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PROCEDO_ESFOR EST_F_T_IIO SOLID POWE_ FROM
M_ASLrREMEIITSOF SOUIIDPRESSURE

An Expe_L_ental Investigation vith AppllcBt_on
to No_le From Port_bla Air Ca=preaso_

Curtis I, Xolmer
Applied Acous_tcs S_tion

Mechanics b_v_oicn
/_t_onal Bureau o£ S_andard_

Washington, D, C, 2023_

ABSTRACT

_l_ _eport delcr_be_ investigations of _he _cc_a_ _nd pre_l_ion o£ va_ous measurement
=ethOd_losies _o_ d_err_n_n_ the e_tt=_ed _ound powe_ output o_ "large" r_hin_B _n the free f_ld
over a re_lectln_ _lane. One purpole o£ _h_ inve_t_t_on _s to pla_e e_,pi_lcal _or baunds on _r_
o_ _he _ree fiel_ _e_s_e_e_ pToce_tL_e_ _urre_ _l'opose_ o_ _ tme_ _d _ p_rt_c_ll_ ¢_mp_e the

_re_=u_e !evel (A-veL_hted, l_ne_, _nd i/3-o=_zve _a_) on _n 8_ p_tnt he_sphe_e_ z_roy o_ =even
• _r@ _ad_L_t a_d "_._'_el_" _e_L_r_@_s_ _led eve_*__ _q_r@ r_e_F@I on a r_c_n_la_ _l_ace o_@
me%_e f_m _he _hine sll_f_¢e. Th_ d_ta ve_e r_d_e_ to _rov_de in_o_f_o_ on the d_vl_t_on _f
"_r _el_" _oth_d _owe_ de_e_...lr.a%_ons _'o_ "£_-fi_" _over level (ll_n_ _eta of _he d_t_ _s

v_llle of s sou_ p_e_ e_te b_ed o_ 'l_e_r-/_eld" lo_d _r_SstL_e level _e_sl_rer_e_t_ _v _
upper ho_d _o the =oU_d pove_ levol _=tl_ted from _a_ _leld me_u_n_n_=, =u_e_t to the ll_._t_on_

_ f_el_ d_e_r,a_n_ T_l_lTe _o far fl_ld detolT=_ation_ _e _d_ fo_ =eyeful f_e_L_er_nt

1 • INTRODUCTIQI_

Thi_ report presents the _esult= o£ an e_erlment_l inve_t_£_tlon _ndertak_n b_,the _tlon_l
_t_re_ of S_a_d_dSD O_ m_as_e=ent p_oced_r_ fo_ _he d_ter_1_t_on of sold power o_tp_ o_ p_T_ble

The=e _esul_ a_e _rel_-_r7 _n _he _ense _h_ the potential _nformat_on _vail_l_ from the da_
_ e_t_llshed _n the =_a_ure=en_ _ro£_a= h_= only _een p_r_lally ewluated, Much a_d_ti_n_l

_fo_o_ r_a_ns _o be _e_._eve_ f_0_ _h_-d_a, The _o_cl_s_o_s reache_ _onc_in_ t_e _¢_acy

•d_/¢ional an_ly_|_ of _he d_ta espyle_d to _elnter_et_t_on o£ these _Indln_s.

Thla stu_ w_ Jointly £_ed _ the U. S, Env_rcn_nt_1 P_otect_on _n¢_ Office ot IIo_se
Abatement _n_ Control (EPA/0_IAC)a_d _he IIctlonalB_re_ of Standard= (I_BS)to _ov_d_ b_z._und

mnnu_c_ured _o_t_le _ _o=p_e_o_a. EPA suppo_te_ the cost o£ dsta colle_tlon and II_$the ¢o=_ _f
_ _edu_tlon _n_ an_ly=_=.

True _ound pove_ _utpu_ i_ _onv_ntlon_lly defined _= the _nt_l of the normal com_on_n_ of _ime
_v_a_e a=o_a inte_s_y ove_ _ _ur£_¢_ co_le_ely _c_os_ the _ourc_, (See d_o_ _ S_c_o._
5.2.) S_nc_ the _ctu_l mea,ure_en_ _rocess must _nvolve point s_l_n_ o_ _h_ aol_d _eld _ue _a _he
lo_e, and to _o wi_ly useful mus_ emplo_ _o_¢_all_ av_11_b_e Jn_%Tu¢_lt_tlon_ s_¢h _.¢_t_re_e_

c_n onl_ _eld an es_ate of _r_e _oun_ power, Pr_se_ _o=me_ci_lly ava_l_ble instrumentation
z1ea_B _r_ _qu_'_ s_u_ pr_=st_o T_thel_ _h_ _n_i_y_ Io _a_&-_z_ _ttT@_n_ p_oce_@_ _o_
%he est_tlo_ of so_._ _ow_ _ploy Ce_sure_ents of _o_nd p_s=ure _d¢_ _Icul_ controlled
sicu_tion_ where the ¢_urem_ _rov_de.d_ which I= known to _t le_ asymptot_ll.v a_ro_ch (in
_he large 1-_d/u_l_m/_) th_ sc_la_ _n_ude o£ true _nten.lty*

P=e_ent IS0 and _ISI =_nd_rd =etho_[l] I-/o£ de_erm/n_tlon o£ soun_ power _n the _ee £_eld =ve_
re_lect_ _IL_e _v_iye me_ur_ment_ Of oo_n_ pressure lev_l at polnts o_ • hemlBphcre whose r&_

I_ large ¢om_a_¢d v_th the lar_est =o_c= dimension ("£a_ field"). _ecen_ dr.ft .t_nda_de[2] .rid_ome

_/Nu_be_= in brackets _ef=z'to references at th_ end of thl. _epo_,

_r. "']
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c_rrent re6earch(3] nug_eat l_hatmees_remen_n m_de near the s_face of s large machine ('neur-fieZd")
u can also be utili_.ed a_ _ht bas_s for e_tlmates of radla_ed _OL_ld power. Thls _ud_ yes i_tended to:

(_) provide e_plrlc_ eval_tion o_ the suitability of' c_o_e-ln me_auremen_ of _ou_l_ preseure J,eveJ.
to infer the "Parfle_d" estimate of aotmd power output o_ s portable 81r co.rester; (2) provide

e_pirieal estimete_ of meee_emen_ precision end accuracy as a ,_c_lcn ok" the methodulc6_ ueed; end
(3) contrlbute addl_ona_ data cn nolee ere_Isslon _'rom portable air compressors.

The eeasurement pro_r_un¢onslsted of deterelnat_on_ o_ $1_e averaged sc_nd presJure level at u
large r_t_ber Of posltlons o_ _wo dltferent measurement su_'f_ces(one i_ the "P_r _le_d" an_ o_e In _he
"_e_r Plold") eurrot_dl_g e_eh o[ seventee_ _o_rce_, From _he data for each source an estimate of the
_oi_Id poPe_ radlatod by tha_ _o_ree _aa _ade f_r each s_r_ace, a_d the dlf_erenee between the t_o

_easurer,en_s wu treedto infer the valld_ty and accuracy of "_ear fleld" _easure_ent _roced_res
relatlve to the far field procedures* The preelslo_ o_ the _easuremen$ procedure was inferred frc_
the mtat_etlc_ o_ these dlf_ere_ces rot the set of _ources investigated* Since several proposed
•eShodoloEie_ Include measurement po_itlons which are s_bsets of _he co.plebe eat o[ _easure_e_t
poe_tlone, the accuracy and precls:_on of these methodolc_le_ could be inferred in a _Imilar r_r, ner.

We recognize that _either OP the a_ove measurement pro_ed_es provide the absolute so_d power
level :forthe reaaon_ already _e_tdoned. A_ euch _e racemise that we calll:o_,s_ate with a_y
certainty. _he de_ree to which e_ther could power determination approximates the absolute soand power
output. In the Po_l_wln_ sections It is emphasized that the phrase "so_d p_wer" should be
d_terpreted as refer_ng _o the estimate o_ SO'mid _over obtained _ro_ _e_eure_ent 0_" sound pressure
levels st darge _sta_¢es _rcm a source, F_trther,the use o_ the ter_ "accuracy" is used to deserlbe
the re_atlve bias O_ a deternlnatio_ .ero_ _he estimate o_ eo_d paver de_cribed above,

Tho $ol_.o'/in& aeotion_ o_ th_s report presen_ detailed discussions ot_ the experimental pro£r_,
lnuludln& results oP the sound pressure _evel _ees_elnents; the eor_utatio_ O_' sound power leve_ Pot
_dm_ted n_er _ measurement methodologies, a_d the re_lt_ o_ these computations; estimates o_
_e_s_ee_enc _ce_c_ a_d precis]_n _or the me_ho_Lo_cglee ev_l_mted; and ¢onc_uslon_ re_e_rdlng _he
varlo_ _hodclo_l e_,

I I
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2. EX_ERI_TAL PROGP_J_

2.1. Program Objectives and Igplementatlon

Th= pr_nclpal obJe_IveB of _e pro6r_ w=re:

I. Teat ex'peri_oNtally._he V_lld_ty of _Ing IINesr-f_eld"measurements Of _oun_ pressure level
_o predlct th_ "far-tleld" _ot_d prematurelev_l _r large _ch_e_, (_o computation

procedure _ed |_v_ives _he i_term_di_e _o_c_pt o_ _at_ pcwe_ o_p_t _s a Char_¢_eri_t_on
o_ _he soure_ emiBslon,)

2. Provide _ d_a _a_ fro_ vh_ch th_ _cc_y a_ _rec_slon o_ sa_nd pover de_er_a_ion_ may
be _s_a_ed _ased on iL_e_ sa_p1_ o_ the soun_ _leld.

3. Generate _asel_ne d_a of _oi_ e_ss_o_ _ro_ _ortable _Ir co_rpre_0or_.

Th_ implementation o_ _hes_ ob_e_t_ve_ _ brle_ly discussed below,

2.2, Experlmen_ P1_n

the _ound sot_rce. "lh_la_'_er_urf_e (yleldin_ th_ "_ar _lel_" mea_ure_nent_atal wa_ _ he.sphere _
a _x_ 7 _e_r_ r_us. The _oth_ pre_st_'_level _ _p_e_ a_ seven l_on_ _ill.'_n_ a

Be_rc_tla_ _cro_honQ _r_ay. T_._a_ro_ was ro_e_ _o_d a ver_ca_ a_ to _welv_ di_fere_
po_on_ dur_n_ the _s_ thUS _rovldln_ a _o_al o_ 8_ _asure_en_ pos_ior_. Th_ _er
mea_r_nt st_ac_ o _h_ch _l_e_ _he IIn_nr_I_ '_d_a_ _o_sted Of _ r_cta_,_ularbox o_.r_ou_n_

•llclose_loud_peaker _xc$_d by _hr_ d_f£er_n_ _e _n_ si_nal_. The _o=ple_e _e_ o_ _ _ro_ _h_

compressors Wa_ _ed _o co_pu_e so_ powe_ l_vel for each 9_ th_ _ot_rc_ to _rov_e _ _t _ the
yal_dlt_ o_ nea_ _eld _ure_n_s, Th= d_s were repro_es_ed us_n_ _ubsetB o_ _he n_r _leld data

the esti_e o_ er_o_ o_ _st_re=e_, _o_ v&rlot_ _asure_t _e_ho_l_le_,

2.3. M_s_e_n_ _roc=dt_res

I_ _h_ s_o_ we _s_t_s _h_ measurement si_eD the _a_a a_t_s_o_ an_ n_aly_
_ns_ru_e_atlon, _h_ data re_u_ion proee_ure_ and th_ det_led te_ _roc_ur_ for _akln_ "_ar fle1_"
_ _ea_ _leld_ BO_h_ _r_sst_r¢leve_. _a_. _n _h_ _ollovi_ _h_ t_r_ "$_r f_ol__ w_l b_ _se_

_tho_ @uo_es to deno_ the 7 = rad_u= _es_ _a_aD wh_le '_n_r _e_" vill be s_larly us_ _o d=note
the _u_e_en_ a_ 1 _ fro_ _he _ource s_r_ace. In so do_, no cla_ _s r_a_eor intended _ha_ _h_se

da_ _re_ _n _a_t, _n _h_ _cou_tlc far-_le1_ or near-_le_d, respectively.

2.3.1. _easure_en_ S_te An agree=e_t w_s _ea_he_ vi_h _he U, 3. Ar_ _or uti_._t_on o_ _ _ar_

•u_a_e _st pa_ at Fo_t _elvoSr, Ylr_n_a, [or _h_ _a_a a_qui_1o, phase o_ thlg _ro_rL'_, A plan
v_cw o_ _he measurement s_e i_ sho_n $_ F_gur_ i, Th_ t_ p_d c_nsls_e_ c_ a 27 _, _£_ue_er

coneret_ _a-f_, of rou_h_ con_al _ha_ pitched _o a _r_tn (vhlch was cover_ w_h _ 6 _ _h_ek
_teel p1a_e _hrou_hou_ th_ te_s) _n _he center, An _s_e o_ th_ hal_-an_le o_ the cone _ _9,2°.

