
~~ 

International Standard @ 6081 
INTERNATIONAL ORGANIZATION FOR STANOAROIZATION*ME)I(IIYHAPOiiHAR OPrAHM3AUMR I iO CTAHL1APTM3AUMM«)RGANlSATlON INTERNATIONALE DE NORMALISATION 

Acoustics - Noise emitted by machinery and 
equipment - Guidelines for the preparation of test codes 
of engineering grade requiring noise measurements at the 
operator's or bystander's position 
Acoustique - Bruit émis par les machines et matériels - Directives pour la rédaction des codes d'essais de la classe rrexpertisew 
comportant la mesure du bruit aux postes de conduite ou aux postes de l'assistant 

First edition - 1986-12-15 

- e UDC 534.61 Ref. No. I S 0  6081-1986 (E) ' 
E Descriptors : acoustics, noise (sound), sound power, engine noise, sound pressure, acoustic measurement, operating stations. 

8 
; Price based on 9 pages 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

81
:19

86

https://standardsiso.com/api/?name=253546225fcfcec2668c7f94e176409e


Foreword 
I S 0  (the International Organization for Standardization) is a worldwide federation of 
national standards bodies ( IS0 member bodies). The work of preparing International 
Standards is normally carried out through IS0  technical committees. Each member 
body interested in a subject for which a technical committee has been established has 
the right to be represented on that committee. International organizations, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the I S 0  Council. They are approved in accordance with IS0 procedures requiring at 
least 75 YO approval by the member bodies voting. 

International Standard I S 0  6081 was prepared by Technical Committee ISO/TC 43, 
Acoustics. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

O International Organization for Standardization, 1986 O 

Printed in Switzerland 

II 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

81
:19

86

https://standardsiso.com/api/?name=253546225fcfcec2668c7f94e176409e


IS0 6081-1986 (E) 

Contents 
P a w  

O Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1 Scope and field of application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

2 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

3 Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

4 Testenvironment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

5 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

6 Microphone positions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

7 Installation and operating conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

8 Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

9 Corrections for background noise . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

10 Testreport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

Annexes 

A Examples of suitable instrumentation systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

B Combination of sound pressure levels for unequal sampling intervals . . . . . . . .  9 

... 
111 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

81
:19

86

https://standardsiso.com/api/?name=253546225fcfcec2668c7f94e176409e


STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 60

81
:19

86

https://standardsiso.com/api/?name=253546225fcfcec2668c7f94e176409e


INTERNATIONAL STANDARD IS0  6081-1986 (E) 
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centre band centre 
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_~~_____. 

Acoustics - Noise emitted by machinery and 
equipment - Guidelines for the preparation of test codes 

ngineering grade requiring noise measurements at the 
operator’s or bystander‘s position 

Standard 
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dB 
~- __ 

O Introduction 
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250to 500 

1 0 0 0 t o 4 0 0 0  
8 O00 

0.1 General 

100 to 160 
200 to 630 
8Oûto 5000 

6 300 to 10 O00 

This International Standard provides guidelines for preparing 
test codes that specify methods for measuring the sound 
pressure levels at the operator’s position(s) in close proximity to 
a specific machine or piece of equipment or in the operator‘s 
cab. 

The sound pressure levels determined according to  the pro- 
cedures of such test codes are useful for comparing the noise 
emissions of different machines at the operator’s position(s) 
under similar envivonmental conditions. Hence, this Inter- 
national Standard relates to the emissions of noise sources. It is 
not the intent of this International Standard to describe pro- 
cedures for measuring the occupational noise exposures of 
workers (noise irnmission). 

The sound pressure levels at the operator’s position(s) which 
are obtained according to the procedures of test codes based 
on this International Standard represent the noise emission of 
the machine for operating conditions specified for this par- 
ticular type of machine. In practice, these sound pressure levels 
are the lowest obtainable values because they are determined 
by excluding effects of reflections other than those from the 
reflecting plane on which the machine is placed. 

L This International Standard provides guidelines for the installa- 
tion and operating conditions for the machinery and equipment 
undergoing evaluation. Specific test codes may specify installa- 
tion and operating conditions more precisely. 

It is not the intent of this International Standard to specify re- 
quirements or assign responsibilities for meeting any specific 
sound pressure level criteria at the operator’s positiods). 

