqulr_d l_ eo_Jtlnetion with _or_/Ll t_ting l)roc_dUl, Ctl _d _1_o Wilier
call_ration proceduren _re requh'ed (e.E., annually_ dn order to cnoure

proi_er flmetloning of all ilmtrument_ttion.



)6. CMeuhlthm J'roeedure,

• T/m meama.cm_ntutandavd .houZM oZcm'_V and un_ltb_,quou_ZU _pco_./_ a_Z
ea_euZation pvoecdurc_l that ave vcqu_;ved in oz,dev to eavvy out
mcaeza,cnletIto *'.n accordance with the etandard.

J6,1. CtJrreetJ.n fur IJarkgruu.d N.iee

Corrections for background no_se were d]ncussed ill Scetionn 12.3 and
15.6. A meauua'cmont utttrldardshould cXearay indicate how tnuch background

noise lu permissible and whether or not corrections for background noi0e are

to bc made. If corrections arc to be made, the stun(lard should cleiLrly spell
out the correction procedure to be used.

Con_Idcr the following differences in the approach to bnckground i_olse

correctlonu au taken in the ctLrrent (draft and approved) international
standards for t_ound power determination:

-- Precision l:mthcdu for anechoic end uemi-anechole roomu(lh]

_'hc bac_gl'ot_rid noise must be at least 6 dlJ below the Ineamu'cd sound

pressure levelu. For bltckground noise between 6 and 1_ d_ down, the cor-
rections given in 'fable 3 (Section 12.3) are to be applied, '/'he
col'rectlonu are rounded to the nettrcnt O.l d_,

-- Prccittion met|lodti in rcYerheration roomu[lO,11]

G_Lmc _ttlId)ove except no correctionn are applied when the |mckground
no|tic is more thl_n lO dB down, (This reflects the 6rester uncertttinty lit
r_?¢rbor_tlon room mcam_rements. )

-- }:nglneerln_ _l_%]lodnfor frcc-fleld condltlonu over a reflcctlna pliant[13]

For bttckgrol*ndnoii*e tlmt is 6 to 8 dB down, _ 1.0 dB correction is

appl1_. Fop bttckground noise that is 9 to i0 dB down, tt0._ dl|
correction is applied.

-- Engln_crlng me,tllod.qfor specit_l reverberi_tlon test room_*[12]

For Dttck_roand noioc that Is h to 5 dB down, _ 2 dB correction it_

_ppli_d. For b_ckgrotinl| noltle thttt it* 6 to 9 dB down, a i dB correction
ll_ t_pplicd.

-- Survey mnthod (free,-field conditions over a reflecting plI_ne)[15]

For buckground noise which lt_ 3 dB down, It 3 dB correction it_

applit_d, Ot|leI"dlO_., name _ll previous IJtond_rd[l_°].
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bhxny standardo require the background noise to be ltt l(:as% 10 dB down and

permit no correction.

16.2. (:.r_'rlh,ii f_r Tr,I l'_nvJr,,nmrnl

r_ettuur_I_cnt utaDdltrd :lhould clearly dclixlu[_t_ wh_t correctioNo, if any,
ar_ to ])_ I_ttde for the INflue_ce of such factors tts:

-- tout roolll

i -- reflecting plancs(u )

; -- tcn,p_rtttare and _arometric pr(.uflurc
-- _¢tnd

16.3. l)elcr.li..li,m td Mran-_llmLrc Prr_n.rr

A meauurcm_nt utandard should up_cify how individual dctcrminationu of
hound prcuut_rc level are to be comblocd in order to obtain the _tpproprlnte

average _ILlu_ for the mct%n-uquriPc pl'csutut_or the _ouNd prcuourc level. _lIIJ
InYolYc_ _oth time lind _prtb1_l averaging,

_omc .tand_rd_ permit averaging of levc.lzJ, rather than of mean-_quaro

pl'clsaurcmwhen the r¢_nge of lcvcln is not too large, If i]uch i_ the oaf+e, tile
allowable range _flmuld be indicated.

16+4. C,lc,lali.n .f 5.,,tl P.wrr

A mcam*rcmmnt mtandard +hould prcucnt cxpllc_t cquationn PoP c+tlculatlng
++oiJn__owmr l+v_l for tiltmca:ltlrcddltta.

16.5. C.Ir.lmlhm .f P_oi.cflail, G

If tho flnal dat_ (flOriN4prcsnurc level or hound power level i_s t_

fNnCtlon of fl-eqtt_ncy) are to bo tined to compute ItOiNElc-fIgurn rating that
is Intended to correlate with nubJcctlv_ respond, the comp1_ttttioN proccdtlre
.hould b_ clearly lind nnamb_guolmJy giVeN. For cxaml_le, _tprocedure w_ich

involYc_ appllc_tlon of a "l,are tone penltlty" _hot_d Ilpecify qnantltativ¢ly
how the pr_ncnoc and gmgn_tnd_ of the pure tone is to bc detcr_nined.

If other doonmcnt, aro to be refereNCed, the partlcnltu' i_Jlnlc, .nd

2e.]eYant portion:i of t]los_ docxlmentn _hoald be indic{ttcd.

|6.6. CaJclilalJ<_n (d" ]_Icaa.,'_n_nt tJ,_dah_ty

"Pl_Illmtlon of nolmc llteratnrc rnvcalr+ +t _Cllcr_l t_O+NCn OP catlmatc.

of Imcor_mlntlc_ ammoclatcd uith _ca+ntrc_cnt or prcdic_iv+ procedure++ or with
act;ml meam_cd data. Even when m_eh cat_m_tcn arc gi¢cn, they fr(:qucntly ape,

am'ol+mu, or Inadeqnatc.

"_n noiAo control nnginccr_ng, there has been little opportunity for
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dll'cct comparison of data obtalnud by dll'fc_'cnL invc_tIFatom._ on nominally

IdcnLical spe_iI_cns. 2}lu_ there _law_ bccn fe_t diPect ind[ct_tJons oi'

_cl'l_c_ti_l crrol'. Fu|'|:her_no_'c_ In VIC_ of the VILgILri_s O_ hUI_N ruuponti_

It llan bcen probiLbly junti1'lILblc to take the attltudc t}l_t_a "few decibels"

Ilrc _o_ o|' Intlch cons,.'qucncc. PcPhi_ps for these rci_nontlj the use of

unccl*£tLinty e'3ti_l_ten hlts not evolved _n _lolsct Control en_ineerlnE.

"The c_lel'_cnce of Iilany new and pc_d_n_ nolne re_llli_t_ons h_is ehI_n_ed t]l_s

nltnt_ion _h'autic_lly. Enforccment of' t_ic_c _'cgul_tlonn rcquircu

_it_Eltif'_cturcr_ i_dcpcndcnt l_borato_'_cs_ and re_ILll_tory tL_lICi¢_tl tO co_duct

m_n_urcmcnt on nimilt_- t_pec_Incnu. The requirement theft l_l] of thcln obtain

cu_cnti_lly the _,_c _n_cr nretLtcu a Iltrong need for rcal_tic, rcllt_blc

c_ti_tc_ of' mca_urum_nt ui_cc_-tI_Inty throughout tlle field oI' noiiJu control

cn_inc_rlng. Mca_ul-cmcnt unccrtldn_ic_ mllst bc 'known ;lot on1_" to cnforc_

eqult_bl_ noluc re_ui_tlon_ but _Lluo to enable r_tlonal uclcctlon of

¢cnno;nlc_l noi_c control _olution_ _nd to cn_le reliable monitorlnF, of _hc

noi0e cnvlror_cnt.'l [i17 ]

Altho_gh little work )ms been done in thc pt_ut towtn,d n_uct1_mcnt of the

unccrtr_Inty [nee ApJmndlx C _ur t_ diI_clm_lon) of noi:_e mea_lurumcnt:_, cf['ortn

_|lOll_I|bC _t%(|C i_ f_tllrc _ct%nt_r¢YmCllt _tnndnrdn to _ncoI'_orlltc _pcci_c ct_icll-

Intlon proccdure_ for eu_imlltln_ the uncertainty of the Final number c_ncr_Ing

_rom n noi_c mennurcmcnt procedure.
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17. hlf.rmifliml t. lie lh'(:.rded

The .leatlz_r,ementt_tanda_,dtTIwmtd2'oqui2'ethe fo_Zowing es_,_ntia_
itclneto be 1,cco;,d_d:

• The oiae. dimenoion,_,dosi,dllaha_,aeto_'it_ticsand nellie
perfo1_iianeeelalm_ for the soI_r,ceIinde_.test.

• The loeatiou, mounti_ia and/or inatallatlon d_taiZa of the _om'ct:,

• The opez,atiotla_and loadln9 charaetcl'itlticaof the iIoIiI'ccdta,ii_cd
the test,

o A dvoaJ,£ptiollof tlleacoldsticonvi_,omnentinch_di,;a test
faoiZiM/, baokg_,oundhot'so _oVo_s and e,lvino_rlc,lta_oonditions.

• Ident_]'[oationof inotpIv_on_atiotliitilizcd.

• Doclenentationof l_nauoidabZedeviations f_,om tile p_.osopibcdteat
p_,ocoditmm.

• A tnalntorlanseat;doa_ib_,atiunz,oeol'dto indicate tllccla,rent

calibration iltatI_aof all inst_.Ienentation.Cal.ib_,ationmvthoda
and pe1._odlvity, aoel_r_o!! and t_oealti_it U of Hie calibration
deodars need to be detaiZed.

A_Z _ia_i]_ict_rl_&_ta coZZeoted dla,I:tl_the teat.

• Doolena_ltation of oa_ol_ation p_.ooedla'eo ;_ti_inedin t_.anefo;_zlh;.q
the _._o data into itn fi_laZ fo_n.

• An ind£eation oj" the aeeta.ao_ and Iu.ee_u¢on of the data.

17.1. Silund .%,_rve Under 'l'r_t

A complegc de,crlption of tile tent nl_cctmen lflmt_d be recorded, r£hi_l
,hould include. :

(1) Size nnd dimcnllion, of npccimen

(_) D_tailed de._Hn e.nd eonl_truetion chttrncterlntles

(3) F.xl_eetc(l performance ,.equirementt_ (m.nugl_eturer'n elntm_O.

17._ So,nd _m_r_ Jnnlnllathm l)tt,tl.

A de_nilcd fl_.nerip_ion or t_ photogz't_ph o£ the nolne ,ourec ttt_ it in
normally _nntall,_dfor unn r;ho_tl¢l_e _ncluded. Followln_ thin, t_
de.crOp,ion _houl(l be Elven o£:
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(i) Location of nolu'ce

(2) llov nource is I1K)untcd

(3) Installationof nource

_noofltr _u po_slblc, the test InDtiLlliLtlon should be reprcscntatlvc of normal
une conditlonI_.

17,3. 5m..l 5..rre ()|wrali.gl'r.crd.rr_

The dnfol'n_tlon to bc Included llnd_F llou_d Uollrc_ o_{_rI_t][l_p_occdm'cu

(1) huxilJazW cquiplnent uued to po_tcr the .ota'ec (11' any)

(2) Iiov the nourcc wa. operated during the test

(3) What loadinE, if any, wa_ applied during the tcI_t.

A copy of thu opc.'ratin8 imJtruction_ for the nolue uom'cc _llOtLld be made
part of the record.

IT.,L Aclm_lil: _:nvirlll.acnl

Information on the acouatic environment I)hould lacludc I_dctI_ilcd d_II-

trip|ion of the to:Jr facility or uitc, the nature and levels of any background
nol_o_ and ten_eraturc, h_l_ttdity_ blu'o_e.t_Ic pl'enlnu'_and wind condtLion=J (a_
pez'tinent) •

17,,5. h_tr..Ir.t,ti..

