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AaSTRAGT

An a ront_ic of l_he promuZBa_ior* of occupal_iona], nc_i_a expoouro roSulal_on_ by _he Federal 8OVelr_mQntj

the_a a_'a a nul_bol- of co_mol_clal _o_Re expoBure m_ers on th_ ma_kelc today _hat pt+ovld0 a mea_uro of

_ ov_lun_iou of _uch _11_ume_l:i_ by _ho _a_*on_L _re_lu o_ S_:anda_*dB {undor _ho _ponBorlhip Of _he lJ, _,
F.r*vlrorm_ental Prot_cl;_oll ASellCy } _B l:o l:ha_*r UBe_UIII_B _n _o_*_or_rl 8 comp_£_nco _Lth ac_upa_io_al

nQiae rQguLal_£on8 _ well a_ l_h_r l*ppL_cabi1_i;_ aa i_n_ruman_B _o_* uae in _chL_vin_ l_he broador Boala
oJ_ l_h_ _PA, Te_iCll wu_e dea_*Brxod _l_d conducl_d to @vaLuat_ mlcrophone or_ _y_q_ _oBponlle I_o _ound o_

random i_id_n_a I _oquenc_ _eBpo_ creB_ f_¢to_ capnbil_*l_y, _c*iracy of _ho ex_h_x1_o raic_ c_*r_Ic_y,
p_rfo_n_q_co o_ th_ n_£Bo oxpoau_o m0_e_r aB a function of _omporatur_, and i_ho d_pe_denco a_ tho devlco o11

ba_y vo_l:a_o, Th_ r_*i_Lona_o of i_h*_ _ooI_ p_oc_dureB u_.llzed _o cvalua_o ovoraIL oy_l_¢_ _ W011 au
_e_£_c p_rfo*'ma_c_ _l_rSbut_a, dota£_ a_ 1:11o me_u_omo_: l:ochn£queB, and _est_1_ ob_alnod _re d_acuBsed.
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EVALUATION OF CO_ffl_lICIAb INTE_TING-TYP_ NOZS_ _KPOSUPJ_. HETERS

by

HlllL_m A. I_e_la_re_ J_._ Rozlllld L. Flshl!r. lind _l_yLlyn A. clLllof_

l* INTffODUCTZON

A_ p_r_ of lt_ preuent _ILJ all_[cLp_ud r_s]_an_LbL|L[y for iiiollLtor|n_ lLn_ coll_rolllzlg n_LN_ _h_
_viro_munt_ P_toc_L_n _fi_ncy. O_f_¢_ of NoLle Ablltem_n_ _nd Co_ro|j IL_ _ _eed to dev_|_p _nd d[i-
semina_e tuc_ln[c_| l_f_r_t_o_ an th_ _uveL_ _nd dLIrlLLLon_ _ n_Lso [o _h_h lndiv_dLJ_]_ _r_ dl_c_[y

_xpoged.

Ac_ _nd _hu Co_| _[_ SlLf_ty Ac_ set _Lnite ]_IL_ on _he n_l_0 _xp_eure of work_ dll_Ln_ tl_e_r _-

hear_n_ damage.

Cxpos_ _o_ _ar_ env_ro_ment_ _h_¢ h_v_ A-_eL_lLt_d_noLse ]eve|_ _ 90 dB o_ hlfih_r. The co_ventLon_|

Ch_ _o_e *_do_ I_ _o _hich _ wo_F _ be_n e_po_ed _s _ d_b_hl_ qo_o_. _o_ Constant na|B_ _ou_¢_

¢omputu on a¢_u_t_ d_£_y nolle _xpo_re. T_L_ ml!_emeEl_ _pp_o_c_ _ _pen_lve a_d tLme-¢on_umLn_ a_d
_ _n_r_[ly _n_¢cu_nte due _o th_ _pp_oxLm_ns _n th_ _me-_d-mo_lon _tudy that p_¢_LcalLty dLct_s*

Th_ p_o_ulfi_Lon of occupational n_L_ _xpo_ure _egolatlon_ by the F_de£_l fiov_rnment _s _su_Le_
l_ _ p_[_F_on On thu _k_ of n_ mou_d |_vo_ meters _d I ¢o _ [_ o_t_n_ _o_s_ o_pa_o_e _¢_r_
o£ doa_me_rs_ whLch prov_e a me,sore _l _oL_e I_ve| L_to_r_d_ ui_h approp_Late w_ght|n_j ov_ _ _Lm_
|_t_Fva_. B_c_u_ o_ th_ _o_lv_o_ for production _ _h_ d_v_©u_ m_s_ Of t_om no_ b_lrl_ _a¢_ured
cover only thu _an_o f_om 90 to 115 d_.

meters. Fo_ thi_ reason I the N_Lon_| _u_o_o o_ $_a_rd_ I under _h_ a_on_or_hlp o_ the _nv_ronamn_

m_tQrs -- both acoug_Lc_]ly _ e|ec_rlca|_y -- _s to _]leir uHe_u_ne_ _n mon_torLn_ compl|_nco W_th _]le
O_HA no_ge expogor_ _eKu_|on_ a_d/or ¢_¢yLng ou_ Lbo b_oa_er K_|_ o_ EPA D _nc_u.JLn_ de_ermLna_£o_ o_
the _v_ra&_ Lnd_v[du_[ da_ly _oLl_ _xp_s_re o_ per_nl Ln _fe_ livln_ p_rn_.

2. PONC_:LO_AL OP_R_ION OF NOIS_ E_OSOP_ H_TgR$

Section _910.95_ Occup_tLon_ N_Lso _xpo_ura I of the U. _. Department oE Labor Occup_Lon_l $afuty
and Ileal_h $ta_d_rdl (F_der_l RegL_er_ Fa_ I_t Vol* 37_ N_. 202_ October 181 1972) Lnclu_es the

_(_} P_otec_Lon _Lnst the ef_ct_ oE _o_6a uxpolbre _ha_! be provided _hel_ _he _o_nd
_vo_s exceed tho_u sbo_n Ln T_b|_ G-16 _hen mea_ur©d an the A scale of a s_andard

(b) (1) When e_p_oyeea _ro _ubJe_t_ to _ound excee_|n_ _ho_ l_ted _ Table G-[6_
_s_b|_ admLnL_tratLve o¢ eng_o_|n 8 ¢ontro_a _ha[_ be ut_lLzed. _ _uch ¢on_rol_

_ail to reduce _o_nd _ev_[s _thLn _ho _ve]_ of Tabl_ C-16_ personal prat_cLLve
equLp_ent _ball be prav_ded _nd u_ed to reduce _ou_d lew_ _LthLn _he lovels o_
_he table.

_2) If t_l¢ v_r_a_o_a _n _o_e levol L_v_ve _xLin_ at _n_erva_a Of I s_con_ Or |_ss_
It la _o bu considered ¢onE|_uou_.