0.2 Relationship to other standards and test codes 

This International Standard provides general guidelines for 
preparing test codes requiring noise measurements at the 
operator’s position and describing the instrumentation, test site 
characteristics (indoors and outdoors), microphone locations 
and installation and operating conditions of specific types of 
machinery and equipment. 

This International Standard is to be used in conjunction with 
IS0 3740. International Standards or test codes based upon 
IS0 3740 are to be used for specifying mounting, operating and 
loading conditions of the source during its acoustical evalu- 
ation. 

A specific noise test code for measurements at the operator‘s 
position(s) for a specific type of machine should be based on 
this International Standard. Preferably only one specific noise 
emission test code should be established based on the series 
IS0 3741 to I S 0  3746 and IS0 6081 for the following pur- 
poses : 

- 

- determination of the sound pressure level at the 
operator’s or bystander’s positiods). 

determination of the sound power level; 

Account should be taken of the fact that IS0 3741 to IS0 3746 
and I S 0  6081 describe methods for different grades (precision, 
engineering, survey) and different measurement environments. 

If no specific test code exists for a particular type of machine, 
this International Standard may be used to provide guidelines 
for the measurements. 

The methods described in this International Standard are not 
applicable to determinations of the total noise emissions of 
products; for this purpose, the sound power level of the 
machine should be determined in accordance with the 
appropriate International Standard in the series I S 0  3741 to 
IS0 3746, or from appropriate test codes based upon those 
International Standards. 

0.3 Measurement uncertainty 

Measurements carried out in conformity with this International 
Standard should result in standard deviations which are equal 
to or less than those given in table 1. 

These standard deviations reflect the cumulative effects of all 
causes of measurement uncertainty, including variations from 
laboratory to laboratory, but excluding variations in the sound 
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I S 0  6081-1986 (E)  

pressure level from machine to machine and from test to test 
which may be caused, for example, by changes in the mount- 
ing or operating conditions of the machine. 

For a source which emits noise with a relatively "flat" spectrum 
in the 100 to 10 O 0 0  Hz frequency range, the A-weighted equi- 
valent continuous sound pressure level is determined with a 
standard deviation of approximately 2 dB. 

1 Scope and field of application 

This International Standard lays down the conditions of 
measurement of noise at the operator's position(s) and at other 
specified locations in the vicinity of different types of machin- 
ery and equipment used indoors and outdoors. It also applies to 
operator positions which are partially or totally enclosed by the 
machine or are within a cab which may be an integral part of 
the machine or remote from the machine. This International 
Standard is applicable to all sources, both moving and station- 
ary, with the exception of transportation vehicles. 

2 References 

I SO 266, Preferred frequencies for acoustical measurements. 

I S 0  2204, Acoustics - Guide to International Standards on 
the measurement of airborne acoustical noise and evaluation of 
its effects on human beings. 

I S 0  3462, Tractors and machinery for agriculture and forestw 
- Seat reference point - Method of determination. 

IS0  3740, Acoustics - Determination of sound power levels of 
noise sources - Guidelines for the use of basic standards and 
for the preparation of noise test codes. 

IS0  3741 I Acoustics - Determination of sound power levels of 
noise sources - Precision methods for broad-band sources in 
reverberation rooms. 

IS0 3742, Acoustics - Determination of sound power levels of 
noise sources - Precision methods for discrete- frequenc y and 
narrow-band sources in reverberation rooms. 

IEC Publication 225, Octave, half-octave, and third-octave 
band filters intended for the analysis of sound and vibrations. 

IEC Publication 651, Sound level meters. 

IEC Publication 804, Integrating-averaging sound level meters 

3 Definitions 

For the purposes of this International Standard, the following 
definitions apply. 

3.1 sound pressure level, L,J, in decibels : Ten times the 
logarithm to the base 10 of the ratio of the square of the sound 
pressure to the square of the reference sound pressure. 

The width of the frequency band used shall be indicated : for 
example, octave band sound pressure level, one-third octave 
band sound pressure level, etc. The reference sound pressure is 
20 yPa. 

- 
3.2 A-weighted sound pressure level, L,,,A, in decibels : 
The frequency-weighted value of the sound pressure level 
determined with a sound level meter set for the frequency 
weighting characteristic A. The reference sound pressure is 
20 pPa. 

