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RELATION OF EAR PROTECTOR ATTENUATION TO NOISE SPECTRA AND METHODS
FOR ITS DETERMINATION

DANUTA TRYNKOWSKA, RYSZARD MICHALSKI
Central Institute of Occupational Safety (00-349 Warszawa)

454 spectra of industrial noise the sound level of which exceeded 90 dB (A),
i.e. the maximum permissible values as established by the Polish Standard
PN-70/B-02151 were analyzed. The real-ear attenuation for seven ear protectors
was investigated and attenuation values for each of 454 noise spectra were cal-
culated. An analysis of the attenuation of ear protectors as a function of the noise
spectrum index Agy was made and the regression curves for 8,4 = f(dg4)
were determined. Several methods for the determination of attenuation were
given and a comparative analysis of the results was made. It follows from the
analysis that the best method for determination of the attenuation uses the
mean spectrum.

1. Introduction

As established by Polish Standards PN-70/B-02151 [10] and PN-77/N-
-01310 [12] and by the recommendations of ISO/R 1999-1971 (E) [7], the weigh-
ted noise level expressed in dB (A) is the criterion for the estimation of the
harmful effect of noise on the human organism. Thus, when considering the
ear protector performance, one should use the levels reaching the ears when
protectors are used, as measured in these units. Knowledge of the quantity
defined as attenuation in Polish Standard PN-76/N-01309 [11] has practical
significance for the estimation of the performance and choice of ear protectors.
Ear protector attenuation is the quantity determining the sound level reduction
at the tympanum due to the use of ear protector. As established by the recom-
mendation ISO/R 1999-1971 (E) and the above mentioned Polish Standard,
the attenuation 8, is expressed in dB (A) and calculated from the formula

Ly—8;+K,,

. aB(A), 1)

8, =L,—10log antilog
2

where L, — sound level in dB(A) occurring at the work place, L, — band
pressure level (in dB) in an octave band of centre frequency f, §; — mean real-ear
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attenuation of ear protectors (in dB) at the frequency f, K,, — coordinates
of correction curve A for the sound level meter (in dB) at a frequency f (f = 63,
125, 250, 500, 1000, 2000, 4000, 8000 Hz).

It follows from formula (1) that the value of the ear protector attenuation
depends on the spectral distribution of the noise considered and for one type
of ear protector can vary over a range of a dozen dB(A) or so, depending on
the spectral distribution of the noise [4, 8, 15-19]. Calculation of the attenuation
8, from formula (1) also requires the determination from measurements of:
eight values of the band pressure level L, in octave bands, eight values of the
real-ear attenuation 8, of the ear protectors, and the performance of rather
complicated calculations. Thus for several years investigators have looked for
a simpler way of characterizing the noise spectra than that of giving the values
of the band pressure level in eight octave or (24) 1/3-octave bands and for
a rapid method — as little dependent on the noise spectrum as possible — for
the determination of ear protector attenuation or the sound level L, of the noise
in dB(A) reaching the ears when using ear protector. Research in this direction
was initiated by BoTsrorD [2-4].

Taking into consideration the difference between the correction curves A
and € used in acoustic meters, Botsford postulated a thesis that the difference
between the weighted sound levels L,— L, = 4,,, subsequently called the
noise spectrum index, determines the noise spectral distribution. He analyzed
about 1000 spectra, including 580 spectra of industrial noise, and stated that the
relation suggested is valid for two thirds of real noise sources.

On the basis of Botsford’s verified theory, WAvuaH [18] divided industrial
noise into five categories depending on the value of the 4, -index (Table 1).

Table 1. Division of noise spectra into categories

Category ’ 1 2 3 + | 5

AAg[dB]l <0 |[0.1-2.0 | 2.1-4.0 4.1-9.0‘ >9

For comparison, he standardized noise spectra so that sound level was
the same for each spectrum, e.g. L, = 90 dB(A). It is achieved by subtracting
from the band pressure level in each octave band the number of decibels by
which the sound level of noise considered exceeds the chosen value of L.

Standardization of the noise spectrum does not change the value of the
attenuation §, for ear protectors under the assumption (consistent with the
results of investigations previously obtained [13]) that the real-ear attenuation
of ear protectors does not depend on the sound pressure level.