(3) _ a_l ca_es _ber_ _he _ound _ewls exceed the valuus _o_n h_rein_ _ ¢ontLnuLng_
e_ec_lv_ b_a_g con_va_Lo_ p_o_ram _h_l be admin_s_rod_

...... i
z !
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TABLE G-lfi PEJ_ISSIBI, E NOISE EXrOSURSS l

5,1und iev_l dRA slou

Duratinll per day_ houru response

8..,,,.,,,,,.........,,,,....,.,.,,,..,. 90

6.,** ..... _*....,,,.,*,....,,,.,**,*.,., 92

6,,..,,,.,,,.,,,,..°,.,,.,,**..,,,,,**.. 95

3,,,**.,.,,*,.,,,.,...,...,,.,.,****.,,, 97
2 ...................... * ........... , .... 100

1 1/2...., ................... * .......... 102 #
1...* ................................... 105
1/2 ...... * .............................. lie
1/4 or lee_ ............................. lie

1When the daily nois_ exposure Is composed of two or mere periods of noise uxposura of
ddfferenc |evel_j their combined e££ect should be considered, rs_her than _ho individual
effect of each, If the _um af the follouin_ frac¢lons: _I/TI + ¢5/T2 + ... Cn/Tn ezceed_

u_lty s thQ_, thQ mixed exposure _hould be cnfisIdered to excL._ _ limit value. Cn

indicates the to_ai time of exposure at a spectEled _oise levodp and Tit lndica_es [he
total time of exposur_ phrmitLed st that level.

Exposure to l_pulsivo or Impac_ noise _hosld _ot _xcesd 140 dB peak sound presuura
level."

The permitted durnt£ons_ T, shaun In the above table san be described by the formul_

E

- 9o)15 (I_
2(Leq

_here c is expressed in hours and Leq is _he equivalent nols_ lovml, e_preasud In doctbolg re 20_PA,

_n Bener_l, tee equtvalen¢ noise leved of a clme-v_ryin_ _l_nai _f duration _ ds

Leq = 10 lOglO[_f_ (lO_/lO) 3In dt hI3 (2)

wber_ L is the Clme-vary£_ _oond loyal _d n def|_ss an exchange rate between noise laved and time. For

dnetr_ents _aln5 energy equivalence_ n _ 3, correapond_n8 to s rate o_ 5.01 decibels per daubllnB of
_Ime. Present U, S* hearing conse_atlou regulatlons (_abie Gale ar_Jsq. (I)) use an exchanEe ra_e of
n = 4,98, corresp_ndin_ _o s rate of 5 decibels per doubling of ti_,

The equivalent du_acton of time-varying signal of acCual dura[lo_ T Is

T 3In

_bere L r is _he r_tlng sound level, _/ For OSIIA regulations, L r - 90 d_,

T_S perce_t of a_lo_able salsa exposure is

P_ • i00 _r

The at a bet sen e_s, (2) and is ohsarvtn_ _h_c (lOL/lO) 3/n - (loL/lO) _/4"98
c_0.__o_,_. _h_5,. (_) .... _y

2
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wbere r r Is the rating duration. Suhatlcuting the OSI_ raring duratlon of 8 br. the rating aound level
of 90 d_. and n _ 4.98. thLs becomes

Pg - 12.5 O(b°90)ll dt
0

(5)T

• 12.5/ 2 (L'90)15 dt• O

Tbu_ if k equals 90 dB. one will nequlre 12.5% of the allewable noise exposure during each hour exposed
I snd the total allowable exposure in 8 hours, If h equals 95 dB_ 25_ is acquired each bout so _bat only

foul bour_ of sxposure are permitted.

All of the U, g.omadu _ersonal lntegra_in6-type noise ¢!xposure maters investigated purported _o
measure the quantity defined in eq, (5). BecatJse of the uordlng of present Federal regulations the
devices intentionally do no_ lnclud0 levels below 90 dB in tho Integration. In nddl_ion to measuring
percentage of allowable noisy exposure, name of the devlee_ provide s means of indicating whether or not
the unund level exceeded ii5 dB during the measurement Interv_l.

There has been some amblflulty as to _he interpretattan of Tablo g-16 tn the Os}_ regulaclon,. One
s_atlonary (non-wearahlv) integral/at noise exposure meter did not follow eq* (5) but. rather_ lollownd

the _teps in Table G=16. That lu. the percent of allowable exposure was compu[ed from

p_ . 100_ "_ cq (6)
Tn

n

whore Cn indicates the total time of exposure tna _peclfled range of noi.e level _nd Tn indicates the
total _ime of exposure pe_itced at tba_ level, Thus TI _ g hr corresponds to levels In the range 90-
92 dg_ T2 • 6 hr corresponds to 92-95 de, ate,

Some deviser did not measure notJu exposure, The .lmpleat of these caused a warning light to be
turned on uhen the noise level exceeded a particular value* Onu duvlee me_aured the total time that
a particular noise level was exceeded, One device wof European manufacture I did not provide information
compaclble _Ith 05HF. regulatlon_. _u:h devices _re not Included In thi_ r0port.

gasleaily, a n_lsa exposure _etar consists of _wo pa_ts: a sound level _terl_g _ectlon and an
lntagratlng aeolian, A block diagram sbowl_g the principal of operation for a _ypical dosimeter l_
abeam _n Figure 1, A micrOphOne (mos_ devices utilize an omnidirectional ceramic _le_ophona) _enses the
#ound Wessure earl the output Is fed Into an A-weighting filter wbteb approprlataly at_enuate_ the
_Igflal, Tile slgnal la theft detected and averaged to provide an ou_pu_ hopefully eq_Iv_legt _o the rm_
g=w_Ighted slow respo_ao v_lue that would be read on a _ound level _er.

The outpu_ of the sound level maturing section is then fed ln_o _n integrator sac_lo_ which performs
the integration Indicated in eq, (5), The output of the e_penenc eirculg (_ voltage) is _yptcally

converted to a frequency (pul_es), or in the case of the devices _hat utilize an electrochemical
memory cell, to a current* The pul#e count is accumulated, then mnn/tored and _ben n given percent of
_he allowable e_po_ure is reached -o for vxample, on_°tenth of one percent -° _ signal is _e.g CO ¢he
counter and the readout d_eplay registers one-tenth percent, i

In addition, mo_ devlee_ have a detector _hicb monitors th0 signal for A-weighted noise.in excess !
of lh5 dB* If such a noise Is de_eeced_ an electronic latch ts gripped. The latch is attached to an
Indicating llghg and by clo_lng the ctreuLC w_th a _eat button, l_s status can be chucked.

l* DESCRIPTION OF TESI'S !;

_ho primary goal of _hls progr_mwas _be evaloaclon of commercial noise exposure meceru as Co _[l_lr
applicability as _n_r_ent_ for use in achlevl._ the broader goals of EPA rather than their usefulness
in mon£tordn_ compliance with occupational nol_e regulations, Therefore_ _he s_udy included testing

- of specific _erfor_ance attributes in addition to overall sFstoms tes¢_, Well-defined electrical and
_COUSCtCal signals wer_ provided fo each d_vl_e _nd _be _esponB_ of _be lnstrumen_ Wa$ co_pared with the
known 1spun. It wa_ fain that the follo_ing factors required attention:



I } MrCROPHONE

I
I I A-WEIGHTING NETWORK

SQUARING CIRCUIT

AVERAGINGCIRCUIT

r

COMPARATOR I J COMPARATOR

r_ EXPONENT CIRCUIT

OVER ll5de

I I LIGHT / (EXCHANGE RATE}
INTEGRATION/DISPLAY

r I RE.= 12.5_0T 2 { L°9OI/Bdf

F_Sure L, _lock dlnlir_ showlng _hv prlnclple o£ opera_lort for a typlc_1 noise axposuro muter.

Acoustical Bvaluaeion

- microphone r_eponso to sound of random lncLdunce

- errors or uncertainties due to r_flecc/on_ difLractton, and absorption effects arising from usv
conditions

- overall sysKem respon_o to sound of random incidence

Electrical Evaluation

- frequency response,

- do,actor characteristics (l,e., how Cru_ _S rms reallonse?)