NOTE - Any other frequency weiqhting, if used shnuld be defined in 
a similar manner, fnr example, I 

3.3 Al-weighted sound pressure level, LIJAI,  in decibels : 
The sound pressure level determined with a sound level meter 
set for the frequency-weighting characteristic A and the time- 
weighting characteristic I (impulse), as specified in IEC Publi- 
cation 651. 

I S 0  3743, Acoustics - Determination of sound power levels of 
noise sources - Engineering methods for special reverberation 
test rooms. 

where 

3.4 equivalent continuous sound pressure level, Leq,  in 
decibels : Value of the sound pressure level of a continuous, 
steady sound that, within the measurement time interval, has 
the same mean square sound pressure as a sound under consi- 
deration the level of which varies with time. It is given by the 
formula 

- 
r- 1 

I S 0  3744, Acoustics - Determination of sound power levels of 
noise sources ~~ Engineering methods for free- field conditions 
over a reflecting plane. 

I S 0  3745, Acoustics - Determination of sound power levels of 
noise sources - Precision methods for anechoic and semi- 
anechoic rooms. 

I S 0  3746, Acoustics - Determination of sound power levels of 
noise sources - Survey method. 

I S 0  5353, Earth-moving machinery - Seat index point 

Le, is the equivalent continuous sound pressure level. in 
decibels, determined over a time interval starting at I ,  and 
ending at /?; 

/ io is the reference sound pressure (20 pPa); 

p ( / )  is the instantaneous sound pressure of the sound 
signal. 

NOTE 
levels If so. it is recommended that the desiqnation I 

If other weiqhtinqs or filters are used. this should be indicatrti 

The sound pressures are usually derived from the A-weightec 
be used. 
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IS0  6081-1986 (E) 

3.5 operator : An individual whose work station is in the 
immediate vicinity of a machine or who is responsible for the 
remotely-controlled operation of a machine. 

3.6 operator's position : The work station of the operator. 

3,7 bystander : An individual who is not responsible for the 
operation of a machine but whose position rnay lie within the 
sound field produced by the machine either occasionally or 
continuously. 

3.8 
a bystander. 

bystander's position : The typical location occupied by 

3.9 emission : The sound radiated by one, well-defined 
source; a descriptor rnay be incorporated in a product label 
and/or product specification; usually prescribed on a sound 
power level basis and, in addition, on a sound pressure level 
basis for an operator's position if such a position is defined. 

NOTE - The emission contributes to  the immission at the operator's 
ear position, where the immission is related to the noise exposure for 
defined operating conditions and observation times due to the emis- 
sions of all contributing noise sources, including reflections, contribu- 
tions of background noise, etc. 

L 

3.10 operational period : An interval of time during which a 
specified process is accomplished by the machine (for example, 
for a dishwasher, washing, rinsing or drying). 

3.11 
periods occurring repeatedly while the source is functioning. 

operational cycle : A specific sequence of operational 

3.12 measurement t ime interval : A portion of an opera- 
tional period or operational cycle for which the equivalent con- 
tinuous sound Dressure level is determined. 

3.13 t ime history : A continuous recording of the sound 
pressure level, as a function of time, which is obtained during 
one or more operational periods of an operational 

4 Test environment 

4.1 Test environment for measurement 

4.1.1 
the machine 

Operator positions in free space in the  

Usually, a laboratory semi-anechoic room (see I S 0  3745) or a 
flat outdoor area paved with sealed asphalt or concrete that 
meets the requirements of 4.2 and 4.3 will be satisfactory for 
the purposes of measurements according to this International 
Standard. 

4.1.2 Enclosed operator positions 

When the operator is located in an enclosed cab or in an 
enclosure remote from the machine undergoing test, the cab or 
enclosure is regarded as an integral part of the machine and no 
environmental corrections are permitted. 

4.2 Criterion for background noise 

At the microphone positiords), the background noise (including 
wind noise at the microphone) measured as the A-weighted 
sound pressure level and in each frequency band of interest 
should be 10 dB below the level due to the machine being 
tested and shall be at least 6 dB below this level. Corrections 
for background noise are given in clause 9. 

NOTE - Background noise which is less than 6 dB below the sound 
pressure level due to the machine under test is too high for the pur- 
poses of this International Standard. Under such circumstances, it is 
not possible to determine the sound pressure levels due to the machine 
at the operator's position(s) with sufficient accuracy to meet the re- 
quirements of this International Standard. 