A complete, llut of th_ inutrt*mm.atation utilized when conducting the te.t_

ahould be recorded, ineludln8 the following:

(i) Name Of lnstrtmlCnt

(n) M,*atl fl_.Ct tl,r ¢_r

(3) Model /h,mbcr

(i,) Serial Nun_bcr

In ad,litlon, for each aophit_ticated tm_t device the.re uhotLld Im a aehc_tlc,

partn li_t, technical de.trip|ion oC oper¢_tion, _ complct.|: accuracy atatcmcnt
(ab,olut_ error, rcpeI_tability, ol'fcct of environmental i_nd opcz'I_tlonal
f'actons_ _tc.). ancl a m_int¢nnnce a.d callbr_tloa _chcd_Llo (note that. for

purchased equipm_nt_ moat or all of thla information may be, aupplled by the

manufacturc_ or vendor). 'llm information noted id_ovn ll|101Ll(l be readl]y
_vailabl_ on requcat.
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17.6. Sw_'i4d Mel,,.re..mt Prorcdurv,

Ar_, duvitttionu from the t]tandard method of test.or any addlt_onttl testl_
which tu'c conducted uhou/d bc carefully rccordcd.

17.2. CLdil)ralioa Ill,tory

For each i[lstl'umunt _ fully lmplcmunted ¢ttlibr_tion procedure _lhould
prcDcrlbe the method and periodicity of callbl'_tlon i,_d the iAccurttcyand

trac¢:abillty of callb1'atlon devices uIled. All In:itrunlcnto sho_tld be assigned
an exclusive Idcntlflcation number and complete records ,_Int{Lincd to indicate
current calibration status fLtall tlmcu. On key il]utrumenttttlon, labels

Ifllotfidbe t_fEixcd to Indicat_ status and zlcxt required ct_llbration. In
addition, tile cltlibratlos proccdurel] utilized befol'_ add after csch tout

u]loltldbe dctsiled, and thu results uf rust cnvlronmcnt qualiflc[Ltlon checks
sho%_Id be referenced.

17.11. Ar,l._lical Dais l.ld I(,:htled ]lfforn]alh,Ii

All _lgnifieant data collected during, the tclltn should be :'ccordcd,

AIIIo, variable .ettingn on tileequipment, _hlch h{Lve an Influence on tlm data
|lhoUld bc Doted (for Or_x_ple, _.tlin settin_ O|1 L%mcanuz'lng an]l)lil'iez', vtJltsge

and speed 0uttlngn on recorders, etc.).

17,!L 5WIri.I Cnlc.h_lh,. I'rmxdtire.

I_ ttny .pccial proccdureo arc used to convert the dttta to uolne, other
_llr_ (FOl" _ll_pl_! colwcl'ttn_ llOU_d pressure level readings to sotllld pow_

volta_,_ rcsdinEn to sound prc_'_ure level readings), these should be
doc_*mentea.

17,1(I _le._.re.,e.t U.crrl_dnly

A_ Indlc:ttlon of the meatlurement unccrta:tI_ty should be cltlculatcd

from tile data (.c_: Appcndi_ C).
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Ill, hlformalio. I• lie llcllorl_d

'J_he mc.dSt_l'(:!t_!llt_ s tanda_,d shol_Xd rec_liz,e that the j'o_lola_:nfl i;ti_;llt.{a_
¢tctns be 1,_po_,tcd:

• A eolzlpZetedcuei,iptiolzof the l_i,o&_ottented.

• A detailed deilol.fptiollof (I) the aeozlutio_e_iviz,ol_na,lti_iwhich the
touts al,c eal,i,_cd oz_t a_id (2) hoes the device is ol_el,atcd llnd_:l, teat,

Detailed dlaaiumu ahoitZd be I_tilizad whcl'u appl,opl,iate.

• llrhatl l•lavoidable dl;t_iatio_iuf2,om the pi,cuct,_bcdmcasilz,clnen¢pi_o-

vcdllz,coarc ttescst_al,y,a deuoi,£pt{o_l of the oltbstitl_tcd pi'oecdla,cu
and a jilotiJ'ication J'oi, tilemodification.

• A tabliZatiolt o_'the aeollutieal data i_l its l_iial [oi_iIpZl_u tht:

llotatlorlof ally j'aotoi, which ill thoiIght to have illf£11_nc,:dthe data.

• A utatei_erlt oj' _vauul,crnv_lt llnuo_,tai_lty i_leZlldillp (1) the dcflpt:v oj'

_on/_denao pZaacd on the mcauts.cmcnt ramtZta atid ('_) all iltdi_.ation
of the _,apre,svlltatil_anv_s of thu uamp_e tuiitltd.

inform_tion _houl_ _lwl_yn _ppe_r in t_ _llt repo_ -- th_.o t_r_ _rlefl£
d_se.rlbct_ below.

111.1. lllenllflellilllli _)f _lilli_e

tJ_lO _Ut l'_]port _lolk_ _ontllin ll COll_l_t_ _.crlp_lon of the produe_
_lch was tciltcd, Int'orma_lon to _e inelude_ _otaO ll_ tll_ lliIili_sctllGe.l_il[l nfllll_

I_1)_ _¢ldl'e,_ltl I l_O(le,1 Ixntl fl_l'it_l mllilb_l_ls Of tli_ proiluct, li de_,crlpt,ton (_n_ i_
_pproprl_t_, _ dillffr_/) of tll_ nppct_r_n_, of tll_ dcvlee_ t_ conventlori¢%l
op_r_tt•_ _lilil'act_riutJ.ell, tlnll tile l_erfol_nc_ C]l+ll]Jnfl 0_" tll_ •llllll_lil-'l, lll_l *
_htch l'¢littn to nol_c.

111._ _l)ill_ lll, lilll,lioil illill Ol_tiililllt lilli_llll%

A d_t_llcd de._crlptlo_, wltll alli_l'Ul_il#h_r_ _l,pro_rl/tt_ of tll_ lkCOllUtIC
cn%'ll'onme•_ in llil{chthe. tci_l_ll_ri_ cnrl'Icllslit uhould lle lllcllldel{In tll_.

rciQort. /in l_rt 0I" thltl ilclit!rtlnttOli _ tile loctitton of th_ llOlltid liouruo, tll t|lc
tc_t cnvlronm_nt, Ira mountilil_conflglil'atlon, llllii itli llpatltilre.l_tlonflhlp to
th_ l_alarl_f_ lly_Itemliholll(lb_ di_c%lilIl_(l.A (l_llcx_Ipt.lono_ how tli_ dcvlc_ Ill

OJpel_liltl¢l I1_1¢1_17tcilt ill ill, clluc, ntltxl iilll'lD oi" tlle rel_ort. If _lie devlc_ 111
ol,er_tu<l in _ny m_nne.r other thtua It_ conven_lontll op_r_tllil_•ode, this
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opera,inK procedure, z3honld bu completely describud.

i8,3. ])cv|_l{oil_ |n.n ._landard _|c_i_.rtmrnl l'r,n,edurc_

_hnn th_rc fxr_. _io d_vintio_ from the _t.ndard ineasurcm_t pro_uduru, _t

in nufflclcnt in the tcI_t report to merely cite the measurcmunt procedure
employed. If thcr_ arc deviations from the _e_suren_i_t procedure, ti_e
_llowin_ information ohould be included in the tust report:

(i) 'l_ic _cctlon(n) of the iltandard test teethed which him (have)
been deviated from.

(._) A complete de:{criptlon of the method and procedures which have
bc_n Bubntltutcd.

(3) A convlncin_ _uuttfieation of why the .tandard ncauurcnent
method weul not followed.

(h) An cutimatc of the uncertainty due to dcviatlonn froln utaadard
neanurcmcnt proccdurel{,

ltk4, Aeomlit'.i |)i}|_i fl[l(l ||¢'Jislc¢| ]{i_'orflH_llOll

A t_bulation of the _cou_itieal data in itn Final fern (that to, it any
convcrnion lectern have been applied to the original data) flhou_d aDpear in

thL" _,¢_t report. If there are (In_ factoru, .uch an relative h_idity,
barometric Xa'Cemure, wlnd .yecd and tci_p¢!r[&t_ire, which the investigator
bclicvcn nay ha_e influenced the.d_tn, theae flhot_Idbe accounted Col'in the
teat report.

IB,5. Mt;caln-cmcnll]liCvx{al.ly

_Ic nectlon on mcam_reme.nt uncertainty ilho_Id include two perth. Flrnt,
ther_ nhould bc none indicator of the dc6rcc of confldcncc which can be

pll_ced in _he mc_lrcm_nt rcnnlt0. _]lincould be cxprenned in termn of
.t_dard error, confldcncc" limit,, or home other appropriate ntatlotlcal
f_ntor. Oecondly, there nhould be ao_e ntatemont theft Indlcatcll how

confident th_ ten,In8 laboratory in time the 0ampln it )Inn the,ca and tented
in rcprcncntatlv_ of the product line. A_,aln, thln nllOl_d be I{tatcd

I_tatlatically, If _tn_mlhcr of _upponcdly identlc_:l productn were tested, the

nhandard error ond the range _li01_idbe reported ¢_nd nn attempt made to
cntlm_te how much of the w_rlanec In duc to n.mple diffcrcnce_ and how much
to measurement nncert_intic..
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PART 111 SELECTION OF MEASUREMENT MI_TIIODOLOGY

APPROPRIATE TO A SPF_CIFIC PRODUCT

This part of Lhc report contlitlt_ of it aerict_ of Flow ehltrttl which

dcpicL tile d_vt.'lopmcnL of iLPl)roprltttc procc(lurc/_ For tncu:lurin_ t.hc_.

llOitl_ CIlliU/liOrl 0|' pttrticlll_l, cltL/lfl_tl of pl'ot|llct_, 'i'h_ ch/li, tl_ I_F_

lIlte/ltlcd to _t'_e a_l r_m_l'[i and c[l_}_ I_UL_ 0_' Lhc faCLOl':l which

_¢l_tll'_ _ :lhowtl tilL' OVOl'/tll (levclop]acnt of upl)ropriate tutti

proccdureu. The |'Ire boxcll _hown w_Lh ht:awy border_ are expanded
In l"tgurctl 36-h0.



_ OPERATIONAL MODES !
INDICATIVE OF _ EFFECTS II

APPROPRIATE APPROPRIATE
INSTALLATION TEST
AND OPERATION ENVIRONMENT

OF SOURCE PHYSICAL CRITERIA
MEASUREMENT

NS

APPROPRIATE APPROPRIATE
MEASUREMENT INSTRUMENTATION
LOCATIONS SPECIFICATIONS

I
CONSENSUS ACCURACY AND ]
STANDARDS PRECISION IRF,QUIREMENTS

AVAILABILITY AVAILABILITY I

OF CONSTRAINTS OF TRAINED
EQUIPMENT MANPOWER

AVAILABILITY TOTAL

OF ECONOMIC
FACILITIES nURDEN

APPROPRIATE TEST PROCEDURE

Fl_tro 3_, I)cvelopm¢_iiEof ctpproj_x'Ic,te t;c'=iLproccduPe,
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I
I

I DOES A CLASSIFICATION

SYSTEM EXIST
FOR THE PRODUCT
IN QUESTION?

NO _ YES

I DOESEXISTING SYSTEM'LEND I

ITSELF TO ACCEPTANCE AS A
CATEGORIZATION WITH NOISE
AS THE ITEM OF CONCERN?

_NO YES

I DEVELOP A CLASSIFICATION I
SCHEME APPROPRIATE I
FOR PRODUCT NOISE EMISSION I

I

+
I APPROPRIATE

CLASSIFICATION

SCHEME

FlEurn 30, I)cv(,'lol,racrit or' t_pI,rop]*tr_t,c clan_l£icfttion tichcmc,



OPERATION I MOBILITY I I I:r.FF._T._ I
(E.G., OPERATOR I (STATIONARY I I ;,'_'_-_-'- I

_ OR AUTOMATIC) I OR MOBILE] I _ J

l DO USAGE DATA EXIST WHICH ESTARLISII TIlE

"NORMAL OPERATION" OF TIlE PRODUCT?

"_NO YES

DEVELOP THE NECESSARY
DATA BASE THROUGH
THE CONDUCT OF A
USAGE SURVEY

I

OBTAIN A DATA BASE THAT CORBEI.ATES THE PRODUCT NOISE,
OVER THE RANGE OF OPERATIONAL MODES, WITH THE EXPOSURE

OPERATIONAL MODES
INDICATIVE OF
PRODUCT USAGE

Fl_ur_ 3Y. Idcn_iFlcation oi'opcratiom_l modcll indicativc or product

i uIItzge. 156



W;_lOIS AFFECTED? i l" WI'IAT ARE TIlE EFFECTS? I

PASSENGER I'_ _ COMMUNICATION1 INTERFEflENCE I

I,, BYSTANDER I-'-" j_,. ANNOYANCE J.. NEIGHBOR ' _ COMPLAINTS J

EXTENT OF I
NOISE EXPOSURE

i NOISE ! l
EFFECTS m

DATA |
I II

'Figure_3_. Coll{:ationof nolu(_effect,=* (I..l;...