An an_ular-_hape_ rolle_ _ay area o_ _bout 60 _ _o_al d_ar_er, s_rrounded the _es_ p_I _nd _rcv_.ded
_.cre_ed _lear ar_a. Th1_ _l_y _r_ac_ var_d _n elevation Dro_ O _o ,3 m b_icw the _ur_a_e o_ the

about _D m northeast _ _be _es_ pad_ a_d _he _e_ equi_e,t *-ruc_loea_e_ _ou_ 50 _ _ou_h_5_ a_ _he

Other _ni_c_nt _opogr_ph_c de_ails with_n a 7_ _ radlu_ _ th_ center of _he _s_ p_d _nclu_ed
creek be_ Bpproxi_e_v 30 • sou_h o_ _he te_ slt_ vhoo_ _ur_a_e va_ 3 to 5 m_tres b_lov _h_

_ur_c= o_ the te_t pa_, _ a _re= eowre_ hi11 _o _h_ northves_ o_ the _eB_ s$_e which had a _lo_e
o_ 20-30°, The pho_o_rapbs _n F_.re 2 presen_ views o_ _h_ _ite _rom _be _outh ed_ 1ookln_ Ilorth
_d _rom the wes_ e_e loo_In6 _a_,

A _ulB_ echo tes_ u_1_ _he equl_e_ Bhown _n F_ 31 wa_ us_ to quant_vo1_ evaluate th_

_at$o, _B that whleh r=_urn_ _o _ po_t behlnd the r_aJorlobe o_ _ d_rec_lw source, A 10 in,
_er lo_d_peaker _n a_ "i_Ini_e" ba_e enclosure was _e_ _o _i_t_a_e _ dlr_c_ve _o_rc_. To_
b_rstj _t octavo center _re_u_c_es _r_ 125 _= to _ kH_ were u_e_ _o i_v_st_ate _he s_en_h o_

r_e_on_ i_ _welv_ _r_ct_o_ _ 3_° _re_ts i_ _e _rot_d the _e_ s_t_, _le one _ory
_u11_n_ w_s _ound to produce _i_._cant _d an_ h_gh _reque_y re_ect_ons, and w_s covered v_h a 3

in. gla_ _iber, buil_l_g Insulation, _bsorb_r (_hoW_ _n Figur_ 2). W_h th_ _ca_on, _h_
Btre_th o_ re_ec_on_ W_S _ore _h_n 15d_ _elow th_ dlree_ _na_ _ 180 ° behln_ _h_ lo_aker (s_e
Table 3.19 _o_ dlrec_ivlty Infor_atlon on th_ 1oud_peaker _t 500 _ 1000 _= _nd 2000 II=). S_nce _h_

3
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d/reel;lvlty of the other temt sources yes £ound to be less than or equal ¢o %hat of the loudspesker)
t)lis leads utl 1;o stat¢l vith ¢o_t_'idence %ha_ %he co=l_$'ib¼_:lon o£ _wa_ed r_'lected ai_nals was

tAe_llglble at all ten% trequen¢le= at all microphone po=itlons.

The t=¢oust_c =nbient o£ the tea% alte was deteredned by three major souroe= -- =ready %raf£1_

noise fro_ a four-lane interstate highway approximately 1 k= southeast o_ the site) a_rera£t and
hel_¢mpter overflights £ro_ _earby airport=, and rural £auna (_rinci_ally bird_ and ln_ect_). .

2.3._ ins%r_mentation Figure _ =how_ a sehe_tie blotk d_a_rml of %he ln_rm_enta_lon used for %he

mea=turemen_s reported h_Te. The ei_h_ =/crophone ch=nnel_ each _n¢luded a l-inch diameter _ruel &
KJaer (9 _ K) Type _131" _-J ta_den_er =l=rophone =_rldSe vith =t_d_rd protection _rSd (_t%ed vi%h a

2-/Commercial £nstrm=ents are _dentl_ed in _hts report in order to adequately speci_ the =xloerimental
_rotedure° In _1o ec_ae dse_ Buth ldent_fica_on _=ply reco_endation or endorsement by the _aticn_l
_ureau o£ Stcaldezds_ no_ doe_ it imply that the e_ulpeen_ identified _= necessarily the be_t

available for the purpo=e.
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11 MICROPHONE I__LOUDSPEAKEfl

T
CENTER OF

TEST PAD

F_/p_'e 3 Eq_.p_ent conl"lg_._a_ion for p_.l_e echo _egts of .
tea_ uSte

deslcce._t deh_c_fler to control humldlty in the _Lcro_hone cavity) and _0 cm dlameter polyurethane
foam w_ndscreen, _i_h B _ _: Type _61.o _ ca_hode_11ower preL_1_f_er. Each p_r of channels _a_

delven by • battery-operated $_ve." i_pply° The _Ignal fro_ each channel _a_ fed _o a

co_pu_er-c_n_rolled _ultlplexer (NBS desired and f_r_a_e_) vh_ch va_ _ed _.o elec_rlc_lly sv_*._
fram o_e _han_el _o another (over _he frequency range 20 H'.- 20 k_, _rcs_.alk _e_wee_ ar_y _vo
ch_nels _ grea_er _han -6_ _, and channel galn _ 0 dB +_ 0.2 d_), The _i_nal _rom _he m_1_Iplexer
_a_ transmitted vla coaxial cable _o a B & E 9_pe B3_7 re_l-_ime one-_h_rd-oc_ve band analyzer vhere

_he _1_n_i va_ ans_yzed _n A-_e_e_, 11near (_ H_°_O kH'.) and one-_hlrd o_ave _and_ _r_m _2._ _ to

2G k_:. Output _rom _he a_aly:er, in _.he form o_ d_Itally coded _t_n_ premsure leve1_, v_ sen_ on
de_d to • _a)_heon type _0_ r_nlcompu_er for _an_pu_a_cn e_d s_or_ge. Control o_ t_e ccr_pu_:er v_

ac_omp11_hed t_ro_gh an ini_i_i _at_ acquisition _nd reduction program, v_th system oper_or
_n_er_@_ion _hrou_h • C_T _ermlnal,

_ne s_na_ _e_n_ proce_ed _ con_inuo_ly _n_tored, _o_h _I_Iy _hro_zgh • he.dace, _nd

vlsua1_y th:'o_ _he _pe_tr_ dtlpl_y©d on _he _n_ly_er. _f (a) non-6ta_1_nari_y o_ _pec_ra on a

_ven channel, (_) _i_n1_ican_ level or _pec_ ch_n_e from channel _a channel or, (c) non

C_uee _nve_t_t ed,

UBI_g t_e_e techniques, a_r_ra_ over_h_ _ere _yp_cal_y _ensed prior to a v_ble

perPLeXing _he operator" _o preven_ _r_ce_B1n_ of _n_u1_e_ s1_ne_s.

e1£h_h _Lcrophone _as p1_ed a_ a f1_ed height (_im) and d_5_ance (_m) from the _o_ce _

source o_pu_ _hro_ou_ bo_h _es_,

Add1_1on_1 aco_1_ instrumentation _ncluded a _ound _evel me_er and octave band _11_er _e_ _or

_ecord_n_ additional _ow1d level d_, O_her _ns_r_aen_s _ncluded _ vane-_ype _d _peed _nd_c_or,

a_ cp_1_ally-co_pled _achometer _or checkln_ oper_tlng speed of _he en_ine a_d _e_. and _ mercury
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B& K4145 MICROPHONE

CARTRIDGE, UA O3;O NGS8 CHANNEL
DEHUMIDIFIER, D& K 2804 COMPUTERCONTR0LLED
2619 FETPREAMPLIFIER POWERSUPPLY _WITCH (MULTIPLEXER)

SCRANNELS

• •

III i -_

RAYTHEON
704

MINICOMPUTER DATA
PROCESSING

n&K 3347 REAL AND
TIME ONE,THIRD VISUAL
OCTAVEGAND MONITOR
ANALYZER TEKTRONIX

CRTTERMINAL

_-__ AUDIOMONITOR

HEADSET

Fd_P_e]' Sche=sti= block dlagrs= of data =cc.ui=lticn and
an_/_le Instru=e_atdo_

2,3,3 Test Plan The me_=uremerzl;son all _o_=e= worm_de according t;o the following testplan,
Figure5 showsthe far Pleldarr_',whileFigure6 show5e sehe_atlcillustrationoP _he ne.r£1eld
me_uremeotpositionsre£erredto in the plan.

•) Assembleand checkfar/ieldmeasurementarray.

b) Load co_puter pro6"r_ and check,

¢I Recordfrequencyreeponeeo£ all ch_nnel=for ele=trlo_lpl_ nolseinput,

e ed) Record channel response _o plstonphone calibration =ignnl. I. _ sponse between channel_

differs by _ore than 0,5 dB plus dl_£eren_e between microphone =ensltlvlties, _nvesti_ate problem

and co='plete repair.

e)Erect £_r _eld _rr=y,

?

.=

1



£) Record first £ar £ield _blent nolse £or £1rst array po_Ition (a11.¢hanneZ=).

g) Record _ar _leld data £or nour_e (12 nrrny positions). Dutl_ the_e run_, wind _peed w_
r_on_toredrind n_ dRt_ recorded when speed exceeded _m/sec.(l_ _ph). _|gna_ w_ monitored _n_ no d_t_
recorde_ When acoustic _vent_ occurred which were no_ represented |_ the _mblent noise

_e_st_re_en_(s_ch &s a|rc_£t £_over_i etc.).

h) _or_ second £sr £1eld _blent noise, _or £1rs_ nrr_y po_itlon.

£) Take down the _rray.

_) llecord_e_ond pi_tonphone callbr_ion.

k) D_n_sse=ble £_r £1eld stray a_d a_eemble near £1eld _rr_y.

i] Recor_ _hlrd p_s_on_ho_e cillbra_on.

_) l_ecord_Ir_ _e_r £Leld a=_en_ noi_e.

n) _ecord near £1eld d_ ob_ervin_ sa_e li_Io_s on wln_ _n_ a_.b_en_noise _'._n _) above.

o) Record aecon4 _ea_ _lel_ _len_ noise.

p) Record £our_h plsto_pho_e c_llbr_on.

q) D_ao_ae=ble and _ore equlp=ent.

MICROPHONE ANGLE_I XI Zi

NO. IDEGREES) IMETRES)

14.2 _.79 1.73

35,1 531 4.03
85,5 2,89 6.33
90.0 0,00 7.00

CABLESTO FOLE 47.6 4.11 5.10
24.2 6.38 2.88

4,7 6,98 ,_8

MIC2

// ;, -\ .i j, ,

Fi_e 5 Far-£_ild meuurement a_r_'

O
I
!

l
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2.3.4. Data A_qu_sltion.

_he Incorporation o£ a mlnlcomputer _n_o _he _In acq_A_i_Ion sMste_ pere.lts consider_le
£1exlbil1_y _n manlpula_ing Infor_ion prior _¢ _tora£e, _ver _ha_ of _he ana_zer o_era_.nE e.lone,
The _a_a &cquisi_ion pragra_ vas st.-u=t_ed _o £a=ili_a_e _his. One _aJcr area vheTe th_s facil_y
van USed _ in _he _rea o_ sl_z_l _n_egr_on,

_he _i_l code_ si_Iz_lav_il_b_e £rc_ _he a_iM'.er r_presen_ the _-C _nteg_a_e_ sound pressure
_evel rounded _o _he ne_raa_ 0._ _B. Three R-C integration perlo_ £or _he £11_ers _re provi_e_ in
the _r, re£e_ra_ _o _ the _a_rar _ "_i_e", '_£_ r_do_" a_ _'slowr_do_"_
correspand4ng _o _o_nally 0._ _econd, 2,0 second and 20 _ec_ Integration _ime_. In _he fir_+._o

confidence leve_ o£ _he s_e order of _ni_u_e, For dlrec_ display of noi_e d_ ex_en_in5 to io_
_r_e_e_s, _h_ "s_ow random."_o_, b=_a_se o_ _ts _O_E _nt_rn_ _i_ should _e _e_e_ed i_ order

%0 provide da_ WA_ _zi_u_ p_eci_io_, _n order _o o_in d_ which o.reno_ a£_ec_ed by s_rt_p
_r_alexz_s, i_ is _ecess_ry t_ w_i_ a period o£ _ ti_ con_t_ _£=e_ _res_ntlnE the siE_l to _he
an_3_vzer,prior _o r_cor_In_ da_a, This implies th_, _r measurement, a _o_ul observation perio_ o£
120 _o i_0 _aconds _hould be allo_ed For _oi_e si_nul_. Our _easu_em.entpro£r_= included as many _
_ l_e_su_c_en_ p_ _ot_e, vhlch would _equire _bo_ 5ev=n ho_Ar_0£ o_er_on _i_e _o complete.
_[_ _i_u_ion £orced the evaluation o_ _iternate methods.

