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FOREWORD

On December 30, 1975, the United States government issued a regulation
which set 1imits on the amoynt of noise emitted from portable air compressors
having flow capacities greater than 75 c¢fm (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 Comnission of
the European Communities (CEC) submitted a proposed directive to the Council
of the European Communities, that also would set limits an 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

meat both the existing U.3. 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 varjous size compressors to assess the potential for alignment of the

existing U.5. and the proposed CEC test procedures.

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

bilateral discussions and technical cooperation between 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 results 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
{ssued 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 regulations governing sound emissions from a noise source, the US-EPA
specifies levels of sound pressure as the form in which to express measurement
rasults, while the CEC specifies levels of sound power as the form in which to
axpress the measurement results, Thus, the measurement methodologies, and
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 Conditions

The two methods share the same basic principle in defining the acoustic
conditions under which measurements must be made; that {s, 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 obtained by the two methods.

2.1.2. Instrumentation

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

calibration of the acoustic instrumentation (4).

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

conform with standard ANSI-S1.4-1971, equivalent to IEC 179, second edition.

2.1.3. Installation and Operation of the Compressor

The compressor is installed at the center of the test plane and {s operated
at 1ts ful] designed speed and rated output flow and pressure. Noise such as
that resulting from escaping afjr must be negiigible, i.e., at least 10

decibels (dB) below the noise emitted by the compressor.

2.2, Peculiarities of Fach Method

2.2.1. EPA Measurement Methodology

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

mum A-wefghted sound pressure levels measured at five microphone positions.
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. This average level is calculated from the following equation:

n
. 1 Li/L0
Lp = 10 log [~ E 10 (1
P 10| "
i=1

whera:
f; = the energy average A-weighted sound level in dB
Li = the A-weighted sound level in dB al the ith position during a period

not ta exceed 15 seconds

number of measuring positions = &

=
n

The measuremént 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 Table I below (see also Figure 2):

TABLE I

J L8| VA z]

1 57 0 1.5

2 0 §e7 1.5

3 '(}.‘*7) 0 1.5

4 0 -(%w?) 1.5
. 0 0 M+ 7




where:
L = Length of comprassor (m}

width of compressor (m)

W
H

It

height of compressor (m)

2.2.2, CEL Measurement Methodology

The A-weighted sound power is defined as:

i=n
L = 10 Togyg % Z mo.1 Lo + 10 Logme-) (2)
i=1 ’
where :
Lpi = gquared mean of five instantaneous pressure levels recorded at

regular intervals not exceeding 15 seconds measured with a sound

level meter at point 1§

S = area of measuring surface (a hemisphere of radius R) (mz)
S, = reference area = 1 m
n = number of measuring points

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

according to the dimensions of the compressor as specified in Table []

below:
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TABLE II
Length of Radius of Number of
compressor hemisphere measuring
points
L R n
L€ 1.5m 4 m 12
lsm<bgdm 10m 12
L>4m 16 8 (1.5 m above
measurement plane)

The coordinates of the 12 measurement points

(see Figure 3}:

are given in Table II1 below

TABLE IT1

xfr yir 2/r z
1 1,00 0 -- 1.50 m
2 0.71 0.71 -- 1.50m
3 0 1.00 -- 1.50 m
4 -0.71 0.71 .- 1,50 m
5 -1.00 0 .- 1.50m
6 -0, 71 -0.71 -- 1.50 m
7 0 -1.00 .- 1,50 m
B8 0,71 -0.71 - 1.50m
9 0.65 0.27 0.71 --
10 -0.27 0.65 0.71 -
1 -0.65 -0.27 0.1 -
12 0.27 -0.65 0.71 --




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
positions given by the coordinates in Tahles I and I1I, For the purposes of
comparing the sound power levels calculated from pressure levels recorded
from the various micraphone configurations (A, B, ...I), 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 of”Eb and Lon as determined for the 15 compressors are given in

Table IV below:

