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FOREWORD

18O {the International Organization for Standardization} is a worldwide federation
of pational standards institutes (IS0 Member Bodiss). The work of developing
{nternational Standards is carried out through ISQ Technical Committees, Every
Member Body interasted in a subject for whigh a Technical Committee has been set
up has tha right to be represented on that Cemmittee, International arganizations,
governmental and non-governmental, in lisison with IS0, also take part in the work,

Draft International Standards adopted hy the Techrrical Committees are circulated
to the Member Bodies for approval before their acceptance as International
Standards by the (S0 Council,

International  Standard 1SO 1000 was drawn up by Technical Committee
ISO/TC 12, Quantities, units, symbaols, conversion factors and conversion tables,

It was approved in June 1972 by the Member Bodies of the following countries :

Austria Germany Norway
Belpium Hungary Portugal

Brazil India Romania
Bulgaria Iran Sweden

Canada Ireland Switzeriand
Ceylon Israel Thailand

Chile Italy Turkey
Denmark Japan United Kingdom
Egypt, Arab Reap, of MNetherlands Us.A.

France New Zealand US.S.R.

Tha Member Bodies of the following countries expressed disapproval of the
document on technical grounds :

Australia
Crechoslovakia
South Africa, Rep. of

The document was also approved by the International Union of Pure and Applied
Chemistry {{UPAC).

This Intarnational Standard cancals and replaces ISQ Recommendation R 1000-1969.

Prices

This publication may ba ordered from the American
National Standards Institute at the Tolowing pricas:

Singlecopy ...... iy -...$1.60
2— Ocopies;....ienernnnn. 1.35
10— 49 ¢copies. .o vvvevenvnnns 1.15
50— 99copigs. . ....ovvuinnns .95
100-249 copies......... e ,85

250 or more, discount price on request
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INTERNATIONAL STANDARD

IS0 1000-1973 (E)

Sl units and recommendations for the use of their multiples

and of certain other units

1 SCOPE AND FIELD OF APPLICATION

This International Standard consists of two parts, In the
first part (sections 2 and 3), the International System of
Units is described?). In the second part (sections 4 and 5,
and the Annex), selected decimal multiples and sub-
muitiples of the SI units are recommended for ganaral use,
and certain other units are given which may be used with
the Internatianal System of Units,

2 St UNITS

The name Systéme International d'Unitds {International
System of Units), with the abbreviation S, was adopted by
the 11th Conférence Générale des Poids et Mesures in 1960,

This system includes three classes of units :
~ basa units,
— supplementary units,
~ derived units,

which together form the coherent system of Sl units,

2.1 Base unpits

The International System of Units is founded on the seven
base units listed in Table 1,

TABLE 1
Name of
Quantity bate §1 unit Symbol|
length maye m
mass kHogram kg
tima second s
electric currant amperg A
thermodynamic temperature kelvin K
amount of substance mole maol
luminous intensity candola ol

For the definitions of the base units and the supplementary
units, see the Appendix.

2.2 Supplemaentary units

The Conférence Générale des Poids et Mesures has not
classified certain units of the International System under
gither base units or derived units,

These units, listed in Table 2, are called ''supplementary
units” and may be regarded ejther as hase units or as
derived units,

TABLE 2
Quantity Nams of supplamantary Sl unic Symbaol
plané angle radion red
solid anate steradian I

2,3 Derived units

Derived units are expressad algebraically in terms of base
units and/or supplementary units, Their symbols are
obtained by means of the mathematical signs of
multiplication and division; for example, the S| unit for
velocity is metre per second {m/s) and the 8i unit for
angular veloeity is radian per second (rad/s),

For some of the derived S| units, special names and
symbols exist; those approved by the Conférence Générale
des Poids et Mesures are listed in Table 3.

It may sometimes be advantageous to express derived units
in terms of other derived units having spacial names; for
example, the S1 unit for electric dipole moment it usually
expressed as C-m instead of A.s-m.

3 MULTIPLES OF S1 UNITS

The prefixes given in Table 4 {SI prefixes) are used to form
names and symbols of multiples {decimal multiples and
sub-multiples} of the S| units,

1} Full information about the Inrernational Systermn of Units is givan In o publication {rom the internationa! Buteau of Welghts and Measures :
Le Systéme imernational o 'Unitds lautherized English transluticns hove besn published in the Unitsd Kingdem through the National Physical

Laboratory, and in the United States of Amarica through the National Bureau of Stondordsh
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The symbol of a prafix is considered to be combined with TABLE 4
the unit symbel1? to which it is directly attached, forming

with it the symbo! for a new unit which can be providod with Fuctor by which Prafix
a positive or negative exponent and which can be combined the ::“:'i' :mm:".d
with other unit symbols to form symbols for compound Nama Symbal
units, 16" 1ern »
Examples o’ giga G
. . 10t m M
1em? =  (10%m)? = 107%m’ o9
p . 10? kila 4
s = (0fgt = o 10t hecto h
Tmmits = (107mi*s =  10%mi/s 10 daca da
-
Compound prefixes should not be used; for example, write 10 . deci d
ntm (nanomaetre) instead of mum. 10° centi €
10°* milli m
NOTE — Bscausa the name of the base unit, kilogram, for mass -
contains the name of the S| prefix “kila"", the names of the decimal 10 miere [0
multiples and sub-multiples of the unit of mass are formed by 10+ nano n
sdding the prifixes to the word “'gram™; for example, milligram
(g} insteud of microkilogram (ukgh 10°? pico p
0% femto 1
TABLE 3 10" BltO 11
Exprossed in tesms
Nara of of base or supple-
Quantity decived  |Symbol| montary S units
Sl unit or in tarms of other
derived S1 units 4 USE OF THE S1 UNITS AND THEIR MULTIPLES
fraguancy hertz Hz 1Hz=13"
f newton N 1N = 1 kgmiy ) i .
oree . 4,1 The choice of tho appropriate multiple (decimal
pressure, sirets pascal Pa 1Pa=1N/m multiple or sub-multiple) of an S unit is governed by
wnergy. wark, convenience, the multiple chosen for a particular
quantity of heat joule J 1J=1Nm application being the one which will lead to numerical
values within a practical range.
power watt w 1W=1Jdk
slectric chargo, 4,2 The multiple can usually be chosen so that the
quantity of alactricity | coufomb c 1= A numerical values will be botween 0,1 and 1 000,
electric potential,
potential difference, Exampies
tansian, clectro- 12X 10°N can be written as 12 kN
motlve fofce valt v 1Vv=1MC
i 39
electric capacitance farad F 1F=tCV 0,00394m can be written as 84 mm
eloctric resigtance ehm o 10=1VIA 1401 Pa can be written as 1,401 kPa
#tactric conductance | siemsns S 15=10" 31X 10" can be written as 3ns
{lux of magnetic However, in a table of values for the same quantity orina
induction, magnetic discussion of such values within a given context, it will
tux weber Wb [ 1Wh=1Vs penerally be better to use the same multiple for all items,
magnatic flux even when some of the numerical values will be outside the
density, magnetic range 0,1 to 1000. For certain guantities in particular
induction tosla T 1T =1 Wh/m? applications, the same multiple is customarily used; for
example, the millimetre is used for dimensions in most
= A . g . .
inductance heary Ho| 1H=1wel mechanical enginearing drawings.
luminous flux lumen Im 1im=1cdsr .
iluminance lux ix 11x = 1Imim? 4.3 It is recommended that only one prefix be used in
forming a multiple of 8 compound SI unit.

1} In this case, the term “unit symbol” means only a symbol for o base unit, a derived unit with a special name or a supalamentary unit; see,
however, the note about the base unit kilogram,

2
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4.4 Errors in colculations can be avoided more easily if all
quantities are expressad in 51 units, prefixes being replaced
by powers of 10,

4.5 Rules for writing unit symbols ¢

451 Unit symhols should be printed in roman {upright)
type {irrespective of the type used in the rest of the text),
should remain unaltered in the plural, should be written
without a final full stop {period) and should be placed after
the complets numerical value in the expression for a
guantity, leaving a space batwesn the numerical value and
the unit symbel.

Unit symbols should be written in lower-case letters except
that the first letter is written in upper case when the name
of the unit is derived from a proper name.

Examples :

m  metre
5 second
A ampere
Wb weber

4.5.2 When a compound unit is formed by multiplication
of two or more units, this may be indicated in one of the
following ways :

N-m N.m Nm

NOTE — When using a unit symbol which coincides with the tymkbot
for a prefix, special cara should be taken 16 avoid tonfusion. The
unit newtan metre for torque should be writian, for example, N m
or m + N to avoid confusion with mN, the millinewton,

When a compound unit is formed by dividing one unit by
another, this may be indicated in one of the fallowing
ways :

m
— ar m/s or by writting the product of m and s, for
8 example ms™

in no case should more than one solidus (as in m/s) on the
same fine ba included in such a combination unless
parentheses be inserted to avoid all ambiguity. In
complicated cases, negative powers or parentheses should
be used,

5 NON 51 UNITS WHICH MAY BE USED TOGETHER
WITH THE SI UNITS AND THEIR MULTIPLES

5.1 There are certain units oulside the SI which are
nevertheless recognized by the Comité International des
Poids et Mesures (CIPM) as having to be retained either
becauss of their practical importance (Table 5} or becausa
of their use in specialized fialds {Table 6).

5.2 Prefixes given in Table 4 may be attached to many of
the units given in Tables & and 6; for example, millilitre, m|;
magaelectranvalt, MeV. See also the Annex, column B,

I1SO 1000-1973 (E)

8.2 In a limited number of cases, compound units are
formed with the units given in Tables 5 and 6 togethar with
S units and their multiples; for example, kg/h; km/h, See
alzo the Annex, columns 5 and 6.

TABLE 5
Unit
Quantity | Name of unit symbo) Dafinition
time minute min 1 min=60%
hour h 1 h = 60 min
[ day d 1d=24h
T
plana anglo!  tegree - 17 = (n/180) rad
minute ! V= (1600
second " 1" = {160}’
vatume 1 litre [ 11=1dm?
mass tonne 1 1t=10% kp
TABLE §
Quantity | Nama of unit Unit Daflnition
symbol
energy electronvolt eV 1 electronvolt is the

kinatic energy acquired

by an electron in

passing through a
potential diflerence of

1 valt in vacuum;
1ev=160210% 107" J
{approximataly}

1 tunified} atomic mass
unit is equal 1o the
fraction 1/12 of the

mass of an stom of the
nuelide 3 ¢;
1u=166053x% 107 kg
lapproximataly)

mass of aromic mass u
an atom  [unit

length astronomic AU |1 AU = 149600 X 10* m
unit [System of astronomic
constants, 1964}

1 porsac is tho distance
st which 1 estranomic
wnit subtends an angle
of 1second of are;

1 pc = 206 265 AU
=30867X 10" m
[approximataly)

Parsec pc

pressure

_ u
of fluid T bar = 10° Pa

tar2! bar

1} This unit has no international symbe!; ALY is the abbraviation af
the English name; the abbreviation of the Franch name is UA,

2] The bar I8 not mentioned by CIPM in this group of units; in
many countries, however, there are spacial reguirements far this
unit,

3



ANNEX

EXAMPLES OF DECIMAL MULTIPLES AND SUB-MULTIPLES OF ST UNITS
AND OF SOME OTHER UNITS WHICH MAY BE USED

For a number ot commonly used quantities, examples of decimal multiples and sub-multiples of S| upits, as well as of some other unlts which may bae used, are given in this
Annex, It is suggested that tha selection shown, while not intended to be restrictive, will none the less prove helpful in presenting values of quantities in an identlcal manner
in similar contexts within the various sectors of technology, For some needs {for example, in applications in science and education) it is recognized that greater freedom will
be required in the choice of decimal multiples and sub-muitiples of SI units than is exemplified in the list which follows.

NOTE ~ Factors for canvarsion to 51 units from the othar units listed are given in tha ralevant parts of ISO/R 31,

. Units outside the 51 which are nevortheless recognized
"lf:' No, —_— Selection by the CIPM a1 having to ba retsined sithor bocause Remarks, snd information shout
n uantity Slunit of multiplos of of tholr practical importance or becouss of thalr use units used in spacial fislds
IBO/R 31 ' . the 5l unit in spacizlized finlds
‘ . Units Multiples of units given in column &
1]} 12) 3} 4} i5) 8] 7
PART | { SPACE AND TIME
1-1.1 plane angle rad :d The units degree and grade {ar gon),
{radian) egree) with their decimal subdivisions, are
mrad iminute) recommended for use when the unit
radion is not suitable,
]
i
prad tsecond} grade {9) or gon, 19 = 1 gon = Z== rad
1-2.1 solid angle B
{steradian}
1-3.1...7] length km 1 international nautical mile = 1852 m
‘ m
[metre)
em
mm
© um
nm
1.4.1 area km? ha {hectare), 1ha= 10* m?
3
m
dm? afare), 1 8= 10° m?
em?
mm?
.,\ N - L]

e IR e e e e e e




(31 12) k] {4) (1] {6 {7
1-6.1 volume m® In 1064, the Conférence Geénérale dus
hi Poids et Mesures declared that tha
thi= 10" m? name litre {l) may be used as a special
dam? I name for the cubic decirnetra (dm?)
{litre} and advised against tha use of the
cl name litre for high-precision measure-
1ei=10"% m* mants.
cm’ ml
1ml=10"% m®
= 1 em?
mm’
1-6.1 time ks d Qther units such as week, month and
{day) year {a) are in common use.
5 h
{second) ms {hour}
bs min
ns (minute)
1-8.1 angular velotity rad/s
1-10.1 valocity mfs km/h 1 knot = 0,514 444 m/s
1 km/h 23_?6 m/s
111 accoloration m/s?
PAAT )l : PERIODIC AND RELATED PHENOMENA
2.3.1 fraquency THz
GHz
MHz
kHz
Hz
{hertz}
2.3.2 rotational ! min™! The designations revolution par minute
froquenty {r/min) and revolution per second (r/s)
are widely used in specifications on
rotating machinery v}

1) See also |EC Publicetion 271 {1971),

) -
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Itam No, Selsction
v by the CIPM as having to be retalned eithsr bucause Remarks, and information abaut
in Quantity Si unit of multiples of of their practicst Im '
porisnce or becauss of their use units used in spacial fialds
150/R 31 the Stunht in specialized fistds
Units Multiples of units given in column 5
n 2 {3 4a) 151 {8l ?)
PART Il : MECHANICS
31,1 mass Mp t
kg {tonne)
{kilogram)
g
mg
H9
- linear density kg/m 1tox = 10°% kg/m
mg/m The tex is used in the textife industry,
321 density Mg/m? or t/m® or g/ml For litre, see itam 1-5.1,
(mass density) | kg/m? kg/dm® or ko/l afl
g/cm?
361 momentum kg-m/s
361 moment of kg-m? /s
momentum,
anguiar
momentum
3 moment of kgm?
inertia
381 force MN
kN
N
{newton)
mN
uN
.-~—\ \ s -




4 }] 2} 31 ] 161 {6} in
3101 moment of MN-m
force kN-m
N-m
mN-m
HN-m
3111 pressure GPa
MPa
bar? 1 bar = 10° Pa
kPa
mhbar
Pa
{pascal)
Hbar
mPa
KPa
3112 stress GPa
MPaor N/mm?
kPa
Pa or N/m?
34191 viscosity Pas P (poise}?’
{dynamic) mPa-s 1¢P=1mPas
3-201 kinematic mls St {stokes)?
viscosity mm? /s 1c5t=1mm?/s
3211 surface tension N/m
mN/m

1} For the bar, swe 5.1 snd Table &, page 3.

2) Belongs to the CGS system; cught not to be used toguther with 51 units,

G




Units outside the §| which are naverthelesy recognizod
itam No. Selectian by the CIPM ss having to be retsined oliher because Remarks, and informstion aout
in Quantity S units of multiples of of thelr practical importance or because of thelr use unlts used in spacis! flslds
150/R 1 the 51 unit in specislizad fislds
Units Multiples of units given In column 5
3]] (2} 13) 4) {6 i6) {n
3-22.1 energy, T The units Wh, kW-h, MW-h, GW-h and
work GJ GeV TW-h are used in the field of consump-
MJ MeV tion of electrical energy.
kd v keV The units keV, MeV and GeV are
N used in atomic and nuclear physics
J {electronvalt)
., and in accelerator technology.
ljoule}
mJ
3231 power GW
Mw
kW
w
{watt)
mwW
uw
PAAT IV : HEAT
41,1 thermodynamic K
temperature {kelyin)
421 Celsius °c The Celsius temperature ¢ Is equal to
temperature {degrec the difference ¢t = T ~ T between
Celsius) 1} twoe thermodynamic temperatures T
and Ty, where 1, = 273,15 K,
4.1.1 temperature K For temperature interval, °C may he
42,1 interval used instead of K,

RNMRG W

y
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Far the daflnition and the use of dogres Celsius (" C), sea Note 2 undar tha definition of kelvin in the Appendix, page 20,




1] 12) 3 L)) 15} @l n
4-3.1 linear expansion K For degree Celsius, see footnota, page 8,
coefficient
441 heat, T)
quantity of heat GJ
LN ]
kJ
J
md
45,1 heat flow rate kw
w
471 thermal W/imK} For degrea Celsius, see footnote, page 8.
conductivity
48,1 coeffigient of W/lm? K) For degree Celsius, see footnote, page B,
heat transfer
4.10.1 heat capacity kd/K For degree Celsius, seafootnote, page 8.
JIK
4-11.1 specific heat kJ/(kgK) For degroe Celsius, see footnats, page B,
copocity Jfikg-K)
4-13.1 antropy kJ/K
JIK
4-14,1 spacific entropy kd/{kg K}
Jiky-K}
4-16.1 spacific enorgy Md/kg
. kJ/kg
Jikg
4181 specific latent MJ/kg
haat kJ/kg
Jikg




Units outside the 51 which are nevertheless recognizod

fem No, Salaction hw CIPM os heving to be ratained either becausws
in Quantity Sl units of multiples of :: ||hllr pr::llul ':mpo?'lnnu o: becauss of thoir use m:‘,:::‘:;,::’::::}::l;::fnm
I80/R 31 tha Sl unit in spacislized figlds
Units Multiplen of units glven in column §
11 12) {3) (4} 5} {8} 7)
PART V : ELECTRICITY AND MAGNETISM
51,1 electric current kA
A
{ampera)
mA
KA
nA
pA
5.2.1 aelectric charge, kC T1Ah=36kC
quantity of c
electricity {coulomb)
HC
nG
pC
53,1 volume dansity C/mm?
of charge, MC/m? or
charge density Clem?
kC/m?
c/m’
mC/m’
pc/m’
54,1 surface density Mc/m? or
of charge C/mm?
C/cm?
kC/m?
Cim?
mc/m?
uc/m?




{1 2] {2) {4) 5} a} 73
55,1 alectric field MV/m
strangth kVimor V/mm
Viem
Vvim
mVim
BvV/m
568.1 electric MV
potential kv
. v
5.6,2 potential volt}
difference
{tension) my
HV
56.3 electromaotive
force
57,1 displacement Clem?
kC/m?
c/m?
mC/m?
uc/m?
59,1 slactric flux, MC
flux of kC
displacement c
mC
511.1 capacitance F
{farad)
mF
MF
nF
pF
5-12.1 permittivity Fim
MUF/m
nF/m

pFim




tam No, Solsction Units outside the S1 which are navertholess racognized
. e by the CIPM a5 having to be retained oither because Rowmarks, and information about
in Quantity Sl units of muttiples of { thel ieal i bec. 1 thai !
ISO/R 31 the S| unit ot thelr practica ln'“::::'l"::d °f'w"“'° of thair use units used In speciat fetds
Unlts Multiples of units given in column §
{1 12) 13} 4 1] 16} 121
5.17.2 electric Clem?
polarization kC/m?
C/m
mC/m?
HC/m?
5.18,1 electric dipole Cm
moment
519,% current density MA/m? or
A/mm?
Alem?
KA/m?
Alm?
5.20,1 linear current kA/m or A/mm
density Afem
Afm
5.21.1 magnetic field kAfmor Afmm
strength Alem
Alm
5-23.1 magnetic kA
potential A
difference mA
§-24.1 magnetic flux T
density, {tesla)
magnetic mT
induction WT
nT

[T AT AT
|




{1 2) (a) 4} )] {6) 17}

5-25.1 magnetic flux Wb

{flux of magne- | (weber)
tic induction) mwWh

5.26,1 magnetic vectar kWb/m or Wh/mm|

potential Whim

5.27.1 self inductance H

{henry)
5.27.2 mutual indug- mH
tance KH
nH
pH

§.29.1 permeability H/m
gH/m
nH/m

5.34.1 electromagnetic | Am?

moment,
magnetic
momen,
5.35.1 magnetization kA/mor Almm
Afm
5.36,1 magnetic T
polarization mT

(1IECPub{ magneticdipole Nm?/A or

27, item moment Wh-m

86}

5.41,1 resistance GN
MO
k2

2

{ohm}
mil
L

fomt o mme



1ot No Salection Units outside the S| which are navertheleas recognized
' by the CIPM as having ta be retainod either bocause Aemarks, and Infarenstion about
In Quantity 51 unins of multiples of of their practical importance or hacauss af thelr use §
150/ 31 the S1 unkt i spoclalized fislde units usod In spacial flelds
Units Multiples of units given In column B [
i 2 1)) [LH {5} {6) 7
5421 conductance kS
S
{siemens)
ms
Hs
5-43,1 resistivity GRm pftem= 10" Q.m
Mm n.mmg
k§-m S =107 Qom=pilm
2.m
Qem are also used,
mi2.m
usdem
n{d-m
5-44,1 conductivity MS/m
kS/m
Sfm
B-45.1 reluctance H-!
'6-46,1 permeance H
5-49.1 impedance M2
5-49.2 modulus of o k82
impedance mh
5-49.3 reactance
5-49.4 resistance
- b5t admittance kS
5512 medulus of S mS
admittance us
5-51,3 susceptance
5514 conductance
\ ) [




{1} (2 3) 4) (5} 16) 7)

552.1 octive power ™ In  electric  powser  technology,
GW “apparent power" is expressed in voit-
MW amperes {VA) and “reactive power'’ is
kW expressad in vars {var},

w

mwW
KW
nW

PART VI : LIGHY AND RELATED ELECTROMAGNETIC RADIATIONS

3.1 waveiength m R (3ngstrém),
nm 1R=10""m=0,1nm=10"% um
pm .

66.1 radlant energy J

60,1 radiant flux, w

radiant power

&11.% radiant intensity | W/sr

612. radiance W/(sr-m?)

613.1 radiant wW/m?

exitance
614.1 itradiance Wim?
619.1 | luminous cd
intensity [candela)
6-20.1 luminous flux Im
. {lumeny)
&21.1 quantity of Ims 1 Im-h = 3600 Im-s
{ light

Imt msre s e



Units outside the 51 which sra neverthalass rscognized

Itam No, Salection by the CIPM s having to be retsined either becsuse R 1 lon aba
N Quanthy 5) unin of multiples o} af their prectical importance or because of thelr um .T:::.:‘:,'::: .‘;T:. :J:I.dn u
150/R 1Y the 81 unit i speciatized filds
Unlts Muttiples of unita given in column &
i {2 [E]] [£)] |5} [1] 7
6-22.1 luminance cd/m?
6-23.1 luminous imfm?
: axitance
6241 Hluminance Ix
{lux)
25,1 light exposure Ixss
6-26.1 luminous Im/W
afficacy
PART VIl : ACOUSTICS
1. period, s
periodic time ms
Hs
121 froquancy MHz
kHz
Hz
7-6.1 wavelength m
mm
7.7.1 density kg/m’
{mass dansity}

Dtediaisee, -
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tn

m 12 [&1] 4) {5} (6}
. 781 static pressure Pa
7-8.2 {instantanaous) mPa
sound pressure Pa
7-10.1 {instantanecus) m/s
sound particle mm/s
velocity
S 7120 {instantancous) m*/s
: : valume velocity
7-13.1 velocity of sound| m/s
. 7-15.1 ‘sound energy kW
o flux, w
sound power mW
HW
pPW
L 7-18.1 sound intensity | W/m’
mwW/m?
PW/m?
pW /m?
7970 | specific acoustic | Pa-s/m
: ' Impedance
7181 acoustic Pas/m?
: Impedance .
20,1 |  mochanical - Nes/m
‘ impedance
‘ 7-20,1 sound power di
leval {decibel)




Units outsida the S) which am peverthaless rocoghized
tam No. Selsction by the CtPW as having tn be retained sither bocause Ramarks, snd information abaut
in Quantity 50 units of multiples of of their practical imporiance ar becaum of thaie uw units used in special fislds
ISO/A 3 tha Sl upiv in spacialired fialds
Units Multiples of units glvan in column 6
1) i2) (3) L] 193] [{:1] 7
7-21.1 sound pressure dB
level
7-26.1 sound reduction dB
index,
sound transmis-
sion loss
7.21.1 | equivalent m?
absorption area
of a surface or
object
7-28.1 reverberation 5
tima
PART VIII : PHYSICAL CHEMISTRY AND MOLECULAR PHYSBICS
8-3.1 amount of kmol
substance mol
{mole)
mmol
pmol
8:5,1 molar mass kg/mo!
gfmol
8-6.1 maolar volume m?/mal
dm?/mol V¥meal
em? /mol
871 malar internal kJ/mol
anergy J/mol
a-8.1 molar heat Ji{mal.K}
capacity
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1 2} 13) {4} {5) 18) {7
89.1 molar entropy JH{malK)
8131 concentration molfdm® or mol/l
mol/m? kmal/m?®
B8-16.1 motality mol/kg
mmal/kg

8-36,1 diffusion m? /s

coefficient
8-38.1 thermal mi/s

diffusion

coefficiant
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APPENDIX

DEFINITIONS OF THE BASE UNITS AND SUPPLEMENTARY UNITS OF THE INTEANATIONAL SYSTEM OF UNITS

BASE UNITS

motre
The matre is the length equal to 1650 763,73 wavelengths in vacuum of the radiation corresponding to the transition
batween the levels 2p, o and 5ds of the krypton-86 atom,

{11th CGPM (1960), Aesolutlon &)

kilogram
The kilogram is the unit of mass; it is equal ta the mass of the international prototype of the kilogram,

{15t CGPM (1889} and 3rd CGPM {1801))

socond
The second is the duration of 9192 631 770 periods of the radiation corresponding to the transition between the two
hyperfina levels of the ground state of the caesium-133 atom,

{13th CGPM (1867}, Resolution 1)

ampare

The ampere Is that constant electric current which, if maintained in two straight parallel eonductors of infinite length, of
negligible circular cross-section, and placed 1 nietre apart in vacuum, would produce butween these conductors a force equal

to 2X 1077 newlton per metra of length.
{CIPM (1946}, Resolutlon 2 approved by tho 9th CGPM {19481

kelvin
The kelvin, unit of thermodynamic temperature, is the fraction 1/273,16 of the thermodynamic temperature of the triple
point of water.

{13th CGPM {1967), Resalution 4}

NOTES

1 The 13th CGPM (1967, Resolution 3} also decided that she unit kelvin and its symbol K should bo used 10 express bn interval or o
diffsrence of temporature.

2 In sddition ta the thermodynamic temperature {symbol T} exprassed in kelvins, use is also made of Celsivs ternperatura (symbol ¢) defined
by the aquation t = T= T, where T, = 273,15 K by dafinition. The Calsius temperature is in genarul expressed in degroes Catsius (symbol °C),
The unit "dogree Calslus” is thus equal o the unit “kelvin® and an interval or & difference of Colsius temperature may also ba expressed in

deprees Calsius,

mole

The mole is the amount of substance of a systemn which contains as many elementary entities as there are atoms in
0,012 kilogram of carbon 12, When the male is used, the elementary entities must be specified and may be atoms, molecules,
tons, electrons, other particles, or spocified grougs of such particles,

{14th CGFM {1971}, Resolution 3)

candela

The candela is the luminous intensity, in the perpandicular direction, of a surface of 1/600 000 square metre of a black body
at the temperature of freezing platinum under a pressure of 101 325 newtons per sguare metre.

112th CGPM {1967), Resolution 5|
20
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'3 SUPPLEMENTARY UNITS

radian

l‘. The radian is the plane angle between two radii of a circle which cut off on the circumference an arc equal in length to the
! radius,

:_ (IS0 Recommendstion R 31, part 1, second edition, Decembar 1965)

i steradion

1

The steradian is the solid angle which, having its vertex in the centre of a sphere, cuts off an araa of the surface of the sphere
equal 1o that of a square with sides of length equal to the radius of the sphere.

(IS0 Recommendation R 31, part |, second edition, December 1965}
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: Foreword
{Thia Foreword is net a part of Aperican Standial Specification fur Qeave, Half-Oetin e, and Thied-Octas e Band Filter Sets, ST 1Y)

This American Standanl comprises part of o grovp of definitions, standands, and specilications prepared for use in
acoustical work, It has been developed winder the Sectivual Committee Method of ASA procedure, and has heen spon-
sored by the Acoustical Saejety of America whizh has been the leader in standardization aciivities in this wren sinee
1932,

This standanl comes under the jurisdiction of Sectional Committee S1 on Acoustivs, The S| Seetional Commitree has
the fallowing scape:

Standwrids, specifications, methods of mensurement aml dest, and teemidnology, inihe fields of physical acoustivs, inelading architecioral
acoustivs, eleetroavousties, sunies and vlivasonies and waderwater saurby but exelading ase papects which pettain te safely, toleranee,

and cotnlor.

Suggestions for Improvement gained through the use of this stundard will be welcome, They should be sent to the
Americin Standards Associaton, Incerporated, 10 East 10th Strect, New York, NJY. 10016,

The ASA Sectienal Committee on Acoustics, 51, which reviewed and approved this standard, had the {oltowing

personnel ut the time of approval:
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Ameriean Standurd Specification for

© Oetave, Halt-Octave, and 'Third-Celave
Band Filter Sets

Introducetion

Genernl Ohjeetive

Noises and relared signals are subjected to speetrum
analysis for various purpases, These purposes include
scientific, technological, legal, anid artistie preas, The
types of signals involved cover wide veriations of such
fectors as waveform. ampliture, frequency baadwidih,
cohcl‘unvv ele, lurunll). o prae ‘tival nm"[t' instrunent
can retiler the optimum or nost ecomnnie .ul analysis fur
all signads, For this reason, the present standanl includes
the coneepr of several instruments, cach wiapied to the
needs of &t user having certain inlerests,

Spectrum Analy

From the standpoint of haman aceeprability, there is
a greal distinction between dlesired sounds, such as
speech, musie, or testing signals, and acoustical poise
which is defined as anwanted sound. However, for meas-
urement purposes they are nierely dilferent types of the
same phenomenon and fur brevity will be ealled noise in
this document. Because noises may dilfer wiilely in spee-
trium, waveform, and time variation. no single number,
sucl as that given by the reading of a sound-lesel meter,
can describe n noise to the extent rc'quirml for use in
many situations, The meter measurement is often supple-
mented by ather meastrements, important agong whicl
isspeetrum analysis, The spectrum analyses may be made
bya cnntu:uausl) adjustalde narrow-l indd wave an
by a series of contiguous hroadband filters, or ]1) spme
system intermedinte Letween these two, Suitable sten.
durds are required for these analysis systems, sa that
sutisfactorily uniform results can he olmaiaed by using
any analyzer thay meets the stundared for its 1ype,

The selective networks wsed in spectrun analyzers
fadl into two broad elasses: {1) constant Lasdwidih filters
where the upper band-edge! frequeney remains a cone
stant number of eyeles/per second (/) above the lower
band-edge frequeney over the tuning range of the analyz
er; amd (2) cunstant percentage bandwidth filters where
the upper [Nm(l-ctlgu frt'qu(‘uc_v bears a constant ratio to
the lower band-edge frequency over the tuning range,
This specification is eoneerned with the latter type of
filter, whiel Las Leen found partiealarly applicable 1o
the analysis of seunds extending over a broad frequency
range, ‘ .

1See Nole to 2.2,

Seteetion of Frequeney Bands

An aetave band Gilter set divides 1he spectrm inta o
serjes al octinve binds, each of which has 2 nominal upper
bimledige frequeney 1hot s pwive the nominal lower
bandeedpe rl‘l't]lll!lll‘ A partieulay set of handadge fre-
quencivs was speeified in the previous Mdmerivan Stundard
ZALI0858 for vetavesband filter sets in the interest
af wniforinity, sinee fur hroadband noedses the choice of
the bandeedge frequencies is arbiteary, Tn Jasuary 19060,
Prefered Fregueneies Tor Aeoustienl  Meastenents,
S1.6.19000 established preferced frequencies fur acoust-
cul measurements, and the Tiler band-edge Trequencies
in the present stamdard have been adjusteld upward
approzimately [ opereent 10 conform o the preferred
frequency weries, The fihers in the aew speeifion] series
are identifiead by the midhand frequency, £, which is
the gemneleie mean af the naminad bane- e fl'l'(]lu'llriu.\'.

I is appreciated that the frequency lsosds apd fiteer
characteristies specified in American Stndard 221,14
1933 have been specified inomaay docoments of togal
signifiviniee and many organizitions are equipped with
filier setx conforming o that standanl. For the class
of noises for which octave hand analysis is appropriate,
covering # broad frequeney vinge, measurements prade
with either the former series or with the series speeified
heeein ave compitible, A method of transferring meas-
urements of continuous spectran hrondhand noise mle
with filters of one series o the equivalent readings with
fifters in the other serfes is given in Appenldix A,

Experienee has shown that in many cases greater
resolution of the lrequency spectrum than is provided hy
ectave hand filters is desivuble and justifiable, This need
resulted v extensive use of halloetave Lol and third-
octave hand filters although no perdormance standards
were availsble, The present standard, therefure, includes
specifientions for hniloctave band and third-octave band
filters, which have u gatio of upper te lower band-edge
frequency of 204 and 29, respectively, Frequeney des-
ignatiens Tor these filters have been speeilied in con.
currence with the prefereed number series and with those
chosen for the octave band series, As stresaedd in Amerienn
Standurd S1.6-1960, a certain amount of rounding was
dune in selecting the prefeered aumber series o seenre
compatilde sets of requencies progressing beth by powers
of two [fur uetaves)amd hy powers of ten, Any deviations
coused by the rounding are less than the frequencey tolee-
ances permitted by this specification. For wtl flers,
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the specifications for characteristics are piven in lerms
of frequeney ratits and could be applied 1o units bipsedl
un other midbal frequency series,

Designatian of Filier Sus

For muny purposes of standardizativn, i1 is desivalile
to spevify a filter set cantaining a particular nunler of
filters covering the usua) audiodreguenry range, as wus
done in American Stamdard Z20L00-1953, However,
ather applications require fewer filters than this, or filiers
at frequencies in a differen combination above ar below
the usual range. T exiemd the basie characteristic speei-
fieations 1o include i of these situations, flter sets of
three aypes hanve been delineated in this standard;

Type It {vestricted range)

Type I {extended range)

Type O toptional range)

The Tyvpe It filter st contnins a moderate mumber of
filter bads and 2 intended to satisfy user requirements
similar to those for whivh the furmer ser specified by
American Standand Z2L00-19338 @ approprinie, The
Type [ lilter set includes additional filter hands which
experienve ins shows 1o be desirable for many researveh
problems and mere extensive indusirial and military
investigations. In Type O filer sets, 1he mannfacturer
may provide any set of filier Lands he speeilies, but each
filter fuenished must meel the performmiee requirements
of this standurel, Tepe O, therefore, alluws dpecial-purpose
filter sets fo qualify under the standard, adding needel
fiexibitity.

Designation of Filter Characteristios

In view of the great variety of sounils to be mensured,
il is necessary to select for a standord the characteristics
that are judged 10 be useful for the greatest number of
cases, The commitiee preparing this standard hos ap-
proached the problem by reviewing many spectra taken
on a wilde variety of nconstic sources, This review was
necesanry 1o ensure that the filter characteristies 1o o
specified would be adequate o measure the speetri that
occur in practicd, Al the same time, the group reviewed
the filter characteristics that are econumically ohtain-
able, so that an adequate filter that is also reasonable
in cost could be specified. Unless the specifications are
made sulliciently restrictive, many users may be unable
to obtain & reasonahle spectrum aualysis of commonly
encountered noises by the use of filters that meet the
standarl, The serious: uspect of this situation is tha
they may be misled into thinking that the result is cor-
rect, because they are using a standard filtee, On the
other hand. same hardship would resull 1o these with
minimal needs ifonly the requivements of the most severe

usage were to be placed on the filier chavacteristies. The

AMERICAN STANDARD SPLCIFICYTION FOR

filers wonbit then be more costly, theie use ot be as wide-
sprend us is desitable, aml the developmem of the field
of noise evaltion and control nat be as rapitl s wonll
otherwize Lo possibilo,

The committee cancluded that the use of filters for
neise aned signal analysis s become so extensive and
varied that it is no onger practieable to mect all needs
withe o standard specifying o single transmission loss
chiaracieristic for each bandwidih, In this standard,
three prades of pecformanee are specificd, two for each
hamidbwidibe The nomenclature seleeted allots a0 Class
number o each grade of performance, This system allows
the speeification of udditional. mare righl requirements
in futwre standards, if this proves necessary te meel
advaneing wehnological needs, without invadidating
those Classes speeifiod hersin,

The stamdand ineludes minimam performance speci-
ficntions fir three Classes of flters as Tollows:

Qualitative
Meseription of
Transmission

Bandwikth Class Pesiznation l.ass Slope
Detave Class 1 low

Class 1] Maderate

Half Ocrave Class 1 Maderate
Class 111 High

Third Octave Class 1 Moderate
Class 111 High

The Class I characteristic as specificd for oetave, hall-
octave, and third-octave Lol filters is considered to
meet the mojority of needs for cuch banedwidth, For the
octuve bund filter, it is similar 1o the characteristic speci-
fied in the former American Standard 220101953,
A Class ehararieristic of lower slope has alsu been speei-
fiedd for vctave land filers 1o provide o measurement
standard for adarge elass of Tield tests that ean be con-
ducted with snech economiea! filters, Por halloctave and
thitd-octave fillers, o Cluss 1! with higher slope has been
spetified 10 meet the newts of users requiring greater
diseriminution,

These arve the Classes which the committee believed
should he speeified ar the time of preparation of this
stunclard. Additional characteristivs with appropriate
Class numbers cun be alded at any time they become
sufficiently needed. The speeilication requires that the
Type and Class symbals be included in the designation
of o fileer,

The ehoice of filter for a given mensurement is based
apon the aeenrtey ruquilwl. The bandwilill error of a
filver depends upon its tensmission lass a0 the hand
edges, the slope of the trinsmission loss characteristie
outside the hanel, and the input poise spectrum slope,
Appendiy I discusses this subject and gives data and
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OCTAVE, HALFOCTAVE, AND THIRDCCTAVE HBAXD TIUTER SETS

references  allowing selection of Gilter eharneteristies
which will yield measurements folling within speeifivd
error linits 81 variots noise specirim slopes,

Specifiention of Filter Cliuraeteristic Shape

Urom the stundpeint of simplicity in wording a speci-
fication, a small number of steaight-line segments is de.
sirable to describie thie shapes of limiting transmission
loss characteristics. Experience has shown, however, that
this ofien complicates the design of economieal real
filters, sinre real fillers da not yield characteristics ap-
proximating lang stenightline segments, I was deeided
that the limiting charactecistics woull he specified by
muthematical expressiuns hased apen the design formulas
of madern maximally-lut bhand-pass filiees. This makes
it easier for the designer to provide filters that meet hoth
the transmission loss slope characteristic specification
and the equivalent bandwidth and neminal mean fre-
quiency requirements, Consequently, it was considered
fensible ta be more strict in these requirements,

In the hody of the standard the mathematical stage-
ment of each characteristic is the hasic requirement. It
is unmmldguous and pot subject 1o errors of curve plat-
Ling, interpretation, or reproduction. Tn earh case, how-
ever, the mathematical requirement is aceompunicd by
a praphical representation which is convenient and will
be adequate for most engineering comparisons. To meet
the requirements of the standard, novonly must all paints
on # filer characteristic lie between the two curves
shown, but the other requirements on effective Land-
width, numinal mean frequency, maximom ripple, cte,
must alsy be met,

I3
9

Trasiont Besponse

The transient response characteristics of o filter sel
are nol of primary ceneern i this standard, 1Uis assmned
that an s {rost-mennesquare | indicating Jevice of the
type speeified v American Standard Specification fur
General-l'urpose Sound {evel Meters, S10-1901, is vl
to determine filtered levels and that the effeet of any
transient distortion introduced hy the set on the indi-
ented filtered Jevel is negligible, The eharacteristies and
tolerances have been selocted by the Comitice {0 repre-
sent physically attninable results aceonling to current
advaneed Hieory and manufaciuring processes. With the
speeified churacteristies, when the diltered output s
applied te an oscillegraph, o transivnt response, par-
tieularly damped aseillations sometioies ealled “ringing,”
may lw observed even though the fillers meet 1he vequire-
ments of this standard, However, a limit is placed upon
the ailowalde wmount of this 1ype of response in the
standard,

Influence of Externsl Conditions

Reguirements for temperature and huniddity are in-
cluded. The Writing Group coneluded, lowever, tha
wvailable knowledge when the standanl was wrilten
could not pupport rigid numerical requirements for e
influence of magnetic and electrostatic fielils, sonic ex-
citation, amd vibration, with any assuranee that they
would he hoth adequate aml nonhawpering o futnre
development. The specilication includes o qualitative
statement on these nfluences, and  recommends the
development of objective 1ests wnd  speeilications so
that future standards may inelude effective quantitative
requiremenls, ‘
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1. Purpose and Seope

L Purpose, The prarpose of this stancard for filter sets
is to speeily porticalar basdwillths amd characteristivs
whivh may Ire userd to ensure that all analyses of noise
will be consisient within known toleranees when made
with similar filter sets meeting these specifications,

1.2 Scope. he standlurdd fur filter sets {s suited o the
requirements for analyeing, as n function of frequeney,
a broadband eleetrienl signal, For aroustical measure-
ments an . electorneonstic-transducer and amplifier are
employec to convert 1he acoustic signal to be analyzed
into the required electrical signal.

