
U.S. EPA CEC __/_-,4-//S
Unil_ll Stalu_ Envir_nmuntal Commission ol the Decumbur 1080

Protection Agency Europ_Qn Communities
Ollictt of Noise AbDlem0nt Environment _nd Consumer

a_d Control ANR.4_O Proloction Servicu
Washin0ton, DC 20460 200, rue de I_ LOI

.,o.o.,u,,°,, SPA._-o_. _ -22_Belgium

A Comparison of Sound
Power Levels from Portable
Air Compressors Based
Upon Test Methodologies
Adopted By U.S. EPA
and the CEC

PROPERTY
OF

EPAIONAC



A COMPARISON OF SOUND POWER
LEVELS FROM PORTABLE AIR COMPRESSORS

BASED UPON TEST METHODOLOGIES
ADOPTED BY U.S. EPA AND THE CEC

DECEMBER 1980

U.S. ENVIRONMENTAL PROTECTION AGENCY COMMISSION OF THE EUROPEAN COMMUNITIES
OFFICE OF NOISE ABATEMENT AND CONTROL ENVIRONMENTAL AND CONSUMER PROTECTION SERVICE
ANR-490 20D,ruedelaLoi
Washington,DC 20460 BI049Brussels
USA Belgium



- i -

FOREWORD

On December30, 1975, the UnitedStates governmentissueda regulation

which set limits_n the amountof noise emittedfromportableair compressors

having flow capacities greater than 75 cfm (0.035 cms), This regulation

also specified the noise test procedure to determine the maximum sound

pressurelevelof compressors. On the 5th of April,1978, the Commissionof

the European Communities (CEC) submitted a proposed directive to the Council

of the European Communities, that also would set limits on the noise emitted

; byportableair compressorswithinthe EuropeanEconomicCommunity(EEC). The

proposeddirectivealso specifiedthe test procedureto determinethe sound

poweremittedfrom a compressor,

It became evident that both U,S. and European manufacturers may need

to perform two separatenoise tests on their compressorsif they intendto

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

Co_ission of the EuropeanCommunities(CEC)in Novemberof 1979.

These discussions led to an agreement between the CEC and the U.S.

EnvironmentalProtectionA9ency (EPA) to jointlyconduct comparativenoise

testsof varioussize compressorsto assessthe potentialfor alignmentof the

existingU,S.and the proposedCEC test procedures.

The test resultspresentedin this reportare the end productof those

bilateral discussions and technical cooperationbetween the CEC and the

EPA.
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A COMPARISONOF SOUNDPOWER LEVELSFROMPORTABLEAIR

COMPRESSORSBASED UPON TEST METHODOLOGIESADOPTEDBY US-EPAAND THE CEC

1.0. Introduction

This report presents the results of comparative noise measurement tests

of portableair compressors. The tests were conductedJointlyby the United

StatesEnvironmentalProtectionAgency (EPA),the Commissionof the European

Co_unitles (CEC)and the EuropeanComittee of Manufacturersof Compressors,

VacuumPumps andPneumaticTools (PNEUROP).

The purposeof the tests was to comparenoiseemissionlevelsfrom compressors

as determined by using the method specified in noise emission standards

issuedby the US-EPA (i) and,by using the method proposedby CEC (3) based

on the measurement procedure adopted by the Council of the European

Communities(2).

The subsequentsectionsdescribethe comparisontestsand presentthe results

of the tests.

2.0. MeasurementMethods

In its regulationsgoverningsound emissionsfrom a noise source,the US-EPA

specifieslevelsof sound pressureas the formin which to expressmeasurement

results,while the CEC specifieslevelsof soundpoweras the form in which to

express the measurementresults. Thus, the measurementmethodologies,and

therefore,the test results,designedto determineconformityto existingUS

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

2.1.1.MeasuringConditions

The two methods share the same basic principle in defining the acoustic

conditlonsunder which measurementsmust be made; that is, measurementsare

made in the free field,conditionsfree of any acousticalobstructions,overa

reflectingplaneconstructedof non-porousasphaltor concrete, The factthat

these basic principlesare identicalsuggeststhat there should be a good

comparisonbetweenthe resultsobtainedby the two methods.