A_ so_ e_erlr_en_tlon, _he pro_ed_tr_£_i_ selected involved _sln_ the "_ne" _l_e
conn_an_ a_d su_n_ repetitive saz_le_ (30 s_ples _aken at one second in_arv_l_) to ob_n an
estimate o£ _he average level. _i_e per£orm_nE _hls pr_cedurc_ _he _smpore_lv_la_ce of the si_n_
v_8 a_so co.uteri, pez_Ait_n_ additional ingui_Aes into the _em_or_l "quoting" _£ the siE_l. _he

9
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alsorith_ t_ed for tbe_e c0r_pulatl0nB were a_ |'ollow_l

p2(1) = Antllog (SPL(I)/I0}

n

i=i

12,l}
n

i,,1

= (=l-l)( (_2(i)1_" _n-i

AVe SP_ = i0 LO_lO (p2)

where SPL(1) i= the Ith sample or =o_md fre_sure level in = band

p2(1) i_ _he ith mea_-=quare pre=sure dn th_ band

i= _he average me=n-=quare pressure in the band

2p i= the e_t_ma_ed _em_oral v6rlanee of mean-square pressure in _he band nor=allzed
by the mean-equate pressure equated,

AVO SPL i= the overa_e aound Fre_B_re leve_ in'the b_d,

The ob_ervatiou time l= _hus the Dumber o_ =a_le= _aken time_ bhe ti=e between =_ple_, All_vthg
five =econd= (_ time constants a_ low _requenc_e=) prior _o the =tart o£ da_a aeq_lsitlon g_v_= a
_otal data acqu/eltlo_ bd=e per me_sure_en_ point o_ 3_ _e¢onds (considerably below that resulted by
the "_lcv random" mode), Table 1 shov_ the re_ul_ o_" sor_e s_pldn_ te=_s u=_,n_ electrical p_nk nol=e
a_ a sot_r¢e. _he _'tr_t l_ne o_ the table =how= _he average standard error _f _he =ensured mean

volt_e level based OR eight de_ervlnations or the mean u_lnx 30 _e_ple_ per ob=ervation, The second
l_ne _hows the pooled e_%lmate o_ nor_all=ed te_ral variance (s e_, 2,1) obtained in separate
tests (%oral number o_ aa=ple= • 2_0), The third line 8how= thePco_u_d _=nd_r_ error _f a
deter_na_lo_ o_ the mean _rom the temporal variance va_ue= u_lng a _rofa_ion o[ error _oroul_lon;

n_ 2

AVGSPL" 10 LO_ __ f /_'1 . I0
_ge_ 0 L gell-1

• 10

Ae m3_ht be expected= the =tnnd_rd deviation ot level= _o_puted _rom _he _e=n v&lues _O'_'_'_'_'_'_'_'_'_dedtO
the nearest 0,1 _IB l= typical_v larger than that estl_ted fro_ the temporal variance o_ the =l_nal_
since ehe latter values are known _o a higher preei=ion.

The v_itleeof line 3_ Table l.l, re?re=en_ our current best earl:hateo_" the standard error r_r
the s_m_llng procedure for =o_d fr===ur_ level, _owever= because o_ ro_ndo_/ error in the dlspl_.vo_"

.... • _ound pressure level, tbe lower ll_ Sot =tandard error _hou_d be taken a= O.l OB rot A-weighted,
_l_ear, =4_d i_ _q: through 10 kH= one-_b_rd octave band sound pre_re level_,

_o gain chan_e correcblon_ v_re ==de in t, he ln_trtunent eyate_ during dat_ acquisition, but rather
the over_t eystem g_ln we_ deteralned _rc= _he pie_onphone calibra_ion, _ne prec_sion of thl_
calibration l_ e_i_u_ted to be _,1 _ Per eo_p_rison oP relative level_ between channel= or r_n_,

10
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TAPLEi, I_STRUP_RTATIC_DATA

1.1+ 8_11n_ ProcedUreEvaluation(|ee textt_e=tlon2,2,_)
-- Pi_ RetieExci_atloao"Slne"Time Connt_Itl30 Samples, i sac. apart.

EL_t 2e_etitlonm

Fre_enc_/ 12. 16 20 2 _ _o _0 _ 8O I _ i_o 2OO 2_O ?i_
Wei_htlng A.wt, Lin.

8t_dLt'd error

ot =e_ .2 . 2 _ .LO .21 .21 ._0 .18 ,1B .28 __ .!8 ._1 ._5 .18valu,(_) ,os .o",' _ .11_ .11 .lz .zo ,zz ,_.z ,11 .lz ._."-_.z"_".lo ._.'--_
Re_ VLlue of
Nor=J_-Lzed
Te_re.1
V_i_ce .11 .:tl .I0 _ .08J=.o_ _ ,o?7 .OT8 _,oQ .0oo ,o_i .o8_ .o68 .o_8
(2800 =_le,) .00P8.0Z0 .0--_ .--Y_ .-5_ ,0_ _Z-_ .-_ .OU .0087:0090.00SS

Co=_uted
_t_n_=Lrderror

1,2,,Y_uen_3_ Re,RamieCorrectlens

I I_._ 16 20 _ _ ho 50 _;_ _0 _oo I_5 l_o 200 2_ ]!_

---_..-.-._=t°'/_°_*-_:._n. _'_"s--_-_'_-_F_-zooo_-_o_"_'_.ooo_o _-_ _ _ _ _:_o _oooo
57item Frequency -.8 .3 --3 ..1 ._ -7 .2 ._ .8 .3 ,_ '..I .3 o -1,0

Correction (_B)

Microphonepltm

hempo_Be Correctio_s
(1_c0 Ms - lO k_=)

Channel 1 ....... 0 ,3 ,_ .9 ,_ 1.2 ._ ,i ,_ -.2 - .9
Cb=nnel 2 ........ *,R .h .7 1.1 ,] 1.2 ._ .2 ._ -.2 -I.0
_el 3 ........ 0 .2 .5 ,P ,_ i.] ,5 ,3 .7 ,_ - ,3
¢na_nel_ ....... *.1 .b .6 i.o ._ 1.3 ._ .3 ,_ -.2 -1,0
Che_nel 5 ........ 0 .3 ,6 1,0 ,6 1,3 ,_ ._ .8 ,2 - ,6
C_f_el 6 ......... .2 *I ,h ,_ ,2 ,_ .I -,I ,3 -,2 -1.2
¢l_nnel T ....... _,i .h ,8 i*_ .8 1.7 i.o .5 ,9 0 - .6

2,3.5o Data Reduction a_d Correotlons

The raw da_a (consisting oF Lndieatcd sound pressure levels) _ere corrected For .%uy bias eFFects
which i_cluded

I, Microphone cart.ridge Frequency re_pon_e

2, _ea_ure_en_ _ysl:etn gain ¢allhratlon

3, _e_sure_en_ system (other than _erophone cartridge) Frequency
%'es_ils e

_. Influence of bmckgroand no_se.

The _rophone c_Crld_e frequency response w_ deCer_ned by meusureraen_ of _he free field
• nonml £ncidence frequency response (wi_h windscreen in place) in _he nr_ll t;_$ anechoic chamber.

(The Frequency response wl_h th_ windscreen was significantly differen_ From _he Frequency response
wichouh _he wi_d_ereen, See Figure 7, )=

The =eea_re=en_ =ystem gain calLhrat_on was perVerted+separately For each chs_gel For bo_h _he
far _eld a_d near f_eld da_a se_=. The v_lue used wa_ the average oF _he before and after
piatonl_hone cal_bras_on_ J'or me.sure.eat. The ren_e of the before e_d after calihrat_on= was 2.5 dB
or lees= vl_.h & t_e&l value being O.S &B or less.

11
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The _easv.remen% system frequency response calibration was made usl,g electrical pink noise

excitation separately on each channel (flat spectrum within _0.i _ in I/iO oe'_ave bands). This
calibration, perforr_d a_ th_ beginning and end of the measurement series, w_s found to be Identleul

between channels within the _ecuracy Of the calibration for zhe frequency r_n_e 12.5 H:-2 )0[_.. The

variations of frequency response above 2 kHz we_ incorporated Into the microphone frequency response

correction, The _llhratlon is based on bOO s_nples per channel, _nd is aceu2ate to within _O.1 dB,

Table 1,P provides the frequency response callbTations used,

Correctlon for the influence of background ,else was made mor_ difficult by the fact thst values

Cot_id not be simply deleted if in error, because c[ pro_ramr_Ing dlfflcultlcs created in sound power

Level co_pu_atlons. As a reaul_, _ha _easured data were corrected and co_ed for validity aecordlng to

the fullowi_ d scheme. The backgro_d noise used i_ th_ average of the before and after _ast;reme_ts.

Difference between

lIgnal and

background (dB) Correction Code

)20 _Ione None

20-3.0 St a_dard Correc_lon _Ione

to nearest 0,i dB

2.9-0.0 SPL • gFL -3_ --

_0 SPL = 0 0

For e_se_ where the ban_ level equaled zhe lower llmi_ of %he _laplay scale, the level was also

set to zero. USe of the codlsg will be f_r_her dlsc_ssed u_der sobbed power level co_utatlons.

' There was a _eed for a f_r_ber eorrectlc_ to _he near field data, d_e to the fact tba_ the

f_'eq_ency response of _ mlerophcne to a sotmd pressure field at high frequencies is a f_c_i0n of the
a_e of incidence of _he sound field. Thta is Of little or no sIgslflcance in %he re. _ field

meaa_e_e_ since the an_le sub_ended by the SO_'¢a a_ the _asureme_t position is relative_7 small
(half angle on _h_ order of 1) ° or less) so tba_, for _iercphones directed a*. the source, incidence
perpendicular %0 the dlaphra_g_ can be a_st_ed,

FOr the near field ea_e, the microphone is not necessari_y directed at _he pr_ncipal source, nor

i. the a_le _bbended by the 8o_rc_ necessa_'lly _all, An expression which ds appropriate for

de_erm_nlng _he _rue pressure if the distrlbu_!on of intensity as a function of Ladle Is known is

Ptrue
_ea_ure"JJI{O,_)g2(_) Sin® d8 d_

(_.3)

where I(0,_) is the scalar _gnitude of the intensity at _he angle 8,# from the normal to the
• _i_roph0n_.

g(O) _S _he _crophone fractional response for plane wave incidence at the frequency f and

_t_l_ e from _h© nor_ut_ to the I_icro_hone (ass_ed _o he _y]r_etric about *.he no1_a_ _o

the _crophone), defined by the free field response of _h_ _ercphone _o a plane wave
at %he an_/e O.

M{O) dS _he free field response of _be _eropbone a_ the angle O,

Fig%we 7 provides _ plot of -gO log g(O) versus f_eq_ency. Two of %he cta-ve_ _re _n_ct_rer's data
for the _¢rophone cartridge with proZectdng grid e_d no wlnd_ereen. Two curves represent da:s

_le_Kred _t _h_ o_ one of the microphones with a win_soreen,

• ltle d% would be desirable to _he a relatively exact eorrec_i0n for _:hlS effect, i_ i:; also

clea_" _h_ this req_i_es much more de_ai_ed infor0mt_on thas is avail&hle (such as dlstrlbu_Ion of .
d_enslt y wl_h angle as a ftL_etlon of frequency a_ each near-fleld _crophcne position for e_cb

eo_r_resgor, and _crophone dlrectio_al charae_eris_les thro_out *-he range of a_gles), I_ lieu of

this exact ecrreotl0_, and in order _o place bounds on _hls error, let us tr_ to find an approximate

corre0t_on which _ight be _ppllcahle (in an averade sense) ZO all the compressor data, One posslble

form fo_ such _, _orrec_lon is to pOStUlate a _orrectlon at an "equivalen_ ,a_e of incidence" for the

intensitp, which is the same or, the average for all microphones, defined by:

]
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1/¢2(0°) X..I(O,#)gD(o) Dine do d# (Aversgea ov_r ne_ tieZa
_cro_hone point,an t go_ces
•nd £rerluency}

Under _he as_tlons of _AII an_l_ (_tlch%h&_ slnDX = XD)_ opheci=nl =a_rce and measurement _ur¢_=e

shupe, _nlform d_atrlbut$o_ ot Z(8,_) _ver solid angle auhtended "_y the oource, m_cr_phone _Ir_cted _t
_e center o£ the nource, and • velghtJng tunc_ion 0£ _he tom gIQ) '_i/(1-(ha/3)=In O) (a_'_Lcrophono
radlu_), whlch tlts the dat_ o£ FlgUre 7 up co i0 k_= vl_hln i0_',it can be shown that

oe - e,/ _t (2.5)

_hete _ la _he halt-angle :ub_ended by _he nource.

Since the average llt_ear dl_.enstons (_-_v,_h) af _he oouxce_ a_'e in the range of _ _o 2.5 _ _.he
sub_en_ed halt-angle i$ in the range

or _5° _ _ < 55o

i
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Thus when comparing near and [a_ field so_d power level data we urge tha_ the ne_r_field da_a be
corrected by the a_unt shown In F_g_e 7 using the curve _or 0=30° , This correction will _ot be
applied to _he data as presented as sound po_er data On an individual r_aehl_e.

In pa_sdng, we note that using the saree _ig_es for _ 7 metre _lcrophone posltLon, we find

Oe{far-fleld) < 7°

and using the analytic form of g(O) given above

-20 Log g(Oe) < 0,1 d_

throu_out the frequency range of interest,

We further _ote that this problem can be mlnlmlzed by usln_ a sm_llsr mleroFhcne, With a
hull-inch m£eropbone, For instances _he c_-vea f_r g{O) .re Bhifted one octave higher in Frequency, so
that the estimated value of the correeticn would be less _han about 1,0 dB at the hi,heat test

frequency, Unfortunately, such m/erophones (with dehumidifiers) were unavailable during these teszs.