2, Definitions

These definitions are based upon thase given in Amesi-
can Standard Aconstical Terminalogy (Including Me-
chanical Shock and Vibration), S1,1-14900.

2,1 Wuve Filter (Filter)o A wave filler is o transdueer
for separating wuves on the lasis of theiv frequency. 1t
introduces relutively small insertion lms to waves in
ane or more frequeney bands, wnd relatively Targe in-
sertion loss 1o waves of other frequencies, (See 602 of
American Stawdard S1.1-1960.}

2.2 Bamd-1ass Pilters A Lband-pass filler is o wave filier
that has a single teansmission band extending from o
lower bandbedge frequeney greater than zero tu a finite
upper band-edge frequency.

NOTE: “Uhis defnition is idemical 10 the definition in 6,15 of
American Standard 31,1900 exeepn that the words “land-elge
frequency™ are salutitated Tor “ontoff frequeney,” Cutoffl fregquency
in 6,06 of American Standard 811900 bs restricted g fre
quency at whicl the response is 3 di betow e manimune respuise,
In this stapdand the restrivtion does aot apply te the Fequenyies
limiting the passhand, Therefore, the teem “band-cdge Trequeney™
is umed 10 avoid coplision, See 3.3 aml Appendix B,

2.4 Fitler Bundwidtl. The bundwidih of u filter is the
difference between the upper and lower band-edge Tre-
quencies, and defines 1he transmission band or pass
band. In this specification the bandwidil is deseribed
by the interval in pelaves between the upper and lower
band-edge frequencies,

2.4 Speetriim, The speetrim of a function of time is
a deseriptivn of its resolution inte components, each of
a different frequency and fusually) differest in amplitude
and phase, [See L34 (1] of Ameriean Standard S1.1-
1960.1A Continnous Spectrum Is the spectrium of o wave
the components of which are continuously distributed
over a frequency region, (See 137 of Awerivan Stamiard
S1.1-1960,) A White Noise Spectrum is o continuous
spectrum whose spectrum density {mesn-square ampli-
tude per uait frequency) s independent of frequency
over a specificd [frequency range,

2.5 ‘Tennsimission Loss, Transmission Loss is  the
reduction in the magnitude of some characteristic of o

AMERIEAN STANDAID SPECIFICNTION TOR

signal, between two stated puints in oo ransmission sys-
tens, {See 120 of American Standard 510019001

NOTE [0 o this speedivatiun the Transmission Ly is the
reduetion in power level er voliaze bey el between the fupnt applivd
to dhe Bler i <vries sith its preper input feemitating impedinee,
and the autput delivered by D filler to s proper Joad impedane,

NOTE 20 o 1his \]l('(‘irjl'uliﬂal the  franmsmpsion fana (horae-
feeistie of o Gltee, ceprosenting the cliaage of Transmission Lies
with flequeney, jo epecifiod with pespect 1o e adnimaons Tonsmis-
sion Luss in (he posshand measared when the filles i inserted
between the peaper Tenminating i peslanees,

NOTE 8 Veennation inol aenteed in Suencan Stanelard 1.1«
196U s freguentls dse] as sy mnviiads witl Trans mission Laren
s clefined above, 0 conneclion witle Gler chararteristios,

NOTE 1t s eterds Loss b i bevan also Trequently waeil e eop-
wection with Gheas, The taseation Loes ressdtiog Trom ilserlion
of a trasdueer iaa tranemission systemis 10 gimes the logatithn
L the Base HEof ghe powaer delivered o ahat part of e sysiem
that will fallow the transducey, Lefure insection of e tramsdeeer,
to the power elelivered 3o thad same jart of the sy<tem after insertion
of the transaducer, £ See T8 of Yevican Standatd >0 100601 For
passive filler aperated betwern pesistive Wermipating impedanees,
the Jasertion Laoss Chaeaetedistic empliving the minimum vilue
us referean dnthe sie s the Fromsorission Loss £ haructeristiv,

2.0 Terminnting Lmpedanees. The terpinating im-
pedances are the impedances of the external input and
autput cirenits between which the filier is connected,

2.7 Pealstv-Valley Ripples When the transmission
luss charaeleristic in the transmission land contains
a serivs of masima and minima, oF ripples, the penk-to-
valley ripple is defined as the differenee in decibels e
tween the extrepmes of minimun and maximum trans-
mission lass in the pass hand region,

3. Requirements

3.1 Filter Sets, The filter set shall provide a number
af filter lnds ncearding W the sehedules listed in Talie
Ly and shall bear tae corresponding Type symbol;

It Tor Restricted Hange

E fur Extended ange

O for Optional Range
The filter baudds aree identified by the designation mean
frequeney £, of the band s defined in 3.2,

32 Nominal Mean Feegueney. [,

320 Bund Designation Freguoeneivs, The values of
wean frequeney, o used for band designation in Table
1 ure hased upon the recommendations of 5.2, poge 3, of
American Standard S1,0-1060, Band designation fre.
quencies shall e rounded according 1o American Stan-
dard 51.6-1900,

3.2.2 Preeise Valuos of £, Precise values of nomi-
mal mean frequency £, shall be cafenlated from the T
mulas given in Table 2.

323 Nominal Fregueney Bandwidihs, The nominal
1 3

band-edge frequencies and handwidihs for the octave,

Ialfeoctave, and thisd-active band filters are delined

by the reletions given in Talle 3. The frequeney f, in

ench hand is the geomettic mean of the upper and luwer

oGP
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OCTAVE, HALPOCTAVE, AND THIRD-OCTAVE HAND FILTER SETS

nominal band-edge frequencies, f; and £, which are
defined by Table 3,

34 Transmiselon Loss vs Frequency Charnelesisties
of Individual Filters. Wien tested as speeified in Sece
tion 4, the separate filiers of a set shall cunform 10 the
requirements in the paragraphs below, For each filter
chierneteristiv, transmission loss is specified with respeel
Lo the mininum transmission Joss in the frequency range
Ji 1o fo slelineated in Table 3. Transmission loss eharace
teristies are grouped under three classes (1, 11, or 11}

Sl
H
depending upon the steepness of the slope of the trans-
mission loss vs frequency curve, Filter designations must
benr the appropriate Class symbol,

NOTE: Tn the transmission s churaeteristies specificd below,
the mathematical statement s the goserning considerntion, The
graphical representition accompanying each characterisiie re.
aquidrement i added for convenience, The acthiml Gltee choracier-
istivg inadidition m falling within the tranamission luas limita shown,
must simultaneansly meet the requitements on Passband {'nis
Jormity see 300 unid on Effective Bandwidth (see 3151 On each
plot @ abatted cnurve i shown as an example of a characteristic
meeting wll requirements,

Talle 1
Tuble of Filter Bands To Be Provided

Mean ‘ Octave Hands Half-Octave Hands Third-Cetuve Bamls Any
Band Frequency Band
Number o le/n) Type Il TypeE Type H Type K Type B Type E Type O
B 25 x
b 1.5 ' H X x
b A0 x
I 45 x
ST an x
i4 63 x x x
L il H] x
1.5 uth x
i} Jon » H
kH 125 1 X x H . x
»m Fi p %
215 110 \ ) 2
k&) 200 1 1
s ] 250 x x » x | ¥ 8
25 A5 x % 3
8
2.3 343 » x =
5
26 i % x =
i) 500 K » x x x X H]
i [1R11] X X ot
3
28,5 ¥ x x -
lg
29 ) x 3 - %
30 1000 % X x x X H -
kil 1230 X ] H
- u
1B ol x x 'E
» 1600 % X =
3 2000 x X x x x X 2
Moo 2500 x x =
HS HHOD % x
35 A5 b X
i 4000 x x Y x H X
a7 J00H . .
A7 ol x
as 300 x
39 8000 X x x
40 Lo \
0.5 (BRI X
4 13500 .
42 16000 x
i8] 20000 N
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Table 2
)p\ Nominal Mean Fregueacies, £,
/
v
' Ovtuve Hands ARl
Halt-Octuve Bands fn= {20
ThirdOvtave Bands £, = ILL
NOTE: pis any integer, poritive, negative, or zere.
|
Table 3
Nominal Band-Eidge Frequencies
arul Frequency Bandwidihs
. Hall-Owave  Third-Octave
Oclave Band ftend Band
Formula fravy, pavingpoo gty

-~ fl = f_nf!l- fg = v_'elﬂll’I| fg = 2:“,;
Rumerical Value £ = 07071, £, = 0B8J0Y7, £, = LHOOYS,

f= L0, £ LB, = 1IRa5f

Bandwidich £ = §, 0JuTif, [ISEHNT 02116/,
£y % nominal lower bamledge frequency
£ = nominal upper band-edge frequency
~— Lo = cnleulared from formulus of Tahle 2
—
3.1 Octare Band Filters — Cluss 1
I, . A,

{1) At any frequency, f, in the range from - mT

- the tranamission loss shall not be more than

10 lDH(n'g' [l + 3(7{'—!-;')] decibels,

(2} At any frequency, f; in the range fromf—';' to ==

o

the transmission loss shall be more than

d
10 log,y [-Bl- (fTM) ] decibels.

(3) Av any irequency, f, in the range from -{'-"(-'- 19-15-

the transmission Joss shall be more than

an 4
10 log, [I +'-BE (?L) :] decibels.

{41 At any [requency, £, in the range from VIf, e
5f, the transmission loss shall be more than

1\_/ 10 logs [‘:]i (}:%) '] decibels,

(5) At any frequency, /. in the range from 5f, ro 10£,
the transmission loss shall be more than

AMERICAN STANDARD SPECIFICATION FOI

9% {
10 log,, [I +]—? (71;)] decibels,

{0} At any frequency, [, hulaw% or ahove 10f, the
transmission loss shall be more than 15 decibels,

{71 A geaphieal representation of the allowable limits
is given in g 1.

342 Octare Bund Viltors — Class 1

(1) At any (requency, /, in the range from q—{ﬂ to 1—5"1

the transmission loss shall not be more thun

10 lngm% [I +30 (TE.- —%".‘-)u] decibels,
fn

{2} At any [frequency, £, in the range frum%"- to S

and from VI f, to 8f, the transmission loss shall be
more than

‘
10 IOBIO% [' + (f"---'f—}“) ] decibels.

(31 At any frequency, fi below %‘- or above Bf the

transmission lass shall be more than 60 decibels.
(1) A graphical representation of the allowable limits
is given in Fig. 2.
343 Half-Octave Band Filters = Class 1
T

. . (,fm
(1) At any frequency, f, in the range from = to 5

the transmission loss shall not be more than

- ¥
10 ["GWI [] +200 (f—f- "'va'") ] decibels,
m

{2) Atany frequency, [ in the range from ?—{;’ﬁto iy

00), L.
and from 247 1o l—uj-‘ﬂ the transmission loss shall he

more than

4
10 log,g [ﬁ!i (}.{T—j}") :I decibels,
1001,

< (3 At any frequency, fi below '?{]% or above ——
the transmission loss shall be more than 60 decibels,
(+h A graphical representation of the allowable lmits
is given In Fig, 3.
J44 Malf-Octave Band Fittors — Class HE
?fm

6,
(1} At any frequency, £ in the range from —;ﬂ to =

the transmission lass shall not be more than

[
10 lng,nf;- [1 +200 (fi-f—;)‘] decibels,
. m
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. MINIMUM
: . OE TransMIssIoN LossT g .\\ ¥ 1 1713
- 3 A0 TN 5
Y E / 7 N 3
{ 10F 4 AN 3
3 / / N 3
£ MINIMUM / M E
20 e LlMlT / \\
- / \\ .
3 AN
TRANSMISSION LOSS \\
[-1] [N —
WITH RESPECT TO M
MINIMUM e, il
TRANSMISSION LOSS 0N
TL>45d8
MAXIMUM
N LIMIT _
&0
70 ! | i1 | | L]
[+}] 018 02 0.4 06 048 1 15 2 ‘ 4 6 8 10
FREQUENCY RATIO - {/fp,
Fig. 1
. Transinission Loss Limits — Octave Bund Filier. Class 1
¢,»..\ *© {Filter Characieristic Must Also Meet Requirements in 3.6 and 4.7}
)
. f, . - f
(2) Atany frequency, £, in the range from-g'—m atlT (3} Af any frequency, f, bclnw-l-;-"- or ahove #if, the

and from 2”‘!,,, o 6f, the transmission loss shall be  transmission loss shall be more than G0 decibels.
more than {(4) A graphical representation of the allowzble limits
is given in Fig. 3.

f 1 .
10 ogye l: + 250 (!— —"'}:) :| decibels. 346 Third-Octave Band Filters — Class 111

10/,

o
{3} At any frequency, f, below f_(')". or above 6f, the (1) Atany frequency, £, in the range from == T

transmission loss shall be more than 70 decibels. the transmission loss shall not be more than

(4} A graphicul representation of the allowable limits 5 A
is given in Fig. 1. 10 log,, + n 141010 (f f) decibels,
3.4.5 Third-Ovtave Band Filters —Class 1 "
1 A frequeney, f, in th fro 2f—""'loﬂ'ﬂ /,
(1) Atany frequency, [, in the runge from =3 49 A2) Avany frequency, f, in the range l'rc:crrl—:_)'E to 2-VEf
the transmissian loss shall not be more than and from 2% 1o 3/, the transmission loss shall be
5 f [\ more than
10loge5 (141040 (—-—"ﬂ) decibels.
4 fn f 8 FRY
I 10 logye |=5 + 2500 (--' --mv) decibels.
12) At any frequenty, /, in the range from <2 10 a-vy i R fn 1
and from '.’”ﬂfm to Bf, the transmission loss shall Le . /n _
q- + more than {3} Av any frequency, £ below < o above 5f, the
1 A teansnission loss shall be more than 75 decibels,
10 logy, 7 [l + 1040 (—-—-— ) ] decibels. (4) A graphical representation of the allowable limits
’ n 1 is given in Fig. 6,
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3
TRANSMISSION LOSS
d}

WITH RESPECT TO
MINIMUM
TRANSMISSION LOSS

LN exampie - MaxiMum —1—>¢
LIMIT \ _
\
“ A NN,
TLP60dS TL>60dB
70 1 ! | 1 I ! I ! 11
61 015 0.2 c4 06 08 | 15 2 5 € B 10
FREQUENCY RATIO - #/1¢
Fig. 2
! L Trunstission Loss Limits —Octave Bund Filter. Class 1T
"” N {Filter Churncleristic Musl Alsa Meet Requirements in 3.0 and 3.7}
—
o MINIMUM
E"TTRANSMISSION LOSST T | f Q T 173
e / =
3 q \ E
10F [L i g
= 4 =
E ,/ 3
20 MINIMU¥ ,a'
- LIMI / / .
30 A
TRANSMISSION LOSS /)
L — / -
WITH RESPECT TO /]
MINIMUM 40 7
TRANSMISSION LOSS | / _
. /./‘\— EXAMPLE
20 ")‘ My
Ny RN
. T\ |
TL>6048 TL>60dS
1 ! 1 [ i | i { LEL
[01 015 02 04 06 08 t 15 2 4 6 8 It')”
3 009 FREQUENCY RATIO - /1 )

-’ Fig. 3
Transmission Loss Limits — Half-Ociave Band Filter, Class 11
{Filter Characteristic Must Also Meet Requirements in 3.6 and 3.7
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' ! 10
20
MINIMUM
LIMIT
0 B
TRANSMISSION LOSS
WITH RESPECT TO
MINIMUM 40
TRANSMISS!ON LO5S
\\
S MAXIMUM —
- i LINIT
70
o 05 02 04 o6 08 1 1.5 2
FREQUENCY RATIO =~ {/1
Fig. 1
Transmission Luss Limils = I Octinve Innd Filter, Class m
QM {Filter Characteristic Must Also Meet Requircmen'ts in 3.6 and 3.7
h-"'.!?"’ﬂ'"' .
o MINIRUM -
TRANSMISSION 1LOSS
\
\
10 "
\ \
20 MINIMUM Ty
LIMIT \
w .
TRANSMISSION LOSS T v
ab
WITH RESPECT TO
MINTMUM 40
TRI\NSMlSS'-ON LQSS
’ 50
e MAXIMUM
LIt
70 1
ol oi5 02 0.4 os 081 15 2 4 ¢ 8 10
( T FREQUENCY RATIO - t/1m
—~—’ Fig. 5 '

Trnn;mlissl'uu Loss l.imit.n'—-'\‘hird-()um\u Band Filiee C'Im-ln i
{Filter Charactesistic Must Alsp Maet chuimmcnls in 3.6 and A1)
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20

T

30 MINIMUM

TRANSMISSION LOSS LiMT
L1

WITH RESPECT TO

[

MAXIMUM

MINIMUM 40
TRANSMISSION LOSS

/
N /’

LiMIT

- /1

50 —"
/7

-~ 60 ,I
R /
A—-—EXAMPLE
/]

\ 70 -
. 5L TL>T5 8
01 05 02 0.4

A\
-1 '
l | | [ \\I‘J—’TF’“'
06 08 1 15 2 4 6 810
FREQUENCY RATIO - #/ip,

Fip. 6

Transmission Loss Limits — Third-Octave Band Filter, Class 11

(Filter Characteristic Must Also Meey Requirements in 3.0 and 3.71

3.5 Frequeney Tolecanve one Geometrie Mean Fre-
queney. For eazch band designated on the filter set in
accordance with Table } of 3.1 or its extension. the geo-
metric mean of the two frequencies where the trans
mission loss is 6 dB greater than the minimum trans
mission loss shall not depart by more than the tolerances
shown in Tuble 4 from the designated preferred lrequency
nominal f,, caleulated by the formulas of Table 2,

Table 4
Frequency Tolerances
on Geometrie Menn Frequeney. f,

Quinve tlal-Octave  Third-Ociave
Ranils Yands Hands
Tulerance 0% 0% * 0%

3.6 Tolerance on Passhund Uniformity. The peak-
to-valley ripple in the transmission loss charncieristic
between the upper and lower noeminal band-edge fre-
quencies shall not exceed the values given jn Table 3
for Rlters of the indicated bandwidths and classes.

3.7 Effective "Bandwhilth, For each filter bamd, the
total integruted randum white noise power fconstant
hoise power per unit (requency b passed by the filter shall
be within 10 pereent of that which would be passed by
an ideal filter with flat passbund between the nominal

band-edge frequencies of 3.3 and infinite atienuation
outside the passband. The white noise power passed by
such an ideal filler is given by:

2"”{. P = 05071 1 for Ociave bands
TR e WPy = LRI B, for HalfOcrave bands

(24 = 218y B = 16, 17, Tor Third-Octave bands

where £ is the noise pawer per unit frequency ar the
filter midhand frequency f,,. The minimum transmission
loss in the passhand shall he wused as the reference for
enleulating the effective bandwidih.

NOTE: See Appendis H for the nominal bundwedge frequency

tranamission less required to produee zero bandwidth error fur
ftutterworh filters.

Tahle 5
Tolerines on Prsshand Unilormity

Maximum Allowzble
Peak-1a-Valley flipple
]

Filter Band Filter Claws

Ocrave ‘ all

2

Hulf-Dciave H 1
i 0.5

Third-Octave 1 1
it 0.5

™
S )
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3.8 Tolerance on Varintion of Mindwum Transimnis.
siom Luss, The minimum ieansmission loss of any filter
band in a set shall not differ from 1he minimum trans.
mission lass of any other filter land by more than 2 di}
for Class I and Il fillers, or by more thun | dB for Class
HI filiera, If this difference exceeds these values, con-
formence with this specification may he achivved by
determining the difference by measurement to an uccu-
recy of 0.5 dB} and by making the information availahle
to the user of the filter set.

3.9 Removad of Filters From Circuit. If means are
incorporated in the filler set 10 remave all filter bands
from the cireuit, the manufaciurer shall explicitly state
the characteristics of the substituted broadband circuit
as to midband transmission loss and frequency charac-
teristic. 1t is recommended that the midband transmis-
sion loss fall within the tolerunce on minimum teans-
missien loss given for the individual filter bands in 3.8,

3.10 Filter Terminating Impedances, The inpun and
output terminating impedanves necessary to ensure
proper aperation of the fillers shall be purely resistive
and constant, preferably equal to 600 or 10,01} ohms,
The filter shall salisfy the requirements of this specifi-
calion with 3 percent devintion in value of the jerm-
inating impedances, Il the filter is designed 10 operate
with special connections, the necessary terminating
vonditions shall he explieitly stted by the manufactueer.

3.1 Maximum lopul, The manuwfacturer shall state
the maximum input [ power or voltage for whicl the filter
sel will meet the peeformance reguirements of thix «peci-
fieatiun, It is recommended that general purpose filier
sets be capable of nceepting at least ene milliwan, or
one voli, input.

3.12 Transient Response, When o sinusoldal signal of
nominal mean frequency £, i suddenly applied 10 the
properly terminated input of o filter, the peak nf the
envelope of signal appearing at its properly terminated
output shall not exceed the steady state volue by more
than a factor of 1.20, or 2 dB.

3,13 Influence of Extornal Canelitions

3.13.0 Temporature. The transmission loss charac-
teristic shall conform to the applicable sections of 1his
stendard over the lemperature vange of =10° 10 30°C,
but with all tolerunces increased by 0.3 Jlt 0T the in-
fuence of temperatare exceeds this valpe, conformance
with this specification may be achieved by determining
the influence by measurement 10 an accuracy of 0.5 di
and by making the information available to the user of
the filter sel,

The manufacturer shall indivate the anshivnt tempera-
ture limits and corresponding periods of exposure which
eannot he exceeded without risk of permanent damoge
te the apparatus,

3432 Humidiiy, The manufncturer shull specify the
hygrumelrric volues between which the filier set will func-
tion correctly and the corresponding permissible expo-
sure perinds, The transmission loss characteristie shall
conform 1o the applicable sections of this standard over
the vange of relative bumidities of 1) 1o 90 pereent, Lt
with all tlerances increased by 0.5 JdB,

30383 Ruddintion Fields, The influence of magnetic
and cleetrosiatic fichls, vibration, and senic excitution
shall Le reduced to o level onsistent with satisfactory
usage in the environmental situations for which the
filter set is intended.

NOTE: Manufacturers sre encournped (o develup objective
lests and state specifications for this category of influenve,

3.1+ Filter Designation, To meet the requiremens of
this standard, a filer sel designation shall inclede the
applicalde Type and Chiss symbols. No flter set shall
be stated 1o be in necord with this stundared unless its
Type and Class symbols ure given. (Example: American
Standard Qciave Bandd Filter Type E Class 1L}

4. Method of Test

1 Filler Transmission Loss  Chargeteristie. The
trunsmission loxs characteristic of coch filter hand and
the lraadhand cireuit of 3.9 shall be measured according
1o the folowing basic peocedare, The inpat termieals of
the filier shall be cunnected to a variablefrequeney,
sine-wave oscillator of zero equivalent source fmpedance
in series with an inpul terminating impedance of the
value specified by 5000, The oscillator output veltage
shall be measured on a suitable, accurate volimeter, 15,
The ouput terminals of the filter shall he conneeted o
an output terminating impedanee of the value specified
by .10, and the output voliage across this impedinee
shall e measured with o second suitable, aceurate voli-
meter, Vo, The ratio V71 shall be determined at ap-
prapriate frequencies throughout the frequency range
necessary o demonstrate complinnee with this speeifiea-
tion, and the minimnm value of V74, shall he noted.

Then:

Heference Transmission Loss =

—

2 lug =, Mindmum Value

e

Filrer Transmission Loss at Any Frequency =

20 Jog ‘—' = Reference Transmission Loss
2

4 1.1 Charneteristios of Sine-Ware Test Signal.
When ahe rransinission loss at frequencies below the
passhand is being measured, o suitalile technique must
he employed for removing the effecis of oscillatar har-
monie from the appurent response of the filter. A tuned
voltnieter ot the output of the filter is not to he used
for removing these elfects, sinee it would simultaneously

vy e e mbais
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Reference Transmission Loss = 20 log,, e Minimum Value
a

’

Filter Band Transmission Loss at Any Frequency = 20 log,, — — Heference Transmission Loss

)

Fig. 7
Sehemativ of Two-Voltmeler Test Areangement

remuve any distortion or noise introduced by the filter
set, which should properly be ascribed 1o annlysis ervor
of the set,

4,1.2 Iuput Lovol During Test. In establishing com-
pliance with this standard, the filier setr shall be meas-
ured at the maximum input specified by the manufac
lurer aceording te 3.11 and also at input levels of 10
decibels snd 30 decibels below the maximum input level,
Compliance shall be obtained at oll three input levels
except that at 1) decibels and 30 decibels below the
maximum level the ultimate transmission loss may be
limited by noise and hum o 10} decibels and 30 decibels,
respectively, less than that required for maximum level.

42 Test Cireuits

4.2.1 Two-Voltmeter Method, The Lwo-voltmeter
method of mensuring transmission Juss of the filter set
may be earried out as shown in Fig. 7. Connet a suit-
able, accurate, sine-wave oscillator 1o the input of the
filter with a series impedance equal to 1hat from which
the filter set is normally expected 10 operate. The os-
cillator source impedanve is not a parl of this series -
pedance. The output of the oscillator is measured by a
sullable, necurate veltmeter Vy, which then makes the
apparent source impedance at the volimeler equal 1o
zero, Terminate the filter by its rated tecminating im-
pedance and determine the outpul voliage using n suit-

s, Za
- CALIBRATED
P ATTENUATOR
L
SINE=WAVE "
OSCILLATOR ]
z
SOURCE
AP O]
. FILTER
SET
Ot O

For any mensurement point:

Vi must be identical for Filter and Attenuater positions of 5 and 5.
Autenuator is adjusted to make 1 identical for Filter and Attenuator positions of 8, and 5z,

Then:

Reference Transmission Loss = Smallest A found = A0

Filier Band Transmission Loss al Any Frequency = ey

-4 min

Fig. 8

Schematic of Altlernate Substitution Test Arrangeinent
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OCTAVE, HALF-OUTAVE, AND THIRDOCTAVE BAND FILTER SETS

able, accurate volimeter V. The paralle] combination
of load impedance and voluneter impedance constitutes
this terminating impedunce. The transmission Joss char-
acteristic of the filter at any frequency is caleabated in
relation to the minimum nbsoluie irnnsmission luss by
the formulas given in Fig, 7.

NOTE: With available tost equipment it is possibile to instroment
this basie vircuit for direct-reacding or automatie tesl apevatiom,

4,22 Substinniun Method. Use of an adjustable,
ealibrated atienuaior, properly terminated, in o sub-
stitulion method is a suitable alternate for delermining
the transmission loss chueracteristic. This substilation
process avoids the need for aceurntely enlibrated volt-
meters of a wide range of sensilivity, The 1echnique of
measurement and ealewlation is given in Fig, #
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Appendixes

{These Appendives are ot o part of American Standerd Specification for Oviave. [Talf-Chetave, and ThinkQeiuve Rand Filter Sets, 1,11

1966, but are included 1o facilizate its nse.}

Appendix A

Conversion Between Octave Band Levels Measured with Filters
Meeting American Standard Z24.10-1953 and
Filters Meeting This Standard

Al. Basis of Conversion

American Standard Z2.1,10-1933 for an actave hand
filter set specified a particular series of band-edge fre-
quencics, whereas this slandard specifies o series shifted
upward approximately 18 percent to hie in aceordance
with the preferred Frequencies of American Srandard
S1.6-1460, Octave haml filier measurements are used
principally for measuring hroadband neises with reln-
tively continuous speeten, This Appendix gives & method
of transferring the results of measurements mnde with one
set of filters to corresponding results with 1he other sel,
for noises of this Class. In the following discussion, oclave
bands specified in American Standard £21,10-1953 are
called “old baunels,” wherees actave bands specified herein
are called “new bands,”

It is assumed thul the frequency speetrum through
contigusus octave bands has o continuously sloping
characteristic wherein the power per unit frequency
varies as a-power of the frequency, Tt ean then be shown
that for octave hands the level (in dH) in a new hand
differs from the level in the corresponding uld hand by
a correction that is 0.287 times the difference between
the levels of the 1wo old hands that inelude the new band.
The correction is positive if the higher-frequency band
has a, higher level, Conversely, the level in an old band
differs from the Tevel in the carresponding new band by a
correction that is 0,217 times the difference Letween the
levels in the two new Lands that include the old band.
The correction is negative If the higher-frequency band
has a higher level,

Computation directions and tabular aids for perform.
ing these interpolations are given in A2 and A3, The
method is easily applied and its accuracy is considered
consisten] with the characteristic aceuracy obtained in

field measurements of naise, For a discussion of the basie.

proklems in conversion, see Relerence H,

A2, Interpalation of New Dand Level
From Old Band Levels

This dingram tepresents the relationship of a new
bahd, &, and the corresponding old band, O.

20

oLp
BAND-EDGE
FREQUENCIES

_4 18%
NEW -
BEND-EOGE £}

FREQUENCIES

N
1.
[ ] haud 1
I 3 :
BES(GRTION L } A
GENTER JaY A A
FREQUENCIES, tp
Let:
Lg = level in any old vciave band, O
Loy = level in next higher old octave band, Qif
Ly = level in corresponeding new ectave band, N,
contained in O and (1, where N is 18 percent
abuve O in frequency
Then:
Ly Lo 10237 Loy = Lo}k

The coreection o be applied to Ly is shown in Table
Al Table A2 shaws corresponding old and new filter
hands,

A3, Interpolation of Old Band Level
From New Band Levels

This diagram rvepresenis the relationship of an old
band, 0, to the carrespending new hand, N,

gsg';ammon
CEHTER V V v
TREGUENCIES, Igy |' a' :

| i )
NEW | I |
BAND-EDGE — 3 3 {T3=
FREQUERCIES NL = N -

18%
oLp
BAND=EDGE e s e D e Qo
FREQUENCIES 0
Lets

Ly = level in any new octave band, ¥

Ly; = level in pext lower new octave hand, VL

Lo =level in corresponding old octave band, O
contained in AL + N, where N is 1§ percent
abeve O in frequency

Then:

Lo =Ly~ 02374y =Ly )

The correction term to be applied to Ly is shown in
Table A3, Table Ad shows corresponding new and old

filter bands.

v
.
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APPENDIX
‘Tulile Al
Correctivas to Ly To Oblain L,
Upward Speetrum Shipe Correption Downwand Specirim Slope Correction
{Higher Frequeney Band Ao |ligher Frequency Band SEITHACT
Hux Migher Levet} 0 as Lower Level) from L,
Loy =1y in dB an Loy =ty in dli i
[\] ] 1] 1]
| L2 =1 2
2 0.5 -2 0.3
3 07 -3 07
4 Lo - 1,0
5 1.2 -5 1.2
[} 1.4 = b 14
7. 1.7 -7 1.7
] .o - L9
9 2. -0 21
0 .4 =1 2.4
It 4 =l 2.6
2 28 -1 2.4
Table A2
Old Ocunve-Band Levels 'To Be Used Tor Caleuluing
) New Octese-Band Levels
. e . B -
Use Levels for There To Caleulote Levels
Ol Oviave Nands For New Ovtuve Band
Cenlered on
. t)ic/ ) c/w) Nle/w)
HIErK] Tl [I%]
73130 130014004 125
1502401 BIUEEHAY 20
Sun-onn Wik don A0
fillo-§:200 [T EARTTH 10
FURRLINN0 2400 180 HHH)
REIRIA ] SRU0GO0 HN0
SHONO60 —* Hon
* Take same L, = Ly a for next bandl,
Table A3
Gorrections o L, "To Oliain L,
Upward Specirum Siope Correction Dawnward Spectrum Slope Correction
{1ligher Frequency Band SUHTRACT {Higher Frequency Hand ADD
Has Higher Level) from Ly Hos Lawer Levell 10y
Ly =Ly indB dh Ly = by, in 4 i
0 0 0 0
I 0.2 -1 0.2
2 0.5 -2 0.5
3 0.7 -3 0.7
4 1.0 -4 1.0
] 12 -5 1.2
b 1.4 -h 1.4
7 .7 -1 1.7
] 19 -8 1.9
9 2 -9 20
10 24 =10 2.4
1! 2.6 =11 2,6
12 24 -2 248
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Table A

New Octave-Brnd Levels To Be Used Far Calealating

Ol Octave-Bamd Levels

Use Levels for New Qetive Band | To Caleulute Levels For
(entered on Old Octave Bonrds
Niess) N e/ Oic/s)
63 - 37-75
135 [} 75-150
250 145 F50-300
E1GH] 250 3040600
1oan N0 01200
0o 1000 L 2002300
4000 H00 2HU0-18040
8000 4000 JE-000
! * Take sane Ly ~ Ly, as for next band,

Appendix B

Band-Edge Transmission Loss for Minimum Bandwidth Error

Traditionnlly, filler bandwidths bave heen expressed
in terms of the holl-power or 3 dB down frequencles of
the filter. However, when random noise is analyzel the
energy which is transmitted by a band-pass flter de-
pends not only on the frequency interval between two
points of equal transmission loss, but alse on the steep-
ness of the transmission loss characteristic of the filler
and the slope of the spectrum being analyzed. Thirty
representative spectra examined by the Writing Group
revealed specirum level slopes ranging from 40 1o ~2)
db per octave, '

The bandwidth error® for a number of filier charace-
teristics and speetrum level slopes was first computed for
an idealized filter [sce Reference 1} and then for the
maximally flat or Bunerworth filier characteristie [see
Reference 5), In addition, the band-edge attenuntion for
Butterworth filters required 10 give zero bandwidth error
when analyzing white and pink noise was computed, The

—— 7

*landwidin errue refers 1o the difference haaneen e poise
puner dransmitted by the real Glter ancd that transmined by an
tdeal ilter of pominal bandwidth,

resulls of the latler twe investigations are given in Table
.

The handwidth error curses for fractional octave
fillers are symmetrical aboat the =3 dB per octave slope
in speelum level (pink noisel. This is the slope which
provides equal power in each band of a series of constan
percentage bandwidth Blters, However, Table BI reveals
that o very small difference s involved hetween correct-
ing for zere bandwidth errur on pink or white noise. In
addition, it was found that the analytical solation for
zero ervor in white noise analysis gave the sume baml-
edge antenvation fur afl handwidths of the same flter
vomplesity, while the zeta pink neise error adjustment
produred u stightly different band-edge mttenuation for
vach fler bandwidth of the same complexity. For third-
octave fillers, the two eriterin differ only one part in the
second decimal place, Owing to the much greater sin-
plicity in careying out nomerical integration ta determine
the effective bandwidth fur white noise and the slight
shilting in the bandwidth error axis 1oward plus and
minus ervors, the Committee deeided on white nolse for

the effeciive bandwidth referent.

£
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APPENDIN
Table 31
\4‘}-\ Perfurmance of Bulterwortlh Bandpass Filters
¢ = — =
» " ity 4, Ay
n dl/wctave dl dh Il i
Fur anesortase bandwidih 2 ~4 .47 1] 3.4
-h 0 1R 1) .07 102
-9, 43 054 0.2
=12, 4 123 92
K] =i b 0 3.56
= b, .20 0.03 Lhh
=4, +i 1M1} 0.l
~12 +h 0,51 0.26
4 =1 ¢ 3.42
-h N 01l O 3.8
-0+ 7 0050
. =14 1,26 0.1
For hulf-octave bandwidih 2 = (LRR] U 3.96
el [ 1 i 1n 412y H02
=4 44 056 016
. =12 i 1A .20
N 8] -1 (14 0 XY
S ~f 0 0.20 0007 465
) -1, 4 023 04130
=i 0.25 [IA{]]
4 -3 (L 1] KR
¢ . -f 0 133} [IRVITN] 34
- \ L N X1 (I K] [LXITH
,W./ -12, + {13 0.0457
Far third-octave handwichh 2 -3 0 ] A4
=0 .46 0011 4.0
-9 4 .41 10.047
=1, 0h] [
i} et} 019 0 304 ’
b 0,20 0.0 363
- b+ L2 i
=12, +h 24 0.032
4 =3 0.0 0 344
-6, i 0l 0.00] 3
-9, +} 012 0.007
12, + 013 0.016

a = pumher of resonant vlements or pole pairs
8 = specirum level slope in dB/octave

fi, = bandwidth ervor for fillee 3 dB down ot nominal cutell or

band-edge frequencies

H; = bandwidih error lor llier adjusted for zero bandwidth error

on pink nuise

Ay = pominal bond-edge (requency transmission loss required o

give zern bandwidth ervar on pink noise

Ay % numinal band-edge frequency transmission loss required to

give zeto handwidth ereos un white noise
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American National Standards

The standard in this booklel is one of nearly 4,000 siandards approved to date
by the American Notional Standards lastitute, formerly the USA Siandards In.
stitute,

The Standards Institute provides the machinery for creating voluntary stan.
dards. It serves to eliminate duplicotion of standards activities and 1o weld con.
flicting stendards into single, nationally aceepted siondards under the designa-
tion “American Notional Stondards.’

Each stondard represents general sgreement among maker, seller, and user
groups as la the best current practice with regard 1o same specific prablem, Thus
the completed standords cul ocross the whole fobric of production, distribution,
and consumption of geods and services. American Notional Standards, by reason
of Institute praocedures, reflect a national consensus of monufacturers, consumers,
and scientific, technical, and professional organizations, and governmental ogen.
vcies. The completed standards are used widely by indusiry and commerce and
often by municipal, state, ond federal governments.

The Standards Instilute, under whose auspices this work is being done, Is the
United Stotes cleatinghouse and caordinating body for standards aclivily an the
national level. It is o federation of trade associations, tochnical sacieties, profes-
sionol groups, and consumer organizations, Some 1,000 companies ore affilicted
with the Institule os company members.

The American National Standards Institute is the United Stotes mamber of the
International QOrgonizalion for Standardization (IS0}, the International Eleciro.
technico! Commission (IEC), ond the Pan American Standards Commission
(COPANT). Through these channels American industry makes its position felt on
the international level, American Nationol Standards ore on file in the libraries
of the national standards boedies of more than 50 countries.

For o free list of all American National Standords, write:

American National S!andards Institute, Ine
1430 Broadway New York, N. Y, 10018
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0.1,

5,3.3 The gain of Lhe tape recorder should be adjusled so that the record lovel will be within

6.1

6.2

6.3

7.1

7.2

7.3

8.1

8.2

-3 -

¥
2 The aquivilent sound pressure level (SP1) ef the ambient noiso signal should be de-
termined from the tape recording of the ambient noise gignal obtained at the test site
withoul the presence of the ajreraft noise signal, 1t is desirable to record the am-
bient noise slgnal with the sysiem gain sel at the levels whero aircraft noise measure= |

ments will be made,

the linear operating characteristies of the tape recorder for the peak of tho alreraft
noisc signal. (It is sugpested that the maximum rms level should he 12 db below the
maximum of the lincar response level).