Waugh investigated 619 spectra of individual noise sources and determined
a mean spectrum for each category. Comparing values of the attenuation 8,
for 30 types of ear protectors, calculated from formula (1), on the basis of the
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above-mentioned mean spectra and 619 specific noise spectra, Waugh found
that the attenuation 8, determined from the mean noise spectrum for a given
category, is different from the mean attenuation determined on this basis of
all spectra which belong to the given category by about 1 dB(A). Thus in practice
for the selection of ear protectors it is enough to estimate the attenuation on the
basis of the mean spectrum for the category comprising the noise spectrum
considered.

Botsford assumed that there is a quantity characteristic of ear protectors
which does not depend on the spectral distribution of the noise [3, 4]. As a result
of an investigation on the six mean noise spectra he found that the difference
Ly—Lg = SLC is the desired quantity, where Lg is the sound level of noise
in dB(A) corrected by the ear protector. The quantity SLC (short for Sound
Level Conversion) permits determination of the sound level reaching an ear
protected by an ear protector when the sound level Ly — of the noise is known.
Changing the noise spectrum index A, from 0 to 20 dB, Botsford obtained
a change in the value of SLC for different types of ear protectors over a range
of only several decibels, whereas their attenuation §, varied over more than
20 decibels.

The quantity SLC is related to the attenuation 8, and noise spectrum
indices 4., by the following relation:

SLC =SA+AOA' (2)

Substituting into formula (2) the mean value of SLC for a given type of
ear protector instead of SLC and the value of 4,,, Botsford obtained values
of attenuation 8, which differed at most by 043 dB(A) from the values de-
termined in an exact manner from formula (1).

On the basis of the values of attenuation 8, determined for the six spectra
of BoTsFoRrD [4], JoHNsON and N1xon [8] obtained equations for the regression
curves of the attenuation §, as a function of noise spectrum index Ay, for
different types of ear protectors, i.e. determining the coefficients b aid m in
the equation

8y =b+tmig, (3)

by the method of least squares. By comparison of the values of attenuation 8,
determinated by the linear regression method (formula (3)), the exact method
(formula (1)) and SLC method (formula (2)), Johnson and Nixon found that
the method they used gave attenuation values closest to those obtained by the
exact method. Although slightly less exact, Botsford’s method was, however,
far simpler.

The present paper includes part of results of investigations [16] aimed
the determination of ear protector attenuation for noise spectra oceurring in do-
mestic industry and at the creation of a method for rapid selection of the domesti-
cally available ear protectors most suitable for the noise involved. In the present
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paper, the discussion is limited to the investigation of real-ear attenuation of
ear protectors, analysis of industrial noise spectra and the investigation of the
relation of ear protector attenuation to the spectral distribution of the noise.

2. Characteristics of real-ear attenuation of ear protector

The real-ear attenuation §; of ear protectors was determined by an audio-
metric method using the audibility threshold shift of a group of ten people,
complying with the requirements of Polish Standard PN-76/01309 [11, 16].
The values of the realear attenuation §,, found for seven selected types of ear
protectors and the appropriate standard deviations s, are shown in Table 2.

Table 2. Real-ear attenuation Sy of ear protectors and standard deviation s [dB]

Type of ear Quan- Frequency [Hz]
protectors | tity | g3 [ 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000
TD-1A B | 63 | 44 | 00 | 146 | 258 | 232 | 263 | 22.4
s 49 | 37| 50| 39 | 48| 63| 51 | 65
g 8 | 80 | 66 | 7.3 | 162 | 272 | 221 | 20.4 | 25.
s 42 | 30 | 33| 30 | 29| 46| 44 | 46
aag 8 | 107 | 103 | 18.2 | 12.4 | 138 | 21.5 | 29.7 | 29.2
s 86 | 82 | 70 | 68 | 75| 100 | 79 | 111
Ry 8 | 188 | 182 | 21.0 | 10.9 | 23.0 | 30.9 | 42.2 | 35.0
s 38 | 39 | 49 | 55 | 64 | 58 | 79 | 7.2
. ; : : 3 | 25 7| 265
Bar dotender | | Y05 | 0 | M | s | e | T | T | 7
3M Brand S8 | 214 | 17.3 | 189 | 18.8 | 19.1 | 23.9 | 259 | 318
No 8773 s 36 | 29 | 43| 48 | 23| 70| 79 | 67
Contraphon 8 | 62 | 65 | 85 | 86 | 115 | 21.2 | 27.1 | 28.5
wool s 33 | 33| 45| 33| 36| 53| 62| 50