1
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I OPERATIONAL MODES

INDICATIVE OF I

PRODUCT USAGE j

PRODUCT I

CHARACTERISTICS TYPICAL USE
(PHYSICAL SIZE, LOCATION
MASS AND ENERGY (OUT-OF-DOORS,
INPUT/OUTPUT) INDOORS)

÷
WOULD DATA TAKEN INDOORS I
ALLOW FOR PREDICTION OF INOISE LEVELS IN ACTUAL USE?

YES NO

CAN TESTS BE PERFORMED INDOORS?

YES

LABORATORY IN.SITU OUTDOOR SITE

FACILITY EFFECT OF SITE
EFFECT OF

REQUIRE- INSTALLA. REQUIRE- WEATHER
MENTS TION MENTS

II II I

APPROPRIATE TEST ENVIRONMENT CRITERIA

F_KIIr_ Ii0, _]elccElono£ itpproprI_tt_t.c_t cnvlronmcnL crltcr_=t.
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Anon,(n1_)

H_prencnt_tlvcs of December l_, 1972 D. Cornog (P, O.)
the U, S. Po,tctl If. Flohr (P. 0.)

Servlc_ (P. 0,) W. HIIll (P. 0,)
W. Lclu*urc, Jr. (liltS)

A. _itbin (NIKI)

160

t,

i,'_, ;,, . is,,



llcpr_{ent_%Ivenof December 5, 1972 P. Baker (General
the Dept. of Tran,- Electric)
port_tion (I_Yg), D. B*'ckY(DOT/FRA)
loco_Livo n_Anufac- W. Close (DOT/OIIA)

tutors, tlm Atom. of J. Coxcy (AAR)
American I(sllroads I[. Croft (ASLRA)

(AAR), and tile D. Flynn (NBG)
American Short Llnc K. l[i_wUhornc(AAI{)
Rt_ilroadAu_n. (ASLRA) W. Lcusurc, Jr. (Ill)S)

R. Luclls(DOT/FRA)
II.Prlbrlunsky(General
Motors)

A. llubln(NBS)
J. Wculer (DffI'/OIIA)

_cprencnt_tivcs of December 6, 1972 W. BI_icnn (BorE-
tlm Air Conditioning Warner)
and Refl'Iger(_tlon R. Kelto (Air Temp. )
Institute (AnI) W. Lclmurc, Jr, (I;BS)

A. Mellng (AllI)
A. _mln (NI_)
J. Schrcincr (Carrier)

_preacntatlvcn of Dccc,lber7, 1972 W. Lcauurc, Jr, (llD[l)
th_ _attonal Elcc- II. Mlchencr (_tI.:HA)
_ric*_ Ma:mfacturorn n. lllm:_(III,2_A)
A_nn. (}I]:MA) n. O'Brlcn (fIEStA)

A, _lfl,ln(liB,q)
J. Wcrner (N]'._)

_epre,oe,nl;atlvc,of DeccmL_-'r?, 1972 J. hrbuckle.(ISIA)
the Intcrnt}tional R. Crotct_it(l]omblulicr
{3no_b11_ Induatl _2 Ltd. )
Ason, (IIIIA) and tlm J. Ole,cn (Deere &
Oool_ty of Automotive Co.)
Englneer_ Motorized O. flowing(Domlmdlcr
Snow Vehicle Sub- L£d.)
comalttv._ L. l[.v.,{(Scorpion,

Inc.)
W. I,_lmurc, Jr. (Nl_g)
J. IIcnbitt (ISIA)
h. Hubln (NllS)
J. Spcchko (Outboard

Marine Corpor,_tion)

161



Representatives of December 8, 1972 R. Canl'Icld (American

the EngineManu- Notors)
facturcrs Assn. J. Crowlcy (Ca:m)

(k_A) and the Society W. llamilton(Allln

of Automotive Engineers C|mlmcrs)

(SAE) T.llutton(ES_)
J. Jcnsen (John Dccrc)

J. Johm;on (Caterpillar)
D. Kabclc (SAE)

R. Law IDctroit
Dicuul Allison)

W. Leasure, Jr. (NBS)

C. Lebcr lCatcrpillt_r)
R. Lincoln lOutbotxrd

_Is/.inc)

J. McNally (Catcl'plllar)

J. I{adolay (Teledyne
Wincon01n)

A. Rttbln (|;DS)

C. S_Itcr (I,;MA)
H. Stnadt (Inter-

nationltl ]larveoter )

D. Stcphennon IOut-
bo,rd Marine)

T. Wu (Intcrnatlonal

II_rvcntcr)

T. Young, IEMA)

_©prc.entatlvcn of Dcceml)er 12, 1972 W. Glbnon (ATA)
the. Am_rlcan Trucklng L. Klbbcr. (ATA)

W. Lcannrc, Jr. (||BS)
Aosna. (ATA) A. llnbin (BA3)

N. 'flllcy (Safcwt_v
Store.)

_cprcoentativc, of Dcccmhcr 20, 1972 L. Bridcnntinc (MVMA)
the Notor Vchlclc J. Damtan (Ford)

Manur.ctttrer_ Anon. 'f. nolnn (O_.n_rttl
Motor.)

(M_) F. Kinh].in_ lAmcrlcnn
Motor. )

W. Lca:ntrc, Jr. (fIBS)

R, l'tatcring (Gcncrt_l
Motora)

A..Rubin (N_S)

l_. Staadt Ilntcr-
national llarveutcr)

It. ¥1cwl_ (MVMA)

It, W,.Iko (_MA)
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AiJim.tdix B.

Pcrlincm Sccliom .f tilt! Noise Control Act .[ 1972

For tile benefit of those rcadt:rs not i'tunlliar with the lloi_e Control

Act of 19"f2, Public l,uw 92-57h, the following oul;_ary off pertinent sections
of the Act in presented,

NOISE EMISSION STANDARDS FOB Pf_0DUCT_ DISTSIBUTED IN COMME_CS

See, 6. ErA in given authority to prescribe and amend standards limit-

ing noiou gcnurtttiollchtu'actcrlsticu For any product or clttutl
of products which Imll been identified its tttIlaJorsource of

noise ttnd which falls in the following ctttcgorics: coni_truc-
tlon cquipIilcnt, trtmsportatlon cqulpmcnt (including rccretttlonal
vehicles), Shy IItotoror cnglnc, and electrical or clcctronlc

cqulpment, ErA slt_' Issue regulations fox' products in other
catcgorict; If it is ncccszmry to protect the public health or

well,ire. The stt_ndards must bc ",,,..based on critcri;t pub-
llshcd under ,gcction 5." ttnd"requlsit_ to protect the public
health ttndwelfare, ttlkln_ into ttccount the m(tgnitudc and con-
dltlonn of lineof such product (alone OH in combintttiolt wlth

other noise nourncs), the dc_rce of noise reduction ttchicvttblc

throush npplicntlon of the best tt_ttilrtblctccllnolo_D_, nnd
the coat of compllnnc_."

Tbo m.nufttcturcP of rcgul_tcd products must warrant that its
product in dcslg_led and built tie atl to conform tit the tlmc of

sale wit|| _tlcb Pcgultttion. The. cost of thin Wnl'rtlnty ct*nnot
b_ p..t}ed on by the manufacturer. Sttttcllnnd politict_l sub-
divisions arc prohibited from ncttlnK noillc cmlt_t_ionlevels
different; tram those promulfltttcd by ErA, hilt rem_tin nh].e to
rcKul_t_ usc_ opcrtttion or movement of products.

I,AB_L73_

'Jet,8. For any product which (it)emits nolne capable of ndvcrncly

affcstina thu public health or w_ifarc, or (hi i,l cold wholly
or in part. ozi th_ bnnis of Its effectiveness in rcducln_

_olsa, th_ ErA must rcqulrc tb., marlufnctur_r of m_ch product
to siv_ notic_ of the noise lcwl or its effccti_cn¢ms in re-

ducing nols_ to the conntt_cr. _._A'a r_gulatlon_ must Indicat_
the foxTn of _tlch notlcc ttnd the method tutdunit of mcnnur_mcnt

must be prescribed.

I{AII_0AD NOISE EMISSIOn{ 5TANDAIID_

Sos. 17 Aftnr eonsultt%tlon with the Dcpttrtm_nt of Trttnnpor%tttlou_
_*_A i_ required to promulgttte restillttiormfor nurfttcr,c_r-

rlcr_ eng_ed in interntttte commerce, _ncludln_ rcHlllntlonn

, r



governing noise cmlt;slon from the oper_tlon of equipmetlt
and facilitic_ of such carriers. Tile effcctlvc date for such

rcgt,latlons must permit the development and application of
the rcqulsite technolog?y, The Secretary of Transportation

is chtLrgcd with tile rcsponslbillty of assurln_ compllfmcc
with EPAIs regulationn, Stld;c and local govcrnmentu in'c pro-

hibitcd from t_-Jtab].Ishlngopcrationltl noise cmimlion llmitn
different from applicable federal ilttlndards, but the Adminis-
trator IIl[ky allo_ a different standard if he detcrminc'J in con-

sultation with the Secretary of Trlnmportation that local con-
ditions ncccst;ittttc such different regulations.

MOTOR CAI{RIEI1 NOISE EMISSION STAIIDARDS

Sec. 18 The provlulons of this section arc nearly identical to See. 16

except that they apply to "r* common carrier by motor vehicle,
a contract carrier by motor vehicle, and a private carrier of
property by motor vehicle as thollc tcl_m are defined in the

IntcrDtatc Co_u_crce Act (1*9 U.S.C. 303(a))."

I)L'VELOPMEtfpel,'LOW-I{OISE EMISSION PRODUCTS

Sec. 15 Provldco for Federal procurement of and puhlic notice about
products certified ILl_"low-noiile-cmiu_ion products" (defined

a_: any product which cmltu noise in amount_ lJi6nlflctLntly
below tile levels speclflcd In nol_e cmlnulon lltrtndardsunder

regular|one applictd)ic under Sec. 6 at the time of procure-
ment to that type of product). 'l_icAdmlnlutrator it_ allowed
to cst_bli_|_ a Low-rlollJc-_mir]_ion Product Advisory Committee

to attaint him in dctcrmlnin_ which product:J qualify. Once an

r_ppllcatlon for certification lu received and the product iu

determined to Im _ lo_-nol.c-cmi_l_ion lWoduct, the Administrator
mu,t certify the product an :lush if hc dctcrminc[l that the pro-
duct i_ a tntitablc m_bnLitutc for a type of product at that
time in utlc by _cnclcn of the Fudcrltl government. Vt_riout;

In_trtlctionrl a_ to when the Federal 6ovcrnmcnt i_ required to
purchtt.e .uch product, and when tileI_PA in required to pub-
lish info_ttion about it_ dctcrmintttion_ are _ivcn."

In nctti_E noluc cmim]lon _tlunlardn for product:_ dl_trlbutcd in commerce,

the Eavlronmvntal l'rotcctlon Agency i. required (|lee Scc. 6 of Public I,itw9a-
_71_) to ba_Iv thc.c .tctndardu on criterl_t publillhcd under See. 5, Section 5
of thv Act in num_trIzcd bolow:

IDE|ITIFICATION OF MAJOH NOISE SOUHCES, NOISE CRITEHIA
AND CONTI|OL TECIINOUJGY

,%c. _ (1) rcquircn EPA to publish criteria which r¢;flect the kind

nnd extent of all idcntiflabl_ effcct|| on the public health
or wclfarv rvaulting from differing quantitic_ and qu_kliticn

161,



_/._,_ :!;_" _,'_ : .,__ L _. _ii: . •
_i_ _ T,IL. j,/: ,

(within 9 monthu); (2) requires EPA to ])ubllsh infor-

m,xtion on icvclu of environmental noise which In defined arcno

1_nder varlou[_ conditions are requi[litc to protect the p_blic

health and wclfztrc with an adcquatc margin of slzfety (within

12 month_); (3) rcqu/rcs EPA to publi:lh a report idcnti_Ing

major I_ourccu of noiuc, and sivlng informntion on tcchnlqucs

for control of :_olnc (within 18 nlont]|s).
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Al_l.!mlix C.