DATA REDUCTION EQUIPMENT - The {ollowing equipment is the minimum required to
reduco the basice data acquired in the field on alreraltl exterior noise:

Band Mass Filiers - Octave band pass [iller sols designed to meet requiroments of
ASA 81,6-1960, are recommended, The uso of filtors designed to meet requirements of
ABA Z24.10-1953; is also satisfaclory, but standardization on ASA 8§ 1.6~19G0 should be

antieipaied,

Sound Level Meter or Graphie Level Recorder - Avorage or rms=type indicution with the
rms type preferved

|
Taupo Recorder = Playbaek to be compatible with recorder used for data acquisition.

DATA REDRDUCTION TECHNIQUES

) ‘lr/‘ 3
Calibration -~ The data reduction system should be ealibraled in the same manner nsﬁuscd '
to calibrate the eleetrien] vecording system (3. 2). ’

Pen Spead ~ The graphie level recorder's poen speed should be at the minimum whieh will -
not distort the signal lrace to simplily the "faijring” of the recorded signal.

A typleal pen speed for reducing aiveraft fly-over noise data is 100 mm/see.

Sound-T.cvel Mater Tndieator ~ The dynamie charncteristics of the sound-level meler in-
dicalor, if used, should conform to tho IEC Drafl econunendation, Specifieation for Pre-
cision Sound Level heters.

DATA REPORTING -~ Graphs, tables o1 reporls containing data == all data shall be con-
verted to rms -= on airerafl exterior noise should be accompanied by the following mini-
mum information on tesl conditions:

Aivplanc and engine fype

Airplane heading, altitude, aivspoed, and location relative to the mlcrophones.
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.2 An Inserl vollape device {s recommended lo record a known sipnal on the tape rocorder

just prior Lo and afler recording uiveraflt noise datn, Ii is recommended that this
chock be made under field-operaling conditions Lo ensure ngainst (rift or error and to
supplement the callbrations deseribed In paragraphs 3.1, 3.2, and 7. 1.

ACCURACY.

Combined Sysiem Accuracy = The combined recording and reduction system when cali-
braled as recommended should be eapable of measuring a plane progressive wide band
gound wnve arriving in the direction of the axis of eallbrativn of the microphone wilh an
accuracy of + 1 db,

Frequency Responge - The response of the combined system lo a plang, progressive
sinusoidal sound wave should be ¢constant within + 3 db over the frequency range [rom
37.5 eps to 12, 000 ¢ps oxcluding the directional frequoncy charanteristics of the miero-
phono,

Directional Freguency Charaeleristics = The sensitivity of the mierophone to plane
sound waves arviving (rom any direetion within 45 deg of tho axis of calibration should not
differ by more than 1 db below 1000 cps, 2 db between 1000 and 4000 ¢ps, § db belween
4000 and 8000 eps and 6 db hetween 8000 and 12,000 eps.

FIELD MEASTUREMENT TECHNIQURES

Acoustical Environment = Basie data on aircraft noise should be acquired under condi~
tions of wind velocity less than 10 kn. It is also recommended that daln bo taken when
the relative humidity {s above 30%. The lest should be run in an area free of obstrue-
tlong, such as hills or buildings, which conld refleet, obstruet or defenct the mensured
sound wave., g

Microphone Positioning and Orientaiion = For measurements made of aireralt flying
direetly overhead, the microphonc;i/should o oriented with their longitudinal axes par-
allel to lhe ground and perpendicular to the vertical projection of tho flight path. TFor
other than overhead flights, the microphone diaphragm should be oriented Lo recoive as
close to grazing incidence of the sound as the test conditions permit,

The height of the microphone above ground level should he 5 1t,

Recording of the Ambient Noise = The ambiont noise of the measurement system and the
test aren (that is, lhe composite response of the system Lo the background noise and lhe
electrieal noise ol the equipmont) must be determined so that the validity of the measured
afreraft neise level can ho established.

\ /‘.3. 1 The octave band pressure level o the ajrernfi noise sipnal should oxceed the corre-

sponding oclave band pressure level of the ambient noise by at loast 10 db
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MEASUREMENTS OF AIRCRAT EXTERIOR NOISE IN TIIE FIELD Novlsed

1. PURDPOSE - The purpose of this recommended practice is to delino measurcement tech~ |
nicues and equipment for ncqu}sition and reduction of basle dila on airerafl oxlerior
noise. l-e-net ils purpos'é:li') propose use of these techniques or this equipment for
research or monltoring~type tests,

2. MEASUREMENT EQUIPMENT « The following equipment should be used Lo aequire
basie data in the field on aireraft exierior noise:

2.1 Mierophone system

2.2 Mierophone windscreen - optional

2.3 Tripod or similar microphons mounting provisi.ons
2.4 Gain conirel {or altenuator)

2.5 Tape recorder with N, A. B. equalization for 7-1/2 or 15 ips or a tape recorder having
uniform frequency characteristics over the range from 20 10 12,000 cps. '

2.6 Acoustic ealibrator system using sine wave or broad band noise of known geund pres-
sure level.*

2,7 Insert voliapge device - optional,
3. CALIDRATION

3.1 Microphone Calibration = The microphone should ho ealibrated according lo ASA
Standard Z24,11 - 1954, or the latest approved revision thercol,

3.2 Recording Systom Calibration - Tho complete eleclrieal recording system should
recolve a frequency and amplilude ealibration by use of sine wave voltage of known
amplitude nnd at froquencices covering the range from 20 Lo 12,000 eps. A broad band
signal of known amplitude can also he used. ¥ ‘

3.3 Sonsitivily Cheeks in the Field

3.3.1 Prior to and afler ench test an acoustic calibration of the system should be made in
the field as a sensitivity check. This acoustic calibration should be used to establish
a reference level during subsequent analysis ol the stored dain. The acoustic eali-
brator should produce a sine wave or broad band noise of known sound pressure level
at tho face of the microphene bulion, ¥

*If broad band noise is used, the signal should be described In lerms of itg rms value and
maximum peak/rms factor for a "no clipping" level,

Copyelant19G5  wy Boctety of Automotive Enalnanrs, Ino. Printed 1A U, 8. A,
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STANDARD VALUES OF ATMOSPHERIC ABSORIPTION AS A FUNCTION OF TEMPERA TURE lasupd O=~31=5)

AND HUMIDITY FOR USE IN EVALDATING AICRAFT FLYOVER NOISE Rovlsod

1,

]

INTRODUCTION - This report proposes a method by which values can be obizined for

the absorplion of sound in air over a wide range of iemperature and humidity conditions,
Although it was developed primarily for use in evaluating airerall [ly-over noise mea-
surements, the information should be applicable to oiher noise problems as well.

There are o number of factors which inflluence the propagation of alreralt noise from an
ajreraft fiying overhead to a point on the ground. The purpose he.e, however, is to con-
sider only the ¢lassical and molecular absorption of sound energy by the atmosphere, It
is felt that spherical divergence, scattering, refraction, and other effects should be

treated separately.

The method presented is based on the theory of J{ncserl, the laboratory results of Harris®
and field data from Rolls Royce,® Boeingd and DouglasS. Although the final information
was used from these sources aonly, the works of many other Individuals and groups were
used to arrive at a selection of the present method,

The experimental results of Harris were obtained for a single temperature of 20 C

{68 F). Essentially, these data were used, and curves based on Kneser's theory were
"modified" to {it them., The modified curves then serve as a basis for obtaining values
over a wide range of temperatures, humidities and frequencies, Once these curves were
esiablished they were compared with field results to sclect 2 methed for predicting ab-
sorption values for bands of noise by using the nbsorplion value for a single frequency.

Comments on the use of the proposed method, absorption values and some discussion
of standard atmospheric conditions are included in the report,

THE THEORETICAL CURVES OF KNESER - The theory of Kneser indicates that there
are two significant types of atmospheric absorption. These are classical ubsorption
which is a function of frequency and temperature, and molecular absorption which is a
funetion of frequency, temperature and humidity, Both types arc linear wilh distance
and are expressed here in units of decibels per 1000 feet,

Classical absorption results from energy dissipation through the effects of heat conduc-
tlon and radiation, viscosaity and diffusion, It is relatively unimporiant except at higher
frequencies and varies only slightly with femperature; however, it should be considered,
since at 10,000 cps it amounts to a liftle over 5 dB/1000 feet, Values of ¢lassical ab-

sorption are given in Figure 1.

coorrignt 1964 uy society of Avtamotiva Ensinsara, ino. Printed in U. 8. A,
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Molecular absorption results from a relaxation process of oxygen molecules, It varies
over a wide range of values and may be as high as 100 dB/1000 feot at 10, 000 cps over n
range of temperatures beiween 0 and 100 T,

Both theory and experimental resulis indieate that for a given.frequeney there is a value
of humidity at which moleculnr absorption has o maximum vialue, As the humidity goes
above or below this value the absorption decreases, ‘The absolute humidity® at which
maximum absorption will oceur Increases with frequency in the manner shown in

Figure 2 from an empirical formula by Kneser. Kneser also provided values of maximum
molecular absorption as a function of [requency and temperature (Figure 3), The re-
maining problem is to determing what portion of the maximum molecular attenuation wiil
occur at humidities other than that for the maximum value. Here again Kneser's theary
supplied a curve to accomplish this. This curve is shown in Figurc 4 and is a plot of
normalized molecular absorption against normalized humidity. One need only know the
termperature and absolute humidity in order to obialn both classical and molecular at-
tenuntion from the curves in Figures 1 ihrough 4.

MODIFICATION OF KNESER'S THECRETICA L CURVES - Most of the experimental data
reporied in the literature show the samo trends predicied by Knesar's theory, However,
they do not agree with the values obtained by Kneser's theory, nor do the different sets of
experimental data agree with each other, Unfortunately, the experimental data from the
laboralory were usually obtained at only one temperature and nonc eoffer a complete set
of data over a wide range of temperatures and humidities. The general practice used to
obtain a fairly complete set of data is to alter the theoretical curves to fit experimental
data. This is the manner in which the currently proposed set of curves has been ob-

tained,

An investigation of the experimental datn in the literature indicated that those obtained by
Harris were the most dependable from the standpoint of the manner in which the tests
were conducted and the manney in which the data scemed io check out with data irom the
{ield, The method presented here essentinlly follows the pattern of adjusting Kneser's
theoretical curves to fit Harrig' data,

*Relative humidily is a more familiar term than absolute humidity, because it has
significance to weather and comfort. It is the ratio of the amount of water in a parcel
of nir at a given temperature divided by the amount of water that percel of air would
have at the condensation point times 100 percent, Howover, molecular absorption is
concerned with the amount of water in the air regardless of how much there could be,
Therefore, absolute humidily in grams per cubic meter is used here, A curve relating
temperature, relative humidity and absolute humidity is presenied in Figure 9.
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Because the determinzition of atmospheric ubsorption depends on several curves onz
must be arbitrary in deciding which of (hese curves shouled be altered to make the
theoretical curves agree with experimental diin,  The approach taken here was to use
both the clnsslenl absorption curve (Figure 1) and the curve of ahsolule humidity at
which maxlmum absorption oceurs as a function of frequency (Figure 2), as presented
by Kneser, The theoretical curve relating normalized molecular absorplion to nor-
malized absolute humidity (Figure 4) and the curve presentlig masimum molecular ab-
sorption values for dilferent frecuencies and temperalures (Figure 8) were then ad-
justed 10 [it the data of Harrvis.

The total absorption values {i, ¢, , a combinulion of moleeulnr and clussical) in Figure 3
of Hurris' paper were used as presented, lowever, In Figure 4 of Harris' paper, bis
plot of normalized nhsorption as o function of normalized humidity includes the effects
of classical absorption. Classical absorption was subtracted from Harris' {eial ab-
sorplion values and a modified curve relating normalized molecular ahsorpiion as a
function of normalized humidity wus obtained, ‘This curve is plofted in Figure 5 along
with the curve from Figure 4 in Nlarris’ paper, o similar curve prescuted by Beranck6
and Kneser's theoretleal eurve. The modificd Harris curve was selected for the cur-

rently proposed method.

In Figure 5 of Harris' paper a comparison is made between his experimental values and
Kneser's theoretical values for maximum shsorption coefficients as a function of fre-
quency, Iowever, Harris' values once aguin include elassical absorption and the
theoretical values do not. Comparing only the molecular absorption of Iarris' {otal ab-
sorption values show ithem to be lower than theory would prediet, Havris' data are ap-

proximately paraliel to the theoretical curve of a as a funetion of frequency
mol max

{Figure 3). The theoretical curve was simply shifted downward to match larris' data.
‘The adjusiment is shown in Figure 6.

Theoretical values of maximum melecular absorption for three frequencies were plotted
as functions of temperature, The measured or extrapolated values of Harris obtained
at 20 C (G8 F) were plotted and modified curves parallel to the theoretieal curves were
drawn through them. The modificd curves in Figure 6 were used 1o obtain the complete
set of modified data presented in Figure 7,

The curves in Figures 1, 2 and 7 and the curve in Figure 8 which is taken from the
modilled curve in Figure 5 then supply a complete set of curves on which to base total
atmospheriec absorption for a wide range of lemperature and hwnidity conditions, The
curves in Figure 9 are presented 1o show the relationship between temperature, relative
humidity and abselute humiditly, These curves are taken from Evans and Bazley,
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TIELD DATA ~ While laboratory daln are obtained under comparatively carefully con-
trolled conditions, ficld values of atmospheric absorption coeificients are obtzined under
a falrly wide range of conditions which are not carcefully measured. These daia ave
usually obtained from a series of tesls in which the sound levels are measured on the
ground as a parilicular type airplane {lies over the measurement point at o range of alti-
tudes from a [few hundred o a few thousand feet, Tho data are plotted as a function of
altitude, inverse square logses are removed, and the excess ailenuation is attributed to
nimospheric absorption. It is usually ussumed that the surface temperature and relative
humidity are representative of conditions at all altitudes and that the sound propagation
was in all cascs vertical,

Three fairly complete sets of afmospheric absorption values obtnined from ficld tests of
aireraft fly-over noise levels nre discussed below, These three sets of data, taken by
completely independent groups and under a variety of atmospheric conditions, indicate
that by making certain general assumptions a lairly reliable prediction of absorption
values can be made using the proposed procedure,

Rolls Royee Data - Figuve 10 Is a plot of atinespheric absorption values in one-third
oclave bands as obtained by Rolls Royce using a Canberra afrerafl over a fly-over alti-
tude range of 500 to 4000 feet, ‘The measurcd values are plotied as flat lines, ex-
tending across the frequency range of the band for which they were determined,

Surface temperatures ranged from 13 to 19 C and surfnce reluiive humidities ranged
from 45 1o 53%, The upper solid linoe plotied in Figure 10 was caleulated by the method
described above using the average of the surface temperatures and average of the sur-
face relative humidities. The averages wore a termperature of 60,8 F, a ralative
humidity of 49% and an absolulte humidity of 6.5 gm/meter3. The lower solid

line was calculated from the same method but for different atmospheric conditions,

The conditions were based on the nssumptions that the abselute humidity was constant
over the altitude range, bul that the temperature decreased with altitude at the lapse
rate given by a NASA standard atmosphere, The average lemperature over the test
altitudes was then 53. 2 I, The lower curve varies more from the measured dala than
the upper curve in the middle frequency range, but shows much better agreement with
the measured data In the upper frequency range, If we assume further that, because
the fly-over noise specira slopes down rather rapidiy with frequency, and that the band
level at higher frequencies is controlled by energy in the lower part of the band, we
have very good agreement between the lower eurve and the mensured values, This leads
to o general rule that for one-third octave bands up to about 4000 cps the geometric
mean frequency adequately represents the band for atmospheric absorption analyses,
but above 4000 cps the lower limiting frequency of the band should be used, On this
hasis the circles plotted on the lower curve would be the values derived from the cur-

rently proposed method.
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The band centered at 5000 eps Indicales that a frequency between the GMT and the
lower limit of the band offeys the best [it, but for simplicity the lower limiting {re-
quency is assumed, Also the {requency nbsorption values measured are consistently
higher than those predicted, This could well be because jet exhaust noise in this fre-
quency range is propagated aft from the engine rather than straight down., The mea~
surced values then would represent the absorption over a distance greater than the air-
plane altitude, The available data are nol sufficient to check out this possibility,

Boeing Data - The Boeing data were extracted from Boeing Document No, D6-4084 TN,
dated September 1962, Values for the commereial octave bands at 53 F and G1% rela-
tive humnidity (absolute humidity 6,3 gm/meter3) were obtained by correcting the pro-
posed standard day vaiues with the data in Figure 4 of the Boeing report. If was as-
sumed that these were the data determined by Boeing under the stated condilions, The
values determined by Boeing are plotied in Figure 11 as the flat lines extending across
the frequency range of the band, The levels caleulaled for the cslimated average condi-
tions over the fest altitude range of 200 to 3200 feet are shown in the solid lino. Again,
the measured data fall below the caleulated data in the upper frequencies, However,

" assuming the GMT for the first seven bands, and 1, 05* times the lower limiting fre-
quency for the 8th band, the calculated and measured data show very good agrcement,
The predicted values based on these assumptions ave plotied as cireles,

Douglas Data - The absorption values defermined by Douglas were obtained from
DC-8 fly-over noise tests, 6 Surface~averaged atmospheric conditions were 77 I, 59%
relative humidity and 13. 5 gm/meterd absolute humidity, Tho measured values are
plotted in Figure 12 as straight Unes over the frequency range of each band, The solid
line was calculated on the basis of the estimated average conditions over the test alti-
iude range of 300 to 3400 feet, The same general trend toward values measured in
the upper frequencies which were less than those predicted is seen here, but again the
agreement is good by assuming the GMT through the 7th band and 1, 05 times the lower
1imiting frequency for the 8th band.

On the basis of the preceding comparisons with field data it is felt that fairly realistic
aimospheric absarption evaluations can be made for hands of jet exhaust neise using the

absorption values of the following frequencies as represeniative of the absorption in
octave or one-ithird-octave bands:

a. Oclave Bands (Preferred or Commercial)
1, Geometric mean frequency for ihe [irst seven octave bands

2, 1.05 times the lower limiling frequency for the 8th octavo band

*Beranek has suggested in Nolse Reduction that using a factor of 1, 2 times the Jower
limiting frequency of the octave hand as representative of the octave band oflers a best
fit in some cases., The 1, 05 factor was sclected on the hasis of the best it for the
4800/9G00 eps band for hoth the Roeine data and the Douglas daly that follow,
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b, One-Third Octave Bunds [Preferred)

1, Geometric mean frequency for hunds centered at 4000 ¢ps
and below

2,  The lower limiting frequencies for bands centered above
4000 eps

Figures 13 and 14 present total absorption values proposcd lor preferred and commereial
oclave bhards, respectively, over a temperature range of 0 to 100 ¥ and over a relative
humidity range from 10 to 80%, Data are given for the 4th through 8th octave bands,
While there is a small amount of absorption in the lower bands it can usually be neglected,

Similar information is provided for onc-third cefave bands in Figure 15, In cases where
absorption at these low frequencies may be significant, (e.g. for propagation over very
large distances), values can he obtained from the information in Figures 2, 7, 8, and 9,

STANDARD ATMOSPHERIC CONDITIONS - Both Boeing# and Douglas have conducted
surveys of temperature and humidity conditions at United Statos and World Alrports, DBoth
studies resulted in average surface conditions of 59 I and 70% relative humidity. Another
standard of 59 F and 60% relative humidity has heon proposed from Europe. Although
such standards are arbitrary and the means of averaging to abiain such standards are
rather dubjous, it is reconmended that the 59 F and 70% relative humidity standard be
adopted, It Is felt that these conditions are more representative of mosi airports which
are involved in serious noise problems. The resulting total absorption coelfficients for
preferred and commereial octave bands are given below,

Preferred Octave Bands

Band No 4 5 6 7 8
GMF (cps) 500 1000 2000 4000 8000
a total dB/1000 feel 0.7 14 3.0 7.7 14,4

Common Octave Bands

Band No 4 b ] 7 8
e R 300 . 600 1200 2400 4800
equency Range cps 600 1200 2400 4800 9600
0.6 L1 2,5 6.2 11,3

@ total dB/1000 feet
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USE OF THE DATA PRESENTED - The alr absorption values which have heen proposed
should be used with caution in making estimates of sound propagntion losses, "he values
at high frequencies vary over a wide range with changes in frequency and changes in
atmospherie conditions, Where large propapgation distances are involved hage diserep-
ancies can occur if consideration is not given {0 the spectrum shape of the noise and to
the actual conditions of the atmosphere, In alreraflt fly-over noise evaluations, consid-
cration should also be given to the angle between the gource ind the receiver, so that

the hest estimate of the propagation distance {s obtained.

Many of today's aireraft will not meet all the requirements necessary lo permit applica~
tion of the octave band values as presented. It is believed, however, that if the [re-
quency and directivity eharacteristies of the noise arc known, engineering ostimates of
the frequencies representative of bands of noise can he made and absarption values can
be determined, using the curves in Figures 1, 2, 7and 8.

RECOMMENDATIONS - It is recommended that the following standards be adopted:

&. The curves of Figures 1, 2, 7 and 8 for determining atmospheric absorption
values s a function of frequency,

b, The supplementary octave band values in Figures 13 and 14 when the {re-
quency and directivity characteristics of the noise permit, (Broad hand
noise with a spcetrum falling off fairly rapidly at high frequencies,
nearly vertical propagation and atmospheric conditions representative of
the altitude range,)

¢. Conditions at the carth's surface of 69 T and 70% relative humidity
{absolute humidity 8, 7 g-m/metcr3) as a standard atmosphere for
acoustical evaluations,

PREPARED BY SAE COMMITTEE A-~21,
AIRCRAFT EXTERIOR NOISE MEASUREMENT
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AEROSPACE ARP 1071
RECOMMENDED
Saciety of Automotive Engineers, Inc. PRACTICE | jued = June 1972

TWO FENMEYLYANIA FLATA, NEW Yult, N ¥ T0DDt

DEFWNITIONS AND PROCEDURES FOR COMPUTING THE EFFECTIVE PERCEIVED
NOISE LEVEL FOR FLYOVER AIRCRANT NOISE .

1. INTROCDUCTION

1,1 The Intreduction of different types of jot engines, some producing audible tones, have prompted
studies to oblain an improved single=-number measure of complex afreraft flyover nolse which is
related to subjective response. Previous studies resulted in speeification of the nolse in terms of
the perceived nolse level according to the definitions and procedures of ARP 8654,

1.2 Severnl judgment tests on alrerafl {lyover noise signals having different durations and spectra con-
taining lonal components kave shown the deairability of adjustments to the perceived nolse level
{as computed by the procedures of ARDP 8G3A) Lo account for the signal time history and the presence
of audible discrete frequeney components in the sound spectrum.

1.3 The elfective perecived nelse lovel, EPNL, spocified in unlts of EPNdB, is n single number mea-
sure calculated from objeetivo acoustic nieasurements in aceordance with the procedures defined
in this document. It is caleulated from a time sequence of tone-adjusted percolved hoise levels
which are calculated from one-third octave band neise spectra, The tone adjustments are deter-
mined [rom one=third octave band spectra, by a procedure which estimates the extent of discrete
freguency (tone) components from irregularities in the shape of the eng~third octave band nolse

speeira,

Tha development of the computational procedure for EPNL is basced upon the resulls of 4 number of
separato judgment tesis. It is subjeet to revision as a result of additional judgment lests of com-

plex flyover noise signals,

2, EXPLANATION OF TERMS

2.1 Perceived Noise Level, PNL:  The perceived noise level of a given sound is a result of a ealeula-
tion as specified in Paragraph 2,2 of SAE ARP 8G5A. The unit of porceived nolse level is termed

the PNdD,

NOTE: The procedure specified in SAE ARD? 865A yields an approximation of
the parcelved noise level as determined by subjective experiment on &
fundamental psychoacoustical basis: namely, that the perceived noise
level of a given sound is numerieally cqual to the sound prossure level
of & reference sound that [s judged by listeners to have the same per-
celved noisiness as the given sound, the reference sound being a band

' of random noise one octave in width centercd on 1000 iz {cps).

2,2 DPercelved Noise Level, PNL (k): PNL (k) is the perceived nolse level calculated from one-third
oetave band levels determined at the k=th interval of time, where k is a number indicating the
number of 0.5-secand intervals elapsed from an arbitrary reference time zero of the [lyover signal,

2.3 Tone-Corrected Perceived Noise Level, PNLT {it); PNLT (k) is the value of PNL (k) adjusted for
the presence of tenal compotieitts, lou, PNLT (k) = PNL (k) + C (k), us speciflied in Attachment 1 of

thiz document.

Copyright 1072 by Soclety of Automalive Engineors, fnc, ‘ Printed in U.5. A,
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2,6

Maximum Tone-Correected Perceived Noise Level, PNLTM: The PNLTM s the maximum value of the
t PNIT (k) which cceurs during an alreraft flyover noige event.

NOTE: The PNLTM will genernily be different in valee from the perecived nolse level
calenlated from the maximum sound pressure levels occurring in cach oclave
or ane~third octave hand during & flyover. (I aecordance with Note 2,
Step 2.2 of ARP 8G5A, the percelved nolse level cenleulated from the maximum
band levels ls desighated the composite pereelved nolse level, abbreviated
PNLC,) These differences may be accounted for as follows:

() The PNLTAM includes a correction for tonnl components;

(b} PNLTM is caleniated from a single one-third ociave band
spectrum, seaaned within & very short tlme intorval {not
exceeding 56 milliseconds);

{e) Typically, the maximum sound pressure levels in the indi-
vidual frequency bands will cceur a8t dilferent times during
the flyover.

2.5 Tone Correclions: A complex hoise signal may gencraily be szid to conlain a tonal component if the sound

pressure level in a given frequency band, as measured using an appropriate narrow bandwidih filler, is
appreciably greater than the sound pressure level in adjrcont freguency bands, This characteristic may
also be observed when there are severnl tones with seversl fundamental frequencies and harmonies or when
the noise signal conmains & random nolse component with significant energy in a narrew band of frequency.
This ARP is concerned with tohes that are of sulficiently grent amplitude that the flyover noise signal s
capable of exelting the scoustic sensation of piteh. The mamer of determining the presence of lones and
the lone-correction factor is defined in Attachment 1,

NOTE 1; Narrow-band analysis of a flyover neise signal may reveal many tonal com-
ponients that are not significantly awdible since they may be masked by aceom-
panying broad band noise or by olher tonal components, Tone-correction
factors genertlly are not applied uniess the tones, identified by the proced-
ures described in Attachment 1, are distinetly audible.

NOTE 2;:  ‘The procedures for identification of audible tones described in Attachment
ylelds appreximate values for the protrusion of tones above the broad band
speetrunl, Irregularities In mensured one-third octave band noise spectra,
due to factors other than tones, may result in incorrect estimates of the
tone magnitude and, under some conditions, may identify a tone when none
Is actually present (r "pseudo' tong). Where it Is suapected that an incor-
rect loue correction has been Introduced, supplementary datn annlyses may
be necessary, using filters with band-widths narrower than one-third of an
oclave. Sources of spectrum Irregularities, other than tones, include re-
flections from the ground plane, fluctuationg in sound propagetion through
the atmosphere, and hackground levels (Amblent acoustienl noise or vlec-
trical nolse).

Duarntion: In a field situation, the duration of a flyover nolse signal may be considered as the time Interval
in geconds during wivich the sound pressura levels of the flyover noise noticenhly protrude above the sound
preasure levels of the amblent noise at the measurement site. The duration, thus defined, s influenced by
both the flyover neise signal and the amblent background noiso level.

Ta remove the influence of the ambient noise levels in the computation of the EPPNL, the duratlion, d, is
defined as the interval in seconds between values of PNLT (k) which are 10 dIt less than PNLTM.

D
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1. CALCULATION PROCEDURE

The effective percelved nolsge level, EPNL, expressed in EPNdB, s ealeululed in accordance with the
following procedure;

Step 1

Sound pressure levels in the 24 one-third ectave bands having cenler frequencies from 50 to
10, 000 Hz shall be determined for a conlinuous gequence of one~half second time intervals
throughout the lime period of the flyover Loise.

NOTE 1: It is recommended that the overell elecirical performance of the data
acquisition and reduction system mect the requirements of the latest
verslon of SAE ARP 794,

NOTE 2; The dala reduction system may be composed ol analog and digital cle-
ments meeting the performance characteristics of the latesl version of
SALE ARP 786.

NOTE 3: Measured specira should be adjusted to compensate for background levels
resulting from ambient acoustic noise or electrical noise in the data ae-
quisltion or reduction equipment, Ut is recommended Lhat & one-third
octave band speetral analysis be made of background noise levels (result-
ing from ambien! ngoustic nolse and vlecirical noise in the dato acquisi-
licn system) recorded at the snme system gain setting as employed during
recardings of the flyover noise signals from the alveraft, The speetral
noise analysis for the flyover nolse signal should then be vompired to the
speelral analysis of the background nolse, and the measured ene-third
ociave band levels, me[yover' should be adjusted Lo compensate for baek-

pground noisa levels Lmbacl:ground within the range of 3 < L(i) flyover - L) hackground

< 10, Values of L (1) flyover less than 3 dB grester than L () bakground should be

deleted from caleulation of PNLT or diserete frequency correetions.

Step 2
Derceived noise levels, PNL (k), shall be enlcuiated for each one~third octave band speetra
determined gt k-th intorvals in accordance with Paragraph 2.2 of SAE ARP 8654,

NOTE 1: In general, computed quantities, such as PN, (k) PNLM and C (k} values,
may be computed to the nearest one-tenth of a dB.

Step 3
The presence of and corrections for tonal components in the spectrum are determined according
to Attachment 1 of this document,

NOTE:  Whent the tone corrections determined from one-third octave band speetra
in accordence to Attachment 1 result in tone corrections which are sus-
pected to be Incorveet, additional analyses may be made with filter band
widths, narrower than one-third octave band. Resulls of the narrow-band
analysis may then be used to compute rovisid loue-corrections, C (k). He-
eause procedurces for narrow band frequency analysis of time=-varying noise
spectra are not standardized ard mey be subject to possible crrors, the use
of suech procedures should be noted, and the procedure deseribed, when em-
ployed,
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Step 4
/ ) The tonal correctlons, C (k), determined in Siep 8, are to be added to the perceived neise
levels, PNL (k), determined In Step 2 to determine PNLT (k). Thus:

PNLT (k) = PNL (k) + € (k)

Step 5
The effective perceived noise level, {n EPNAB, s defined by the following expression:

BNLT

10
E]’Nl.=10.log% J 10 d

. LI}
where PNLT Is the Instantaneous pereeived noise level and T.1s & normalizing constent, sct equal
1o 10 scconds, In practice, PNLT {s not available directly as an integrable function, It is com-
pited from one-third octave band sound pressure levels determined at discrete one-half second
intervals. The basic working definition for EPNL Is obtained by replacing the above integral
definition wilh the [ollowing summation expression:

PNLT (k)
2d 10
EPNL = 10 log |2 10 -13

In this expression, the integration is approximated by a summation process which extends overthat
time period of the fiyover signal between the first and last Limes at which PNLT () Is within 10 B
of PNLTM; d is the duration in seconds betwoan the flrst and last values of PNIJ (k) which are 10 dB

2T lesa than PNLTM.

NOTE 1; When 10 dB-down points fall between the caleulated PNLT (k) values, as lg
the usual case, the poinls to be used for the summntion should be established
by and include the first and last points for which PNLT (k) 2 (PNLTAI - 10).
The duratjon time, d, should be taken as 0.5 seconds Uime the number of
points included in the summation. Thus, for flyover nolsc signals having
multiple maximum values, maxima, with some minimiin values between
successive maxima falling more than 10 dB below PNLTAM, the summation
process should lnelude all PNLT (k) values within the initinl and final
values of PNLT (k) which nre within 10 dB of PNLTM,

NOTE 2: A factor, D, accounting for the effect of the signal time history and dura-
tion may be calculated as follows:

D = EPNL ~ PNLTM

- PREPARED BY
SAE COMMITTEE A-21, AIRCRAFT NOISE MEASUREMENT
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ATTACIMENT 1

CALCULATION OF DISCRETE FREQUENCY CORRECTIONS
FCR ONE-THIRD OCTAVE BAND NOISE SPECTRA

Step 1:

Compute: 8(j, ) = L{j) ~ L{i) whero:

1 = 1/8 octave frequency band number, ranging from 1 = 19, corresponding to 80 Hz,
up to t = 39, corresponding to 8, 000 Hz.

j=1i+1, upto ] =40, corresponding to 10,000 Hz.

L {§) = sound pressure level in the i-th 1/3 octave frequency band at the k-th time interval.

&(J, 1) = numeriecal difference between suceessive band sound pressure levels, with s(j, I) = ¢ for [ <19,
Step 2: '

Designate (by encireling or other means) those values of s(J, i) where:
| afi, i) = a{j=1,i-1) ':- 5dB

A If ll:u' encircled s{j, 1) is positive and algebraicatly greater than sfj=1, i-1) encircle L{j).

B. If the encireled s(f, i) is zero or negative and algebrajcally loss than s(j-1, (-1}, encirele L{i).

Step 4:
A, Tor enclreled values of Lfi) located between adjacent non-~eneireled values, Li-1) and L{i+l);

Set L'(i) = Lii+1} + L{i-1)
2

If the level in the highest band, L{40) is encireled:

Set Lf(40) = L(39} + s(39, 38} if
L{3%} and L{3§) arc not encircled;
Set L'(40) = L(39) + (32, 37) il
2

L(38) is encircled, hut L{37) is not;
. Set L' (40) = L(30) + s(39. 36) if L(37) and
3
L(38) are eneireled, but L{36) is not,

B, TFor two successive encireled velues, L(i) and L{i+1),:

Set L'fl) = 2 L(i=1) + L(i22)

b

and L' (1+1) = L{I-1) + 2 1.{i+2)
3
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f"\ If the Jevels in the Lwo highest frequency bands are onclreled:

! Sl L'(3g) = L(a%) +s(38, 37)
and L'(40) = L(38) + 2 s (88, 37), 1l L{37) and
L{38) are not e¢nelrcled;

Set L'(389) = L{38) + s(38, 36} and
2

L'(40} = L(38) + s{38, 36, If
L(37) I8 encircled but L(3G) is not;
Set L'{38) = L(38) + (38, 35) and .
3

L{40) = L{38) + 2 s(38 35) if
)
L{36) end {37} arc encircled, but L{35) is not.
Step 5¢ >
For ench encireled band level determine;
F(i} = L{i) - L{i)> ©
Where F values grealer than § dB cecur In adjreent bands, I°(i), F(i+1), and provided

s{l+2,1~1) ’ < & for 2 ndjncent bands,

..-.-""'\

i F{i T

. . i, . (L1}

g Set 7' = 10 log antilog 10 antilog 10
Where one of two ndjncent T values occour in a band outside the frequency range
500 - 5000 Hz, the values ghall be halved, and the F* value ascribed to the
500 ~ 5000 Hz range,

Step 6!

Determine the tonal correction C from the following equations, where F indicates cither F or F' as deler-
mlned in Step 5:

u

& F<j
for 1/3 octave
3 5T <20 bands belween

500 and 5000 llz,

[}

Wi ©

c

c=67 20<F

=0 F<6 for 1/3 oclave bands
F in the range 50 - 10,000 Hz
= < T
C=% 6=F<20 but outside the range 300 - 5000 Hz.

C=33 205 F

Slep 7:

:Select the maximum value of C determined in Step G for the k=th time nterval, This value delines the tone
correctlon, C(k), that is to be used In Paragraph 3, Step 4, to obtain PNLT(k).

NOTE: Table A-1 provides an example of the calculation procédure according to Steps 1 through 7.
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TABLE A-I
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An Example of the Caleulation Procedure for Determining
4 Discrete Frequeney Correction for One-Third Qctave
Band Frequency Speetrum

Step 3 1+2 I 5 5 b
Band o) | st 0l | ra F'(i) { C
19 8o { Tu
- 8
20 100 | 66 .
5
21 125 (;;) 75 -1.0 0
410
22 160 | B4 (i:)
23 200 | 16
+ 1
24 250 “E’Lx. 83 +4,0 0
25 315 | 8o
26 hoo ‘Ei”" 82 | +2.0 0
. 0
-y 500 | B4
: -1
28 630 | 83
-1
29 Boo | 82
+ 1
30 1000 | 83
2
31 1250 '(::>
32 1600 8.3 | +10.7
0 14.0 7%
33 2000 83.7| +11.3
34 2500 | 83
35 3150 82 | + 2.0 0
-3
36 hooo | 81
-3
37 5000 { 78
-3
38 6300 75
-2
39 8OO0 | 73 Ji::)
ot b
4o 10,000 71 + 6.0 1.0

In accord with Step 7, the discrete

is

h,7 aB,

Trequency correction
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DEFINITIONS AND PROCEDURES FOR COMPUTING T I’].RCE[VCD

. NOISE LEVEL OF AIRCRAFT NOISE -+ ' - IR i
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EQZ,‘ LN
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ik
[
faig fery "
EEE‘ 1. INTRODUCTION St
s L
5,:5:. The introduction of commereinl jet alreraft operations ns well aa the general incrense In afr traffic
aan
5B has resulted inan internationnl concern over ireraflt noise. The perceived noise level Is o single
obe F
I number rating of the neise based upon objective acoustic measurements which is related to the rela-
%‘5: thve subjective response to the noise, The perceived nolse level, as defined in this document, is
'_;'.E§ based only on the noise spectra measured [n oclitve or ona~third oclave bands of {requency.  As such,
p it is most neccurate in rating broadhand sounds of simikir time durntion which do nol contiin strong
Ehg b
Ry discrete frequency components,
¥ee
Ny D1
Ha :,'7{:‘ When pdditional factors such as the durntion and the presence of discrete [requency components are
Vaowd E
gtja-g to he Iaken into account, the effective perceived noise level (EIPNL) may be a preferred measure,
EL
EY¥%S

§§EE 2, CALCULATION OF PERCEIVED NOISE LEVEL IN PNdB FROM MEASUREDR NOISE DATA

SUNE
fici . T
:.“E?-E 2.1 Esxplanation of Terms:

Font
Syvg
BraE 2,1.1 Perceived Noise Level in PNdD - Perceived noise level of o given sound in PNdDB ia the result of a
Eakn [

citleulntion as specified in paragraph 2. 2

NOTE: This proeccdure gives an approximation of the perceived
noise level as determined by subjective experiment on a
fundamental psychoacoustical basis: namely, that per-
calved noise lovel of a given sound is numerically equal
to the sound pressure level of a reference sound that s
Judged by listeners to have the same perceived nuisiness
as the glven sound, the referenee sovad being a band of
ruantdom noisie one oclave in widlh ¢entered on 1004 Hz (cps).

i0 any SAE stencae

the Board and s Com:
tirg themsetves 2g#mst Hah:

2.1.2 Noy - A unil of perceived noisinesa, The numerical value of the percelved noisinesys of a sound
wilhin a given Mrequency band, in noys, is reluted to the band pressure fevel, This relationship Is
giver inh Table I Table I provides an alternate means of ealeudnting the sppropriate noy viluo by
menns of equitions, (The equations In Table [ may be the preferred method lor computer computa-

tion of noy values,)

tLhmiCat reports. including Stancards arprs.pe

1S g Zgreement to athers
wing technCal rencrs.

ponsible for praje

NOT¥ 1: In order to rveld corfuslon, attenllon is drawn to the fnel
that noy values given hereln are the same as given in
Ref. 1 but dilfer from those given in Refs. 2, 3, 4, and 5,
The differences between the valee's given heve and those
of Refs, 2 and 3 result from miner chamges made to faeili-
tate computer computntions; the changes are not based on
now psychodcoustie tesl dida wnd gro gencrally nol lape
cnough to necessltnte re-caleulation of pereelved noise
levels previousty caleutnted by the tables given in Refls,

2 and 3.

