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FOREWORD

On December 30, 1975, the United States government issued a regulation
which set 1imits on the amount of noise emitted from portable air compressors
having flow capacities greater than 75 cfm (0.035 cms). This regulation
also specified the noise test procedure to determine the maximum sound
pressure level of compressors. On the 5th of April, 1978, the Commission of
the European Communities (CEC) submitted a proposed directive to the Council
of the European Communities, that also would set Timits on the noise emitted
by portable air compressors within the European Economic Community (EEC). The
proposed directive also specified the test procedure to determine the sound

power emitted from a compressor,

It became evident that both U.S, and European manufacturers may need
to perform two separate noise tests on their compressors if they intend to

meet both the existing U.S. and the proposed EEC noise standards.

At the request of the Compressed Air and Gas Institute, U.S. government
representatives entered into discussions with representatives of the

Commission of the European Communities (CEC) in November of 1979.

These discussions led to an agreement between the CEC and the U.S.
Environmental Protection Agency (EPA) to jointly conduct comparative noise

tests of varfous size compressors to assess the potential for alignment of the

existing U.S. and the proposed CEC test procedures.

The test results presented in this report are the end product of those

bilateral discussions and technical cooperation bhetween the CEC and the

EPA.
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A COMPARISON OF SOUND POWER LEVELS FROM PORTABLE AIR
COMPRESSORS BASED UPON TEST METHODOLOGIES ADOPTED BY US-EPA AND THE CEC

1.0. Introduction

This report presents the resylts of comparative noise measurement tests
of portable air compressors. The tests were conducted jointly by the United
States Environmental Protection Agency (EPA), the Commission of the European
Communities (CEC) and the European Committee of Manufacturers of Compressors,

Vacuum Pumps and Pneumatic Tools (PNEUROP).

The purpose of the tests was to compare noise emission levels from compressors
as determined by using the method specified in noise emission standards
tssued by the US-EPA (1) and, by using the method proposed by CEC (3) based
on the measurement procedure adopted by the Council of the European

Communities (2).

The subsequent sections describe the comparison tests and present the results

of the tests,

2.0, Measurement Methods

In its requlations governing sound enissions from a noise source, the US-EPA

specifies levels of sound pressure as the form in which to express measurement

resuits, while the CEC specifies levels of sound power as the form in which to

RFSIcey

axpress the measurement results. Thus, the measurement methodolegies, and
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therefore, the test results, designed to determine conformity to existing US

and to proposed CEC noise emission standards, differ in a number of ways.
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2.,1. Common Features

2.1.1, Measuring fonditions

The two methods share the same basic principle in defining the acoustic
conditions under which measurements must be made; that is, measurements are

made in the free field, conditions free of any acoustical obstructions, over a
reflecting plane constructed of non-porous asphalt or concrete. The fact that
these basic principles are identical suggests that there should be a good

comparison between the results obtafned by the two methods.

2.1.2. Instrumentation

The required instrumentation must conform to the standards contained in IEC
179, second edition (4). Two diagrmmmt{c layouts of the basic measurement
configurations are {llustrated in Figure 1. Both methods require similar

calibration of the accustic instrumentation (4).

Note: The US-EPA regulation specifies that the measurement instruments must

confort with standard ANSI-S51.4-1971, equivalent to IEC 179, second edition.

2.1.3, Installation and Operation of the Compressor

The compressor 1s installed at the center of the test plane and is operated
at 1ts full designed speed and rated output flow and pressure, Noise such as
that resulting from escaping air must be negligible, f.e., at least 10

dectibels (dB) below the noise em{tted by the compressor.

2.2. Peculiarities of Each Method

2.2.1. EPA Measurement Methodology

The US-EPA measurement methodology specifies the energy average of the maxi-

mum A-welghted sound pressure levels measured at five microphone positions.

S e
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This average level is calculated from the following equation:

n

— 1 Lifl0
LP = 10 log - E 10 (1)
10

i=1

where:

L = the energy average A-weighted sound level in dB

P
Li = the A-weighted sound level in dB at the ith position during a period

not to exceed 15 seconds

n = number of measuring positions = 5

The measurement points are orthogonally located 7 meters from the compressor's

five surfaces.

The coordinates of the five measurement points, along the coordinate axes
whose origin coincides with the point on the ground below the geometric

center of the compressor, are given in Tahle I below (see also Figure 2):

TABLE I

h| %] NA zj

L
1 2-"'7 0 1.5
2 0 g +7 1.5

L
3 . -(2 + a 0 1.5
4 0 -(% + {) 1.5
5 0 0 H+7



whero:

L = Length of compressor (m)
W = width of compressor {m)
H = height of compressor {(m)

2.2.2. CEC Measurement Methodology

The A-weighted sound power is defined as:
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Lia = 10 10919

0
i=1

where

Lpi = squared mean of five instantaneous pressure levels recorded at
regular fntervals not exceeding 15 seconds measured with a sound
level meter at point i

S = area of measuring surface (a hemisphere of radius R) {m2)