Ear muffs TD-1A and TD-5 and ear plugs Saturn II are the latest types
of domestically produced ear protectors, contraphon wool is imported from the
GDR. The other types are only sporadically used domestically.

It can be concluded from Table 2 that the ear muffs TD-5 are characte-
rized by a higher real-ear attenuation for low and medium tones, compared
with ear muffs TD-1A, whereas amongst ear plugs, E-A-R have the best and
contraphon wool the worst properties.

3. Analysis of noise spectra in domestic indusiry

For the investigation of spectral distributions of noise occurring in the
Polish industry, 454 records were selected from about 900 spectra of quasi
stationary noises and analyzed. The sound level of the selected noises exceeded
90 dB(A) — the maximum acceptable value, as established by the Polish Stan-
dards PN-70/B-02151 and PN-77/N-01310, p. 01 [10, 12].
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These spectra were gathered from measurements made by the Technolo-
gical Acoustic Department of the Central Institute of Occupational Safety,
Sanitary and Epidemiological Board in Warsaw, and the Research and Design
Office of the Textile Industry in X.6dZ. These results comprised values of the
octave band pressure level over a range of central frequencies of 63-8000 Hz.

Having the values of pressure levels, L,, in octave bands at mean frequen-
cies f = 63, 125, 250, 500, 1000, 2000, 4000, 8000 Hz for the noise considered,
the sound levels of the noise L, and L, were determined from the relations

I, =10log Y 10" +Eap), (4)
)

Ly =101log 2 10" 1y +Xe,p), (5)
7

and also the difference
AAO‘ = LC'_LA! (6)

where K, , and K, are the coordinates of correction curves 4 and C of
a sound level meter, with values given in Table 3. For the above calculations

Table 3. The coordinates of the correction curves A and C

f [Hz] 63 125 250 500 1000 | 2000 | 4000 | 8000
K4 ;[dB] —262 | —16.1 | —86 | —8.2 0 1.2 1.0 =11
Kgr[dB] —08 | —o02 0 0 0 S0 Lod | i53.0

a special analytical programme for a Hewlett Packard 9810 A minicomputer was
designed, which was included as a subprogramme in the analytical programme
for calculating the attenuation §,, the reduced attenuation 8 ,,, and the SLC
of the types of ear protectors investigated.

The noise spectra investigated were divided into five categories, depending
on the values of noise spectrum index 4y, = Ly— L, in accordance with Ta-
ble 1, and a mean noise spectrum was determined for each category. The octave
band pressure level values for mean noise spectra standardized to the value
L, = 90 dB(A) are given in Table 4.

Table 4. The mean noise spectra for d®mestic industry standardized to 90 dB(A)

Octave band centre frequencies [Hz]
Category A

63 125 | 250 500 1000 | 2000 | 4000 | 8000 [d%A]
1 67.8 | 69.8 718 - |- 76.1 | ‘808 | -84.0- |- 84.9 | 82:8— | =1:1
2 75.5 78.5 | 80.9 | 84.3 | 85.8 | 84.0 | 80.0 | 75.1 0.8
3 82.1 84.6 | 859 | 87.6 | 856 | 824 | 77.0 | 70.9 2.9
4 88.6 | 88.5 | 89.56 | 88.0 | 85.3 | 8l.1 75.3 68.1 5.2
5 99.1 | 974 | 91.2 | 88.4 | 83.5 | 78.1 71.3 62.1 11.6
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4. Determination of the attenuation §4 and reduced attenuation S, g for ear protectors

The attenuation of ear protectors investigated was determined for two
cases:

1. When using as a starting point the mean real-ear attenuation 8, of ear
protectors — the attenuation thus determined aws denoted by §,.