"y or trage is enlirely volunfary, Thers
M1ical report. In formulating and app::
. Frospective users of the report are res

SAL Techmical Board ru'es provide that; Al 4
2ny tech
matter F

1 ingyst

. Copyright 1969 py Setloty of Awtomotive Engincers, Ine, Printed in U, 5. A,
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Relerencos:

L. A, Plnker:  Computation of Percelved Nolse Level; Mathematleal Formulation of the Nay Tables,
NGTE Nute NT'. 684, February 1064,

SAT ARI* HG5, dited 10-15-647
K. D. Kreyler and K. 8. Penrsons; Modification of Noy Table, JASA, Vol, 36, 1964, p. 8304,

K. D. Kryter and K. S, Pesrsons; Some Effcots of Spectral Content and Duration nn Perecived Nolse
Lovel, JASA, Vol, 85, 1963, p. BGG-H5G,

K. D. Kryter: Scaling [MTuman Renctions te the Sound From Aircrait, JASA, Vol. 31, 1459, p. 1415-1420,

NOTE 2: ‘The values, of Table I and IT may be usced for cilenlating noy values
for either oclave or ane-third octave bands,  The difference in octave
or one~third ectave bitnd computation arises in the swmmation de-

. seribed In Slep 2 of Seetion 2,2,

NOTE 3; Tables ! and 1 present Information for preferred one-thicd oclave [requency
mensurements {Refl: USAS 81,6 1967, Preferred Frequencies for Acous-
*.eal Measurcmnents).  In caleulating percelved noise levels based on the
older octave Lund frequencios (Itel; ASA 724, 10-1953), little crror will
be Incurred by using the values of Tables | and 1l as {ollows:

Octave Band Limits Preferred Frequency Octave
in 1z, Band Conter in Hz,

a7.6 - T& 50

% - 150 100
150 -~ 300 200
300 - Goo 400
G600 - 1200 800
1200 =~ 2400 1600
2400 - 4800 J1a0
4800 -~ 10,000 G100

2,2  Caleulatlan Drocedure - Doreeived noise level (PNL) in PNAB is ealealated aceording to the following

procedare:

Step 1 - The sound pressure level In ench one-third octave [requency band (or full octove [requency
band) s converted to @ noy value by reference to Table I, entering the Thble at the approprinte band
genter [requency (or by use of the equations and constants given in Table 11 at the appropriote band
centor frequency). '

NOTE 1: Unless specifically designated otherwise, Lhe pereelved nolse level is to be
calculated (rom frequency band sound pressure levels read ot the same instant
in time, Such n caleulited pereelved noise level should bo yrelerred to as the
instantaneous perecived nolse lovel, or simply the pereeived noise level,
abbreviated PNL. The maxinwm value of the instantapcous percelved noise
lovels oceurring in a set of instantaneous pereeived nolse levels ealeulated
during successive time Intervals is deslgnated the maximum pereeived
nalss leval, abbreviated PNLM, or PNL (max).

<F
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NOTE 2 For somo applications, an aireralt flyover nojse signal may he
deseribed by ealeubuting n pereclved nolse tevel vilue using the
maxinum sound preasure levels ncearring tn eneh onctive (or
one=third nelave) Necquency bund, even though e maximum
gound pressure levels in the frequencey bands do not occur at
tho snme {nstant of time.  The purccived nodso level ealeulated
fram such maximim band levels shoutd be designated as the
composile pereeived nolse level, abhrevisted PNLC, or PNL

{comp),

Step 2 - The noy values found in Step } nre eombined in the menner deseribed In the following formulas:

Qctave bands;

]

N=n +0,3 [in-n
= mnx max

One-third octave bands

+0,15 [ Zn-n ]
N max

N=n
- n
where n . ig tho number of noys In the band having the greatest noy value, and £ n s the sum of the
noy values In all the bands.
Step 3 - N is converied into the perceived noise level (PNL) in PNAB by the following expression:
PNL = 40 + 33.22 lo,f,-'10 N

For N values of 1,0 or greater, the PNL can be found from ‘Mable [ by treating the quantily in

NOTE:
the 1000 Iz column as the roy value and reading SPL as PNL.

PREPARED DY
SAE COMMITTEE A-21, AIRCRAFT NOISE MEASUREMENT
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TABLE T-NOYS AS A FUNCTION OF SOUND PRESSURE LEVEL
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TARLE I
DEFINITIONS AND DPROCEDURES FOIECOMPUTING TIHE PERCEIVED
NOWSE LEVEL OF AIRCIRATT NOISE

The vilue N, In noys, given in Table Tlura particular frequency band ts related
to tha hand sound pressure level, L, by tho general Lbasie equalion

Ned . o10M el e
N= 0.land L5 150
whare M]' Lk and A depend upen the band center frequency and the magniivde of L,

For ng L=< L2

M (L-Ly)
N=0,1 [10 ] 0.15_N_<_0.3
For L2 sbL= LS
M, (L-Ly
N= 10 - 0,3 5N =1.0
For L, 2L <L
3 [:]
M, (L-Ly)
N=10 LOSN, Ls150
Forl, =L X150
c
M, (L)

N# 10

Note that for frequency bands having conter frequencies from 400 to 6300 Hz inclusive,

Ty = Ty and M, = AL, (1. c. one set of values of L and Mj sulfice to define noy values
* [¥ s, 19

for N> 1 and L £150). Tho values of Mj and Lk rre tabulnted in ‘Table (1.
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i . FOR SMALL ENGINE POWERED EQUIPMENT

/ . SAE _J10k46a
SAE Recomménded FPractice

1. Scope = This SAE Recommended Practice establishes the instrumenta
ation and procedure to be used in measuring the maximum exterior sound
level for engine powered equipment under14.71 kw (20 bhp). It ic intended
to include equipment such as lawn mowers, snow blowers, tillers, etc.

It is not intended to include equipment designed primarily for operatioen
on highways or within factorles and bulldings, c¢r vehicles such as motor=-
cycles, snowmobiles, and pleasure motor boats that are covered by .other
‘S8E Standards or Recommended Practices.

This SAE Recommended Practice may also be used when measuring the max-
Amum exterlor sound level on simllar equipment powered by electricity or
‘other power gources.

2. Instrumentation - The following 1nstrumentation shall ke used for
‘the measurement required:

‘ 2,1 A precilalon saound level meter which meets the Type 1 require-
menta of ANSI S1.4-1971, Specificnpion for Sound Level Meters.

- 2.2 As an glternative to making direect measurements using a sound
‘level meter, & mierophone or sound level meter may be used with a mag-
netic tape recorder and/or a graphic level recorder or indicating meter,
prr’"ﬂing the system meets the requirements of SAE J184.

““3 A sound level calibrator (sce paragraph 4.2.4),

. 2.4 .The mierophone shall be used with an acceptable windscreen,
‘To be acceptable, the screen must not affect the microphone response
‘more than.t 1 dB for Crequencies from 20 teo 4000 Uz and * 1-1/2 dB
for frequencies from 4000 to 10,000 Hz (see Paragraph 4.3).

2.5 An anemometer or other device for measurement of ambient wind
speed.

2,6 An engine speed indicator (accuracy * 1% of full range).

2.7 A thermometer for measurement of ambient temperature.
3. Proctedure

3.1 Test Site -~ The test area shall consist of a flat open space
-free from the effects of any large reflecting surfaces such as 2 sign-
.board, building, or hillside located for 2 minimum distance of 30.4 m
(100£n)from the measurement zone. (See Fig. 1}.

3.1.2 The entire surface of the measurement zone shall be: ,synthetic

‘gur”®-~e mounted to 19 mm (3/@” thickness exterior plywood of 13 mm
{1 thickness marine plywood with suitable adheuive.

| N

e



Acouatical properties tested per ASTM 0423 66 after mounting on ply-
wood shall be: .

T,

Hz Sound Absorption Coefflicients
125 L] 00 - 006
250 07 - .12
500 . . 15 - 28
1000 128 - . 34
2000 ~38 - 47

4000 40

3.1.3 Not more than one person other than the equipment operator
nd the observer reading the meter shall be within 15 m (50 ft.)ef the
wehicle path or instrumentation, and that peraon shall be directly be-
dilnd the observer who 1s reading the meter, on a line through the micro-
phone and the observer.

3 1.4 The A-weighted sound level (including wind effects), due to
‘aources other than the equipment being measured, shall be at leaat 10
dB lower than the level of the equipment being measured.

.3 2 EBEquipment Operation

3.2.1 Operate the equipment at the combination of load and speed
whiph\produeca the maximum sound level without viclating the manulact-
U™ operation specifications.

\._,,.../

3.2.2 RECOMMENDED LOADING TECHNIQUES,

3.2.2,1 Walk-Behind Mowing Equipment = Test as mobile equipment
(paragraph 3.3.5). Run the engine or motor at the mower manufacturer's
=maximum gpecified speed. Set the blade at the closest availlable setting
'to a5l mm (2 in.) cutting height. Engage the blade and self-propelling
,mechnnism Il available. Additional loading mechanilsm 1s not deemed
‘necessary., .

3.2.2.2 Riding, Mowins Bauipment -~ Test as mobile equipment (para-
sraph 3.3.5). Run the engine or motor at the mower manufacturer's
apecified maximum speed. Set the blades at the closest awilable setting
to a 51 mm (2 in,)outting height and cngage the blades. Obtain the max-
4dmum sound level with auxililary load and/or by towing a load. (See par-

‘agraph 3.2.3.)

‘ 3.2.2.3 Walk-Behind 8now Blowers and Tillers - Test as equipment
which 1s not traveling (paragraph 3.3.4). Run the engine or motor at
the equipment manufacturer's specified maximum speed. Engage all mech=-
anisms other than propelling. Load the equipment with an auxililary
load to obtain the maximum soundlevel. (Sce paragraph 3.2.3).

2.2.4 Garden Tractors with Attachments Other than Mowers - Test
paragraph 3.3.6. Run the engine(s) or motor(s) at the tractor
manulacturer's specified maximum speed. With the attachments engaged,
cbtaln the maximum sound level with an auxiliary load and/or by towing
a load. (See paragraph 3.2.3.)



3.2.2.5 Miscellancous Equipment - Run the engine(s) or motor(s)
at the manufacturer's specified maximum speed. With the equipment .
engaged, obtain the maximum sound level with an auxiliary load and/or_
by #™ing a load. (See paragraph 3.2.3.) :

3.2.3. Auxiliary Loading - The A-weilghted sound level of the auxil-
jary load shall be at least 10dB less than the equipment belng measured.
The presence of the auxiliary load shall not affect the sound radiated
to the microphone. Auxiliary loads may be applied by brake, generator,
pump, or another similar device. As the equipment 1o leoaded to obtain
the maxlimum sound level, the engine speed may be somewhat less than the
manufacturer’s specified maximum due to normal engine governor regulation.

. 3.3 Measurements,

3.3.1 The micrbphOne shall be located at the epex of the triangular
measurement zone area, at a height of 1.2 m (4 ft.)above the ground

‘plane, (See paragraph 3.1.1 and Fig. 1.)

3.3.2 The sound level meter shall be set for "slow" response and

for the A-weighted network,

3.3.3 The ambient wind speed relative to the scurce and microphone,

‘ambient temperature, maximum engine speed, test conditlon engine speed
;and ambient A-weighted sound level shall be measured and recorded.

3.3.4 PFor equipment which is not traveling, test as follows: with

ltheaanerator in normal position, orient the cquipment to obtain maximum
80l Jlevel., Take measurements to neareat 0.5 db at 7.6 m {25 ft,)

fréuthe nearest surface of the equipment. Operate the equipment as

“specified in Section 3.2. Repeat the test at least three times, and
.more if necemsary, to obtain two readings that are within one dB of each

other. Reporg, to nearest 0.5 dB, the average of two higheat readings

- which are-within 1 dB of each other.

'3.3.5 For mobile equipment, take measurements to nearest 0.5 dB at

7.6 m (25 £t,) from the nearest surface of the equipment along a

path of straigﬁt line travel, Operate the equipment as specified in
Section 3.2, A _ ) .

*.The applicable reading for each test run will be the highest sound lével_

obtained from the equipment as it moves along the line of travel. The
equipment shall be run at least three times in each direction. Report,
to nearest 0.5 dB, the average of two highest readings from the loudest

side which are within 1 dB of each other,

3.3.6 For equipment that can be operated in two modes, mobile and

‘not traveling, test as specified in paragraphs 3.3.4 and 3.3.5. Report
- the higher value, :

4, Qeneral Comments

1 It is strongly recommended that persons technically trained and
ex denced in the current techniques of sound measurement select the
equipment and conduct the tests, . N T,



4.2 Proper use of all test instrumentation is essential to obtain
valld measurements. . Operating manuals or other literature furnished by
thp-4nstrument manufacturer should be referred to for both recommended
or tlon of the instrument and precautlons to be observed. Specific

-1th - Lo be considered are:

4.,2.1 The type of microphone, its directional response character-

:datics, and its orientation relative to the ground plane and source of

nolse,

4,2.2 The effects of ambient weather conditions on the performance
of all instruments (for example, temperature, humidity, and barometric
pressure). Instrumentation ean be 1nf1uenccd by low temperature and
caution should be exercised.

4.2,3 Proper signal levels, terminating impedances, and cable lengths
on multi-instrument measurement systems.

4,2.4 Proper acousticél calibration procedure, to include the influ.

. ence of extension cables, ete. Field calibratlion shall be made lmmed-
- dately before and after each test sequence. Internal calibration means
- dp acceptable for field uge, provided that external calibration ia ac~
i complished 1mmed1ately before or after fleld use.

4,3 It is recommended that measurcments be made only when wind

! ppeed 1s below 19 km/h (12 mphl.

N,4 It 48 recommended that care be taken in selecting a test site
1ac1ng the plywood panels se¢ that panel vibrations do not contribute

j:i.o the sound level readings.

5. Refercences = Suggested reference material is as [ollows:
5.1 ANSI S1.1 - 1960, Acoustical Terminology
5.2 ANSI S51.13 - 1971, Methods of Measurement of Sound Pressure

'Levels.

5.3 ANSI S1.4 - 1971, Specification fo} Sound Level Meters.

Applications for coples of these docdments should be addressed to:

+ Amexrican Natlonal Standards Inatitute, Inc., 1430 Broadway, New York,
‘New York 10018.

5.4 SAE J184, Qualifying a Sound Data Acquisition System.
5.5 ASTM C 423-66, Method of Test for Sound Absorption of Acoust-

'1ca1 Materials in Reverberation Rooms.

. APPENDIY

.To convert the sound level readings obtained at ? & m (25 re. ) to

‘eQb=4%1ent 15 m (50 f¢. \ readings, subtract dB(A) from the 7.6 m (25 re.)

readings.
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'NTRODUCTION ; . )
Ehe/"\;l Engine Powered Equipment Subcommittee was orgénized by the SAE
fehlcle Sound Level Committee. to develop 2 new sound level measurement
;roc;dure for small ennine powered equipment. .The scope of the subcom-
Hittee_was to establish the instrumentation and procedure to be used in
;easuring the maximum exterior sound level for epgine povered equipménp
ﬁnder'eb hﬁ. Members of the subcommittee include indiQiduals.from engine

\ahufacturers, equipment manufacturers, and an acousatical consulting Lirm,

larly in 1971 SAE members in the construction equipment industry were de=
}eloping a. new sound level measurement procedure to replace SAE J952 Stand-
]rd, Sound Levels for Engine Powered Equipment. Several members of the
iAE Vehlcle Sound Level Committee found the construction equipment industry
ieasurement procedure ﬁnsatisfactory for pmall engine powered equipment
;oui::>eve1 measurement: T™wo factora were a'maJor concern of the SAE Ve-
ticle Sound Level Committee in the development of a new sound level meas~
ifement'procedure}

1. Distance between nolse source and microphone.

2, 'surface of the test site between the noise source and the

mierophone. ' '

UMMARY RESULTS '

“he SAE Small Engine ?owered Equipment Subcommittec developed a new sound.
evel measurement procedure for small englne powered equipment. Data was
}athered in an effort to improve the test site used in the measurement

}r exterior sound level of small englne powered equipment such as mowers,
;1ding mowers, garden tractors, snowblowers, ete. The procedure developed
;rc” ‘es a shorter measurement distance and an artificial test surface.

'hé new procedure proviées accurate, repeatgble sound level data. Also

}he method of loading the test equipment was recOmmendgd.



DISCUSSION

1.

A,

The problem areas that were conside;ed in development-of this sound

N

.

*

vel measurement procedure dre:

Measurement Dlstance:

In the -past, most SAE procedures for exterlor sound level meas-

' urement have used the 50' measurement distance between the micro-

phone and noise source. On most samall engine powered equipment
the noise source 1s very close to an absorptive ground or grass
surface and has a low grazing angle between the nolce source and
the test site surface. The noa.se ébsorption characteristic of

& test surface may vary‘w1§h type of grass, density of grass,
its length, and the soil conditions, along with the type of
soll. ‘Reducing the distance from the noise source to the micro-
phone decreasés the possibility of variation due to the attenu-

ation of the test surface,

The sound levels of small'éngine powered equipment are normally
5 to 15 dBA lower than larger eguipment that used the 50! meas=-
uring distance. Reducing the measuring distance effectively

Hill'éllow & higher background level on the leat site area.

Another consideration 1n the redﬁét;on of the measurement dis-
tance was that the cost of the arti?icial test surface area
would be greatly feduced. The measurement zone was finally
established, using a fixed location for the microphone 25' from

the nearest surface of the equipment being tested.

Tast S;te-Surfacé:

Preliminary investigations on a rotary mower tested by 7 dif-
ferent committee members and on their test sites showed a 6
dﬁA varlation Iin measured sound level between the 7 measure-

ments. The large variations in sound level rcadings could be
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test aites. To reduce the varlation between measurements on
dirferent test altes, the committee decided .to consider using

an artificial surface for testing the equipment.

The committee thus sponsored and conducted 3 separate fileld
tests. The firat Qield teat compared sound level measurehents
made over grass to measurements made over a polyurethane foam
surface. The second [lleld test combined a synthetic turl sur-
fnce under the vehicle path and a polyurethane foam surface.
between .the vehicle ppth and the microphone. The third ficld
test compared grasa to using all synthetic turf material on
the test site. The final all synthetie turf material corre-
dation was within 1,1 dBA to grass. This correlation held
true ﬁith ali various types of small englne powered equipment.
Besidea the good correlation between the artificial synthetic
turf surface and grass, the surface has these other advantages:
}; The surface ia more durable than grass and other materiala,
. which is needed when making many tests.

2. Test site 1s pdrtab;e and can also be used in winter

wéather. .

3. This material can be used in indoor test facillities.

- The subcommittee has concluded a serles of tests on a rotary

lawnmower sent around and teasted at the subcommittee members
varicus synthetic turf test sites and on grass. The variation
in sound level measurements on grass was 3% dBA and the varia-

v

tion on tartan turf was 24 dBA.
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* APPENDIX

l; The

Since the original approval of SAE JlOHS the test site mater-
ial) manufacturer has discontinued his artiricial turf product
The subcommittee has subsequently_made,tests on two Monsanto
materials and approved oné which most cloéely duplicated the
original surface, These'bests have shown a direct correlation
between the sound absorption coefficlents and the noise levels
obtained by the equlipment. Thus the physlcal deseription of
the material wag removed from the test site description and
the to;erance on the aounq nbsorption.coefficient was expanded

to include both the originai material and the new material.

Recommended Loading Techniques

. -‘\
In SAE J9528 Sound Levels for Englne Power Eguipment, the
equipment operations specified: '"Operate the equipment at
the combination of load and speed which preduces the maximum

sound level without viclating the manufacturer's operation

specification"”, The subcommittee decided this statement was’

. vague and difflicult to interpret, so recommended loading teche

nigues were developed by the commlittee for varlous classes of
equipment. However, these loading techniquea-ﬂo not necessar-

ily result in normal or typlecal operating sound levels.

materials used for test sites that have been evaluated and ap-

proved by the subcommlttee are:

1,
2.‘

Tartan Turf, manufactured bleM Co. (no longer in production}.

Astro Turf 820, manufactured by Monsanto Co., St. Louls, Mo.

—~Other materials may be used but havq‘to be checked for qualifi-

cations per ASTH C423-66 for sound absorption coefficients,
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PRECISION SOUND LEVEL METERS .

. | , ji'

FOREWORD H

13 The fornsal decisions ar agreements of the [EC o technical maliers. prepited by Technical Commitices on which
all the National Commitices having 2 4pevjal interest therein e represcnted, oxpresy, as neacly a5 possible, an Imer- I
national consémus af apinion 9a the subjens deals with. L s ‘ :
1

) They have the form of recommendations for inernational we and they are accepted by the National Cammitites in

that scnse, .
3) In order 10 promuste i internationat wnitication, the 1EC oxpresses the with that al Naionsl Commitzes having
#3 ¥¢t ho nationsl ewles, when preparing such ules, shoutd use the IEC reconumendations ad the fendamintal basis

for these rules iz so far as nanenal conditions will perm,

4) The dusirability is vecngnized of :-xe-\dmg invernativanal 3greement un lhnc maicrs thruueh an endeavour 1o harmonize
national.standaedization rubsy with Thee recommiendations in 40 far as nativnal conditions will permit,  The Mational '

Conunitiecs pledge thae inducncs towards it end, .

' PREFACE
This Recommendation Has been preparsd by 1EC Technical Commitace No. 39, Eleciro-Acaustics,

- ‘Work was started at the mecting keld in Rapallo in 1960, where a preliminary drafl prepared by the :

French National Commintee was discussed. A Secretariat deaft was discussed at a miceting in Helsinki

in 1961, and as a result of thesc discussions, a final dreaft was submitted 10 the National Commirtees for

approval under the Six Months® Rule in March 196‘.‘._ \ . .
. .
The following countries voted explicitly in favour of publicativn: .
Belgium Norway . v
Cazechoslovakia . ‘Romania
. Denmatk o Sweden . : . ‘
‘ Fiance , Switzerland , :
Germany United Kingdom
Hungary ' Unton of Soviet Spvialist Republics )
. Japan * United States of America
v ' Netherlznds ’
. |
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PRECISION SOUND LEVEL METERS

Scope

1.2

1.3

This Recwmmend:tion applivs to sound level maters for high precision apparatus for kibaratary
use, oF for accurate maasurements in which stable, high Rdelity and high quality :lpp.;r.:lu: is
required.

This apparatus will be called:

“sopomdire de précision”” in French; -

“precision sound level meter™ jn English;

“roumatt mystouep ' i Russian,
This Reconraendation does nol apply 1o apparatus for measuring discontinuous seunds or
sound of very short duration. .

Oiject ‘ .

2.1

C 22

2.3

24

In view of the difficulty of establishing a quantitative messurement of a sensation and of the
‘compleity of operation of the human ear, it i$ not possible, in the present state of the 2t 10
design an objective noise measuring apparates giving resulis which are 2hsolutely comparable,
for ol Iypes of noise, with thase given by direct subjective mctheds. .
However, it is considered essential 1o standardize an apparatus by which nojses can be measured
upder closoly delined conduuons o lhnl results obtained by users of such apparatus can be
compared, .

The object of the present Recoinmendation i3 therefore to specify the characteristics of an
apparatus for accuraiely measuring certhin weighted sound pressure levels, The weighting

applied to each sinusvidal component of the sound pressure is given as a l'uncuon of frequency

by three standard reference curves, called A, B3, C, Lo

Sound level wmeters are used to measure 3 wide variety of noises, under many differing conditians,
und for a varizty of purposes, The naises may differin fevel, spectriem and wavefarm, and these
characteristics may vaey with time in differeat ways. The noise may be mainly (rom a single
sauree, or it may be a mixture from gany soutces, 1t may be nieasured ourdoors in an open
field, in a city among closely spaced hard- faced buildings, in a highly reverberant room, ar in
an anechoic chamber. It may be measured in order to estimate the hzaring damuge risk, 10
estimate annoyance, 1o rase the effectiveness of acoustical treatment, to compire competing
products, or for many other purposes.

In cach cuse the mensurement technique must be chosen o suit the situation in order that a
useful and valid result be ebrained, beeause the quality of the measuring instrument doss not
alone determine the result, The quality can aflect the censistency of readings obtained from
day to day or obtained in repeated triabs under sinilar conditions and it limits the absolute
secutacy with which the sound pressure at the microphone is measured.

" The insteument described in this Recommendation represents a practical combination of charac-

terisiics that will achieve a high degree of stability and accurucy, 1t is the pressnt best com-
promise but as pointud out abave, the mainer of use will dewermine, in Lese parr) the validity
of any measurement made with aw instrument that meats this spccin..'!uu. In particular,
care must by yxercised so that the presence of the vbserver does not invamdate the calibration,

tnorder 1o simplify the pracedure forealibration and checking of the apparatus, the Rccommcn-

-dation is written primarily in terms of liu.- feee teld respanse. .

.o : ‘ " B.95
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efinfionm . "
L0 For the definions of the terms in this Recomitendation. reference should e made 1o the

Iaterpational Eleetrotechnical Vacabulary, Publication 30108, Electro-avoustics.

3.2 Sound Tevel bs delined by

20 logy P
T Pa

where p, i35 the £.a15. sound pressure dus (o the sound being measored, weighted in adcordance
with the cerves A, Bor Cand pg is the relerence pressure (2,007 Nfm® = 2.10-' & bay (dynfem®)h

1.3 Sound levels are expressed in decibels: the weighting surve wsed st always be stated
{¢-g. sound level A = x dB, or sound level = x dB (A))

Goneral technleal claraeterlatics | .

4.1 A sound level meter is generally a combination of a microphene, an amplifier, certain weightin
networks, an atienuator and an indieating instrament having cenain dynamic characteristics.

4.2 The sound level meter shall cover the frequency ringe as defined in the Appendix,

4.3 1t shall include at least one of threc weighting neiworkis called A, Band €. The relative response
vetsus froquancy of the complets instrunsent with any one of these networks inciuded, shail
tqual that specified in the table for the correspendingly fabelled column, Curva A, Curve B or
Curve C, within the tolesances indicated,  When the apparatus has mote than one network,
it should be possible 1o take measurements on any of the netwarks prosided.  Althaugh curves
A, B and C take cerain propertics of the ear into account, they must be considered to be urely

conventional, ,
The tolerances relate to the whols apparatus, e, they include the tolerances relating (o the
microphone, to the amplifiers, the weighting networks, the attenuators and the indicating instru-
ment; they apply to the functioning of the apparatus in a free sound fizld in the dirzction specificd

by the manufacturer. .
This specified direction shall be marked on the sound Jevel meter tsell, and the manulacturer
shall statle that the instrument is 10 be wied for measuremnents in an essentially free field, The
marking and statement shull not be required, however, if the direction specified leads to a culi-
bration also proper for messuremems in a diffuse sound field {this direction is usually bepween
60° and 807 from the axis of sy mmeiry of the micrephone) or if the sound Javel meter is sullicizntly
omnldirectional in sensitivity for 2 single calibration 16 be correct for measurements in both a

. free and a diffuse sound field,

44 When e microphone is situated in a ftee sound field of frequency | 000 Hz (cfs) and is facing
in the direction of calibration specilicd by the ninufacturer, the reading of the sound level meter
shall be the sound pressure level existing at the point Wiore the insr iotien of the microphone,
within & taleranse of <= 1 UB, vader spevified refesence conditinn. € The microphone is to be
connected to the saund level moter in the manner intended for nermisl use and the observer
- +i3 1o be in a position spesificd by the munufacturer as proper for the user,

' ‘B.96
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4.5 If a flal response cunvi is provided,the manufacrurer shall state the frequency range thereol !"
and e whranee limits, . ] - ;;:
46 U s recommended that the manutseirer chould alsp indicite means for cnsuring that the .1'3
instrument reads cornetly in a ditTuse field within the 1olerunces given in the Appendix, N
- ' . : i
4.7 17 the sound levet meter is intended for use over a total range of more than 30 dB, it shall hiave 3
more than one sensitivity range. It is recommended that the attenuator should be in e
o di $teps. Euach range shall overlap its ncishbour by at least 5 dB, Y
4.8 Ifa microphone extension eable or wiher nrr.me..n-cm is necessary in otder to meet this spr.cut'cn- !
tion, then it must be supplicd as part of the apparatus, * i
+ 8, Microghone characterictics
T * .
o . 5.1 The microphone shall be of the omnidicectional pressure type. o
52 The variation of the sensitivity of the microplione over an angls of = 90* from an angle of .
incidence specifisd by the manufucturer (2enerally the axis of symmetry of the microphone) .
shall not exceed the values given in Table 1. . :
" TABLE | C ’ !
. Permissible tolerances on niicraphone sensitivity :
' over an girele of = 04° . . .
. _ _ gle of ;
\_’,," .., : Frequencies Permissidle wlersnces }
' Hi {c, 5} . . dB N |
' '35 - 1000 i —1 :
. ) 1600 = 2 000 | -2 .
: . . 2000 - .5 000 1. -3 . .
' 4000 - § 000 ! T oemB :
. B000- 12500, 1 —10 ., i
At any ang'e less than 30° from this angle of Im.ldcncc, the variavions of ;e'nsitivity shall ot i
exceed the values given in Table 1T, r
. . ) Tants 11 ~ : ; )
. ’ Permissible tolerances on microphone sensltivity .
.t over an angle less than 30° .o
. Frequencies Permissible toleranees
. Hetefsy | ] 48 v
. " £ .
- uple 2000 0% — 03 .
. . 2000 - 4 600 05 —1
.o . 4000 - 8 100 05 -1 '
. ' n_ BOU) - 123500 03 —_—12 - .
. . . B.97 . . ‘ . ;
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The Jmits may be ssmmerrical provided the wotal spread is not execadud,
This variation of sensitivity shall-be measieeed with the microphone motnted in the maneer in
which it I\ tor b used a5 pard of the sownd level meter, Ui obserser being in 2 pnsmon speeified

by the manefscturer as proper for the user.
5.3 The sensitivity of the micraphane shall not ehange by, mare than = 0.5 dB I"or a variation of
+ 107, in the static prmurc

Charucteristies of the indicsilng !n-:tmnwl;l '

6.1 The indicating instrument shall be of the square-law type.

6.2 The scale of the indicasing instrument shall by graduated in steps of | dB, over o range of ot
l:'ast 154D,

6.3 Iris recommended that she scale aflhc indicating instrumenz should be gradusted frum — 35 to
- 1B, .

6.4 The error introduced by a change of range chall be less thari 0.5 dB.

6.5 The necuracy of the graduations shall be 2= 0.2 dB, except for the lower part of the scale which
overlaps the adjacent attenvator setting, for which a tolerance of & 0.5 dB is parmitted, It
shall also be possible 10 read to the same accuracy.

+

6.6 The sound level meser as a whole shall, passess the following dynamic chamcteristic, which
shall be designated as Fast.

66.1 If & pulse of sinusoidal signal having a I'r;qucnc; of ODO Mz t¢/s) and duration of 0.2 5
is applied, the masimum seading shall b2 | = | dB less than the reading for a steady

signal of the sime frequency and amplitude, :
6.6.2 IF a sinusoidal signsl, at any, frequency between 100 and 12 500 Hz {cfs), is suddenly

applied and thereafter held constant, the maximum teading shall esceed the ﬁnnl sltady

reading by 0.6 + 0.5 B, '

&7 The sound level meter may alse be provided with 1hc following dynamic characesristic, which
may be designated as Show
*6%.1 Ifa pulse of sinusoidal signal huving a t"rcqucncy ! 000 Hz {c/%) and duration of 0.5 s is
applied, the maximum reading shall be 4 ;= | dB less than the teading for n steady
lignni of the sane frequency and ampluudc.
612 Mo smusoldalsmna! at any fr=quency between 100 and 12500 Hztc,s), issuddenty applied
and therc.:!'tcr held constant, the max:mum reading shall exceed the final sizady reading
. by 06 % 5, dB
613 The steady rcadmg for any sinuseidal signal between 31.5 and 12 500 Hz (c/s) shall not
differ from the corresponding Fasi reading by more than 0.1 dB.

6.8 The characteristics specified in Sub-clauses 6.8 and 6.7 shall be maintained for all weightings

and sensitivity ranges of the sound level meter. ‘ .

6.9 The dynamic characteristiz used shall be stated in the test report,

Ampliticr chreaeteristles
7.0 For clecirienl catibration it is recommended th.u a resiklance of known value should be inseried

in serfes with the earnth lead of the micruphons, and thar convenient means be provided for

connection to it

B,98
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7.2 0 the sound bevel teter §s battery operited, a suitable mans shull be provided to ensure that
adequate hattery voliages are maintaind, so that the accuraey of the sound level meter femains

\\uhm e speeilied toleraness.

1

13 Hﬂu souml fevel meter can olio b us;.d With 4 cable between the microphone and the amplifier,
the corrections corraspending 1o this method of use shall be stated by the manufacturer,

74 I the microphone is replaced by an equivalent electrical impedance, the basic noise voltage
fevel shall be at keast 5 I} below the voltage corresponding 1o the mininvam sound level measur-
able, whichever of the weizghting curves be used. .

.

7.5 When the microphone s feplaced by an eacivalent electrical impedance and when the sound
level meter is exposed to a sound field ereatzr than 20 &5 ubove the minimum the instrument
is intendead to measure, the reading of the sound lavel meter shabl be at least 20 dB balow that
which would be obtained in normal operatien, This coadition shall be fulfilled for the whole
tange of the scale of the indicating instrument, whatever the sound level, for all weighting curves
and for all frequencies betwesn 20 and 12 500 Hz (¢/s). '

A extension cable may be used to permit the amplifier to be removed from the intense sound
field, but, if s, the sound tzvel mater shall be suitably markad to indicate the maximum sound
leve! to which the amplifier may be upuscd This test thall be made with bands of naise not

v.ndcr than one octave,
.

7.6 The infuence of vibrations shall be reduced to o minimum, This influence shall be indicoted
by whe manufacturer for the complete apparatus, including microphone, and for froquencies
between 20 and 5060 Hz (¢/s), in terms of the sound level that would produce a reading cqual
to that producsd by an acceleration of 1 o _ This indication shall be quoted for 2ach respanse
curve provided.

79 The effects of magnetic and electrostatic fields shall be reduced to a minimum. They shall
8lso be indicated by the manufacturer for the complete apparatus, including microphene, in
terms of the sound level cnrrcsponding to g m:gn:lic field of 79.58 A/m (1 Oc¢) a1 30 or 60 Hz
(c/fs) in a direction which pives maximum indication.” This :ndlcntlou shall bs quoted for each
response curve provided. .

7.8 Thz temperature range over which the calibration of the complate npparatus, including micro-
phone, is not uffzeted by more than 0.5 di shall be speeifisd by the manuefaciurer, 17 Use effect
of temperature is greater than 0.5 dB, the corrzctions to be upplied shall be stated by the manu-
facrer. These corrections shall apply over the temperature range — 10° 10 50°C.

The manufacturer shail state the temperature limits which may not be caceeded without risk of
perminent damage to the apparatus. .

79 The manulacturer shall state the range of humidity over which the complete apparatus, including
microphone. is inrended ta operate, r\ny elfect of humidity shall be less lh:m 0.5 dD; between
0 nnd 909, relarive humidity. . .

710 The amplifier shall have a power-handling capacity of at least 12 dB greater than that corres-
ponding to the maximum r¢ading of the irdicating instrument,

T . -
1.11 When provision is made for conneeting exiernial apparatus havine a speaitics impedance, for
L example head phones, to the sound level meter, this conneciion shall not afexr hs indication by
more than 0.5 JB; ouserwisz the indicating instrument shall be automalticaily disconnceted,
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Calibratlun and verllivation of the characteristics of the suungd level meter

The complete sound lavet meter shiall be cilibrped o1 frequencies covering the range 20 10
12300 He (o) in 2 soued ficld consisting of sensibly plane progressive wines, argiving at the
nicroplione in the divection of incidence specilicd by the manufacturer.  The observer shall
be in the position speciticd by the manubicturer for normal use of the sound level meter. 1T

"t s pecessaey 10 tse an extension cable us mentioned in Sub-clause 7.3 10 satisly 1hese requires

8.2

83

8.4

B3

ments, this fact shall be stuwed, ]
The sensitivity of the complzte apparatus for & diffuse sound field is defined as the root-mean.
square value of the vensitivities for all orientitions in o free field, taking account, for euch oricnia-
tion, of the area of the gueresponding surfage element,  For this purpose it will generally suftice
1o measure the sensitivity at angles of ingidence of 0°, 30°, 60, 90%, 120°, 1507 and 130" from
an uxis of symmetry of the micraphens and to La!cul.ltc the randem-incidence response by the
follu\\uu. formula:
S‘ = kS E A,S“,u. - A,S‘.. oo RS, .
wher.. § i3 the randon incidence sensitivity {given lorﬂampk in millivolts per nev\lon per square
metre or in millivolls per microbar (millivels per dyne per square centimelre).

S,.' 5300 San cerrenenen vesvens Sigare the sensitivities at the respective angles,
L= A =001 . .

Ky K== 0129 . : )

K= K, = 024 '

Ky = 0.258

The random incidence sensivivity should be determined ar least at the frequencies 250, 500,
1 000, 2000, - 000, § 00O and 12 500 Hz (c/s).

These measurements shall be used to verify that the requirements of Sub-clause 5.2 are met,
IT v is. necessary 1o us2 pn extension cable as mentioned in Sub-clause 7.3 10 satisly these require.

ments, this fact shall be marked on the sound level meter,
The requirements relating 1o the dynamic chnra.ct:‘risxics of the indicating instrument {Sub-
clauses 6.6 and 6.7 shall be checked at a steady reading of the indigating instrurment 4 dB less

than the full scale reading.

[t is also recommended 1hat they be checked for an indic'a_ﬁon 5 dB above the minimum indica-
tion of the indieating instrument.

This cheek shall be mads using an electrical signal, preferably in series with the microphone, for all
the response curves provided,

“The verification of the square faw of addition {value indicated = square root of the sum of the
mean-square values of the individud! components) shall be effeeied by using a two-tone generator,
or a similar arrangement for providing two non-harmanic frcqu:nctes. first successively and then
simultaneously,

The measurements shall be made for different ..umbm'mons of non-harmanic frequencies and
differeat positions of the level switch,  For this purpese, an electrical signal of frequency f},
the root-mean syuire value of whigh is adjusted to give a ¢ertain teading x on the indicating
instrument, shall ke applied at the microphone input to the amplifier.

The signal £, shall then bz repluced by o s'ign.:t fo ruiﬁllin\, the conditions previously specified
and the ron.s, valis uf Ui signal f; shall be adjusted to give the same reading x on the indicaling

instrument.

|
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‘ ) The twn signals, £, amd £ shall then be applivd simaltancousty, tie two signals being equally  * . [
attengated in sueh a mmneer as toopestore the reading o The aiensation required shall he IE

l © 32 0.0 dB Tor ensh signal, The adjustment of the artenuation of each sigmal shall not alTect :

', the other.  This st shal! be made lor g value of the reading v = 4 dB below the fwll scale H

: . reading of the indicuting instrument, . i
| ‘ f*
| 8.6 The verification of the seake calibeation of the indicating Instrument (Sub-clause 6.5) shall be . >
effected by an clectnical method at frequeneics of 1.5, 1 000 and 8000 Hz (¢/s), 1
l ‘ 8.7 The accuracy of the indications an 1he attenuator shall be verificd vy applying to the umplifier ‘ ‘ ’

' sinuseidul inprut voltages of adjustable amplitude and of frequencies 3.5, 1 000 and 8 000 Hz (cfs). .

The errer shall always be less than 0.5 i with respect to a reading corn.-sponding to a sound
pressure level of 30 4B,

Tyt

. 8.8 The complete apparatus shall be catibrated in absolute values at some frequency specified by
L the manufscturer, called reference fregiency,  This shall be preferably | 0G0 Hz (¢/5) but shall

'
JI atleast always lie batween 200 and | 000 Hz (¢/s).  Theaccuracy of the apparatus at the reference
d frequency, including errars due to free field approsimution and those due to the actual eicelro
. acoustical measuremants, shall always be within o= 1 dB, wnlil respectio o rcadmg varresponding
2 *  to a sound pressure level of 50 dB.

This telesance shall apply for standard reference condmons of 20 'C, 65% relative humidity and
an atmospheric pressure of 1000 millibars.,

8.9 TFor sound level meters designed for the measurement of sound pressure fovels greater than
100dB, the sound kevel metee, with the microphone repleced by an equivatent electrical impedance, |

T

: N shall e subjected 1a substantially sinusoidal sounds, of 1o bands of noise having a bandwidth .
i S , ) less than on= octave, at a sound-pressure level of 100 4B at cuch frequency, or at cach octave '
‘;‘ e T band, between 20 and 12 500 Hz (g/s).

When sine wuves are used, the frequency shall be changed at a rate not in excess of | ostave
per 105, The ottenstator shall be ser 30 that 100 di corresponds 1o full-seale reading of the
indicating instrument.  No special antivibration or other special prosective measures for the
aspparatus shal! be used, The maximum resulling reading of the indicating instrument shail
be stated il it s not at Jeast 20 dB below the fullyscale reading.