5o - reference area = 1 m?

n = number of measuring points

The radius of the measuring surface and the number of measuring peints varies

according to the dimensions of the compressoer as specified in Table II

below:
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TABLE II
Length of Radius of Number of
compressor hemisphere measuring
points
L R n i
L 1.5m 4 m 12
1l.5m<Lgdm 10m 12
L>4nm : 16 8 (1.5 m above
measurement plane)

The coordinates of the 12 measurement points are given in Table Il below

{see Figure 3):

TABLE 111

J
. r x/r yir z/r z

1 1.00 0 - 150 m

2 0.71 0.71 .- 1.50 m

3 0 1.00 - 1.50 m

4 -0.71 0.71 .- 1.50 m

5 -1.00 0 - 1.50 m

5 -0.71 -0.71 - 150 m
¢ 7 0 -1.00 - 1.50 m
! 8 0.71 -0.71 - 1,50 m
5 9 0.65 0.27 071 | -
?1: 10 -0.27 0.65 0.71 -
iy 11 -0.65 -0.27 0.71 - '
i 12 0.27 -0.65 0.71 -
E - SN S S

Sl
Hinlaalertn



3.0, Comparison of Test Results

3.1. Baseline Sound Power Levels

Measurements were made of the noise emissions from fifteen different compres-
sors, The sound pressure levels of each were recorded at the microphone
positfons given by the coordinates in Tables I and IIl. For the purposes of
comparing the sound power levels calculated from pressure levels recorded
from the various microphone configurations (A, B, ...1), the levels Lon
determined in accordance with the CEC measurement method (12 measuring
points) represent the reference level. This reference point is in concert

with the technique utilized by Holmer (5).

The values 01"-1._p and LNAo as determined for the 15 compressors are given in

Table IV below:

TABLE IV
ol 2 )3 45(6?8910_1112131415
L, [73.171.8013.8) 77.673.7| 72.3| 74.7| 75.3| 73.1| 77.7| 80.7| 82.9| 75.6| 77.4) 75.7
Lyaol 98-5/98.8/99.5/104.2/99.7100.7{101.9{102.3|101 .5 [103.9/107.5(120.4] 101.1|104.3|103.

Note: The relation of the regression line I; and Ly, s Lo = Lp + 26.6

3.1.1. Gegmetric Configuration Adjustments Requisite to Camparison

To compare the sound power levels determined by the CEC and EPA test pro-
cedures, the EPA measured sound pressure levels must be expressed in terms of
those levels which would exist on a hemispherical surface surrounding the
compressor. The vertical axis of the machine 1s coincident with the axis of

the hemisphere, having a radius of 7 m.
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Therefore, the sound power as derived from EPA measurements is given by:

| = 0.1 L, P2
Lya = 10 109151 © Z 10 (1+7l) + 25 (3)
i=1

Note; The value of kj varies in accordance with the dimension of the cam-

pressor as given bhelow:

; Measuring point | 1 2 3 4 5
1
ki fL W L W H
b Z 2 2 Z
i where:
i L = length of compressor {(m)

W = width of compressor {m}

H = height of compressor (m)

LA 3 e e s s

3.2. Specific Results

3.2.1. Sound Power Level vs., Numper and Location of Microphones

§ Comparisons were made between the reference (12 measurement points) A-weighted
sound power level (Lon) and the EPA sound power level (LNA) derived from

equation 3 and the CEC sound power levels (LNA) calculated from data

acquired from the combinations of microphone locations given in Table III.

Ve

L

These data are compiled in Table V where different levels are calculated
for different microphone locations and configurations as depicted in Table V

and represented by letters A through I.

3.2.2. Dispersion and Standard Deviation

The mean dispersion (A) and the standard deviations (o) of the sound power
levels of the different configurations in relation to Lon are given in Table