- dynamic response for time varying =lgnale

- dynamic ra_tga (lncludin8 lnl:_rnal no_ee and dls_or_lon)

- nature and accuracy of time integration

Overall Evaluation

- appropriatene_s el quan_t_y meaRured

- ¢onven£ence of use

- ease and accuracy of cnllbratlon

* sensitivity _o environment

- durability

4



It would have been prohit)+.tiwly expenaiv+' and _imn cofl_ln_n_ _o co_dtJct dt!_+_[clJ cll_tbl-,lL_orl++ find
[)hys[clil te,_+.s to ev+ll_Jatt! +11| of _h0 qulLitcLtLes |isled _lbclv_. 'rhur++_or_, the m_llaCtLll+t!+l'ls ll_$_rLic_

tlol_ ma._ilil tir+d wl_'_.ng dJagrama wet-t+ c_lydftJlly _cudl_d CO utLsuz+e thllL che op_ratl011 i+_ th0 devlc_ ,+,+_s

[ulLy uLlderatood and that tes_ sLgnals wcr_ applLed iitLd aanl[lled at appropriate [oca_L0ns. Or+ this
bJL_i._ _re_'ully _el+_ct_d to3t_ w_l'_ ¢_l_+_+|_d o_t to yield L]le I_+1_ ll_porcanc ln[ormaLlon _'egarc_l_g Ch<_

per_0rmanc_ o_ _ach nol+l,_ _xpo_lli'_ meLur, 'r]10 _ol|o_hlg a+_cc+_0na conL_ll+ll decalled tleacrlptL+_ _f Lhe

var_oua C4_st_ .. b_ b acoLt++L[¢l]l alld electrical o. which we_'l_ per_ol+,_ud,

3.1, Acou++l+Lcal +fe_cs

ACa_l,!l_4+cal I:_}+c_+ wo_e pt_rfc+_-mt_{I l_ a 4_ _1] +C_verbeTaLlo n chamber, ito_" A._lg{Lted._oun_ ]+Jv_l+l _t

and below lOO dB, the Input signal was hroad-band noise .hap_d to be "plnk"_/ from 50 kl]g go 10 k[lz,

Above 100 dB an octave hand of pink noise centered at L kllz was utLlizcd,

Microphone and speaker placcmelxr _*a woll as tile signal g_neration a:ld data retrieval aystc,_ utilized

for acoustical ccsta are sha_n ta FtgtlrQ 2.

NOISE SPECTRUM THREE

GENERATOR SHAPER AMPLIFIERS

To THREE _
SPEAKERS 7P/ "_°_3 MICROPHONE

REVERBERATIONI 5

CHAMBERI _ J I

I I:
MICROPHONE

TELETYPE COMPUTERREAL-TIM
ANALYZER

Figure 2. Mock dlagra_ of equLpme_ uaed _or *._rlc reutu _ a reverberation chamber'.

2_/ °pink" nolua la whLte noLa¢ paased through a he=work which wuLghta at -3 dB par octave.

5
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_nulldpre_6urd levels weru m_asured 0sing 0 oae-iflcbcondenser microphone.

For all Lest_ the vanes in tltucbamber were rotated at 5 r*p*m, to promote dlffuseness of the sound
field.

.. Hioraphone Calibration

During microphone callb_aKion the re_erence micropbnne waa located Illposition i (see Figure 2)
and noise egpmsure me_ar microphoae_ (test inleraphones) occupied tile remaining six positions on tile
circumference af _ two-foot diameter circle surrnunding tile standard microphone. All microphones were
located five feet above the fleer.

The noise exposure mater microphonea had been removed from tile d_vic_s. Care was taken to main-
tain microphnne cable length. Tile signal from each test microphone was fed into s preamplifier and
then |ate a one-third octavo band real-time analyzer.

The seund level of the pink noise was ad_sted to read 100 dB on the A scal_ of the real-time
analyzer, Other sound levels were utilized to chech the linearlty of Lll_ microphones over the range
of interest (90-tlS d_).

Once the response of the m_asurin B system -- reference nlicropho0_t preamplifiers and real-t/me
analyzer -- had been act utilizing a pisconphone and the sound field eatnbllahed, the calibration was
placed IladeF computer control. Tile one-third octave band correction values based on eleseroatatic
actuator calibration of the reference microphone were _tered in tile computer. The computer wal pro-
grawaad auzh that signals from Lhe reference microphone were interrogated 120 _econds (approximately
6 time constants in the slew.random mode of tile real-rime analyzer) after tbc onset of the anund

fields. Addition of tile correction values and the responaa of the reference microphone to the sound
field resulted in the eatabllshment of the desired one-third octave band sound pressure levels in tile
room, In seqtl_OCe each of the teat microphones were interrogated in a _lmllar manner. Using those
doll% the computer calculated thd response of each test microphone.

b. System Responae

For system respoilsetosLin_s th_ microphone of uach noise exposure meter was positlaned Olltlte
circumference of a two-foot dlamater clrcle which surrounded the reference microphone. All mlcrophoaes

were located five feet above _he floor. The response ef the mes_uring system was s.lt wi_h a pistonplloae
(124 dB at 250 Ilz), the desired so.nd field was established, and the sound field was turned off. once
all of t[l_ noise exposur_ meters were _urned on and zeroedt the _ound field wal turned on. d_ the

e_tablished level, for a time equivalent to 75% of the purtntasibla noise exposure under OSIIA regulations,
This was chosen rather than 100% slime a_e device would not indicate overranglBg above 100%. Upon
completion of the appropriate time period, as monitored by a stop watch, th0 sound field was turned off
and the noise exposure meter readings were recorded* This procedure was utilized for sound fields of
92, 95, lO0, 105, 110 and ItS dh.

3,2. _lectricaI Tests

In this section, descriptions are given of tile varioas tests which werd carried out to detor_lns

specific attributes of device performance.

For rheas tests an electrical signal was inserted in serial with the microphone. A signal
generator with a low output impedance, compared to the impedance of tile _icrophone, waa used tO onstlre
that the total input impedance to the electronics wa_ a_santlally the name as in normal usage,

In principle_ all of these tests could be perforn_d u_lng the readout device provided with the noise
exposure meter. Ilowevert because of the large quantity of data being acquired this would have been
prohibi_ively time-consuming. Accordingly, for one af tile test_ (see 3.2.a.),voltage measurements ware
made at an Internal point in the instrument. For o_her tests, direct measura_ants ware made of the
period of the pulse train which advanced the counter (mechanical or electronic) lrt the noise exposure
meter, In many cases, o fairly high frequency pulse train was available (with a dividing circuit to
produce a lower frequency signal to actuate the counter) so that the time to obtain a datum point was
reduced from possibly hours to the few seconds needed for the system to stabilize after changing the
input signal.

a, Frequency Poauponse

The frequency response was measured by injecting a sine wsve voltage in series with the microphone
and then megsuring the voltage at the output of the A-weighting network while the frequency of _he teat
signal wa_ _wept over the frequency range from 20 llz to 20 kllz, _ha frequency response was r_corded
directly on a graphic level recorder which haa its paper speed synchronized with the oscillator sweep
apaed.
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T[t_ frequency re6pofiso of the electrontc_ WZla combined wLu]l LhnC at The infcroph:Jn_ (so._ 3.l.a.).
to obtain th_ overall lrequeglcy r_ponse rurveu s[tnt2n in SecLitln 4.

b. Crest Factor Capability

A pulBed _;lrl_ t_uve w._s pre_e_t_d ¢o the i_o[_e exposure meter VLs _he vaiL.lie insertion Lt_ehnique to
obeain a meltnurement el eht2 cr_a_ fac_er handling capability. The cres_ _ctor of _ signal Iu defined

n_ the rnLlo of peak signnl v_luu co ymB (ro_tL-ln_;irl-_qusre) value. [c i_J lnlp_rtan_ to consider b_cnu_
many Industrial nolu_a have a high crest f_lecor.