4.3 Ambient conditions 

Environmental conditions (humidity, temperature, vibration, 
stray fields, etc.) shall be within the limits specified by the 
manufacturers of the measuring equipment and of the machine 
under test. The meteorological conditions (temperature, wind, 
precipitation, etc.) shall be such as not to influence the 
measurements within the limits of accuracy required. 

5 Instrumentation 
cycle. 

5.1 General 

purposes 

vicinity o f  

A free field over a reflecting plane shall be used for the test en- 
vironment and no environmental corrections are necessary or 
permitted for this engineering method. A free field over a 
reflecting plane can be assumed if the environmental correction 
as defined in I S 0  3744 is smaller than 1 dB [when using a 
measurement surface on which the microphone position(s) at 
the operator's position(s) lie]. 

Test environments that are suitable for measurements accord- 
ing to this International Standard include a flat outdoor area or 
an indoor space that provides an essentially free field over a 
reflecting plane. 

The instrumentation shall be designed to measure the level of 
the mean-square sound pressure, weighted and in octave or 
one-third-octave bands, and averaged over a specified observa- 
tion time (see 8.2). The required time averaging rnay be ac- 
complished in one of several ways : 

ai 
specified in IEC Publication 804. 

By using an integrating-averaging sound level meter as 

b) By integrating the squared signal over a fixed time inter- 
val. This integration rnay be performed by either digital or 
analogue means. 

NOTE - This is the preferred method for noise containing signifi- 
cant impulsive components. 

c l  By "averaging" the squared signal using RC-smoothing 
with a given time constant. Such averaging provides only 
an approximation of the true time average, and it places 
restrictions on the "settling" time and observation time. 
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I S 0  6081-1986 (E) 

d) By numerically averaging the squared pressures cor- 
responding to a number of measurements of sound 
pressure level, each measurement obtained using an in- 
tegrating or averaging time that is considerably shorter than 
the measurement time interval, e.g. exponential time- 
averaging or performed by the time-weighting character- 
istics F or S. 

Examples of suitable instrumentation systems are given in 
annex A. 

5.2 Instrumentation system 

The instrumentation system, including the microphone and 
cable, shall meet the requirements for a type 1 instrument laid 
down in IEC Publication 651 or, in the case of integrating- 
averaging sound level meters, the requirements for a type 1 
instrument laid down in IEC Publication 804. 

A microphone with a diameter not greater than 13 mm shall be 
used for measurements. 

NOTE ~ It is essential that care should be taken to isolate the 
microphone from vibrations or other influences (e.g. electromagnetic 
radiation) which could affect the measurements. If the microphone is 
moved during the measurements (e.g. if it is mounted on a moving 
operator), care shall be exercised to avoid introducing acoustical noise 
(e.g. noise due to the microphone rubbing against the operator's 
clothing) or electrical noise (e.g. due to a flexing cable) that could 
interfere with the measurements. 

The use of other frequency weighting networks, in addition to 
A-weighting, is optional. 

For measurements in frequency bands, an octave band or one- 
third octave band filter meeting the requirements of IEC 
Publication 225 shall be used. The centre frequencies of the fre- 
quency bands shall correspond to those of I S 0  266. 

6 Microphone positions 

6.1 General 

The specific noise test code for a particular type of machine 
shall specify whether the operator shall be present or absent 
during the acoustical measurements. If present, the operator(s) 
shall not wear abnormally sound absorptive clothing or any hat 
or scarf (other than a protective helmet required for safety 
reasons or a helmet or frame used to support a microphone) 
which might influence the sound measurements. 

The noise test code for a particular type of machine shall clearly 
specify the microphone positions. 

For machines that are not operator-attended and for 
bystanders, measurements may be made at one or more 
microphone positions located 1 m away from the reference 
rectangular surface defined in IS0 3744 or I S 0  3746 and at 
a height of 1,5 m above the ground plane, if no other 
requirements are stated in a specific noise test code. 

Unless otherwise required in a specific test code, the operator 
position(s1 shall be as described in 6.2 to 6.4. 