2,1.2. Instrumentation

The requiredinstrumentationmust conform to the standardscontainedin IEC

179, secondedition (4). Two dlagrammati'clayoutsof the basic measurement

configurationsare illustratedin Figure I. Both methods requiresimilar

calibrationof the acousticinstrumentation(4).

Note: The US-EPA regulationspecifiesthat the measurementinstrumentsmust

conformwith standardANSI-SI.4-1971,equivalentto IEC 179, secondedition.

2,1,3.Installationand Operationof the Compresso__r.

The compressoris installedat the center of the test plane and is operated

at its fulldesignedspeedand ratedoutputflowand pressure. Noise suchas

that resulting from escaping air must be negligible, i.e,, at least 10

decibels(dB)below the noiseemittedby thecompressor.

2.2,Peculiaritiesof EachMethod

2,2,1,EPA MeasurementMethodolo9¥

The US-EPAmeasurementmethodologyspecifiesthe energy averageof the maxi-

mum A-weightedsound pressurelevelsmeasuredat flve microphonepositions,
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Thls average level is calculated from lhe foilowi_n equation:

_,' 'c; _"_,:,i Lp i0 log - iO (I)

.......... I i0

,e_., ,x . o v

2,, -, : wnere:
i

, ; . _ : the energy averageA-weightedsound level in dB

' _ Li : the A_weigdted sound level in dB at the ith position duringa period

not to exceed15 seconds

n = number of measuring positions = 5

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

five surfaces.

The cQordinates of the five measurement points, along the coordinate axes

whose origin coincides with the point on tileground below the geometric

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

TABLE I

j xj yj z_
t

I -_+7 0 1.5

2 0 _+7 1.5

5 O 0 H+7
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where:

L = Lengthof compressor(m)

W = widthof compressor(m)

H = height Of compressor (m)

2.2.2.cEc MeasurementMethodologx

The A-weightedsoundpower is definedas:

: i I00.ILp + i0LOglO\s°
LWA 10log10ff (2)

i =

where :

Lpi : squared mean of five instantaneous pressure levels recorded at

regular intervals not exceeding 15 seconds measured with a sound

level meter at point i

S : areaof measuringsurface(a hemisphereof radiusR) (m2)

SO : referencearea_ i m2

n : numberof m_asuringpoints

The radiusof the measuringsurfaceand the numberof measuringpointsvaries

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

below:
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TABLE II

Lengthof Radiusof NumberoC
compressor hemisphere measuring

points

L R n

L_<l.5m 4m 12

1.5 m < L_<4 m i0 m 12

L > 4 m 16 8 (1.5m above
measurementplane)

The coordinatesof the 12 measurementpoints are given in Tab]e Ill below

(seeFigure3):

TABLE Ill

xlr y/r z/r z

1.00 0 -- 1.50m

0.71 0,71 -- 1.50m

3 0 1.00 -- 1.50m

4 -0.71 0.71 -- 1.50 m

5 -l,OO 0 -- 1.50m

6 -0,71 -0.71 -- 1,50 m

7 0 -1.O0 -- 1.50m

B O.7l -0.71 -- 1.50 m

g 0.65 0.27 0.71 --

,0 -0.27 0.65 0.71 --

i -0.65 -0.27 0.71 --

2 0.27 -0.65 0.71 --
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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

positlonsgiven by the coordinatesin TablesI and Ill. For the purposesof

comparingthe sound power levelscalculatedfrom pressure levels recorded

from the various microphone configurations (A, B, ,..I). the levels LWAo

determined in accordance with the CEC measurement method (12 measuring

points) represent the reference level. This reference point is in concert

with the techniqueutilizedby Holmer (5).

