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FOREWORD

On December 30, 1975, the United States government issued a regulation

which set limits on the amount of noise emitted from portable air compressors

having flow capacitiesgreater than 75 cfm (0,035cms). 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 EuropeanCommunities(CEC)submitteda proposeddirectiveto the Council

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

: by portableair compressorswithinthe EuropeanEconomicCommunity(EEC). The

proposed directive also specified the test procedure to determine the sound

poweremit%edfrom a compressor.

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

to perform two separate noise tests on their compressors if they intend to

meet both the existingU.S. and the proposedEEC noisestandards,}

At the requestof the CompressedAir and Gas Institute,U.S. government

representatives entered into discussions with representatives of the

I Don_nisslonof the EuropeanCommunities(CEC)in Novemberof 1979.

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

EnvironmentalProtectionAgency (EPA) to jointly conductcomparativenoise

tests of varioussize compressorsto assessthe potentialfor alignmentof the

existingU.S. and the proposedCEC test procedures.

The test results presentedin this reportare the end productof those

bilateral discussions and technical cooperation between the CEC and the

_' EPA.

i
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A COMPARISONOF SOUNDPO_ERLEVELSFROM PORTABLEAIR

COMPRESSORSBASED UPON TEST METHODOLOGIESADOPTEDBY US-EPAAND THE OEC

1.0. Introduction

This report presents the results of comparative noise measurement tests

of portableair compressors. The tests were conductedJointlyby the United

States EnvironmentalProtectionAgency (EPA),the Commissionof the European

Communities(CEC) and the EuropeanCommitteeof Manufacturersof Compressors,

VacuumPumpsand PneumaticTools (PNEUROP).

The purposeof the tests was to comparenoiseemissionlevelsfromcompressors

as determined by using the method specified in noise emission standards

issued 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

._q Communities(2).

:?i

_ The subsequentsectionsdescribethe comparisontests and presentthe results

:_, of the tests,

_ 2.0. MeasurementMethods

_._ In Its regulationsgoverningsound emissionsfrom a noise source,the US-EPA

specifieslevelsof sound pressureas the form in which to expressmeasurement

_:ii results,whilethe CEC specifieslevelsof sound poweras the form inwhich to

_, express the measurementresults. Thus, tee measurementmethodologies,and

_.I therefore,the test results,designedto determineconformityto existingUS

! and to proposedCEC noise emissionstandards,differ in a numberof ways.

t:

t.
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2,1. Common Features

2,1.1, Measurin9 Conditions

The two methods share the same basic princtp]e in defining the acoustic

conditions under which measurementsmust be made; that is, measurementsare

made in the free field, conditions free of any acoustical obstructions, over a

reflecting plane constructed of non-porousasphalt or concrete, The fact that

these basic prtnctp]es are Identical suggests that there should be a good

comparison between the results obtatned by the two methods.

2,1,2. Instrumentation

The required instrumentation must conform to the standards contained in IEC

179, second edition (4). Two diagrammatt'c layouts of the basic measurement

configurations are illustrated in Figure 1. Both methods require stmtlar

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 is operated

at its full designed speed and rated output flow and pressure, Noise such as

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

declbels(dB)below the noiseemittedby the compressor.

2.2. Peculiaritiesof EachMethod

2.2.1.EPA MeasurementMethodolo_

The US-EPAmeasurementmethodologyspecifiesthe energy averageof the maxi-

mum A-weighted sound pressurelevelsmeasuredat five microphonepositions.
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This average level is calculated from the fo]lowing equation:

Li/1

t_p:i0log i0 (I)
i0

i=1

where:

= the energy average A-weightedsound level in dB

i Li = theA-weightedsound level in dB at the ith positionduring a period

not to exceed15 seconds

n = number of measuring positions= 5

The measurementpointsare orthogonallylocated7 meters fromthe compressor's

five surfaces.
!

i;i The coordinatesof the five measurementpoints, along the coordinateaxes

j

:,_ whose origin coincides with the point on the ground below the geometric

'_ center of the compressor,are given in Table I below (see also Figure2):

TABLE I

_.i

::' 1 _ + 7
0 I.5

2 0 -2-+ 7 1,51

3 - + 0 1,5

,_:! 4 0 - + i.5

_J
!:y 5 0 0 H + 7

!'
i
7
p

_2

2



- 4 -

where:

L = Lengthof compressor(m)

W = width of compressor (m)

H = height of compressor (m)

2.2.2.CEC MeasurementMethodology.