It follows from statistical considerations that in such a case the ear protec-
tors will diminish the noise sound level by at least 8, dB(A) for about 50 %
of the users.

2. When using as a starting point the reduced real-ear attenuation 8,,,
equal to the mean value of the real-ear attenuation S;, reduced by standard
deviation s (8;, = 8,—s) — the attenuation calculated in this way was named
“reduced” and denoted by 8, g. Accounting for standard deviation, diminution
of the sound level by at least 8, , dB(A) is achieved by ear protectors for about
859, of the users.

The attenuation 8, and reduced attenuation 8, , for a set of noise spectra,
ocenrring in domestic industry, and the mean values of S, and S, , for each
spectrum category were determined [16]. Calculated values of S, and 8,
for each type ear protector were plotted on the coordinate systems Ag,, 84
and Ay, 84,. A graphic representation of the calculations for E-A-R plugs
is presented in Fig. 1, as an example. Mean values of S, and S, , are given
in Table b.

As can be seen in Fig. 1 and Table 5, with increasing value of the noise
spectrum index A, ,, i.e. when passing from noises whose spectra contain strong

Table 5. The mean attenuation S, and mean reduced attenuation Sy, of ear protectors

[AB(A)]
Type of ear . The noise spectrum category
protectors 1 l 9 | 3 4 | 5
TD.1A '?A 21.2 16.2 12.0 8.9 5.8
848 15.7 TBET 7 4.1 1.1
TD-5 L?A 23.6 20.3 172 14.5 11.2
84,6 19.4 16.7 13.9 11.3 8.0
Batusn T3 SiA 20.5 16.3 14.8 14.1 13.0
84, 12.1 8.6 7.4 6.6 5.2
E-A-R *?A 29.3 25.0 23.1 22.2 21.0
Sa,s 23.1 19.0 17.3 16.6 15.8
Ear 84 e 18.9 e 16.2 15.3
defender S 15.5 11.6 9.7 8.6 7.6
S ! i : : 19.1
3 M Brand No. 8773 4 e e 4 s s
Sa,8 18.0 16.7 16.0 15.6 15.1
§ 1 E ’ .6 .3
Contraphon wool S4 o oo na 1e ’
S8 14.1 9.9 8.0 6.9 5.6
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Fig. 1. Attenuation S4 of E-A-R plugs; linear regression curves and their equations
1— 84 4=264—385404;2— Sq=260—1140,4; 3— Sq4~266 — 0.8 d04; 4 — 8Sq= 234 — 0.2 404;
5 — 84 =226 —0.1404

high frequency components to noises with strong low frequency components,
the attenuation S, and the reduced attenuation 8, g of all types of ear protectors
decrease. The most rapid variation in the attenuation 8, and the reduced at-
tenuation 8, , occurs with categories of noise spectra 1-3 for all types of ear
protectors. The ear plugs are characterized by & lower relation of the attenuation
8, and the reduced attenuation 8, g to the noise spectral distribution, compared
to the ear muffs. The relative variation in values of the attenuation 8, and the
reduced attenuation 8,,, is 5-11 dB(A) for the ear plugs and 11-20 dB(A) for
the ear muffs.

5. Analysis of the results

The spacing of the analytic points on the curves relating S, and 8, , to the
value of the noise spectrum index 4., suggests the existence of a correlation
between these variables and functional relations 8, = f(4.,) and 8,, =
= f(4g4). The correlation was investigated and regression relations determined.

5.1. Investigation of the correlaticm. The existence of correlation between
the quantitics 8, and 4y, and S,, and 4, was investigated using the
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Pearson correlation coefficients, determined [1, 5, 6] from formulae
0,8~ %3 20, 8,
V St 5 (S0 (S5-  (S8)
3 doBas=z 3 Aoy 3 Ba

(84,5 = ) (8)

V 3t (S0 (3 82— (S8

where N is the number of variables considered.

At the same time the variance test [1, 5] was to investigate if the hypothesis
that there are relations between the quantities 8, and 4.,, and 8, , and 4.,
(which was verified for a limited set of spectra investigated) is valid for the set
of all industrial noise spectra.