The valuesOfTp and LWAo as determinedfor the 15 compressorsare given in

Table IV below:

TABLE IV

NO I i 2 I5 6 7 8 g I_0_0. 12 _ 13 14 15

- i JB°71iLp 73,1 71,873,8177.5 73.7 72.31 74.7 75.3 /3.1 77.7 82.9 75.6 77.4 75.71

.........."WAo98.5 g8.8 99,51104.299.7 L00.71101.9...........102.3101.5 03.9107,5 110.4 101.11104,3_,03.3

No_te:The relationof the regressionline[ppand LWAo is LWAo = "_p+ 26.6

3.1.1.GeometricConfigurationAdjustmentsRequisiteto Comparison

To comparethe soundpower levelsdeterminedby the CEC and EPA test pro-

cedures,the EPA measuredsoundpressurelevelsmust be expressedin termsof

those levelswhich wouldexist on a hemisphericalsurfacesurroundingthe

compressor.The verticalaxisof the machineis coincidentwith the axisof

the hemisphere,havinga radiusof 7 m.
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Therefore,the sound power as derivedfromEPA measurementsis givenby:

LWA= I0lOglo_ i0 (i+ ) +25 (3)

j=1

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

pressoras givenbelow:

Measur in_g__p_o_int__ 1 ...... 2____.3 .... 4 .... .5___

kj L W L W H

where:

L = length of compressor (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 (LwAo) and the EPA sound power level (LwA) derived from

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

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

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. Dispersion and Standard Deviation

The mean dispersion (A) and the standard deviations (a) of the sound power

levels of the different configurations in relation to LWAo are given in Table

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



rI -I- 5-t-A

I-5 2-4 i-3-5 2-4-6
I - 5 3-7 2-6 4-8 3-7 6- 0 7 - 9- 11 8- 10- 1;_

A 0 C 0 E F G It I

LWAo12 L2 ,', L2 A L2 A L2 A L4 A L4 A L6 ?. L6 A L5 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 98.8 8.0 98.5 0 98.8 0.3

98.8 99.7 0.9 97.8 -].0 98.8 0.1 99.1 0.3 98.9 -O.O 99.0 0.1 98.6 -0.2 98.9 O.l 97.8 -1.C

99.5 100.5 1.0 98.0 -1.5 99.3 I -0,2 100.4 0.9 99.4 -0.1 99.9 0.4 99.6 0.1 99.4 I-0.1 100.0 0.5

104.2 106.1 1.8 102.9 -1.3 104.1 -0.2 103.5 -0.7 104.8 0.5 103.8 -0.4 104.8I 0.5 103.6 -0.6 103.7 -0.5 ,
CO

99.7 100.5 0.8 99.1 -0.6 100.3 0.6 99.6 -0.1 99.9 0.2 99.9 0.2 99.8 0.1 99.6 -0.1 100.5 0.6

100.7 101.7 1.I I00.0 -0.7 101.1 0.4 101.6i 0.9 i00.9 0.3 101.3 0.7 100.6 -0.0 100.7 0.0 98.6 -2.0
i

101.9 101.8 -0.I 100.1 -I.8 102.8 0.9 i101.5 -0.4 101.4 -0.5 102.2 -0.3 101.7 I-0.2 102.1 0.2 I01.0 -0.9

102.3 101.3 -I.0 I00.9 -1.4 102.2 -0.I 102.8 0.5 101.1 -1.2 102.5 0.2 102.0 !-0.3 102.6 0.3 101.5 =-0.8

101.5 101.7 0.2 99.3 -2.2 101.8 0.2 101,8 0.3 100.7 -0.9 101.8 0,2 101.7 0.1 101.5 -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 -0.9 104.1 0.2 103.7 -0.2 104,5 8.6

107.5 105.7 -1.8 106.7 -0.8 105.8 -1.7 104.8 -2.7 106.2 -1.3 105.3 -2.0 108.1 0.6 106.0 -0.7 107.9 0.3

