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f In Europe, a new "Machinery DirecA 
tive" has been written, coming into 
force from 1/1/95 (see Appendix C). The 
purpose of this directive is to ensure 
the health of people using machines. 

The directive states, among other 
things, that equipment sold in Europe 
must fulfil specified noise demands. 
The equipment covered by this direc
tive is everything from jacks and gar
den tractors, to chain saws and plastic 
moulding machines. 

What should be stated in the in
struction manual for the equipment? 

If the A-weighted sound pressure 
level is below 70 dB(A), this must be 
indicated (L <70dB(A) re 20 Pa). 

Above 70 dB(A), the A-weighted 
sound pressure level should be stated. 

If the sound pressure level exceeds 
85dB(A), the A-weighted sound power 
level should also be stated. 

If the machine is very large, the 
sound power level is replaced by the 
sound pressure level measured at sig
nificant positions. 

If the noise contains peaks exceed- , , .. , p T,. 0 , Ti _._n 7 . 7 . , - ion_m/m ±u■ ± 1 x, 4- ± A Measurement using Bruel&Kjser bound rower Program lype 7679, which guides the ing 130dB(C), this must also be stated. 7 , +z, \ r * *u jortaai^ o + j i AT *. i.i J. n J i i user through the measurement according to the ISO 9614-2 standard Note that all sound pressure levels s to 

should be measured under "free field" 
conditions at the position of the oper
ators head. If that is not denned, the 
sound pressure level must be meas- some of the European "Council Direc- Why measure? 
ured at a distance of 1 metre from the tives". T o p r e v e n t p e o p l e f r o m g e t t i n g h e a r _ 
S l 7 m e t o s ^ r £ S " T h e S t a n d a r d s C a n b e d M d e d l n t ° ing damage, all sur rounding noise-

V ' J t h r e e m a i n g r o u P s : B a s i c s t anda rds e m i t t i n g equipment should be made 
V y for performing t h e sound power de- a g g i l e n t a g p o s s i b l e , T h i s a l s o m a k e s 

te rminat ion , envi ronment tes t s tand- t h e e q u i p m e n t m o r e p i e a s a n t to op-
ards which describe the operation e r a T P 

j i j J - conditions unde r which the sound 
introduction p o w e r d e t e r m i n a t i o n s h o u l d b e p e r . The reason for s ta t ing the sound 

formed, and finally t he s t anda rds power is not only because legislation 
which describe ins t rumen ta t ion to be demands it, - it is customer driven. 

This application note is an introduc- used Except for the environment F ° r a n increasing n u m b e r of custom-
tion to the large number of interna- s t andards where a lot of different e r s ' it i s impor tan t to evaluate differ-
tional s tandards existing regarding s t anda rds and council directives ex- e n t products ' noise specifications 
sound power determination. The i s t s a l l t he impor tan t s t anda rds for before they buy. Note t h a t for most 
s tandards mentioned are mainly ISO sound power de terminat ion are cov- manufac ture rs it is impor tan t t h a t 
(International Organization for ered by th is application note. their m e a s u r e m e n t s a re made ac-
Standardization), IEC (Internat ional Note : As a cross reference, Appen- cording to an in te rna t iona l s tandard . 
Electrotechnical Commission), ECMA dix A gives a list of t h e suggested This gives a form of security, other-
(European Computer Manufacturers in s t rumen ta t ion for different meth- wise they might la ter be held respon-
Association), DIN (Deutsches Ins t i tu t ods of sound power determinat ion, sible for the i r noise specifications by 
for Normung e.V.), ANSI (American and Appendix B lists all the s tand- consumer organizat ions all over the 
Nat ional S tandards Ins t i tu te) and ards covered in th is application note. world. 



What to measure? D e t e r m i n a t i o n o f S o u n d r^w0 types of acoustic environment 
In the past, the sound pressure level P o w e r b a s e d OH S o u n d a r e ™ e d / ° r S U c h determination, 

n , , , , namely, a amuse sound field, as pro-
was what people were used to meas- P r e s s u r e Measurements duced by a reverberation room, and 
unng, but with more complicated a free sound field or a free sound field 
noise problems, the use of sound pow- T M g m e t h o d .g g o y e r n e d b y o v e r a reflecting plane, as produced 
er has become more and more popu- ISO 3741-47, ANSIS12.31-36 and by an anechoic or semi-anechoic 
l a r - DIN 45 635. There are two different chamber, respectively 

Sound power is the acoustical en- methods for sound power determina- The principle of the comparison 
ergy per time unit, produced by a tion based on pressure measure- method is that the sound source un
sound source [Watt]. ments; the direct method and the der investigation is placed in a 