PR
PR

PP PP

The test may be repeated at higher settings i appropriate, and the manufacterer shall state the
highest setting at which the instrument has been tested and found to produce no microphonics
greater than 20 d2 below full scule, as preseribed above. It is psrmissible to condust certain
tests at fevels above 100 dB ovir a limited frequency rangs but sy such limitation skall be
reported,

.
.

9. Rating plate

The apporatus shall carry the markings: - -

— precision soud fevel meer;

= the manufacturer's nume; .

« the type and the serial pumber; .
- the serial number of the microplione.

. . ' . a0l N
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1 Deseripthe beatler . .
.

Ter it

10,0 Each sound deved meter shall b aveompanicd by i deseriptive feaflet which includes at least
the fullowing inforstation i addéition to that given on the ening plae:

=— the type of microphane telectrostativ, moving coil, eie.):

fofer- S

— the angles ol incideree spaified in Sub-clanse 4.3 and 5.2;
an indication of the runge of sound lesels which it is designed to measpre:

?3 . = the reference soundepressure lesel specilied in Sub-claose 3.2;
e - = the response cusves specitied in Subeclune 4.3 ,
: L, ' — the law of addinen specidied in Sub-cluise 6.1;
2 == the dyrnmic churacteriatics { Fist-Sho | specitied in Sub-clauses 6.6 and 8.7;
— the influcnce of vibration. nmgnc!ic and clectrostatic ficlds, temperatare 2nd humidity on

; . the indications of the complete apparatus, inchuding 2 statement of the frequency. er frrqu:n:y
.'_] ’ - . ranges and the levels, at which the tests were made; ,
v — the limits of temparaure and humidivy bu)umi which permanent dapsage may be caused 10
: the appasaws and the microphons;
:
== any correction te the calibration regquired by lhc use of a microphone extension cable;

— the calibration procudure necessary to maintain the accuracy specified in -Sub-clause 8.8.
+ Devices used for this purpese are internal amplifier culibrators and eloged coupler calibrators,
* When such means are employed, the manufaciurer shall explain the principles :mulvcd and
. their limiations!
! ) — the position in which the observer should be situated for normal ise of the sound level meter.

102 It is recommended that the I‘ollomng :nl’crmanun should be also included in the descriptive
leallet: .

7 — the impedance of the microphane and, if necessary, its \arlnnon with frequency;

H . ) «— the sensitivity as a function of frequency for the anglr: of incidence specified by the manufae.

f turer, as specified in Seb-clavse 8.1; . .

i — the ditectional charzcteristics at the frequencies specified in Sub-cladse 5.2; ‘

! ~ the random-incidence calibration caleulated by the method specified in Sub-clause 8.2 with

: : the microphone mownied in the manner in which it is to be used.

1 .
.
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TATPENDIX

RELATIVE RESPONSES AND ASSOCIATED TOLERANCES

FOR FPRLE FILLD CONDITIONS

The lerance Thmit is 2ero at e referepee feequency

Frequency Cune A Cunecli Cune € Tuleramee limyiea
Hetem N du qn dn
0 —704 -2 —143 3 -
1.3 —-6)4 - 32 -2 5 - —
16 — 567 -85 - 8.8 H —_
k] — 508 -2 - 62 © 3 -3
23 — 447 —20.4 — 44 [ -3
ns - )94 =171 — 30 3 —13
40 —~46 - 4.2 - 20 3 -3
0 - 302 — 116 - 13 ] -3
1] ~ 252 - 83 e T 3} -3
0. —223 ~ 14 -3 2 -1
100 Ty 56 - ) i -1
125 ~ 161 ~ 32 - 02 | —1
160 =134 30 -~ ol ] —t
00 — 109 - B o 1 -1
240 — 86 - 13 [ 1 -1
38 — &6 ~ 0.8 0 { —t
~
00 — 4t 0.5 0 1 1
300 — 32 -0 0 | -1
&0 - 19 0.1 o 1 -1
200 — 05 0 o 1 -1
1000 0 0 ‘0 H -1
12%0 0.6+ 0 0 [ -1
1800 1.0 0 ol | -1
2000 %3 — 0l -0} 1 -1
2500 1.3 - 03 a3 l -1
3150 R — 04 - 05 } -1
4000 10 - 07 . — 04 1 -1
3000 0.5 - 12 - 1) 15 —~15
4300 ['X] -y — 0 L5 -
#4000 -1l ) - 10 K -~
10600 28 — 43 — 44 3 —
124500 — 43 - 64 - 2 ] -6
16000 — &6 — By — A bl —n
20000 - &y -1 —1.2 3 -

These responses are bined on freguehoied ealenfated from | 000 <; §

negative integr.

B.1
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P

.

L]

e s 4w

. Influence of vibration and an]bicn‘t sound fields

e e

i

.

]

TanLk II: Varintion & of the oitenuation, with respect to the nominal insertion loss

.

*
.

Page

VW W a e ) w3

i
o




L~ -

! : lNTﬁ‘IlNATION.-\L ELECTROTECHNICAL COMMISSION

l . OCTAVE, HALF-OCTAYE AND THIRD-OCTAVE BAND FILTERS
: ' ! ls_\'TE:\'DED FOR THE ANALYSIS OF SOUNDS AND VIBRATIONS
L] ' ) ‘

i :

14 e

: ' FOREWORD

The format decielans of agreements of the T E C on technical matters, prepared by Technical Commitees an which all the
Natlenal Commitices baving 3 specidl inreresy thercin are represented, eapress, as naarly as possible, an insernational
consensus af opinion v the subjeces deall witk, : .

oy
-

-

-

b . .

o . .

2 - . : 2} They have the form of dations for international ute and they are accepted by the Natlona] Committees in that

; ensg,

! 3} Inorder to promots this International uritication, the 1E C expresses Lthe wish that all Natdonal Committees having as

I . ¥t no nationa| rules, whea preparing such rules, should use the [T C recommendations 2s the fundamental busis for these

i tules in 5o far as pational condinons will perenit, .

r : . &) The desieability is rnouni:ed'ofettc:ldiné international agreement on these miatiers throsl an endeavout to harmanize

N . natignal standardization reles mith these revommendations in 53 Fai as nacional ¢onditiens will permit. The National

- Committces pledye shair influcncs towards thatend,

V- .

E“= .

; it . .

i "‘ . L ' PREFACE

P P : o ‘

!ri : This Recommendation has been prepared by TEC Techricnl Committee No. 29, Electro-acoustics,

Kl

3 Lo A draft was diseussed at the meetings held in Rapalle in 1960, in Helsinklin 1961, in Baden-Baden

(h ' in 1962 and in Aix-les-Bains in 1964, As a result of this latter meeting, a Gnak draft was submitted to the

i b National Committzes for approval under the Six Months” Rule in November 1964,

; IR .

% : The fallowing countries vated explicitly in favour of publication:

l] Lo Australia- S (71 .

[ Austria Japan

! Belgium Netlierlands .

Lt I : Capada ‘Norway ’

]i : ’ Crechoslovakio . Romunia

e " . Denmark . Sweden

I < - 2 Finland . Switzerland

" . o ' France " Turkey

j .o Lo Crermany United Kingdom

i r Istael ) ' N

b " “The United Stutes National Committes cast 3 negative vole on the ground that lhr.-y believe the

j tecommendations eantained in this Publication strongly discourage fiter desipn approaching the ideal ’

B - for noise analysis, For example, if the frequency response of a Buttervorth filter. is sentered within the
' . tolerance, the efective bandwidth is 7% greater than it should be.

B,.123
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OC'L\\P ll\ll -OCT \\...\\‘l) 'II!H'I) QCTAVE BAND FILTERS

< INTENDED FOR THE ANALYSIS OF SOUNDS AND VINRATIONS

Seope

This Recommendation applics to band filers commonly known as octave, half-oetave and third-
octave band filters of the passive er active type, the latter including amglifier clements, €.g. tubes,

valves and or transistors,

It specifies the most important chanc!cnsncs of ﬂlese filters topether with llu.' corrc:pundms
tolcrances, .

Object . ' .

" The ob]cct of the present Recommendation is to spccn) the characteristics of hand- -pass lers to
be used in sound and {ibration analysis for which ectave .:wd third-actave band-pass filters are
pral'crrcd )

Topermita compurisan of the results of measurements in which band fllers are used, it is necessary
to usé¢ fillers having certain well defined characterisiics, such as limiting frequencies (cutsofT fre-
quencies), selectivity, auenuation, terminating impedances, .

Fass-hands N

The pass-bands shall be so chasen that the mrid-band frequencies fu (seometrica] means between
the upper and lower limiting frequencies) coreespond ta the prefereed frequencies, given in Table 1,
defined by 150 Publication R266, Preferred Frequencies for Acaustical Measuremenis,

For example, necording to Table [ an octave band fifter might have ope of the fllowing mid-band
frequencics: .
163 31.5; 63; 125; 250; 500; § G00; 2000; 4000 §000; 16000 Hz (cfs).

A set of filters may comprise afl the band- “pasy filters spcul‘;ed ar only a selection thereof, "

‘Terminating Inspedances
To ensure proper aperution, the lerminating impedances between which the filter Is inserted shall

. be purely resistive and consiant, preferably with a value of £39 ohms, .

‘Terminations may, in practice, have a variety of values, provided 1hal theyare c.ump.mblcv.uh 1he .
design of the filter.

1t 1s recommended that it be always possible to use 2 €00 ofims termination and that a high im-
pedance terminution preferably above [0 000 olms should also be available, -

The attenuation values shall remain within thair tolefanees it the terminating impedances differ
by % §% Trom their numnml vatlues, ‘
B,124
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Nianimun permissibe soitage

The manufsctorer shall indicate the masimuom voliape which may be applied at the input of the
filters withoun rish of abnoarmal eperition or deterioration,

For a 600 oluns filter. the peik value of the permissidh el applied vie n 600 ohms resistor to
the foput shall be atdeast 2.2V (e, 2~ 0,775 | 23 This value corresponds, for a sinusoidat vehinge,
to aninput power of 1 R it the input terminals of the filter within its pass-band, Al the electrical
charseneristics (pass-band, anteanation eie.) specifivd in this Recommendation shall be appropriate for

the masimum soltage indicated by the manufacturer,

6. Bandnidih, aitenustlon and sclecthvity

6. I I.'[,"rrme Bandwidth
6.1.] The cﬂ'm.u\: pandwidih of a given transmission sysl:m is the bandwidth of an ideal ﬁsh.m which

a} has a uniform transmission in its pnss -band l:qual 10 the | maxunum transmission of the system

unJrr consndmunr.
b) transmits the same pn\\cr as the system under consideration when both systems receive jdentical
signals at the inpuy having o uniform energy distribution at all frequencies {white noisc).

6.1.2 The efTective bandwidrh shalt be piven by the manufactuzer,
6.1.3 The frequency response of the filter should preferably so 1ie within the given alerances that the
effective bandwidth as zbove defined is within = 10% nr the nominal pass-band, i.e. octave, half-
octave or third-oclave,
The minimum insertinn loss (corresponding to maximun transmission) in the pass-band should be
used as the reference for calcubating the effective bandwidth,

6.2 Anenuation In the pass-hand

6.2.1 The nominal insertion loss in the pass-band shall be indicated by the manufactorer and marked on
the apparatus, This loss shall be the same for all the filters of a szt of filters.

6.2.2 The variation .1 of the atrenuasion. with respect 1o the nominal insertion Joss, for the limiting fre-

shall satisfy the follpwing relution:

quencies f; and f3,
- 05dD = . = 64B,

Noir. == The frequencies fy and [ are linked to the mid-band frequency fin by the foltowing relations

Octave band filters;
' : fo= Vi
shere fa = 2fi ond fi = Sl 12 207071 fm :
. Aofa 12 214182 fm, .
Half-ociave band filters: ‘ - - .o . £
. f-" "fu’: .. o -
. where fa = fi 12 ~ 14142,
N amd  fi Sl ‘l‘g = 08404 S
Siwfa 'l T > 01802
T ' B.125
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6.2.3 In the case of octave hand fiiters, for frequencics lying a quarter octave above and below fy, the
variation . of the attenuation. with respect to the nominal insertion loss, shall sutisfy the following

relition:
’ ~05dB = ol 5 1 dl,

6.24 In the case of half-octase hand filters, lor {requencies lying one-cighth octave above and below /i,
the variation J of the avtenuttion, with respect io the nominal insariion loss, shatl satisly the fullowing

refation:-
-05dB = A £ 1 dB,

6.2,5 In the caze of third-octave band flters, fur (requencies lying one-twelfth octave below and above fo,
the vaziation ) of the avzenuation, with respect to the nominal inszriian luss, shullsal:sf) the following
telation:

~05d0 £ A <148, .

6.3 Auemarion eurside the s -hand

6.3.1 For frequencies oy d;ﬁmd below with rcsptcl 10 fm. the variation /1 of the aucnuatmn, with respect
to the nominal insertion loss, shall satisfy the following refations:

For haif-octave band filters:
4= 18dB

For octave baud filters:

. A3 184D
at fe 05/ <ot fuful 2= = 07071 fin
and fr 2 fo and f=fo )2 14142 fin.
For third-octave band filters: '

A= 13dB

ot for Sl 2 = 07937 S
and fw fin 32 22 1.2599 fu. .

3.2 For frequencies kigher than 4 fm and lower than fu/d, the \'a{i:uion 4 of theattenuation, with respect
to the nominal insertion |oss, shall satisfy the following refution: .
A 3 40 dB for octave band filiers;
A = 50 dB for hall-octave and third- cna\c band ﬁlters

6.3.3 For frequencies higher than 8 fin and lower than fin/8, the variation A of the attenuation, with respect
to the nomlml insertion loss, shall satisfy the following relation:
4 = 60 dB.

€.3:4 Tn addition to the atenuation requirements lor each filier given abave, the ottenuation for any filter

set shall be maintnined aver the entire frequency range from onc-third of the lowest mid-band frc- ,

quency 10 three times the highest mid-band frequency of the et

64  Overali tolerances
The over-all tolerances for the frequency response may be shown on a graph with the frequency
on a logasithmic seale as absissy and the attenuation en o lincar decibel foale as ardinute,

5,126
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The liexits defined individually in e Subechiuses 5,22 10 6,33 inclusive should be platiyd on (he
‘mraph and jained by twe steaight dines, vne Tor the upper uad one For the lower limits,

These limits sre alao summarized in Table 113 Variation .1 of the attenuation, with respect 1o (he

nominal insertivn loss,

7. Nonlinearity divtattion (harmonie dicturtion)

71 The anenwtion To. measured an the mid-band frequency fu, shall be constant wighin & 0.5 dB,
whatever the input voltage, for all values wp to the maniminn permissible voltage defined in Classe 5,
.

7.2 The requirements of Clause 6 shall be mer for Any input voltage up 1o the maximum permissible
voltage as defined in Clavse 5, when the total output vollage (including any peaducts of distortion} is

mensured,

+ .

B, Effect of battery voltage .
I the filter is bautery-opernted, means shall be providsd to ensure that adequate batiery voltages are
maintained so that the performance of the filter remains within the speciiied telerances,

N .
9;  Influence of magnetic and electrosintic felds -
* .
The influence of magnztic and clectrostatic ficlds shall e reduced 10 » minimunl. An assessment

of this influence shall be indicated by the manuficturer, the filter being termsinated by its proper
impedances as indivated in Clause 4, .

Nate, ~ The measurement shall bt made for each of the passbands defined in Clavse 3 for 3 magnetic field of 10 Afm
(= 0.1} Octal a frequiency oF FO Hate shor 60 J{e0c's) o8 specitiod by the manutaciuter, in 2 direction entrc
ponding to the masimum valiage nteasured aL che Gutpel lerpunals. The values given by the manufacturer

* shall be the clectrical soltages mezsured 3t the outpus ferminaly under the presionly Bieriivned ¢onditiong,
for ¢ach of the bards il necessary, i e, il the imeedering voltage vazies (rony one bend 1o the ether.

10,  Influence of vibration and amblent sound fields

For cach of the pass-bands provided in a set of filters, the manuractuzer shall state the maxiniem
output voltage that results when the filter is vibrated with 2n acceleration of 1 gn = 9.50 665 m/s?
(peak}ata frequency w hich ranges over the whole pass-band under consideration. Asimnilar specifica-
tion for & stated sound prossure fevel shall alsa be given,

11, Influence of temperature

The temperature range over which the insersion Joss dm, measured at the mid-band frequency fin,
is not affected by mare than 0.5 ¢4 shidll be specified by the manufacturer, If this influence exceeds
0.5 dB, the correction to be applied shall be specificd by the manufugwures, The carreciion shall

* npply to the temperatere range of = 10°C to = 50 *C. The manufacturer shallindicate the temperatute
timits which cannot be exceeded without tisk of permanent damage o the apparatus,

Inltucace of humidity '

The manufacturer shall specify the range of humidity over which the apparatus will function core

" rectly, The influcnee of humidity on the insertion loss T, mensured at the sud-band frequensy fm,
shitll be Tess than 0.5 dO for relative hunriditios up to 90+3,

' ’ B,127
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" Frequencies confirming with ISO Publication R246

letter » indicates in eavh column e peometric mid-band frequencies ol the Alter,

The table tay be extended in cither direction by successive multiplication ar divisian by 1000, The

Preferred i | 1 1 Preferred o 1M | W Prefeered | LR T BT

[requencict oekve foctane | oatave frequencies oclavd [oclave |octave fecquentics octave Loctave [ verive
16 x X x [123] X 1 600 X
15, . 180 % 1 800
] x 00 g 3 2 000 L3 x x
24 X 24 . 2 240
5 3 0 A x 1Y 23 X
23 280 2800 X
N3 X x x ns X 3150 L3
355 15 o 145 .
40 1Y 400 X 4 000 X % =
45 % N 4’5 '
3 K 500 X L3 x i o0m x
35 Seu 30 X
6 LI I 'Y 630 x 6 300 ' x
n e " 3 T 00

M ) % W x § 000 ) 13 13
% X 900 % 000 .
100 3 1000 x H x 10 009 X
n2 1120, ' 13 200 X
125 x E K 1250 12 500 13
140 1400 % 14 000 '
160 x 1600 13 16 00 x x x

Note. = The exact preferred frequeacics caleutated fram 1000 = 1079 for octave band filiers, | 000 » 103 for half-octiave
band filters and 1 0D « |0° W for thind-owtave banyg fillers whete o js 2 pasitne of negative meper, of zero, should
be wsed for she design of filizrs rather than the nomenal values gisen in ihe table,

For normal acoustical measurements, the difTerence between the noninal ard the exact frequencies s hegligible,
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' Varigthur 3 of the atioiarion, with respeet (o the aoménal fnscetion foss ] ‘
: : 'l *|!
f Frevies vames R
: : fequeney’ g Attenuation ; ;
! Octave Hall-actave Third-ovtave an ! 'R
!i filters Bliers filters v
' * LN
E Fram -{3'-: - 05909 fi From -"ﬁ': - 0970 fuc From -,{3';- - 05139 fo, ,
: S 2 12 ' —05 e gef ’ o
i Tofull'? = 11892/ To fu 1T - 1003 S5, To fu"1'E = 1,095 fn fl f
: . Y / . . / .
Fram <=2 = 03071 fu From «£2- = 0.5103 £ From -5 = 0.8900 fi, .
i o ¥ . e —DS 256
j TofulZ = l4M2fn Tofa'l2 ~ 1150/ Tofrn'2 = 11225/ C ‘
' ‘ i
: La I Loaon g, .
g I . Va2
Bl M e and 1 fm , - =18 )
2 : And fub'2 = LAl fa 3
! ) P "
1 e . AL 2o 207937 fu . '
¢ 2
4 - - =1 ;
¥ And LT = 280 N
fy
iz
i}'I Relow f2.
i 4 - - R
Ad above 4 fu
b :
o . .
fn Below —"'-r-':— Below -‘-rf— .
“.j - 4 ) 4 =50 :
And above 4fn Andnbave 4 fu !
3 Below 22 Telow 2% Betow =42
‘; ] ] 8 ] =60
-1.‘ And abave 8 fin And above £ fun And sbove 8fm-
E 8 These are the band defining rrrqucn.:ir.s. -
i
¥ .
i
i - B
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i lNTLR.\".\'l'IU.\'.-\l. LLECTROTECIINICAL COMMISSION

B4

'j RECOMMUNNDATIONS FOR SOUND LEVEL MLTERS
. ] . FOREWORD
' . 13 The foineat decisions or ageerpents of the LT.C. on lechpical maiers, prepared by Technical Committees on which
g . all the Wational Commiitacs fiven o special inferest tharin are represented, express, as nearly as possible, an inter-
e pational eansensus of epinion on the subjesie degle with,

; . 2) They have the form of teconrniendations for nternational use and they are ac:cnlrd by the National Commitices in
' . : thal semse, ,

] . 3) Inerder 1o promate this intarnationat unifieation, the 1E.C, expresses the with that all National Commitiees having
f as ¢l no patioaal rwles, when preparing uch rules, should wie the JLE.C. recommendations as the [undam;nlal b.ﬂ..i
} ) for these rules in so far 25 nanowal coaditions will permit,

3 4 The dusirability is recognized off exrending international agreement on lhm muasters through an endeavour te harmonire

national standardizatian rels with these reconimendations in 3o far as naticnal conditions \u.l permil. The National
Contntitices pledge thelr intuence towards that end. .

/ ‘ PREFACE - : o

]
I
1

!
; Thess recommendations have bezn prepared by Technical Comtmitiee No. 29, Electroacoustics. Work
Lo was started at 2 mecting held in Paris in 1957, when a preliminary draft prepared by the French National
\' Committee was discussed. A sccond dralt was discussed ata meeting held in Stockholm in 1953, and as a
T result of thess discussions a final draft was submitted to the National Committees for appraval under the
s . Six Manth's Rule in September 1939, . .

The following 18 countries voted explicitly in favour of publication of this draft:

Austeia Japan
. Belgium ’ Netherlands

Crechoslovakia Norway

Denmark Poland

Finland Romania
. . France . Sweden
_3 . Cermany . Switzerland
| ’ : Hungary United Kingdom
. India Union of Soviel Socmhsl chuhhcs .
3 The United States National Committee cast 2 negative vatz on this oceasion as it could not aceept the
i . tolerances with regued ta the directional characteristics of the microphone, Consequently, this problem was
e : . re-discussed at a meeting leld i Rapallo in April 1960, and as a result, an amend aent 1o Clause 5.2 was
B ] ' . submitted 1o the Natienal Committees under the Two Month's Peozedure in Avgsst 19600
: .
i SR ' .
RN . : B.46
; ~— . . ,
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. The foilowing 13 voanires voted explicitly In favour of this sunendment:
' Auslria Netherlands
Beleium Norway
Caechuoslovakia © Sweden
Finlad Switzertand
Huagary United Kingdom
India - United Siazes of America
Tealy
Tlowever, five countrivs, viz, Denmark, Franes, Germany, Foland and the U.S.5.R., were not in
favour of 1his ameadmant, '
’ Serutiny of the resulis of bath votes by the Chairman and Secretariat of T.C, 29 showed that there
: . had cuident!y been @ mizunderstanding i 10 how these tolesances were 1o by indzrpreted,  As the point is
v of relatisely minor importance it has been decided 10 include both series of toleranees in Clase 5.2 of these
tecommend.tions, with an explanation of their diflerent applieations, so as not 10 delay publication unces-
sarily, . S .
k3 ] The present reconuncndations apply only to sound level mieters for generol purposes; further
recommendations applying to precision sound level meters are in preparation, '
! . L3
. . : . .
. .
. .. . -
. ' o T
. -
. , ,
' ' n-’l?’ .
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. : RECOMMUENDATIONS VOR SOUND LEVEL METERS
I. Scope
; . These recomimandatioes apply to sownd level meters for pioers) purposes,
They da not apply 1o apparatus for peaswiing sounds of sory shartduration er discontinnous sounds,
k‘— . Nore; Vepibier recommendationd applying o presision sewnid Jevel maers are in peeparation.
[ 2, Objeet .
i 2,0 Inoview of the ditficulty of establishing a quantislive rrasurement of a sensation and of the
i . complexity of ogeration of the human cur, it is nor jossible in the present siate of the it 1o
. . design an abjective pobe measuring apparatus giving results which are alsolutely comparable,
E ; . for all 1ypes of noise, with those given by direct subjective methods,
& 22 Howeser, it is cansidered essential to standardize an apparatus by which noisss ean be so measured
i . . that users of this apparatus throughout the world may compars their rescls,
-y ' * . .
L 2.3 The ebject of the present recommendations is therefere fo specify the charagteristics of an
2 apparatus to measure certain weighied sound pressute fevels,  The weighting zpplied 1o each
! - sinusoidal componzrt of the sound prescure is given as a l‘u- ctian of frequency by three standard
* . reference curves, cailed A, Band C,
i N . L N
e - 24 In praclice, measurdineris may have to be m'ldc under very different cundmans. ranging from
:: - thc free field of a sinplé source to a completely difuse ficld, '
;".' 728 Tnorderto simplify the procedure for the calibration and chacking of the apparatus, these recom-
o . mendations are written primarily in terms of the five field response, .
1 ' . ‘
i SRS : 2.6 This apparatus will be called: )
E‘ ! ’ “sonométre in Preach, .
i . . .
T e “sound fevel meter™ in English,
Tay n .
;-‘z . K *mysoxep ' in Russian.
H .
i 3. Definltlons
4y
eJ . 3.t For the definitions of the terms employed, reference showld be made 1o the International
? k ) Electrotechnical Vocabulary, Group 03, Electra-acoustics (LE.C. Publication 50 {08)).
. . Tt 3.2 The weighted sound level is defined by:
. . . K
] 20 log,, -22- .
i '

where p, is the r.m.s. sound pressure die 10 the sound being measured weighted in accordance
with the curves A, Bor Cand p, is the reference pressure (2.10-% N/m? = 2,10~ dynefem®),

[

Note: "This definition is fn accordance with IS0 Recommendatlon R 131,

3.3 The weighted sourd levels are expressad in decibels; the weighting cusve used shall always be stated
(e.p. sound Jevel A = ¥ dB or sound level = x dB (A)).

i a

ik

4, Geaeral technleal charactotlstics .
4.1 A sound level mater is seneraMly a combination of a microphone, an ampiiies, cortain welahting
networks, an atteauator und an indicating instrumsnt having certain & Lamic characteristics.

.

-4.2: The sound level meter shall cover te frequency range 315 to 8 030 Hz (c/s).

B.48
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Dt rapame canves enllad A D and €0 These curves

st patss dhifeagh the podngs zaen in Taeie 31 page 21, wichin e toleranges indivined,

Altior
Be cwns
leauden

wheks apparatus, ie. they include the volerances raluling to the
ling peiwnrks, the atrenuator. i presept, and the indicaring
paratus i a free sound fold in o particslar

The olivaren eelae o e
LIRS IUR] L b aniten the wedz
instrumasts they arply 1o the functioning of !
direcuion whizh shall e spacined by the manulezivien

1tis recommminded that (e manefieturer should also indicamte means for ensuring that the meter
veads cacvectly in o diffuss sound feld,

4.4 Ifike sound evel mater is desipned to use more than one of the three weightingeurves A, Band C,
©dafined in Clawsz 4.3, 6t shall atlow measaramients ta be made with any of the curves, at all
sound [zvels within the range of she apparatus,

. .

45 If the sound level meter is intended for uie over o (otal interval of more than 30 GIY it shall
have more than one sensitivity range, ” IUis rezoinmended that the anenuator be in 10 db staps.
Each range shall overlzp irs neighbour by at least 5 4B, .

5. Mlicrephore characteiistles .

. 5.1 The microphone shall B¢ of the empidirectional type,

82 The variatinn of the sensitivity of the microphons over an angle up to :L 507 fram 1he direszion

specifizd by the manufacturer for tis purpose in Clanse 4.3, <hall not excecd the values given

in Table I, o .
TAKLE [
Permissibly tolerances on microphone sensitivity over en anglo of L 008
Frequeacy { Penmlalite tolerancet
Hifes) [ :
]
i . '
| A n
i —
ME0, ., ., .. &} +1
. | & 1.8 Tl =2
200 .. v e %4 | 41 —8
4000 .. 0.0 =B +1 —~8
BOOD v o v v s us + 15 +1 15
' Two.series of permissible tolerunces for mizvophone senstivity over an sngle of -5 90° are given

accoeding to whether the maaseramzitis are made with the microphone mountsd on the sotnd level
meter case or with the microphone alone, physically spaarated from the soand level meter proper,
but electrically connecred thareto. b

The valuzs given in Colanrr A refor to messurements made with the miereshose mounted on the
sound Jovel meter as for use, any ebserver being elfvetively outside the sound feld. .

The valves given ia Colurn B refor 1o inaasuremcints made on the micraphong alone, physicafly
separzted fram the sound Tesel meter prope, bt electrically coanceted thercto, any ebscrver
heing ¢ftectively outside the <aund ticld.

v ' B.49
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6, Clartcieristles of the intieatien imtrmment

6.0 The indicatiny instrument shal! be ool the squmie-daw type,

62 The ssale of the indieating insrurcent shall be fradwated in steps of 1R, il poml:l; oVer an
imerval of av Jeast [3 4l

6.3 Itis recommentad that the seate of ke indicatlne instrument be gracdiuatad from — 5 to 4 10 dB.
64 The error introdiced by a chunge of range shall be loss than | J5.

s fnstriement, the scowracy of the eridua.
racy shalt be 22 0.5 dB, It shal] also

6.5 For the fisst five divisions of the seule of the indis
tion shall be o= 1 dB, For the other divisioni, 1
be possible 1o read 1o the same accuracy,

6.6 The sound level meter shall possess the Tollawing overall dynamic characteristics, which may

be desianated ns Fau:

6.6, Ira pulsz of sinuseidal sizant Kaving o fresquency of 1000 Hr {cs) and a deration of 0.2
second is applied, the mavimum reading shadi be 1 dl less than the reading for o sieady
signal of the same frequuney and sinplitude; 1aleraness are allowed such that the manimem
reading may be equal to the steady reading, or at the most < dI¥ lower,

6.6.2 Ifa shusoidal signal, atany frequency between 31.5 and 800D T4z {c/s). is suddealy applied
“and thereafter hield constanr, the maximum reading s!xall eveees! the final stc'sdy rending

.t by 06205 R
6.7 Thz sound level meter may also be provided with the following overall dynamic characreristics

which may bz dusignated as Sfow:

67.1 I a pulse of sinuseidal siznal of frequency 1000 Mz (cls) and duration 0.5 second is
2 shall be § = 2 di Jess than the reading for a steady signal

applicd, the maxinum reading
of the same frequency and amplitude,

I a sinuscidal signal, at any frequeacy between 31,5 nnd 8000 T1z (c/fs), is suddenly applied
and thereafter held coustant, the maximum reading shall exceed the final sseady reading
by 0.6 (+ 1, — 0.5) db1.,

The steady teading for any sinusoidal signal betweén 31,5 and § 000 Hz (c/s) shall not

difler from the carrespanding Fast reading by more than 0,1 4B,
) ’

6.7.2

633

68 The characieristics specified in Clauses 6,6 and 6 7 shall bc maintained for all weightings and
all settings of 1hie attenuator, .
69 It is recommended that the dynamic charaeteristic used he stated in the test report,

+ T Amplifier characteristics

For electrical ealibrntion it is recommended that a resistanee of known value be inserted in series

‘41 F
withhe carth lead of the mistoplone, and that convenient mrans be provided for connection to it.
72 the sound level meter is batlery opcraled 2 suitable means shall be provided for checklng the
batitery voltages under load, ) &
T+ 73 If the sound Jevel merer can ulso be used with a cuble between microphone and amplifier, the
, corrections corresponding to this method of use shitl be stated by the muaufacturer,
. B.SO
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: . T When the mticrophane 15 rephsd by an eqnivalend electrieal jimpedance, the basie noise vollage
shall be at Jeast 8 431 lower thaa ihe vollage carresponding to the imum sound lavel mcasurs

able, whicheser of the weighting cozves be used,
Y75 When the microphane is replacad byran eqrivalen eleatrical imprdanse and when the sound
level mucter is plaged in o sownd Gelid, tie rencing of the sound level mrer shall be at leosy 10 dB
below thas which would be obtined in nopaval vparation, This cotalition shall be fulliled for
the whole range of the seale ol the indicating instroment, whatever the sound level, for sl free

quencics betwaen 315 and 8000 He (cfs)
.6 The elfeets of vibration shall b reduced as far as possible,
7.7 The effeets of mignetic and eleetrestatic fickds shall l;»r reduced as faz ws possible,
7.8 The lcmpcrawn range over which the enlibration of the complele appavatus, including the
microphone, is nat affezrcd by mers than 1 8 shall be specitied by the manufactarer, 11 the
' effect of lemperature is greater than I dB the corres tions to be spplied shall be stazd by the
manufacturer. .
79 The rnngc of humidity over which the complele apparatus, including the uiicrophonc. is imended
to operate shall be specified by the mnnul’ncturcr
710 The umphfur shall have a power hundling c‘lp'lf'n" a1 least 10 AR greater than that c:rrc,pandmg
A to the masimum mdmg of the mducmmq m,trusmm

711 When provision js made !o connc..t cu'rnal apparitus having a speeificd lmpcd'mcc to the sound
. level meter, for example headphones, this connection shall not affect the indication by more

o than | dB; etherwise the indicaing instrument shall be diseonneeted autonatizally,
R
{ fl * .
v 8. Calitieation and checking of the characteristies of the sovnd level meter :

The complete sound level meter shall te ealibeated at frequencies covering the ranse 315 to
8000 Hz (¢/s), in a sound ficld consisting of sensibly plane promeasive waves, ariiving at the
microphens in the direction of incidence specified by the manuficturer, Any observer shall be
. effectively outsyde the sound fishd, If it is pecossaty 10 use the extension cable inentioned in
Clause 7.3 to sutisfy the requiremenis, this fact shall be stated,

1t is also useful to determine the sensitivity of the complete apparatus for a diffuse sound field,
. This sensitivity is defined a5 the root-mean-squitre vahie of the free-fizld sensitivities for all oricn-

tations, For this purpese i1 is sulicient to meastize the sensitivity of the micrephone at angles of
incidence of 0°, 30°, 60°, 907, 120%, 150° and 180°* from the dircction specified in Clause 4,3 and
to calculate the sensitivity for a difTuse sound sield by the fellowing formula:

5 m K5+ RSt b BSe® iiieeneinennn o K8
where 8 = sensitivity fora d:l]'usr. sound field {riven for example in mV{dyne/cm?®)

8.2

. ! Sy Sapr Stor cvareranrrniarie S..n = scnsitivitios at the respective angles.
X = K = 0018, ’ . .
By = K= 0,029, .
Ky = K= 02N, ‘
B £, = 0258, . . e
' . The, sensitivity for a ni;frusc s..nund field shull be d*lcrmincd at lca.t at the fr-qu:ncl;s 250,

500, 1000, 2000, 4000 and $000 Hz (¢fs).




: .

£.3 Confusily w3t the reauieemon b elarng o the dynziie charactevistics of the indicsting instrue

ekt Chiees &6 and 6.7 Sl be Geekad ot nosteady reading of the fndicating instrument

: 4 dit i..‘; than thy full

i This eleth shall v mde by ppetaing an electrical siznal fo the amplitier, pn.(lmbls i serizs with
the n‘.urop.mt... for all e weizhting vurses prosided,

soahe rradine,

84 The wiifivation af the gumdretie law of adidition (valwe indicated = square oot of the sum
of the ntean-cquirs virluas of the individuad companents) shull be elfected by wing A twoelone
peneralor, o 3 Sl arrangesieat for prosluing two nof-lurmenie frequencies first successively
andd then simitstneonsl,,  The measurements <kall be made Cor Jifterent combinations of noa-
Laenionic Crequangies aud dilerent positivns of the level switch,  For this purpese an elecirical
sipnal of fragueney fi th yave-meansguare value of whicl: iz adiusted 1o give peertlin reading x

. o the indizator, shafl b2 apnticd at the wivronbone input 1o the amplifier,  The signal £, shall

. then be 1epiaced by a sival fo Tulfilling the conditions previausly specitied, and the raus, valus

' of the sianal 1y shall be aajusted to pive the samie reading x on the indieating instrument. .

o . . : © Tie o sitnali of frequency £ apd fy, with .ha s, valugs praviousty used, shall then be
i
: applied simultaneomdy and the reading ¥ of 1le indicating instrument noted, Under these
. conditions the fallowing relation shall ebtajn:
Ly x4 348 :

il is reconumended thay tiis relation should be satisfied to within £ 0,25 db.  This test shall
be made far u value of the reading x == 7 ¢} below the lull-scale rc'ldmg of the indicating

ingtruinent, . .
8.5 The scals calibration of the indicating instrument (Clause 6.5) shall be checked by an clr.:tr]ca'l
- methed rt frequencivs of 31,5, 1000 and 8 COO Hz (o5h

8.6 The aceuracy of the indications on the atienuator shall be cizehed by applying sinnsoidat voltages
of adjustable amplitede and of frequencies 31,5, § 000 and § 009 Ha (c '8). In cach ease the error
shall b2 Jess than | di} with respeet o n rending of §0 dB

+ 9, Marking

. 9,4 The apparatus shall carry the murking Sound Level Meter. i
' 9.2 1t shall also be marked at lenst with
— the manufacturer’s name
= the type
— the serial nember
— an indication of the range of sound pressure levels that it is desipned to measure,

- " 10, Descriptive leaflet ,
R .

_f‘- " . 10.1 Each sound level meter shall be accompanied by a descriptive leafiet which includes the following |
B information;
g ~ the typz of microphone (elecirostatic, maving coil, ete.) its serlal pumber and other manufac- |

- e turing refercnces, c
: ‘x . ’ - e angle of incidence specified in Clause 4.3, R

. " == the response curves given in Clause 4.3,
. — ke dynamic characteristics (Fag-Show) given jn Clavses 6.6 and 6.7,

S’ - .' B.52 y .
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w b effeers off s ihratin, magnetie aad alectrostiie ficd bs, ey
indications bp the sound Tevel meter,
== he Gsits o temparansee amd humidisy beyond which pormaaent damage may b cansed to the

PR LR H LY .
= any correction 10 the calibration requiren by the use of a tizrophone extension cubly,

10,2 11 js recommended that il following information be also included in the deseriptive leaflet:

— the impedance of the microphena,

~— the sansitivity of thie microphone as 3 funiction of frequency for the angle of incidence specified ’ .
)

by the nutnuliscturer, as in Clawse .3,
— the directional charicteristies of the micropkone at the Nieguencies given in Clause 5.2,
= 1li¢ sensitivity for a diTuse sound field ealeutated by the method given in Clause 8.2, ,
— o varning that the presenes of an observer in the sound el in praximity o the microphone
* mny affect the aecuracy of the nieasuterents, particularly al the higher freyuencics.

erature and humidity on the .

B,53
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I T - W3 - 148 [} “n
125 o fd S 1L 1 !
16 - 5G:7 - Y - Eh 3 o
0 -oa 244 - 63 s e
25 = 4.6 - 20,5 s PR - 5. v et
s -2 - - 30 3 -5
' —~ 35 - 142 - 20 45 - 4.8
50 - 302 - L7 ~ L3 4 e
63 26.1 - 94 - 08 4 -
0 n T~ 24 - 03 38 - 35
100 19,1 - 537 - 03 1s R
125 16,1 - R ] 3
160 ~-12 - 2.0 - 0 3 -3
-200 ~ 108 -2 o 3 -
150 - - &S - 1d o ) w3
ns - 8 -0y 0 b] - -
400 - 48 - 0.3 0 3} .3
500 - 32 - 03 0 3 -1
630 - 18 - ol 0 =1
100 Y] .0 o 25 w28 .
1000 o .0 0 b -2
1 2% 0.6 0 L ‘0 2.5 - 15
1 600 1.0 - ol - 0] ) -3
- 2000 1.2 - p2 -~ 02 3 -3
2300 12 o< e Y 4 -
3150 1.2 - 05 - 0f L -5
4000 1.0 — 08 - 08 15 -4
5000 0.8 - 12 ! 6 =48 '
&£ -0 - 20 - 20 6 -5
10% - L - 30 - 20 I3 -6
10000 -2 -2 - 43 6 -
12 00 - 42 - 60 - &0 & -w I
16000 -~ &2 -~ 8] -~ 84 & R
0000 - g2 ~ 110 - Ll 6 -
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{This Fareword is not a part of American National Standusd Methods for the Measarement of Sound Pressure
Levels, S1.13.1971)

This standard comprises a part of a group of definitions, standards, and specifications for
use in acoustical work, It has been developed under the Standurds Commitiee method of
procedure, under the sponsership of the Acoustical Society of America,

American National Standurds Committee S1, under whose jurisdiction this standard was
developed, has the following scope:
Standards, specifications, methods of measurement and tesl, and terminology in the ficlds of physical

acoustics, including a1chitectural neoustivs, electraacoustics, sonics amd ultrssonics, and underwater sound,
but excluding those aspects which pertain to safety, wlerance and comfort,

Various subcommitiees have been organized to take care of the cammitiee’s program, and
this standard was developed by Working Group S1-5],

This standard is a revision of Section 2 of American National Standard Method for the
Physical Measurement of Sound, $1.2-1962 (R 1971).