The poised sine wave cnnststed of it I k)l= sine wzlve gated by a poise train wlLh _ freqtleney of 100
llz (period • lO.O ms) and an adjustable pulse duration. By changlng the pulse duration frnm full-on

co a very shore puisQ (t2.5 ms), the crest lacier was increased from 1.414 (sine wave) to 4.0. As the

pulse duration was decreased= ghe pulse araplJ.tude t#af; increased In order to maintain o constartt rms

• voltage. The _.ma voleage levels applied uere those corresponding to the 114 d8 and 95 dB l_vels for ¢he

individual noise exposure meters.

_he equLpmen_ a_up is sho_n in Pigure 3. Tile gaging of the sine nave was acect_pitsh_d using an

analog multiplier. A precision a¢ voltznater (accurate for signals having _ cruet factor up to lO)

t_J8 used to taeasure the rms Va_tte Of the pul_ed alll¢ nave. An oscilloscope _as used to m_aaure peak
values. The response of LIaR n_ise uxpo_urtl meeer was deLermin._J uit[io_ by _easurizlg the p_riod of _he
pltl_e trallt uhLch actuated the counter or by using the ;retool reado_g Irom the noise exposure meter.

SINE WAVE _ t PULSE
OSCILLATOR GENERATOR

/_ ANALOG

MULT PL ER

TRUE RMS t

VOLTMETER

1 . , Q OSC'LLOSCOpE

,I t
t I__.__ TEPPEo[

ATTENUATOR

. L ._

_L
_ D;GITAL

COUNTER

I I ,oN o--OUT
MICROPHONE

NOISE EXPOSURE
METER

Figure 3. Block diagram of the eqgtpmenc _sed _or ores= fae_o_ measuremen¢_*
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C. Exchange Rate

Using the voltage lns_rtisn tEehnlquo_ _ 1 kffz sins wave was injected fn series with the microphone
and the responau of tile nol_u exposure _eter otmereed (either directly or hy observing tim ln_ernal pulse
Eraln) as the vni_age w_s varied over a range entre.pen(Hag appraxlr0atoly to a smmd level of 00 Eo I]5
dB,

The data -- hours for I00% exposure vs. the inpu_ voltage level (l,u, tvel, the loRarlthm of valLsge)

-- Were plotted and a stradgh_ line was dra_n through the central portioB (malh trend) of the data, The
voltage corresponding to an allowable exposure tlml_ of 0,25 hr was then read from this carve. Ualng

_hia voltage In an _xpr_ss£on a_alogou_ to eqs, (d) and (S) In Sec_lnn 2, ealeLllaLlons were made of ttle
percent of nllowsbl_ noise exposure wlli_ll tile device weald be _xpeeted to read for each test eel[age
provided It were functioning perfectly. Tile observed readings (actnal da_a paints) rare then rntioEd to

the calculated expected readings, In effect, this preeednre compares _hc response of the device a_ any
teat volt_ge to the response whlcb Would h_ expected if tile device (1) were fu_cEionin R perfectly aLa

voltage correapondJng to a noise level _f 115 dn and (2) bad exactly Ehe correct exchange rate of §
declbel_ for a doubling of exposllra timu.

d* Temperatur_ Respon_

_lnce personal noise exposure m_Eers _y he used in occupations where temperature extremes scour,

limited measurements were made of performance am a funetlo_ OY temperature.

A i kllz _Ignal was injected In serie_ wlth the mlcrophon_ and the output of the noise expouuru

meter measured Yt_h the device ac room temperature (2_'0), in a small oveu at gS_I'C, and in a refrigera-
tor at 0_1"C. The 5nsErumencs were allowed to reach thermal equllibrh_m before data were taken.

e, Battery Voltage

Personal integrating noise exposure _e_ers are batLery operated and during normal usage rile ba_ery
voltage will decrease. To de,ermine the dependence of the dosimeter on battery voltage, _n adjustable
dc power supply was substituted far the internal hat_ery. Tile voltage _as adjusted over a wide range
appropriate for _he battery type (In a speelfl_ voltage range fitven h y the manufacturer) _hlle injecting
a i k[IZ signnl in aeries with the _lerophone, Thu_ Lhu performance of the Instrument was determined as

funcElon of supply voitaRe. HOS_ of _he devices had s voltage regulator and a ha_er y check feature
_o Indlcst_ when ehe h_tery voltage w_s too low for proper operation. _llen thes_ fea_urefi were function-
ing paoperly, the tes_s indicated tiler low battery voltage would noc result i_ erroneous _ensurements

unless the ba_tery was sufflclen_ly discharged to deactivate the battery check indicator. For one
dnstrumen¢_ however, readings of s_ise exposure were found _o be significantly in error before the
battery chock Indicator revealed s problem. For this instrument the performance Is reported a_ _he
voltage which deactivated _he battery check indicator,

_,3, General Observatlonl_

In addition to E11e specific aeoue_dcal and eIeetrlcal test_ described ahove_ observations were made

relative to the convenience of use and CO factors which could lead to maincen_nee or operational difficul-
ties* Tlle_ ohsetvatlons are listed In Section 4 for each ln_trsmen_ vv_luated,

g. hgSi_TS OF TEST

In thls Section* resul_s are given for the tu_k_ described In Section g. The tes_ samples included

the following cov_¢rcial _oise exposure meters: Columbia models 101 and 104, huponct General Radio _odels
19_4 and i_4_, lH, Ques_ M-6, a_d Tracoustles. Uttlesa otherwise Indicated. _wo samples of each _odel

were tes_ed, All of the models tested wero purchased between Herch and P_y, 19721 thervfare, preaenc
models may _oc be identical _o those CeSE_ due tO po_slble modlfXcat$ons by the manufacturer.

P_r_oBaI (_earahle) l_Struments

4.1, Hodel A

_.1.i, Acoustical Tests

a. Microphone Calibration

The rela_dv_ response of tJlami_rophoaa based on O dB _esponse aEI kR_, la shown as a function of
frequency in Figure d*l-1, Testa over the r_nge of A-weighted-sound levels from 90 to 115 dB indicated
uo problems with linearl_y,

h. System Response

Tile overa_ performance of the noise exposure me_er, when placed in a random, diffuse sound fleld
as described in S_¢_10n 3,1.h*,is abowB In Figure g*l-2, The response w_s measured relative to a

8



c_|[hrs_ed coffdeQa_tr miccophone and me_suremeff_ system, Th_ Cro_s-h_tchud rog_o_ Indicates ¢]1c uULIm_ted
uncertainty (95 per_enL confidenc_ limits) £n _h(i [ev_l of LIfe sound field In which the noise exposurn
me_er was te_ed,

J ] J i r I I I I

20 -- MODEL A

" _ Io-
0

_ o-
W

o SAMPLE I i

SAMPLE 2

-20 "_r i i i F I I f
O,I 1,0 I_O

FREQUENC% kHz

Figure 4.1-1, R_la_ive frequency response of microphone,

I I I I I I

l_O - _ODEL A

_ 0
¢ 120

\\\\\\\\\\\.\\\\\\\\\\\\'

