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MSHA TEST PROCEDURES AND ACCEPTABILITY CRITERIA
FOR NOISE DOSIMETERS

by

Dennis A. Giardino, * John P. Seiler, > and Timothy Y. Yen ?®

| NTRCDUCTI ON

The Mne Safety and Health Administration (MSHA) is currently
proposi ng amendnents to 30 CFR, Parts 70 and 71, which woul d allow the use of
noi se, dosimeters in the performance of noise surveys in coal mnes. To com
plenent these amendments, a test procedure and criteria were needed by MSHA to
eval uate commercially available noise dosinmeters. Since there are no recog-
nized standard test procedures and criteria for the noise dosineter, it was
necessary for MSHA to adopt its own. The adopted test procedures were devel -
oped jointly between the US. Bureau of Mnes and MSHA, while the adopted
criteria was developed solely by MSHA. A full presentation of the procedures
and initial test results may be found in the U S. Bureau of Mnes Information
Circular 8754 titled, "Noise Dosineter Performance--A Second Evaluation," by
Tinothy Y. Yen and Kenneth C. Stewart

TEST PROCEDURE
1. Cenera

Three dosimeters of a given nodel designation under consideration for
MSHA acceptance shall be randomy selected from stock for testing. The nethod
of selection shall have the prior approval of MSHA. Prior to and during the
course of testing, the calibration of each dosineter shall be verified accord-
ing to the manufacturer's instructions to insure that it remains in good work-
ing order. If a unit fails to function or calibrate during the test, the
manuf acturer has the option of continuing with the remaining instrunents or
may begin the entire test programover again with the selection of three new
instruments according to the previously established procedures. A nmanufac-
turer, whose brand of noise dosineter fails to neet the MSHA criteria, my at
a later date, request a repeat of the tests on new instrunments provided they
have been selected according to the previously established procedure.
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Al'l testing shall be conducted in an anechoic chanber that will cover the
frequency range of interest (100 to 8,000 Hz). The anechoic chanber shall be
of sufficient size to permt the placement of the dosimeter mcrophones in the
farfield* of the sound source. Farfield pl acenent of the mcrophones shall be
conducted for each test unless it is specified otherwise. No nore than three
dosimeters may be tested at one time and the spacing between any two dosim
eter mcrophones nust be at least 6 inches

2. Freguency Response

The frequency response of a dosineter shall be determned at the pre-
ferred 1/3 octave band center frequencies from 100 to 8,000 Hz, inclusive
Each of the acoustic test sounds shall be pure tone at a constant sound |eve
of 100 dBA and having a total harnonic distortion of |less than 1 percent. The
test tone may be incident upon the dosimeter mcrophone either parallel or
perpendicular to the axis of the mcrophone. The level of the sound field at
each position to be occupied by a dosineter mcrophone nmust be established
with a nmonitor mcrophone and an appropriate readout device. The spatia
deviation of the acoustic field anong the mcrophone positions shall not
exceed 21 dB. The actual sound |evel established with the nonitoring system
is to be used in calculating each dosimeter response. The calibration of the
moni tor system must be established and be directly traceable to the Nationa
Bureau of Standards. For each test tone, the dosage readout (starting from
zero) shall be recorded after one-half hour of exposure. Throughout each test
period, the sound field in the chanber nust be nonitored continuously to
verify that the sound field is constantly maintained

Since the current ANSI Standard S1.4-1971, "Specifications for Sound
Level Meters," specifically deals with the random incidence response of sound
level neters, it is appropriate for the response of a dosinmeter to be speci-
fied in terms of its random incidence response. Knowi ng the relationship
bet ween the random inci dence response and the response at the selected angle
of incidence, it is possible to reduce the data to that corresponding to
random incidence. If that relationship is not known, then such a relationship
must be established according to the procedure given in appendix A of the ANSI
Standard S1.4-1971 and nust be reported for the dosimeter mcrophone in ques-
tion. Each dosineter mcrophone must be placed in the farfield of the sound
source except at frequencies of 100, 125, and 160 Hz where nearfield placement
I's permssible.

