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Replace Figure 4.1-3, page 10, with figure helow:
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ABSTRACT

A a result of the promulgacion of occupational nailse expooure regulations by the Federal government,
there arc s number of compercial nolss exposure metees on the wacker todny that provide a measure of
noise integrated {with approprinta weighting) over a cime interval. This report prasents the results of
an evaluatien of auch instruments by the Mational Bureau of Standards (under the sponsorship of the U, S.
Environmental Protection Agency) aa to their usefulness in monitoring compliance with accupational

nolse regulaticns as well as their applicability as inatruments for upe in achieving the broader gosls

of the EPA, Teatn wore deaigned and conducted to evaluate microphone and eystem reaponse to aound of
random incidence, frequency responss, crest factor capability, sccuracy of the exchange rata circuitry,
performance of the noise exposure meter as a function of tempurature, and the dependence of the device on
battery voltage. The ratlonale of the tost procedures utilized to cvaluate overall gyatem as well aup
specific performance attributes, detafls of the messurement technlques, and results obtained sre diecusscd.

Koy worda: Accustics, (sound); dosimeter; environmental acoustics; inatrumentaticn; nolse exposura;
noise exposure meters.
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EVALUATION OF COMHERCIAL INTESRATING-TYPE NOISE EXPOSURE METERS
by
William A, leasure, Jr,, Rosald L, Plaher, and Mavllyn A, Cadoff

1, INTRODUCTION

As part of ita present and anciciputed respansibility for monitoréng and controlling nolwe, the
Environmental Protectlon Agency, Offlce of Nolse Abatemenk and Conttol, has o need to develop and dis-
seminate technical information on the levels and durations of naise o which Individuale are directly
exposed.

Present Federal regulaclons, promulgated under the authority of the Occupational Safety and Health
Act and the Coal Mine Safety Act, set dellnlee Llmita on the notse expasure of workevs durlng thely 8-
hour working doy. The Latent of these regulations ls to reduce the rvisk of permanent neise-lnduced
hearing damage.

In ordet to comply with thede regulatlons, Bt 14 neceasary to derermine an Imlividusl's nolsc
expaaure for wark environments char have A-welghtod-nolse levela of 90 dB or higher, The vonventional
mathod of determining an individual's polse exposure [s to use a sound level meter In conjunction with
a detailed time-and-motion study and then caleulate the cumulacive noise expokure,

Whether an observer armed with u stop watch and o sound lewvel meter can accursately characterize
the noilse “dose" to which o worker has been esposced {8 a debatahle queation, For constant naolse sources
and fixed operater locatlonu, no problem exists., For the roving vorker, however, and the workev who
funcrions in 2 £luctuvacing nalse enviroameat, it (4 difficult to cbserve their noifse expodure and to
compute an accurate daily noise ¢xposure, This measurement approach (s expepsive and time-censuming apd
ta generally lnaccurate due to the approximations in the time-and-motion study that practicallty dicetates,

The promulgatian of occupational nolge exporure regulatlons by the Federal government has resulted
in a prolitferatfon on the market of new scund level meters and, to 4 lesser estent, nolse oxposure metersd,
or doglmeters, which provide a measure af nafse level Integrated, with appropriate weighting, over a time
interval. Hecause of the motivation for production of thesde devices, most of them now being manufactured
cover anly the range tfrom 90 to 115 dB,

At present thero are no statdard performance specificutions for such Lntagrating notse expodure
meters. For chis resson, the Natrlonal Burewu of Standards, uvnder the aponsocship of the Environmental
Protectien Agency, conducted a rescarch progrom to evaluate some avallable exiating noise exposure
meters -~ both acouatically and electrically =- as to thelr vsefulpess in monltoring compliance with the
05HA nolde expodure regulations andfor careying out the broader goals of EPA, Including defermination of
the average Individual dafly nofse axpasure of perdons in different living patterns,

2, FUNCTLONAL OFERATION OF NOISE EXPOSURE METERS

Section 1914.95, Gceupationsl Noise Exposure, of tha U, S, Department of Labor Occupafional Safety
and Health Standards (Federal Regisrer, Port II, Vol, 37, No. 202, October 18, !972) includes the
following:

"{n} Protection against the effects of nolee expodure shall be provided when the saund
lavols axceed those shown in Table G-16 when measured on the A scale of a4 standurd
Aound level meter at slow 7esponse .uv...

(b} (1) When amploymes are subjected to soupd exceeding those listed in Table G-16,
feasible administracive ar angineering controls shall be urilirad. 1€ such controls
fail to reduce gound lovels within the levels of Tably G-16, personal protective
eguipment shall be pravided and used to reduce sound levels within the lovels of

ths table.

(2) If the variations in noise level invelve maxlma at intervaln of 1 sacond or loss,
ie i3 to be consldeved conclnuous.

{3) In all cases where the sound levels exceed the values shown hereln, 4 continuing,
effective hearing consarvacion program ahall be administered,
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TABLE G-16 PERMISSIBLE NOLSE EKI’('.)SLIRESt

Seound leve) dBA slow

Duration pez day, hours responsg
- T e R T 90
Busarennssgsncnannprieninnsariarseesianns 92

95

97
2y varnnstrasannnraiotnntasetsesannasnnnse 100
R 102
Letevorannetvorrrsadtasiinnannerssnsesris 105
| T 110
/G ar loSfeesseramarsissssnssansarncss 115

ll«‘lum the da{ly polse exposure [ composed of two or more perlods of noise expowure of
difforent levels, thefr combined effect ghould be considered, rather than the individual
eflface of cach, If the sum of the followlng fraccions; €L/T1 4+ €2/T2 + ... Cn/Tn excewls
unity, then, the mixed exposure should be considered to sxcew? *ha Limic value. Cn
indicates the total time of exposure at a specified nolse level, and Tn Iadicares che
tatal cime of expoaure pérmitted at that level.

Expopure to impulsive or impacr nofse ahauld nor ¢xceed 140 dB peak sound pressura
leval,”

Tha permitted durations, T, shown in the above table can be described by the formula

5 u 3
PLOWNENTITE ) ¥

uq
where t L8 exprossed in hours dnd Luq is the equivalent nolsc level, expreased tn decibola ra 20uPA.