*ol °° 1o SAMPLE I &

6 A SAMPLE 2

I I I ] I t
90 95 IOO IO5 110 115

A-WEIGHTED SDUND LEVEL, dg re 20_Po

Fl_ure 4,1-2. Response of hOLed exposure _cer, raise/re _o expected responue

when placed in a field of pink novae (sos _cxc) a_ A*uetghced-
sound levels from 92 to 115 d_,

4.1.2. _lec C_lc_l _ses

s* y_oquo_cy _spo_se

_e combined frequency response of the mtcrophone_ the lnpu¢ ampl/fter_ _ _he A-wetghCln_ neCwork_

as _eaeured a_ EII_ ouepu¢ of the A=weigh_ln_ network= L_ show_ 1_ PLsure 4.1-3,
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120 -- MODEL A

p-
z
bJ

i00
I1:

_ OllSde --
A A 95dR
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bJ
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_j 60-- d --
>

.J
bJ
cc 40_

O
i

a01 f I [ I !
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CREST FACTOR

Figure 4.1-4. Response of noise exposure murat, normallz_d to IOO_ _or
n _{ine w._ve inpuE, lid _ _unctlon ol_ cr_a_ _ac_o_.

{
140 -- L MODEL A

Z
o= - ?o

120 -- I
o. I

o o o o o eoooo_o o100

u ,, =3 o_ A
¢ -- A A

u A &AL%A_ "_"",i 0 A
->80 _ A

_, 25d8 o --
= I o SAMPLE Io;

60-- I & SAMPLE 2 o
I
I

Figure 4.1"5. ReIsLIV_ z'_apons0 of tlel_u oxposur_ meter to _n _lcctrical alKnai
covering a rarlge of _pproxima_ely 25 dB, See text for meth0_ of
rtotlna]Izn _io_.

_,I,3, C_nefal Observations

u. This :_nstrumen_ did no_ appear co have a voltage i=&nlacor.

b. TII_ microphone ahlL_ld lnad was _oldorod co c#*= caa_ hinge _nd relic4 o. elec¢riclll conduc¢io.
f_om one side OE the hlnge tO th_ oth_r.
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Fersnnal (Naarable) Instruments

4.2, }todel g

Two _aml>les wor_ purch0sed but te_t_ ar_ reported for osly one since the _tg_r war fotmd to be
d_foctivu.

4.2.1. Acoustical TosLf

a. Hlcrnphona Calibration

Tim relative re_Jpense of Lh_ mltrophoneDbafed on O dB re_ponfe at I hgz I ia sho_n as _ function of

frequent y In Figure 4.2-1. Teats over the range of A-weighted-found le_alf from _g to 115 dg |ndicaLed

nn problemG with lln_arit y.

b. System Rospons_

The overall p_rformance al the holes exposure meter, when plac_d _n a random, diffuse sound field

as described in Section 3.1.b. plu rheim In Figure 4.2-2. The refponse wa_ measured relative to a eali-
Ilrac_d condenB_r _ltrophone and _e_urem_oL system. The craGs-hatched _egioo lndic_t_ the _lr_ted

uneartalnty (95 percent confidence limits) in the level of the so_md field in _hlch the nei_ exposure
met_r waft co,ted.

2C MODEL 8

t_

iO L
uff

$

¢_ o--_

J
W

--20 -- --

t I I l I I I I
O.I I.O IO,0

FREOUENC__Ht

Figure 4,2-d, gel=tire frequency response of microphone.

4.2.2. Electrical Test_

a. Frequent y goaponse

The combined frequency response oE the microphone, the lope= _mplifier. and the A-uelghting network_
as measuro_ st the output of tho A-weighting network= is sheen to Figure 4.2-3. The rmnufao_uror oE

thLa instrument has notified RdS that they have'modified the design co improve the high treqtmncy per_oro
mflnc_.

b, Croat Factor CapahlZ_ty

The response of the noise exposure meter, normalized to LOOZ lot a cre_t factor of i,_14 (s/no wave),
Is aho_ in Figure _.2-4.as a function of th_ crest factor (ratlo of peak voltage to rras voltage) of the
teat signal

12



I _ [ I I I |

140-- MODEL B
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t_
O=
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,oo ,o x,\\\\\\-,, .\ \.\-,,.\\
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I I I I I I
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A-WEIGHTEDSOUNOLEVEL,dB re 20 _Po

Figure 4.2-2, Response of notae exposu_a _ter, relaEtve to cxpecEed rvsponaa,
_hen placed in z_ fLuL[ of ptok naI6u (ua_ text) at A-wuLghted-_ound
levels fro= 92 to 115 dB*

MODEL B,o- LNCORRE,

_-I0 --

._-ao - /_//,,

__ /y/m -30 -

' S/gE INS
-40 --

-50 } 1 t I [ I ]
0.1 I,O I0.0

j FREQUENCY,kHz
: Figure 4.2-3. Relative co,_bL_,_ £r_q_Lenoy r_pohHo o£ mLcrophona p_UA electronics.
[ Tha daahed curves indicat_ t]l. allow_Lhie ruBpon_e level l_ics for a

Type 2 sound level me_er as specified in AeericalL N_tional Standard
! Specifications for Sound Luvul Haters, $1.4-1971.

" ' ! 13

[

l i



I I I I L
120 _- MODEL O

_ - o
IDafc O
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A
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>
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J
bJ
m 4C -- A 95 dB __

20 I I I I I
I 2 3 4 5

CREST FACTOR

FiRL=rc 4,2-_, R_spon_e of n_Ise exposure meter normalized

oft° crestl00%f_actnr,_ a sln_ _aw L*lput, as a function

c. ExchggP_e ]{ate

The response of the noise _xp_¢ttn _'*P. ItoI1na|1*'.ed to IO07. at a durariofi of 0,25 hoor_, relat_v_

to the response of an _nstr_ment with an u*_l_nnge t,_te of exactly 5 decibels p_r doubling of time Is
shown in Figure 4,2-5, Tb¢ importartE thln_ to conslder here i_ wheLbeC or not the d0ta pointa define

a flat curve over a range of at l_nst 25 dB. Deviations fror,i _f,_tneas _tt on_ elld of Che 25 dB range
showt_ could h_ compensated for, by f_ain _JJuetments t {E the curve i_ fl_c over a total of at _ea_t 25 dB.
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I

Figure _.2-g. ltelatlv*_ re,pon_e off _iae _po_ux'a meter to an electrical
sl_r, al covorilt_ a l"at3ge of approx{mately 25 dO. Se'J t_xl:
for method Og normaI/zatlon,



d, Tcmpet-a t ere Range

The r_spafl_ of the noise uxpoHure meter, _lt h|gh nn_ low ten+puratur_, rn_nc(vu to ]00_ _'_pons_

lit 24°C+ was ['o_Nl[ Lo he:

5"C 102%

45"C 99%

e. Battery Vol cage

Operation of the hat,cry check indicator appeared aa_£sfactery -- ns long aa the lll_h_ would go on,

the response o[ the noise _xpasura muter dLd not change.

4.2.3. Ceneral Observations

a. Turning the switch from "on" co "hz*ttery check" and hack to "on" was oh_ervt, d to advance the
counter by one count (.17.).