Uiwt.rl;liniy .f _|cil_llrClllrlil

If quantitative nolse rel_latlonn are to he effective and equitable, it
IiJ essential to have n good tmdersti_ndlng of the uncertainties extant in the

t_ssoclatcd mcasm'omcnts. In leg_tl proceedln6s this uncertainty represents the
"sbadow of doubt" assoclatcd with a inclumremunt. A clear statement of the

factors entering into the uncertainty eoz_iputatlon and the datzl on which it is
baaed ubotLld be avtAilablc for "cross-extm*inatioi_."

In a le£al proceeding umd in regulatory operations generally) tz
statement as to what measurement proceut_ would be accepted as correct is a
necessity -- otberwiue regulation would not be posslblc. The uncertainty of a
measurement should therelbrc be stated in terms of tlc rcuults which would Imvo

been obtained by the "accepted" process. In the ease of some standtu'do,

refurcncc to the unit tiem_intained by the IIationtLlBuretnt of Standtu'du may bc

appropriate. In other caz_cs, results by a _leleetcd a_cncy or by an averts_c of
the mcauurcmcnt procesuc_ of tlevcrttlorg_n_izations mtw uerve as a reference.

'i_o charactcrlutlcu oi' incauuremcnts must bc accounted for. First, that

successive metLsurcmcntt*of tlm tJtuncquantity will.disagree, and second, that

the ion_-run nwcraEe by two dlffcrencc rca]Iztttions of the name method of
metttlurcl;_:ntwill _tlffcr. Onct:_ model of a mcns_ircntcntprocetm must therefore

bc cnlttr6cd fie include both tbc vtLrinbility and pouoiblc offset of the procctn_
from thttt which would be accepted at_ correct.

It is in the concept of a repetition of a metuutrcment thttt the

uncertainty of mcatsurement ezrabe Siren opertttlonal mcanin_. Mcanurcmentts can
l)e regarded ttts aricinH from a procvnu whose proi)crticn etm bc determined from

an t_ppropriate ncqucncc of such repetitions. It is only when on'-" cttn attribute
the propertic, of the procct_n to the inolatcd nlngle mctltnmement that tt
defendable ntatvmcnt of fits uncertainty ctm be intuit. To Im able to do thin the

procure must haw predictability, i.e., be in t_t,tatc of flttttitltlcalcontrol at
the t_m¢ of tile ;vct_tn_rcrdcnt_o tht_t the uuc of the current vttluet: of the

prooen_ part_mctcrn is 7ttlid.

Limittl for the Effccttt of Rctndom Error

_ic cruclttl step in tttsueutlln_tlm effects of.random error ils tlltttof
defining the net of rcl_etitlon, over which the meatsurem_nt i. to apply. At tllc
very minimum it would Involv_ repetition, with tlm tmmc inntrtuacnt-opcrator-

procedure oonfl_wation. It would include .t,_nplin8vt_riability when that in

approprlt_te and Include t_ m_mber of componcnttl of earl.nee tmch an those
a.socltttcd with dtty-to-day difforcncc_, opcrt_torn_ im_trumcntt_, etc.

All of these £actorn which enter into the mmdom error clxlcttl_ttloncottld,

in principle, bn wried in rcpctttcd mct_surcment us th_tt their effects could be
mltigt_tcd by t_wcrt*gin_over tilenet of rcpctitionn. Thorpe which cannot be no

averaged out t_rcrcw_rtlcd tin ay:*tc_ntic crrorn which account for the offset of
S
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one process z'elatlve to another.

To unsess the pol;slblu _:xtcnt of random error of' tile quantity, y, where y

in a specified function of rlu]doln,varifLbl_o x_•,xo ° . . × nnd constI_lltn_Clt
co . . . so thI_t y = f (x., x_ , . . x _ e., e.... ), le_ us l_s_ume t|II_tIL

l]_ndard devhltlon_ sy, lu _vailable. [hill sti_ndar_lduvJatJon will. In
_enert_lj Involve lllt_n_co[_ponent_ of WLrJrLnce, the constants, c_, and will
dcpcnl o l tie l_ictional Io_, f(). qo 6o i'ron this tt n(b_rd d_viLtion to L
bolmd for tllertLndom error (e.g., three iltandard devlattons) involves some
arbltrarlncus both in the re|seinedniLturc of the probabillty distribution

involved and the desired degree of coverage.

OL'1'setof _Icasureli_nt Proteus

'l_ICof L'set of one I_ICtlStU'USleDtp]'occss relative to L_t*ot]]er(or of
process from tlmt ILcceptcd nt_tiont_lly) n_Ly _Lrlne from dc_'iclenclc0 in the

_then_tlcal model or in rcI_llz_tlcnn of the specified process;. To thlu one
must add uystci0atlc error in the prcscrlbed .tandardo, and the fact that the

coyreetlons for envl_oonmunt_l and other effcctn lluq/not account for _ll the
effects of sue|* variablc_ on hhc pm'tlcul_r mvasure_ent process.

'|heprocedures for t_rrlvlng _t bounds to the pouslble offset of the
proee.lm will Involve direct m_'Juremcnt by introduciI]g cllr_ngcninto the proee:J_l
an_ ob_e_wln_ tile _ffcct, th_ use of valueL1 from crltlc_l ezpe_Imen_s run on

_mll_r proceznJe_, _nd other _Indlar technlqu¢_ whlc|l |it_vein colmmon the f_et
theft they _e bI_cd on ob_ervtLtlon (not judgement).

In some c.Ilc_ It is posnlble to determine the off_]et of _ mct_nurement

_t_nd_rd _i6n_l. It Ill n_ce_nary tlli_tthe r_farcnce itcm_l be _Imil_|. in t_ll

_p_rtan_ r_,i_eet_ to th_ it_m:l bcln_ m_(_su_ud, _nd that it be me_(JU_'ed l)y the
_m_ l)poC_dur_ _'d _n the r_I_II_ wo_klo_d. Wh_ the Dies co_'rectlon Ill
_d_ i _h_ proceI1. Wo_Id b_ re_rd_d a:t being free from _yntumat_c _r_'or:lfrom

th_ _o_r¢_ repr_aent_d by tile_tcm, The r_Lndom error In'th_ applied correetlon
b_ome._ _t of the r_dom e_To_" of tilep_oceflll,of co_r_¢_,

Control of _urc_Dt

At nora_._int in tlm_ one will lmVe _t_lues for the bound, II, to th_
effect of random error nnd _ bo_uJd, _, for the po_Dibl_ off_e_ of th_ procenll

'I_i_ w_lu_ _rn us_.d _o ch_r_ct_.ri_ the _oce,n l_ndthese i_rop_rt_c_ can I)_

_ppl_.d t_ _ndlvld_u_l me_nur,.m_Iit||from the proces_ if the p_occss l'emaln_ in I_
_t_b_ of non_ol.

t]ols_ cvldenne i:_ the.refore needed to _._Iltabllnhtheft tile proce_n d_ t'_n

ao_trol," Me..l*r_.m_n_s in _ ref¢:ren_e item |_de pei'lodlc:_lly %hrou_hout _he
y_._r _r_ ga e_:u,i_l_of th_ typ_ of redund_icy n_ed_d to p_ovld_ the llama|range
o£ consistency. Wh..n coupled with _n ind_pend_.nt outrli_|_;c|lech oil the offset

or the p_o_:_.I1:i,on_ h_ e._dence of tile_lidlty of the uncertainty _tt_tement,



All out of control co|idltiozl nlgnifies that pz'udictab]llty hau been lol;t

(L_d oI_e Dho_tld theroforc _edut_nize the pl'oee_iJ paI*_In_tcr[; to iLi'_Ive at a new

l]_ccrtI_Inty _tatu_unt.

Uncertalnty

_l_ uneertalnty of I_ reported value could, in I_'inelple bu I'edueed to +E,

the offset or _y_tei_atlc error of the pl*ooe_ by ineruILDIIL_ the l_UIIlbcrof

iilO{Lu_r_nt_ to be _d0. _I_y uL;_h ine_*cil_le il_ thu ml_l" of InuaDul'_i_cnt_ Would

are IIl(;dc_th_n tile _c_ti_illty Iu II_c_'c(IDed _ the rando_ crroi'ii _o t]l_t the

Un_I'tILinty H O_ I_ II_{l_UrulnuI_t f_oI_ (_ prO_C_ ill COl_t_Ol i_

uneert,alnty _ +(E + _)

#The _dtfle(_tion for at:ymmct_ieA1 ].Imtt_J are obvlo.:I.
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Al,i.mdix I).

Ihl_il,ie (;A'I_I ' Code of Co.duct for I'revcnti.g Technical
Barrier. for 'rntdc.

qlle United GLttLCG and other major trading nations through the General

Agree_lent on Tariffs and Trade, have been tnve_ti_ating tile fnternationttl
trade problems itl.211ing froln the dev_loplne_t of different reglonal_ ntttionalj

_nd locltl product st{tndtlrdll lzIld technical regtfllLLions and tile vltrious pro-
cedur(m for tmsurlng conformity witll them[l]. Mo_,:t of these t_tandardu

barrier_ are side ePfects of efi'orL_ to protect th_ pllblic welf{tr@ r/Liter thttB
deliberate diucrlmlnation, and the GATT negotiators are trying to find a

solution that will not hamper tim achievement of thc:m objective[l[2].

The following discu:mton ell the GA'I'[code of conduct is reprinted Prom

the ASTM _qLitntlltrd[zttt_on Iluwn with permission of tile American Society for
i Testing and I.l:tturlalu[_-}'.

; '_It Wall tile recognition of the problem[l presented by _tandardu and
' the inttdequacy 02' tileGA'2"I'provisions for detlllng with tllt_lltimt led the

contracting ptu'ties to begin tile development of a utltntiltFducode,

l.'tArthcrnzore, tile United States /tnd other countries were bccoming

i increasingly concerned {tbout European plantl to conclude |'eglon{tl

i ntttndards aI'rltngeinent:t on all excluilive ballis. In 1971 Working Group IIIof tile Colmnlttee on Trade in Indutltrial Productll began tile draftin S of

t liuch m code. Tile working group agreed ell certain hypothclm0 of whlciltwo should be noted, One wlm that tile tlohltion developed nhould take
' the form of a binding code IIUbJcct tO FAreservation theft tile Pinltl

j product In{w/ be chttnged to _t volunttu.y code or net of principles.
Another wall that the OATT nholtld no[ become involved Ill writing
ntand,Pthl or certifying thttt products conform to tltltndltrd:l.

"The draft OA'lq' IJtandrtrdtl code which wall developed deltl;z nepltratcly
I with the 2u'eparation, adoption, and une of mttndatory ntandttrdtlby
¢ central lind local government bodicn; tile preparation of vol_tntt_ry

tlt/tndardn by central bind local £'.overnmcnt bodteni and tim prt:pttrittlon of
i' fltandltrdtl by ¥oltliltary Bt;trldardu bodies. 211 c(teh cttne utrtndttr[l_ tire to

i and applied no Its not to afford protection to (lomestlc
be Pormulttted

pro(htction, and they are to bc based upon lappropriate' lntern{ttional
} llI;nntlard;i, 'l'llcrc :}hall lie active particlptttion tll lnternrttlonttl

l IIt_tndard. organiz_ttiono. WhercvcP appropr21Ltc, |itltndltrdn are to bcspecified i.n term. of pcrformnnce Flitter than dcsiff.n. Propolled

_] /lttAtldftrdil not br|ued on international ntandardn muilt be publluhed,
con01deratlon given to comments received, and It reasonable time ILllowed

for forelg[l f_upplit..rIi to ttdnpt to tim ntandlu'ds (except when urgent
problemo of health, tl{tfety t enviz'onmental protcctlon, or national

Ilecurity exlllt). All mettldlttory ntrtntlttrdtl mtnlt (kltio be pklblinhed. In
I_ n_dition, ttdherentn Of regiontkl ;ltnndardu orglknizM;lono tiball ut_e their

_. "bent cfPox'tl I to enmlre tll_lt th(. _ standard, will expedite pz'ogrenn
_ toward tile preprtr*tti0n of interntttlonal .tttndardm and that the rcgionttl

6
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orsanizatlons comply with tile requlrementn Just ehmcrJbcd.