In general, the eguivalent nolse level of a time-varying signal of durazion T {8
T n/3
! 1710,/
Log = 10 log gl o (o ) de ' (2}

where L 18 the time-varying sound lavel and n deflnes an exchange rate between nolee lavel and time. Por
ingtevments welng energy equivalence, n = 3, corrvesponding to a rate of 3,01 decibala par daubling of
time, Present U. 8, hearing ronservation regulations {Table G-16 and eq, (1)) use an exchange rate of

n = 4,98, corredponding to a rate of 5 decibels par doubling of tima.

The equivalent duration of timo-varying sigrnal of actual duration T is

T _ ¥
£ -f [10“‘ ern} dt, (3
I.‘q 0

!

where Lr is the riating sound leval.-l- For OSHA reguvlations, L. = 90 dB,

The percent of allowable nolse exposure ia

T in
1[ [ EL-L,mn]
PE = 100 * = 10 de, (4}
tT
0
1/

- b qa. ‘ " L/a, 30 o of10,3/6.98
g?sgai;ﬁ}gn- gfyge? eqs, (2} and (5) is seen by abasarving that (IO ) {10 4]




where tp 1s the rating duration. Substituting the OSEA racing duration of 8 hr, the rating sound level
of 90 db, and n = 4,98, this becomes

T 90y/10 602
PE - u.s[ [m“" ) :l dt
v]

T
(1=90) /5
= 12,5 2 dt
0

Thus 1f [, equala 90 4B, one will acquire 12.5% af the allowable nalse expasure during each bour exposed
and the total nllowable exposure in 8 hours. If L equals 95 d8, 25% {8 pequired cuch hour so that only
four hourd of expesure are pormitted,

(5)

All of the U, §,-made parsonal integrating-type nalse wxposure meters Investigated purported to
measure the quantity defined Jn eq, (5). Becauvde of rhe wording of present Federal regulationd the
devicesa Intentionally do net dnclude levels below 90 dB in the integration. In addition to measuring
percentnge of allewable nolss axpasure, sowe of the devices provide o means of indicating whether or pot
the sound level execeded 115 dB during the measurcment intorval,

Thero has been some ambiguity as to the Lnterpretatfon of Tahle G-16 {n the OSHA regulationm, One
acationary (non-wearable) {ntegrating noide exposure moter did not follow eq., (3) but, vather, followed
the stepa in Table G-16, That {s, the percent of allownble exposure was computed from

PE = moz :__Cn_. . (6}
in

n

where Cn Endlcates the total time of exposure in 4 speciffed range of nelse level and Tn indicates the
total time of exposure permitced at chat level, Thus T] = 8 hy corresponds to levula in the range 90-
92 di, T2 = 6 hr correaponds to 92-85 dB, etc.

Some devices did not measure nolse exppsure. The simplest of these cauaed a warning lighe to be
turned on when the noiae loval exceeded o parsicular value, One device meagured the total time chat
A particular noise level was exceeded, One device, of European manufacture, did not provide information
compatible wlth OSHA regulations. Such devices are not Ilncluded in this report,

Baafeally, a naise exposure meter consiscta of two parts: a sound lavel metering scction and an
integrating scctien, A block diagram showing the principal of oparation for a typical dosimeter is
shown in Pigure 1. A microphone (most devices utilize on omnidirectionul cevamic gicrophone) sandea the
sound presocure and the output I fod Into an A=welghting (llter which appropriately attendater the
signal. The signal {8 then detected and avaraged to pravide sn eutput hopefully equivalent to the rms
A-waighted alow responae value that wauld be read on a gound level metar,

The output of the dound level metering section 1u then fad into an integrater section which performs
the incogracion indicated in e, (3). The output of the exponent civcuit {a voltage) is typically
converted to o frequency (pulses), or in the case of the devices that wrilfza ap oalectrochemicol
memoty cell, fo & current. The pulge count s accumulated, then monitoved and when a given percent of
the altlowable esposure is reached -~ for example, onu~tenth of ope percent -~ a aignal is sent to the
counter and the readout dieplay registers ope-tenth percent.

In odditien, moat devicea have a detecror which monitora the signal for A-woighted notee-in axcess
of 115 4B, If aueh a nolse {9 detected, an electrenlc latch 4s fripped, The latch ls acrached to an
indicatring light and by clesing the clrcult with a test button, ita status can be checked.

J. DESCRIPTION OF TES?S

The primary goal of this program was the evalvation of commercikl nolae exposure metars aa to thetlr
applicability as Inatruments for use (n achievinz che brosder goals of EPA rather than cheir usafulness
in wonitoring compliance with occupationsl nolse regulations, Therefore, the srudy included testing
of specific performance sttributes in addition to overnll systems tests. Well-defined electrrical and
acoustical signale were provided ro each device and the vesponse of the Lnstrument was compured with the
known fnpur. It was falt thot the followfng factors required attention:
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MICROPHONE
A-WEIGHTING NETWORK
SQUARING CIRCUIT .

AVERAGING CIRCULT ‘

OVER II5 dB I: OVER 90dB
COMPARATOR COMPARATOR
OVER [I5dB

EXPONENT CIRCUT
LIGHT :

{EXCHANGE RATE}

[:: INTEGRATION/DISPLAY
pEsizs [T 2! 90y
]

Figute 1. DBlock diagram showing the principle of operation for a typical noise sxposurg meter,

Acoustfeal Bvaluation

= micraphune response to sound of randon ineldence

« errors or uicertainties due to reflectlon, difiraction, and absorption cffecta arlsing from usec
.conditions

- overall system responsa to aonnd of random incidence

EZlectrical Bvaluation

~ fraquoncy response

- detector charactertatics (l,e,, how crue [a rma response?)
- dynamte response for time varying signals

= dynamlc vange (Including inturnal noilse and distortion)