PPrsonal (w_urabie) _n_trvtnen_s

6.3. Ho:lel C

Only one _mpie was _ested,

4.J,l, Acoustical Tests

n. _{+.crophona Ca]Lhratlon

The relative response of the microphone,based on 0 dB response a_ [ kllz. £_ ,hewn as a function

of frequency Ln Flgur0 4.3-1. '£_sts over _he range of A.weLghted-sound levels from 90 co 115 dh

_ndlc,_ted I1o probtems wi_h linenrt_y,

I r I I I I I ]
20-- MODEL C

m

I0--

o
O:

--I0
IlJ

--20

I I I I I I I I
0,1 hO IO,O

F,REQUENCY,_Hz
Flg_ro /,,3-_. _ela_tve _raqt,o_cy re_pon_ of mlcrophono.

b, System R_sponso

The ava_nhl performance of _ha nolle exposure Ineter, when placed in a random, dhffuse sound field
.. ""!" ;" " ' aa desctthad tn Section 3.Lbº,lo _hown In F_gure 4.3-2. The ro_pon_o _as measured relative to a

calibrated condenser microphone and m_a_uremon_ _y_tem. _h_ craea-ha_ch_d zag_on £ndLca_oe the e_¢_mated

uncertainty (95 percent conf£donce limits) tn the _va[ of the _aund Pleld In _hich the uo_sa exposure

t
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140 --

MODEL C

bJ

_120 --

o

> 80-

W

60

I I I I I I
90 95 I00 105 II0 115

A-WEIGHTED SOUND LEVEL, dB ca 20/3Pa

PlRure 4.3-2. Response of noise exposure meter, relative to expected response_
when pl_=ed in a field of pink noise (see text) at A-weighted-
sound level from 92 to i15 dh,

4.3.2. Ehectrieol Tes_s

a. Frequency reuponse

The combined frequency reepol_s_ of the microphone. _he input amplifier, and the A*weighLlng network.
as measured at the output of the A-weighting network, is shown in Figure 4.3-3.

b, Cree_ Pac¢or Capability

The respopse of the not_e exposure meter3 normalized to 100% for a crest factor of 1.414 (sine wave)_
is shown in Plgure 4.3-4, asn funcLlon of the cramt factor (ret_o of peak voltage to tmu Voltage) of the
cast sLgnsl,

e. Exchange RaEe

The responee of the noise exposure meter, normalized to 100% eca duration of O.25 hours, relative

to the response of an inetr_ent with an exchange rate of exactly 5 decibels per doubling of rime ia
shown in Figure 4.3-5. The important _hing to constde_ here ta _he_her or no_ the data points define

a flat curve over a range of at least 25 dB. Deviations fr_, flatness ac one end of the 25 dB rang_

show_ could he compensated _or_ by gain adjustments, if the cu_e is fla_ over a total of at leas_
25 d_,

d. Temperature Range

The response of the noise exposure meter_ at high and low _etnp_ratures. relative to fO0_ response
a_ 2_'C, _as found to be:

5"C 100%

65"C 101%

o. B_ttery Voltage

This instrument did not have a battery VOltage indicator.

4,3.3. General Obaervatlon=

(none)
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60-- I I --
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: Plg_re 4,3-5. Relative re_ptm_e of n(_l_u exposure meter to nn electrical uLgn_l

: covering n rlm_e of approxlmaL_ly 25 rig, See tex_ for pethod of
normallzdt _ion.

Peruon_l (W_arabl_) Lnstrumvn_s

4,4. _iodel D

TWIJ pilot-production aamples, designated I and 2, were reseed. Th_ overall (acoustLcal) ayatem
performance of two production _ample_. des|gnated ] and 6_ was de_urmlned.

4,4,1, Acoustleal TestJ

n. H/cropkone Calibration

The relative response ,}E the microphone, based on 0 dB reaponse ntl kllz, is shown a_ a function of
frequency in Figure ll.4-l, T_s over the rungs of A-weighted-sound Levels [rom 90 to ll5 d_ indicated
no problems with lln_rlcy.

b. Syatem Response

The overall performance of the nolle expoaure meter, when placed it_ a random, diffuse sound _leLd
a_ described in Section 3.l.b..l_ ,how_ in Figure 4.4-2. The response was measured relative to a call*
braced :ondetmer microphone and measurement sydtem. The crees-hatched region indicates the estimated

uncert_in_y (95 percent confid=nce ll_ll_a) in the level of _he sound field in which _he noise exposure
meter t_l_ t_st_id,

4._,2, FAertrlcal Te_ts

u* Frequency Ro_pnna_

The combined frequency reuponse of the mlcrophono_ the lnpu_ amplifie_, and the A-ueightln_ network_
_ measured a_: the output uf the A=weightllll_ network, is shown In FlglJre 4,_-],

b. _rest Factor Capablllty

The re_pan_e of the nol_e exposure meter, normatl_od to lOOZ for a cre_t factor of l.dld,(_Ine wave)_
l_ shown in Fisure 4,4od,as a function of the crest factor (ratio af peak voltage rn rms voltage) of the
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Figure 4.6-3. Relative combined freq.ancy reBponse of microphon_ plus
electronics. Tile dashed curves lndJcate the allowable reaponao
level l_J_lcs for a Type 2 .o.nd level meter as upecl[led
in a_J_erlezlnNai.lanalStandard 5peelflcatlonH for Sound Level
Itetez'a,51.4-[971.
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CREST FACTOR

Flgnre t*,4-4, l{e_ponse of n_Ise exposure meterD norre._llzed to 100Z for a
sJne t_avo input, as a function o[ crest factor.
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c. Excha_[te Ra_e

The rtJspot]se o_ _he nois_ exposure m_tur, norm_lli_ed _o I00% ilt IL duration of 0.2S ilnur_, r0[a_Ive
Co tbu respond0 nf sn |itsLrumen_ with ittl excb_ingt_ rn_ of execEiy 5 declbdls put doublln_ of _Iine is
show_ in Figure _.t+°5. The ImporLan_ _blng to conBLder heru Is wbether or not the data points deflnc s
Plsc curve over ;_ rsngtJ of oc least 25 dfl, [)ovi_ti0_s from fis_:less JLt one egd o[ the 25 d_ range _boun

could he compensst_d f0r. by g_lln _dJu_L_ent_. i_ the Curve is [_it_ over n _o_i*| o_ ,It l_es_ 25 dB.

d, _emperlt L_re Rilngt_

The re,penile of th_ hOiSt! exposur_ meter_ ilc high ilnd law _tnnparsteres. r,i]_tIve to 100_ r_spof_se
_ 24eC, was found co b_:

S_ir_pie I _smpie 2
5°C ....... 96%

45°C 101% 102%

I
140 MODELD I --

W

120 [ -
a.