Coefficients r(8 ) and r(8 4 g) for all seven types of ear protectors investiga-
ted were determined separately for all the categories of noise spectra. As an
example, values of the coefficients (8 4) and r(8,,) for E-A-R plugs are given
in Table 6. It was found that in general the attenuation S, and the reduced

r(84) = (7)

Table 6. The correlation coefficients 7(84) and (8 4,5) for E-A-R plugs

Noise category 1 2 3 4 5
r(84) —0.726 | —0.425 | —0.467 | —0.284 | —0.502
r(84,8) —0.681 | —0.391 | —0.424 | —0.200 | —0.390

attenuation S, ., of the ear protectors considered, depend strongly on the value
of A, for spectral categories 1, 2 and 3 (a strong negative relationship), whe-
reas it is almost independent of the noise spectral distribution for noises in ca-
tegories 4 and 5.

5.2. Investigation of the regression. The analysis carried out in section 5.1
showed the existence of the distinet relation of attenuation §, and reduced
attenuation 8, , to the noise spectrum index 4., and thus to the noise spec-
trum. In order to determine the form of this dependence, regression analyses
were made with the following assumptions:

1. The attenuation 8, (8, g) of ear protectors is a linear function of the
noise spectrum index 4,, for each category of noise spectra:

Y = aX+0. (9)
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2. The attenuation 8, (8,,) of ear protectors is a power function of the
noise spectrum index 4,, of the form

Y = a(X+e). (10)

3. The attenuation 8, (8,,) of ear protectors is an exponential function
of the noise spectrum index 4,, of the form

¥ = aexp(bX), (11)

where X = Ag,, Y =8 4 OT ¥ =2 4,5 and a, b, ¢ are the regression function
parameters.

Regression functions satisfying assumptions (2) and (3) were sought only
for those spectral categories where the correlation analysis of section 5.1 found
the existence of a statistically significant relation of the attenuation 8, (8,,)
to the noise spectrum index A,,.

The parameters @ and b of the regression function were determined in all
cases by the method of least squares [1, 6], while the parameter ¢ was determined
experimentally from the trials.

In each case investigated, the coefficient R? [5], called the correlation
coefficient was determined,

Sr-F(Zy-Sa-v
Sr-5(3

where Y is a variable (in the present case ¥ = 8,0r ¥ = 8,,), N — the num-
ber of variables considered, Y — the value determined from the regression
equation for a given X (here X = 4,,).

The coefficient R? can take values from 0 to 1, and the larger R?, the better
the regression function Y describes the dependence considered [1, 5].

_RS

(12)

5.2.1. Linear regression of the ear protector attenuation in different cate-
gories of noise spectra. The equations for curves describing the dependence
the attenuation §, and reduced attenuation §,, on the noise spectrum index
Ay4 were determined by a linear regression analysis. The linear regression
dependences are statistically significant at the level a = 0.05. A significant
linear dependence of attenuation S, and reduced attenuation §,, on 4.,
i.e. on the noise spectral distribution, occurs for all ear protectors investigated
in spectral categories 1, 2 and 3, in category 4 for the following types of pro-
tectors: TD-1A, Saturn II, E-A-R, contraphon wool, and in category 5 for the
plugs Saturn II and E-A-R only.

Fig. 1 shows regression curves of the attenuation §, in particular noise
spectral categories for E-A-R plugs.
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5.2.2. Curvilinear regression of the ear protector attenuation. On the sample
of 3M Brand No. 8773 plugs it was found that the mean values S, (8, ,) and 4.,
in particular categories had practically the same regression equations as all
the individual values 8, (8,,) and 4,, over the ranges of these quantities
considered. Thus, when looking for a gencral regression function that would
not only be valid within one category, the mean values 8, 8,, and Ay, for
the different categories were used. Using the method of least squares and with
the experimental determination for the case of the square regression (formula
(10)) of such a value of the parameter ¢ that the coefficient R? would reach the
maximum possible value, curvilinear regression equations were obtained as
presented in Tables 7 and 8.