2.4, Description of Compressor Sanple

fable 2 provides descrlptiona of the pertinent par&meters or the IndAvldual sources tested,

In terms of the rele';antJcou_slc pa_-a_.sters,the sample was intended to complement sests by

o_hers[4], The _o_al compressor s_ple (including these and other _esta) is a sample reflectln_
several f_ctors according to current economic data on She IndustrM _s previously compiled[5], The
factors which determined the relative _u_ber of compressors i_ She sample were as followa:

• ) _[anu._acturer_ weighted by es_l_ted share of air compressor _rket,

b] Confessor _ype: weighted by e_tlmated number of unl_s produced,

e! Co_reasor slze aindpower sotLrce: welgh_ed according to esZlma_ed n=mber of unlcs produced in
each of _dve ra_es:

I, gas, 75-12_ cfm

2, gas, 125-250 c_

3. dlenel, 125-2h9 c_m

4, die_el, 2_0-500 _fm

5. d_e_el, over 500 _fm,

Our portion of _he sample coaals_ed of smaller size machlnea which were _re readily _ransportable to
a co_n test _tte while other _es_s on larger m_chines were r_re eonventensly tested at _he site oF

The Seat seaple h_ the following pare_etera,

a) A total of 17 compressora,

b) Three realproca_ing co_pressor_ of cmp_city 100-200 a_ -- one gasollne-povered engine, '_vo
diesel-powered, none quieted,

a) Seven rots_ serev compressors of capacity 85-185 cfn -- flve gasollne-powered, two diesel
powered, _our quieted,

d) Seve_ ro_ary vane compreaaorn of cmpaciby 12_-900 cfm -- three g_sollne-powered, four diesel
powered, four quieted,

e) geve_ m_nufacturer_ represented; n_e gasoline e_gine powered; eight diesel-powered; eight
: st_dard, while ni_e were quieted by the manufacturer; total capacity range _5-_00 c/re.

All compressors were obtained through rental in the Washington, D, C. metropolitan are_, und uere
teated aa received, Age of the maehlncs varied from new to 1400 hours, with most in the range oF less
_han 500 hours. NO special preparation by _he manufacturer w_s m_de that we are aware or,
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TABLE2, DESCRIPTION OF SOURCES

_est born)halOem-,Ty_e'L_glne Sl_e of _ngtne Eng)nelC°elinglUsage _Stan- igotes
go. presaor/Vol-r Type"/ Enclosure _oeed FirlnglPan I

Cyl, metres) at

go. of (L,W,H In (rpm) !dard It_aeFlow/ r Freq. IBlade 5tart :Vs.
Ra_ed ; (Sz) Ipassage =f Quleted
Presetwe : ,Freq, rest

) ; ,(Hz) (get.s)

i (185/100 ) O 0/I Ii,)7,i.26,1.I_2350 78 Est.2bo )_ g
P 150/i00 i R O/2 1,7),177,i.47 38 'Sst.Sio L011 S 4 eyl, in-ilneblock
3 L60/IOO V O/NR 300 NR Q

LbOIIO0 O D/4 L30 300 _47
5 2001100 b b/_ 1,83,.98j.50 LI6 210 6.1 _ S O cyl. v-8 block

6 tOO/leO p/2 15el s h eyl. in-line block
0/4 i Q

L60,100 ) ,/I _', gL
LPb/ibb v O/h Sb01Ll. 5

9 )65/1oo V 120 1267!LI.0 Q 20 blade f_n @ 3800 _
10 )00/125 V ,D/8 ._o 307, 1.0 Q
ii LO0/IO0 S O/h 72 SbO ,1410 S

74 S35 '1086IP LT5/IOb S 'O/_ q

ib13 L85/1ooL75/100_ b/k ._.T0,I.bb,I._23300 153 250 I I_R SQ less *.ban

b/_ SSO 776
S_O0 73 Ooverned at

i rated speed
15 L75/1O0 s J0/U 250, ]ga i s

i_ )5/100 b ';O/_ 'i,96,1.i0,1.31'2000 66 230 !1300 b30o 29717 LSO/IO0 S 10/4 ',1,93,1.2_,1.36. 3000 100 O

i ..... .S5 m dis, loudspee_er
19 NA [._0..50,I._5 NA gg SA

, Line of spea_er I =
l l ,bore brouad

• Rmbeclproca_lnd co_'pres|op al _aollne engine TSAsgOI a_plieable "ltIIR'bnt recorded
gmbot_ _crew compresior _Dle6el engine

S.5, Cor_ressor Operation

The major problems a_soclaged vlth co=presser operation for _hese testa were _rovidins for
aeo_tleally controlled dlsnkarge of _he cc_pressed air, to a_ure Inalgdiflcant ¢ontribuIion Is the
•easured noises and ensurlrlg constancy of operutlon at rated capacity.

Di,char_e alr from _ke ecm_ressor was fed through a _0 m length of ec_erdi_l hlbh pressure

rubber ho_e _o a commercdal au_cnoblle muffler, where it us= dlschs.-gedto _he atmosphere, The
muffler was placed in _he creek bed (see Figure 21 so that the bank of the creek wo_id provide
.hteldln_ of the discharge noise from the _est site. Neasure=ents Of octave band sotmd pressure
levels near _he discharge were r.sdefor each tc_t, and extrapolatlor.sOf _he measured levels, ass_ins
hemispherical spreading and ignorlnb _hieldins, indicated that the discharge noise from the m_ffler
w_ lore than 10 03 below the coL*_ressor=OISO at all rgeas_re_nt Iocatl_ns. In sole cases r_re %hag
one hose llne and _ileneer had to be used ".oa:eo_anodatethe compressor vol_e flow, For the _wc
le._sermachines (_es_s 9 and IO) a blow-doricdiieneer of undeter_tned manufacture (obtained frcr__he
rental source), mad large dlaoeIer hose was used in place of the above air dlseharge silencing
_'l"a_ge_ent.

The operating pmint for the ges_ was the condition of the ¢_m_ressor supplying rated flow. Thls
CO,dillon o¢o_rs when lhe co_pressc_ ls operated a_ rated speed _nd pressure, bs_eblish=.en_ of _hls
Ndnt w_ n=de llmple.-by the fael ghat NS_ oF the oompreo.or_ had an engine speed governor %_hlch
operated on the difference he,woes receiving t_nk press_'e and rated pressure. _ated speed was tbus
obtained by throttling the flow of discharge alr until the ¢o.npressorheld a constant receiving t_.nk
"pressure near ra_ed pressure (as indlcsted on the compressor alr pressure gauge) and verifying t}l_
the enblne w_ operating at rated speed (as measured by an Lndependent tachometer), At this point, a
reduction dn air flow will be followed by a reduction in engine _peed (for a proportional controller),
while an Increase In air flow will be followed by a reduction in receiving tank pressure, This

operating point was e_lly established once _he compressor had been operated for 15-20 minutes .rid
conditions apbro_ehed a ther_l steady-state.

Once at this point, engine speed could be _nl_ored within aboug 150 rpm by inspection of the
displaYed l_olsespectrum st bands ne_A"%he engine firlng rate frequency. Since the firing rnte tone



I.ypleally excited one or the other of the adjacent han_s In _dditlo, to the hand :o_talning :he stilei

the d|Pference iN decibels betvee_ the_e t_o ba._c= Cou!d he taken as a sensitive |ndleator :_f firing

rate frequency, Thls procedure _n not be '.L_ed if the _peet_ of broad b_nd n=isc i_ w_thln .10d_ Or

so Of the Indlc_ted tone level i_ each band. in _h_s ease_ engine speed was _onltore_ audibly, with

frequen_ tachometer cheeR8,

_.6, Mea=urement Locations m_d A-weighted Gou_d Leve_ Data

_.6,1, Par Fiel_ Hea_urements

The far field sound pre_3ure Level d_ta were t_hen usi_ the array _how_ in Figure 5 lalso

visible i_ F_gure 2a). The Geven _er0pho_es _ere looa_ed o_ _o.v_nal _e-h_l:' _etre _of._ s_and0f:'_

fro_ a sem_-clre_lar ar_ constructed Of _teel plp_ _nd _ubln£. The at*- was supported i'ro_ _bove b_

_wo _able_ from the arc _enter to _oles looa_e_ on _he eus_ and wes_ edge o." t_e te_t pad. _ne end._

cf the _rc _ere _upported 05 caster3 to faoilltate rotation, Pc=ditching wa_ _ecc_llslle_ h>' _i_ at

the end of the arc which f_t in_o hole_ _rilled in the concrete ".est _al, Th_ _a_i_u_ .'a_ial

posltlo_In 8 erro_ of a microphone in _he array is e_im_ted _.-0m s_le _easure_ent. _ of po_Icn_ _o

be less than _O,1 m (l.h_) includin_ all _rrey posltdon!_.£ effects su:: as oh_nglng arc shape frc_

chaage in proportion of weight supported hy overhea_ c_bles, An_ulnr pcsltlon_ng error is esti.T,_ted

to be less tha_ _l ° l_ both azi=u:hal s_d polar _n_les. Z_ ter_._ Of inverse s_uare spreading, :_%e

rad/s.l _rror tr_sla_es i_.to a possible error d.n sound precsure level es:!matlon Of less than +_ 0.1

d_, per Observation, Si_ce %be priI]elpal =_t:._ce Of r_ddal error ar_.ses fro= change of shape of _he

are -- _hlch le_s ".o pos_tlve errors at so._e posltlons while there are _e£a'.dve errors _t other

poslt_oss -- _hls so_-ee of error _s believed _o average out '_ =he es:i.-._:e of pauer rs%ber than

produce a s_s_e_at!e b_as, The a_,_lar posltlon_n_ error lea_s %o r_n_o.r, samp!in E _n the

he_/spherlcal surface (i._,, iL'preclslon _n ddreo'.IVIT_) as OppOsed t_ a _ys_e_tlc bi_s in _ou.nd

power d_t erc/_tlo_

_ ndd_tlor. _o _hese a_ray d_ta, o_tave-b_._d s0r.nd pre=sttre level data were also take_ us_.ng a

hand-held sound level ester e_plo_ing a _cdlfled fo.'_ _f _.he present in_t_ methodology[6]. _he

i in_enb of the lIB5 Far Field mochod01o_' Initially teen.ended _0 ErA was t¢ pro;'ide an upper hc_n_

! estimate of sound power l_vel bsse_ On messy.re=eats r_adc a_ six loestlons. The six loen_Ions !_cl_de:

i. FoLtr positions perpendlcu/a." _o the center of each s_d0 _f the
eozpressor at a dlst_r.oe of 7 _,etres from the center of the compressor (data taD..e_ _t the

i elevation _n _he range 0.8 to 1.6 m which yleld5 _he highest A-%'elgh_.ed sound level),

_. 0_ locatlo_ at _n elevatio_ Of 1 _e_re above _:he _r0_._d, o,_ _he 7 _e_re radi_s z!role

centered on the =a_hlne, _t _he Icc_tlon g_.vln6 the .'mxlm't_.A-welgh'.ci SOU_I level,

3, 0_e lo_atlon dlree_ly above _he ee_ter of _he confessor, a_ a height of seven _e_res _b_ve

the _ou_d pl_ne (data from =Icro_hone four of the _rray w_s used For :h!_ 10cordon).

Th_ da%_, us_ _hls proced'0re, Yore ta_e_ dn _he same time interval a." the data fr_ *.he

P_-fleld array, _d are repor_e_ here as "F_r-Field _le_hOdolo_" d_:a, F_-'-fdeld _rr_v and

_hodolo_ _ata were recorde_ for the _eve_eer. compressors, _nd _Iso two known sources, to

_sves_ga_e the effectiveness _f _h_ far field test procedures for %hose _=urce_. The flrs_ of these

was _ broad ba_ "reference sou.-.d |_'-'ree"co_s_s_ir._ of an electric =0tot-driver. _e.'.tri._! fan %'lib

cylindrical sy_,e_ry, Vhlch is n=r_s_lly 0r._dlreo_o_al. The secon_ so,:roe was a 0.2_ _ di_e_er

low.pealer, _m_e_ dn a 0.h = cubical _ealed baffle, The b_ffle was i_:a_ed at the cent-or of :he

_esb pad w_th _he lo_spe_4er _xls hori=0n_l, 1 m above _he test pad, ;elated at appr0:tl=_tel y 2._0

de&-rees from north. The speaker W_S driver, in d_.ffere._.%tests with tones of _00 _:_ i _.u.zand 2 ?_.:.

The pr_al p_rpose Of _hls _e_t _a_ to give example data Of the mea_re._e_t problem1 as_o=iated %'lob

A tab_lablon Of the A-welgh%ed far-field sot_ level d_ta _S given in Table_ S+l t= B.19. ."91e

"F_.r-Field Data" _re _ive_ in _ahttlsr fort, in _he form of a dlree_vi_y pa_terr., w_th e01u-vms

_orresposd_ _o a=_hal a_gle fro._ 0 ° to _30 ° fro_ _,or_h (co=presser." were ali_ned o_ the tes'. pod

W_h _he tow bar _odnt_n£ north and s_de_ oriented in the north, east, Sou:h and we_t 41rectlons),

The "Far-Field HethodoloEy" d_ta are g_ven in _ab_l_r form _nder_e4%th these dats, Also E_ven _s the

A-we_hted so_nd power level computed from the far-fleld and "fur-_leld _ethodol0_'" dat_, for

Teference proposes (see Sec_on 3 for caleLLlatdo_ procedures). T_e sound level correspondln_ to the

.- . _Ver_e mea_ square pressure over the hemisphere (frequen'.l y refer_'ed to as the "e_er_ _veru_s") _m,%'
be ealcul_ed fro_ the sound power level aeeordlnE to:

bp{r) • bw - i0 Log D.r 2

_LW ks power level, _ re 10-12watt
L ds the sound preHt3"e level, _5 re .°,i0-5 pascal

r p i_ the rad_tt_ Of the hemisphere, metrem

A no_.nal val_e Of _mpedenee equal to hOD _ks r_la is au_ed.
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At seven metre red|us, the average A-weighted sound level _hu_ in

2.6,2. Near Field MeaB_rer_ents,

The near-fleld data were te_.enusing seven microphone channels with six of the _£crophcne_
_u_ted on tripods, and the seventh suspended fror.a "s_.yhooW'fort,el by the support cshle_ us_l t_
posit_on the far-fieldmicrcphcne array. Figure _ _hows representative_easure_e_t po$1_icns or, '_
meaSUrement surface. The _/crophone po._itIo_swere deterr/ned aceorilng to the foll_wing ruies.

i, The measttreme,tsv.rfaeewas a rectangular box of dimensions

I x W x H where L • t÷2, N - w.P, H = h*l end where t, wanl h are the length width and hei_r._=f
_he compressor ex_ludlng tow bar, _Ires and fender_, _nd a_her small prcJeetlcns with linear
dimensions le_s _han 0.5 _etres (s_h as e_Jmust pipes, e:e,). The four vcr*.iealplan_,sur:'_ce_
were located at distances of *__/2and IW/2 from the geometric center of _he comFresscr, and

per_endict_ar to the longitudinal a_d lateral censerlines, ?n.eh_ri:cn_sl _iane surface u_s
loc_ted _ the distance H above the rePle::in8 pl_ne, The_e surf_see are n_/na_ly i _et:e fr¢_

the surface of a compressor wd_h a rectangular enclosure.