= nature and accuracy of time integration

Overall Bwaluation

= appropriateneds of quanticy measured
- convenience of use

- e¢ase and accuracy of calibration

sansltivity to onvironment

= durabilicy
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It would have been prohibitively expensive and time consumlng to conduct decalled calibratlons and
physical tesis to evaluate nll of the quuntitics listed above, Therefore, the mapulacturer's Lnstruce
tion manual and wiring diagrams were carefully studied te ensuye that the operation of the device was
fully uaderstood and that test signals were applied and sampled at appropriate lecatlons. ©n this
bugle, carefully selected teosts ware carried out to yleld the most {mportant Information regarding the
perEarmance of each nolse exposure melur, The following sections coatnin deeailed deseriptlons of the
variaus tests == both acousticnl and electrical <= which were performed,

3.1, Acoustical Yests
Acaustical tests were performed {n a 425 :n] reverberatlion chamber, ftar A-walghtud~-sound levels at
and below 100 4B, the lnput signal wis hroad-tand noise shnpad to be "plok2/ from 50 kHz to L0 kiz.
Abova 100 dB an octave band of plok noide centered at 1 kHz was utiliged,

¥ierophone and speaker placement as well as the signal generntlon and data retrleval system utilized
for acoustleal cests are shown in Flguve 2.

NOISE SPECTRUM THREE
GENERATOR SHAPER AMPLIFIERS

R

TO THREE
____ _SPEAKERS MICROPHONE
@“ | ‘ PLACEMENT
| / 5 DETAIL
REVERBERATION | @ |
CHAMBER | / :
I
I | —
N o
MICROPHONE

G——]

=

TELETYPE COMPUTER REAL-TIME
ANALYZER

Figure 2. Block diagram of equlpment tsed for <cotetle testy in n reverberation chamber,

2/ “pluk" noles i# white nolsu passed through o necwork which wulghts ac =3 dB par octave,

i Pk kS AL =l . . e it s it e i L ey e
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Sound pressure levels were measured uwsing a one-inch condenser microphone,

For all cests the vanes in the chamber were rotated at 5 r.p.m, to promote diffusencns of the nound
field,

a. Mleraphone Calibraticn

During microphone callbratfon the relference micyophone was located at position | (see Figure 2)
and noilse exposure meter mlcrophonues {test microphanes) occupicd the remalning six positiona on the
elreumference af a two-tfoot diometer clrele surrounding the svandard micvophone. ALl milcrophones were
located flve feer above the [loor,

The nelse expoqure mater microplones had been removed from the devices, GCare waa taken to maln-
tain microphene cable length. The signal Erom cach test microphone wad Eed into a preamplifier and
thea Inte a one-third octave band real-time anslyzor,

The sound level of the plok noise was adusted to read 100 dR on the A scale of the real-time
analyzer, Orher sound levels were utflized to check the lincarlty of the micraphonea over the range
of intercst (90~t15 dH).

Onee the vespange of the measuring system -- roference microphons, preamplifiers and real-time
analyzer -- had been set utilizing a pistonphone and the sound fleld eatablished, the calibratioa was
placed under computer contrel, The one~third octave band correction viluca hased on elecErostatic
anctuntor calibration of the reference mlcrophone were stored in the computer., The computer was pro-
grammed such that signals from the veflerence microphone were interrogated 120 accands {approximately
6 time coanstants In the slews-random moda of the real-ztime analyzer) after the onsct af the sound
flelds. Addicion of the correction wvalues and the response of the reference microphone to the sound
field resulted in the eacabllshment of the desired ene-thivd octave hand sound pressure levels In the
room, In soqguence cach of the test mlerophones were interrogoted Le a similer manner. Using these
data, the computer ealeulated thd tesponse of cach tust microphene,

b. System Responae

For system response resting, fhe micvophone of each nolde exposure meter wad positlaned on the
circumference of o two-foot dlamater circle which surrounded the reference microphome. All microphoncea
were located five feet above the floor. The responsu of the measuring system was set with a plstonphone
(124 dB ac 250 Hz), the desired sound fledd wad cstablished, and the sound fleld was turned off, Once
all of the notse exposure mefers wera turned on and zeroed, the sound (ield was turned on, Jat the
established level, for a time equivalent to 75% of the purnisuible nolue exposure under QSHA regulatlond.
This was chosen rather than 1007 since ane device would not Endicate overvangipg above LDO%. Upon
completicon of the appropriate time period, as monitored by a stop witch, the sound fleld was turned off
and the nolse exposure meter vreadings were tecorded, This procedure was wtlllized for sound flelds of
92, 95, 100, 105, 110 ond 115 dB,

3,2, Electrical Tests

In this secrlon, descriptions are glven of the various tests which were carried out ro determine
specific atrrihutea of device performance,

For these tests an electrical aignal was Inserted in series with the wicraphone, A signal
generator with a low output {mpedance, compared Lo the (mpedance of the microphone, was usced to onsure
that the total Lnput impedance to the electronics was essentially the same as in normal usage,

In principle, all of these tescs could be performed using the readout device provided with the nolae
¢Xposurs meter, IHewover, because of che large quanticy of data being agquired thls would hovo been
prohibitively time-consuming., Accordingly, for one of the tescs (see 3,2.4.),voltoge messurements wors
made 4t an intersal point in the [nstrument. FPor other tests, direct measuroments were made of the
peviod of the pulee train which ndvanced the counter (mechanical or electvonic) in the nolse oxposure
meter. In many cases, a Falrly hipgh frequency pulse tpaln was available (with o dividing circult to
produce a lower fvequency signal to aptuato the counker) so that the time ro chtain a datum point was
reduced (rom possibly hours ta the few scconds needod for the system to atablllze sfter changing the
L{oput aignal,

. Frequency Response

The frequency response was measured by injecting o sine wave voltage in serive with the microphone
and then measuring the voltage at the output of the A-weighting network while the frequency of the test
signal was mwept ovar the frequency range from 20 Hz ta 20 kHz, The frequency rasponse was roecorded
directly on a graphic level recorder which had its paper speed synchronfzed with the osclllator swaep
apead,