=: I

8 XXA
= I

_8o- I ' -.j _ 25dS II
w - i I -
o: I o SAMPLE I I

60-- I LI SAMPLE 2 ] --
I I

Pigut'e 4.4-5. Re|aCive response at holes expo3tlre meter to an eluctrlcal slgnal

eoverin8 a range of approximately 25 dB, See text for method af
norms Iiza¢ Inn.

e, Ba_¢ery Voltage

Operation of tim Bsct(_ry check indicator appeared satisfactory,

4,4.3, General 0bservottons

a, II: _'_ observed chat chd unit can be pez'manently d_maged during ba¢cery Lnsc_llacion if cbe

battery tezlulnala tire touched with reversed polar/_y to the connector,

b, Difficulty was experienced in connecting the product/eel noise exposure meters to tits calibrator

due to mechanics I. mLsalignmenc,

c. The normal calibration check _as no_ sufficiently precise (_ lO_ of pe_lss£ble noise exposure),

Personal (ttearnble) Instrua_ncs

4.5, Hodel J_

4,5,_ AcoustlcaI Tests

a, Hicrophone Callbracion

The relative response of the micrephon_ based on 0 d_ _esponse a¢I kll=, is shown as a function of
_requency in Figure 4,$-1. TeaLs over tile range of A-weighted-eoun([ levels from 90 co ii5 dB indicated
no problems with iinearity.
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Figure 4,5-1. I{elac£ve frequency response of eaicrophone.

b, System Response

The overall p_rfor_nc_ of I;hv nol_e _xposu_u raccerf when placed In a randam, dtf[use hound fiald
as described in Section 3.1.b,, _a showr= 111 Ftgurc 4,5-2. Tile response uas _ea_ured relate.re co a
calibrated condenser m_.crophona and _easuroJnent system. The cross-hatched reston Indicates the estimaLed
ut_ce¢l:alncy (95 percent confidence= ].:L_[ts) in tilt' Icve]- o[ tile Jsotmd field _.n _hieh the no:L_o exposure
_ece=' ._ Lested,

II I I l I

14D MODELE
I-
Z
tLt

U 12G
O.

=oo,oo\ o\NW

> 80,_-

o ,SAMPLEI
¢ A SAMPLE2

60

t .... I 1 I I I
00 9,5 100 10'5 I10 115

-:-_- A-WEIGHTED$OUNDLEVEL, d,5t'e 20/¢Po

; Figure 4.5"2. Response o_ _olse expasure =_el;e_, _'e].at:lva co expected response,
:' when pZacvd t_ a El=old of p_.nk nolee (see _ex_) at A*weiKhted-

............ a_und _.evaLs fro= 82 co 115 dB,
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4.5._. II]ectrlcn| T_J_t_

a, _req IJQncy Re_lloll_u

T u _onbl _( _que[_cy re_pon_ _ t _ nlicrop[Io_e_ _he L:llllt ltmpl[fLer, iIn_ tllQ A-wel_[ltltl_ nutwork,
mc_s red a_ tie _lu_l_lL o_ _he -weld]It[nil network £s show_ In FigUre 4.5-]. IL _hou]d be n_ud _hJiL

_hl_ unl_ s _ po e_ _l_ctron[_ moi ]e; tl_r_forc mtl_r_ment_ had to bc nl;_de _lt _le o_tput of Clio
_c[lan_l. f_t, c_rcuit ¸ r_ _r _ sn ill _ e otJ_pll_ (1[ th_ Aow_l_htin_ [_t_ork, For _[l{s _l_t_n on_ could

an]y c]l_ck th_ frequ_lcy _esponse nvcr _ 2_ d]l _lg_!.

20 j I i ' I ' ' I t

MODEL E

I0--

_ -I0,

._ -20

/
uJ
m -30 /

I

-40

-50 r I = = I I =
0.1 I,O IO.O

FREQUENCY. kHz

Flgurn 4,5-3, RelaLivo combined frequency r_pon_ of mlcrophone plus ole_cronlce,

The d_shed curves indicate Cho allowable response level limit_ for
il a Type 2 sound level motor as specified ill _erIcnn tl_tionai Standard
i specifi_actons for Soun_ Level Meters, Si,4-197_*

:; b, C_e_ Faccor C_p_lb_lcy

_ The r_pon_e o_ clio noi_e expoaur_ mccer, not_allze_ Co i00_ _or _ cresg fa_or o_ i_I_ (_ino
!' wave), is _ho_m in Fl_r_ _,_-_ss a function of _]le cro_C factor (r_io o_ peak vol_age _o r_s volcage)

of the ces_ signal,

c, Exchanse R_te

The response o_ _ho noise _xposure me_er_ normniized to 100Z ac _ durntio_ of 0,25 hour_, relaci_e

to _he respons_ of _n InR_tu_en_ _ich an excll_nga raLo of exactly 5 _eclb_is per dvubllng of t_ne _
_ho_n in _|gur(s _.5-5, Tha impor_an_ _hJLng to cons_.der here lg _l_ocher or not_ the clara points defllle

fla_ Curve over a ratty-" of _t la_C 2_ dB, pevJatiolla from flatness at one end Of _h_ 2_ dB r_ng_

sho_n gould bs cempezlflac_ _:r, by gain ad_utlcl_en_s, If ch0 curv_ 1_ _l_t over a total of _ le3at: 25 d_,

II d. Temperer u_e Range
Th_ responds of _he _oise exposure met_t, at h_gh _ffd lov Ce_era_res= r_l_tlv_ Co 100_ re_]}on_

i



_[ 2/_Cl Wllfl found LO ho_
Somplo i S_mplo 2

5°C 100Z 99%

45°c 101Z 102Z

1 1 I I f
140 --

MODEL E
Z_

I-- -- A
Z
IJJ
¢J 120,--
B:

= g
u_

I00
0 0

tu BO

- o
.J
W

Q: 60-- 0ll5 dB

A 95 dB

40 I J I I I
I 2 3 4 5

CREST FACTOR

Flguru 4.5-4. iloaponso of not_e exposure muter, normsllzed
i.O lO0_ for _] 8_ns w_vQ lnpu_ I _ a _lne_;[oii
of crest fZle_Or,

_ 140 - MODELE

lao
w"

-- A A --
z IZ_ _ A
o. IOO "_ _-, u

o o
,,, -- J
> 80-- J ., --

J -- I o SAMPLE I I --
60-- I ASAMPLE 2 II I

Flguru 4,515. Bela_Ive responso o_ nol_e exposure me,or to an olec_rlcnl sl_nsl

_overlng a range of opprox_toly 25 d]]. See tex_ fo_ meghod of
gormJSllz_IOn,

_. : , e. Battery Voltase

The response o_ _he noise exposure me_er= on bo_h samples, rel_lv_ _o 100_ for a fully
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cltarged battery, was 947. at the voltage at which the battl_ry check Indica_or showed hattery failure.

4.5.3. C.eneral Observations

a. The clip for attaching the microphone tu the tl_vrf_ cloLhlhg easily bvclene detached from the
ta£eropbn_e.

P_r_onal (Wearable) InstrumeNts

4.b. HodeL F

These devices Were received very late lit Lbe program. Only the overall acouatic,_l performance attd
th_ exchange rate were evaltm_ed.

t h.6,l. Acoustical T_sts

The overall performance o£ the noise exposure meter, when placed tit a random diffus_ sound fiald
as described in Section 3,l,bo,is shown in Figure 4,6-1. The response was measured relative to a cali-
brated condenser microphone and measurement spate_, Tbn erase-hatched region indicat_a the vstimat_d
uncertainty (95 porcnnt confidence limits) in the level of tim Round field in _hlch the tloise exposure
meter was tested,

f I i I I I I

14C MODEL F
b-

bJ

¢m120

\\\\\\Z

o 1GO

ta A :,1
>- 8o_- 0
-_ 0 SAMPLE IuJ
¢ _ SAMPLE 2

6O

I I I I I I
90 95 IO0 105 I10 H5

A-WEIGHTED SOUNDLEVEL,riB re 20 _Po
Figure 4,6-1. gespongc of nols_ oxpoluro n'eter_ relative to expected r_sponue t_hen

placed in _ field of pitlk noise (see t_xt) at A-weighted-sound loyola
from 92 to lt5 dB.