Table 7. Equations of curvilinear regression of the attenuation §4 of ear protectors
(84 in dB(A) and dgy in dB)

Regression ;
Type of ear coefﬁciellt ,R'egresslon
i Sl Equation of curvilinear regression in spectral
s curvilinear | linear categories
E? R?
TD-.1A 84 = 15.5 (Adgq+ 5)—0-902 0.994 0.981 1—4
84 = 18.5exp (—0.135 Ag4) 0.994
TD-5 84 = 21.9 exp (—0.075 dgq) 0.994 0.979 1-4
84 = 23.5 (dg4+ 3)- 026 0.943
Saturn IT 84 = 17.7exp (—0.033 Ag) 0.761 0.706 1-5
84 = 20.5 (Ao g+ 2)— 0187 0.974
84 =325 (dg4+ 3)~ 0175 0.952
EAR 84 = 31 (dpq+ 2.5)=0-157 0.967 0,734 18
Ear defender | 84 = 28.2 (dg4+ 3)— 0284 0.994 0.936 1-3
3M BRAND
No 8773 84 = 22.7exp (—0.044 Agy) 0.928 0.917 1-3
Contraphon | 84 = 22.9 (A, + 3)—0-3% 0.975 0.742 1—5

For comparison, the values of the coefficient R? for the linear regression
are also given in these tables. It was found that curvilinear regressmn equations

describe the observed dependencies of the attenuation & 4 (S 4,s) on the noise
spectrum index Ag, better than the linear regression equations (R? for curvili-
near regressions is greater than R? for linear regressions), and the square law
regression proved better than the exponential for all cases except the ear muffs
TD-1A and TD-5.

In Fig. 2 points corresponding to the values of S, and 4, for E-A-R plugs
for particular categories are plotted, and the regression curves obtained drawn
together with the regression linear curves within particular spectral categories.
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Table 8. Equations of curvilinear regression of the reduced attenuation 8 4,4 of ear protectors
(84,5 in AB(A) and Agy in dB)

yiie vfiedr — ; = . Regression coefficient .Ragressionl
protectors quations of curvilinear regression R o B n spec(zra.
R2 R categories
TD-1A 84,5 = 20144954.7 (Agq+ 20)-%™48  0.996 0.97 3 &
84,5 = 13.4 exp (—0.214 Agy) 0.999
TD-5 84,5 = 18.1 exp (—0.085 A 4¢) 0.999 0.988 14
Saturn II 84,8 = 16.5 (dgyg+ 3)~ 0% 0.987 0.78 1-5
4,5 = 9.8 exp (—0.064 dg4) 0.883
E-A-R 84,8 = 28.6 (dgy+ 3)—0-288 0.986 0.917 1-3
84,8 = 25.7 (dgyq+ 3)0-1%8 0.922 0.677 1-5
Ear defender| 84,5 = 21.4(dg4+ 3)— 0434 0.991 0.865 1—-4
3M BRAND | 84,6 = 19.1 (dg 4+ 3)0-0% 0.971 0.791 1-5
No 8773 84,5 = 17.1 exp (—0.013 Ag4) 0.811
Contraphon | 84,5 = 20.6 (dgq+ 3)~ %519 0.992 0.857 1-4
5
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Fig. 2. Regression curves of the attenuation S, of inserts E-A-R plugs (Optac) and
their equations
1 -84 =325(404+3~0175; 2 — 5,4 = 30.953(4p 4 + 2.5)— 0157

Analyzing the linear and curvilinear regression curves separately for each
type of ear protector, it was found that curvilinear regression curves with a high
coefficient R? are the optimal regression curves for the sets of values of §,
(8,,) and 4., considered.
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6. Determination of ear protector attenuation on the basis of mean noise spectra

For the seven types of ear protector investigated the attenuation 8, and
the reduced attenuation S,, were determined by the exact method for five
mean noise spectra, as shown in Table 4. The values obtained for each type
of ear protector were plotted on diagram analogous to Fig. 1. The curves were
plotted through the points thus obtained and extrapolated beyond the extremal
points. On the basis of the curves thus determined for the attenuation 8§,
and the reduced attenuation §,, relative to the points corresponding to the
attenuation values of the ear protectors for the 454 noise spectra investigated,
it was considered that these curves represent well the dependence of the mean
attenuation of the ear protectors on the noise spectrum index A,,. Instead
of investigating the attennations 8, and 8, , for a large range of spectra, it
is sufficient to determine the curves for 8, = f(4dy,) and 8,, = f(4c4) on
the basis of only five values: those obtained for the mean spectra in particular
categories.