)'Compllancc by local _ovcrnmcnt bodlcs i_ hub Jeer to 'rclulo_lable

l_eall_ i bclng used to cnsuFe co_pllu_c_ wlth tllesc requirements.
ShMlarly, standards of voluntaI7 bodies (such as ANSI) are condltloncd

by a )best efforts' stlpulatlon.

"In deterlninin_ conformity with mandatory standiL_dS, e¢,n_rtLl
8overnments muilt likewise employ methods that do not iLfford protection

to domestic production and test methods milst be harmonized, im far au
practicable, on an internatlonal batlls inidbe published. Proceduretl
shoRld pcrmlt tests to be carried out Ill the eXpo!'tinF, count_7 I_nd

Should rccognlze other equivalent test methods.

')Where u, poultlve _ssul'ance is required that imported products

co|florinto a J_*ndatory sts_dt_l'd)whet]ever possible a (Icel(tratlon by the
uuppllcr or by I_quality asolwance body in atlother member country tlhould

be accepted. If tests are carried out in the importin 6 country tll_y
ullould be on the _laln[.hasls as te_ts of domestic products.

"Where quality astlurt|nce systeml) are opert%tcd or l'el_ed on by the
central _ovcrnment to assure conformity wlt]l Its _andtLtOl.ystandardtl)

th_ code ¢ontalns siLfe_uardI| at) to falz'ne_s and nondil)erlmintxtlon. ][ere
a major difference of view exists) partlcul_rly when the quality

au_llrnnce system tlJ intcrnatloflal or reEion(_l in Nature. The U. S. vlcw

la thltt partlclp_tlon in qualit_ aIl_urance t_ystcms I)bould be open to all
tJl6natories of the code from the outset and apply equally to foreign (_nd
domestic suppllera. Other colln_rlel;|utve ar_led that tIlere nhonld be

allowance to llmlt participation in the Initial t|taHes of tile system.

"Tilcr_ are provlslonn in bile code to on|lure that Information bc
readi_ available about lltandardn Innl quality _snul.ance t)ytltcmu. A
piece where |inch InFormiLtlon Int_ be obtt_Incd is to be eutnbllt|hcd _n

e¢%cil country Slid relcvan_ tecilnlcnl antllsttlncc it) to be provided to
_lgnatoPlcs to tile co(it.') especially tile devcloplnS countrlcll.

"/lome countries ilavc cxprctlsed l'ei)ervt%_ion_l t_bost _]lC rntrottctlve

proYlnlon_i or ti_cdrltf_ code. Tilltl section t)ti%tcs £llat if c_intlnF,
s_lld_rds -- mazldatory or yol_ntnr_ -- or qlu_li_y i_stlurancc I_yt.ltcm_l

_£for_ prot¢ctlon to dome||tic Indu,trlct), then olHnatori¢,'n 81u_ll brlD_
them into confov_ity ns floon as pos;]Iblc. Thin WOIlld hi%re dl££ercn£

consequences depend_tl_ on tile ni%ture of tile cIlnn_cflrequlrcd. Fox"
ex_ampln) r_tronct_vlty Involvlrl_,ch_l_eI* i;l ezinttna lealnlation would
bc co;lnider_l)]y n*oro difficult til¢_n eilnn_en In i_dmlnit)tratlve

re_llatlon.. Fdn,_llzatlon of tills nettles will await completion of the
othe.r ;;ectlonl]of tile code.

"Fir|ally) n 'Commlttcc for Prcventln6 'rcchulcal ilarricr_l to Trnde _

wo_tld _¢ cnta_)ll,hed for _i_n_torlct) to con_n_It on implcm¢_ntatlon oi" the

code) _o inv_.tlgate complalnta) nn d to recommend nctiontl after
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completion of an invcstigatlon. It io also propo_Icd that the co_nlttcc
bc cmpoworcd to authorlzc _u_penslon of code obligations for vlolltto_-_
and refer _crlous violatlonl_ to the GA'I_Pcontracting parties for
appropriate action. Thlo qucstlon of _tnctlorln is eontrovcrr, lal and

Sornc co_intrico fltvor other, luno l_evcrc cnf'orcc:ilerltproviolonQ.

II_o_e Of the draftcr_ ttl_o hltve rev_rvtttlo_o _tbout the bi_dln_
nature of the code, particulurly over the difference in how it would

affect th_ obligation of a fcdcrttl a_ opposed to a unitary form of
_ovcrnr_cnt. In tb_ for;nor iiiilnymltnd{ttoryI]tandardB ttl'Cdcv_lop_d by
0tittle/Lndlocltl bodlcn Which the national gOVCl'nI_1_lltin some eaten m_y

not cffcctlvely control. In the latter all mandatory ctandard_ arc

developed by the nation_l government. A r_latcd problem is tlmt uomc
countrlc_ mctlnt_tlnonly ]_a:idatory _tltndltrdowh_Ic in ot]_rl; thcr_ _l'e

many voluntary and _o-callcd _quaoi-voluntary' once. (Quasi-voluntary
_tandard_ arc thooc that are developed in _omc l_ropctLn countries by a

cooperative effort between induotry and government, but are voluntary
with the provi0o that they can bc mndc mandatory at the option of the

government°) _lu_, tho:_e countrlco that rely mainly on _andatory
_tandard, would aooumc greater obllgatlon_ under the code than thoIJo

th_ r_ly on voluntary or quaoi-voluntary ntandard_. The draft code
Will addrelz_lthc_c problems by placing different icvcl_ oi' obllgation_

on the _ignatori_o.

"Obviously the crfcctf_ a binding international code of standardl_

wottld havo cnnnot be fully mcanurcd until fln_l _grecmcnt i_ rc_chcd on
cpecdflc provisions; howcvcr_ a few conclnolono can _ vcatured wlth a

f_IP amotalt of confld_nce. In th_ first plncc the role of Internatlo_Itl
_t_ndardization and th_ orgltnlz_ttlon, which perform it will become much

more important° From that fact will flow Ercrttly Increased
rc_pon,ibilitlc, on the Amcrlcan National St_nd_Lrdo Institute (AI_SI) and

itn _cti_itlcs. oinc_. ANSI rcprc_ent_ the U. S. _atcrc_t in
laternat_on_l _tnndar_Ization work by the nontrcaty orE_nlzat_onI_ such
a0 the. IS0 and IEC (the International Elcctrotcehnlct_l Co_mLinolon),

which in fact, perform much of the international I|tltndard0work. AI_OI

will therefore need the full _upport of tilewhole I_pcctrt_ of _mcrlcan
industry if it i_ to have the strength and re_mt|rceo to fltlfill its
task°

"Amcrlcsn Indnstl:{ should benefit from the code. The code will

c.ncourag_ opvn certification oystcm_ in which our indu_try can

partloi_tc if It i, willing to a_mu:_ t}m rcnl_n_ibilitlc_ of
membership. _hus the ccrtlficatlon arrn|igcmcrlt#_of CE_ (_.h/ropc#trt
fltandards Coordinating Co_nittce) and C_31f3,EC(E_ropcnn Co_ittcc for

th_ Coordlntttldn or 1.:lectrotcchnical _tttndardi_)_¢o_Id bttvo to be open
instead of rc_trlctcd to Europeann a_; they arc now. In addition the

code would place _vcn greater prccm_r_ on the Et_ropcttn Co_mllnltlcn to
nee intcrn_tt_onal norm, in developing their rcglonltl stand_rdu and
ccrtl flcatlon uy0tc_|.

"F.[nally_ the cod_ may necessitate ch,ngcn in current U. S.

_egln_atloa and administrative practiccn of rcgltlatory bodlc_. Thill

anpect is complex and i_ bclng carefully c_plorcd."171
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[2] T_aw_gllnl reports on GATT code ncsotlatlons , ARSI Reporter (JtLly 7,
19'/5).

17R



Appendix E.

Mt+lln.l+ .f Laheli.g

In tiledcvelOplllcnt o{' appropriat,+ procedtJres for ]+tbulln_ producttJ tt_ to
t]leiP noise esliuf_ion,it in u_efttl to d_ntin_ulsh among the t'ollowltlgfoxlr

concepts :

o I)et+rrmtnfttion of the noise emtnnion of m_Lehinery or equipment
involves thc _tCtlll_] incltnllrumcnts which t_re ctll'riud out ttc_ording to

a specified test procedure,

o D+n__!irntLtlon of the noise cmlsnlon is in terms of tlptlrtlcultxr
ucIl{itl_lltityas A-weighted sound powcl" level or percelvcd nois_

level) e_q)l'eflued in a particultlr uuit (such ao decibel).
Designtxtlon frequently involves combining the measured duta in tL

prescribed m/Lnnt2rin order to obttxin some, flill_lc-l'i_tlre Pitting,
usuttlly one thtlt etm be expected to colu'elat_ wlth hIlm_n l'¢?Sl_onnt'.

o Cllt:m|l'_cttt_otl _nvolves nystcl_tttIc arl'an_ement o_' de_lgtlated nod_c
emission vttlueu into groups or ctttegorleu aeeordin_ to estmbllnhcd

criteria. Ciitssiflcatlon typic{klly implie_ subdivision of the range
of noise emitnlton wtlue_ into tx series of interwll:l which are ltxrge

enough tht_t the dlfi'crcscc bctw:._cnttdJt_cuntclttsscs Is

"slgnlflcnnt", in some _cnse. These intcrw_]s may bc of flxcd,
equttl llIze (e.g., 5 dlJ)or m(_ bc derived in a statlutlcttl sense

(e.g., quartilus). Cltluniflctltion frequently, but not tLlwt_ys,
implies llom_ fOl'm of coding in whlch t_ fly:itemof wordtl, numl)cr£J,

letters_ or other symbol:_ is tined to repreIlent tile scverml elt|ssen.
'l_lecoding system ct_n either be "l_bsolute", so tht_t t_ given noise
emission vt_llle Wolt_d +_iWt_ys be tit|signed the st|me coding sytabol, or

'trel_tlvc", no thefttile coding symbol conveys Inform_xtlon concerning

the rclmttonshi I) bctweell tile noille emtnnion vltlne of tl pmrticl_ln_"
machine or model nnd tll_ distribution of noit_e emillsion vltlncs for

tilefmmlly of nimll_xr equipment. _qlt." coding m+ty _itlo convey
in/ormt_tion llbout tile pI_rtlclllar ft_mlly to which tile mtlchll_ePy

belong:l, the Meter to which tileclIlsndflcmtlon col'responds_ or other
Infnrmtxtdon nece:l:_tttD"to minimize any possible confusion.

o I:abel_nI_me(tan to fnrnlsh or tiffix written or Ilrlnted m_tter in
order to _irnd:dl tile purcbt_ser or user with dnfo_Taatton Colloernin_
thc nolnc emlsslon Of tileproduct. This Infollnation may Ine].ude the

desi_nat_on Of th_ actn(ll noise cmdlil+Ionarld_or the e]itllt_flctxt_on

of tilenolne emission.

Volnntltr_ nt+_ndards orF++lnizations h_ve beer tlnd t_re _lddl'euntn_: tile

l_] questions of how to deniF+nate t%tld/or cl+xnnify tile noise emission of products.

@ A recent national stnnd_rd[1] dcnl_rtt_tes the noise cmiollton of tlm_l.l
stationary sourccu in term, of tile Product Noise Rating (PNR), wldeh is
obtsln_d from the A-weighted llolmd l_ower level, mdJl]nted by t*connttlnt such



that the r_tlng i:; itppro._Jmately utput] to the :;I_:icc:itverage oi' tla'A-weighted
_otuld iJ_.cs_;urcluvul at. tile':;p_,eifiedrating di:;tnncc (usually 1 m_.tcr).
l{_dil_t,lo_ll'rolna _]ound _;()llrc(:ol] IL rc.1']ueti_1_:_llrI'i_coi:;i_sI3utiii_d.