4.6.2, gleetrlcalTeats

The re_potlse of the noise _xposure meter, normali=nd to IOOZ 4t a duration of 0.25 hours, relative
to the response of an instrument wLth an exchange rate of _xsctly 5 decibels per doubling of ElSie is
sho_n in Figure 5,6-0, ¢hs important thing co consider here is uhether or not the data points define
a flat curve over a range of at least 25 dB. Deviations from flatness at one eltd of the 25 dB range
ahom_ could be co_pensated for, by gain adJustment_, if the curve 1_ flat over a torah of at least
25 dB, It should be noted that sample 2 i. a first generation design while sample I is a Later model.
The msno_acturttr of this lnstrvment notified NgS that they had modified the design to cover the nPeeasary
25 dg dynamic range,

4,6.3. General Observations

(none)

I
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140 -- MODEL F I --

_Jao [

z ¢oO o° ] -
100 ° ,', ,_ c,_

u Io _ I
= ( a I
> s0- ( a ( -

]q 4 aSda ,I
= I a I -¢=

o SAMPLE I ]t6E
i ix SAMPLE 2 I

,I, I

Figure 4,g-2, Relative response ol _alue exp_.r_ meter to an eluctricaI _Ignal
covurlng a rang_ of appraximately 25 dg, Sea tax_ for meLhod of
gorM_l.l_O t lad,

,_t _ I:lO011r y InS _rutnents

_,7. Node]. G

This was not: a pet_orml (_arable) instrument. Only the avera[l (acoustical) system p.*rlarmance I_
_'epar I.ad,

4,7,1, Acvu=gtcal T_st_

The awral_ performar=ce off _ha nellie exposure met_rt =_henplaced in a randa=, diffuse _und gluld
a_ described In Section 3,1,h,,ls shown in p[g_r_ l+,7-l, Tlla response wa_ measured relative _o a cali-
brated condenser microphone and measureme_l: _ystem, The _ross-ha_ched region il_dicate_ the _imatod

uncertainty (95 percent conf/denc_ linnets) ta the luvel of the _ound field l_ _hich _he nols_ expasuro

4.7,2, Nleetrlca_. T_#_

(nona)

4.7,3, Garleral Observations

a. 11_a instrument counter sJould no_ advance b_.yond 100%expo=_ure.

Stationary Instruments

_.8. Model II

This _Jaa ixot a personal (t_oarable) ln_ru_n_, Only ehe overa[_ (acouur;ical) ay#_ela performallce l;_
reported, One of the tw_ samples malfunctioned eo rosult_ are _hown ugly for _h¢ o_h_r sample,

4,6.1, &co_sgicat Teats

The overall_ perfarmance o£ the nqis_ expo_ura me_er, who_ p_.aced ill a random, diffuau sound field
a_ described in Section 3,l.b,_i_ _ho_n In Flgur_ _,8-1. The _esp_ns_ was measured relative to a cali-
brated condeH_ifl_,"I_lcr_plt_ne and measurement syS_lO_ The cras_-haEched region _ndleaE(]/i _ho eatlr_ted
uIlCe_aingy (95 percen_ conlidence ltmit_) in the lave], oh the _ound field in _hlch eha field0 axposur_
_e_ar was tested,
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A-WEIGHTED SOUND LEVEL, d B re 20 _Po

FIgur_ 4,7-I, Response of noise ,uxposur_ muter, relative to expected reaponsej when
placed in a fiold o£ pink noinu {see tuxt) at ^-weighted-sound levela
fro_ 92 to _.15 dB,
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l- 140 -- MODEL H
Z
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u
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A-WEIGHTED SOUND LEVEL, d ta ro 20 _Po

Figure 4.8-1. Response o£ noise exposure mater relative to expected rceponse_ when
placed in a field of pink noted (see text) st A-weighted-sound lovel_
Item 92 to 115 db.

_,.fi*2. Eieccrleal Tests

(nonu)

4,8.3. Cenera_ Ohservatlons

(none)
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_, 5(_AI_Y AN_ CONCLUSION_

Itl _ner_1_ C]l_ fo1_ow_El_ CoNchJ_|on_ ca_ Iio dTnwI% _ _ ramJlt ol Ltli_ C_t p_olI_iL_

wL_h ch_r_r1_tc _npnn_e beln_ reI_c_vo_y _]_t _ro_ 50 ][_ _n 5-B k]iz,

_h_ dynamic r_zl_e _f In_er_ (90-I_5 d]i).

_ound 1_v_ me_r (rela_iv_ com]lln_d fr_oncy _pnn_e of _ic_phone p_u_ olec-

_ronlc_) _s _peci_led in A_e_cnn N_1onn! S_nd_rd _p_c_f1_lon_ _or Sound Level

Ne_er_, $I._-1971.

_I_6 _he _x_ep_on o_ _odel D, f_ll_ balo_ n 90Z re_dln_ or ex_eed_ a LIO_

re_dln_ at a ¢re_t f_c_or o_ 2-4, Nod_ D_ r_ponse renl_inB n_rly p_r_(z¢_

• _xclmn_Q ra_ -- The _xchiLn_ ra_ clrcu_y _pe_r_ to b_ _ _roub]_ome do_n p_ob1_ f_

_o_e m_nu_c_urors. On0 r_on for thlu m_y _ _h_t _]ley [l_ve no e_perlenc_ _th
_uch circuitry fro_ other Instruments; howewr_ i¢ _ _ c_nl p_ of a no_e

• _mp_uro _ng_ -- No_ noluo exposure mete_ nuf_r only n fe_ p_rc_11_ _rror _u_ to t_p _
_ra_ur_ ef_e_ ov_ rIlo £_nse 5_C-_5_C*

• _atcery vo_nge -- Tho_ _vlc_ _£_]I valta_e _e_u]_1on _]lowud no e_f_c_ _n _o_m_ter teadln_

The o_vloun exc_ptlon _o _ho _bov_ _n_r_1 co_c|u_on_ ar_ _de1_ A and _D bo_h of _h_ch pe£farm_

Z_ £_ qLl_e ev_denc Lhat n _o_pre]_n_vo perfor_nce _tan_ar_ _o_ _b_e _ev1_es I_ _n _b_oluto

B_andard nnd It_ _or_B _hou|d b_ en_ou_od _nd _celor_dt _n add_t_onl _ u_age Btnndard might be

necessary _o prov_d_ _u_danc_ on _uc]i it_ a_ _|_rop]lone p_nc'_ment on _h_ body, _nL_um _e_o_ezLd_d

che_k_ p_o_ to u_n_* and g_llne _mndlln_ procedure_ -- 1_or_n_ _on_der_1o_ wh_ Che pe_-

_or_mnce _nd_rd may not p_ov1_o.

The _eBt pro_ ha_ _]la_ _t t]L_£_ _x1_ _ wid_ v_latloll In perfo_n_ n_on_ th_ vnrlnu_

no_ _xpo_r_ me_et_ thawed, _om_ _gh_ serve _ _natru_en_ for _on1_o_nK _ompli_nc_ _h _he

occupat_on_ no1_Q ex_o_e regulation; ho_ev_rl _I_ u_er _llo_id be _c1on_d _o c_rry ou_ _nnu_L
ev_lu_cion _c_ _o n_rta_n _h_ tile dovlc_ _r_ p_t_o_mln_ ndcq_ly fo_ ]l_ putposet
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