Suggestions for improvement gained in the use of this standard will be welcome, They
shoyld be sent to the American National Standards Institute, 1430 Broadway, New York,
N.Y, 10018,
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_American National Standard
Methods for the Measurement of

Sound Pressure Levels

Introduction

(The material in this [niroduction is intended for purposes of
background and ericniation.)

This standard is concerned with the measurement
of sound pressure levels in air under a variety of
conditions, The sound to be measured is frequently
undesired (that is, noise). The basic purpose of this
standard is to establish wniform procedures for
obtaining sound pressure level data,

Sound pressure levels to be measured fall into twe
broad categories: these that are due to a specific
source and those that characterize an ambient envi-
ronment where the sound is usually generated by
many sources, It is not always possible 10 make a

‘clear distinction between these two categories. For

example, the ambient noise in a community s eften
generated by many different sources, but primary
concern may be fecused on one particular source. In
neighborhood A, the noise generated by the source
may be masked by the ambient noise, while in
neighborhood B, j1 may be audible, The ambient
noise thus is impertant as a reference level for the
evaluation of the noise from a particular souree,

Even il the ambient noise has a low level, the
measurement of sound pressure level does not always
suffice for the quantitative evaluation of a source
because the magnitude of the sound pressure Jevel
will depend upon the distance from the source, the
directivity of the source, and the icoustic environ-
ment, For this reason, the total acoustic power
radiated by a source of sound may provide a better
measure of source output. Since acoustic power is
usually caleulated from measured values of sound
pressure which depend on the acoustic environment,
it is necessary 10 design and calibrate the measure-
ment environment carefully if the acourncy required
{or sound ratings end comparisons is to be achieved.
All aspects of the determination of sound power of
sources are covered by other American National
Standards. This standard specifically excludes those
sound pressure level measurements which are obtain-
ed in order to permit calculation of the sound power
radiated by a source.

Primary interest in this standurd is focused on
sound pressure level data which are obtained for
their own sake, Since the uman ear is a pressure-
sensitive device, sound pressure level duta are fre-
quently sufficient to satisly 1he purposes of the
measurements.

This standard deals exclusively with objective
methods of measurement. In many situations, it is
desirable to make quuntitttive assessments of the
subjective effects of noise on human beings. The
measurements described here yield the physical data
that are required for assessing the effects of noise but
the assessment technigues themselves (for example,
methods for calculating lowdness, neise ratings with
respect to the conservation of hearing, speech inter-
ference and noisiness, predictions of structural fail-
ure) are not included.

This standard deseribes three methods that can be
used for measuring sound pressure levels (see Table
1). One method uses a relatively simple, portahle
instrument; the other two methods require more
extensive instrumentation, but yield more detaited
information, The choice of the method to be used for
i specific measurement program will depend on the
objectives of the program.

The techniques for measuring wirbarne sound
pressure levels are summarized in Fig, 1, In planning
a series of sound pressure measurements, it is imper-
ative thut the purpose of the measurements be kept
clearly in mind. In Fig. 1, the purposes of a program
of sound pressure level measurements are shown to
be either for characterizing a sound seurce or an
ambient sound field, Tn either case, il the objective is
to obtuin data on which engineering changes to the
source {or sound field) are 10 be based, band pressure
levels are required. On the other hand, if the purpose
of the measurements is to obtain a quantity that
relates the magnitude of the sound stimulus to an
estimate of the elfegt of the noise on man, a simpler
measurement (such s a weighted sound pressure
level) may be ail that is necessary.

The three different metheds for sound pressure

Jdevel mensurements described in this standard are

sumrayarized in Table I, The method to be selected
depends upon the thoroughness- of the description

7
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required for the purposes of the measurements, A
thorough description requires an anulysis of the
sound pressure fevels in purrow frequency bands
from measurements made at suitable microphane
locations over un appropriate time interval with the
best available instrumentation, In other situations, o
simplificd measuring procedure may be entirely
adequme for the purposes of the meusurements.

The survey method that utilizes o hand-held
sound-fevel meter is the least time-consuming but
provides comparatively little information, that is, the
weighted sound pressure level. No effort is made to
control the acouslic environment; that is, the cnvi-
ronment is in an “as is" condition, indvors or
outdoors.

The field method wilizes equipment for frequency-
band analysis and the acoustic enviropment may be
madified to make it approuch known conditions of
mepsrement, or it may be in an “as is” condition
either indeors or ouldoors. For example, il measure-
ments on a single machine are to be made in a
machine shop, the environment may be left *as is™ in
a reverberant condition so thal the room has an
¢ffect on the sound pressure levels at the various
microphone pasitions, Alternatively, the environ-
ment may be controlied to a degree by covering some
of the room surfaces with sound absorptive materi-
als, The effect of the room on the sound pressure
level measurements may then be reduced.

The laboratory method requires the use of the best

Table 1
Three Methods for Sound Pressure Mensurements Described in This Standard
Mcasurement Method  Instrumentation Environment Location
Survey Sound-level meter “Asis"; not Indoars or
controlled outdooss
Field Instruments that A 8" or semi- Indoars or
meel fequirements contsolled with ouldoors
of applicable minar chznges to
Amesican Natianat udd absorptive
Standards materials, remave
reflecting objects, et¢
Labaratory Laboratary instru- Controlled envirop~ Laboratory
ments that meet ment: anevhoic or {indoors)

requirements of

senisanechoic

American National foom
Standards
Fig. 1
Classilication of Alrborne Nolse Measurements According to Purpose
SOURCE NOISE
MEASUREMENTS - LSE FOR RECORDING OF NOISE
ICHARACTERISTICS OF g WEIGHTED SOUND EXPOSURES, COMPARISON WITH
A SOURD SOURCE} LEVELS CRITERIA, SPECIFICATIONS, ETC
bete!  MEASURESOUND |t
PRESSURE LEVELS
AT APPROPRIATE
POSITIONS
- USE FOR DJAGNOSTIC
- :::&m:t:vus ®  ANALYSIS ONWHICHTO
BASE ENGINEERING ACTION
AMBIENT NDISE
MEASUREMENTS
{CHARACTERISTICS OF
A SOUND FIELD)
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available. laboratory-grade instrumentation, The
frequency-band analysis is carried out under core-
fully controlied environmental conditions in a labo-
ratory so that the effect of the room on the sound
pressure Jevel measurements may be precisely deters
mined. The laboratery method is primarily usced for
source measurements.
The two types of nojse encountered in practice are
given below;
{1} Steady Noise
Wilhout gudible discrete tones
With audible discrete tones'
(2) Nonsteady Noise
Fluctuating noise
Intermittent noise
Impulsive noise
Isolated bursts
Quasi-steady noise
Steady nojse is relatively constam over a Jong period
of time and may or may not contain audible discrete
tones, If none of the frequencies is audibly dis-
tinguishable from the others, the noise is wide-band
and “‘unpitched.” Nensteady noise may be either

_fluctuating (that is, does not remain at any constam

level during the period of observation), interminem
(that is, returns 1o the ambient level during the
period of obscrvation) ar impulsive, These different
types of noise require different measurement tech-
niques which are deseribed in detail in this stundard.

The particular method seiecied for measuring
noise thus depends upon;

(1) The nature and location of the noise source(s)

(2} The use 1o be made of the results of the
measurements

{3) The type of noise 10 be measured

{4) The time and equipment available for the
measurements, and '

{5) The skiil of the individual conducting the
measurements

Before making 4 decision on measurement method
and instrumentation system. the individual whe
intends 1o carry out a program of sound pressure
level measurements should ask himsell the Tollowing
general questions:

(1) What do I want to know?

{2) Whar will | do with the data obtsined?

(3) How accurate do T expect the data to be?

The answers Lo these questions and consideration
of the five preceding items should provide guidance
on_the method to be chosen for the measurements
and the instrumentation system to be selected,

This standard classifies the purposes of the mea-
surements, identifies differeat Kinds of commonly

AMERICAN NATIONAL STANDARD 51.13-197]

encountered nojses, describes techniques for measur-
ing and reporting steady and nonsieady noises as
well as the instrumentation systems suitable for such
measurements, and includes peneral guidelines for
noise measurements in the field and in the labora-
tory.

1. Scope and Purpose

1.1 Scope

1.1.1 General recommendations arc given o as-
sist in the development of noise measurement tech-
niques that are satisfactory for use under varjous
environmental conditions,

112 The measurement of sound produced hy
sources which radiate directly into the air is given
first priority. The airborne sound pressures may be
partially attributable 10 sound transmission along
structural pathways and reradiation from selid {or
Nuid) bodies,

LLY Primary consideration is given 10 the mea-
surerment of sound created as o by-product of the
principle Tunction of the source. The methods may
also be applied 1 other sources which are intended
1o generate sound, For example, measurements may
be desired of the sound pressure generated by an
alarm device operating in the presence of multiple
noise sources,

L4 This standard does nol consider sound pres-
sure level measurements which are obiained for the
purpose of determining the sound power radiated by
a source.

1.2 Purpose. The purpose of this standard is to
provide uniform guidelines for measuring and re-
porting sound pressure levels observed under differ-
ent environmental conditions, This standard is appli-
cable 10 the many different types of sound pressure
level measurements commonly encountered in prac-
tice. This standard is intended o assist in the
preparation of test codes for: 1) determining vom-
pliance with a specification, ordinance, or acoustical
criterion, and 2) obtaining information to assess the
effects of noise on people or equipment.

2. Delinitions

ambient nolse. The all-encampassing noise associ-
ated with a given eavironment, bejng usuably o

-compasite of sounds from many sourees near and

far,
discrete wne, A sound wave whose instantaneous

9
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sound pressure varies essentially as a simple sinu-
soidal function of time,

fluctuating nalse, A nuise whose sound pressure level
varies significanmtly bui doces not equal the ambient
environmental level more than once during the
period of observation,

imputsive noise. A noise characterized by brief ex-
cursions of sound pressure (acoustic impulses) which
sighilicantly exceed the ambient noise, The duraion
of a single impulse is usually less than one second,
intermittent noise. A noise whose sound pressure
leve! equals the ambient environmental level two or

“more times during the period of observation. The

period of time during which the level of the noise
remuins al an esseniially canstani value different
from that of the ambient is on the order of one
sccond or more,

nonsteady nolse, A noise whase sound pressure level
shifts significantly during the period of observation.

period of observation, The time interval during which
acoustical data are obtained. The period of observa.
tion is determined by the characteristics of the noise
being measured and should be at least ten timwes as
long as the response time of the instrumentation, The
grepter the variation in indicated sound level, the
longer must be the observation time for a given
expected precision of the measurement,

sound level (noise level), Weighted sound pressure
level obtained by the use of a metering characteristic
and the weightings A, B, C {or other) as specified in
the referenced standards (see Section 12). The
weighting employed must be indieated, Unit: decibel
(dBy,

sound pressure level, Twenty times the logarithm to
the base 10 of the ratio of the pressure of 4 sound to
the reference sound pressure, Unless otherwise speci-
fied, the effective (rms) pressure is to be undersiood.
The reference sound pressure is 20 gN/m*. Unit:
decibel (dB).

steady noise, A naise whose sound pressure level
remains essentinlly constant (that is, fluctuations are
negligibly small) during the period of observation.,

3. Acoustic Emvironments

3.1 General, The sound pressure observed in the
viviniis of the souree may be influchesd by the
acoustic environment in which the source is oper-
ating. Small changes in orientation of the source
may result in appreciable changes in the sound

10

pressure level, Tu s imperative that the influence of
the environment on the measurement of sound pres-
sure level be considered.

3.2 Types of Measurcments

3.2.1 Ambicent Noise Measurements. Meisure-
ments of ambicnt noise are commonly made both
outdoors and indoors. The observed sound pressure
is usunlly a superposition of the sound pressures
generated by many sources al diflferent locations, In
this type of measurement, it is the total sound
pressure that is of interest rather than the sound
pressure generated by any of the individua! sources
operating in the enviconment, A statistical descrip-
tion of the combined noise level produced by all of
the sources operating simultancowsly is frequemly of
interest, Typical ambient environments are given in
Table 2,

3.2,2 Source Measurcaeats, This type of mea-
surement invelves the determination of the sound
pressure level produced by a source, located either
outdoors or indoors. The source of interest will
frequently be operating in the presence ol other
sources. The other sourees estublish the ambient
noise, Typical sources are also listed in Table 2,

3.2.3 Example. The noise levels of a larpe ity are
frequently controlied by vehicubar teaflic (wmbient
environmental noise). If interest is focwsed on indi-
vidual vehicles in the tralfic, source measurements
are necessary,

3.3 Envirenmental Factors Influencing Ambient
Nolse Mensurements

3.3.1 Qoutdoors, The sound pressure levels mea-
sured outdoors will be influenced by:

{1) Sound absarption by the surface of the ground

Table 2
Typical Ambient Envitonments and Sources

Ambient Environment Saurce
Cutdaors

Highway Preumatic tools

Residential neighborhood Endustrial machines

Airporl Stationuary engines
Equipment wsed by
wtililics: iransfurm=
ers, regulators, ete
Ground vehicles
Alrcraft
Boats und ships

Indoors
Fuctorics Hand 1ouls
Ciliues Appllances
Schools Industrial muchines
Hospitals Househald equipment

Dwellings

ey

T A 1 U



(2) Shape of the land contours

(3) Scattering from and absorption by objects
such as buildings, trees, and people

(4) Inhomogeneitics in the gimosphere (turbu-
lence, wind gradicnus, and temperature gradients)

{5) Air absorption (ambient temperature and hu-
midity)

(6) Time of day

3.3.2 Indoors. The sound pressure levels measured
inside buildings will be influeneed by:

(1Y Sound reflection and absorption by the interi-
or surfaces

(2} Reflections from and abserption by objects
within the building, such as furniiere and people

(3) External noise sources and the transmission
charncteristios of the structure

(4} Air absorption (ambient temperature and hu-
midity)

3.4 Environmenta! Factors Influcneing Source Mea-
surchichls
3.4.1 General, Accurate measurements of sources

are complicated because tive patern of sound radi-
ation depends upon several enviranmental factors,

3.4.1.1 Radiation in n Free Field, Al larpe
distances from a source in & reflection-free, homao-
geneous, nondissipative space, the sound pressure
varies inversely with the distance from the source;
that is, the sound pressure level will decrease six
decibels each time the distance from the acoustie
center of the source is doubled, I the source is large
compared with the wavelength of the sound it
radiates, the general trend of pressure will be Lo
decrease us the distance from the source is increased,
but sound pressure maxima and minima may occur
in the vicinity of the source,

3.4.1.2 Effect of a Rellecting Mane, When the
sound source is located near a reflecting plane, sound
waves reflected from the plane will interfere with
those coming directly from the source. The general
trend of the pressure will be 1o decrease as the
distance from the source is increased and sound
pressure masima and minima will oceur due 1o
interference.

3.4.1.3 Radiation Within a Room, When a
sound source radiates into a room, the soupd will be
reflected back and forth many times from the room
surfaces: these reflections ereale complicated sound
lield. At any point within the room. the sound
pressure may be considered 10 he the resulignt of two
coincident sound fields: the direet sound field which
comes directly frem the source without being first
reflected, and the reverberant sound ficld, The revers
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berant sound ficld is iself the superposition of many
sound waves which may interfere 1o produce spatial
and temporal variations in sound pressure.

3.4.2 Optimal* Conditions Qutdoors, To realize
optimal conditions outdoors for sound pressure mea-
surements ahove a reflecting plune, the following
requirements shail be met;

3.4.2.1 Extent of Reflecting Mane, A hard,
smooth, massive plane surface shall extend from the
source under st at least a distance A/2 beyand the
farthest microphone pesition, where A s the
wuvelength of the sound at the lowest frequency of
interesl,

3.4.2.2 Abserptien Coeificient of Reflecting
Plane, The normal-incidence sound absorptian
coeflicient of the reflecting plane shall not exceed 0,1
over the frequency range of interest (concrete or
asphalt surfaces usually meet this requirement),

3.4.2.3 Obstacles and Reflecting Surfaces. No
obstacles ar reflecting surfaces with major dimen-
sions greater than A/4 (other than the ground) shall
be within 3A of the source, or within 3A or 5r of the
microphone positions, whichever is the greater, where
A is the wavelength of sound at the lowest frequency
of interest and # is the distance from the larthesi
measurement pasition to the genter of the source,

3.4.2.4 Atmospheric Conditions. The atmo-
sphere shall be homogeneous 10 a height of 10 m
above the ground or 1o the height of the source,
whichever is greater, with a uniform negitive tem-
perature pradient and with no wind gradients, If
measurements must be made under conditions with
positive lemperature gradients (thermal inversions),
the positive temperature gradient shall not exceed
2°C per 300 m of heipht and 1he wind gradient shall
not exceed 3 m/s per 300 m of height, Measurements
shall not be made when the wind speed exceeds 6
m/s.

3.4.3 Optimal Conditions tndoors, Optimal condi-
tions exist indoors in a free-field or snechoic roem,
Within the frequency range of interest, the sound
waves reflected from the surfaces of the room make
a negligible contribution (that is, less than 0.2 dB) o
the sound pressure level i the point of observation,
To realize free-field conditions in an enclosure, the
test room shall meet the following requirements;

3.4.3.1 Size of Test Room, The dimensions of
the anechoic reom shall be Lirge enough so that the
microphones can be placed in the far radiation field
of the sound source under test and at least A4
distant from the absorptive surfaces of the anechaijc
room, where A is the wavelength of sound at the
lowest frequency of interest.
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NOTE: A uselul rube of thumb is thar 1he far radiion field exists
under opsimal conditions a1 Jistarces greater than four times the
largest source dinension, This daes not imply thar distances less
than four times the Jargest suurce dimension are necessarily in the
neur field,

3.4.3.2 Absorption Coclficient of Test Room,
The average normal-dncidence sound absorption
coclficient of all surfaces of the anechoic room
should be equal 1o or greater thun 099 over the
requency range of interest. The absorptive treat
ment shall be uniformly Jistributed over all of the
sutfgees, Most anechoic rooms with absorptive
wedpes at least | m Jong meet this criterion al
frequencies above 100 He.

3.4.3,3 Obstacles and Reflecting Suriaces.
Sound reftecting surfaces and obstruclions other
than the microphone and those assacialed with the
sound source under test shall be absemt fram Lhe
room,

3.4.3.4 Free Field Above a Rellecting Plane. A
semi-anechoic room with a (ree field over a reflecting
ptane shall incorperate sll of the feares deseribed
in 3.4.3.1, 3.4.3.2, and 3.4.3.3 except that the floor is
a hard, smooth, massive plane surface, The averiage

" normal-incidence sound absorption coefficient'of the

Moor shall not exceed 4.1 over the frequency range of
interest, A concrete floor meets this cequirement,

3.4.4 Other Indoor Environments, For many
sources, it is cither desirable or necessary to
make measurements under conditions which are not
optimal, For example, an indoor environment may
have only a smull amount of sound absorption, It
may be desirable to [eave the environment as it is
while determining the sound levels in the environ-
ment when a particulur source is in operation, Or,
alternatively, it may be desirable to make the envi-
ronment more closcly approximate the optimal con-
ditians described in 3.4.3 by introducing absorptive
treatment,

3.4.4.1 Requirements. When conditions indoors

are not optimal, useful measurements can be made
without excessive crrors due to sound reflections
from walls or other surfaces provided that:

(1} The room has an adequate volume

(2) The source is located sufficiently far from the
walls and other reflecting surfaces

(3) The measurcment positions are relutively close
to the source (see 7.3.2.1)

(4) Local interference patterns are smoothed oul
{see 8,3.1)

3.4.4.2 Qualiilcation Procedures, Scction 10

gives procedures for qualifying indoor environments
as far as requirements (1) and (2) of 3441 are
concerned,
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3.44.3 Nearby Objeets

3.4.4.3.1 Survey Maethiod, The acoustic envi-
ronment in which the measurements are made shall
be taken in an “as is™ condition.

3.4.4,3.2 Field Method, To the exiem pos-
sible, itis usually desirable while seoustical measure-
ments are being made 1a remove all objects from the
test ared which are not part of the source or
necessary for ils operation,

34.4.3.3 Laboratory Method, Al objects
which are not part of the source or necessary for ils
operation shall be removed from the anechoic or
semi-anechoie room during the measurements, ex-
cep for the microphone and jts associated hardware.

4. Classification of Noise by Type

4.1 General, The spectrum of a noise is influenced by
a number of factors, such as the characteristics of the
source(s). environmental conditions, ete. The spec-
irum may contain components @l 6ne or more
discrete frequencies whose amplitudes are sub-
stantially higher than those of componenis at ad-
Jacent frequencies,

4.2 Types of Noise, The noises usvally encountered
in praclice are classified as sweady or nonsteady
noise.

4.2.1 Steady Noise. The level of a steady noise
remains essentially consuimt {that is, fluctuations are
negligibly small) during the period of observation,
To the typical observer, achange in noise leve) of less
thun one deeibel] is not likely 1o be detectable while a
six decibel change will be cansidered significant. IT
the average noise level is relatively constant but the
spectral distribution of the sound changes during the
period of observation (as determined by listening).
the noise shall be classified as nonsteady,

4.2.1.1 Steady Nolse Without Audible Discrete
Tones. This type of noise is frequently referred Lo as
“broad-band" noise; prominent diserete companents
and narrow-bands of noise are absent. The plot of
pressure spectrum level veesus frequency is without
pronounced discontinuities. See Appendix A for
procedures 10 identify prominent discrete Lanes in
the presense of broad-band noise,

4.2.1.2 Steady Noise with Audible Discrete
Tones. This type of noise has components at one or
more discrete frequencies which have significantly
greater amplitudes than those of the adjaeent spee-
trum (see Appendix A}, Clusters of such components
or narrow-hands of noise may be observed. The
plotted spectrum obtained with a narrow-band an-



alyzer hus very sharp peaks (prominent single-fre-
quency components) or steep gradients (narrow
bands of noise). The distinguishing feature of nar-
row-band noise s that its energy is concentrated in a
relatively narrow portion of the spectrum,

4.2.2 Nonsteady Nolse. The level of a nonsteady
naise shifts significantly during the period of obser.
vation. This type of noise may or may not conlain
audible diserete tones. The classification of non-
steady noises depends upon the period of observation
which must be defined for each measurement.

4.2.2.1 Fluctuating Noise, The sound pressure
level varies over u range greaver than six decibels
with the “slow™ meter churacteristic (see #.1) and
does not equal the ambient level more than once
during the period of ohservition. Allernatively, the
noise may fluctuute between two or more steady
levels six or more decibels apart when measured with
the “fast” meter characleristic of & sound-level
meter, Fluctuations may occur becuuse of beats
between two or more audible discrete tones having
nearly the same frequency,

4.2.2.2 Intermittent Noise, The sound pressure
level equals the ambient level two or more limes
during the peried of observation. The period of
time during which the level of the noise remains at an
essentially constant value different from that of the
ambient is of the order of one second or more,

4.2.2.3 Impulsive Nolse (Borstst, Impulsive
noise is characterized by brief excursions of sound
pressure (acoustic impulses) which significantly ex-
ceed the ambient environmental sound pressure. The
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duration of a single impulse is usoally less than one
second, Two subcategories of impulsive noise are:

4,2.2,3.1 [solated Bursts, One or more bursts
occur during the period of ohservation, The envelope
of the burst wavelorm may be that of a decaying
transient or it may be of essentinlly constany ampli-
tude, for example, @ tone burst. The burst spacing
(time interval between bursts) is such that each burst
is individuafly distinguishable with a sound-level
meter.

4,2.2.3.2 Quasi-Steady Nolse, A train of 1wo
or more bursts occur during the period of observa-
tion. Individual bursts in the train may have equal or
uncqual amplitudes and the burst spacing (time
interval between bursis) may be uniform or nonun-
iform, As the burst repetition rate increuses, the
resolution of individual bursts by a sound-level meter
becomes dilficult; the naise is then classified as
quasi-steady,

4.3 Examples. Examples of sources of dilferent
types of noise are given in Tuble 3.

5, Instrumentation for Noise Meusurements

5.1 Introduction. Noise measurements are often
made with a sound-level meter. When one of the
built-in weighting networks is used to modify the
frequency response of the instrument, the reading of
the mieter is called the sound level and the weighting
network used must be indicated. When no weighting
is used, all frequency components in the range of the

Table 3
Examples of Sources of Different Types of Noise
Steady Nonsteady
Without Audible Fluciuating

discrete tones

Distan city
Waterfull

Air-conditioning system (high velocity)

With audible

diserete tones
Circular saw
Transformer
Tuthojet engine

.

Heavy traffic (nearby)
Pounding surf

Intermittent

Aireralt My-over
Automobile passing by
Train patsing by

Impulsive

Isolated bursts

Drop forge hammer
Dog barking

Plstol shots

Doar slanming
Electrical cireuit breaker

Quasi-steady noise
Rivening
Pneumatic hammer
Machine gun
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instrument are passed essentiafly  without atten-
uation and the reading of the meter is the sound
pressure level,

The sound level {weighted sound pressure level) is
useful in many situntions, It is particularly valupble
when noises are te be compured which have the same
general character and when the human ear does not
readily recognize any important qualitative differ-
ences in the composition of the noises. When the
sound-level meter indicates approximately the same
sound level for two noises, but the ear distinguishes
differences in the composition of the noises, a single
number, such as the one a sound-level meter pro-
vides, may be misleading,

The single number provided by the sound-level
meter is not sufficient for diasgnestic purposes. For
studies that are concerned with the causes of noise
generation and methods for reducing the noise, a
frequency analysis of the noise ks required, To obiain
this information. band-pass filters whose geometric
mean frequency is cither continuously or step-wise
variable are used in conjunction with the sound-level
meicr. The sound pressure level, in frequency bands
of known width, is then obinined, Eight octave-band
filters (for example, those with geometric mean
frequencies of 63, 125, 250, 500, 1000, 2000, 4000
and 8OO0 Hz) usualiy cover the significant portions
of the audible spectrum and provide adequate infor-
mation 1o characterize steady noise without audible
discrete tones. When audible discrete tones are
present in the spectrum, a spectrum analyzer having
o narrow bandwidth {for example, third-octave or
narrower) may be required.

5.2 General. Instrumentation for the three methods
of noise measurement is duscribed in this section,

5,2.1 Survey Methed {for Ambient Noise and
Source Measurements), This method uses only
sound-level meter to yield the weighted sound pres-
sure level (sound level),

§,2,2 Fictd Method (for Ambient Noise and
Source Measurements), This method uses octave or
narrower band analyvzers and prevides a lrequency
analysis of the noise in a field environment which
may or may not be changed 1o approximate optimal
conditions,

§.2.3 Luborutory Method (Primuarily for Source
Measurements), This method uses precision octuve
or narrower band analyzers and pravides it frequency
analysis of the sound pressure Jevels produced by a
source operating in o free ficld or & free field above a
reflecting plune,

8.3 Instrumentation
5.3.1 Survey Method. For survey measurements, a
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sound-level meter shall be used whose performance
mects or exceeds the least stringent requirements of
American National Standard for Sound Level Me-
ters, 81.4-1971 (see Seetion 12),

5.3.2 Field Method. For ficld measurements, an

octave-band analyzer or a aarrow-band analyzer of
the constant bandwidth or constan percentage band-
width type shall be used. The microphone shall be
detachable from the instrumentation for installation
at the end of a cable.
NOTE: Il an analyser with filters that meet the requirements of
220.10-195) (supcrseded) 35 used, reference shoutd be made 10
Amurican Nationa) Standurd Specification for Qutuve, Hall-
Octave, and Third-Qctave Band Filter Sets, 51.11-1946, on filiers
for o method 10 convert the sound pressure devel data 10 the
correspanding values for an analyser that incorporates the curreny
preferred octuve-band center frequencies (see Section 12),

5.3.3 Labaratory Methed, For laboratory mea-
surements, instrumentition that meets the re-
quirements of 3.3.3 shall be used. In addition, the
microphane shull meet the stability, temperaiure
coefficicient, und ambient-pressure coefficient re-
quirements of American National Standard Specifi-
cations for Laboratory Standurd Microphones,
S1.12-1967 (see Section 12).

54 Precision Objectives of Basic Instrumentation
Systems

5.4.1 Precision of Calibration. These systems shall
be such that they are capable of being culibrated at a
diserete frequency between 00 Hz and 1250 Hz with
the follewing precisions (see 5.7);

(1) Instrumentation for survey method: &2 dB

{2) Instrummentation for field method: 21 ¢B

(3} Instrumentation for laboratory method: +0,5
d8

A complete calibration ever the emtire frequency
range of interest shall be performed periodically with
a precision sulficient 1o ensure compliance with the
frequency response requirements of 5.4.2. Cali-
brutions shall be performed in accordance with the
general principles of American National Swandard
S1.4-1971,

54.2 Frequeney Response, The frequency re-
sponse of an instrumentation system lo a plane
progressive sinusoidal sound wave arriving at the
angle of incidence specified by the manulacturer or
to sounds arriving at random incidence shall con-
form 1o the requirements of American National
Standard 51.4-1971, [nstrumentation for the labo-
ratory nmiethod shall satisly or exceed the frequency
response requirements of the type of sound-levet
meter which hus the most stringent performance
specifications. For the field method, instrumentation
shall satisly or exceed the frequency response re-
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quirements of the next mosl stringent sound-level
meter specifications and for the survey method, the
least,

5.4.3 Microphone Characteristics. Microphone
characteristics shall conform to the reyuirements of
American National Standard $1.4-1971. Micro-
phones for the luboratory method shall smisly or
exceed the appropriute requirements of the type of
sound-fevel meter with the most stringent perform-
ance specifications and, in addition, shall satisfy the
stability, temperature coefficient, and ambient-pres-
sure coefficient requirements of American National
Standard S1.4-1971. For the field method, micro-
phones shall satisfy or exceed the next most stringent
sound-level meter specifications and for the survey
method, the Teast.

5.4.4 Filter Chiaracteristics. The actave and third-
octave band filter sets used for measurements hy the
field and laboratory methods shall meet the re-
quirements of American National Standard 81.11-
1966, In particular, instrumentation for the field
method shall meer a Class [ designation for octave.
band Tilter sets and a Class [1 designation for third-
octave band filter seis. Instrumemation for the
laboratory method shall meet a Class [ designation
for octave-band filter sets and a Class 111 designation
for third-octave band filter sets. Two other types of
spectrum analyzers may be used for measurenents
using the field and laboratery methods. One type has
a bandwidith which is a constant small fraction of the
center frequency of the band. The other has a
constant bandwidth.

55 Magnetic Tape Recorders, Instrumentation-
grade magnelic tape recorders are wseful for data
storage and may be used 1o supplement the basic
instruments described in 5.3.2 and 5.3,3.

5.5.1 Tape Recorder Characteristics and Oper.
atlon, The ¢lectrical characteristics that are usually
of critical importance in the choice of a tape recorder
for noise measurements are the frequency response
and the signal-1o-naise ratio,

5.5.1.1 Frequency Response Characterisiie. A
frequency response characteristic that is uniform
over the frequency range of 45 to 11200 Hz is
preferred, This response shall be checked frequently
and adjusted {or optimal uniformity. Corrections for
the remaining irrepularities shall be applied 1o the
results of an analysis of the signal if third-octave or
narrower bands are used,

5.5.1.2 Signai-to-Noise Ratio. I'he range in Jev-
¢l from the internal noise fevel of the recorder to the
level at which the distortion exceeds 2 percent shall
be as wide as possible. The applied signal level must
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be set carefully in order (o be within this range, If the
applied signal is set too high, the recorded signal will
he distorted, and subsequent measurements of the
reproduced signal may be seriously in error. If the
applied signal is set too low, the internal noise of the
recorder may override the signal in the frequency
ranges where the signal enerey is low,

Since the signal-to-noise ratio is measured and
specified in several different ways, a careful review of
the significance of any particular specification shall
be made for critical applications, The eifect of the
weighting  characteristic (or preemphasis) on the
signal 1o be recorded shall be considered.

5.5.1.3 Other Characteristics, In instrument-
ation recorders. the magnitude of the flutter shall be
sufficiently small that measurements on the repro-
duced signal are not generally affected by i unless
filter bandwidths of | percent or narrower are used,

The phase characteristic of a system is ordinarily
of little significance in agoustical measurements, In
those instances where accurate reproduction of the
recarded waveform is required, careful control of the
phase characteristic is necessary, and the frequency-
moduiation process of recording is then the preferred
procedure. For most noise-measurement  appli-
cations cither a direct-recording or a frequency
modulation process may be used,

When the phase characteristic is important, the
phuse response of the system (including the recorder)
shall ideally be an increasing linear function of
frequency, Deviations from this ideal are frequently
specified in terms of the delay (slope of the phase vs
frequency curve) produced by the system.

The dynamic range of many systems will frequent-
ly be inadequate for the recording of nonsteady
noise. For flectuating and intermittent noise, record-
ings may be made st different levels on severat
recorder channels, or the system gain may be adjust-
ed (either manually or automatically) during the
period of observation, A method must be provided
for determining the magnitede and time of occur-
rence of the pain changes. When recording quasi-

* steady noise, the signal peaks may be distorted

because of the very hiph crest factors (for example,
peak-to-rms ratios greater than 10) that are fre-
quently encountered. A recording level must be
chosen that makes a compromise between an ad-
equate signal-to-noise ratio and ¢xcessive distortion
of the signal.

5.6 Culibration and Maintenance of Instrumentation,
The instruments used for the acoustical measure-
ments shall be serviced at least once every twelve
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months in accordunce with the manufacturer’s in-
structions, This shall include checking the perform-
ance of all mechanical components and electrical
circuits and replacing substandard items, The date of
most recent servicing shall be written on tags al-
tached to the instruments. To ensure that the cali-
bration of the equipment has not changed during &
serles of measurements, the instrumentation system
shall be calibrated acoustically according to the
manufacturer's instructions, A comparative cali-
bration provided by a sound-level calibrator or
pistonphone of known sound pressure level is usually
satisfactory for this purpose. The [requency response
of the complele instrumentation system shall be
checked periodically to insure that the requirements
of 5.4.2 are satisfied. For the laboratory method,
microphones shall be calibrated by comparison with
reference standard microphones which are calibrated
according ta American National Standard Method
for the Calibration of Microphones, S1.10-1966 (see
Section 12},

5,7 Precautions To Be Taken When Sclecting Instru-
mentation
5.7.1 Precautlons (Fleld and Luboratory Nethods)

5,7.1.0 Wind (Field Mcthod Only). To perform
sound pressure level measurements in a moving gir
stream, & suitably desipned windsereen or nose cone
shall be utilized 1o minimize the influence of the air
stream on the output of the microphene. No such
precaution is necessary if the wind noise is 10 or
more decibels below the signal being measured in
each [frequency band of imwrest. Corrections for
changes in microphone sensitivity for the windscreen
or nose cone used during the measurements shall be
applied to the obse¢rved sound pressure levels,

5.7.1.2 Humidity and Temperature., High hu-
midity or temperature will change the sensitivity or
damage many lypes of microphones, The miuro-
phone manufacturer’s instructions shall be carefully
foltewed to avoid such effects,

5.7.1.3 High Sound Pressure Levels, Many
piczoelectric, moving-coil, and capacitor micro-
phones may be used for the measurement of sound
pressure Jevels up to approximately 140 dB re 20
#N/m2, At higher levels, specially designed micro-
phones with stiff diaphragms shall be wsed; these
shall be calibrated at the levels to be measured and. if
possible, over the entire frequency range of interesy,
At high sound levels, special precautions shalt be
taken o ensore that “microphonics™ are not pener-
ated by the transmission of mechanical vibration to
the microphone or instrumentation, These include:

16

(1Y Installing the microphone and instrumenta-
tion on a soft mounting.

{2y Removing the instrumentation from the high
sound levels and utilizing long cables; precautions
are necessary to minimize cable noise, that is, the
poise produced when the cable itself is subject 10
vibration ar flexing,

(3) Installing the instrumentation behind suitable
barriers or enclosures; a mechanically soft mounting
shall be used for the low-sensitivity microphones that
are ulilized for the measurements of high sound
levels,

{4) Determining electrical noise and possible "“mi-
croplionics™ preblems by replacing the microphone
with a highly insensitive (dummy) microphane,

5.7.1.4 Low Sound Pressure Levels. A micro-
phone used to measure low seund pressure levels
must have high sensitivity and low internal noise,
When connected to suitable low-noise amplifiers,
many piczaclectric, moving-coil, and capacitor mi-
crophanes are suitable for measurements of sound
pressure levels below 20 dB re 20uN/m#,

5.7.1.8 Low-Frequency Nolse, Piezoclectric and
some capacitor microphones are suitable for measur-
ing sound pressures at frequencies down Lo fractions
of & hertz, Special amplifiers are required for mea-
surements of low-lrequency noise. The low-frequen-
cy sensitivity of a microphone may vary considerably
from the mid-frequency sensitivity due to the pres-
ence of a pressurc-equakizing leak. Calibration shall
be performed over the frequency range of interest,

5.7.1.6 High-Frequency Noise. For measure-
ments above 20000 Hz, ministure capacilor or
piezoelectric microphanes usually give the most
satisfactory results,

5.7.1.7 Hum Pickup. When sound pressure lev-
els are to be mensured near electrical equipment, a
moving-coil microphone shall not be used. The
instrumentation shall be checked to make certain
there is no hum pickup in the instruments them-
selves, Hum can be reduced by moving the instru-
ments away from the source of the magnetic ficld or
by selecting @ proper orientation of the insiruments
with respect to the magnetie field.

5.7.1.8 Cables. When a cable is used between
the microphone and the acoustical instrumentation,
the system shall be calibrated according to the
manuflacturer's instructions with the cahle in use,

5.2.2 Precautions {Survey Method), Sound-leve
meters with integral microphones are generally not
suituble fur o measurement program that requires
the observanee of the special precautions of 5.7.1,

5.7.3 Additional Effects on Measured Data



§.7.3.1 Elfcct of Observer and Meter Case on

Measuzed Data

5.7.3.1.1. Survey Method, The sound-level
meter shafl be held in {ront of the observer, The
observer shall be orjented with respect 10 the princi-
pal sound source so that the sound energy arrives at
the microphone lrom the side uniess some other
orientation is specified by the instrument manu-
facturer.

5,7.3.1.2 Ficld and Laboratory Methods. In
order Lo minimize the ohstacle effect caused by the
insettion into the sound field of the sound-level meter
and the experimenter holding it, the microphone
shall be connected 10 the sound unalysis equipment
by means of an appropriate cable or extension
connector and mounted on it tripod or other suspen.
sion system. The observer and all acoustical instru-
mentation except microphone(s), associated pre-
amplifiers and cables should be located outside the
test area,

5,7.3.2 Miccophone Response and Orlentation

5.7.3.2.1 General, The microphone cali-
bration applicd to compute sound pressure level
shall conform te the way the microphone is used in
the measurement; for example, free-field calibration
at the approprinte angle of incidence, It should be
recogrized that microphone calibrations are often
furnished in terms of the pressure response, which
may differ from the free-ficld response at high
frequencies by as much as 9.5 dB for one-inch
diameter microphones,

5,7.2.2.2 Survey Method. See 5.7.3.2,1.

5,7.3.2.3 Field ond Laboratory Methods, The
microphone shall be oriented with respect to the
source so that sound strikes the diaphragm at the
angle for which the microphone was calibrated to
have the Mawest frequency respunse characleristic,
The variatian of the response with [requency shall be
taken into account in each [requency band for
maximum accuracy. [t should be noted that micro-
phones are usually most sensitive for sound propa-
pating perpendicular to the microphone diaphragm.
However, the angle required to obtain the flattest
response vs [requency will be a function of the
mictophone design, It is imperative that reliable
calibration data be used te determine the angle of
operation for the flattest response. [t should be
noted that a microphone may be extremely sensitive
at high frequencies to small changes in arientation
for sound waves arriving parullet (o the diaphragm,
Therefore, during & mensurement of sound which
contains significunt high-lrequency components, it is
advisable to maintain the microphone orientation to
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within =35 degrees for the survey and field metheds
and 10 within = 2 degrees for the luborutory method.