At tile InLernatlona] level tIl,:z'ecurrently i_; _nberest In expre_._:_Ing

noise cmlsslon directly in terms of the A-wcighted :;onnd poller level, with the
nnlt bclng the bel rather thlm the dccJbcl _o a:l to reduce confusion between

sound pres:;ure level and sound power Icvci[2]. Such It docnlnent hau Just been

approved at tile nattoElal level[3].

A group under the jurisdiction of ISO/TCh3 (Acountlcs)/SCl (Eloi_e) is
currently considering a posulble international ntandal'd Oil classlfle(_tlon and

labeling of equipment anti machinery as to noise emission. In the current
draft of this proposal[lJ_, noise elalnsion wouhl be denlgnated in tcnns of tile
A-welghted sound power level. An absolute chlsslflclttlon *Ichelneiu proposed

in whlcIL tile sound power level Is rounded up to tile nearest 5 dB. The
proposed relative classlfleatlon scheme also uses a _ dB class Interval: Class

1 would Include II]_ehinerywhich in "representative of tile guaranteed nolue
emission number to be expected from well deulgned maehlneu of good worhlnannhlp

belonging to the family" in quentlon;" Class :?woltld include maehincl] for
which the guarnnteud noise emission Is 5 dB less than in Class i; Claus 3

I_chlnes would b(! at least lO dB quieter than those in CIL_ll l, etc. It llas
been nugseI*tcd that tile Clunn number be identified by sbowlng th_ appropri[{Se
nnmb_r of stars.

In conuldorlng ¢insslflcatlon or it_bellng schemes for nolne emtsnlon it

in Important to consider who in the intended user or audience. A l_Ibel, or
other doclunentatton, whleh conveys the nolsc cmlsslon denignmtlon and/or

clss_Ifl¢_tlon sholzh! enable fair comparl_ona among competing prodt_ctu and
_hol_ nsslst pl_rchasers or %looP, In t_llne_lsiligtile noise impact Of the
_rodunt. _e tiller, however) mv_Y he) for example, (i) an esglncc_ who nced:l

to determlno the. effect of tile product on compliance with het_ring conservation
reg%d_tlons, (2) a construction snporlntendcnt who has to comply wlth zoning

reg_atlons, or (3) , prlvato citizen who nimply wants a "quiet" appllnncc for
hls homo. Seth the Infor_ttlon needs and the technical sophistication of

thcs_ 11scrn will vt*I7 wldcly sad the Inform_%tlon eonvcytxl must be _dequnte for
the more _ophinticf_ted liner while at tile aomc _Ime In,st not be co_fulllng to
persona with leD, technical baekgroundn.

_lhe acoustical eonnulting firm of Bolt Deranek and Newman has just

completed, for th_ U. S. Environmental Protection Agency, a study of problems
and connideratdonn involved in l_tbelln_ product, on to their noluc emlnnlo_ or

control characteristics. Thtm in thls brief appendix there in no need to
d_ive very deeply into the many questions involved with eiltahllshlng _ viable

noine labeling program. Ilowever, there are a few key points that e(m
beneficially be mentioned.

_l{otc: "A f_unil_ of maehlneu or equlI_nent in a group.., of a stellar dcuil_n or

type or m_¢ting tile nnn_ performance reqnlrcmcnbl| for which it in _r_'a_onablc
m to _:_tabli_h a noise clans."
tn
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Labeling dILta could bu provh[ed _n two ways. Thu lab_'] Itz(_If might bu

i_ thin form of detailed acouiltlc daLa, e.g.. oct_vL:-band sound power Icvel._
whLch th_ uucr cotLld ut_llze In placemei_L of the mI_chJne!_vlthLn the

_orkplac_. Or Lhel'c could be a "cookbook" Itpplicatlon 6uide which woiuld be
u:]ed _n conjunction with the. slmpl_ general public htbcl which would allow tht"
InIPch_%ucPto predict whirr sound luvels col_id be _xI_ucl.edlit so]_ distance froill

the nolu_ _ourcc, u.go. at tht_ property llnt_. There nre several possible

iI_bellng _chcm_s which d_rvc con_IderiLtion. They include slnglc numbur
rttLin_u_ _In_l_ lett_P _.ittln_iIjcolor codu:I. _ctl_al uoul_d lev_l valuus or /lets
Of d_ta.

A _Ingle nt_nber rating has, it_IIts Int_inwtlue, slmpllc_ty. IIowc:vc_',
publ_c educ_ttlo_lwotLld b_ _lece:isary to R_suru itcceptttrLculind L]_U:Lsuecctss of It
_Ingi¢ ]II_bur iitb_l_ng sch_zIlu. AssuI_e that products can be _itbclcd orl

_liI]g]cnumber scale ranging from ]-i0. The initial probl_n Ii_ that the

differczme butwcen adJaccrlt numbers (e.g.. dllTcrcnc¢: b_twccn a 3 and a _)
uhottld bc acouIltlcally slgnlflc_Lnt. In other word_, the public would have to

b_ td)le to di:]c_rn Lhe produot itTl_rovcl_untfro_ oi1t.nu_nl)c_rto a_lot]lerwithout
the t_u_i_tltl1_eof nophlst_cated illstrul_entlttlon. In iteoost_cs_ _t J:_
flcn_r_tllyace:opted tl_at approxi1_ittuly a 3 dB diffcrunce mu:]t _xI:iL b_i'orc the

hmnan ct_r con:_i_tcntly can d_tcct _tny dlf['crcncc. Th1:_ qu_stlon of Lhc
tlco1_Dtlc1_2¥_i chttr]6cbetwccil _tdJItc_ntllui_cril_letterst color_ t etc.. i_ an
l[]h_r_nt problem wiLh any l_beling system.

A second problem ii_ dctcrmlnln_ whttt m_t_nlng the number :lyut_m _tlrcady

hI_swith th_ publlc. One mlghL _mlvcly _xp_ct that a numbcrlng nyut_m wo_Id

work _e.Pfcctly with 1 the qulctc:it _nd 10 the nolI_Ic_t. However, o_ic could
think of I0 _ll bein_ largcP thcLn 1; therefore, ttproduct ra_cd i0 _ould
provide, more of _om_thl_{ than itproduct r_tcd i. Th_ more In thIi_ c:trlccotdd

elth_ b_ mor_ noi:J_ oP more noluc ttbatcmcnt° Ii_ Itddlt_on, _ll the cductttlolml

_yr]t_nn_tillzing a n_mcrlcal _radlng :Jyu_cm, i00 la a perfect ucor_.

Th_ _InEl_ letter rI_t_n_, llke the ,i_gle number, ht_i__|i_adw_nt,gc- of

bcln_ _mpl_... MoPcoveP, the problem of _ubl_c cd,cltt_on might be. nom_.wh_t

ea_Imr, bec_us_ mo_Jt people _n the United Statc:_ h_tv_ bc_n cxpoI_cd in v_rylng
degre_ to the formI_l cducltt_on procc_ that _radltlonnlly uLillzcs _n A, B, C

gr_dlng _y_tcm. In all ca,cn A I:i _he bc:_t. AltJo p_ol_le h_ve bccn furbhcr
famil_r_zed wit]* thlIt grading ,y_tcm _llncc I_ i_ now nppllcd to Lhc grading
of mea_ and dltlry product_. Bcca_mc of thi_, It _cem:_ that if the be:it

_roduct -_ In thi, cn_c the qu_e_st -- wcPe labeled A and Z th_ noiillcs_.,
conm_r_ w_uld not f_nd %hill rating nch¢_c to bc InconslI_tcnt with othcP
gr_din_ _y_tcmu with which they are ft_mtli_r.

U_e of a coloP codm _s _nothcr _.a,y m_thod of labell,g but it too

_nvolve_ _ducatlonal problcm_. Th_e. r_rconly three colorl_ -- red (:Itop),

yellow (cm_tlon), and green (go) -- whose mcanlng_ too:Jrpcopl_, would recognlzc
Irm_edlately. Thre.e.colors are probftb]y not enough to e.sts]llltlhan Itdcquttt;e
l_|)_llng _cheme, 'l_e sddltion of ot|*eP colorll to bhc three i_irct_dy_nc_it_oncd
could rmsu1._ in a massive, educational problem. ]'_Irtherrnol'e,l_ I_Ig:llflcant

porccntagc of the pop*:lation I*_ p_trtlally eOlol' Blind.

S



Anofiher alternative would b_ to list thu nolsu emission (sound pressure
or sound power level) produced by tileproduct directly on the paehage itself.

This toothed has the advantage of glvin_ thl consurner an absolute value which

he can directly comp{Lro wlth tile lJo_id v/_luus of other products. It has been
stated (c.E. {5-6]) that consumers dcslrc more Ilpecific inforl_tion and arc

capable of understanding more than they are usuallz given credit for. For
example, womcnls }%salary is graded according to itu "gauge". Tile fact that
gauge indicateI* how mlmy nccdlcll are u:led in I-i/2 inches of the loom In not

importtmt to know. It is enough that the consumer know'_:thILt the hlghcr the
_augc. generally tile ,lore durable the hosiery. The stone may be true about

|_ound level values. It m_kv not be ncceuu_Lry for n person to understand the
technical aspects of tile decibel. They mcrc!ly need to be told enough us tllat

they can interpret in {%n adequ_tc wily how A-weighted sound level is a inelu*urc

of a productls "nois_ quality". This could probably be accomplisiled by
inserting _ well-written article in some of the more pop_Llar magazines i_nd
ncwlspspers diseuI_uing in in.iran's terms the meaning of the te_nlnoloicl I:nd
unitlJ.

A final lubeling measure which could be used in a *let of dt%ta wi*IcI_

dcucrlbelJ the noise emission spectrum of tile product. Such a label migi_t not
rc_lly he needed or useful for th_ general public; i*owcvcr, this typ_ of
information migilt be the only lid|el thul] far mentloncd that We,LId satisfy some

of the needs o_ the business and induntrI(_l con_nunity. Tile typical plant

owner scads informc_tlon tiltLtwlll tell him wi|cther ti|c _qulpmcnt i*c is

pul'ci*a01n_ will vlol:%tc any noise rcgulatlon, under his ul)c condition:]. This
ty_c of infoxlmition i:] ncccnl;_ry SO that plant lsyoutc cI_nbe dcslgncd to
.chlcv_ minlm_tm noin_ Icv_is_ utilizing natural _hlcldlng o£ m(_cbln_ry i_nd

equipment, avoiding loci&ties of hlgh-intcn:llty nellie _Iources nc_r w_lls.
reflective surfaces, work ctation_ and areas frequented by cmployc_s. A

color code or _inglo mlmber or letter rating by itself will not provide tire
user th_ kind and _unt of infor_ttlon be seeds. Any of the 01mpl_ labclll

coupled with nn application guide in coohbook for_ could scrv_ hi:] nc_dI* if

th_ g%|Idc wcrc propcrl_ deslgned. The dccinlonc m_u]c by ti*e b_n_iness coro-
na*city can involve considcr.ble expcndit_|res and tile pl*rchaI*crcouid mvoid a

mlct(_kc if it Illpossible to provldc h_m wit]_ tile ncccsn(_ry inform_ttion.

_icre is one voluntary labeling nystem:l willeilalrc{%dy exlstc (:nd is well

accepted in t|*oarcu of acoustlc_,. Ti_o Air-Conditlonin_ and Rcfrlgcratlon
In_itlt_to utilizes i/3-octavc band |found power determlnlttlon_| In a rcvcrberI_nt

room n. the baals for its sound l(d_ellng syctcm. The sound l)owcr d(%ta are
co_vcrtcd into ttsingle number rating (n1*mcl.lcttlclItt)clflcation ccllcme rsnglng

from i]_-_i wlth incr_Itning nellie l{:vcl corresponding to iIlcrcnclnz numbers --
a sbanK_ of i corre:q_ndc to I_bout 3.3 dB) and an application _.ulde tilat

provldc, the ,t_pn n_.ccsnnry to convert a _lingle number into a predicted sosnd
level at a Hives (llsti_nccfrom tile source, qhc IIlbelln_ uy:_tcm In prl_rl]_7
alm_.d at ti_e di¢Itrlln_torc and in.tallation contrnctors; howcvcr, cducation

booklctl* d(:scrlbin6 the mci_ning of the ratlngs have bccn developed for the
conlnAm_r.