_. The m_crophone positions _r. the _essurer.entet_rfacewere loca_e_ on a i x i metre _quare
grad. 2_e grids were locate_ c_ _he vertical sides so that _ neasureaen_ posit.ionwas on :he
center of e_ch side at a h_i_.htof 1,5 _etres. _nis grad ice_tlon yleids messure_.entspcs:tlon_
at helgh_s of 0.5, 1.5, 2.5 m, _bove the ground plY.e, spaced i _ ap_r_ in el_he_ direction fr:_

the center of that side. ._hegrid on the hoi*Iz_nt_ _eas_re_er._sur_s:e '_s cen:ered in _he
center of tha_ eurfaee, For all fompressoys the meapuremen_ positions near the eng'.hee_:_-'_
were displaced alond a grid 1_.ne_c the closest point 1 _tre fro= _e end of %he e_aus_ pipe,

3. _R:rophonee were oriented wl_h _he plane _f the microphone diaphra_ in the plane _f _he
measurement s_'face.

_. Near edges or cornera where pairs of r_&su_emen_ Iocatlons fr_.na_acent surfaces were !e_s

• th_n 0,25 m apart, one of the pair (usually on the ver_.icalsurface) yes deleted.

The reeta_gul_r measure_en_ St_rfacewas chosen because it was _he on!y surface being considered
by ISO working groups on s_und power _easuremen_ s_andards, at zhe ti_e o**the _es_a (lleY-July,1971),

The lower half of Table_ 3.1-3.1S ti_led "near-fleld data presen:a:ion"presents _he A-weighted

sold level daVY. from the_e _es_a in • for_t which facilitates rela:Ing level and position. ];o_e
the% levels _essured clcses_ _o the _round pla_e ere furth_at fy_ the cen:er of the tablE.

]
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3, SSU_IDpO_ER LEVEL CALCULATIOS_

3._.. Far rdeld Sot_r,d Power Cg_cu_.a*.lon Proeedtu'es

The e_tl_a%e of g0Und plower (W($)) from _segple_ o_"mean square preB_u.'e on a raea_uremeoc _urr_ce
d_ ot" the 1"o_:

n

im
where _(f) is _:he estJ._,e of s_tmd power (watt£) A%the frequency _"

p2 (f) is the %l_e-_verage squ_re_ pressure a_ pos_t_cn d _n _he
- l_ee_ure_e_t _urface at the frequency f (pas_als).

pre_euye level at pond%Ion d and fre_uen_F _,

Sd _ the area e_ocl_ted v_.%_ _he d%h _e_ure_ent _o_lticn
(e_uare _eCre_) *

_c _ t_e ch_r_eteriehlc impedance of _he mcdiu_ (_ de _he density
k_/m , c l_ _he velo:ity of sound _/se=).

In _he even_ %hat _he mlcrephone positions are chosen to represent eqU_ emea_ of _he _eaiure:en_
etLrTaae) _h¢_ equ_lo_ 3,i r_duces to:

S

where: _ Is the _oc_ area a." %he measurement aurfa_e (eque.r¢_re_).

The far-field measurement _rr_y ve.ldesigned vtth th_a /a%_er equation in rind. At each l_¢a_l_)l or
_he array, each mlero_bone, exeep_ %he cop one, _a_ple_ s _ector of _he heNlphere fro_ ¢ - _} go I ÷

The _rea of a ee_enc o_ a epherlce_ sub[ace between :l and zR Is _.r_; thu_ the area repre_en:ed by
each _lcropho_e position 1_:

dsI • S,(7.0)(1.1_}(30/360)

The _ea sampled by _he _op nlcrophone _s:

_,S,_3 • Set ;'_ . m(dSi)

_,3 mS

FO_ bhe purpose of _o_nd paver C_CU_%_O_a i_ this report, these eu'e_ vere %rea_ed a_ e_ual ;
b_ever, i_ a_o_d _e no_ed Cha_ the areas _nvo_ved _re not ldentie_ in shape. _hlel is _ conceptual
disadv_t&ge, since i_ l_ _o_ e_%dre_F clear _hat the e_0ple _ror_ the center o£ a 1o_g narro_
reet_e_ shaped _rea will he as represents%ire of She average level _ a podn_ whicll t_ ac _he
center o_" _ circle of the s_e _rea, Such co_deraCion_ are) howevere beyond the scope of %hi_
stUd_,

3._.1. _tematle _rror in the Far Field Array

The array _bo.en pre_en_| another diffdc_l_¥ f_r %he _eaeure_ent of _un_ pover level, uhlch ha_
been previously noted by Bands[T). This has to do _t_h the I'_et that a eompu_t (_a¢(1 * kffi_ave nt_bcr,
am ao_fe rad_tl_) o_,_ldtrectlonal eo_rce a_ a hel_h_ above the ground plane produces _n interference
_t_ern on _ he_ephere above hhe plebe vhich _n the f_r field approxlmnti_n Is of the :'or_ [?J.

p_(r,*) Po[_ _ B S_] (3,3}
: \R;L _2 i .

wherel

p_(P)_) ;[_ the _ee_n equ_e pre_att_e at height _ on a he.sphere

37

i
i



po2 im the mean square Poeoau_'e Prom _he aou_ce in free +pa=o
at bhe radiu+ r;

_i Is equal be bhe r+t_+ of pa+h isr.+'.hf+r dlrec_ .+_d
+o radius r;

_1a - (r 2- z2) + (h- =)2, . .r,2+b_ . b2
r a r +

_a 15 equal LO _he patio Op pQth len_h _'orrePlected mm_d
%o radiu_ r;

R2a. (r 2. za) +{h * z)m - r++ _h: + ha
r2 r2

h i+ %he heIEh= of the so_+e cenler above the +round plm_e;

R(T) ia _he auto =orrela:Zon +m='.im= +.+:he source rodin+Ion+

Forrondo=noise;

+it) - co,, (++rot) $inm+++T(+++C,)

fo is %he een_er frequency of the hand. HZ;

df is the _.Lrrover ha_dVddth of _he slgnal or _he analy_Ing fil_er;

T is the %_ne deloF between dlrec_ sod reflected sound [vmr(Rl'R2)/e]

c • speed ST sound i_ bh_ propa_ablon =edit;

FOr p_re rebels Af • 0 a_d oln x • ,Iwhen x • O
x

so. R(T) • 0o, RWP't • co. (2,TP(RI-R2)]C). For rR/hz_>l,

RI/R_ i. o_4 fr(RI-R2)/c 2Phz/rc.

For to_es or ha_ds of nO_le _ds crpPeSSlon predicts =inlr.a i_ _he sold fleld _t heigh%l which
are odd mul_iple= of fhz/r= when r _>hz.

Thus for a _iI fixed helghb source, super_=posed o_ Ibs Inheren_ dlre=Edvi%y_ _nEer[ere_ee
•/p_ W_II OeCU_ ab _nlcropho_ heifers : which are mttl_IpleoOf odd in_e_er_ _ue be the _ greed
plan_ roflecblon+ For_u_s_eiy. OUT _/crophone =tray in s_fflclen_ly closely sps_ed so thsC m_nlma
wdll _ot occur at all _/c_ophones sinulbaneou_ly, for a one metre sour_e hdight, unless the c_ndltlons

f_ i000 HZ and source radius _ueh less bhen 0.053 m are neu, At loWer frequencies, the f_c_ _hat
_axi_m wdll o_eur a_ some _/crophone po_i_ons which Will co=pensa_e, _o some degree, for =inlam at
o_her locatlo_s, presumabl7 will bend to m/n_mi:e _hi_ sy_bema_ic error. Pu_her_ore, for this
descrAptlon _0 apply to a di_imum st the top _/croph_e orgy. the frequency _us: be _reat=r _h_ about
300 H= wd_h = source _adlu_ _uch less than 0,16 m, Thu_, the Pact bba_ the typical c_mponen_ sour=o

size Of a co.presser _s considerably lar_er _.han _hes_ di_enslons, except po_slblY for e_i_e'exhaust,
_u_esbs that the ex/e_ence of Interference _/n_a should no_. ¢reale a serlo_ meas_remenb problem for
th_ arpny.

g_ estimate oF the possible,error in _he far f_eld measurement lop an o_nldlrecblonsl source can .
be obbalned from _1- _.3 as follows.

We _o_ _ha_ an estlma_e of so_Id power output wlbhouC s_plln_ error. _or a fixed source height
Is _i_en b_ f

_/_e _ote that wh_le the byte power is analytlcally _vailahle by dialer geanl, al this Juncture

O_' pt_r_ole is to evaluabe ouly _,be sn_pllng erfor, unolt_ttered by oIher error _ot_re©s,

_ r
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Wa [ (2.r) _2(r,_l dz (3,_)
_c

_e approxl_tlon obtained fro= _he fe_-fLelt a_rn_ in

'2 73 2 z 0
W'" (2.rI_-'.p_' t' * ) (3,51

• 0c l--_ 73 ."

p_(r,ti,5 l) is indayendent of 0 for a_ o_idirec_ional s_uree, eq, 3,5 r_duces '_o
aln_e

w'" - (_.r_:: I ,_ a i P_Cr'zi) (3,6)

where_

|12/73,( i • 1 _o 6
al { 1/73, i • 7

The error In sound p_ver level due to s_ling (ALv(e)i le 81yen t_-

dLw(S) - 10 LOglO _ (3.7)

The results of thla calcula_lont U_dng eq, 3.3 for p2(r_z) considerir_ _en d_fferent source
helKhts for the far field array with _he scuree_ red/acing'either s pu_e _ne or one-third octave
b_ds of nolaet are shown in Tables _,i and h,2,

3,1.2, Fa_ Field Sound Fewer ClO.eulettcns

In perform/n8 the soUnd power calculations, _he significance of the a_hle_t correc_lo_ _as
retai_ed 1_ terms of a signs3, quality code, As noted 1_ Section 2,3,5, _he average sound pressure
level value at a _eaaurement position in each frequency bend was coded _o ln_icare _e of the
follovin_ ty_es of date quslity:

a) normal da_a (steerer *_han3 d_ a_ve emblen_) ;

b) upper bo_d date (data within 0 _o 3 d_ above ambient, nnd corrected
for ambient) ;

_) no tmei_l data (dsta at or belov e_blen_, or a_ or belay Inst$_-_ent
base llne), Da_a value replaced by hi_her of a_..bient level _/ntm 3 d3

or baseline level,

In u_$n_ _hese da_n in • sound _ouer level calculation, the first step is _he c_mputa_lon of an
aYe_aEe sound pressure. The data yore s,_=ed in _hree co_r_one_e of the Average wi_h a breakdown
similar tO _he _bove t i.e.

a) SUm of _ormnl da_a, and n_ber of points

b) st_ of _pper bound da_a, e_d n_ber of points

C) Slt_of _o*u_ef_l-da_a values, and _ber of points of _o useful da_a,

The average so_d pressure was de,era/ned by addln_ _hese stt_ toge_he_ a_d dividing by ._ha total
number of points, The power level computed usin_ thl_ overage sotmd preest_re was assiEned a quality
code accord_n8 _o the relative _agnlrude of these su_s end _he n_her of poin_s involved as described
below:

, -]
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power level quality of data
qudii ty code

l all datg type-a

2 some type-a, nc type-c, s_me type-b dat_ which e_n%ributes le_s
than one-twentie_h (0.2 _) to the total power _n the band,

3 some _y_e-a, some type-b and -c da_a which contribut¢_ l_s_
_han one-twentie_h to the tatal power*

h some type-&, no type-c, _c_e _ype-h data which contributes
between one-twentieth a_d o_e-half of _he computed power
(-0.2 _ to -3 d_).

5 some type-a, some type-b and -c da_a vhlch con%rlbute
between one-twen'_leth and ass-half of the computed power.

zome type-s, no type-c, t_e-b data which contribute more
thlm half of _he computed power.

7 some type-a, type-b and -c data which contrlhu=e more

than half Of the computed Dower.