6. Installation and Operation.of Source

6.1 Geoeral. The requirements of this section are
applicable only to measurements of sound sources,
In many cases, the sound pressure levels in the
vicinity of a source depend upan the support or
mounting conditions and upon the manner in which
the source is operated, This section gives general
recommendations concerning installation and oper-
ation of sources. Reference shall be made to individ-
ual test codes for more detailed information con-
cerning installation and mounting conditions of spe-
cific Lypes of sources (for example, rotating electrical
machines).

6.2 Installation of Seurce. Whenever a typical condi-
tion of mounting exists for the souree, that condition
shall be used or simulated, if practicable,

6.2.1 Mecthod of Mounting, Many small sound
sources {for example, ballasts for [luorescent lamps,
electric clocks, etc) although themselves poor radi-
ators of low-lrequency sound, may, as a result of the
method of mounting, produce marked increases in
low-frequency sound when their vibrational energy is
transmitled 1o surfaces large enough 1o be efficient
radiators. Resilient mounting should be interposed il
possible between the device to be mensured and the
supporting surfaces so that the transmission of
vibration to the support and the reaction on Lhe
source are both minimized, However, such resilient
mourts shall not be used if the device under test is
not resiliently mounted in field installations,

6,2.2 I"ane Reflecting Surfaces. \When a source is

mounted near one or more reflecting planes, its
radiation impedance may differ appreciably from
that of free space, If such a mounting is typical of
field installations, the reflecting plane(s) shall be
considered to be a part of the source. The optimal
environment for a source mounted near one reflec-
ting plane is a semi-anechoic room (free-field above
a reflecting plane), See 3.4.3.4,
6.3 Operation of Source. During the acoustical mea-
surements, the source shall be operated in o manner
typical of normal use in a field installation, The
following operational conditions may be appropri-
ate:

{1) Device under normal load

(23 Deviee under fuid boad (if difierent from (1))

(3) Device under no-load (idling}

6.4 Test Results. The conditions under which the
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source is installed and aperated during the acoustical
testing shall be described in the test results.

7. Microphone Positions

7.1 General. Microphone positions shall be selected
so that an adequate sampling is obtained of the
sound field in the ambient environment or in the
vicinily of a sownd source. The number of micro-
phone positions selected shall be adequate 1o de-
scribe the ambient environment or specily the char-
acteristics of the source.
7.2 Ambicnt Noise Measurements. When the micro-
phone position is selected, the purposes of the
measutements must be carefully considered., The
miccophone shall be located at those positions nor-
mally occupicd by the ears of the people exposed 0
the sound field. These people may be standing,
sitling, or lying down, When it is desired to plot
contours of equa! sound pressure level, the required
number of microphone positions will be determined
by the degree of spatial irregularity in the sound
pressure field and the resolution desired, The dis-
tanee belween microphone loeations is to be speci-
fied in terms of the desired precision with which the
ambient environmental levels are to be mapped.
7.2.1 Qutdaors, The prefesred height of the micro-
phane above the ground for ouldoor measurements
is 1.5 meters. Other heights may be used if they
prove to be more practicable, For example, in
making measurements near an open window, the
microphone shall be centered on the open window
and at a horizontal distance of approximately 0.5

- meter from the window,

7.2.2 Indoars, The preferred heipht of the micro-
phane above the floor is 1.3 meters. Other heights
may be used if they prove o be more practicable as,
for example, in making measurements in & room
where the occupants are normally seated (living
rooms: microphone 1.1 meters above the floor) or
lying down {bedrooms: microphone 0.6 meter above
the floor).

7.3 Source Mensurements. The distribution of sound
in the vicinity of most sources is complex. Large
noise-producing bodies may have surfoces which
vibrate al many frequencies with many degrees of
freedom. These bodies may produce sound pressure
patterns that are extremely complicated, IT the
wavelength of the emitted sound is jarge compared
wiil the dimensions of the source, the sound may be
radiated uniformly in all directions, If the
wavelength is short compared with the dimensions of
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the source, important directional effects and interfer-
ence phenomena may appear. Hence, it may be
necessary 1o determine the directivity characteristics
as a function of frequency in order 10 completely
specily the acoustical properties of the source,

The sound field of u source in the presence of one
or more reflecting planes results from a super-
pasition of the field of the uctup) souree and that of
the image source(s). The directivity pattern above o
reflecting plane is generally more complex than that
of the same source in a free field.

The number of microphone positions shall be
sufflicient to ensure that the sound pressure field in
the vicinity of the source hus been adequately de-
scribed for the purposes of the measurements,

7.3.1 Operator Pasitions, 11 the source is attended
by an operater, one microphane position shall be
focuted at each operator position {preferably with
the operator absent). I the operator stands, the
microphone shall be at a specified height (for ex-
ample, 1.3 meters) ahove the floor plane, If the
operator is normally seated, the microphone shall be
st a lower specified heighu (for example, 1.1 meters)
above the floor plane.

7.3.2 Other Positions, In addition to the operator
positions (il any), measurements shall be made al
several locations in the vicinity of the source, When
the source is not highly directional, measurements on
four sides are frequently sufficient. When the souree
is highly directional, measurements at more than 20
differemt focations may be required, To locate the
micrephone, one of the following procedures may be
used; the first procedure is suitable for both indoor
and outdoor measurements; the second procedure is
usually used for measurements outdoors when the
microphone is a considerable dJistance from the
source,

7.3.2.1 Rectangular Array of Microphone Posi-
tlons, The smallest possible imaginary rectangular
parallelepiped that will just enclose the source is
witized for reference purposes. At least one vertical
side of the parallelepiped shall be parallel 1o one of
the vertical surfaces of the source. Minor projections
from the sousrce are disregarded. The microphone
positions are then specified with respect to the
parallelepiped. The key measuring points are shown
in Fig. 2. The microphone shall be Jocated ut each of
the four key meusuring points.

For small sources whose muximum linear dimen-
sion is less than 0.25 meter, the horizontul distanee
between the microphone positions and the paral-
lelepiped is four times the masimum lincar dimen-
sion of the source. Alternatively for small sources,

[
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X = Key measuring points

O - Other measuring points
marked ofi at intervals
of 1 m from key points

G — Points on the ground plane
used for qualitication
procedure {Section 10}

' Fig. 2
Locstion of Measuring Polnts with Respect to Reference Paraliclepiped
(A} Vertical Section
{B) Prescribed Positions in Horizental Plune
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the locution af the four key measuring puints may be
described with tespect 1o the center of the paral-
lelepiped. For most sources whose maximum linear
dimension is equal to or exceeds 0,23 meter, micro-
phone positions jocated one meter from the paral-
lelepiped are suitable. For lurge sources (or for
sources thut produce higher levels o1 greater dis-
tances than ul one meter), it may be desiruble 10
select & Jurper horizental distance (for example, two
meters) between the microphone positions and the
parallelepiped.

For large or highly directional sources, additional
measuring points marked off at a suitable uniform
interval (for example, one meter) from the key
measuring points may be used as supplementary
micrephone positions, Il lhislsp;u:in_u results in two
sets of microphone positions near the corners of the
dotted rectungle of Fig, 2, it may be desirable w
eliminate one of the two sets. The preferred height, /y
of the microphone nbove the ground plane is 1.5
meters, For speciul applications, it may be more
appropriite to select & = A/2, but not less than 0,25
meter,

7.3.2.2 Circular Array of Microphone Posi-
tions. The microphone positions are located on the
circum/(erence of a circle with the source at the center

of the circle as shown in Fig. 3. The height of the
microphone above the ground plane is determined in
the sume manner as for the rectangular array of
microphone positions (see 7.3.2.1). As o minimum
requirement, measurements on the periphery of the
circle at angutar displacements of 0, 90, 180, and 270
degrees in o horizomual plane shall be oblained,
Measurements may also be made at intermediate
paints to adeguately deseribe the sound field in the
vicinity of the source. The radius of the cirele shall
preferably be more than five times the major source
dimension, but never Jess than twa times the major
source dimension. Measurements at microphone
positions around the camplete circumlerence of the
circle of Fig. 3 may not be required for sound fields
known to exhibit spatial sy mmetries, When measure-
ments at varying distances from the souree are to be
obtained, the distance of the microphone from the
source shall be marked off at suitable uniform
intervals op gither a logarithmic scale (preferred) or
a linear scale.

7.3.3 Microphone Positions for Sound Power De-
terminations, [f a determination of sound power is
desired, microphone positions shall be selected ac-
cording 10 American National Standard 5§1.2-1962.

7.3.4 Mlcrophone P*ositions {or Moving Sources,

Fig. 3
Location of Meusuring Polnts in Alteroate Preseribed Pattern

x = Kay measuring points

Qv 07

O ~ Gther meaturing paints

marked ol at 45degres
intervals between key
paints

o
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The microphone positions used shall be those of 7.2
and 7.3, For moving sources, the microphone may be
oricnted so that the highest sound pressure is incident
on the diaphragm from the direction for which the
microphone was calibrated, Alternatively, the orien.
tation may be such that the sound pressure from the
maving source impinges on the microphene dia-
phragm at the same angle of incidence throughout
the period of observation. The relative position of the
source with respect to the microphone, purticularly
the distance of closest approach, shall be specified.

7.3.5 Micrephone Positions for Sources That Con-
taln Audible Discrete Tones. When audible discrete
tones are present (see Appendix A), the microphone
shall be moved in order to reduce the effects of
localized interferences {see 8.3),

8. Mecasurcment of Steady
and Nonsteady Noise

8.1 General. The purpase of this section is 1o provide
quantitative guidelines for determining the ype of
noise {that is, stcady or nonsteady) being measured,
and to prescribe methods for reading the meter of a
noise-measuring instrument. Variations in the output
of noise sources combined with short-term environ-
meatal changes affecting sound propagation result in
fluctuations of the sound level, The meter does not
respond instantancously when a signal is presented to
it; the reading at any instamt depends upon the
amplitude of the sipnal a short time before, the
amount of damping that has been applied 1o the
meter movement, and the rate at which the Jevel is
changing. Two ballistic characteristics are normally
provided for a sound-level meter: “fast™ and “slow,”
The “fast” meler characteristic has a response time
of approximaiely 0.1 sccond, and the response time
of the *“slow" meter characteristic, obtained by
increasing the meter dumping, is approximately 1
second. The meter characteristics are specified more
precisely in American Nartional Standard §1.4-1971,
When the fluctuations of the meter with the “last™
characteristic are greater than =3 dB, the “slow”
position shall be used, Exceptions to this rule are
discussed in 8.4, :

8.2 Procedures for Measuring Steady Noise Without
Audible Discrete Tones

8.2.1 Measurement Procedure. When measure-
ments of steady noise are made in o frequency band
that does not contain an audible discrete tone, the
level corresponding (o the rms sound pressure during
the period of observalion is of grealest interest,
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When the {luctuations of the indicating pointer on
the sound-level meter are less than 3 dB using the
“slow' meter characieristic, the noise is considered
to be steady, and the level is taken to be the average
of the maximum and minimum levels during the
period of observation. A situation may arise when
the use of the **fast" meter characteristic indicates
that the level Muctuates between two or more well-
defined steady levels less than 6 dB apart. In this
case, the procedures of 8.4.2.4 may be used.

8.2.2 Datn To Be Obtalned. For steady noise in
frequency bands that do not contain an audible
discrete lone, the following data shall be obtained.

8.2.2.1 Survey Method. At cach microphone
position (sce Section 7), the sound level (with A or
other approprinte weighting) shall be obtained. No
effort is required to contro} or change the acoustic
environment.

8.2.2.2 Ficld plethod, At each microphone po-
sition {see Section 7), an octave-band or third-octave
band analysis shall be obtained. Exceptions to this
requirement are discussed in 11.2. No weighting
shall be used for these analyses, I desired, the sound
level {(with A or other appropriate weighting) may be
recorded, For outdoor measurements of sources,
environmental conditions shail approximate as close-
lv as possible those described in 3.4.2. For indoor
messurements of sources, enviranmental conditions
shatl approximate as closely as possible those de-
scribed in 3.4.3 unless it is desirable or necessary to
wark under the conditions of 3.4.4, in which case
environmental conditions shall be fully described,

8.2.2.3 Laboratory Method, At each micro-
phane position (see Section 7), an octave-hand or
third-octave bund analysis shall be obtained. Ex-
ceptions to this requirement are discussed in [1.2,
No weighting shall be used for these analyses, I
desired, the sound level {with A or other appropriate
weighting) may be recorded. The measurements shall
be performed in an anechoic {or semi-anechoic)
room that meets the requirements of 3.4.3,

8.3 Procedures for Measuring Steady Nolse with
Audible Discrete Tones

8.3.1 Mensurement Procedure, Standing waves or
large spatial variations in sound pressure are fre-
quently produced by sound sources that radiate
audible discrete tones (see Appendix A), In a free
field, standing waves may be created by interferences
between sound waves generated at lwo or more
separated areas on the surfuce of & large source. Ina
[ree field above a reflecting plane, destructive inter-
ferences will also occur at those focations where the
difference between the length of the direet path and
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the path reflected from the plune is an odd multiple
of a hall wavelength, Indoors, stunding wave inter-
fercnces may be particulariy pronounced unless the
room s extremely large or optimized as described in
34,

Al a particular point in such an interference field,
the sound pressure fevel in o frequeney band con-
tainiog the discrete tone is rarely refevant except
when evaluating the effect of npoise from » fised
source on an observer whose pasition with respect 1o
the source and all reflecting surfaces is clearly
defined. Even then it must be borne in mind that the
interference field will shift in space with slight
changes of wemperature (speed of sound) or lrequen-
cy {machine speed). Usually it is more relevant to
measure cither the maximum or the rms sound [evel
(or rms sound pressure level) during the period of
observation for a suitable choice of microphone
positions,

To reduce the influence of Tocalized interferences,
the microphone may be moved afong eircular ares in
a vertical plane with are lengths of al Teast A/ and
preferably greater than A where A is the wavelength
of the sound at the audible discrete frequency of
interest, The microphone shall be moved at a rate of
at least one traverse per second, but with a velocity
{ess than two meters per second Lo avoid the effects
of wind naise, The mation of the microphone shali
not generate noise or vibration that affects the sound
pressure fevel readings, The center point of sach are
shall pass through the measuring points of Section 7
and the arc radius shal! by at least one meter, The
microphone shall continue in motion about each
measuring point for a sufficient period of time 10
permit an average reading to be obtained with the
“slow™ response setting of the meter, Ahernatively,
the true rms pressure alorig the path may be deter-
mined by direct computation using analog or digital
technigues,

To evaluate regions of maximum sound fevel, the
microphone shall be moved slowly along a path
connecting the measuring points shown in Fig, 2 or
Fig. 3 while simuftancously reducing the influences
of localized imerferences as described above,

8.3.2 Data Tu Be Obtained, When audible dis-
crete tones are present, a narrow-band analysis shall
be performed, In frequency bands that contain an
audible discrete tone, the maximum and average
suuiid love! or sound pressure [evel observed during
each traverse of the microphone shall be obtained. I
the sound pressure level fluctuates due to beats
between noise sources, the “slow™ setling of the
meter movement shall be used; the masimum (and
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minimum) sound pressuee level produced by spatial
and temporal fluctuations shall be reported, These
data are obtained in addition te the data deseribed in
8.2.2 for [requency bands that do not contain on
audible diserete tone.

R4 Procedures for Measuring Nonsieady Noise

B.4.1 Geoeral, Noises that are nonsteady are clas-
sified in -1.2,2 as fMluctuating noise, intermitlent noise,
isolated bursts, or quasi-steady noise.

Two kinds of temporal fluctuations shadl be dis-
tinguished, For the first kind, the noise fluctuates
between 1wo or more well-defined steady levels as,
for example, could aceur during the eyclic operation
of o machine, The length of time the noise remains
steady a1 each of the well-delined levels is sufficient
Lo obtain an estimate of the average value for each
level using the “last™ meter characteristic, For the
second kind, the level Nuctuates continuously over a
wide range. For example. naise levels near o busy
highway may fluctuate over a range of 30 dB or
more, and the level does not remain at a steady level
for an sppreciable length of time during the period of
observatjon.

An intermitient noise is usually Yon® for g time
long enough 1o determine an average level using the
“fast” meter characteristic, The “on™ periods may
oceur at regular ar irregulyr intervals during the
period of abservation, and the noise level may be
steady or may fluctuate during the “on® period.

There are two distinetly differen approaches to
the measurentent of intermittent noise. The con-
ventional approach utilizes standard  instrument-
ation, and is described in this section. Altermatively,
the inermittent noise may he treated as 3 burst or
series of bursts, and the methods of Appendix B may
be used.

Quasi-steady noise is a series of impulses whose
repetition rate is sufficiemly high that the noise can
be considered as steady (see 8.2),

1t is often difficult to distinguish between isolated
bursts and guasi-sieady noise. When 10 or more
impulses occur cach second, the noise is nearly
always guasi-steady, and may be conveniently mea-
sured with the equipment used for steady noise
described in Section 3, When one impulse pet second
or less occurs, the noise nearly always consists of
isolated bursts, and may be measured using the
techniques deseribed in Appendix B,
~ Inthe ranpe 1-10 impulses per second, the distine-
tion is much less clear. An estimate of the averupe
level, the magnitude of the fluctuations in sound
pressure level, und an oscilloscape photograph of the
envelope of at least 10 bursts are vseful, and provide
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a description of the noise. A calibration of the
vertical scale of the oscilloscope in terms of sound
pressure or sound pressure level shall be made,

8.4.2 Measurcment Procedures. Because the char-
acteristics of nonsteady noise are difficult w define
quantitatively. the procedure to be followed in read-
ing the sound-level meter will vary with the ultimate
use of the measured data. The type of data desired
usually falls into one of five categories,-

{1} An estimate of the level corresponding 1o the
true rms value of the sound pressure (rms level) for a
specified period of observation, (See 844.2.1.)

{2) An estimate of central tendency (for example,
the average level) during the specified period of
chservatjon, (See 8.4.2,2,)

(3) An estimate of the maximum and minimum
levels (using the “fast” or “flow" meter character-
istic) during the specified period of observation, (See
84.23) )

(4) An estimate of the level during the “on" time
of anr intermittent noise, or an estimate of the levels
that oceur when a noise fluctuates belween two or
mote well defined values, (See 8.4.2.4.)

(5) An estimate of the varistions in level with
time, (See 8.4.2.5))

Data are obtained by observing the fluctumions of
the peinter on the meter of the nejse-measuring
instrument. The observed readings are not indepen-
dent because a finite time is required for the pointer
lo assume a new vilue, When using the “fast™ meler
characteristic, at least one-hall second shall be
allowed between observations; when using the
“slow™ meter characleristic, the interval between
observations shall be at feast two seconds.

#.4.2.1 Estimales of the Level Corresponding to
True rms Sound Pressure, I the (tucluations of the
pointer en the indicating meter are belween +3 dB
and &5 dB (“slow" meler characteristic), the level
corresponding to the rms sound pressure is approxi-
mately 3 dB below the maximum level; when succes-
sive excursions are observed to have different max-
imum levels, the level is approximately 3 dB below
the mean of the maximum levels for several ex-
cursions., I the range of the fuctuations is greater

‘than +£5 dB, the estimale of the level is less certaing it

may deviate from the true value by several decibels.
An estimate may be obtained by reading the sound
level meter 10 or more times during the period of
observation, The level is estimated from the follow-
ing equation:

[A
g IO’_‘; {Eq )

L= lOIog‘,:’— &
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where
N = the total number of observations
Li = thelevel ut exch observation
If the time scale of the fluciuations is such as 1o
make (his procedure impructical, other techniques
such as direct computation of the rms pressure by
analog or digital means are required.
NOTE: A useful rule.of-thumb is that the number of observations
shall equal the range of the fluctuations in decibels,

8.4.2.2 Estlmates of Central Tendency. The av.
erage indication of the meter may be estimated by
fallowing the procedure of 8.4.2.1 and using the
following ¢quarjon:

1 N
" = ﬁ j‘-?l Ll’ (Eq 2)

to estimate the average level, A better estimate of the
average level may be obtained if the average is taken
only over the middle 50 percent of the readings.

The method of averaping shall be reported with
the test resuits, If the time scale of the fluctuations is
such as to make this procedure impractical, and the
fluctuations are less than +35 dB, the average of the
maximum and minimum readings approximales the
average fevel.

8.4.2.3 Estimates of Maximum and Minimum
Level, The maximum and minimum level during the
period of observation can be determined by observ-
ing the meter using the **fast™ or “slow" character-
istic. When the time required for a varistion from
minimum 10 maximum is five seconds or more, the
*slow™ meter characteristic may be used. For more
rapid variastions, the “fast”™ meler reading is more
relevant,

8.4.2.4 Variations in Steady Level, For inter-
mittent noise that varies between two or more well-
defined steady values when observed using the *fast™
or "slow™ meter characteristic, the rms level {or each
steady value is wsually of imerest, and can be
obtained using the “slow™ meter characteristic when
the level is steady for five seconds or more, For levels
that ure steady for one to five seconds, the *fast™
meter characteristic shall be used, For shorter bursts,
the maximum value of the “fast™ meter reading shall
be recarded, or the noise shall be treated as impulsive
or quasi-steady,

8.4.2.5 Determination of the Variations in Level
with Time. The survey method is not useful if the
history of level variations is to be determined be-
cause a recording device is required, The electrical
and mechanicat characteristics of the device shall be
such that the hislury of the fluctuaiions of the
indicating meter can be determined,
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8.4.3 Duta To Be Obtained

8.4.3.1 Survey Method. 1 the noise is fluctuat-
ing between two or mare well defined vulues, the
value at cach level shall be recorded, If the fevel
Muctuates constanuly over & range greater than 3
dB using the “slow™ meter characteristie, the max-
imum and minimum values and the rms or average
level shall be recorded,

If the noise is intermittent, the level during the
von™ period is uswally of greatest interest. The
average or rms level during the “an™ perjod shall be
recorded,

If the noise is quasi-steady, it may be treated as
steady noise with the exception that the system pain
shall be adjusted so that the level is measured at the
lowest possible position on the indicating meter
scale. The meter may read on'scale if the system gain
is increased by 10 dB, However, many instruments
will produce an insceurate reading because of the
high crest factor usually encountered in quasi-sicady
noise.

B.4.3.2 Field and Laboratory Methods, A mag-
netic tape recording may be obtuined of the non-
steady noise. To perfurm the Trequency analysis, the
tape recording shall be played back through the
instrumentation system containing a spectrum an-
alyzer, and a separate playback shall be made each
time the selected frequency of the analyzer is
chamged, Alternatively, an endless loop of tape may
be used for the unalysis, or & parallel set of analy zers
having the desired bandwidth characteristivs may be
used,

A description of the filter vutputs as a function of
time depends upon the nature of the signal, For
fluctwating noise having two or more well-defined
steady levels, the rms levels can be estimated for each
Irequency band of interest,

For neise levels that fluctuate continuously over
wide range, the maximum and minimum levels shall
be determined, and the rms or average level shall be
eslimated,

For intermittent noise, the average or rms level
during the “on™ time shall be estimated in cach
frequency bund of interest,

For quasi-steady noise. the methods of 84,1 shall
be used. The peak levels should, however, be mon-
itored with an oscilloscope to ensure that ne clipping
occurs in the amplifying or recording systems,

9, Corrections for Ambient Noise During
Source Measurements

9.1 General. The ambicnt sound pressure level with
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the source net operating shall, if possible, be deter-
mined at typical microphone locations in all frequen-
¢y bands. IT the increase in the sound pressure level
in any given band, with the source aperating, com-
pared to the smbient sound pressure level alone is 15
decibels or more, the sound pressure level due 10
hoth the source and ambient sound is essentially the
sound pressure level due to the source alone. This is
the preferred condition, but is  frequently  un-
attainable in the field.

If the increase in sound pressure level inany given
band, with the sound source operating, compared Lo
the ambient suund pressure level is 3 decibels or less,
the sound pressure level due to the sound source is
equal 10 or less than the ambien sound pressure
level, and the two contributions cannot be properly
separated with the measuring techniques described in
this standard,

9.2 Survey and Field Methods, If the increase in
sound pressure level in any given band, with the
sound source vperating, compared to the ambiem
sound pressure level, is between 4 and 13 devibels,
the sound pressure level due to the sound source may
be approximated by applying the corrections listed in
Tuble 4. These corrections are based on the as-
sumption that the indicating meler gives a close
approximation of the value of the rms sound pressure
level, 1t is also assumed that the ambient sound
pressure and the sound pressure due to the sound
source are incoherent and can therefare be added on
a pressuressquared basis, When the contributions
from source and ambient sound are partially cohe-
rent, phase relaions are important and corrections
in general terms cannot be stated,

9.3 Laboratory Method. Since precision measure-
ments are carried out under controlled environ-
mental conditions, the combined level of the ambjent
noise and the instrument noise shall be at least 10
decibels and preferably 15 or more decibels below
the sound pressure levels generated by the source in
each band within the lrequency range of interest,

10, Qualification Procedures for
Indoor Environments

10,1 Procedure When Source Can Be Moved., One
uselul qualification procedure for checking jtems (1)
and (2) in 344, is to remove the source under
eviluation, and to place a refereace sound sonrce at
stlected peints whose locations are deflined with
respect 1o the rectangular parullelepiped (see 7,3,2,)
amnd Fig. 2). The reference source shall have dimen-
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Table 4
Corrections for Ambient Sound Pressure Levels
Difference tin Decibels) Between Cotrection (in Decibels) To Be
Sound Preswre Level Measured Subtructed From Seund Pressure
with Sound Source Operating Level Measured with Sound Soutce
and Ambiernt Sound Pressure Operating To Otttain Sound Pressure
Lowel Alune Level Due 1o Sound Source Alone
4 2.2
5 1.7 .
6 1.3
7 1.0
4 0.8
9 0.6
1] 0.4
11 0.3 .
12 0.3
13 0.2
t4 0.1
15 0.1

NOTE: For the survey and field methods, corrections of tess than 0.5 JB
are seldom necessary. For e laboratery method, o nasurement shall not
be considered walid it the correction exceeds 0.5 dH. Exceptions to the

latter requirement are discussed in 11.2.2,

sions that are small compared with the wavelengih of
sound ot the lowest [Trequency of interest, shall
radiate broad-band sound energy having no audible
discrete 1ones, and shall be relatively omnidirection-
al, The sound pressure level produced by the refer-
ence source shall be o1 least 10 dB above the ambient
level in the frequency bunds of interest,

The reference sound source shall be operated on
the floor at each of the points @ on the parallelepiped
shown in Fig. 2. The sound pressure levels at the key
measuring points shall be compared with the sound
pressure levels measured an convenient intervals (for
example, 0,25 meter) along o ling passing through
cach key measuring puint and perpendicular to the
surface of the parallelepiped. The closest point of
measurement shall be | meter from each key mea-
suring point {for example, 2 meters from the paral-
lelepiped). If at ane or more points along the line the
level is at least 6 dB below the level at the key
measuring point, the direct sound energy will usualy
be sulficiently greater thun the reflected sound en-
ergy that the environment approximates i free field
aver u reflecting plane for survey and ficld meusure-
ments. If the difference is less thun 6 dB. the room
can often be medified to meet this objective by
covering the walls und other large surluces near the
measuring points with sound ubsorptive matterials,

10.2 Procedure When Source Cannet Be Moved, 1f
the source being evalualed cannog be removed from
thie iesd site, o i the sound pressure level produced
by the reference sound source is not 10 dB above the
ambient levels produced by the source undergoing

evaluation, the measurement procedure of 10.1 may
be followed using the actual source instead of the
reference source,

NOTES:

(1) The seconi provedure (10.2) will be difficuln 10 use il the
source Fadiutes audible disereie Lones, The space averuging
procedure of 8.3, 1 shall be used 1w ensure that a minimum in the
interference patiert is notl taken as representative of the sound
field a1 the key o ather measuting points,

(2) Ifehe environmerd is no1 or cunnol be qualified according 10
ot of the abave procedures, this inforasation shall be reported
with the test results,

11. Reporting Sound Pressure Level Data

11.1 General. The following infurmation, when ap-
plicable, shall be compiled and reported for measure-
ments that are made aecording o the requirements
of this standard.

11.1.1 Souml Scurce Under Test (Source Mea-
surements Only)

(1) Description of the soend source under test

(2} Operating conditiuns

{3) Mounting conditions

11.1.2 Acoustic Envirenment (Indoars)

(1} Location of sound source(s) (if any)

(2) Dimensjons of test room; description of the
physical treatment of the walls, ceiling, and {loor;
sketeh showing the location of source(s) and room
contents

(3} Qualilicutions of test room (see Sections 3.4.4
and 10}

(-4) Air temperature in degrees Celsius, relative
humidity in percent, and barametric pressure in
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millimeters of mercury (field and laboratory meth.
ods only)

11.1.3 Acoustic Environment (Outdoors), (Survey
and field methods only.)

(1)} Location of sound source(s) {if any)

(2) Dimensioned sketch and photograph(s) of the
test arca showing buildings, trees, structures, and
other reflecting objects

(3) Physical und topographical description of the
ground surface

() Meteorological conditions at o sperified
height above the ground: air temperature in degrees
Celsius, relative humidity in percent, baromelric
pressure in millimeters of mercury, wind directionin
degrees of azimuth, and average wind speed in
meters per second

11.1.4 Instrumentation

(1) The equipment used for the measerements,
including name, type, serial number, and manu-
facturer

(2) Bandwidth of frequency analyzer (ficld and
laboratory measurements only)

(3) Frequency response of instrumentiution system
including weighting used (il any)

(#) The time response of the measuring system;
that is, “slow,” or **fast™ response, or alternate
appropriate description

(5) For the ficld and labhoratory methods, the
method wsed to calibrate the microphone and the
date and place of calibration

11.1.5 Acoustical i}ata

(1) The locations and orientation angles of the
microphone (a sketch shaii be included if necessury),

(2} The sound pressure levels obiined, for all
frequency bands or weightings, or both, used. in
decibels with reference 20 uN/m?, When appropri-
ate, the maximum, minimum, and estimated average
or rms sound pressure levels shall be reported as
required by 8.4.3.

{3) The corrections in decibels, if any, applied in
each frequency band ta account for the frequency
tesponse of the microphone, frequency response of
the filters, ambient noise, cte.

(4} The corrected sound pressure Jevels shall be
tabulated or plotted 1o the nearest decibel for survey
and field measurements and to the nearest half
decibel for laboratory measurements, For plotting
the results of measurements obtained with ihe ficld
and laboratory methods, suggested formals are given
in Fig. 4 for octave- and third-octave band analyses
and in Fig. 5 for narrow-band analyses, The scale
length on the erdinate of Figs, 4 und 3, correspond-
ing to a [0:] frequency ratio on the abscissa, is equal
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to 10, 25, or 50 dB.

(5) The duration of the period of observation,

{6) For source measurements, the sound pressure
levels in decibels of the ambient environmental noise
with the source not in operation shall be given re 20
pN/m?,

() The date and time when the measurements

were performed.
11.2 Comparison of Data. When the data obtained
from measurements made according to the re-
quirements of this standard are 10 be compared with
other acoustical data, preat care shall bg exercised to
ensure the validity of the comparison,

11,.2.1 Comparison with QOther Measured Values,
In order for a vulid comparison to be made. il is
imperative that the conditions under which the two
sets of data were obtained be as nearly identical as is
practicable, Section 1.1 lists the information to be
compiled and reported as part of a series of sound
pressure level megsurements, It is particularly im-
portam thut the environmental conditions as well as
the operating and mounting conditions for the source
(il any) be nearly identjcal.

11.2,.2 Comparison with Prescribed Values, Fre-
guently, sound pressure level measurements are
made to determine how the measured data compare
with a preseribed value or set ol wvalues, Four
different techniques, based on sound pressure level
data obtained at a given microphone position, are
commonly used 10 obuain the values 1o be com pared.
In some cases, field or laboratory measurement of
the sound level may he all thar is required for
comparison with preseribed values, In this case.
octave- or third-octave band data are not required. IT
no interference effects are present, the ambient noise
requirements of Section % may be relaxed. However,
the measured level will not be that of the source
alone, and in the presence of interference effects the
level measured with the source operating may be
lower than the ambient |evel,

11.2.2.1 Octave- or Third-Octove Band Levels,
The seund pressure levels preseribed for comparative
purposes may be specified in either octave bunds or
third-octave bands over the frequencey range of
interest, Lower and upper cut-off frequencies of 45
and 11200 Hz are wsually adeguate, However,
special circkmstances may require the use of higher
or lower cut-off frequencies for the filter set, The
levels preseribed for compurative purposes may be
given on an octave-band or third-oclave basis. Qnly
the field and [aborgtory methods yield octave- or
third-octuve band data that may be used for com-
parative purposes,
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11.2.2.2 Sound Levels. The sound-level value
preseribed for comparative purposes may be, for
example, sound level A, The measured value may be
obtained by using either the survey, field. or labora-
tory methods. Altermatively, an approximation to
the measured value may be oblained with the ficld or
laboratery methods by applyving corrections to each
octave- or third-octave band level. The resultant
mean-squire pressures in cach bund are then added
and converted 10 4 logarithmic gquantity such as

sound level A, Shapes of stundard weighting curves
are given in American National Standard $1.4-1971,
11 is not recommended that the calculimion procedure
be used when audible discrete tones ure present in the
spectrum of the noise,

14.2.2.3 Band Selection. The value prescribed
for comparative purposes may be based on a band

. selection method, Measured oclave band sound pres-

sure levels are converled 10 new values by means of
an equation, a set of tables, or a family of curves,
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The highest number caleulated by this procedure is
usually selected as the single-number value, Data
that are converted by this technique must be obtain-
ed using vither the field or laberatory methods, A
correction is often applied il audible discrete 1ones
are present in the spectrum.

11.2.2.4 Band Summantion, The value preseribed
for comparstive purposes may be based on a band
summation method. Measured octave- or third-
octave bund sound pressure levels are converted 1o
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new pumerical values, These numbers are then added
with suitable weighting. 1t is comman practice Lo use
a weighting of 1.0 for the highest number, and
smaller weightings for the remaining numbers. The
resulting sum may be converted to a logarithmic
unit, For example, the band pressure levels may be
converted to loudness index, weighted and summed
to yield o loudness in sones, and then converted 1o a
calculated loudness level in phons,

(Reference: American National Stundard Proce-




dure for the Computation of Loudness of Noise,
$3.4-1971 | see Section 12].) Data that are canverted
by this technique must be abtained by either the field
or laborgtory methods. A correction is often applied
if audible discrete tones are present in the spectrum,

11.2,2.5 Band Averaging, The value prescribed
for comparative perposes muly be based on a band
averaging method, Measured octave band sound
pressure levels covering o restricted frequency range
are arithmetically averaged to obtain a single-num-
ber value. This value is then compared with the
prescribed value, Data that are converted by this
technique must be obtained using either the ficld or
laboratery methods,

11.2.3 Choice of Methods' for Comparing Data.
Data obtained by the survey method may be com-
pared by use of the procedures prescribed in 11.2.2.2
only. Data obtained using the field or laboratory
methods may be compared using any of the tech-
niques described in 11.2.2, For diagnostic unalyses
which are undertaken to esiablish a basis for engi-
necring action when noise control is desired, the
techniques described in 11.2.2.1 and 11,2.2.3 have
proven useful, For reluting measured sound pressure
level data to the subjective elfects of noise, the
techniques described in 11,2.2.4 and 11.2,2.3 have
proven usaful.
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12. Revision of American National Standards
Referred to in This Document

When the following American National Standards
referred to in this document are superseded by a
revision approved by the American Nationa) Stan-
dards Institute, the revision shalt apply:

American Nutional Standard Acoustical Termi-
nology, $1.1-1960

American Nationsl Standard Method for the
Physical Measurement of Sound, $1.2-1962 (R1971)

NOTE; Afncrican‘Nalionnl Swandard S1,13-1970 represents a
revisiva of Section 2 of American National Standard S1.2-1962.

American Nalional Standard for Sound Level

Meters, §1.4-{971

American National Standard Preferred Fre-
quencies and Band Numbers for Acoustical Mea-
surements, S1.6-1967

American National Standard Preferred Reference
Quantities for Acoustical Levels, S51.8-1969

American National Standard Method for the
Calibration of Microphones, S1.10-1%66

American National Standard Specification for
Octave, Hall-Oclave and Third-Octave Band Filter
Sets, 81,11-1966

American National Standard Specifications for
Laboratory Standard Microphones, 81.12-1967

American National Standard Procedure for the
Compuigtion of Loudness of Noise, $3,4-1971
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Ap pendixes {These Appendives ure not 4 part of American Nalional Standard Methods for the Measurement of Sound
Pressure Levels, SLI3-E9T1, bot are included (o facilitate jis use),

Appendix A
Identification of Prominent Discreie Tones

Al. Prominent Discrete Tones

A discrete tone will be audible in the presence of
wide-band naise il its sound pressure level exceeds
the sound pressure fevel of the noise in a Fletcher
critical band centered at that frequency, In general,
the tone is just audible (at its masked threshold)
when its level equals that of the naise inthe Fletcher
critical bund centered a the frequency of the tone
(Reference 1), This is the relationship used to define
the width of the Fletcher critical bund, and it is valid
for masking noises having continuous spectra with-
out excessive slapes, Noise spectra oblained using
constant percentage bandwidth filters having slopes
greater thun approximately 10 dB per octave (partic-
vlarly negative slopes and high fevels) may produce
remote masking for which the Flewher critical band
concept is not valid, A prominent diserete tone may
be defined as a lone whose level is a specified number
of decibels (X) or more above the level st which the
discrete tone would be just audible in the presence of
wide-band conlinuous noise, In many practical situ-
ations, a discrete tone would be classified as *promi-
nent’ by a panei of listeners il the specified number
of decibels {X) is between 5 and 135, The value of X
must be selected by the user of this procedure,

To determine if a discrete tone is prominent, the
filter of the nmarrow-band analyzer used for the
measurements should have a bandwidth that is
approximalely equal to or less than the width of the
Fleacher critical.band, fe (sce Table Al). A promi-
nent discrete lone is present if the sound pressure
level of the tone measured with a filter of bandwidth
Af is ut least [X = 10 logio (A} dB above the
arithmetic average of the band pressure levels mea-
sured on edch side of the discretd tone, The term
10 log o (Afif ) relates the band pressure level meu-
sured with a band Af in width (0 the width of the
Fletcher critical band f. The value of X is the
specified number of decibets in the definition of a
prominent discrete tone,

The curve of Fig. Al may be used to identify a
prominent discrete tone with a constant percentage
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bandwidth analyzer (approximately 7 percent) when
X is specified as being 10 dB. The response of the
narrow-band analyzer is down 3 dB at %35 percent
of the selected frequency.

As it is nol always obvious at what frequency the
sound pressure levels should be chosen in order to
obtain the arithmetic average of the band pressure
levels on cach side of the discrete tone, the measure-
ment procedure requires elarification, In the ideal
case of a discrete tone superposed on wide-band
continwous noise, the selectivity curve characteristic
of the filter in the narrow-band analvzer will be
traced with its center at the {requency of the discrete
lone. [l the observed band pressure level versus
frequeney curve deviales from the selectivity charac-
teristic of the narrow-band analyzer at the frequency
of the discrete tone, this is an indication that multiple
diserete tones or narrow bands ol nojse are present,
The procedure of Section A2 should be followed,

Table Al
Fletcher Critical Bandwidths (f,) asa
Function of Frequency

Frequency A
(Hz) (Hz)
100 87
200 52
315 50
400 50
630 53
800 58
1000 63
1250 7t
£400 76

1600 83
1800 91
2000 93
2500 123
3150 150
3550 173
4000 204
6300 404
8000 589
10000 832

6\.
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From a practical standpoint, no distinction need
be made between mulliple discrete tones clustered
together and narrow bands of noise. However, o
narrow band of noise may be distinguished from a
single discrete tone if the width of the nasrow bind as
plotted can be distinguished from the bandwidth of
the analyzer, Considerable judgment muost be ex.
ercised in selecting the frequencies on either side of
the narrow band of noise at which the arithmetic
average is to be caleulated, It is usually appropriate
1o select points that are between 2 and %4 bhand-
widths from the selected frequency (for example, if o
7 percent analyzer is set 1o 1000 Ha the points &t
which the average is taken should be 140 to 280 112
above and below 1000 Hz).