7. Determination of ear protector attenuation by the Botsford method (SLC)

For the seven types ear protector investigated, the value SLC was determi-
ned from formula (2) for the given mean noise spectra, as given in Table 4.

Subsequently the mean value SLC was determined for the five categories, the
calculations being made on the basis of the real-ear attenuation 8, and the redu-
ced real-ear attenuation 8, of the ear protectors. The mean values obtained

are given in Table 9. Knowing the SLC values for each type of ear protectors,
the values of the attenuation S, and the reduced attenuation 8, , were calcula-
ted for the mean spectra. The values obtained are given in Tables 10 and 11.

Table 9. SLC values for ear protectors [dB]

Calculation Saturn Ear 3M
¥ TD- o
basis ID-14 p 11 Bede R defender Brand Cnbjenphin
8y 16.7 21.2 19.3 27.8 213 24.5 16.3
S;.s 11.7 ¢ o o 11.7 22.0 14.3 20.0 12.6

8. Comparison of the different methods of determining ear protector attenuation

As an example, the values of the mean attenuation S, and the reduced
attenuation 8, , of the E-A-R plugs obtained by different methods are shown
together in Tables 10 and 11. Similar comparisons were made for all ear protectors
investigated. The analysis led to the following conclusions:
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Table 10. Mean attenuation § 4 of the E-A-R plugs obtained by different
methods (in dB(A))

Spectral cate
Method B Sy Shes

bk adt Bele cBainduer s e waid
Exact 29.3 25.0 23.1 22.2 21.0
Linear regression 27.0 26.0 24.7 23.2 19.8
Square-law
curvilinear 30.5 26.5 23.8 22.1 20.2
regression
Mean spectrum 29.4 24.4 22.7 22.1 20.8
SLC
from mean spectra 28.9 27.0 24.9 223 16.2

Table 11. Mean reduced attenuation S, of the E-A-R plugs obtained
by different methods (in dB (A))

Mothoid Spectral category
R t | 4 5

Exact 23.1 19.0 17.3 16.6 15.8
Linear regression 22.5 20.0 16.9 16.6 15.8
Square-law
curvilinear 24.7 19.5 17.2 16.6 15.8
regression
Mean spectrum 23.2 18.4 16.9 16.5 15.6
SLC
from mean spectra 23.1 21.2 19.1 16.8 10.4

1. The linear regression method gives lower values of S, and 8, in the
spectral categories 1, 4 and 5 and higher values in categories 2 and 3, compared
to the values obtained by exact ealculation.

2. The curvilinear regression method gives values of S, and S, close to
the values obtained by exact calculation for the spectral categories 2 and 3,
while in some cases in category 4 it gives lower values, and higher values for
eategory 1. Comparison of the curvilinear regression curves of the attenuation

8 4 and 8 4,5 Shows that the curves for the set of sepctra in category 1 (4, < 0)
represent well the nature of the dependence of the attenuation on the difference
Ay, With the square-law curve giving better representation of the dependence
than the exponential one.

3. The mean spectrum method gives values of S, and S, slightly lower
in categories 2, 3, 4 and b and slightly higher in category 1, compared to the
values of §, and S,, obtained by exact calculation.
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4. The Botsford method (SLC) for mean noise spectra always gives lower
values of S, and §,, in category 5, often gives higher values in categories
2, 3 and 4, while in category 1 it gives values equal to or lower than the values
of 8, and 8, , obtained by exact calculation, within the range of 0.1-6.7 dB(A).

b. In view of its precision and the simplicity of rapid determination of ear
protector performance and their matching to noises with different spectral
distributions, the mean spectrum method appears to be the most suitable.

6. The mean attenuation curves S, = f(4g,) and 8,, = f(4c,4) are cha-
racteristic of a given type of ear protector and the mean values of the reduced
attenuation 8, , for each of the five noise spectral categories should be given
as the data characterizing the protective properties of the ear protectors.
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