TABLE 1V
N )1 )2 J3 ) ads el 7 89 |10 f11 |12 |13 14 |15
L, |73.1|71.8[73.8] 77.5(73.7 72.3| 74.7| 75.3) 73.1} 77.7| 0.7} 82.9| 75.6| 77.4| 75.7
Lyno| 98-5(98.8199.5[104.299.7100.7101.9}102.3|101.5 |103.9107.5(110.4| 101.1{104.3|103. 3

Nate: The relation of the regression Tine E; and Lyao 15 Lypg © Lp + 26.6

3.1.1. Geometric Configuration Adjustments Requisite to Comparisan

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 is coincident with the axis of

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

1 o~ 0 bo3 kj2
Lya = 10 logyo| 5 z : 10 (1+ 5% + 25 (3)
j=1

Note: The value of kj varies in accordance with the dimension of the com-

presscr as given below:

Measuring point | 1 2 3 4  h

kj L W L W H
2 2 ) 2
where:
L = length of comprassor {(m)
W = Width of compressor (m)
H = height of compressor (m}

3.2. Specific Results

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

Comparisons were made between the reference (12 measurement points) A-weighted
sound power level (LHAO) and the EPA sound power level (LNA) derived fram
equation 3 and the CEC saund power levels (LHA) calculated from data
acquired from the combinations of microphone locations given in Table III.
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 (e) of the sound power
levels of the different configurations in relation to Lupo @re given in Table

¥I, assuming for each configuration a normal distribution of the dispersion

{A).

vl
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P -5 3.7 2 -6 4 -8 3-7
A i C 0 E F G i I

Lyaol2] L2 A Lz A La A Ly A L A La A Lg A Lg A Ly A
98.5) 99.6) 1.1{ 95.8}-2.7) 98.9| 0.4 98,9 0.4 98.1|-0.4| 98,9 0.4 98.5| 0.0 8.5|0 98.8 1 0.3
98.8 ) 99.7( 0.9| 97.8(-1.0( 98.8] 0.1 99.1( 0.3| 98.9|-0.0| 59.0| 0.1 98.6 | -0.2 98.9] 0.1] 97.8]-1.0
9.5 |100,5) 1.0 98.0|-1.,5| 99.3]-pD.2 |100.4| 0.9 99.4]-0,1( 99.9| 0.4 99.6 | 0.1 99,4 |-0.1100.0 | 0.5
lo4.2 |106.1 | 1.81102.9]-1.31104.1|-0.2|103.5]1-0,7)104.8]| 0.5(103.8(-0.4 |104.8} 0.5 103.6 |-0.6(1203.7 {-0.5{
99.7 |100.5| 0.8 99.1-0.6[100.3| O.6 [ 99.6[-D.1| 99,9 0.2 99.9] 0.2 | 99.8] 0,1 99.6 |-0.1 ] 100.5 | 0.6 ?n
1060.7 (101.7 | 1.1 |10D.0| -0.7 [101.1| 0.4 IOI.BQL 0.9]1o0.9( 0.3(101.3; 0.7 | 100.6{-0.0 | 100.7| 0.0 98.6 | -2.0
101.9 |101.8)-0.1]100.3 | -1.8|102.8] 0.9 |10).6(-0.4]101.4)-0.5])102,2|-0.3 |102.7 |-0.2( 102.1] 0.2]101.0]-0.9
02,3 {i01.3-1.0|100.9|-1.4}102.2-0.1 (102.8( 0.5(101.2 (-1.2|202.5| 0.2 | 102.0-0.3| 102.6| 0.3 [10).5-0.8
l0t.5 {1027 [ 0.2| 99,3} -2.2 M01.8| 0.2 (101.8| 0.3|100,7|-0.9|101.8] 0.2 |101.7 ] 0.1 ] 101.6]-0.1] 99,7 -1.8
103.9 (104.4] 0.4 (101.5{-2.4]103.3( -0.6 [102.8|-1.2|103.2(-0.8!103.0({-00.9 | 104.1{ 0.2 | 103.7 |-0.2]|104,5| 0.6
107.5 {105.7 | -1.8 | 1l06.7 | -0.8(105.8(-1,7 |104.8 [-2.7 j106,2 | ~1,3 (105,3)-2.0 (108.1| 0.6 106.8 |-0.7{107.9| 0.3
110.4 (108.8)-1.5 | 107.2( -3.1|109.0]-1.4 |109.6 |-0.7 [108,3 ] -2.1 |109.3 |~1.0 | 110.3|-0.1 | 210.7 | 0.3]109.1{-1.3
103.6 |101.3 }-2.2 | 100.6| -2.9 (101.}|-2.5 (101.3)-2.2(101.0(-2.6  102.2[-2.4 ;103.9] 0.3/ 103.2({-0.4)102.7]-0.9
105.4 (105.3|-0.2 [103.6(-1.8|1p4.2]|-1.2|103.8|-1.6]204.5|-0.9|104.0 [-1.4 [205.7 | 0.3 | 1056.3| 0.1[104,5]-1.0
103,3 |i103.6) 0.3 )101.0|-2,31103.7| 0.4 103.2 -0.1/102.5)-0,8)103.5| 0,2 |l03,2|-0.1| 103.4] 0.1 [10L.3|-2.0