6.2 Microphone position(s) for seated operator 

If an operator is not present, and if the seat is attached to the 
machine under test, the seat index point according to IS0 5353 
or the seat reference point according to IS0 34621) shall be 
determined with the seat set at or as near as possible to the 
mid-point of its horizontal and vertical adjustment. Any seat 
suspension shall be depressed until the seat reaches the mid- 
point of its dynamic range. The microphone shall be located 
0,69 + 0,05 m above and 0,20 f 0,02 m forward of the seat 
index point. If the seat index point is not defined, the 
microphone shall be located 0,80 it 0,05 m above the middle 
of the seat plane. 

If an operator is present, the adjustment of the seat should 
allow him to reach the controls comfortably. His height from 
the seat plane to the top of the head should be 0,91 it 0,05 m 
and the microphone shall be located 0,20 k 0,02 m to the side 
of the operator's head centre plane on a line with the eyes and 
on that side where the higher value of the A-weighted 
equivalent continuous sound pressure level, LAeri, is observed. 

4 

If an operator is not present and if the seat is not attached to 
the machine under test, the microphone positions shall be 
described in the specific noise test code for a particular type of 
machine. 

6.3 Microphone position(s) for standing 
stationary operator 

If no other location is specified for a standing operator, the 
microphone shall be located 1,500 f 0,025 m above the 
reference point, i.e. the position on the ground plane on which 
the operator normally stands. 

The microphone location is defined relative to a reference point 
on the ground plane on which the operator normally stands. 
This reference point is the intersection of the straight line con- 
necting the front of the toe of the operator's right foot and the 
back of the heel of the left foot with the straight line connecting 
the toe of the left foot and the heel of the right foot, when the 
operator is at his normal work station. 

& 

If the measurements are made with the operator absent, the 
microphone shatl be located 1,500 5 0,025 m directly above 
the reference point. If an operator is present, the microphone 
shall be located 0,20 f 0,02 m to the side of the operator's 
head centre plane on a line with the eyes and on that side 
where the higher value of the A-weighted equivalent contin- 
uous sound pressure level, LAeq, is observed. 

6.4 
along specified path 

In those situations where an operator moves along a specified 
path in the vicinity of a particular type of machinery or equip- 

Microphone position(s1 for operator moving 

~~ ~ 

1) The seat index point IS located 0,097 m above and O 130 m in front of the seat iefprenre point 
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ment, a sufficient number of microphone locations or a moving 
microphone shall be used to determine the sound pressure 
levels at the operator’s position(s) or along his specified path. 

The reference line shall be defined as a line on the floor directly 
below the centre of the operator’s head for a typical specified 
path. 

If no other height is specified for a moving operator, the 
microphone positions shall be located 1,500 k 0,025 m above 
the reference line. 

Microphone positions shall be defined at all fixed operator pos- 
itions and the specified path shall be given in the specific noise 
test code for a particular type of machine. 

In the absence of such specified positions, at least four 
microphone positions shall be defined to sample adequately the 
sound field along the specified path. 

\ 6.5 Microphone orientation 

The microphone shall be oriented horizontally forward so that 
the reference direction of incidence coincides with the direction 
in which the operator usually faces. 

7 Installation and operating conditions 

7.1 General 

The specific noise test code for a particular type of machine 
shall specify the installation, loading and operating conditions 
for that type of machine or equipment. The installation and 
operation of a particular machine for the purposes described in 
this International Standard, or in special noise test codes based 
on this International Standard, shall be based on those condi- 
tions specified for the determination of the sound power level 
according to one of the International Standards in the series 
I S 0  3741 to IS0 3746. - 7.2 Auxiliary equipment 

Ensure that any electrical conduits, piping or air ducts con- 
nected to the equipment do not radiate significant amounts of 
sound energy into the test environment. The test environment 
shall be cleared of all objects which might interfere with the 
measurements. All auxiliary equipment necessary for the opera- 
tion of the device under test is usually treated as being part of 
the device under test and shall be located inside the test room; 
all additional equipment necessary only for the test should be 
located outside the test room. 