Investigation of the da%a indicated that In the frequency range 25 g: _o lO _H:, there vas alvays
some type-_ data so the sbQve cla_alflcatios is complete. The _a of code _ _hrcu_h 7 are upper
hou_d sound p_wer lavels, air, ca _ha esti_e of tr_ p_wer level will be less _han calculated,

Data o_ code l, 2, and 3 was further clessifled according _c the m_gnlt_da of the pooled value cf
temporal variance according _o _he follcwln_ scheme:

a. If the vardance of the signal is less than that of electrlea_ noise a_ the 99_ level of
co_fddence, then th_ signal is called tcne-llke.

b. If the variance DE _he signal is within _he 99_ confidence Interval of electrlcal pink noise,
_h@ _Ig_l is oslled nolse-llke,

c. If the vardance of the s_nal is signlflc_ntly greater than _h_-tof electrical pink noise at

the 99% level of confidence, the signal is called flue_uatln_,

The data in each band where the quality code is less than or equal _o 3 is given a letter code T,
_ior F corYespon_Ang to the above _lassiflca_Ion -- tone-llke, nolse-llke and fluctuating,
respectively.

3.2. Ile_" Field SoUnd Power Calcala_ion Procedttres

The s_ genera/ and specific form_ of the far-fleld sound power calculations (eq. 3.1 and 3.2)
al_o apply to the near-fleld calculation=. _he s_me order Of masnltuda e=u_ndpower value vldl result

di.ce the value :or mean square stand pressure wall increase _minally inversely in proportion _o the
chan_e in S (as a consequence of the dnverse square law of I_otmd i'deld sprea_ng),

The calculatiolm reported hers were performed for two different measurement surfaces and three
different subsets of the _easured data as follows:

Near-Field Calculations

_abel Calculation Procedure

NF 1 Conformal surface_-/ (defined by YA_. 8) - all appropriate mea_ttrementpositions (see below).

NF 2 Conform./ surface - engineering method, 8 measurement positions*

NF 3 Conferral surface - _urve_ method. 5 measur_ent posl_10ns

_T "6 Rectangular surface - all measurement positions.

_-/The eonform_ surface of radius r is _hat surface which is defined by being everywhere a distance
fra_ the nearest pdint on _he e_valope of t_e prl_eipal ra_/sting surfaces of the source. (See

Figure 8),

)
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SECTION 6_ L_. B
PLAN

f

SICTION AA

Fi_Lre _ Confol-zal e_r_ace a_ a distance r trol a rectan_xlar box

IfP7 _e_%_ngular sur£ace - englnc_rlng _e%hoR, 9 meHuremen_ positions.

8 lle¢_ngular ¢or_ace - survey he,hod, 5 mea_ent posi_lans.

The la_el a_ove refers _o the label ot the calcul_tlan !_roeedures= _ appear_ in Table_ 5.1-5.17
•n_ Table 6. The re£erences to _glneerln_ _nd s_rvey _ethod_ refer _o 150 Dr_£_ Zn_ern_1onal

St_ndlrds[2] F_r Sound P_.er _evel _e_er=In_on (DIS 3T_ and DZS 3T_6, re_pec_ivel_/),The d_ts
were t_1_e_o_ _ re_tn_gRl_- mea_re=o_ l'_r£ace{e.g,i v_h square eo_'ners)r_he_ than • cD_£o_

B_aee i _hore[o_'eso=e _di_e_¢_o_ Of _h_/d_ _e_ wa_ req_red £or _he con£o_L s_.r[acecaleule,-_1onB, The mo_Ic_on_ _ere a_ £ollov_:_

NF-I - I)ata_o_ntB _e_i_ _dges a_c_earner5 were _._c_._edi_ _he daca poil%_ _ere wlth _he sur_acels

eol*re_pon_ d_s_a_ce _o_ _he source 31_r£ace_o such _:h_l

So(l) _--SC(rs) !1.125 So(i)

(SC(r) • 2h(i +w + .r) +lv+nr (L+w) + _.r _)

Sis i'esu_ts in retalnln6 _e _e_sureeenc positions (near edges and corners) vhlch would be

_/gLnce ill of the conpressors In th_s stu_ vere contilned vlthln rec_i_gular shaped enclosures, the
envelope taken for the source _as also reete_gular in shape, and Of dJmenslons i, w, h _here L _.
V ire _.he lenECh and vldth o1" the enclosure re_pee¢lvely, oJld h Is _he height of the top o_ the
enclolu_-e izhove the refleetin_ plebe.

i
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as much as O,5 dB below the the expected value if |averse square spreading applies o0 the

_easure_ent _l_rfa_e, _'neact_l number of measure_eng positions used in e_ch I/F-Ie_ic_a-
ti0n are IdentiCled in the data tables, It _ho_id be noted that most o£ the measurement

posltlo_s do lle on the _eastiremefl_sllrfaee, An e_tlmats Of the nu_ximt_ndovn_ard blss
(AL(P)) introduced by ineludlng those poln_ nor.on the measurement surfase i_ -0,2 d.q(_L

(P)(O_ with the _ximum error decrsasing ao saurce _ize incre_eD,

I_F-2 a Th_ ISO draft o_and_rd er_glneerJngmethsd preserlbe_ an elght point measurement array f_r
u_e wi_h a con[or_d _ur_aee. These elgh_ points h_ve position corrdln_te_ as _ollov_ [for
a so_'ce O1" dlrlen_io__ w_ h):

Pos, lie, X Y Z_

i a 0 hI

0 b hi .

3 -a 0 hI

0 -b h_

5 a/2 bI h_

6 -a/_ b1 h0
i

7 -a/_ -bI .ha

8 a/2 -b I h 2

Where: a _ 1/2 I * r

b=Z/2v÷r

c_b+r

hI . 1/h (b ÷ c- r)

h_- 3/b (b ÷ c- r) • e

b I • 1/2 (h ÷ c - r) _ b

• _e orisin oi"the coor_na_e syatem i_ o. _he re_lectln_ _lane under the
ce_t_p 0_* the co.teaser,

The approximation of these posit_ons used in _he calcula_io_ i. this _tu_y are:

positions 1-h {x, y di_sion_ _ indlc_ed, hI nearest hal_ integr_1 valu_
in =etre_ to calculated value)

positions _-_ (x, y dimensions, neare:t Integral values to ealotLiatedv_lue.

92 - c).

_'-3 & -_ T_e five positions used for both ce-leulatlonsare the positions i,_ m high, at the center
of esch _ide) end the position on the center of the top array. The only dlffereace in the
cnlet'_ah_on is _he ditference l_ _he _ea S used for the msasuremen_ =urface,

_F-6 All polnt_ _d rectan_ar s_rfaee used,

_"7 The nl.e poi.+_s rsqalred for this calct_atio_ include the $1ye po_ltdons t_sed la |IF-3a_d
-8 plus four additional paln_s a_ the corner_ or the measurement _ur_ace_, These fo_r
point_ were app_oxi_ted by _he nearest measurement points,

The e_tect o_ these approximations _y be _realed _s equiv_lent to a posit_oning error. The _ctusl
error introduced is a /unction of the directiv_ty o_ _he sound source -- most of the posl_ionin_ error
is _ lateral d_splacemen_ on _he _easurement surface, as opposed to a "radial'*dlsplaceme_t off the

7ae_s_tremen_ _[a_e. Therefore_ the _ppro:cl_tlolts_ in Een_r_l, represser noa-bi&slng orror_ which
or _ay not eontrlb_te _o _he i_preclsion of the measure_ent_ b_ rill not tend to produce

_¥_te_tic bias,

_3
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_.3, _u_d Power Level DQta

_e results of the saund pover _¢vel c_lcul_tion_ _r t_ 17 ¢o_resnor_ are pre_ented in T_le_
5.1 to 5.17. Each t_lc ccn.l_tD of f_ve parts tn=ludi_ a plat o_ t_r-tleld pover lewl, a t_le
OT al_nal quality _r far-f_eld and ncar-_eld _ata, a _able o_ far- _d ne_r-fiel_'po_er _vels and
d_er_ce_ between n_ar. a_d _ar-_ld power levels, _nd a table or _ar-field _hodolc_ pover
levels an_ the dir_erenc_ from £ar-fl_ld power _evel.

_I_ top o_ the t_l_ t_ a plot of _he 1/3 o_tav_ band, _ar-_l_ld _ou_d pawer level w _requ_n_y.
Underneath the l_equen_y _le _ the _lg_al quality code for bo_h f_-_leld an_ near-fiel_ (I_ _e
_) sou_ pa_er level da_a u_n_ the _a_e frequency _cale a_ the plo_. The nex_ entry l_ t_e table _
the sound powe_ level da_a for _ar-_eld and _x differen_ n_r- _eld calculation_ a_ de_r_be_ in
S_ctl_ I_.l and _.2. The _ata are pre_ented 1_ a t_o J._ne _r_ _lth t_¢ fir_ line c_ntain_nF.
A-we_te_ and linear value_ plu_ the ane-thir_ octave ba_d _ou_d p$_er level far band center
_requ_es _rom _5 H_ to _00 ll_. Th_ _e_ond l_e of e_ch e_try £5 _ o_e-th_rd o_aw _n_ _aund
power l_vel _or band cen_e_ [r_quencLe_ _ram _00 Hz to 10,O00 Hz.

_ _c_nd _roup o_ entr_e_ in th_ data t_ g_ve the de_at_o_ oI" _he var_ou_ _ear-_|e_
calculation pro_ed_re_ _rom th_ _ar-_eld _a_d pover lev_I. _e _g_ _onven_oll is suc_ _ha_
_o_i_lw wlues _mply that _he near-_l_ Power level _s hi_r than th_ _ar-_leld pover l_wl. The
s_nl_can¢_ o_ large ln_lv_du_J, deviation_ at 10w _requenc_e_ _ould _e evaluated in the _ont_xt o_
the _a_tude o_ t_e signal quality _a_tor, a_ the fac_ that large values _ _his _a_t_r _gre_ter
than 3) £ndlca_e_ a _erloa_ a_lent no_e _roble_ (vhl_h ty_cal_ cau_ an over e_t_mate o_ the _ar
fteJ.d p_war level).

The far-_$eld mathodolo_ data _s pre_anted in o_tave _and_, _d A- _n_ C- velghtad levels slnce
the data "_ere recorded _n this _or_at. For co_Brlson pur_o_es_ _he o_tave band and C-weighted
far-_le_ pover l_ve_ were computed fr_ _he one-_h_rd octa_e band data,

i
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h, DISCUSSION OF E×PL=RI_NTAI RESULTS

b.l. Sound Pressure level Data

There are two ampec_ of the sound pressure level _ta _hi=h are worthy of _ote vlth respec_ ;o

compressor noise r_easuremen_-- a) direc_Ivlty _f compressor noise, and h) systsr_tlc vsrlatlon of
noise vlth elevation above %he reflecting plane,

_,I,i, Direc_Ivlt,7of compressor noise

A direc_Ivity index _r a so_'ce ray be defined eelS)

where _(g) is the dlrectlvlty index at the angle e

lpIO) is the sound pressure level at _he angle

_p Is the average mound pressure level over the bee/sphere

(_p " L_ -2_.9 d_ for the data in T_ble 3)

The range _ maximum v_lues Of ddre_.:lvl_yindex for A=vdighted sound level t_r all tests yes l,a
d_ to 7.6 rig, AS di&h_ he expec_edm _he larger value_ oP directlvi:y index were :hose associated _ith
•he larger maehlnes, Per comparlson, _he =_xim'A_directlvlty index of A-vdi_._e_ level for the

reference source was 1,5 d_ while that for _he t_ne so_rce re_ngedProm 6.9 _o ii,i d_. The average
value for the maxAm_ dtrec_ivi_y index of A- wdi_h_ed level wee 3._ d_, In_icatlnS that compressors
as a grou_ are n_ suhstanhi_llM directive s_urce=, F_ther_re. became o_ _he relat!._elysmall

dlrectivi_y o_ co_ressDrs in comparison with tonal so_rces, we are led to suspec_ _ha_ the A-weigh'_ed
level of compressor melee is not strongly do.imaged by tones, As a reeu!_, d_ Is empected _ha_ the
average of a a_a_l number of measuremen;s is likely to give reasonably g0od e_tlmates of :he true
average level over the _easureme_t surface. Per 12 of the 17 se_le_ the side e_ihi_l_g m_u._
noise level in near-field da_ was in the _s_e direction _s _he direction of _sxlm_._ level in the

far-field. For two compressors, _he dlrec:lon of the far field .max_mu_was within _5 ° of the
direction _f %he side with _axlmum level. For three of %he c_m_ressors -- %hose with l_w direo_.ivlty

index -- the m_xlma of sotundpressure level in the near and f_r field d_ta occurred on different
sides* This may be reasonably attrihu_ed _o second order effects due to the size of the _lfferent
sldea as well e_ _he _y_Ical interference patterns in _he near-fleld for the_e sources. _n _i three
cases, the mexlm_ direc_Ivlty index occ'_ close to *.heground in the region of _he flrs_
interference =sxim_, so _ha_ small elevation positioning errors may contribute *.o a false
identification of the side with _he _ami_.u_noise. PUrtherr_re, for compressors, the near-f_eld

_xi_u_ t_rpdce_Ll_occurs on • short side a,d the increased are= assocla_ed with a lone side may in
fact lead _o l_rEer Intendi_lea in _he Par-field for the side wl_h tile hlghes_. value of average so_d
level _i=es area. lh is for these reasons _ha_ dlreetlvi_y pa_erns are only deflne_ An the far field
of the source where the direc_ivl_y pattern is independent cf _easurement radius [_)*

_.i.2 g_stema_le variation of noise wi'.h position

$_ should be noted that both the far-field and near-field sound pressure level data exhibit
_tron_er varla_ion with height above _he reflecting plane _han with change of lateral position on the
measurement surface, The effect la larger in the far-Plaid ds_a than is the near-Plaid data, ._ds is
a direct consequence of t_o facts: a) interference pa_terns are a res_ of the radlatlo_ fro_ two or
•ore coherent sources spaced _o_e distance apar_ and b) the principal coheren_ sources e_e any
_mitlon on the compressor and it_ mirror i_age on the o_her side of the refle_tlng _lane, This may

be predicted iT one assumes that all the prlnclpmi radiators of sound are s_ll and r,o_strongly
correlated _o all other rad_a+_ors.