T

T b Db i w4 ™

|
b
;



T e e LA et M e e a2 b A AT TS TN B e, T

The frequency respanse of the electronles was combined with that of the microphona (soe 3,1.a.),
to obtaln the overall frequency response curves shown Lp Sectlon &4,

b, Crest Pactor Qapability

A pulsed sine wave was presented to the nolse expesute meter via the voltage insertlon techalque to
obtain a mensurement of the crest factar handling capabllity, The crest Factor of o slgaal {y definad
ag the ratfo of peak signal value to vms (root-mean-square) valuz, 1t (8 {mportant to conslder hacauae
many Industrlal nolseas have a high crest faccor,

Tha pulsed slne wave conslsted of a 1 kliz sine wave gated by a pulae traln with » frequency of 100
iz (period = 10,0 ms) and an adjustable pulse durncion, By changlng the pulse duration from tullean
ta a very shoret pulse (}2,5 mu), the crest factor was {ncrvessed from L.614 (aine wava) to &.0. Au the :
pulse duration was decreased, the pulse amplitude was Increased {n order to malntain a constant rme .
voltage, The vma voltage levels applied were those corresponding to the 114 dD and 95 dB levels for the
{ndividual noise cxposure meters,

The equipment satup Ls ahown In Filgure 3, The gating af the dfne wave was accomplished uaing an
analog multiplier. A preclslon ac voltmater {uccurate for slgnals having a crest factor up to 10}
was uged to measure the rma value of the pulsed slne wave, An oscllloscopa was used to mz2aasure peak
valuzs. The reaponse of the nolse exposure meter was determined cither by measuring the period of the
pulsa rrain which actuated the counter ar by usiag the actuval readout from the noise uxposure meter.

SINE WAVE PULSE !
OSCILLATOR GENERATOR ;
ANALOG

MULTIPLIER :

TRUE RMS _;
VOLTMETER -
B - O OS5CILLOSCOPE 4

. !

!

i STEPPED

1 ATTENUATOR ,

!

h DIGITAL i

| COUNTER !

—0 o— |
[ F—r o&
MICROPHONE )

NOISE EXPOSURE
METER

Flgure 3. Block disgram of che eqoipmont dsed For crest factor measurements.
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¢, Exchange Hate

Using the voltage lasertlon technique, o 1 kilz sine wave was jnjected In nerles with the micraphone
and the reaponse of the noisa exposure meter observed {either directly or by ohesrving the internul pulse
train} as the voltage was varied over a4 ranpe corresponding approximately ro o sound level of 90 ta 115
a8,

The dacn -- hours for 100% exposute vu. the input voltage level (L.e., vn, the logarlehm of volrage)
-— were plotted and a stralght line was drawn through the central portion (main evend) of the data, The
voltage correspanding to an allowable exposurc time of 0,25 hr was then read from this curve. Using
this voleuge in an expression onalogous to oqs. (4) and (5} In Section 2, calculatlons were made of the
percont of allowsble npise exposure which the device would be expected to read for cach tesc wolrage
provided it were functioning povfectly. The obrerved readings (actunl dara pelats) wore then ratloed to
the calculated expected readipge. In cffect, this procedurce compares the reaponse of the device at any
test voltdge to the response which would be expected if the device (1) were functioping perfectly at a
voltage corresponding to u noise level of 115 AR and (2) had exactly the correct exchange vate of §
dectbela for a deubling of cexposnre time.

d, Temperature Response

Sinee persennl nolsc exposuré mefers may be used ln occupations where temperatuTe GREFEMes necur,
limited measurements were made of performonce as a functlon of temperature.

A 1 kHz slgnal was injected In series with the microphone and the output of the nolre exposurse
wmeter measuted with che device at room temperature (24°C), in o small oven at 4531°C, and in o vefrigera-
tor at 5t1°C. The {nstruments were allowed to reach thermal equilthrium before data were taken.

e. Battery Voltage

Peraochal integrating noiag exposure meters ave battery operated and during normal usage the battery
voltage will decrease. To determioe the dependence of the dosimetor op battery veltage, ap adjustable
dc power supply was substituted for the internal battery. The voltage was adlusted over a wide range
appropriate for cho batrery type (ln o specific veltage range given by the manufacturer) while injecting
a L kitz gignnl in series with the microphone, Thus the pevformance of the {nstrument was determined as
a function of supply valtage. Most of the devices had a voltage regulator and a battery check feature
to fndlcate when the battery voltage was too low for proper operation. When theer features were funcrion=
ing properly, the tests indicated that low battery volrage wauld not resulc in erroncous meosurements
unless the battery was sufficiently discharged to deaccivate the battery check indicator. For one
instrunent, however, readings of noise exposure were found to he significantly in error before the
battery check Indicator revealed o prohlem, For thia {pstrumant the performance 18 reported at the
valtage which deactivated the battery check indfeator,

3.3, Geperal Observations

In addition to the specific acouacical and electrical tadcw described above, observarions wera mude
relative to the convenlence of use and to factars which could lead to maintenance or operational difficul-
ties, These observotions are listed in Section 4 for each inatrument evaluated.

4. RESWLTS OF TEST

In this Section, reaules are given for the kuuls described in Section 3, ‘The rest samples {ncluded
the followlng commercial noise exposure mateva: Columbis models 101 and 104, Dupont, General Radio models
1934 and 1944, IM, Quest M«6, and Tencouatics, Hnless otherwlse indicated, twe samples of cach model
ware tosted., ALl of the wodels tested were purchased between March and May, 19725 therefare, present
modile may not be ideatical to those teste Jue to possible modifications by the manufeeturer.