7.3 Operation of source during tests 

During the acoustical measurements, the source shall be 
operated in a specified manner typical of normal use. The 
governing condition of operation shall be that defined in a 
specific test code for the machine. If a specific test code does 
not exist, one or more of the following operating conditions 
may be appropriate : 

b )  device under full load [if different from ail; 

c)  device under no load (idling); 

d) device under operating condition corresponding to 
maximum sound generation; 

e) 
defined conditions. 

device with simulated load operating under carefully 

8 Measurement 

8.1 
instruments 

Calibration and checking of measuring 

At least before each series of measurements, an acoustical 
calibrator with an accuracy of k 0.5 dB shall be applied to the 
microphone to check the calibration of the entire measuring 
system, including cable, if any, at one or more frequencies over 
the frequency range of interest. At least one calibration 
frequency shall be in the range from 200 to 1 O00 Hz. The 
calibrator shall be checked annually to verify that its output has 
not changed. In addition, an acoustical and an electrical calibra- 
tion of the instrumentation system over the frequency range of 
interest shall be carried out at least every two years. 

8.2 Measurement procedures 

The equivalent continuous sound pressure level (A-weighted 
and in frequency bands) at each microphone position defined in 
this International Standard or in a specific test code for a par- 
ticular type of machine shall be determined for each measure- 
ment time interval (see 8.3). If the sound pressure level varies 
over a range, particular care should be taken to ensure that the 
dynamic range of the instrumentation is sufficiently large, e.g. 
by using an integrating-averaging sound level meter which 
includes an overload indication. 

8.2.1 Measurement with integrating systems 

If true integration is used, then the integration time should be 
equal to the measurement time interval. If the measurement 
time interval is longer than the maximum integration time 
available on the instrument, sound pressure levels may be 
averaged on a mean-square basis to make the overall integra- 
tion time equal to the measurement time interval. 

8.2.2 
level meter) 

Measurement with RC-smoothing (or with sound 

Over a typical operational cycle of the source the sound 
pressure level can be 

a) steady (see IS0 2204): 

b) 
time-weighting characteristic SI; 

fluctuating (within a range of less than 5 dB using the 

a) device under normal load: 
c) 
using the time-weighting characteristic SI. 

fluctuating (within a range equal to or more than 5 dB 
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IS0  6081-1986 (El 

In the first case a), the equivalent continuous sound pressure 
level may be taken as equal to the steady sound pressure level 
measured during the representative measurement time interval. 

In the second case b), the average value of the meter deflection 
approximates the equivalent continuous sound pressure level 
during the measurement time interval. 

In the third case c). one of the following procedures may be 
used. 

Procedure 1 

This procedure transforms case c) into case b) in that the time 
constant associated with the RC-smoothing is increased until 
the range of the sound pressure level readings becomes less 
than 5 dB. 

NOTE ~ A settling time of duration at least equal to five time con- 
stants should be allowed before readings are taken. 

Procedure 2 

With whatever time constant is being used, readings of the 
sound pressure level may be taken during a measurement time 
interval at equal time intervals and these readings may be com- 
bined to obtain the equivalent continuous sound pressure level, 
in decibels, according to the following equation 

1 

where 

n is the total number of observations; 

L,,, is the sound pressure level, in decibels, of the i th 
observation. 

The number of readings to be taken during the measurement 
time interval shall exceed the range, in decibels, of the ob- 
served fluctuations. 

If there are rapid variations in the sound pressure level, par- 
ticular care should be taken to ensure adequate sampling over 
the entire measurement time interval. 

Ensure that the readings are not made at times which will result 
in a bias in the equivalent continuous sound pressure level. 

NOTE - For unequal measurement time intervals, the procedure 
described in annex B shall be applied. 

Procedure 3 

The equivalent continuous sound pressure level, Le,, may be 
determined from the distribution of the sound pressure levels. 
This distribution is found from digital or analogue analysis. The 
level range is divided into a number M of level classes each with 
a midpoint sound pressure level L,,, and with a width of 5 dB or 
less. 

NOTE ~ The width of the classes should not be greater than approxi 
mately one-fifth of the span of the measured values LA,,,. 

The number of readings for which the sound pressure level is 
within class; is called Niand the total number of readings, N, is 
consequently given by the formula 

A1 N=Z NI 

/ = 1  

The equivalent continuous sound pressure level, in decibels, is 
given by the formula 

r M  1 

L 1 = 1  J 
where L,,, is the mid-level of class , j ,  in decibels. 

Other procedures 

Alternatively, for convenience, test codes may specify the use 
of dosimeters and so-called integrating sound level meters. 

Specific examples of suitable instrumentation systems are 
given in annex A. 