"The farfield of a sound source is the region in which the sound pressure is
inversely proportional to the distance fromthe source. A deviation of
+0.5 dB from the theoretically projected sound pressure level is
perm ssi bl e.



3. Tine-Level Exchange Rate

It suffices to determine the dosinmeter exchange characteristics at a
single frequency of 1,000 Hz. The test tone shall be presented to each
dosinmeter at the levels and for durations specified bel ow

1,000 Hz tone sound level, dBA ...... 92 95 100 105 110 113 115
Duration of exposure, hours.......... 2.0 1.5 0.5 0.5 0.3 0.2 0.2

The total harnonic distortion of the test tone at any level nmust be |ess than
1 percent. The actual levels to which each dosineter mcrophone is exposed
nust be determined with the nonitor system The spatial deviation of the
acoustic field among the mcrophone positions shall not exceed 51 dB. The
actual level of exposure established with the monitoring systemis to be used
in evaluating the exchange rate

4, The Dosineter Threshold

To bracket the cutoff threshold of each dosimeter, it is sufficient to
use a test tone of 1,000 Hz at levels of 88 and 92 dBA and for durations of
1 and 2 hours, respectively. The dosage readout for each dosimeter at the two
| evel s shal | be-reported

5. The Limt Level Indicator

The limt level indicator shall be verified with a 1,000 Hz tone at
| evel s of 113, 115, and 117 dBA for a duration of two-tenths of an hour at
each level. The status of the indicator at the end of each test |evel shal
be reported. Nearfield mcrophone placenent at 117 dBA is permssible.

6. Crest Factor Handling Capability

The ability of dosinmeters to handle test signals with crest factor
values larger than that for a pure tone shall be determined with tone bursts
and with a broadband noise stimulus

6.a. Tone Burst

A 1,000 Hz continuous waveform passing through a gating device shall be
used as the test signal.- The continuous waveform shall produce a |evel of
115 dBA at each test position as established by the nonitoring system  The
spatial deviation of the acoustic field anong the nicrophone positions shal
not exceed +l dB. The tests shall be run at a duty period of 250 mlliseconds,
with on tinmes of 150, 100, 50, and 25 milliseconds (containing 5 mlliseconds
of rise time and 5 milliseconds of decay tine). The actual sound |evel at
each of the mcrophone positions shall be neasured with an indicating device
possessing an ANSI Type | A-weighting function and slow response. The indi-
cating systemnust be capable of measuring waveforms with a crest factor of at
least 10. The test duration for each tone burst shall be two-tenths of an
hour .



6.b. Broadband Noise

A random noi se source shall be used as the electrical input to a |oud-
speaker.  The sound level produced by the |oudspeaker shall be 115 dBA at each
dosi meter nicrophone position. The spatial deviation of the acoustic field
among the nicrophone positions shall not exceed +l dB.  The spectrum of the
sound field produced by the |oudspeaker shall have a frequency distribution
such that the deviation in sound pressure level for the 1,000 Hz through the
8,000 Hz octave bands does not exceed +3 dB. Below 1,000 Hz, a rolloff of
approximately 10 dB per octave is permissible. The spectrums of the test
sound nust be measured with an octave or |/3 octave band sound anal yzer at
each microphone location. The exposure duration for this test shall be two-
tenths of an hour

DATA ANALYSI S

The raw data, generated in the process of evaluating the characteristics
of noise dosimeters according to the previously established testing procedure,
shal| be sent to MSHA® at the conclusion of the tests. Upon receipt, the data
will be analyzed by the nmethod described in the docunent, "Noise Dosineter
Per f ormance--A Second Evaluation,” by Tinmothy Y. Yen and Kenneth C. Stewart,
BuMnes 1 C 8754. Appendix A presents the format that MSHA will use for the
reduced data

MESA ACCEPTANCE CRI TERI A

The criteria are to be applied only to the reduced data and not to the
raw data. At least two instruments of the three instruments subnmitted by the
manuf acturer for testing nust pass all seven of the criteria. The acceptance hy
MSHA of a nodel noise dosinmeter will be published in a separate notice in the
Federal Register and the nodel will be added to MSHA's |ist of acceptable
dosi meters