Thls factor I_ important for a measurement methodology since i_ implies that averaging dn the
Vertical direction in the far-field will he much _ore imports.at_he.naveragind in the horizontal

directton_ _nd also _re d_or_ant in the far field then dh the near-Plaid.

_.g. Sound Power Level Da_a

: Several _oteworthy coneltmions can be drawn fro_ the sotmd power level data [Tables §_I-5.17]*
_e first is _hat for e_ch individual _est, for _he frequency range above which the _lgndi quality
Indlea_es no b_kgroUnd ,odes problem.s, to an upper frequency llr_t of abou_ _.0 _=, 1:he deviations
of the near _ield calculations are pred_m/ns_ly positive and small. One means for _,,_-.l:ing this
result IS show_ in Table 6 where the averages of these deviations for 17 compressors are shown. (Note:
points corresponding to signal q_ltty greater than 3 are excluded from hhe average) • Also shown are



_he Co_%_d B_a_dai_d devi_tion_ o_ %hose deviations, The aver&go deviation _ny be Int_.rpFe_e_i i*o ri_;

•6%1¢iI_e o_ %he llverage biG_ Of %he _eaBt_remen_ Cethod_ol_, vh_e +-he s_-Qnd_rd dcv_atl.a_ C_n be

Int¢i_rete_ as a _ure =[ %he precision _f _he methodolo_. ._h+ese re_u1_s w1!l be more f_ll:/
_=u_sed _n %he next new,ion.

Second, %he signal quald:)' code, which classifies %he variance " ° _"

po_se-ldke or [l_o_a_dp_, _e,_e.'_ll_"a_.'ees wi%h _ es_¢a%e of *_h_ pre'Jenoe of • tone _'r_,_

quality) exoep_ a_ trs_uen=lem above abou_ _00 H=. Also _hs olasslf._c.'_loi; of vnriance _n :ho

_e_2-fleld _%a _p_e_ll_ _dlo_%es _he ss_e or lower variance %ban _._.the £ar-flel_ a'_.n, T]I_>_o

observations are i_terpreted as _r.d!_a%_pg _ha_ %he prop_ga%!on ,_e_._.t._Io _o_ unlfor_ _uri:;_ '_hu

period of obBerva_O_ _ a s!_le p_%do.n (30 seconds) c_u01_ _LP _r.:erference pa_ert_ _n_ :i,!:_i'n_

varicnce of the s_sna! _o chan_e si_ni£ican,'.l_ dur_n_ ".he observa%Aon pez'!cd, The c_u_e of i_n:._or:_/

h_&_ v_r_ance_ _ h_h fre_er.c_es i_ pro_ably d'_e %o _he f_o% %h_% %ones) who_ _ey _ro pce_cr,_, iire

_o_ s_ea_v, b_% r_ther, _hlf_ d_e _o ch_n_es in _o_e .-o%_%in_ speed. Th_s cha_,ge In I'roq_en-_y ic_,_

%o slSn_f_.can_ ¢hcn_e_ _n %he d._terferen_e ;a_%ern a% high frequencles, _'hloh can produce lur_e

_lu0%_%_o_s _ me_ _uare pre_'._Ze _% %he obser%'a%_o_, po_%. Ai'-erza_e_', _teady prop_ga:ion

oo_d_._io_ over • _e_Io_ o._ a _s_ wavelo_,g%hs d_ _/_¢,_sic._, ca_ed hy _ba_In_ _herr_! a_d _e_po:'a_ure
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received Idttle or no attention; _lle a detailed ar.elytlc deacrlptlcn is beyond the scope Of this

wor_, we Are co=pelled, baaed on the strength of the data, to advance acme hypotheses In :his area

both to aid in the In_erpretatlcn ef these dais, end to suggest dlreetlcns for further reee_reh.

We begin hy insro_ucing the true sound power, defined u [4]

W ._ r_(r)._(r) dS ,'_,ll

So

where W ia the acoustIc power rsdisted _y all souree_ within So,

_(r) is the time average intensity vee_or at a position r,

_(r) is the unit vector normal to the surface S O at the point _r,

_m IdealIzatlc_ of our measurement is 8iven by

W"" /" p_(rI_s (5,2)
2 oc
S

where p2 is the ti=e-average squa_ed pressure at _he po.ltlon r,

Sines the 8_t_are_ presage is _ s=alar field, w_ introduce a third esti_te Of power for cc--'parisoc,,
i.e.

w,. /" l!(-_)l_-_ (5._)
S O

where J_l is the scalar _agnitude OT lntened_y,

sl.ee l!(-_}la !{z)'a(z).

It is clear that

W'i W (5._)

_OW _y a_alo_ vlth the case O_ Eeometrlcal optics, we have 6_n th_ geo=etrle acoustic It_!t

(i.e. wanlshln_!.y short w_velenZth, for lnco_er_at noise sources =J ) we have thut [li]
(_r)

[!(Z) I " " (_,_)
kr _'a _e

where hm____ is %he _=ot_tic w_ye n_n_e_ (l is the vavelength of so%_d)
A

r ie the dis_aace to the _earest source

Th_s we m_ wr_te

W" • W' __W (_.6)

Where • indic_tes as_totical_ equ_ to, _s at least in the _eometri_ acoustic (h_£h frequency)
ld_ I th_ s¢_tr-field and fer-_eld estimates of power for incoherent noise sot_ees _re asy_to_ie to
a_ _Ppe_ ho_d estimate Of the _rue power• The d_ree o_ over_eBt_tdom is de_er_ne_ by _he de_re_

_0 which the shape of the measurement surface S O co,forum to the s_f_oe of wave fron_s fro= the

eo_ear_ Of COUrSe is how tht_ d_scrlptlo_ holds am wavelength Increases, A et_rs_ry review of

the data _t_ggests _he hypc_hesls for fre_ Field over reflectln_ pl_n_ de_er_%_atlons that

W", w (5.7)

_ dncohere.& we mea_ [In _q_lo_ with a. incoherent or white light source) that _he r_dlatloa

fTom _ polnh on _he sotwee 11_s v_IshlnKly sm_ll te_p0r_l correla_i0n wlth that from any other

sOt_ee point I _nd its temporal auto cor_elution a_roaehe_ a delta function in tlm_, _ueh llmlti_

processes bein_ t_en in A manner which yields _ finite power output*



J

LhroUF_ou% the frequency range of meaoure_,en_,bu_ we mun_ e_ph_ze _ha_ thln h_potheo|o lu vlthG_t
_I a,alytlc h_n_nl for r_eaouremeniuIn the acoustdc ne_-fleld, I_ in tempting _o oee_ an _n_le

Jun_Iflca_1on for %hio hyp_heolo ba.ed on a camparl.on o£ mean a_u_red preeoure wlth the _calar
_gn1_ude ot In_en.l_yI _u_ we rnuutad_ _h_t auch atte_pt_ _re _et vi'.h_o_der_hle _na_c

d_.£_i_v_._.y£¢_r_iI hu_ the o_r_plem_aou_cea. For exampleI co_er_%_o_ of _he ai_ple _opole and
dipole oo_eo i_ _ee apace _leld

p_(r}"-[!(_)f (_.e)

for all /_eq_encle_, hu_ a slmllar relationship for mare complex 8ource_ ha_ no_ _een _den_Ifle_,
_u_ _hoU[h _r da_a _re very enc_ragln_, ve _u_ e_phulze a_ "._Is_nt _ha_ _.herei_ no flr_
anaiyi_ _a_ for _ear-fleld so_d pove_ ge_ernlna_on_.

With _hl_ preamble_ le_ us nov %t_rn *_o _hs question of dlffere._ce_ hetveen an e_tma_e Of pover
_nd true _cwer, ._qua_lon__,_ _hrough 5,6 _u_e_t _he _allowlng _rtdtlonlr,g of _he error (a_
distinct _ro_ that propoaed by Hubn_r (3J)

_n(kr)-- _-

The ter_ _s ta _ssoci_ed princip_ll_ w_th _he _h_pe of _he _easure_en_ surface relative to _he
tl_e-averags wave.rent _hape, _,ed on _Ygen_ pri_ciple, ve ex_ec_ _h!e ".e.-_ to he nc_Inal_
Independent of the "radl_" of a =ea_e=en_ _ace, at lea_ for _ear_ confor_ _eas_e_en_

surfaces. The _erm _n(hr} i_ a frequer.c_ dependen_ te._ which dl a meas_e Of h_V _he change in w_an
mqu_re pressure due _o i_reading differs fro_ inverse ,quake law. _.hu_, if _he sotl_oe doe_ ]_rodRce
acoustic _ear f_eld, l_ oontrih_io_.s _'i!lOCCUrprin¢lpal_y in _hi_ _e_=,

Fro_ equation 5.1_, the _erm _ is seen _o be alv_y_ grea_er _h_n or equal to 't_d_y. An estdr_te
of the _ni_ude of the _er_ _ (hr_ l_ u_._vadleble a_ _hls _l_e exce_ a_ high frequencies vhere eq,
5,5 l_dicates tha_ l_ a_ym%o_ald¥ a_proaehe_ uni=y.

Un_ll %hls poln_, _hd_ dls_u_ion has ignored _he effee_ of spatial sa_=_llngon the _ea_uremenl

_eault, To consdder d_ e/fec_ we l_r_d_ae a _htr_ e_i_%e _f _o_._d pover defined as

".... ..do,
I-i

vhere 8_ iB the ele_en_ of mea_emen_ _urfaee area n_soci_%ed vd%h %he l_h _eagure_e_% of _e_t_ _q_are
_re_ure, If %h_ mea_ure_en_ i_ de|lgne_ _o _ha_ _he areas Sd are equal, _.he_

Bo • N SI

If_lhdllfo_'Gd_:dl clear lh_I lhe in.s..tof the .pall i _e._pllngshould be to produle an unbiased

e_$1_l_le of lht _ve_ag_ N_5 iqu_red _re_l'_e over _he _ealure_ent ls.L_falO* .mhl.!S%he ex_ecged value
of _'* which reaulta fr¢_ _n U_bia,e_ _a._llng pl_ wdll equal W". Thul we are led go e_eo_ Ih&I
lhe _f_elt of _ol_ iIt_511ng Vill be tO ln*.roduce an t_re_lsion dn %he _ea$1_s_*enI rllher _:h_n a :_e
hle_, FUrther, the nagn£1ude Of lhls i=preelsd_n shoul_ be d_reegly pr_por*.Ior,al do a fu.ncgionof *.he
vc_rla_ce over the _ealt_e_e_t _u_face and lnverl_v _roportional _o a f_ction of the _ber of
uncorrelated _ees_e_ent points ll_ed,

_et_ninB go the da_a in Table 6, we no_e that a31 of Ihe gbove cements are supported in _etail.
Fdrlt con_Ider lhe eo=_arlson begvee_ NF 1 eo=p_red vlth IIF6 vhlch represen_ _he rnsg _en_dglve le_t
of the difference betveen a eonfo._nalversus _ reegangular surface. Above _50 Ilz,NF6 d_ a very
¢onaleIenl 0.9 d_ hlgh with • s_and_rd devi_tion of 0,8 _ or less lh_ou_h nnst of thls range. A
%-_eBI t_ddcaIel gh_% _hia d_fference i_ _!gniflcan_ _t or above the 99; level, Thu_ _e _o_cl_e thag
%he difference begveen _he _rocedUrel l_ sta_d,ticall_ significant vl_.h _he non-conferral _rfaee
producing _he higher egId_Ie_ and %hut %hal the tel_.. _ 1_ grea_.er the_ _l_y _s expected. ._n Figure
10, the da_a for gF1 l_ plo_led versus frequency Including ghe _icrophone dlreegional response
c_rreclion BIlggelted in Seegi_n 2.3. Nere _e lee a trend for the nea_ field so131d po_er eatl_te oh
_he conferral lurface lo e_Ntotlcally a_proaeh lhe fgr field pover _lth l_ereal_ng frequency a.
augmented by eq. 5.6_ bul further, _vlng %oward lower frequencies, %he u_art bias becomes
• t&tl_tleally algnd fdea_ll.
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_'_ltJ8Ve are led _o a e0rollaz"/ e£ the h.ypot.heDls o£ eq, p,'_ 'che.t

_.)e, ) _he excreted val_e Qf a IQ_d _O_er es_l_a%e bAae_ O_ SO__._. preaou_e _easure_en_B IG _re_ter
than or eqtml to the true sou0_ p_er vi_hi,_she l_r_Isaof s_--_1_ngerror for tree fleld over
refle=_ng plane l_easuremen_s.