Peracnal {Wearable) Instrumenca
4.1, Model &
4.1.1. Acousticnl Tests
a. Microphone Calibration

The relative response of the microphone based on O dB respopse at 1 kilz, ia shown as a Function of
frequency in Pigure 4.1-1, Tesats over the range of A-weighted-sound levela from 90 to 115 dB indicated

1no problems with linearity,
b, System Responsa

The overall performance of the nolsc exposure meter, when placed in a random, diffuse sound Fleld
a5 described in Section 3,1.%,,1s shown in Figure 4,1-2, The response wag measured relative to a
B
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calibeated condenser micraphone and mensurement sysgem,
uncertainry (95 percent confidenca Limlts) In the fewel

meter wad tested,

RELATIVE RESPONSE, dB

RELATIVE RESPONSE, PERCENT

20

o

=]

The cross=hatched regilon fndieates the esdtimated
of the sound field In which the nolse exposure

S N A A A S B

— MODEL A

-0
o SAMPLE [
20 4 SAMPLE 2 .
I I [ |
o]} 1.0 10.0
FREQUENCY, kHz
Flgure 4,1-1, Ralative frequency redponae of microphone.
| I I T i [
140}~  MODEL A -
| — . _I
120— o o —
AIAELETIRARARANRRR RS
AARAZAGITIZARERRRRRRRANY
sol- ° ° g o
O SAMPLE I A a a
col- & SAMPLE 2 N
] | | ] 1 I
90 95 100 105 no 115

Figure 4,1-2, Redponse of nolse exposure moter, relatlve to expected respoense
whan placed In a £ield of pink nolse (soe text) at A-weighted-

The comblned frequency response of the micropbone, the input amplifier, and the A-weighting network,

A~WEIGHTED SOUND LEVEL,dB re 20 ftPa

sound levals from 92 to 115 dB,
4,1.2., Electrical Teata

a, FPrequency Response

a8 measurad at the output of the A-welghting network, is shown in Flgure 4,1-3,
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RELATIVE RESPONSE, dB

o SAMPLE |

}

|

\

]

!

|

|

|
|
A SAMPLE 2 !

'1
N S N I N S B
0.l 1.0 10.0
FREQUENCY, kHz
Figure 4.1-3. Relative combined frequency response of microphone plus
electronica. The dashed curves indicate the allowable response
level limics for o Type 2 sound level mater as specified in

American National Standard Specificntiona for Sound Level Metars,
$1.4-197L,

b. Crest Factor Capsbility

The respanse of the nolse exposure meter, normalized to 180% far a crest factor of L,414 (slne wava),
1o shown' in Figure &,1-%. as a funccion of the crest factor (eutie of peak voltage to rms voltage) of the
teat nignal.

¢. Exchange Hate

Thae response of the nolse exposure meter, normalized to 100% at a duration of 0.25 haurs, relativa
to the responase of an instrument with aa exchange rate of cxactly 5 decibals per doubling of tiwe is
shown in Figura 4,1-5. The important thing to consider here is whother or not the data points defing a
flat curve over a range of at least 25 4B, Devintfons Erom flatness at one end of cthe 25 dB rvanga shown
could be compensated far, by gain adjustments, L the cupve 15 flat over o total of at lenst 25 dg.

d, Temperature Range

The response of the nelse uxposure meter, at bigh and low temperatures, relacive to 100% redponde at
24°C, wan found Lo be:

Sample 1 Spmpla 2
5% 106% 947
4%°C 106% 113%

u, Battery Voltage

The responsa of the nolse exposure meter, relative co l0O% response for a full=charged battery, was
75% for Sample 1 and 91% for Sample 2 at the valtage at which the battery chech indicactor showed battery
failure.

10
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Figure 4,1-4, Response of noise exposure mueier, norpalized to 100% for
n d4ine wave input, ud a function of crast facter,
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Figurs 4.1-5. Nelative redponsa of nefse expasurs meter to an electrical aignab
covaring a range of approximately 25 dl, See taxt for method of

notmal ization,

4,1.3. General Ohservatlans

4, This instrument did not appear to have a voltage iegulator,

b. The microphone shield lead was soldered to the case hinge and relied on electrical conduction

from one side of the hinge te the other.
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Persennl (Wearable) Inatruments
4.2, Model B

Two samples were purchased but tests are reparted for only onc wince the other wig found to be
defeetive,

4.2,1. Acoustical Teats
a, Microphene Calibration

The ralntive response of the micrephone,bared on O |3 response ot 1 kllz, ta shown as a function of
frequency io Figure 4,2«1. Tests over the range of A-weighted-sound levels from 990 to 115 JB indicated

no preblems with linesriey,
b. Syatem Response

The overall performance of the notse exposure meter, when placed in a random, diffude sound fleld
as described In Seecion 3.1.h,,1s shown in Figurc 4.2-2. The response wos meadured relative to a calf-
brated condenser microphone and measurement system, The crass-hacched reglon indicates the estimated
uncertainty {35 percent confllence limico) in the level of the sound fleld in which the noise exposure
met¢r was cedted.

I I [ l ] | J |
20— MODEL 8 —
[31]
b -] 0_ ]
T
2]
5
[N
g o _
1 A
w
=
oot
3 lor— -
[+
-20}— —
l L1 . [ | i ]
0. 1.0 10:0

FREQUENCY, kM2
Figure 4,2-1, Reluctive frequency responsc of microphone.
4,2.2. Electrical Teats

|
! a, Frequency Response .

The cembined frequency response of the microplione, the Input zmpliffer, and the A-welpghting network, -
a8 maastred at the output of the A-weipghting metwork, ia shown Ln Figure 4.2-3. ‘Mhe manufacturer of
:hisainstrumunt has notified NES that they have'modLfied the design to improve the high frequancy perfor- '
manca.
5 b. Creac Factor Capability

The reaponse of the nolae exposure meter, normalized to 100% for o crest factor of 1.414 (alne wave),
is shn:n 1; Figure 4,2-4.a8 a funcrton of the ereat factor (racio of peak voltage to rme voltage) of the
test signal.
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A~-WEIGHTED SOUND LEVEL,dB re 20 KPo

Response of nolse exposure metey, relaclve to expected response,
when placed o n {leld of plak nolse (see text) at A=welghted-wseund
lovals from 92 vo 115 dB,
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Pigure 4.2-3,

|

{

|

|

N R R L

0.l 1.0 [fa
FREQUENCY, kM2

Relatlve comblowd frequency response of microphone plus electronics,
The dashed curves indicate the allowable recpopse level limics for a
Type 2 sound level meter as specifded in Anerican Nacional Standard
Speciflicacions for Sound Luvel Meterw, 51.4-1971.
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RELATIVE RESPONSE, PERCENT
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CREST FACTOR