A sound source radiates power and C 0 ™ P ™ n method known acoustic environment (diffuse 
,, . , T o J -I he direct method is primarily sound field only), together with a this creates sound pressure. Sound J • J.T_ ^ • r ^ u n r J > * . ~ ., used m the tree or semi-rree field. known reference sound source (see 
power is the cause. Sound pressure T h e p r i n d p l e o f t h e d i r e c t m e t h o d F i g 9 ) F i r s t ? t h e r e f e r e n c e sound 
is the effect. Consider the following i g ̂ ^ t j i e s o u n d s o u r c e u n d e r inves- source is turned on and the spatially 
analogy. An electric heater radiates tigation is placed in a known acoustic averaged sound pressure level is 
heat into a room and temperature is environment and then measurements measured (see Fig. 3). Then the ref-
the effect. The temperature in the of the spatially averaged sound pres- erence sound source is interchanged 
room is obviously dependent on the sure level are made with the sound with the source under investigation. 
room itself, the insulation, and source operating (see Fig. 1 and 2). Once again the spatially averaged 
whether other sources of heat are The background noise is also meas- sound pressure level is measured and 
present For the same electrical pow- ured, and where necessary, a correc- since a relationship exists (the acous-
er input, the heater radiates the *<>* f° r

n
 t h e background noise is tic environment) between sound pow-

-. , . made. Ihe sound power of the source er and sound pressure, it is now very same power, no matter what environ- . ,, i i ^ J ^ ^ J • -i ^ i -i .*. XL. j . . . is then calculated from the sound simple to calculate the sound power 
ment it is in. Ihe relationship be- p r e s s u r e measurements and a knowl- of the sound source under investiga-
tween sound power and sound e d g e o f t h e a c o u s t i c environment. tion. 
pressure is similar. What we hear is 
sound pressure but it is caused by 
the sound power emitted from the 
source. 

How should the measurement be 
made? 
The sound power can be determined 
from sound pressure measurements. 
Unfortunately the room has an influ
ence which affects the measurement. 

The sound power can also be deter
mined from sound intensity measure
ments. This method has the 
advantage that the room and station
ary neighbouring sound sources the
oretically do not influence the sound Fig A Microphone positions on equal areas on the surface of a hemisphere 
power determination. 

It is important to keep in mind that 
sound power determination also in
cludes the operational conditions of 
the noise source, under which the 
sound power is going to be deter
mined. 

What equipment should be used? 
That depends on the method chosen, 
whether it is based on pressure or 
intensity. Pressure based equipment, 
such as sound level meters, is inex
pensive, but it may require special 
rooms to obtain a sufficient accuracy, 
and then the total cost easily over-

j M. V Fig. 2 Coaxial circular paths for microphone traverses 
ment . 
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I^v = L p + ( L w r e f - Lp r e f) International Classification Test Character of Sound power 
Standard of method environment noise levels 

As an introduction to the ISO 3741- obtainable 
47 / ANSI S12.31-36 standards, ISO , o n Q 7 / M D . . " —— Ct , . . , 
o n , A / AMOTomoA • J IS03741 Precision Reverberation Steady, broad- In one or third 3740 / A N S I S12.30 gives a very good .. , . ' , , , 6 i n / r o o m meeting band octave bands. 
overview of the various methods (see specified Optional" 
Table 1). ISO 3742 requirements Steady discrete A-weighted 

frequency or 
narrow-band 

t^^^L^mmi^ ■ ■ ■ ■ ■ ■ ■ I I M I I M M . ■ ■ ■ ■ ■ 1 ii ■■ i i u u ■ ■ _ . ■ i i h ■ ■ i ■ i ■ ■■■ i ■ I M ■■■■ i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ™ ^ . n , , M , . M , , , M w^r^^^r^^^^^^^^^^^^ 

n - i A/TafVinrl 1S03743 Engineering Special Steady, broad- A-weighted and 
- U l i e c i i v i e i i i o a reverberation band, narrow- in octave bands 

test room band discrete-
1.1.1. Precision Methods of Sound freq 
Power Determination in a ~^T^TA „ t . " " . . . , T~ 
„ , . „ ISO 3744 Outdoors or in Any A-weighted and 
Reverberant Room | a r g e r o o m i n o n e o r t h i r d 
Precision methods (grade 1) of sound octave bands 
power determination in a reverbera- ISO 3745 Precision Anechoic or 
tion room are governed by the stand- semi-anechoic 
ards ISO 3741, ISO 3742, ANSI ^ 
S12.31, ANSI S12.32 and DIN 45 1S03746 Survey No special test A-weighted 
635-2. The measurement methods of environment 
ISO 3741 and ISO 3742 are the same. — 
The difference between them being IS03747 No special test Steady, broad-
ISO 3741 and ANSI S12.31 are for environment; band, narrow-
i i ! ! . l-i source under band or 
broad-band noise sources, while discrete-freq 
ISO 3742, ANSI S12.32 and DIN 45 ^ V a b | e 
635-2 are for narrow-band noise I I I I I 
sources and place more stringent re- Table 1 
quirements on the characteristics of 
the room. In the standards two meth
ods are described, the direct method 
and the comparison method. 