TABLE V
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TABLE V]
Configuration A B C D E F G H I
A g.04f -1.8| -0.4 {-0.4 1-0.7 [-0.4 |0.1 [-0,1 |-0.5
o 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 & microphone configuratien by using the follewing

formula:
bl = meax - me + 3 {D)
where:
meax = maximum A-weighted sound pressure levels on the measuring surface
{hemi sphere of radius R)
E;; = mean squared A-weighted sound pressure levels on the measuring surface

The results are given in Table VII below:
TABLE V1I

5 pts EPA 5,3]5.2{5.5/6.0)5.5|5.215.1 3.6(5.4/6.6|7.8|6.0|6.6(4.4|5.4

12 pts CEC 4,715.3|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. Conclusians
The following conclusions can be drawn concerning the material presented in
this report:
1, The relationship between the sound power level LNAo as defined in the
proposed EEC directive, and the sound pressure level E;' as defined
in the US=EPA regulation can be described by the following equation

Lo
with a correlation coefficient greater than 0,9,

T+ 76,
Lp 26.6

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:

1. 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.

2. 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 levels
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 sach 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,

e g



—— e e e L.

i

- 11 -

List of References

1.

2.

3.

5.

6.

Title 40 Part 204: Noise Emission Standards for Construction Equipment

(Portable Air Compressors), 41 FR 2162, January 14, 1976.

Council Directive of 19 December 1978 on the Approximation of the Laws
of the Member States Relating to the Determination of the Noise Emission
of Construction Plant and Equipment (79/113/EEC); Official Journal of
the European Communities, N® L 33 of 8 February 1979.

Proposal for a Council Directive on the Limjtation of the Noise Emitted

by Compressors; Official Journal of the Eurcpean Communities, N® C 94 of

19 Apri) 1978.

IEC Publication 179, second edition, 1973; Precision Sound Level Meters.

Procedure for Estimating Sound Pawer from Measurements of Sound Pressure;

Curtis Holmer, NBSIR 75-652; EPA 550/8-76-001.

IS0 Standard 4872; Measurement of Airborne Noise Emitted by Construction
Equipment Intended for Outdoor Use, Method for Determining Campliance

with Nofse Limits; first edition 1978-06-15.