Flgure 4.2-0, Responss af nolse exposure weter normallzed

ey 100% f?r 4 Zine wave Lapue, o8 a functlea

of crede factor,

c. BExchange Hate

The response of the nolse expaeiie o <r, normalized to 100% ot 4 duration of 0.25 hours, relative
ta the response of an instrument with an wvauhange rate of uxactly 5 declbals par doubling of time {a
shown i{n Figure 4.2-5. The {mpartanc thing to consider here is whether or aot the dacn pointa define
a fFlar  curve over g range of ar lenst 25 JB. Deviatlons from flatness at one end of the 25 U range

shown could be compensated for, by galn adjuatmencs, If the ¢urve la flnc over a toral of at leost 25 dB.
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Flgure 4,2-5, Relacive responsa of moffe esposura meter to an electrical
aignal covering a range of upproximately 2§ dB. See texc
for method of normalizacion,
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d, Temporature Range

The response of the nolse uxposure meter, at high and low temperatures, relative to 100% response
&t 24°¢, was f(ound to be:

i"c 1027
45°0 G9%

¢, Battery Volcage

Operation of the hatcery check indicotor appoared sarisfactory =- as loag as che !ight would go on,
the rasponse of the nolag expasuro meter did not changs,

4,2,3, Coneral Observatlions

&, Turaing the switch from "on" to "hacttery check" ond back to “on" was ebierved te advance the
counter by one count (.17,

Persapal (Waarable) Instruments
4.3, Model ©
Only ane sample was tedted,
4.3.1, acoustlcal Tasts
a. Microphone Calibration
The relative response of the microphone,based on O dB response at L kifz, s shown as a function

of Erequency in Flgure 4,1-1, Tésts aver the range of A-weipghtod-sound levels from 90 to 115 dB8
indicated no problems with linearity.

T 1T 1 [ I ! | T
20— MODEL C -1

. :

% o =
u
=
o

B oo .
[+
Lt
=

E =0 -
g
x

-20 —

I N ] 1 [l
0.l 1o 10,0

FREQUENCY, kHz

Figure 4,3-1, Relative frequoney responss of micraphone,
b, System Raspanac

The overall performunce af the nofse exposure iweter, when placed in o random, diffuse sound fleld
a8 described in Sectlon 3,1,b,,1is ahown In Figure 4.3-2, The treaponse was measured relative to a
calibrated condenaar mlerophone and measurement system, The cross-harched vegion indicstes the emctimated
vncertainey (95 percent confidence limits) In the level of the mound fleld in which the nuise exposura
meter waa tested,
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A-WEIGHTED SOUND LEVEL, dBre 20 1P

Plgure 4,3-2, Reaponsec of nolse exposure mecer, relative to expected responde,
when placed in a field of pink noise (see text) ot A-welghted-
sound level from 92 to 115 dB.

4,3,2, Electricel Teata

a. Frequency response

The cambinad Frequancy rewponsc of the micraphone, the fnput amplifler, and the A-welghting network,
as measured at the output of the A-welghting network, is shown in Pigure 4,3=3,

b, Crest Factor Copability

The reaporse af the nolse exposure meter, normalized to 100% for a crest factor of 1.414 (alne wave),
im shown in Flgure 4,3-4% as a funclion of Lhe creat factor (rotio of peak voltnge to pms woltage] of the
test signal.

¢. Exchange Rate

The tesponse of tho nofse expssure meter, normalized to 100% at a doeacion of 0.25 hours, relative
to the veaponge of an Enstrwient with an exchange rate af exucely § decibels par doubling of time (s
shown En Figure 4,3-5. The important thing to consider here ia whether or not the data points define
a flat curve over a range of at lenst 25 dB, Daviations from flatness at one end of the 25 dB range
shown could be compensated for, by aain odjudtmants, 1f the curve is E£lat over a total of at least
25 ds,

d, Teaperatura Range

The response af the nofde exposure meter, at high and low remparatures, relative to 100% response
at 24°C, waa found to be:
5°C i00%
45°C 101%
¢. Battery Voltage
This instrunent did not have a4 battery voltage indicator.

4,3.)+ Genoral Obsarvations

{none)
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Flgura 4,3-3, Relatlve combined frequency response of migraphone plus
electronfca. The dashed curves indfcate the allowable
response level timits for o Typo 2 sound level meter s
specified [n American Natlonal Standard Speciflcations for
Sound Leval Meters, S1.4-1971,
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: Figure &,3-5. Relative rowponse of poias exposure meter to an eleccriesl uigqul
. covering a range of approximatcly 25 dB, See text f[or pethod of

: normalizatian.

! Yersanal {Wearahle) Instrwmencs

4,4« Model D

Twi pilot-productlon samples, designated 1 and 2, were tedted. The averall (acouatical) aystem
performance af two productlon samples, deslgnated 1 and 4, was determined,

4,4,1, Acoustical Tests
n, Hicrophone Callbracion

The relative response of the mieraphone,bused on @ 4B reaponse at | kilz, is shown as s functlon of
frequency in Figure 4.4-1, Tests over the rupge of A-welghted-sound levels from 90 to 115 dB Lnd{cated
na prohlems with lipearity.

b. System Response

The overall parformsace of the noise exposure meter, when placed inh a candom, diffuse sound Fleld
ag dederibed In Sectfon 3.1,b.,{s shown Ln Flgure 4.4-2, The response was muasured relative to a cali- .
brated zondenser microphone and mausurement system, The cross-hatched region {ndlcates the estimated '

uncertalnty (95 pearcunt confidence limits) in the level of the sound fleld in which the nalse exposure
meter was testad, :

4.4,2, Electrical Toata
a, Frequency Rosponse

The combined froquency vesponse of the microphone, tha input amplifier, and che Asweighting network, i
ag measured at the output of the A-weighting network, is shown in Figure 4,4.3, L