In the direct method, the sound 
power is calculated from the spatially 
averaged source, the background 
noise measurements and the physical 
parameters of the room (volume, sur
face area and reverberation time). 
Note that the reference sound source 
can be used to determine the acoustic 
properties of the room. 
Instrumentation: N in appendix A 

1.1.2. Engineering Methods of Sound 
Power Determination in a 
Reverberation Room 
The engineering methods (grade 2) of 
sound power determination in a re
verberation room are governed by 
ISO 3743, DIN45635-3 and ANSI 
S12.33. In these standards, the re
quirements for the reverberation 
room are "relaxed" with respect to 
ISO 3741/42 and ANSI S12.31/32. 
Further the reverberation time of the Fig. 3 The parallelepiped or "shoebox" measuring surface used in ISO 3744 
room is characterised as a single 
number (the so-called nominal rever
beration time of the room, see ISO 
3743/ANSI S12.33 for details), ra ther c u r a c y w i t h r e s p e c t to ISO 3741/42 The direct method of ISO 3743 and 
than being variable with frequency. a n d ^ ^ S 1 2 3 1 / 3 2 ANSl S12,33 i s simplified with re-
If the correction factor is unknown, a g p e c t t o ̂  d i r e c t m e t h o d o f T g 0 
reference sound source can be used Like IbO 3741/42 IbO 3743 and ^ ^ ^ ^ m ^ S12.31/32. 
to determine the acoustic properties ANSI S12.33 describe both a direct . . . „ in , T , , , i , T n ^ ,i T i • , i i r Instrumentation: N in appendix A 
of the room. Note, however, that ISO method and a comparison method tor l * 
3743/ANSI S12.33 gives reduced ac- determination of sound power. 
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International 
Standard 

Classification 
of method 

Test 
environment 

Character of 
noise 

Sound power 
levels 

obtainable 

ISO 3741 Precision Reverberation 
room meeting 
specified 
requirements 

Steady, broad
band 

In one or third 
octave bands. 
Optional: 
A-weighted ISO 3742 

Precision Reverberation 
room meeting 
specified 
requirements Steady discrete 

frequency or 
narrow-band 

In one or third 
octave bands. 
Optional: 
A-weighted 

ISO 3743 Engineering Special 
reverberation 
test room 

Steady, broad
band, narrow
band discrete-
freq. 

A-weighted and 
in octave bands 

ISO 3744 

Engineering 

Outdoors or in 
large room 

Any A-weighted and 
in one or third 
octave bands 

ISO 3745 Precision Anechoic or 
semi-anechoic 
room 

Any A-weighted and 
in one or third 
octave bands 

ISO 3746 Survey No special test 
environment 

Any 

A-weighted 

I SO 3747 

Survey 

No special test 
environment; 
source under 
test not 
movable 

Steady, broad
band, narrow
band or 
discrete-freq. 

A-weighted 



1.2.1. Precision Method of Sound not, be applied, since they require too verberation room is measured with 
Power Determination in an much effort. the reference sound source operating, 
Anechoic or Semi-anechoic The noise source can emit any kind i n order to obtain the room correction 
Chamber of noise: broad-band, narrow-band or factor. The source noise can then be 
The precision method of determina- discrete tones, and the measurement measured in the same way by replac-
tion of sound power in an anechoic or surface can be either a hemisphere ing the reference with the unknown 
semi-anechoic chamber is governed or a "shoebox". sound source. 
by ISO 3745, ANSI S12.35 and DIN Instrumentation: O in appendix A Based on the sound power values 
45 635-1. It requires measurement of from the calibration chart for the ref-
the operating noise source and the erence source, and the two spatially 
background noise. This is done at a # averaged sound pressure level spec-
number of microphone positions on a Comparison Method t ra , it is possible to determine the 
spherical measurement surface sound power from the unknown 
around the noise source under inves- 2.1.1. Precision Methods of sound source. 
tigation (anechoic chamber), or on a Sound Power Determination in Instrumentation: K, M in appendix A 
hemispherical measurement surface a Reverberant Room 
if the noise source is mounted on a Precision methods (grade 1) of sound 2.1.2. Engineering Methods of Sound 
reflecting plane (semi-anechoic cham- power determination in a reverbera- Power Determination in a 
ber). tion room are governed by the stand- Reverberation Room 
Instrumentation: L in appendix A ards ISO 3741, ISO 3742, ANSI The engineering methods (grade 2) of 