We also nots _'*"cm the dasa i_ Tshle _ that deere_s_n_ the n_Der of _e_uys=en_ _o_t_on_
_enersi_y does no_ alter the _ean u_vsrd _ias, bu_ _oes _£r,_f_can_ _¢rease she muasurement
_mpree_£on as sugsested by the error =ode_, _h_s ef_ec: l_ e_'_ha_ized _n F_Eure i0_ where She
_vera£e deviation _n_ _t_n_ard dev_ation _a_ of T_ble _ _re plo_sd va n_mber o_ _e_s_r¢_ent
po4_ona for the A-welgh_ed data, One no_ab_e excep_o_ to these _rend_ _ _he result f_r _;F-7
Se_C_QS_O_ _rosedtLre (_ns msSsLtre_.s_t_olnt_, o_e o._e¢¢h o_ f_.:es_de8, o_e aS each of tour
corners, rectangular _lea=u_er.en_ _u_face), Eere, she =e!ec_lcn of meas_Lve_en_ posit_o_3 has b_e!;
Oph_Zed tO P*_i=_ZS bias O_ the average _or the rect_1.gu_r _rf_e, but, Vith the result th_S *.he
Incree_ed nt_,berof meastLremens_clnts R_es _=s s_n_f_oan_ly i_rove she _ree_on of the mea_r¢_,ezt
over _has for f_ve _easurement p_s_tlons (for _hls se_Ple of dat_). From sh_s we must conclude ti;_t

the _ot_d pres_e level a_ she cor_er _osls_,s _Q correlated v_h the ¢s_sr _Qlnts _ _ _vera_e

.._ 0 CONFORMALMEASUREMENTSURFACE
2 --_- RECTANGULARMEASUREMENTSURFACE
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?lS_re i1 A-wel_ted sound paver level deviation vs source _lze

Another possible ty_e of.bias In The _aaure=e_t methodologY Ln syste_tie variation M a
_c_lofi Of r_aohl_e size, Figure _1 8hovs a plo_ O_ devi_ion a_ a f_ction of _chtne 8_ze for _he
_rF-iand :IF-6A-weighted sound paver d_tL, This plo_ indloa%es the% both _u_e_ent metho_ologLes
have a significant _endency _o overe_timate so_d _ower £or smaller _chinea. _*his is l_dJcativ_ of
• be dependence o_ the deviation fro_ True ao_d _over on _easure=ent radius, _owever_ it ia _rob_ble
_. t;he _J.ezophone _n_u_r response probler_ Is a %'_ctor in :hess dec_ na yell, Unfor_late]_'_ :he
dGt_ %'or l_rger =_ohit_ea i_ _oo 8p_rae TO provide acclzz'A_e e_t_l_ea of _rends of dev£_tlon %'or very
l_r_¢ _achines, bu_ eq, _,_ aug_e=_a that bo_h curves vll_ have hori=ontal asy=to_ea a_ or above 0 dB
devl_tion.

5,B. Instr_ntation Accuracy

_ne afialyBis 0%' _eaaure_ent procedure error based on ex_erl_.e_te_ da_a, d_ac_sed above, in
e%'fec_ e_l_a_e_ lnstr_entatio_ error excep_ for _iorophone an_r response: _lnee ve deal o]lly
wi_h dl_ferenoea in levels measured wi_h the ss.'.e eq_i_r_e_t, Errors _e _o bias _'ro_ _e_s_re_or_t
oy_tem delft are miniml:ed wi_h frequent calibration, while h_as fr=_ deteotio_ of =i_ai= tn
ell_n_ted by uslnl_ The s_e sFatem Sn both _eesure_entn, ere. Par _ea_l_'er_llt in _he f_eld
e_virofI_ent however, these oGncel_lcns o*_ error do not occur enc_[_ush he considered in the ea_l_'_te

_'_b%e T provides _ ltat:[_& 0%.pertinent isou_ces o_ ln_t_u_ent error, their s_eci%'let y&l_es %'or
_recll_o_ so_u_d level meter _nd _he range c,_ expected error for presently available equipment,

The largest single source of error la _olerancea on _he A-vei_tin_ response, when that is used,
since w_hh proper _crophone _ize the error due To _n_ule_ re,pease cue be _inl_ed, Co=hieing
_hese error8 le_da _o _ _o_._£ lnatru_ent impreclnion (two e_de_d deviations) on the order o_ 1,_ %o
1,_ eLB for teshs _de over _ small *.e=pereture range _o_ _he te_er_tuye _?. calibr_tion, (For
c_cul_lon8 0%' _otal error we will use a v_ue 0%' 0._ d_ for one s_and_rd deviation (_0_ confidence)
_or _he l_8_ru_en£ error cor_Ponent),

_o
(
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Table 7. In,trument Imprecision (two Standard Devla_Ion,) Associated with
Cc_rcladly Avail_l_ Preclslcn (Type E) Sound Lave! Met_r_

Property S_andari' Limi_ Typical _i=i:s

Level Callbra_ion • 0.2 d_ B_

:at each o_-thlr_
oc%ave ce_r

_equen_Y
A-weighted + i _3 *_i _ _
Ldna_r _o.5 d_ +_0.5 _3

AttenuAtor AccUYa_ I D.5 d_ _*0.5 d_

Ten.rathe S_b_li_y

DeiCe%or Ll_earlty

Cres_ F&ct_r: _ 1.7 __.5"" I ._ _ _ -

An_ular Re_cn_e _m

One inch _rophone _ 2.1%0 -_ _ * 1 "_o-9 S_
On,*half d_ch _/_r=pbone + O.5 _o -_.5

• IEC i_9, _/(SI$1,h - 1971 [12]

f Assure/n8Spectra Simllar to those rm_sured

me For spectra sl_/1_r _O _hose _eas'_reSa_S allowable _t_dard tolerances v_.
Frequency,

5,h, Total Meaeuremen_ Error

The %o%ni izpr_i_d_n isl%he _su_e_n% procedure i_ e_u_l _ _he rr_ _obal of the e._r
¢o_ponen_ whe_ _hey are u_c_rrel_teS,

etot_1 - (e2Me_h + e_inetr * e O_era_cr )

The _etbodolo_ i_pre_|alo_ _p be e_tdr_d from the _t_udar_ dev_%icn of _.he_i_fer_ce
hetwee_ the tw_ _rocedures. II6norln_ _he eon_ibutlon of variance of the far field_easurement_, if

dt ds _ot in fao_ neEllgible, con_rlb_es to :_e the estlm_te more conservative,) The stO-gdard
deviation of the deviation from the f_r field p_0cedure (Si_ D_v.. Table 6) is a nearly tmbi_scS
e_imate of the _tandard deviation (o) of the methodology, a_s_in E tha; the error# _re normally
d/_trlbuted, Exa_dnatlon of the cumulative dlstrihutlcns of the _ta Indlca_e that this normality
a_s_tdon is a reasonable aDpro_imat_on. IIowever,because of the om_ll _.tL_be__ te_ts involved,
the_e is tmcertaln_y _a_oci_hed with th_ estl_te, To be conservative, we choose to estimate the
mebho_lo_/ l_rec|slo, as the upper end of th_ 95_ ¢onfldcn_e in%erval f_r _.

lle_lectingoperator errer, and uiing a value of .7 dB for one s_and_rd deviation of instrument
error, the range in achlev_hle procedVre error for the measurement of A-welght_d _ou:_dfewer level i_

e_t_mabed to be in the range i,i to _.h d_ dependln6 on the m_ber c_ me_sure_.entposltlo,s used, .s
shown in Table 8.

• The fact that the achieved precls£on of 1.5 dB for the II_SPar-Plaid l.!etho_olo_y(se_ Table 6)
(using e hailsheld _o_nd level meter, a_d six measurement polnt_) _Eree_ re_so_bly w_.llwith the
computed %o%ai precision of _he _urveF methods, represents _o_ conflrr_t_on of the pre_i_lon

ena_ysla.
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Tahlo O, EotJm_ted Rohieyahlo _eanure_en_ _rro_ (_ conf_denco) for :_aDuremen_ of
A-weighted _ound po_er level or _ortnb_e a_r ¢or_r0enorD d.n • r_eld _e_
e_v_ro_nt u_l_g a _,_aaur_,,on_ D_r_ac_ I _e_ra fro_ _ho |ot_r_e B_LY_aCO
• :_elu_ing o ,r_or orrort'._}.

Moamurm_nhM_t_odolo _,ethodClo_ In_tr_e_t¢ To_al ProbAbleInter°

deviation) deviation) de'_at _on}

Co_forrno._Surface

Laboratory grad_ .8 ,7 1.1 -.3 _o 1,1
(I _e_uremen_per

Engineer_nB grede 1.5 .7 1.7 -1.6 _o ÷1,2

Survey #fade 2.3 .7 _,_' -i.5 _o ÷_.5
(_ive po_Itlon_)

_eotangularSur _'a_e

L_bor_orygrade .8 .7 1.1 +.6 _o 2.0

_asure_en_; _ur_a_e)

£_$iaeerit_ _rade 2.1 .7 2,2 -2.0 to *2,0
(nice _oultionn)

_rv_v Brade 2.3 .7 2._' -2.0 to +3.8
(_ive po_ition_)

t _|tl_ted fro= data o_ T_ble 6 u_i_ the ex_re,,_on (_ee _=x_ _ect_n _)

o - 1.5_s(T_hle6)

wherei._2 _ the upperi_i_ of the 9_ c_nfldenc_dnterv_ for o/_ bued on S
W£th 16 degrees oT _reedom (lh).

• AHumes _yp_ i _o_I_ Zevel meter (see _ex_, de=tion 6).

'_ Se_reference 13, paraBraph 3.
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6+ CONCLUgtOIi$

The ex_erlmental da:n and analymls prmvlded in :his report support +.he foll_wln_ concluulonu:

(I) An estimate of the "far field" Bo_d power level ou'_put of a ma_hlne _f a _.ype s4._llar tz

the corr_mressors s_ugled can be 5cc%_ra_ly Inferre_ fror:, sound _rc_-e lev_l meas'_remen%3 tak,en
on 5 meRs_reme_t surface Close to :he sotu-ce if:

(_) the me_st_emen_ s_rface confoF_.s to the 5ol_ce shape_

(b) a sufflcle_t number of _e_s_re_.e_t p_si_io_s are _ed consistent with the precise.on

re_ulreme_s of the Ineng_r_men_;

(C] 5 mIcrophon_ is _tillzed which has u_Iform response to sour."., Incld_.nt over any

dlreotions in front of the mlcro_hone over _he frequency r_nge of In_ere_:,

(_) Gm_er_l_y, _he _,ore =eas_re=_._ _olr.ts :ha_ _r_ llsed i_ a so'_,_apower level =eosu_e.T.eo'. "-he

_s pre_.s_ _he val_ of es_i=a_ed SOVLnd ;ow_r,

(3) CC_Slde_Ing _%51 invested _._sure_nt co_'_, i_prec_s_on of :he rest:s, and eas_ of

_.cropho.e pl_ceme.t, _he _g0 Dr_f'_ Pn_ern_dona! S_andard (DIS 3T-_) englneer!n_ method for

_Ottrceo _sln_ a Confor_al S_2faC@ reproser.ts a _st reasonable _al_ce of these factors for

m_kln_ nola_ emleslcn mea_u2emen_s for re_t_iato.-y ptwposes+

(h) FO_ _h_ s_ple of corc_re|sors _es_.ed, _he over_l! _.eag_e._nt pre_Islon lone s_dar. _
d_vi_lon), in the [leld envlror_.en: u_In_ the =e:hodo!oKY of c0n¢l'_icn _ 3), is estlma_ed :c _e

+_1.7 _B (95_ confidence limits _.h _3) ignoring !ns:rt=ent o_era_or error.



T. AC£tO_L_II¢ll

F_ _v_t V_n_, _o_ _ovldt_8 _h_ '_ o-e _ o_ _1_ l_t_ _r_d _l_.l_¢a _n _h_ _¢0_t
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This report describes invesEigations of che accuracy and precision of various
measuremenE me_hodologles for determining _he esEimaEed sound power output of "large"

machines in Ehe free field over a reflecting plane, One purpose Of this Inveetlgatlon
_s co place empirical error bounds on many of che free field measurement procedures
currencly proposed or in use; and in parelcular, compare the results of "near-field" ant
"far-fleld" measurements, The sources used for the investigation included 17 porcable
air compressors of various types (powered by incernal combusoion engines), a "reference'
sound source, and a loudspeaker driven by a pure tone source. The data recorded includ_

sound pressure level (A-weighted, linear, and l/3-octave band) on an 84 point hentspher_
cal array of seven metre radius, and "near-field" measurements, sampled every square
me_re_ on a reccangular surface one metre from the manhlno surface. These data were

reduced _o provide informaEion on che deviation of "near field" sound power deoermina-
Eions from "far-fleld" power level (using subseEs of _he data as appropriate to various
methodologles). The measured data for seventeen sources suggests that che value of a

sound power estimate based on "near-fleld" sound pressure level measuremenOs may he an
upper bound to the soun_ power level estlmaced from far field measurements, subject to
the limlca_ions of sampling error. EstlmaE_s of CoEal achievable measuremen_ error of
A-weighted sound power level of near field deeerminaEions relacive to far field determil

Clone are made for several measuremene meEhodologies, based on Ehe experlmen_al daEa.

J;'. KEY %_'ORIL_ (_i_ tn Iwt.lve entries; _lph_lbehcal order, cap_t_hZe only _ tir..t lelt_'t of ¢h_ Iir_t key L_ard gnl¢.m a proper

..me;.¢pa_ledby_,coIon.lAir compressors; error of sound power measurement; noise;

noise measuremenE_ sound power level; standard Eest procedures for sound power
meesuremenc.
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