TheA-weightedsoundpowerisdefinedas: ,i

I I= _ i00.iLp + i0LOglo (2)LWA 10 log10

i=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 = area of measuringsurface (a hemisphereof radius R) (m2)

SO : referencearea" 1 m2

n : numberof measuringpoints

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

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

below:
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TABLE II

Lengthof Radiusof Numberof
compressor hemisphere measuring

points

L R n

L_<1.5m 4m 12

1.5m < L44 m 10 m 12

L > 4 m 16 8 (1.5m above
measurementplanel

The coordinatesof the 12 measurementpoints are given in Table Ill below

(see Figure3):

f

TABLEIll;J

x/r ,v/r z/r z

_: i 1.00 0 -- 1,50m
$ir

_I ? 0,71 0,71 -- 1,50 m

!i. 3 0 1,00 -- 1.50m

i_ 4 -0,71 0,71 -- 1,50m
,,%
Ol

5 -I.00 0 -- 1,50m

_. 6 -0.71 -0,71 -- 1.50m

_i-_,_ 7 0 -i,00 -- 1,50 m

_ 8 0.71 -0.71 -- 1.50m

9 0.65 0.27 0.71 --

i0 -0,27 0,65 O,71 --

i ii -0.65 -0.27 0.71 --
P
[_:., 12 0.27 -0.65 0.71 --
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3.0. Comparisonof Test Results

3.1. Baseline Sound Power Levels

Measurementswere made of the noiseemissionsfrom fifteendifferentcompres-

sors. The sound pressure levelsof each were recorded at the microphone

positionsgiven by the coordinatesin Tables I and Ill. For the purposesof

comparingthe sound power levelsca]culatedfrom pressure leve]srecorded

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

determined in accordance with the CEC measurement method (12 measuring

points)representthe reference]eve]. This referencepoint is in concert

with thetechniqueutilizedby Holmer(5).

The va]uesof-_-pand LWAo as determinedfor the 15 compressorsare given in

Table IVbelow:

TABLE IV

I
ILWAo_L_ '"9g'5 104'2 9g'7:lOO'71101'g 102'3 101"5 103'g 07'5 110'4 101'11104'3 10'3'3..................

Therelationof the regressionlineZ_pand LWAo is LWAe = "_p+ 26.6N_o_te:

3.1.].Be.__ometricConfigurationAdjustmentsRequisiteto Comparison

l'ocomparethe soundpower levelsdeterminedby the CEC and EPA test pro-

cedures,the EPA measuredsoundpressure]evelsmust be expressedin termsof

those ]eve]swhichwould existon a hemisphericalsurfacesurroundingthe

compressor.The verticalaxis of themachine is coincidentwith the axisof

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

LWA=I0log'oL I0 Lpj(i+ ) +25 (3)

Note: The value of kj varies in accordancewith the dimensionof the com-

pressor as given below:

Measuring point i....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 Ill.

IT These data are compiled in Table V where different levels are calculated

for different microphone locations and configurationsas 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 (_) 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

(A). i

I

i



..... _- .... 3 3 2A

5 - -I. 5-t_

1-5 2-4 1-3-5 2-4-6
I - 5 3 - 7 2 - 6 4 - 0 3- 7 6 - 0 7 - 9 - II 8- 10- 12

A 0 C O E F G II I
I

JLwAr_I2L2 A L2 A L2 .% L2 A L4 A L4 A L6 A L6 ,% L5 A

I

98.._ 99.6 1.1 95.8 -2.7 98.9 0.4 190._ 0.4 98.I -OJ 98.9 [ 0.4 982 0.O J 98.5 0 98.8 0.3
I

98.[ 99.70. c. 97.8 -].0 98.8 0.I I 99.] 0.3 98.9 -0.( 99.0 l 0.1 98.( -0.2 98.9 0.] 97.8 -I.0

99.._ ]00.5I I.£ 90.0 -I.5 99.3 -0.2 100.4 0.9 99.4 -O.] 99.9 0.4 99.( 0.1 99.4 -0.I ]00.0 0.5

I04.E 106.1 I.E 102.9 -i.3 104.1 -0.2 I03._ -9.7 104.8 O.r 103.8 .0.4 104.[ 0.5 103.6 -0.6 103.7 -0.5 ,
CO