II0.4 108.8 -1.5 1107.2 -3.1 109.0 -1.4 109.6 -0.7 108.3 -2.1 109.3 -I.0 110.3 -0.I 110.7 0.3 109.1 -1.3

103.6 101.3 -2.2 1100.6 -2.g 101.1 -2.5 ]01.3 -2.2 101.0 -2.6 101.2 -2.4 103.9 0.3 103.2 -0.4 1102.7 -0.9

105"4 105.3 -0.2 103.6 -I.8 1104.2 -1.2 103.8 -1.6 104.5 -0.9 104.0 -I.4 105.7 0.3 105.3 0.1 104.5 -1.0

103.3 103.6 0.3 I01.01-2.3 1103.7 0.4 103.2 -0.1 102.5 -O.B 103.5 0.2 103.2 -0.I 103.4 0.1 101.3 -2.0

TABLEV
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TABLE Vl

rrJ.................
IconfiguritionA B C J ___ E_ F-_ G

- jo04J-IBj-o4j-o41-o.,j-o4jolI-o_I-ol
I_!L O.B]_?g_l1_]_o.g1i___L._ _

3.2.3. Directivity Indexes

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

microphoneand the EPA B microphone configurationby using the following

, formula:

DI= Lpmax- Lpm+ 3 (D)

where:

Lpmax = maximum A-weightedsound pressure levels on the measuringsurface

(hemisphereof radiusR)

!
Lpm = meansquaredA-weightedsound pressurelevelson the measuringsurface

The resultsare givenin TableVII below:

TABLE VII

i 213 4 5 6 7 8 9 I0 11 12113 14 15

5 pts EPA 5,35.2 5.56.0 5.B 5.25.13.65.46.67.86.06,64.45.4

_2 pts CEC 4,75.3 5.46.34.g 5.05.44,65 l 5.36.75,98.0 B.74,8
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3,2.4. Conclusions

The followingconclusionscan be drawn concerningthe material presentedin

this report:

i. The relationship between the sound power level LWAo as defined in the

proposed EEC directive,and the sound pressure level _pp as defined

in the US-EPA regulationcan be describedby the followingequation

LWAo Z'pp+26.6

with a correlationcoefficientgreaterthano,g,

This relationshipis based upon measurementsthat have been carried out on

15 air compressorsof differentsizes.

A reviewof the datarepresentedin TablesVI and Vll shows:

i, The standard deviationfor the 2, 4 and 5 microphoneconfigurationis

approximatelyI dB. For the 6 microphoneconfiguration,the standard

deviationis 0.3 dB.

2, Directivityobviouslyplays a role in the sound power levels obtained

from tests 8, i0, 11, 13 and 14. A reviewof the sound pressure levels

acquired from the 12 measurementmicrophonesindicatesthat directivity,

indeed, exists and the energy is radiated in directions where certain

microphoneconfigurationswould not measure the total energy. This may

be the direct result of the physical location of the air intake and

exhaustportson each individualcompressor.Verificationof thisassump-

tion couldbe made if the mechanicalconfigurationof each compressorwas

studied and correlatedwith the noise level at each microphone location.
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1_5,SUPPLEMENTARYNOTES

16.AUST A
_C_ecember 30, 1975, tile United States government issued a regulation which set

limits on the amount of noise emitted from portable ,air compressors, This regulation

also specified tbe noise test procedure to determine the maximum sousd pressure level
of compressors. On April 5, 1978, tile Commission of tile European Communities (CEC)

submitted a proposed directive to tile Council of the European Communlties, that also
would set limits on the noise emitted by portable air compressors within the European
Economic Community (EEC). Tile proposed directive also specified the test procedure

to determine the sound power emitted from a compressor,

It became evident tbat both O.S. and European manufacturers may need to perform

two separate nodse tests on Kheir compressors if they intend to meet both existing
O.S. and the proposed EEC noise standards.

At tba request of industry, U.S. government 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.S. EPA to Jointly conduct comparative noise

tests of various size compressors to assess the potential for alignment of the exlsti[
U.S, and the proposed CEC test procedures.

The test results presented in this report are tileend product of those bilateral
discussions and technical cooperation between the CEC and the EPA.
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