S
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Sines thlu iz_boling scheme does presently exist and has _omc history of

_cccptftrzcc, it will bc brlcfly diocus'Jcd to provide some tLdditlon_l insi_hL
into the problcmi_ _iJilociatcdwith the dcvelop]ncnt of _ labeling scheme theft
will 1_cnc£1t and bc understood by i_l_caudience for whlch the label i_
Intended.

• ho Air-Condltionin_ and Refrigeration Institute bc_ILn "_ound raLing"
outdoor _mito in 1971 with publication of its first Directory oi' Sound- _t_ted

Outdoor Unitm'y Equlpmcnt.

Under this voluntary progr_m, _ll pltrtic_p_t_n_ manui'acturcr_ (the model0
li_tcd in the mo_t rcaenL dlrcctory represent more than 90 percent of the

total U. _. output of thc_c typcI_ of cqulpmcnt) are required to z'atc the noise
cmioolon of thciz' outdoor unlto in accordlmcc with specified procedt_res. ]_ch

manui'acturcr certifio0 hII_ own cqulpmcnt and hc must ccrtlfy his entire llnc,

not Ju_t _clcctcd models, to bc li_tcd in the d_rcctory. Air-Conditionin_: and
Rcfri£cratlon Im_tltutc member labor_toz'Ic_ have the _I)eclallzcd /ac_liLics

_nd trained _anpowc1' to I_a]_c_oulld power Enc_su1"c_tci_t_in ttrcvcr_cl°t_nt f_id.

_t_ocd on an AmcrlcI_n Society for Hcatlng, _cfri_cz'Ittlng and Air-

Condltlonln_ Engineers tc'_t method, the Air-Condltlonlng and I_cfrigeration
In_tltuto _tandard:_ and the Ccrtiflcatlon Prosrlun hav_ bccn developed. One

_t_ndard lu for r_tln_ and ccrtlflcatlon throush independent laboratory tc-_tu
of the I_ound-gcncratlng chmractcrlotlc:] of air conditionini_ cquiI_ncnt and

_rovldc_ _ uniform mothod for _I_Ignlng a _i_glc _'atln_ number to thi_
equipment. MolJt _lito rlttc between I_ _tnd P]_ on the Air-Condltionlng and
_cfri£cratlon InlJtltutc ratio|8 ocnlc. 'l_c rating has built into it a penalty

for whlncll, ocPccchc_, I_nd whi_tlc_ -- the kind o£ noi:le thttt i:_di_turblng

but may not bc _tdcql_tcly indicated by meter rcadi_.

At r_ndom, over _ 3 ycttr period, each model of each manufacturer is

rcteote,d by ¢_n inde.p_ndcnt l_boratory to cnm_re the accuracy of the noii]c
r_in_o F._forcc_c_It proccdt_reo _rc _trlct: if Itl_zit II_ tc_ted azzd £o_z|Idto

bo in_ccur_ttcly r_tcd_ _ _anufacturcr mu:it chansc the sound rI_ti_, improve
the _uit to mcct the orlgln_l r_tln_, or withdraw from the dlrcctory ttndthuu

lo_c t,hc rl_t to dl0play th_ Air-Condltlonln_ and _cfri_cration Inlltitutc
_O_d I_ti_ _c_l of Ccrti£1cation on hln unlit.

_c Air-Condltlonin_ _nd _cfrl_cratioz_ I;l_itit_it¢:ban _l_o developed an

_tppllc_tlon _t_ndard _ich i_ bm_ic_lly a "coohbook" approach to convcrtin_
the _ound r_tlnE n_bcr into an czpectcd A-w_ishtcd tJound level theft wlll bc

produced _t _ive.n points of cvalu_ttlon, c.£., the property llnc.

Another _ro_ram that i_ of Interest bccltu_c of a;lalogouo prob]cm'd to
noloo cmloolon labelln_ I_ the voluntary labclin8 prog_ram which applie:_ to

cne.r_-eonoumin_ hom_ nppllaneeo[7-_i] ". FIEurc 35 uhown nn example of thc

"'_Iz pro_rnm wlll bc modlfle¢1 in the ncar futurc _incc thc Encrt_y Policy t_nd
Conservation Act, (P.L, 9_-163), which wn,,pa:II_cdon _2 I)cc_mbcr 19"_5. mltkc:lit

m_ind_t,c-v for many product,0 to bc labeled as t,o thcir cncr_y contn_ption,

Thio pro_ #Iii bo carried out by t|ic Fcdcral F.ncr_y Admlnl_trat.ion with the
dcoi_n of apl_roprlat,e labcl_ bcln_, tl|c rcsponolbility of t,hcFcdcrttl Tradc
Comio_lon.
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l_bel to bc af£1xcd to a room air condltloncr. The coolln_ clqmclty of a unit

in det..rmi_ne_d, in a_cord_nce with an appropriate te'_t proeudtu'e, in units of

Btu pot hour. q_*_ elcctrleal power requirement Is determined in units of

w_tts. _lc cfflclcncy of a uni_ is de**d_z, nated in terms of the Ener_

Efflclcney Bails (EEII) which is the ratio of the cooling capacity to tlm

clcctrlcal power rcquirelncnt. The clans interval is 0.i Btu per w[_tt-hou_,

obtained simply by rounding off the calculated ratio. Thuu thls iu an

I_bGol_te classification scheme in that the number on the label directly

c_prenues a m_asure of the efficiency of the unit. The perform[u_cc of

Ilartlc1[l_r unit cam be Judged froIIlthe range of EER values *_l_own on the label

for av_%ilable units of comparable cooling cnpaclty, Thus thin voluntary

II_bcllng program retains the benefits of an absolute classification nchclne

while at the same time glvin_ some rel_tive info,_natlon.

lletul'_in_ to noise ulnlusion, most acousticians who hI_ve been contacted by

tlle {ultbors believe that as I_ minimum, a label, or other doc_i*ent_tion, should

convey inforlnt_tion i_s to the absolute noise emission, This can either be ill

term_ of tb_2 desigm&tcd noi_ic emiusion, to whatever preci_*ion is rc_&sonRble,

or in terms of (_ .Implc elasulfication scheme uueh as the A-weighted sound

power level ro%andcd up to tlle nearest 0.5 B or 5 rib. (l_otc that i*uch a

rudlmmntary clasl]IflcI_tion syutcm Involveu division of the range of

de*libation, i;ito intervals of "significant" size, b_t does not involve

_rbltrnFy coding). 'fherc seems to b_ very little rc_ucn to fever coding of I_n

_bsol_*te clI*uulflcation uchcme_ in t_ny Way (such as Cla_Is i, 2, 3, ... or Cln_s

A, _, C, ...) thI&t oln;c_¢!I* the relationship to the _ctunl melee emis0imn.

'l_erc have bccn uomc proI_sI_lu for relative cl:_nlfication schemen based

on nt_Atlntio_d di_Jtributiono of noise emls0ionu for a famlly of cq_ipment,

Difficulties with thl** type of system include tile following:

-- _% particular _odel cannot be clasllificd until cs:*cntially _ii other

prod_ct_l in tb_ santo, ft_lly hi%re been mv.a_urcd. ThI:J mskelJ c;*c

mi:nufacturcr too dcpcI_dent upon the time nellcdulc_* of other mi_nu-

facturers.

-- the Clslli*IflcrAtion of I_ prolhlct is ncmllitlve to error;l in the noise

emi::illon dcslgni%tion:* for other prolh_cts in tile :*(_mc flunily.

-- th_ clalnliflcI_tlon ;mheme can bc "manip%tb%ted" by cat[%lo_ lIiltisg_*

of pnrtic_|Ii_rly quiet OF p[_rt,lculal'ly noisy product,, even though

_n_c_| product_ _:re not normally mold.

-- the clam*iflc:_tlon .y:itcm changca with tlmc so that one ca,mot

readily compare products mold in dlffercilt yci_rs,

It in recommended that _crious coxm_idcration be Eivcn to s l_belin_

_ystem ba_cd on an _b.olutc cl_Iloiflcntion scheme, plus Infol_atlon on tbc

range of noise cmla_llonI: for cornpctlng pmodncts. Tltlo wol*id be anltlogout_ to

the cncr_ guide ii_bcl Ilhown in l"i6ure 3_.

S
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/% reVieW 9.:1 _lYen of the Inc_:sur_mclltneeds ntteT](lan_ to l'e_ulltb_on of the noil;e t_en_rt_-

te.d .l_d emitted by comi_crei_l product[l, The cmphanls in primrwlly on mcnsurement pro-

ccduren for un_ in conjunction with polnt-of-nalv z'et:ulationn nn opTJO_d to re_llationc

o_ _11_ nolnc which It source ncttletlly emit.:l _hen in op_r:_tlon. The report in dLvldcd
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the evaluation or the nultability or r_ 1301_C _IffT%BHFC_ClItHtg%clllt_r(l ['or tL particult_r

cl_l_n of prod_lct,i_01'_ Ill tlln _%Jrlenc_ of t_ nkl[t(tl)l_lltnndnrd_ tkttt_ framework for dcv_lo]

m_n_ of one. The intent in to Identify (u_d dlncunn in home dett_ll th011c f_xctor{lwhlch

can imlmct on tim accuracy, prcclnlon, nnd applicability of i_ nollm lIicl_i_11r_I_cITt

proecn_. Part III connl_l.n of _ imz'Ic, or flow chnrta deplctlnf, thc dcvcloplncnt of

nppropr_/%t_ ilroced_lrcn for th(_ l_tlt]tArc_iI_tO_ proihlct I]o_IseC,_,IIIIIj.ON.
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PERIODICALS ._orl:: At pre_q,llL the prirlripld Imlqie.timl oI=Uet for
thv_v dlltzL b= the .hmrmd of Phy_i¢.l I_ml ('hPmh'al

J()LTI]*%AL Ill,' I(EHI;AI((+II rrport_ Nitti,m+d ]l.r*'=u= I(v[*,rl*nH' Ihdlt <JP('JLI)I iJublt=diuil qonrh+rly I'or NJ]_
+Ji' ._tnnd=trt_n re_rJtrc]l =Llllj <hv+,].]llllI,n_ ill Ilhy_ic:+, hy Iht, s_.lllvriclLII ('ht,lllh'=jl ._uciPty (A('.'_) Itnd LIIP_.nlt'l +-
Ittlhtllt'llIJt_ic'_. Jtlld cli='ltli_try. It i_ lltddi:dwil ill two =*'=olJnMitL_h. o1"Phy_tc_ (A]]Pl. Huhmril+ti.zm, r_'llrilltn,
m,*'lio=l_, avldhdde _e]mrJtt+.l)'; =rod _ulH_h'rn¢'rit:l =lwdhdd=' frorll AC_, l]55 _lxtl,elith
• lqi)nic, llml (!]tPlllJalry (,_Ircti.n _*t) ,Ht N.W., %'_tflll I). U, _Olhr)41,

P.p,,rs .f in]rrt,._t primz_rily h_ _rivnti_tl_ _(_rldnt[ ilz lhiildinll HriZ'ltr¢.._erlen Di_Pzllhmtvn t_'clmirxll Jll_(_r-
th*'_e fiz']d_. 'J'llt_ _P('ti(,ll f.v,,r_ _ bib=lid rl_ll_'.t!413+],hysi- illlllllill dP_Ph,pz,d i,t Ihe I]ore_ttt (,n litlll¢]ill}_ Iztl_terl¢_]a,
clll II11¢1r]l_'lldv¢ll rt._vJ_rrh, ulth I=l_d,)r ('rnl)hn:ds *,1_ rotlijlllllL'lt(P% Psy_trlJt_,arl<] _'+].dt' _llrurt_lrt'_. +]'ht. I1urjt-_
_lllllditrd_; _f ]ihy _¢_11 131¢'l_'+%lrt'lllt'll[+fUIHhml"fltlll ¢°11" lire_¢ql_ r,':H'ttrt'll rl'_tllt_, te.t lnl'lhollfl, fillt] I)_r]'orllt -
:+titll[_, ¢zlld Ilri,ltt, rlieP, oi" Illlt_tPr, ]P+:_tJI,d_ix tilll¢'_ I( y4'iti'. Itlit,t. ¢'rill,r_£( rrj_tll,d Lollll* :itrtlcLtlrlll ¢tlld I_llyirollllll31i[lll
_+_llllIzl_lnllh_rril]ti.n: lhllm._th', $17.(IIJ; ]"<)rt,Jl_ll, 312],25+ l'tzllcLi.zt_ =_lltl lh¢" dut.hillty :ttlcJ safety ¢'hnrach, r]+itlc_
• Pr1_lh_mnll¢_l HrJrltrca (+_rclh+ll ll) uf l,tiil<lirlJ: t']z'l=Ir+ttt:+nlld zlyMcl11_,