99.7 100.5 O.B 99.1 -0.6 100.3 0.6 99.6 -0.1 99.9i O.S 99.9 0.2 99.E 0.1 99.6 -0.I 109.5 0.6 j

100.7 101.7 1.1 100.0 -0.7 101.1 0.4 101.6 0.g 100.9 O.." 101.3 0.7 ]00._ -0.O 100.7 0.0 i 98.6 -2.0

I01.9 101.8 -0.I [00.I -I.8 102.0 0.9 101.5 -0.4 101.4 -0.5 102.2 0.3 101.7 -0.2 102.1 0.2ii01.0 -0.9
i

102.3 [01.3 -I.0 [00.9 -1.4i102.2 -0.1 102.8 0.5 I01.I1-1.21102.50.2 I02.(]-0.3 102.6 0.31 i01.5 -0.8

i

101.5 [01.7 0.2 99.3 -2.2 101.8 0.2 101.8 0.3 100.7 -O.9 101.8 0.2 101.7 0.I 101.5 -0.I 99.7 -1.8

103.9 [04.4 0.4 L01.9 -2.4 103.3 -0.6 102.8 -1.2 103.2 -0.8 i03.0 -0.9 104.1 0.2 103.7 .0.2 104.5 0.6

107.5 L05.7 -1.8 L06.7 -0.8 105.8 -1.7 104.0 -2.7 106.2 -I.3 105.3 -2.0 108.1 0.6 106.8 -0.7 107.9 0.3

[I0.4 00.0 -I.5 07.2 -3.1 I09.0 -1.4 [09.6 -0.7 108.3 -2.1 109.3 -I.0 110.3 -0.i 110.7 0.3 109.I -1.3_
l I

L03.6 01.3 -2.2 00.6 -2.9 I01.I -2.5 [01.3 -2.2 lOl.O -2.6 101.2 -2.4 103.9 0.3 103.2 .0.4 102.7 -0.91

L09.4 05.3 -0.2 03.6 -1.8 104.2 -1.2 L03.8 -1,6 I 104,5 -0.9 104.0 -1.4 105.7 0.3 105.3 0.1 104.5 -1,0J

03.3 03.6 0.3 01.0 -2.3 103.7 0.4 L03.2 -0.1 I [02.5 -o.0 1o3.51 02 L03,2 -0.1 103.4 0,1 101.3 .2.0j
I

TABLE V
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TABLE VI

i' I °°"1 __/°"/°_ I°" I°" I °_ I°_ I°I
I__Lr o._/ o.g/_._____o.gI_.._L.___I°'_Io._I_L_

3,2.3.Directivit),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

formu Ia:

DI= Lpmax- Lpm+ 3 (D)

where"
k

Lpmax = maximum A-welghted sound pressure levels on the measuring surface

(hemisphereof radius R)
TI
,_ = meansquaredA-weightedsoundpressurelevelson the measuringsurface

The resultsare given in Table VII below:

_ TABLEVII
!:;i
L
_j

_4
_-',i 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15

4"

:I
'i! 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

"';)::;"' [2 pts CEC 114.75.3 5.4 6.3 4.9 5.0 5,4 4.6 5.7 5.3 6.7 5.9 8.0 5,7 4.8
!,

il

:r:i
e,
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3.2.4.Conclusions

The followingconclusionscan be drawn concerningthe materialpresentedin

this report:

i. The relationshipbetweenthe sound power level LWAo as definedin the

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

in the US-EPA regulationcan be describedby the followingequation

LWAo = _-pp+ 26.6

with a correlationcoefficientgreaterthanO,g,

This relationshipis based upon measurementsthat have been carriedout on

15 air compressorsof differentsizes.

A reviewof the datarepresentedin TablesVI and VII shows:

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

approximately1 dB. For the 6 microphoneconfiguration,the standard

deviationis 0,3 dB.

2. Directivityobviouslyplays a role in the sound power levelsobtained

from tests 8, 10. 11, 13 and 14, A reviewof the sound pressurelevels

acquiredfrom the 12 measurementmicrophonesindicatesthat directivity,

indeed, exists and the energy is radiated in directionswhere certain

microphoneconfigurationswould not measure the total energy. This may

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

exhaustports on eachindividualcompressor.Verificationof thisassump-

tion could be made if the mechanicalconfigurationof each compressorwas

studied and correlatedwith the noise level at each microphonelocation.
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