S12.31, ANSI S12.32 and DIN 45 sound power determination in a re-
1.2.2. Engineering Method of Sound 635-2. The measurement methods of verberation room are governed by 
Power Determination in an Almost- ISO 3741 and ISO 3742 are the same. ISO 3743, DIN45 635-3 and ANSI 
free-field over a Reflecting Plane The difference between them being S12.33. In these standards, the re-
The engineering method of sound that ISO 3741 and ANSI S12.31 are quirements for the reverberation 
power determination in an almost- f ° r broad-banded noise sources, while room are "relaxed" with respect to 
free-field is governed by ISO 3744, ISO 3742, ANSI S12.32 and DIN 45 ISO 3741/42 and ANSI S12.31/32. 
ANSI S12.34 and DIN 45 635-1. This 635-2 are for narrow-band noise Further, the reverberation time of the 
is a relaxation of ISO 3745 and ANSI sources and place more stringent re- room is characterised as a single 
S12.35 (hence reduced accuracy), in quirements on the characteristics of number (the so-called nominal rever-
that it allows some deviations from the room. In the standards two meth- beration time of the room, see ISO 
true free-field conditions and the use °ds are described, the direct method 3743/ANSI S12.33 for details), rather 
of measurement surfaces other than and the comparison method. than being variable with frequency. 
the sphere and hemisphere. One such In the comparison method, the in- However, ISO 3743/ANSI S12.33 
measurement surface is the parallel- faience of the environment on the de- gives reduced accuracy with respect 
epiped, or "shoebox". Otherwise, the termination is measured using a to ISO 3741/42 and ANSI S12.31/32. 
method is identical to ISO 3745 or reference sound source, e.g. Type ISO 3743 and ANSI S12.33 are 
ANSI S12.35. If the acoustic proper- 4204 (see Fig. 4). First, the spatially similar to ISO 3741/42 in that they 
ties of the room are unknown, a ref- averaged sound pressure in the re- describe both a direct method and a 
erence sound source can be used to 
determine the correction factor. 

Note the existence of a similar 
standard (draft) ISO 3748, which has 
never been finally approved (1994). 
Instrumentation: J, K, L, M in appen
dix A 

1.2.3. Survey Method of Sound 
Power Determination in an Almost-
free-field over a Reflecting Plane 
The survey method (grade 3) of sound 
power determination in an almost-
free-field is governed by ISO 3746, 
ANSI S12.36 and DIN 45 635-1. 
These standards specify a survey 
method for measuring the overall 
weighted sound pressure levels at 
prescribed microphone positions 
around the noise source. The A-
weighted sound power level is calcu
lated from the measured values. This 
method can be applied in situ to 
sources which cannot be moved to a _,. A _, . 7 . m7 _ „ 0 r t _> 

. -, . , i rig.4 Complete system for sound power determination. Ine lype /b80 rrogram supports 
special tes t environment and the the comparison method in the reverberant field according to ISO 
methods specified m ISO 3741-45 and method in almost-free-field conditions according to ISO 3744. For ISO 3744 the Reference 
A N S I S12.31-35 cannot, or should Sound So urcc Type 4204 is used, to determine the correction factor for the room 
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comparison method for determina
tion of sound power. 

The comparison method described 
in ISO 3743 and ANSI S12.33 is iden
tical to the comparison method of ISO 
3741/42 and ANSI S12.31/32. 
Instrumentation: K, M in appendix A 

2.1.3. Survey Method of Sound 
Power Determination using a 
Reference Sound Source 
The survey method of sound power 
determination in accordance with the 
comparison method is governed by 
ISO 3747. The standard describes the 
procedure to be used for determining 
the overall A-weighted sound power 
levels of machines and equipment 
which cannot be moved from their in
stalled locations for acoustical testing 
purposes. A reference sound source is 
used (see Fig. 5) which is placed in 
the immediate vicinity of the source Fig. 5 Complete system for sound power determination. The Type 7680 Program supports 
under test. the comparison method in the reverberant field according to ISO 3741143, and the direct 

It is not always simple to deter- method ln fJee
1
or almost-free-field conditions according to ISO 3744/45. Type 4204 is 

, - I P , ! • riot required when measuring according to lb(J 3/4b 
mine the magnitude 01 the environ
mental correction necessary 
however, the comparison method 
takes it into account. 