_ttldlt,_ .m] cultqdhlth)nn dP_h+zlz'dIntdllly fur tht_ mirth* '['(.thnJcnl Nolr++ Htx.liv_ or rPlr_rt_ _]lh'h nrq ¢onl])]ete
eltZZttlcinn llnd the(+retir.l llhY_h'inL 'rt_jlicP+ili lllt_thvl11_, ill tht'lll_4'ltu_ but rzqttlh'tlve Ill their Ir_Ittlnt'Itt or i_
Jvitl ntldlntit'n, the_ry of l'x[iPrJlnt_li_ (h'_il_ll, llt]llll!£i(+lll _ul,jz,tL _.tl:tl(_l_l_11tll.ff [nl)311t_rJtlt]tflllU_ lit)l* *'1orOrll[)rP-
_lulnly_l_, Lht,_+retlrM l)hymr_ .fill chei:li_tr¥, ]ogh'nl dr.- hz.ri_ive ili _eupt. ,,r dt.lhlitive lii trr_tmPllt of tile m0b-
_Jl_ll llnd ]irof_r/ullZll_nll o_ CunlJlll[YTb /illtl ('(_13111tlti,¢_)'_b it,t, l Itrt, tl. O/ll, n llprV¢ it_ it vt'hJ¢]_ _or ]`1rta[rl+]lortfi iJf
telna. +_hort tittmrrJc_l tnblPn, ]_tt'd flUltl'lt'r]y, z_.rllltlid t_orJl lwrftmtwd _t PCH_ umh+r the nlmllnl}r_hll_ of olhrr
ntll)_crljltioll: Dt)Inc_tJc, _I,00; l"ureJKil, _ll.2_, l_<)_prnlnt, ll _ nl:i, llt.h,_.

DIM]':N_IION_I_II_ (i'ernl_rl)' '['e¢lmlrnl New. ]lullr- "¢ulunl_ry I'rmlnrt Hl_l_dnrd_--lh,vt,]oprd undrr procc-
l]n)--'l+hl_ Inolithly l=ml._n_ine Jn ])_hli_ht, d to Js+forln thire_ puldi.hi'd hy the l)ulmrtznrxlt of Conin+cree itl PnrL
_Jt+l_tir+tn, ('ril_llm('r_, htl_hlt_,mi_t,n, llldU.t_)., t_nc]it'r_, lO. "]'ith. If,. of t]it_ ('t)d_ of |"cd©rM ]]PRulatlorl_. ']'lle
nlud_ittn+ ikll1_ CUl10llln_l+_ Or []I_ ]n_e_ III[YAII_Z_'9ill llUri)<Is(+ of the _tnmlnrd, l_ ll) rnhthli_h izlttJl]llrllly ]_e_'-
nci('llre itlltl ti.chllulu_;¥, wlth ]+ri11111pyt'llil_hnni_ ¢In t]l(! (+_;ll_'d rt,lluirt.lltetlt_ for l_+'oductn, iml] to lir.vlde All
_'/or_ nL N]]_], Tile 131nKr_thlt_hlKhlJt!hln l_nd rt, vJe_,+ t'Ollcl.rllell ill]rrcnl_ "+II]l 41 l_n_+Imfur Clllltllltln lll1<l_f-

nUrh J_Ut'_ +I_r/l_rl_¥ le_cart'h, flr_ ]]rot('utlotl, ht_lhllltl_ _tnlldilt/; of t]ic char+s¢]eli_tJcn ul the [=r(Jductn. Nlh'_
[¢_+]lllI)[oRy+ Ill_'l+rJc CUllvrr_Jolh Imlhttlurl nbltlCnl_rlt, itdlllillJnlt'rn thl+_pr_Jflrllllt n+_It nu]ipl¢JIlt'ftt lo thn nc!._sd-
hex_]th nll,l nrll'cly+ itll(] _'IIIIBIII)It_pllrl)durt l_t'r[tirlll4tllt+e, tit+a of lhe lirJv_le l_¢rh,r nhtlldnrdl=h+K ort_nlll_Ittionn,

]II llt]ditiUll+ JL re]tort. Ill=+ rcnll]In t)r Jlllrt,lttx j+ruKrlllttPl ('on_llltle¢ Inf.rm._lhm ,Hrrlrn--l'rnt'tic_l lnform_ttJ_lt,It_ f31_tllllr(-lltPr1L _lltlHl/ir(l_ _1111_¢(+hll[llli_*_, ]lrullertJr_ (_f
Inll[l+_p RIIII lilfi[crJnll_, c/ll{lllccrJnl_ i_talldnrdl+ nr_tl _erv- Imm'd orl NII_ l'_enrt'h nnd eXl_rlcl1¢_, _+ovCrJlll_ ItFC_a

J Irlt¢'rt'st to thl* cuIl_tllll_P. ]'_P+llJl)"t.lder_L._lU]_blo ]nng-
Icrn, Jlintrlll]1_lltPl|lull, I_Ii(I _ItltOllllttl¢ dltlll i)rtJ¢C_Jx11¢, tJ.gt, niltl Jl[untrnti(.m 1+r.vJile lIB_fIJl Imc]+K='ugrldk_tlwl-

Arlrlli_l _.hwrlpllon l}(micsllc. $i_,_0; ]:t+iciE11.$15_5 ('dK(' l'urn]iOlqlJllR In ttltln¥'a Lcchllu]t_gicnl nmrk¢lldnCe.

NOHPERIODIC,_L5 (_rdrr _I_,_© NII,'_ p.l_licati,+t=e [rum: _;l,pc_rilcmllnl
.[ l}.¢ttrlie_tl_, G.t,rr:+rrirnt l+riIltln# O_¢e+ l]'all+iillllurl,

I+|lmo_r_ph.--_1_Jor ¢.(mtrlbtltiozm to th_ ]¢chrllcM lllcr. /;,('. *'n_n_'.

_].r© o¢1 vnrlmla aubJec]n rclntrd ]o th_ ]hlrcntl'a n¢Icn, f)r(Irr l'nllowinK NII,_" rt_blicoliuue--,_'ll._ll('e .m! P'II'*_
title _III+Il¢¢hrll¢Itl _eLlvLtLcn. /_O;rl Irll4" +_<i/lO;l(i! _+l+t'htlJ'c'(l! /II/OP_(I_Io_ _'_¢rL_IC_+
J!Rltdbsm+h_--J]cciltltmrtltlcd ¢m_cs of ChKIl+crr]lll_ .n(I .'¢l,,i.lllirl,t, V,,. _':101.

ht cm_prr_tloll with ]i+tcrratcd ll.hlmtrle,, ],t.f¢_ai_rml (I"I]'._ i'llih_)--]*.blir_tJ_nn hl LhJn,erlcn collectlv¢IT
orKnt_l#ath_n% iuld rrKlllnlory b<tdir_L rotzetLtutt, tlt_ ]"_'l]l+r_l !llt'(ir11111[JtHl!i'o¢c_S_lllK H]nTld
_prdnl l'_lhll¢lllimln--|l+¢]ullo llru¢_rilhIKs (if C(ITIi'¢rrlIcc_ ntd_ ]]rKJ,lrr, !]_Rlat©r arrvc_ _n tim o111¢I_I nmlr_o of
++l_,n,ored by NIl21, NJlH i_lll]Iml rell.rl_, nll_ o[hcr JrtforltmLhlrl 111the VcdrrM (;ovcrHl31¢nt rcK_rdll+K nl+In(!-
I+p_d_l publlcnthm_ _pprul,rJ_le h_ LIIIJI |;f.ll_dll K Itll¢ll itrdll Jn_u_d by N]IH iltlr_tlnllf. Io the FPI]_'_I ]5"eycrty
_n will ch.rts, Imckct c_r(rlh _llil ],lh]h_Rr/q_hit!n, and Adlnini,tr_tlve _crvJ_cs Act ulr JlJ_9 n_ nnlclldCd,
AppIl_ _lslhrm_t]¢_ I+¢rlen--Hnthrm,Ucnl tnb]rs, m_l_- l'tlhli_ I+nw t_9-`1uI] ('_U _tnt. 11=7), nt_d s_ inlplemcT_trd
U_I_, _nd ,h.llrn of _pe¢]_l ]ntrrr= t. U) p]l;_i¢]nt_, ¢=IKI- IJy _'_xcr.tlw OrdPr I]TI7 (3tt _'lt ]2,115, dntrd P4_y 11,
n_or_ chcmllln, bJ(_loKll]n, mnth¢inntlcl_nl, _:om* 111'/`1} i_lld J'nrt 4) of TJtl_ IG CI+'J| (Cod© ()f l"cdcr_l
pIIt_r prt)Kr=+innlcr,, _nl| oth_rl cxl&lq;¢d In ncl_lltil_c ]lcKult_llOnll),
_ntl I_]mlcnl work, N]]_i/nlcr_llrn¢:rI]rporle (NI],_[I{)--A np_lnl vrrJrn of
_tlo_l Hl_d_rd !lefcrcnce D_]_ _crle_--l'rovldc, Lntcrim .r flrml rcpt)rl_ .rl w.rk ]_crfclriTird by N]I_ Ior
q11nlT¢ItntJvottnl4_ (t11!.]1o illl_'ll_t+Jtl1111tichcmlfltl propcr- t_tltnitle a]ltO)l_or_ (btJlh _ovl_rllllICl1_ n_lil n_)h-Ko_rrn-
tl_, of m_lerJnln_ cornldlrd f_.m ttm worht'_ IItcr_t_tro m_nt). |n i{_l_(_r.], hfltl_l di,trilmttun i_ Iml_dlr+l by t]_
_r+d cr]tlc_ll_' cv.hml_d, l)cwl.p_<l ur.l_r m w.rhl.wiJe _imrimJr; |l(;h]It+ di_trlIJtzlhm in by tii_ Nllt]i_ll_l Tcrhn]+
p:./,rr.m coordlrlmtcd bF Nil:I, l'£uRrnm tm,lrr _,ltht,r]ty t'M Inft,rm:di.l_ .Hervlc_n (.*tllrlngllchl , V_. _211]1) In
of N_tlulml _Inn,lard l)ntn Act (Pt_bll_ ],nw _O-;llJS). ])mp_r rol,_" or lllJ_rg_cllg _t)r;11.

lllllLIO(Ht/tiqllC ,"tUII_CI(II"I'ION SEItVI_b'_

Th© !ullo_ln;l c¢=rr¢_l-_w_rrncw_ nnd IIlcrslure..urtr7 ,=hl]_¢rclmd.clinR I)¢_1¢¢_ nnd _Imtcrln]n. A Ilter_ttlra
bib]loKr.ph]es are ]n,urd p_th+dlcally h_ Ih_ flurr_t_: mlrwy i,au_d ,Luarter]y. A;irltml allb_ctll)ti,m: 120.00.
Cr_rrqlenl¢ J)_tl C¢n]¢¢ C.rrel_t Aw_lrcnr_ Hrrvlce, A Hrltll mil_¢rll=t[_rl ,rtlcrn l_rtd rcmlLt.n¢¢l for the pre-

i llt_r_tllr© aurye¥ /=nucd blWce_ly. A;intml mllm_rlp- *

tion: pomem]ie, I_r).o0; ForelKn+ _I;_G.O(I. crdl,l¢ ]_lblloKr_l+hl_ errvl¢e_ b) Hnthm_L J]ur=ml of :
|.lqulllr<l _=l.r_l 4;nm, A Ilternturo mlrve¥ I_nlletl qu_r. ,%tnnd_rd,, Cry_Kcxflc I)_tm C._nt©P (_?b.0_} !]ouhl©r,
I_rly. A.mml nub_crlptlrm: I_0,00, Ct,]oln,l(= t+(_,10P.. "
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