1. Maxi num Dosage Readout Capability

Accept abl e dosi neters nust be capable of accunulating and reading out a
dosage of up to and including 999 percent

2. Crest Factor

2.a. Pure Tone (tone burst)

The deviation in equivalent sound, 6, as derived from the dosage readings
fromtest 6.a. nust be within £1.5 dB in the pure tone crest factor range of
1.4 to 3.2

“Dennis A Gardino, Chief, Noise Branch, Division of Health Technol ogy, Pitts-
burgh Support Center, Mne Safety and Health Administration, 4800 Forbes
Avenue, Pittsburgh, PA 15213



2. b. Broadband Noi se

The deviation in equivalent sound |evel, & as derived from
t he dosage readings fromtest 6.b. nmust be within 1.0 dB.

3. Exchange Rate Linearity

The exchange or trade-off rate linearity error, B, of a
dosi meter nust be such that the deviation in equival ent sound
| evel as derived fromthe dosage readings fromtest 3 nust be
within 0.5 dB in the sound | evel range of 95 to 115 dBA

4. A-wei ghting Response

The A-weighting error, 0, as derived fromthe dosage
readings fromtest 2 nust be within the A-weighting tolerances
shown in table 1. These tol erances are identical to those
specified in ANSI Standard Sl1.4-1971 for Type Il A-weighting.

Frequency, Hz |Tol erance Frequency, Hz Toleranc limt
limts, es,
dB dB

100 +2.5 1, 000 +2.0
125 +2.5 1, 250 2.0
160 +2.5 1, 600 +2.5
200 +2.5 2, 000 +3.0
250 +2.5 2,500 +4. 0, -3.5
315 +2.0 3, 150 +5.0 -4.0
400 +2.0 4,000 +5. 5, -4.5
500 +2.0 5, 000 +6. 0, -5.0

5. Pink Noise

This criterion applies to the overall response of the
dosinmeter. The A-weighting error, a, fromtest 1, the linearity
error, (3, for a 105 dBA sound |level fromtest 3, and the broadband
crest factor error, o fromtest 6.b., are used together with an
assuned pink noi se spectrumas input data to the conputationa
procedure shown in appendix B. For an instrunment to neet this
criterion, the conputed overall error nust be within 2 dB which
corresponds to a dosage tolerance of 76 to 132 percent.

6. Field Calibration

~An acoustical calibrator, designed to be used with the noise
dosi neter, nust be commercially available. Additionally, a
alibhration verifi ation nro edire mist he sne ified in the



7. Threshold

The dosage readout as determined from the dosineter threshold test 4 at
88 dBA nust be 1.0 percent or |ess.



APPENDI X A. - - DATA FORMAT

Table A-l is an exanple of the format that will be used by MSHA for the
reduced data

Where
o = A-weighting error in dB (used in criterion 4)
B = linearity error in dB (used in criterion 3)
Y = calibration error in dB

§ = crest factor error in dB (used in criteria 2.a. and 2.b.)