8.3 Measurement time interval 

The measurement time interval shall be chosen in such a way 
that the equivalent continuous sound pressure level, Le,, can 
be determined for the specified operating conditions. 

8.3.1 General 

It may be desirable to obtain equivalent continuous sound 
pressure levels corresponding to each of a number of opera- 
tional periods of the machine. Furthermore, it may be desired 
to obtain a single equivalent continuous sound pressure level 
corresponding to a series of operational cycles or modes of 
operation. The measurement time intervals shall be in com- 
pliance with the recommendations of specific noise test codes 
and/or shall agree with the measurement time intervals defined 
for determining the sound power levels of machines and equip- 
ment according to International Standards of the series 
I S 0  3741 to IS0 3746. 

.., 

The measurement time interval shall correspond only to the 
operational periods for which the equivalent continuous sound 
pressure level is desired. 

NOTE - For certain types of machines and instrumentation, an opera- 
tional period of interest may be too short to permit reliable determina- 
tion of the corresponding equivalent continuous sound pressure level. 
In such a case, it may be desirable to repeat this period numerous times 
(one after another if possible) to  enable better measurements to be 
made. 

8.3.2 Steady noise 

If the noise at the operator's position is steady for the specified 
operating conditions (see IS0 2204), the measurement time 
interval shall be at least 15 s. 
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Difference between ’Ound 
pressure level measured with 

background ’Ound pressure 
level alone 

sound Source operating and 

c) Mounting conditions. 

Correction to be subtracted 
from sound pressure level 

measured with sound 
operating to obtain sound 

pressure level due to sound 
source alone 

8.3.3 Non-steady noise 

If the noise at the operator’s position is not steady for the 
specified operating conditions, the measurement time interval 
and operational periods of the machine shall be carefully de- 
fined and reported with the test results. 

-~ -. -~ 
dB 

< 6  
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7 
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9 

10 
> 10 

8.4 Impulsive noise 

In order to determine whether or not the noise contains impor- 
tant impulsive components, comparison of the A-weighted 
equivalent continuous sound pressure level, LpAeq, with the Al- 
weighted equivalent continuous sound pressure level, LpAleq, 
may be helpful. The latter is measured using a sound level 
meter having the time-weighting characteristic I (impulse). The 
comparison shall be made at one or more microphone posi- 
tions, and the same measurement time shall be used when de- 
termining LpAeq and LpAleq. The higher the value of the 
difference (LpAleq - LpAeq), the more impulsive is the noise. If 
this difference exceeds 3 dB, its value shall be reported in the 

dB 

measurement invalid 
1 ,O 
1 .O 
1 .O 
0.5 
0,s 
0.0 

L test report. 

NOTE ~ For some impulsive noises, the peak value of the instan- 
taneous sound pressure level, measured with an oscilloscope or 
equivalent instrumentation having flat response, may be useful. 

9 Corrections for background noise 

The sound pressure levels recorded at each of the microphone 
positions shall be corrected for the influence of background 
noise according to table 2. The background levels shall be at 
least 6 dB below the level of the machine under test. 

Table 2 - Correction for background noise 

L 

10 Test report 

The following information, when applicable, shall be compiled 
and recorded for measurements that are carried out in accord- 
ance with the requirements of this International Standard. 

10.1 Machine under test 

a) 
manufacturer, type and serial number). 

b) 

Description of the machine (including its dimensions, 

Operating conditions during acoustical evaluation. 

10.2 Acoustical environment 

a) 
operator’s cab or enclosure. 

Description of test environment and, if relevant, the 

If indoors, describe physical treatment of walls, ceiling and 
floor and include a sketch showing location of source and 
room contents. 

If outdoors, include a sketch showing location of source 
with respect to surrounding terrain, including physical 
description of test environment. 

b )  Description of the nature of the reflecting (ground) 
plane. 

10.3 Instrumentation 

a) Equipment used for the measurements, including 
name, type, serial number and manufacturer. 

b) Method used to calibrate the instrumentation system. 

c) 
acoustical calibrator. 

The date and place of the most recent calibration of the 

10.4 Acoustical data 

a) The locations of the microphone positions including 
size of operator, if appropriate (a sketch may be included if 
necessarv). 

b )  A-weighted equivalent continuous sound pressure 
levels, Lneq, and band pressure levels at each microphone 
position along with the relevant modes of operation, dura- 
tion, etc. These data shall be rounded to the nearest 0.5 dB. 

c) 
if appropriate, spatial sampling of the sound field. 