B, Credt Factor Gapabflicy

Tha respamse of the nolse exposure meter, normalized to 100% for a crest factor of 1.414. {sine wave), .
Is shown ln Figure 4,4<4,05 a function of the erest fuctor (ratto of peak veltage £n ros volrage) of the i
tost aignal. ;
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Flgure 4.4-1, Relative frequency response of wmicraphene.
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Figure 4,4-2. Response of nolee exposure metevr, relative to oxpected response,
whon placed in ficld of pink notse (see text) at A-weighced-aound
levels from 92 to 115 dB,
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Figure 4.4=4,
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Relative combined frequency response of mierophene plus

electronles, The doabed curves Indicate the allowable rasponse

level linmits for o Type 2 saund level meter as specificed
in American National Standard Speciffcaticns for Sound Level

Meters, §1,4-1971,
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CREST FACTOR

Response of nolse exposure meter, normalized te 100% fo
8ine wave input, as a function of creat factor.
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c, Exchange Rote

The response of the nolse expasure meter, normalized to 100% at & duration of 0,25 hourd, relative
ta the response of an (nstrument with an exchange rate of exactly 5 declbels per doubling of time 1a
shown in Flguce 4.4-5, The important thing to consider here is whether or not the data polnts define a
flat curve over o eange of at least 25 Jdff, Neviatlons from [latness at one end of the 25 dB range ahown
could he compensated for, by maln adjustmenta, EC the curve Ls flat over a total of at least 25 dB.

d.  Temperiature Range

The responde of the nolsa exposure moter, at high and low temparatures, rvelacive to 100% responso
at 24°C, wog found to bo:

Sample 1 Sample 2

5°C  emmew - 96%

4s5%c 101% 102%

i |

140— I MODEL D | ]
[
2 | _
o | |
i ] I
w (20 | | —
II: — -—
2 } !
3 Y | & _
w } |
>
£ 8o | } —
é ¢ 25d8 :11
® } o SAMPLE | |
60— | & SAMPLE 2 ] —
] ]

Figure 4.4=3, Relative response of nolve exposure meier to sn electrical signal
covering a vange of approximarely 235 dB, Seo text for mathod of
normalizarion.

e¢. Battery Voltage
Operatlon of the Battery check ladicoter npprared matiafactory.
4,4,3, General Observations

a, It wos obsarved that the unic can be peymanently damaged during battery lastnllacion {f the
hattery terminals are touched with veversed polarity to the connector,

b, Difficulty was expsricuced in connecting the production noise exposure meters to tho callbyator
due te mechanical misalignment,

¢, The normal callbration chock was not sufflclently precise (4 10% of pormlssible nolse expesure),
Pervonal {Weusrable) Instruments
4.5, Modal E
4.5.1 Acoustical Tesate
&, Microphone Culibration

The relacive response of the micraphong based on 0 dB responss at | kiiz, 1s shown as o functlon of
Erequency in Figura 4,5.1, Testa over the range of A-weightedesgund levels from 90 co 115 dB indicated
no problems with linearity,
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b, System Responge
! The overall performance of the nolse exposure meter, when placed in a randam, diffuse mound field
pa degeribved in Seccion 3.1.b., 1a ghown In Figure 4,3~2. The rcaponse was measured relative o o
] calibrated condenser microphone and measurement aysrem. The crass-hatched reglon Indicates the estimated
| uncartainty (95 percent confidence linmlts) in the level of the sound field in which the nelde exposure
; merer was tested,
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when placed {n & ffeld of pink nolee {sce text) at A-welghted- i

sound levels from 92 to 115 dB.
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4,5.2, Elvetrienl Tunts
a, Frequency Response

The combined frenquency response of the microphone, the input amplifier, and the A-welphtling nutworh,
as mensured at the output of the A-welghting network, Ls shown Ln Flgure 6,53, It shouwld be n:m.td that
this unic has a potred electronies madule; therefore, measurements had to be nJ:ulc at the output of the
exchange rate clvcult rather than at the outpet of the A-weighting network, For this reason one cauld
anly check the fraquency response over o 25 dlb range.
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Figure 4.5-3, Relative cowbined {requency response of microphone plus eleceronics,
The dasbed curves indicate the allowable response level limita far
8 Type 2 sound level metor as apecified in Ameriecan National Standard
Specifications for Sound Level Meters, S$1.4-1971.

b. Crest Facter Capability

The response of the nolsa exposure meter, normalized to 100Z for a crest factor of 1,414 (eine
wave), is shown in Figure 4,.5-4,a8 o function of the crest factor (ratio of peak voltage to ros voltage)
of the test signal.

e, Exchange Rate

The reaponse of tho noise exposure meter, normalized to 100% at a duracion of 0,25 hours, relative
to the responsa of an inAtrument with an exchange rate of oxactly 5 decibels por doubling of time is
shown in Figure 4,5-5, Tha important thing to censider here is whether or not the data points define a
Elat curve over a rang® of ot learst 25 dB, Deviations from flatnens ot one end ef the 25 dB range
shown could be compensate’ vz, by gain adjustments, if the curve is flat over a total of ot least 25 dB.

d. Temperature Range

The response of the noise exposure merer, at high and low temperatures, relative to 100X response
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Sample L Sample 2
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Figure 4,5-5.