and where
c = oY/®
F = 2/
G = 2P/®
8/s

R/R, = 2



TABLE A-l1. - Exanple of format for reduced dosineter data

Sample 1 Sample 2 Sample 3 Sanpl e Mean

Frequency
in Hertz F o F a F a F |
100 0.966 -0.2 0.728 -2.3 0.920 -0.6 0.871 -1.
125 0.902 -0.7 0. 805 -1.6 0.939 -0.5 0. 882 -0.
160 0.901 -0.8 0. 885 -0.9 0. 965 -0.3 0.917 -0
200 0.874 -1.0 0. 885 -0.9 0.943 -0.4 0. 900 -0
250 0.902 -0.7 0.920 -0.6 0.979 -0.2 0.934 -0.
315 0. 875 -0.8 0. 885 -0.9 0.948 -0.4 0.903 -0
400 0. 865 -1.0 0. 897 -0.8 0. 945 -0.4 0.902 -0.
500 0. 865 -1.0 0.910 -0.7 0.964 -0.3 0.913 -0.
630 0.828 -1.4 0.917 -0.6 0.931 -0.5 0. 892 -0
800 0.916 -0.6 0. 884 -0.9 0.920 -0.6 0.907 -0
1, 000 0.914 -0.6 0.923 -0.6 0. 964 -0.3 0.934 -0.
1, 250 0.871 -1.0 0.962 -0.3 0. 946 -0.4 0.926 -0.
1, 600 1. 015 0.1 0. 989 -0.1 1. 053 0.4 1.019 0.
2,000 0. 986 -0.1 1.238 1.5 1. 096 0.7 1.107 0.
2,500 1.296 1.9 1.310 1.9 1.196 1.3 1. 267 1.
3,150 1.351 2.2 1.028 0.2 0. 844 -1.2 1.074 0
4,000 1.162 1.1 1.016 0. 1 0. 892 -0.8 1.023 0
5, 000 0. 960 -0.3 1.116 0.8 1.074 0.5 1. 050 0
6, 300 1.157 1.1 1.310 1.9 1.197 1.3 1.221 1.
8, 000 1.385 2.3 1.394 2.4 1.281 1.8 1. 353 2.
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- Exanple of format for reduced dosi meter data--Continued

TABLE A-1.
Sample 1
Sound Leve
in dBA G B
92 0.973 -0.2
95 1.054 0.4
100 1.041 0.3
105 0. 986 -0.1
110 0.978 -0.2
113 0. 996 0.0
115 0.975 -0.2
Calibration
Fact or C Y
1.051 0.4
R at 88 dBA
for 1 hour 0%
115 dBA |ight
activated at 115 dBA

OrRrRPRPRPRORLO

Sample 2

G

978

. 008
. 968
. 030
. 008
.014
. 996

. 075

=

1
coooo0o
[ENENY NN S =W N

[~

0.5

1%

117 dBA

mroOOoOROOR

Sample 3
B
. 020 0.1
990 -0.1
990 -0.1
. 016 0.1
983 -0.1
998 0
. 003 0
C Y
. 048 0.3
0%
117 dBA

OrRrORREFRO

Sanpl e Mean
G B
990 0.1
. 017 0.1
. 000 0
. 011 0.1
. 990 0.1
. 003 0
. 991 -0.1
6 4
. 058 0.4



TABLE A-l. - Exanple of format for reduced dosineter data--Continued

1,000 Hz

Tone Bursts

Crest On

Factor Tine R'R, 6 R'R 6 R'R 6 R'R
2.0 60% 1. 150 1.0 1.146 1.0 1.138 0.9 1.145
2.4 40% 1.202 1.3 1.235 1.5 1.112 0.8 1.183
3.5 20% 1.224 1.5 1.234 1.5 1.254 1.6 1.237
5.0 10% 1.175 1.2 1.172 1.1 1.172 1.1 1.173

Br oadband

Noi se 1. 006 0 0.961 -0.3 0.987 -0.1 0.985

Crest Factor = 4.3

01
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APPENDI X B. --PI NK NO SE RESPONSE
COMPUTATI ON

The pink noise criterion applies to a conputed result. The
conputation is based on a spectrumw th a sound pressure |evel
of 93.44 dB in each 1/3 octave band from 100 Hz to 8, 000 Hz,

i nclusive. These levels result in an overall A-weighted sound
| evel Ly equal to 105 dBA.

In performng the conputation, the spectrumis weighted with
the ANSI A-weighting values and the a values for each 1/3 octave
band for the dosinmeter under consideration. The resultant 1/3
octave levels are conbined to yield an overall sound |level. The &
val ue obtained fromthe broadband noise test and the [ value from
the linearity test for a sound |l evel of 105 dBA are then added to
this overall sound | evel. The resultant sound level, La is the
equi val ent | evel that the dosinmeter records. The error is then
determ ned by subtracting Lz fromL 3.
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