A description of the procedures used for temporal, and, 

d i  The A-weighted sound pressure levels of the 
background noise for each measuring point and the cor- 
responding correction, if any. 

e) Remarks on subjective impression of noise (audible 
discrete tones, impulsive character, spectral content, tem- 
poral characteristics, etc.). 

f )  If obtained, the difference between the Al-weighted 
sound pressure level and the A-weighted equivalent con- 
tinuous sound pressure level. 

g) The date when the measurements were carried out. 

h) The following information may also be recorded : 

- time of day; 

- ambient temperature; 

- wind speed and direction; 

- barometric pressure and relative humidity 

7 
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A . l  General 

Annex A 

Examples of suitable instrumentation systems 
(This annex forms an integral part of the standard.) 

Basically, the instrumentation system consists of a 
microphone, an amplifier with filters, a squaring and averaging 
circuit and an indicating device. There are several methods of 
processing or conditioning the filter outputs that may be used 
to obtain an estimate of the mean-square value of the output. 
These include use of detection equivalent to RC-smoothing, in- 
tegration of the squared value of the filter outputs and digital 
methods. Some general aspects are described below. 

If the sound level being measured fluctuates significantly, par- 
ticular care should be taken to select instrumentation having an 
adequate dynamic range to enable accurate determination of 
equivalent continuous sound pressure levels; integrating- 
averaging sound level meters as specified in IEC Publica- 
tion 804 should, preferably, be used. 

A . l . l  RC-smoothing, sound level meter 

Many analogue devices, including the sound level meter ac- 
cording to IEC Publication 651, use RC-smoothing. 

For the sound level meter set on time-weighting characteristic 
S, the average value of the meter deflection approximates the 
mean-square sound pressure level if the fluctuations are less 
than 5 dB. 

Other analogue devices can provide smoothing with longer 
time constants and shall be used if the fluctuations exceed 
5 dB. 

A.1.2 Analogue integrators 

Another approach to r.m.s. detection is the "true" analogue 
integrator that computes (approximately) the integral 

where e&) is the filter output. 

The square and square roots are usually accomplished by non- 
linear analogue elements. The integral may be computed either 
by conversion of e; ( [ )  to a current and accumulation of charge 
on a capacitor, or by counting the number of cycles in a signal 
the frequency of which is proportional to eO(0, or by other 
means. 

A.1.3 Digital systems 

The r.m.s. value of the filter outputs may be determined by 
sampling, conversion to digital values, squaring and ac- 
cumulating the results. The sampling rate can be either 

ai 
the filter output, or 

high compared with the highest frequency present in 

b) relatively low compared with the highest frequency 
present so that the resulting samples are (approximately) 
statistically independent. 

In either case, the output of the detector after a specified time 
interval shall be within 3 YO of the true r.m.s. value of the time 
function for all frequencies within the frequency range of 
interest. 

A.2 Tape recorders 

If the signal(s) from the microphone(s) is (are) recorded in 
digital or analogue form for later analysis, care shall be taken to 
ensure that the entire measurement process, including record- 
ing and playback, complies with the requirements of 5.2 over 
the entire frequency range in which there are significant con- 
tributions to the equivalent continuous sound pressure IeveNs). 

A.3 Level recorders 

A level recorder may be used either as a squaring, averaging 
and indicating device or exclusively as an indicating device. 

In the first case, the time constant of the instrumentation 
system is determined by the writing speed of the level recorder. 
Since the level recorder is a complicated electromechanical 
system, a simple rule for the determination of the resulting time 
constant cannot be given. It is advisable to consult the 
manufacturer in this matter. 

v 

If the level recorder is used for indication only, the recorder will 
normally be set for recording of the d.c. output of a preceding 
squaring and averaging device, the time constant of which will 
determine the resulting time constant of the instrumentation 
system. 

In both cases, the average value obtained will only be an accep- 
table approximation to the r.m.s. value if the pen fluctuations 
are less than 5 dB. In general, the use of a level recorder is not 
advisable unless the fluctuations of the signal, as observed 
using the time-weighting characteristic S of a sound level 
meter, have an overall range of less than 5 dB. 

8 
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