V1, assuming for each configuration a normal distribution of the dispersion

(a).
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A -1 5 1
= | AT 8
l1-5 2-4-6
1-5 3-7 2-6 4 -8 -7 8 - 10 - 19
A c 0 H
Luwaol2| L2 A Ly A Ly A Ly A Lg A La A Lg A Lg A Lg A
98.5 | 9%9.6{ 1.1 | 958(-2,7]1 989 0,4 989] 0.4| 98.1[-0.4| 98.9( 0.4 98.5 | 0.0 98.5 | 0 98.8| 0.3
98.8 (99.7] 0.9| 978)-1.0| 98.87 0.1 { 99.1| 0.3 98.9[-0.0] 95.0( 0.1 98.6 [-0.2 98.9 | 0.1 | 97.8|-1.0
%9.5 |/1oo.5{ 1.0 98.09-1.5] 99.3|-0.2 (100.4| 0.9 99.4|-C.1] 99.9 | C.4 99.6] 0.1 99.4 |-0.1|00.,0] 0.5
04,2 (1061 | 1.8{102.9|-1.3[104.1}-0.2 [103.5-0,7)104.8| O.,5(103.8]-0.4 |104.8| 0.5 ] 103.6 [-0.6|103.7-0.5
9%.7 /100.5| 0.8 99.1-0.6|100.3| O.6 | 99.6]-0.17 99.9{ 0.2 99.9| 0.2 95.8 | 0.1 93.6 [-0.1 | 1005 ( 0.6
100.7 j101.7 | 1,1 |1000} -0.7 |10Y.1| O.4 (100.6| 0.9(/100.9) 0.3])101.3| 0.7 |100.6|-0.0 | 100.7 | 0.0 98.6[-2.0
101.¢ [101.8 | -0.1 | 10CG.) [ -1.8 |102.8] 0.9 |101.5]|-0.4)101.4(-0.5(102.2 {-0.3 | lO1.7|-0.2 | 102.1 | 0.2 |101.0)-0.9
102.3 {101.3)-1.0 {100.9|~1.4(102.2|-0.1y102.8] 0.5(101.1|-1,2(102.5| 0.2 |1l02.0¢-0.3 | 102.6 | 0.3|101.5{-0.8
101.5 {101.,7{ 0.2 | 99.3/-2,2|101.8) 0.2 J10l.8| 0.3|100.7|-0.9(101.8| 0.2 [1001.7 | 0.1 | 101.5{-0.1| 99.7|-1.8
-|103.9 1104.4 | 0.4 [101.6|-2.4|103.3]-0.6 [102.8]|-1.2[103.2|-0.8|103.0|-0.9 |104.1| 0.2 | 103.7 [-0.2.] 104.6| 0.6
to7.5 {1056.7 | -1.8 { 106.7 [-0.8|105.8(-1.7 |[1l0A.8|-2.7106.2}-1.3|106.3 |-2.0 |108.1| 0.6 | 106.8 [-0.7 |107.,9| 0.3
110.4 |108.8 | -1.5 j107.2|-3.1|109.0 -1.4 [109.6|-0.7 | 108,3]|-2,1(109.3 |-1.0 | 110.3 |-0.1 | 110.7 | 0,3]109.1]-1.3
103.6 |101.3 ) -2.2 |100.6 [ -2.9|101.1] -2.5 |101.3|-2.,2|101.0|-2.6 (100.2 |-2.4 [ 103,91 0.3 | 103.2 |-0.4 |102.7]|-0.9
105.4 [105,3 | -0.2 [103.6|-1.8|104.2| -1.2 |203.8 ) -1.6 | 104,65 [ -0.9 (104.0 [-1.4 | 105.7 | 0.3 | 105.3 | 0.1 | 104.5]-1.0
103.3 {103.6) 0.3 )101.0)-2.3]103.7| 0.4 |103.2|-0.1|102.6)|-0.8{103.5] 0.2 |103,2|-0.1 | 103.4 | 0,1]101.3|-2.0

TABLE ¥
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TABLE VI
Configuration A B T C D E F G | H [
ry .04 -1.8] -0.4 |-0.4 |-0.7 |-0.4 | 0.1 |-0.1 {-0.5

1.2 0.8 0.9 | 1.1 0.9 1 0.3 0.3 1.0

.

3.2,.3. Directivity Indexes

The directivity index of each compressor is determined for both the CEC 12

microphone and the EPA 5 microphone configuration by using the following

formula:

DI = meax - me + 3 (D)
where:
meax = maximum A-weighted sound pressure levels on the measuring surface

{hemisphere of radius R)

Tom

mean squared A-weighted sound pressure levels on the measuring surface

5 The results are given in Table VII below:
TABLE VII

Swan

FELARL e

5 pts EPA 5.3|5.2(5.5/6.0|5.5{5.2|5.1] 3.6/ 5.4]|6.6/7.8|6.0/6.6|4.4/5.4

i 12 pts CEC 4.7/5.3(5.4/6.3/4.915.0]5.4[ 4.6 5.7|5.3|6.7(5.9(8.0[5.7(4.8
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3.2.4. Conclusions

The following conclusions can be drawn concerning the material presented in

this report:

1.

The relationship between the sound power level LHAD as defined in the

proposed EEC directive, and the sound pressure level [;r as defined

in the US=EPA requlation can be described by the following equation

LNAU Lp + 26.6

with a correlation coefficient greater than 0.9.

This relationship is based upon measurements that have been carried out on

15 air compressors of different sizes.

A review of the data represented in Tables VI and VII shows:

The standard deviation for the 2, 4 and 5 microphone configuration is
approximately 1 dB. For the 6 microphone configuration, the standard
deviation is 0.3 dB.

Directivity obviously plays a role in the sound power levels obtained
from tests 8, 10, 11, 13 and 14, A review of the sound pressure lavels
acquired from the 12 measurement microphones indicates that directivity,
indeed, exists and the energy is radiated in directions where certain
microphone configurations would not measure the total energy. This may
be the direct result of the physical location of the air intake and
exhaust ports on each individual compressor, Verification of this assump-
tion could be made if the mechanical configuration of each compressor was

studied and correlated with the noise level at each microphone location,
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