The response of the noisce exposurs meter, on boch samples, relative to 100% for a fully-

felative response of nolee exposure meter to an electrical signal
covering n range of approximately 25 dB. See text for method of

neraslization.
e, Battery Voltage
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chavged bactery, was 947 ot the volrage at which the hattery check indicaror showed haprery fallure,
%.5.3, General Observations

The clip for attoching the microplone to the wser's clothing casily became detached [rom the

microphone,

Perscnal (Wenrable) Instzuments
4.6, Model F

These devicea were recelved very late in the program. 0Ooly the overall acowitical performance and

the exchange rate were evaluated,

4,6,1. Acoustlcal Tuesta

The overall performanee of the noise exposure meter, when placed in a random diffuae seund {iold
ag deserlbed in Sectlen 3.1l.b,,1s shown In Filgure 4.6<1, The responae was measured relacive to a ¢all-
braced roadenser microphone and measurement system, The crosa~hatched reglon {ndicates the estimated
uncertainty (95 pevcent confidence Llimits} in the leve! of the sound fleld in which tha nolse exposure

meter was lesCed,
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A-WEIGHTED SOUND LEVEL,dB ro 20 iPa

Figure 4.6-1. Response of nolse expodure meter, relative ro expected response when
placod in u £lold of plik nolsu (see text) at A-welghtad-sound lovels
from 92 to 115 dB,

4,6.2. Electrical Teats

The response of the noise expusure meter, normolized to 100% at 4 duration of 0,25 hours, relotive
to the response of an inatrument with an exchangs rate of exacely 5 deqibels per doubling of cime ia
shown in Flgure 5.6-2, The Important thing to ¢onaidur here is whether or not the data poines deflne
a flat curve over a vange of at laasc 25 dB, Deviatlons from flutness ot one end of the 25 dB range
shown could be compensated for, by galn adjustments, if the curve iz [lar over a total oy at least
25 dB. It should be noted thut sample 2 is o first geporation design while mample 1 ig & later model,
The msnufacturer of this instrument notified NBS that they had modifled the deslgn to cover thn necessary

25 dB dynamic range.

4,6,3, Ceneral Obacrvations

(noene)
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Figure 4,6-2, Relative response of nolse expodvre meter to an electrical signal
covering a vange of appraximacely 25 dB. See text for method of
narmalizatian,.

Stationary Instrumentn
4,7, Model G

This was noet a persensl (wosrable) lnstrement. Only the averall (acaustical) system prrlormance (s
raportad,

4,7.1, Accustical Tests
The avaral! performance of tho naiwe expodure meter, when placed Ln 4 random, diffuse sgupd flald
as described {n Seerion 3.1,b.,1ls shown ln Plgure #,7-1, The response was measured relative to a calie-
brated condenser mlcrophone and meAsurement system. The cross-hatched reglon indicates the estimated
uncertainty (95 percent confidence limits) In thoe level of the sound Eield in which the noise expasure
meter wad todted,
4.7.%, Electrical Tuiew
(none}
4,7,3, General Obscyvations
4, The [natrument counter would not advance beyond 100% exposure,
Statfonary Inscrunents

4.8, Madel B

This wos not a parsonal (woarable) fnstrument, Only the overall (acoustical) system perfarmunce is
raported. One of the two samples malfunccicned so results are shown only for cthe other aample,

4,B.1, Acountical Tests

The overall performance of rhe nolse exposure meter, when placed In a random, diffuse sownd field
oy descrlbed {n Sectlon 3.1.b,,id shown in Flgure 4,8-1., The responsa wos measured relative to a cali-
brated condenser microphons and measuremant system, The cross~hatched reglon Lndicates the estimored
uncertaincy (95 percent confidence limits) in the level af the sound field in which the nolis exposure
metar was tegted,
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Response of noise .exposure meter, relative to expected redponsc, when
placed ln a fleld of pink nolsc (sec text) at A=weighted-sound levels
from 92 to L15 4B,
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Response of nolse exposure meter relative to expocted responge, when
placed in a fiold of pink noise {see text) at A-welghted-sound levels
from 42 to 115 db.

4.8.2, Electricul Testa
(nona)
4,8.3. Ceneral Ohservations
{noune)
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5. SUMMARY AND CONCLUSLONS
In general, the following ronclusions can bo drawn as a result of this tear programy

+ Microphane tesponse -- Most noise uxpeaure metors utllize welleproven ceramic microphones
with characceristic reapense belng relativoly £lut  from 50 Mz tn 5-8 klz.
None of the microphones tested shawed any evidence of nonlinenrities aver
the dynamic range of intereac (90-115 dB).

»  System respongse -~ Since no performance standard exists agoninst which tlese devices can
Lo buflt and tested, che system responscs are widely varying depending on the
particular design.

+ FPrequency reaponse =~ Modt nolde exposure meierd meet the allowable tolerances for a Type
2 sound level meter (relotive combined frequency response of microphene plua elec-
troenics) as specified in American Natlenal Standard Specificatlons fer Sound Level
Meters, 51.4-1971,

+ Crear foctor capobility == Moat devices can handle only small crest factors. Whether or not
this presents a problem Jdepends on the use situation. The response tfor all models,
with the exception of model D, falls below a 90% reading or exceeds a L10R
reading at a crewt factor of 2-4, Model D's response remalins nearly perfoct

at a crest factor of 4.

+  Exchange rate -- The exchunge race clrcultry appeara to be a troublesome deaign prablem for
gome manufacturers. One reason for this may be that they have no experience with
guch cireultry from othar instruments; however, it is a cruclal part of o nolse
eXpuHutE meter.

+  Temperature range =~ Mopt naide exposure metera wuffar only n few percent crror dus to teop-
erature effects over the range 5°C=45°C,

+ HBattery voltage -- Thosa devices with valtage regulation showed no cffect in dosimeter reading
due to battery drain effect for volcages above the battery check Indicocor minimum,

The obvioun exception to the above general conclusionsa are models A and G, both of which performed
roorly in each of the abnve tescs,

It {s quite evident that a comprehenaive performance atandard for theaa dovices 1s an absoluta
necessity., Americon Rational Scondards Inscitute Working Group S1-W45 is presently working on such
A atandard and ite offorts should be epcouraged and agcelerated, 1In additfon, a usage standard might be
necessary to provida guldance on suclh items ad microphone placement on the body, minimum recommended
checks prior to usage, and guideline handling procedures =- important considerations which the per«
fornunce standard may not provide.

The test program has shown that there existe a wide variation in performance among the varinus
noige oxppsure meters tasted, Some might serve as inatruments for monitoring compliance with the
occcupational nolaa expopure regulation; hawever, tho user should he cautioned ro carry out enough
evaluation testa to ascartain that the deviees are performing adequately for hia purpose,
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