There are no restrictions on the 
test environment or the shape and 
size of the source. The noise emitted 
must be steady, broad-band, narrow
band or contain discrete frequencies. 
Instrumentation: P, Q in appendix A 

Determination of Sound 
Power based on Sound 
Intensity Measurements 
according to the Point 
Method 

This method is governed by ISO 
9614-1, ANSI S12.21 and NF S31-
100. These standards specify a meth
od for measuring the component of 
sound intensity normal to a measure
ment surface (see Fig. 6). The surface 
is chosen so as to enclose the noise 
source(s) of which the sound power 
level is to be determined. During the 
sound power determination, the in
tensity probe will be placed at a 
number of points (see Fig. 1 and 3). 
Each point is located on the measure
ment surface, representing a small 
partial area, in which the intensity 
flow is constant. The octave, third-
octave or band-limited A-weighted 
sound power level is calculated from 

the measured values, l h e method is Fig.6 Measuring sound power in-situ using Sound Power Program Type 5304, Dual 
applicable to any source for which a Channel Real-time Frequency Analyzer Type 2144, Sound Intensity Probe Type 3548 and 
physically stationary measurement Sound Intensity Calibrator Type 3541 
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surface can be defined and the noise I 
generated by the source is stationary y*\ 
in time. The source is denned by the M># 
choice of measurement surface. The J0? 
method is applicable in situ, or in I p a i ^m^ 
special purpose test environments. . . ^ ^ jsp Sound 

A n u m b e r of c h e c k s (f ie ld i n d k a - I I [ Real-time Frequency Analyzer .^^ProbT^ 
tors) ensure the quality of the sound | | 2144 my Z$A& 
power contribution from each m e a s - L ^ ^ ^ ^ J T br^V ^PI^^^F^TI / 
urement point. This makes the deter- /,,K>.f^^^^\^ '"C""'' l!^^^M;--:-:[ll y 
mination rather complicated, unless f/in\"""'-Yi\X^SEE&K ^ a ^ ^ ^ ^ i j l * 
a c o m p u t e r i s u s e d t o p e r f o r m a l l t h e Personal Computer ® 
calculations. rt \\ 

Sound Power Program -1—L 

T h e I S O 9 6 1 4 - 1 a n d A N S I S 1 2 . 2 1 5304and7679 Sound Intensity 
standards support precision and en- nfi-3 Calibrator 
gineer ing grades , for octave and WLM 3541 

third-octave bands , and survey grade 94i?75e 
for overall A-we ighted only. . 

Fig. 7 Complete system for sound power determination using sound intensity measure-
I h e French s tandard Nb bSl-Wi) ments. The Windows™ based PC software Type 5304 and 7679 makes sound power 

i s a simplified vers ion of the I S O and determination, according to ISO 9614 parts 1 and 2 (the point and scanning method), 
A N S I s tandards support ing precis ion quick and easy 
and engineer ing grade only. 
Instrumentation: E, G or I in appen
dix A 

Determination of Sound 
Power based on Sound 
Intensity Measurements 
according to the Scan 
Method 

This method is governed by ISO 
9614-2, ANSI S12.12, ECMA 160 and 
INSTA 121. These standards specify 
a method for measuring the "spatial 
averaged" component of sound inten
sity, normal to a measurement sur
face. The surface is chosen so that it 
encloses the noise source(s) for which 
the sound power level is to be deter
mined. During the sound power de
termination, the intensity probe 
traverses over the measurement sur
face (see Fig. 2). To simplify the me
chanical movement (the scanning), 
the measurement surface can be di- f£f^/ulfil/he

t ^ i n ^ directive, only the A-weighted Sound Power Level, here 
. - , - , . , , n .. , by. 3 ant A), is of interest, out the spectrum may give an idea of how to reduce the noise level 

vided into a number oi partial areas. 
The octave, third-octave or band-lim
ited A-weighted sound power level is 
calculated from the measured values. 
The method is applicable to any 
source, in situ, or in special purpose 
test environments, for which a phys
ically stationary measurement sur
face can be defined, and on which the 
noise generated by the source is sta
tionary in time. 

A number of checks (field indica
tors) ensure the quality of the sound 
power contribution from each meas
urement surface. This makes the de
termination complicated, unless a pig.9 Reference Sound Source Type 4204 and Electroacoustic Calibrated Source Type 

computer i s used to perform all the 4205 
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