LEVEL
MICROPHONE RECORDER
CHANNEL A—WEIGHTED
e et
MICROPHONE : - MEASURING
——e
POWER SUPPLY AMPLIFIER
p—— it
MICROPHONE !
TAPE —
CHANNE
L RECORDER '."
SOUND LEVEL
METER CALIBRATOR
FILTER SET
FIGURE 1: Instrumentation
RICIWREI LR 5 DY MR YPT MNTR PR Lol

YE]



T LU

(i)

SN Y

- 13 -

A

1.6m

Geomatric Canter
of Surface
of Intarest

2A

FIGURE 2: EPA Microphone Locations to Measure Portable
Air Compressor Noise

r et ————— % n [, - v.‘_mwﬁ"l"’”"‘-‘.‘-‘;fa‘



- 14 -

RADIUS OF HEMISPHERE = R

07 R

¥ x

1

FIGURE 3: CEC Microphone Array on the Hemisphere




- 15 -

EPA: J4 {1a, 24, 3A...)
CEC: g {18, 2B, 3B...)

TOW BAR

|
|

L

129

FIGURE 4: Microphone Locatfons in Horizontal Planes

*uU B GOVERHKENT PAINTING OPFICEI 1981 141e002/272

W SO ViR sl & o i im




—

TECHN|CAL REPORT DATA

fPease read st fivas o the reverse befure complering)

1. REPOAT NO, 2. 3 RECIPIENT'S ACCESSIONNO.

3 TITLE ANDSUOTITLE . T ’ 6. REFOAT DATE

A Comparison of Sound Power Levels from Portable Alr lecember (980

Compressors Based Upon Test Methodologles Adopted By 5 PERFORMING ORGANIZATION CODE
U.8, EPA and the CEC EPA/200/02

7. ALUTHORIS) B. PERFORMING ORGAN|ZATION REPORT NO,

9, FEAFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO,

U.S. Environmental Protection Agency

Office of Neise Abatement and Control (ANR-490) T+, CONTAACT/GAANT NG

Washington, D,C. 20460

AND
12, TYPE OF REPORT AND PERIDOD COVERED
Commission of the European Communities
Environment and Consumer Protectlon Service 1A SFONSORTNG AGENCY CODE
200, rue de la Lol
EPA/200/02

B1049 Brussels

15, SUPPLEMENTARY NOTES

16. ALY December 30, 1975, the United States povarnment issued a regulation which set
limits on the amount of noise emitted from portable alr compressors., This regulation
alse speeified the noise test procedure to determine che maximum sound pressure level
of compressors. On April 5, 1978, the Commisslon of the Furopean Communities (CEC)
submitted a proposed directive to the Council of the European Communities, that also
would set limits on the noise emitted by portable air compressors within the European
Economic Community (EEC). The proposed directcive also specified the test procedure
to determine the sound power emitted from a compressor.

It became evident that beth U.S5. and European manufacturers may need to perform
two separate nolse tests on thelr compressors if they intend to meet both existing
U.S. and the proposed EEC nolse standards.

At the request of industry, U.5. povernment representatives entered into dis-
cussions with representatives of the CEC In November 1975. These discussions led to
an agreement between the CEC and the U.8. EPA to jointly conduct comparative noise
tasts of various size compressors to assess the potencial 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
discusslons and technical cooperation between the CEC and the EPA,

17, KEY WORDS AND DOCUMENT ANALYSIS
b ADENTIFIERS/OPEN EXNDED TEAMS Lo, COSATI LieldfGroup

i DESCRIFTOURS

Noise emission regulation, portable air
compresser, sound power level, sound
pressure level, test methodology, EPA,
CEC, EEC

19 DISTRIBUTION STATEMENT 19, SECURITY CLASS [ TIN5 Keport) 21. NO, OF PAGES
Release Unlimited Unclassified 24
20 SECURITY S5 (This page) 22. FRICE
ﬁhcfassf?fég

EPA Form 2220-1 (8-72)

T A G




j
J
|

Uniter Bratns Oficial Business
Environmantal Protection Penalty lot Privote Usa
300

Afency
Washinptap DE 20460

AR TR P [ gt
h‘a::': !’l"ol H

e i

T 3 P kv MR St e ¢,

o

IR L I A S M o M AL R e

LTI R B

[RNER N Y L