A3, Alternate Procedure

Another procedure for identifying prominent dis-
crete tones in the presence of broadband noise is
described in Reference 2.

References to Appendix A

(1) FLETCHER, H, Specch and Hearing in Com-
munication, New York: D, Van Nostrand Co, Inc,
1953, p 101,

. {2) Section B36.3, Federal Avimtion Regulations,

Published in the Federal Register, vol 34, no, 221,
Nov 18, 1969, '
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Appendix B
Measurement of Impulsive Noise ( Bursts)

B1. Introduction

In practice, sources that produce an impulsive
sound are frequently encountered, If the duration of
the impulse is sufficiemtly long, the noise may be
analyzed by the methods described in Section 8,
However, the duration of an impulse is usually less
than one second, and is frequently less than 0.5
second. The methods described in Section 8 are
therefore not applicable. When a standurd sound-
tevel meter is used to measure a short impulse, the
meter will show a momentary rise und decay, but the
maximumn reading obtained is commonly [510 0 dB
below the peak pressure level of the sound wave.

In Section &, the characteristic of the noise of
primary interest is usually the value of the effective
(rms) pressure of the sound wave. In dealing with
impulses of short duration. other characteristics are
also of interest. For airborne impulsive noise, the
envelope of the pressure versus time pattern is
generally of greatest interest, Fig. BI shows a typical
impulsive nolse burst,

To define methods for assessing the effects of

+, impulsive-lype noise. a considerable amount of ex-

perimental data must be accumulated. The collection
of these data has been hampered by the jack of well-
defined parameters 1o specify the charaeteristics of a
burst as well as a simple techrique for measuring
these parameters. The peak pressure level and the
burst duration are of major importance. For certain
applications, measurements of the values of other
parameters may also be of value, and are described
elsewhere, {(See Reference 1.)

B2. Categories of Impulsive Naise

Impulsive naisc is readily identified by an observer
when only a single burst occurs during the period of
observation (see 4.2,2.3.1 of the standard) or the
time interval between acoustic impulses is fong, The
human ear is less valuable as a guide when a
distinction is to be made between quasi-steady noise
with a high burst repetition rate (see 4.2.2.3.2 of the
standard) and steady noise, The distinction in this
case should be made in terms of specified values of
the parametcrs that characierize the impulsive noise.
B2.1 Example of Classification of Impulsive Nolse.
To be classified as impulsive noise, an individuat

n

burst must have a duration of less than 0,25 second
measured between the instants at which the in-
stantaneous sound pressures have a value equal to
ane-half the peak value, If the noise is repetitive, the
repetition rate of the bursts must be less than 3 per
second and the arithmetic average of the peak sound
pressure levets (determined using an A-weighting
network) of 10 consecutive bursts in the train, must
be more than 15 decibels above the A-weighted
sound pressure level in the presence of the impulses.

B3. Instrumentation {Ficld and
Laboratory Methods)

For the reasons given in Scction BI, instrumen-
tation appropriste for the survey method sheuld not
be used. A ypical instrumentation system that is
appropriate for burst measurements is shown in Fig.
B2. This system consists of a microphone, 4 wide-
band amplifier. a spectrum analyzer or weighiing
networks, un oscilloscope (with camera) and a peak-
reading circuit. The microphone and wide-band
amplifier should be of laboratery quality: their
combined frequency response should be uniform
over a frequency range whose lower limit is less than
half the lowest frequency of interest and whose upper

limit is more than twice the highest frequency of

interest, The peak value of the sound level or sound
pressure level may be determined with the aid ol a
peak-reading circuit. The rise time of the peak
detector should be less than 200 ps and of such a
value that a single pulse of 200 us duration produces
a meter deflection no more than 4 dB below the
deflection produced by a reference pulse having a
duration of 10 s and equal peak amplitude, The
amplitude of the [0 us reference pulse should be such
as to produce a fullseale {+0, —1 dB) meter
deftection. The peak value can alse be obtained with
the oscilloscope, The uscilloscope is included in the
system to faeilitate the measurement of the values of
other parameiers that may be of interest. 1L is useful
if the oscilloscope is equipped with a memory or
storage feature, @ single sweep capability and a
camera 10 obtain & permanent record for later
analysis. The oscilloscope sweep may be synchro-
nized to a timing signal derived either from an
electrical signal related 1o the burst or to an acouvs-
ticul signal,

&
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In this section, the only instrumentation described
is that for burst display. Photographs of such dis-
plays may be used to obtain the values of the burst
parameters of interest, Alternatively, hybrid meth-
ods (a combination of analog and digital techniques)
may be used to measure and stere burst paramelters,
Or, digital processing may be ulilized 10 analyze the
characteristics of n burst after it has been converted
from analog 1o digital form. However, these methods
lie oulside the scope of this document,

B4. Microphone Positions

The same considerations as discussed in Section 7 -

are applicable. However, burst measurements in the
near-field of an impulsive-noise source are frequently
of interest. For this reason, it may be desirable to
make measurements at positions closer to the source
than those described in Section 7,

BS. Types of Measurement

{Fleld and Loboratory Methods)

Wide-band waveforms with the spectrum analyzer
af Fig, B2 removed from the measuring system are
usually of greatest interest; however, the burst may
also be observed at the output of the analyzer, for

example, with an A-weighting network in the an-
alyzer. A single burst (pressure-time pattern) inei-
dent on the microphone will produce an envelope
that is highly dependent on the bandwidth and center
frequency of the analyzer since the rise lime and
decay time of the filters are defined by these param-
eters. It is not clear that the observed peak pressure
level in a particulur band has real significance by
itself, since this peak is not one that actually occurs
in a typical sound wave. Nevertheless, the peak
pressure level in a band may give u useful indication
of the frequency distribution of the sound energy,
(See Relerence 2,

The characteristics of a burst thut are usually of
greatest interest include the burst duration and the
magnitude of the burst (either pesk, average, or
rms). Other parameters of interest and methods of
measurement are given in Reference |,

Refercnces to Appendix BB

(1) Institute of Electrical and Electronics Engineers.
Recommended practices for burst measurements in
the time domain, IECE No, 257, May 1964,

(2) PETERSON, A.P.G. The measurement of im-
pact noise, General Radio Experimenter, vol 30, no,
9, 1956, :
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Typical Burst of Sound Pressure

BURST ENVELOPE

AMPLITUDE

TIME

k)]



RN e

SPECTRUM
ANALYZER
OR WEIGHTING
NETWORK
o b e i o " 2 v
—0
STORAGE
OSCILLOSCOPE
WITHCAMERA) |1
[
|
|
|
PEAK '
READING -
CIRCUIT

MICROPHONE
WIDE BAND
AMPLIFIER
Flg. B2
“Instrumentation for Burst Measurements
34




i,

T oA

American National Standards

The standard in this booklet is one of nearly 4,000 standards approved to date
by the American Natienal Stondards Institute, formerly the USA Standords In-
stilute, '

The Standards Institute provides the machinery for creating voluntory stan-
dards. it serves i¢ eliminate duplication of standards aclivities and 1o weld con-
ficting stondards into single, nationally accepted standards under the designa-
tion “"American National Standards.”

Each standord represents general agreement among maker, seller, and user
groups as to the best current proctice with regard to some specific problem. Thus
the completed standards cut across the whale fabric of production, distribution,
and consumption of goods and services. American National Standards, by reasen
of Institute procedures, reflect a national consensus of manufacturers, consumers,
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nalional level. It is a federation of trode associations, technical soclelles, profes.
sional groups, and consumer organizations, Some 1,000 companies are offiliared
with the Institute as company members.

The American National Standards Institute is the United States member of the
international Organization for Standardization {ISC), the International’ Electro-
technical Commission (IEC), ond the Pan Americon S5Stondards Commission
(COPANT). Through these channels American industry makes its position felt on
the internotional level, American National Standards are on file in the libraries
of the national slandards bodies of more than 50 countrios,

For a free list of all American National Standards, wrile:

American National Standards Institute, Inc
1430 Broadway New York, N. Y. 10018
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Foreword

{This Foreword is not o part of American National Standard Specification for Sound Level Meters, S1.441971.)

This standard is a revision of American National Standard Specification for General
Purpose Sound Level Mecters, It specifies four {4) types of sound level meters; precision,
general purpose, survey, and speciul purpose. These four types are intended Lo satisfy the
existing diverse requirements for precision and accuracy for the various applications of a
sound level meter.,
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should be sent to the American National Standards Institute, 1430 Broadway, New York,
N.Y. 10018,
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American National Standard

Specification for Sound Level Meters

Introduction

A sound level meter satisfying this specification
will consist, in general, of the following elements: a
micraphone to pick up sound, un amplifier to raise
the microphone output to a useful level, a calibratet
attenuator to adjust the amplification 10 a value
appropriate to the sound level being measured, an
indieating instrument exhibiting the measured sound
level, weightings to adjust the frequency character-
istic of the response, and an output connection to
accommodate additional measuring equipment,

The chief use of the sound level meter is making
noise measurements in air: but it should be recog-
nized that this standard provides for other uses, such
as measuring the sound pressure level of many kinds
of - sound-generating devices in various media.
Among the variety of uses [or sound level meters are;
the precision measurement of the output of noise
sources and of noise ¢nvironments: routine measure-
ment of office building ventilution systems: type-
writer, muchinery, and other noises, In general, the
more precise measurements often require more de-
tailed analysis than can be made with the auxiliury
equipment which is the subject of other American
National Standards.

Because of the diverse nature of requirements for
precision and absolute accuracy for the various
applications. four (4) types of sound level meters are
specified in this standard. These are:

Type | — Precision

Type 2 — General Purpose
Type 3 — Survey

Type § — Special Purpose

The precision instrument has tighter tolerunces
than have been heretofore specified for sound level
meters; an instrument satisfying this standard will
essentially satisly the tolerances of Precision Sound
Level Meters, LEC Publication 179, published by the
International Electrotechnical Commission, Geneva,
Switzerluid, 1965, The general purpose instrument
has tolerances which are essentially identical to those
required in American National Standard Specifica-
tion for General-Purpose Sound Level Meters, S1.4-
1961, and which are generally more stringent than
the tolerances given in Recommendations for Sound

Level Merers, 1EC Publication |23, published by the
International Electrotechnical Commission, Geneva,
Switzerland, 196), The choice of instrument type by
the user generally should be guided by the degree of
precision required for the intended application.

It must be recognized that all praciical micro-
phones exhibit certain directional characteristics,
particularly at higher frequencies, and that care must
be taken to minimize errors resulting from these
characteristies, Since the calibration of the sound
level meter with its microphone is referred to ran-
dom-incidence response, measurements of direction-
al sounds should wsually be made at u number of
angles of orientation and the results averaged. Alter-
natively, measuremenits may be made at an angle at
which the response of the microphone #pproximates
ils response to randoni-incidence sounds,

It should also be recognized that the ballistics and
other characteristics of the indicating instrument are
adapted mainly for measuring ordinary machinery
noises and other sounds of a reasonubly constant
character, For intermistent sounds, and more partic-
ularly for repetitious sounds jnvolving high peik-to-
average ratios in sound pressure, and for impact
noises, other specialized equipment will be required
in place of the ordinary indicating instrument.

I. Purpose and Scope

1.1 Purpose, The purpose of this American National
Standard for Sound Level Meters and their cali-
bration is 10 ensure maximum practical accuracy in
any particular sound level meter, and to reduce to the
lowest practical minimum any difference in corre-
sponding readings with various makes and models of
meters thut meet the stundard.

1.2 Design Goal, The sound level meter is intended to
be equally sensitive to sounds arriving at various
angles, and to provide an accurate measurement of
sound level with certain weightings for sounds within
stated ranges and with an indicating instrument that
has standardized characteristics, The basic caii-
bration of the sound level meter is giveninterms of a
rundom-incidence acoustic field of known properties,
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1.3 Scope, It is recognized that various degrees of
precision and accuracy are required in the practical
measurement of sounds of various kinds for different
purposes, Hence, this standard provides the min-
imum requirements for three basic types of sound
level meters: Types 1, 2, and 3, with performance
requirements that become progressively less strin-
gent, proceeding from Type | to Type 3. Further, it
is recopnized that sound level meters may be desired
{or special purposes that do not require the com-
plexity of any of the three basic types. Therefore,
provision is made for a special purpose sound Jevel
meter, Type S, The Type S meter can be gualified to
the performance of any of the basic types (1, 2, and
3), but is not required to have all three weighting
networks,

1.4 Limlitations, I[ a sound level meter that meets this
standard is modified. it must be demonstrated that
the modificd sound level meter meels this stundard,
il its readings are to be stated as sound level and
purported to be measured in accordance with this
standard,

2. Dellnitions

sound pressute level, 20 times the logarithm to the
base of 10 of the ratio of the pressure of a sound to
the reference pressure. For the purpose of this
standard., the reference pressure is 20 micronewtons
per square meter (2 x 10*! mijerobar). Unit: decibel
(dB).

sound level (neise level). Weighted sound pressure
level measured by the use of 4 metering character-
istic and weighting A, B, or C, us specified in this
standard. The weighting emploved must be ip-
dicated, otherwise the A weighting is understood.
The reference presstre is 20 micronewtons per
square meter (2 x 10 microbar), Unit: decibel (dB).

relative response Jevel, Amount in decibels by which
the sound leve] exceeds the sound pressure level, The
relative respanse level is often negative.

indlcating instrument. A device in which a pointer
moves over i scale in response 1o an electrical signad
applied to its terminals. In a sound level meter,
special characteristics are required, (See Section 3.)

weiphtings, A prescribed frequency response pro-
vided in a sound level meter,

3. Weipghting and Amplificr Chinracteristics and
Tolerances

3.1 Weighting. The frequency characteristics for the
A, B, and C weightings required for Types 1, 2, and 3
sound level meters are given in Table 1, The response
for all three weightings is the same at 1000 Hz, The
Type S sound level meter may incerporate one or
more of these weightings, rather than the three
required for the basic types (1, 2, and 3). In this
event, the Type S meter must be clearly labeled asto
its capabilities, such uas: “Sound Level Meter Type
S2A." designating o special purpose sound level
meter meeting the general Type 2 requirements, but
with the A weighting only. An eptional wider range,
“flat,” characteristic may also be provided,

3.1.1 The C weighting is obtained by a nciwork
that is desipned to have its lower frequency [/2
power, or 3 decibels down point, with respect to the
1000 Hz response, ot 104 {or 31,62} Hz, and 1o
approach a roll-off of 12 decibels per octave below 10
He, It is designed to have its high frequency |/2
power paint at 10%¥ (or 7943) Hg, and to approach a
roll-off of at least |2 decibels per octave above
20 000 Hz. However, in no case shall the roll-off
above 20 000 Hz and below 10 Hz be less than 6
decibels per octiave,

3.1.2 The B weighting is obtained by adding a
network with a response that has the performance
characteristics equivalent to a simple resistar-capuci-
tor network: it is cascaded with and isolated from the
C network., The /2 power point for the added
neiwork is ut 1057 (or 158.49) Hy.

3.1.3 The A weighting is obtained by adding a
network with a response that has the performance
characteristics equivalent to two simple cascaded
identical nonisolated resistor-capacitor  networks;
these arce cascaded with and isolated from the C
network., The /2 power point for each of the
identical ndded networks is at 10°4 (or 281 84) Hz,

3.1L.4 The optional flat characteristic shall have the
frequency range us stated by the manufacturer,

3.2 Toletnnces

3.2.1 The tolerances for Types 1, 2, and 3 sound
level meters are given in Tables 2, 3, and 4 and are
shown graphically in Figs, 1., 2, and 3 lor illustrative
purposes only, These tolerances apply for sound al
random incidence and include all tolerances in the
entire instrument,

The tolerances for the Type S meter shall be
cansistent with the performance of the hasic type of
seund level meter to which it is qualified. (See 3.1.)

The optional Mat characteristic shall have the
tolcrance limits as stated by the manufucturer,

3.2.2 All settings of the sensitivity range alen-
vator, if provided, shall be accurate for pure lones

F e
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Table 1
Sound Level Meter Random-Incidence Relative RResponse Level
As a Function of Frequency for Various Weightings

A Weighting

B Weighting

C Weighting

Fre?i\;cncy Relative Response l!elalivedlécspunsc Relative [tesponse
dil i1}

10 =704
12.5 -63.4
16 -56.7
20 ~50.5
25 -44,7
s -394
40 =36
50 ~30.2
63 =262
80 =225
100 ~19.1
125 =161
160 =134
200 -10.9
250 - 86
31s - 66
400 - 48
500 -2
630 - 19
80D -08
1000 0
1250 + 046
1600 + 1.0
2000 + 1.2
2500 + 1.3
3150 + 1.2
4000 + 1.0
5000 + 05
6300 -0t
8000 -1l
10000 - 25
12500 -43
16 000 - 6.6
20000 ~ 93

~38.2 =143
=332 =F.2
~28.5 -85
-24.2 - 62
=204 - 44
=171 =30
-14.2 -0
=116 - 13
-9.3 ~ 0.8
- 74 - 05
- 56 - 0.3
=42 - 032
- 30 -0l
-0 0
=13 0
- 08 0
- 035 0
- 03 0
- 0.1 0
0 0
0 0
0 0
] -0l
-0l - 02
- 0.2 -03
- 04 - 05
- 03 - 08
- 1.2 -13
=19 -0
-29 - 30
=43 - 44
- 6.1 6,2
-84 -85

«I1.1 -11.2

within the Jollowing tolerance limits with respeet 10
the sctting for 80 decibels, (If no 80 decibel setting is
provided, the tolerance limits shall apply with re-
spect to a reference serling stated by the manu-
facturer.)
Type !

22410 11 200 Hz

Type 2
63 to 2000 Hz
22410 11 200 Hz

Type 3
63 to 4000 Hz
31.510 8000 Hz

" within £ 0.5dB

within £ 0.5dB
within £ 1.0dB

within £ 1.04B

within £ 2.0dB

If more than one sensitivity runge is provided, it is

recommended 1hat the attenuntor sieps be at 10
decibel intervals,

3.3 Internal Noise and Distortion (Dynamic Range)

3.3.1 In an environment in which the sound level
meler is free of observable extrancous influences, the
internal nois¢ of the sound level meter shall be
specified by bands no wider than octave bands and
stated in cquivalent sound level for all attenuator
settings, It is intended that this measurement he
made at the amplifier output with an acoustically
shielded microphone in place. [n addition, for Type |
and Type 2 instruments, the internal nojse equivalent
sound fevel for all anenuator seitings 30 decibels or
more above the maximum sensitivity setting shall be
at least 40 decibels below the maximum scale reading
when measured in actave bunds,

3.3,.2 When the microphone is replaced by an
cquivalent clectrical impedance. the background
noise level presented to the indicating instrument
shail be at least 5 decibels below the lowest sound
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Table 2
Tatal Tolerance Limits for Sound at Randem Incidence
for Type 1 Sound Level Meter

Ftequency A Weightin, B Weightin, € Weightin
1!: diy ¢ dlil s dg ¢
10 C 4 3 +2.5
12.5 33 25 +32
16 t3 12 +2
10 - X +2 +2
15 12 12 *1.5
315 $15 1.5 1.5
40 +1.5 t1.5 E
50 E3 | tl 1
63 %1 +1 *1
80 1l +] *1

100 1 11 - 3]
125 *1 tl x1
160 E3 3] F 3]

200 1 tl £
250 1 1l +1
s k1 1 1
400 1 1 +1
500 F4] %l 1
630 1 2] +1
800 1 %l 3
1000 1 tl |
1250 1 1] *1
1600 *] 11 1
2000 E3) %1 t1
2500 +1 tl 11!
3150 1 ] t]
4000 1 tl t]
5000 +1.5,=2 +1.5, -2 +1.5,2
6300 +1,5,-2 +1.5,-2 +1.5,-2
8000 +1.5,-3 +1.5,-3 +1.5,-3
10000* +2, ~4 2, - +2, -
12500 +), -6 +3, -6 +3, -6
16000 +3, -= +3, ~om +3, -
20000 +3, oo +3, «oco +3, -

level that the sound level meter is intended to
measure, The rated lowest level may be different for
cuch weighting.

3.3.3 With the indicating instrument replaced by
an equivalent impedance, the response (o electrical
sine waves in the frequency range 22.4 to |1 200 Hz
shall be linear within 1.0 decibel up to 10 decibels
above the voltage equivalent to the maximum scale
reading for Type 1 and Type 2 instruments, The
response of the Type 3 instruments in the frequency
range 63 to 8000 Hz shall be linear within 1.0 decibel
up to 8 decibels above the voltage equivalent to the
maximum scale reading, -

3.3.4 The maximum sound level for which lin-
earity exists within 1.0 decibel shall be stuted us o
function of frequency for cach weighting network

10

provided, or suitable overload indicator(s) shall be
provided.

4, Omnidirectional Response and Tolerances

4.1 Omnidireetional Response, Response to sound of
randem incidence is used as the messure of omnidi-
rectional response. 1t may be measured in a diffuse
sound field or calcutated from free-licld responses (o
sound arriving in dilferent directions, The free-field
calibration should be accomplished by comparison,
under the general principies set forth in 7.2.1 of
American National Standard Method for the Cali-
bration of Microphones, S1.10-1966, except thai
sopnd level is 10 be measured instead of microphoic
free-field respanse level, One of the various methods
of measuremment and cuteultion is given in Appendix
A,

it m e s L il g Y e B et
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i . Table 3
) Total Tolerance Limits for Sound at Random Incidence
‘ * for Type 2 Sound Level Meter
Frcx]uency A Weighting 13 Weighring C Weighting
{2 di di di
o +5.0, =0 +4.0, ~e +3.0, -
25 +4.0,-4.5 +3.0,-3.5 | +2,0,-2.5
31.5 +3.5,-.0 +2.5,-3.0 +1.5,-20
40 +31.0,-35 +2.0,=2.5 +1.0,-1.5
50 +3.0 130 - +1.0
&3 1.0 2.0 +1.0
: 80 1.0 2.0 tl.0
! 100 +15 3.0 +1.0
! 125 +15 2.0 1.0
160 +25 t1.5 1.0
200 +25 1.5 +1.0
250 +25 115 + 1.0
aAls +2.0 1.8 t1.0
Y400 2.0 t1.5 £1.0
500 +2.0 1.5 1.0
630 +1.0 1.5 1.0
800 *1.5 1.5 1.0
1000 2.0 2.0 t1.5
1250 20 2.0 3
1600 s $2.5 2.0
2000 £3.0 3.0 225
2500 +4.0,-35 +4.0,-3.5 +1.5,-1.0
3150 +5.0,4.0 +5.0,-4.0 +4.5, =15
4000 +5.5,-4.5 +5.5, 4.5 +5.0,-4.0
5000 +6.0, <50 +6.0,<5.0 +5.5, 4.5
6300 +6.5,-5.5 +6.5, 5.5 +6.0,-5.0
8000 +6.5, 6.5 +6.5, =6.5 +6.0, -6.0
10000 +6.5, =0 +6.5, -0 +6.0, =00

e ! Table 4

B Tota) Telerance Limits for Sound at Random Incidence
for Type 3 Sound Level Meter

1
Frequency A Weighling B Weighting C Weighting
i 11; di di dB
! 20 +6.0, =00 +5.0,- +4.0, ~0a
: 28 +5.0,-6.0 +4.0,-5.5 +31.0,<4.5
3.5 +4.5,-5.0 +1.5,~4.0 +2.5,-3.0
40 +4.0, 4.5 +1.0,-3.5 +2.0,-2.5
50 14,0 3.0 120
63 4.0 +1.0 £2.0
80 35 1.0 £20
100 +3.5 £3.0 120
125 10 £2.5 110
160 230 £2.5 +2.0°
200 3.0 £2.5 +2.0
250 +3.0 +2.5 20
315 130 £2.5 2.0
400 3.0 £2.5 2.0
i 500 3.0 £25 2.0
630 +3.0 +25 20
BOO 3.0 +30 25
1000 +3.0 £3.0 *2.5
) 1250 +3.0 £3.0 25
! 1600 +3.5 %35 £30
: 2000 4.0 £4.0 35
; 2500 4.5 £4.5 4.0
; 3150 5.0 £50 145
; 4000 +5.5 £4.5 50
: 5000 6.5 65 160
\ @ o 6300 +7.0 +7.8 +7.0
| ‘ 8000 1.8 7.5 +7.0
L 10 000 415, -= +7.5, -0 +7.0, =
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Table §
Maximum Allowsble Deviativn of Free-Field Relative Response Level

e rewaay s el

with Respect to Random-Incidence Relative Response Level Wihen the

Angle of Incidence Is Varied from 45° to 90° from the Axis About
Which the Response Is Most Nearly Cylindrically Symmetrical
These allowances are added arithmetically to the respective tolerance

limits in Tables 2, 3, and 4.

Frequency Type | Type 2 Type

clllz di J‘B ch

31.5to 2000 +1 ,-1 2 14

2000 o 4000 +1.5,~1 +2.5 *5

4000 te 5000 +2 ,+15 t3 6

5000 to 6300 +25,-2 +3.5 +7

6304) 1o BOOO +3 .25 *4.5 19
8000 to 10 000 +3.5, =35
10000 tn 12500 +4 6.5
Tuble 6

Maximum Allowable Deviation of

Free-Field Relative Response

Level for Suunds Arriving at Any Angle of Incidence with
Respect to Randem-Incidence Relative Response Level for Any
Angle of Incidence
These allowances are added arithmetically to the respective tolerance

limits in Tables 2, 3, and 4.

L Freguenc, Typel Type 2 Type 3
(&a&n} Y ¢l i i
P 31.5 to 2000 +1.5,-] +3 E]

2000 10 4600 +2.5,-2 +3, -4 +8
4000 10 5000 +35,-3 T 44, -6 12
5000 to 6300 +4 -4 +5,-8 +12
5300 1 8000 +5.5,-5.5 +7.-9 215
8000 to 10000 +6.5,-8
10000 to 12500 +1.5,-11

4.2 Random Incidence Response and Tolerance

4.2.1 The [ree-ficld relative response level shall be
determined with sufficient accuracy and number of
frequencies to establish that the random-incidence
response level of the sound level meter meets the
frequency response characteristics and tolerance lim-
its given in Tables [ and 2, 3, or 4.

4.2.2 The maxinum deviation of the free-field
relative response level as a function of anple of
incidence with respect to the randor-incidence rela-
tive response level shall not exceed the values given in

: (g . Tables 5 and 6, The specification applies for sound

e~ Incident on the complewe instrument and with the

ohserver in a position specified by the manufacturer
{or use of the sound level meter. I the microphone
can be detached and used a1 the distant end of an
extension cable. this mode of operation may be
specified.

4.3 Instruntent Diffraction Effects, It is recognized
that achicvement of the tolerances may not be
pessible for all types of sound level meters unless the
microphone is detached from Ihe meter, ar the
ebserver is remote from the meter. Such limitations
shall be stated clearly in the instruction book to
reduce the possibility of unknowing misuse,
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8. Indicating fnstrument Characteristics

5.1 Scale of the Indicating Instrument

8.1.1 The scale of the indicating instrument shall
be graduated in decibels in steps of | decibel, over a
range of at feast 15 decibels,

5.1.2 1t is recommended that the scale be gradu-
ated from +10 decibels 1o the lower limit.

5.1.3 The scale of the indicating instrument shall
be accurate with (0.2 decibel + 2 percent of the
number of decibels down from full-scale indication}
for a Type 1 instrument, £(0,2 decibel +3 percent of
the number of decibels down from full-scale in-
dicatien) for Type 2 instruments, and £(0.4 decibel
+6 percent of the number of decibels down [rom full-
scale indication) for Type 3 instruments,

5.2 Rule of Combination for Complex Sounds, The
indiciting insttument shall be of the square law type
as verified by the Rule of Combination Measure-
ment Procedure described in Appendix B, The rule
of combination shall be satisfied within 0.5 decibel
for the Type | and Type 2 meters and within 1.1
decibels for the Type 3 meter, .

5.3 Fast Dyoamic Characteristic, The sound fevel
meter shall possess the following dynamic character-
istics which may be identified as *FAST™;

8.3.1 If a pulse of sinusoidal signal having a
frequency of 1000 Hz and duration of 0.2 second is
applied, the maximum reading for o Tvpe | instru-
ment shall be 0 to 2 decibels less than the reading for
a steady signal of the sume frequency and amplitude.
For Type 2 and Type 3 instruments, the maximum
teading shall be 0 1o 4 decibels less. .

5,32 Il o sinusoidal signal at any frequency
between 125 and BOOO Hz is suddenly applied and
thereafler held constant, the maximum reading shall
exceed the final steady reading by 0 to 1.1 decibels.

5.3.3 The above requirements hold for a steady
reading 4 decibels less than the full-scale reading.

5.3.4 It is recommended that the Jdecay time be
essentially the same as the rise time,

5.4 Slow Dymamic Characteristic. The sound leve]
meter may also be provided with the following
dynamic characteristics which may be identified as
“SLOW™

5.4.1 1T a pulse of sinusoidal sipnal having a
frequency of 1000 Hz and duration of 0.5 second is
applied, the maximum reading for a Type | instru-
ment shall be J 1o 5 deeibels less than the reading for
a steady signal of the same frequency and amplitude,
For Type 2 and Type 3 instruments, the maximum
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reading shall be 2 to 6 decibels [ess.

54.2 I a sinusoidal sipnal at any frequency
between 63 and 8000 He is suddenly applied and
thereafier held constant, the maximum reading shall
exceed the final steady reading by 0 to 1.6 decibels.

54.3 The above requirements hold for a steady
reading of 4 decibels less thun the full-scale reading,

5.4.4 The steady reading for any sinusoidal signal
of any frequency between 3.5 and 8000 Hz shall not
differ from the corresponding “FAST™ reading by
more than 0,] decibel for Types 1 and 2, and 0.3
decibel for Type 3.

5.4.5 It is recommended that the decay lime be
essentially the same us the rise time.

55 Battery Indicator. {f the sound level meter is
battery operated, means shall be provided to indicate
whether battery voltage is adequate to maintain the
performance specified for the sound level meter,

6. Scnsitivity Stability and Checks

6.1 Stability Precautions, The manufacturer shakl
state the precautions necessury to ensure that the
sensitivity of the sound level meter is maintained
within the limits preseribed in 3.2,

6.2 Sensitivity Checks

6,23 A Type | instrument shall include & means 1o
check and maintain sensitivity without resort to
additional equipment. For this purpose. the instru-
ment shall contain cither an acoustic coupler to
chueck the sensitivity of the entire sound leve] meter
or means to check the electrical sensitivity of only
the umplifier and indicating instrument, if the latter
approach is used, it must be possible 1o check the
sensitivity of the entire sound level meter with an
acoustic calibrator of 1the coupler type,

6.2.2 It is recommended that the Type 2 instru-
ment be in accordance with 6.2.1, However, il the
instrument does not contain means for checking its
sensitivity, it shall be designed so thu it is possible te
check the sensitivity af the entire sound level meter
with an acoustic calibrator of the coupler type,

6.2.3 A Type 3 instrument shall be designed so
that it is possible to check the sensitivity of the entire
sound level meter with an acoustic calibrator of the
coupler type, or so that it is possible to check its
glectrical sensitivity by the insert voltage method,
(See 2.1 of American Nautional Standard S1.10-
1966,)

6.2.4 For u Type | or 2 instrument, the internal or
external electrical sensitivity check signal shall be

O
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sinusoidal, having a frequency within the range of
200 to 1250 Hz, and be stated by the manufacturer,
For a Type 3 instrument, any {requency stated by the
manufacturer may be used. The sound level meter
shall be in cither the C weighting or “flat” eperation
during calibration, However, if the instrument is a
Type S and has no C or "flat” weighting network, it
shall be calibrated at a frequency in the range of 200
to 1250 Hz, selected such that the relative response
level gradient is less than 1.5 decibels per ene-third
oclave,

6.2.5 For a Type | or 2 instrument, the acoustic
sensitivity check signal shall be a pure tone having a
frequency within the range 200 to 1250 Hz, und be
stated by the manufacturer. The sound level meter
shall be in either the C weighting or **flat* operatien
during calibration. However, if the instrument is a
Type S and has no C or “Mat’ weighting network, it
shall be calibrated at a frequency in the range of 200
to 1250 Hgz, selected such that the relutive response
level gradient is less than 1.5 decibels per one-third
actave,

- 6.2.6 For a Type 3 instrument, the gcoustical or
electrical sensitivity check signal and method for
checking shall be specificd by the manufacturer,

7. Sensitivity Under Various Conditions

7.1 Temperature, The temperature range over which
the sensitivity of the sound level meter varies less
than 0.5 decibel at any frequency shall be stated by
the manufacturer. If this range does not include the
extremes of =10° to 50° C, the manufacturer shall
supply lemperature correction values over that
range. If provision for internal calibration is muade in
the sound level meter, the manufucturer shall state
the effect, if any, of temperature upon the calibration
system, and thence upon the self-calibrated sound
level meter over the temperature range of -10°% (o
50° C, The manufacterer shall state the temperature
limits beyond which permanent damage to the sound
level meter may occur,

7.2 Humidity, The manufacturer shall state the range
of relative humidity over which the sound level meter
is intended to operate continuously, The effect of
changes in relative humidity on the sensitivity of 4
Type | instrument shall be kess than 0.5 decibel at
any frequency hetween 20 and 20,000 Hz in the range
of 510 90 percent relative humidity,

7.3 Vibeation, The sound level meter shall be de-

sighed and constructed so as to reduce the effects of
vibration resulling from muchanjcal excitation. The

AMERICAN NATIONAL STANDARD §1.4-1971

manufacturer shall state the precautions that should
be tnken by the user to ensure that readings are
within specificatian,

For o Type | instrument, the manufacturer shall
state the readings obtained with each weighting
network when the sound level meter, with a vibra-
tion-insensitive equivalent clectrical impedance sub-
stituted for the microphone, is vibrated sinusoidally
along each of three mutually orthogonal axes at an
acceleration of 0.1g,, over the frequency range 63 -
4000 Hz. The manufacturer shall also swue the
readings obtained under the same excitation with the
microphone mounted in its normal position on the
sound level meter, noting where the indicated sound
pressure level exceeds that radiated directly from the
vibration exciter, as delermined by a nearby micro-
phone not being vibrated, During the above tests,
precaution should be exercised to reduce the acoustic
radiation of the shaker,

It is recommended thut the manufacturer of Type
2 and Type 3 instruments provide similar data,

7.4 Airborne Noise. The sound level meter shall be
designed and constructed so s to minimize effects of
vibration resulting from airborng noise, The mano-
facturer shall state the precautions that should be
taken by the user to ensure that readings are not
crroneaus.

When the sound level meter with microphone,
Type | or Type 2, is exposed to pure tone sound at
any lrequency or octave band noise at any center
frequency in the range 63 - 8000 Hz, the reading shall
be af least 20 decibels greater than a reading taken
under the same conditions with the microphone
replaced hy an vquivalent electrical impedance. This
requirement shall be met, with cach weighting pro-
vided and for all attenuator settings 30 decibels or
more above the maximum sensitivity serting, at all
sound levels that the instrument can indicate up to
130 decibels. It is recommended that the test also be
made at higher Tevels, even il over a more limited
frequency range, and that the manufacturer stale the
jrequency range and levels over which compliance
with the requirements has been verified.

If an electrical extension must be used to remove
the amplifier from the sound field in order to meer
this requirement, the sound level meter shall be
marked to indicste the maximum sound level al
which the extension is not necessary,

15 Mngnéric andl Electrostatie Ficlf!s. The effects of

magnetic and electrosiatic fields shall be reduced to a
minimum, The sensitivity to magnetic fields, in-

7
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cluding those on the microphone, shall be indicated
by the manufacturer of the sound level meter in
terms of the number of oersieds required to produce
a zero reading at cach attenuator selting, up 10 a
limit of 1 aersted, in n magnetic field of 50 or 60 Hz
in a direction which gives maximum indication for
each response curve provided,

8. Provision For Use With Auxiliary Apparatus

8.1 Analysis. A sound level meter is frequently used
as a precision amplifier preceding auxilisry ap-
paratus for data acquisition and analysis, including
data storage devices, frequency filters, and indicating
equipment, When the sound [evel meter is used as a
precision amplifier for auxiliary apparatus. it is
recommended that the meter be set for the C
weighting, or optiona) “*flat™ weighting if it is pro-
vided, unless specific circumstances indicate that one
of the other weightings should be used to obtain the
information that is required. The selection of the
approprinte weighting should be based on consid-
eration of both the auxiliary apparatus wilized and
the phenomenon being measured to obtain an appro-
priate signal-to-noise fevel and to reduce the magni-
tude of uny adjustments 1o the data made necessary
by the frequency response characleristics of various
components of the entire measuring system,

8.2 Qutput Connections. When the sound level meter
is provided with an output connection for use with
auxiliary apparatus, the manufucturer shall state the
nominal output voltage, the output impedance. and
the recommended range of load impedances that
may be connected to the sound level meter without
affecting the indicating instrument reading by more
than 0.5 decibel in the frequency range from 22.4 to
El 200 Hz. If a resistive load impedance of 10 000
ohms at the output cannection affects the sound level
meter indicating instrument reeding by more than
0.5 decibel in the specified frequency runge, or if the
indicating instrument circuitry introduces significant
distortion (o the electrical output when connected 1o
a resistive load impedance of 10 000 ohms or greater,
the sound level meter indicating instrument circuitry
must be sutomatically disconnected from the elec-
trical output of the sound level meter, when the load
is connected.

9, Gener;tl

9.1 Name Plate Data. An instrument that complies
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with this specification shall be marked “Sound Level
Mecter Type | (2or 3)* or “Sound Level Meter Type
S1{(2or3) A (Bor Q)" as applicable. The
descriptive terms, *Precision,” *'General Purpose,”
“Survey,” and “Special Purpose,” may be included,
as applicable, [t also shall be marked with the name
of the manufacturer, the model or type, and the
serial number,

9.2 Instruction Manuat Data, It is recommended that
items of information specilied for Type | instru-
ments be provided for Types 2 and 3, il applicable,
Each sound Jevel meter shall be accompanied by an
instruction manual that provides al least the follow-
ing informalion, in addition to that given on the
name plate:

{1} Reflerence sound pressure specified in 2,1,

(2} Weightings specilicd in 3,1 and 3.2,

(3) Calibration procedure nccessary to maintain
the accuracy specified in 3.2, including an ex-
planation of the principles of operation of the
calibration systems or devices and their limitations.

(4) Relalive positions of observer, sound level
meter, and sound source for normal use, including
use of a microphone extension cable, if necessary, to
satisfy the requirements of Section 4,

(5) Square law characteristic specilied in 5.2,

(6) Dynamic characteristics (fast-slow) specified
in5.3and 54,

{7) Procedure and [requency for acoustic and
clectrical sensitivity check us specified in 6.2,

(8) Range of temperature over which the sensi-
tivity variation of the entire instrument is within 0.5
decibet (including corrections if this range does not
include — 10° to 50° C). (See 7.1.)

{9) Effect of tempersture upon the battery life und
internal calbration system (il any), including the
elfect upon the entire internally-calibrated instru-
ment. (See 7.1} )

(10} Limits of temperature and relative humidity
beyond which permanent damape to the instrument
may occur. {See 7.0 and 7.2.)

(11} Range of relative humidity over which the
sound level meter is intended to operate continu-
ously. {See 7.2}

(12} Influence of vibration, high level sound fietds,
and magnetic and electrostatic fields on the in-
dications of the complete apparatos, including a
statement of the conditions under which tests were
made as well us precautions to minimize or deter-
mine the effects upon readings of these influences,
(See 7.3, 7.4, and 7.5)

(13) Procedure Lo ensure optimum operating con-
ditions when the sound level meter is used with filters
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or analyzers, if applicable, {See8,1.)

(14) Electrical impedance thal may be connected
to the output jack (if provided) without producing o
“chunge'in the meter reading greater than 0.5 decibel,
{Sec 8.2))

(15) For a Type | instrument, pressure or free.
field calibration und equivalent electrical impedance
in the {requency range of 20 - 20 000 Hz of the
microphone furnished with the instrument,

(16) For a Type ! instrument, the relative re.
spense of the microphone, the entire sound level
meter, or both, at typical angles of incidence and
random incidence, .

(17) Type of microphone (clectrosiatic, moving
coit, etc.) and madel(s).

(18) Any corrections necessury when a micro-
phone extension cable is used,

AMERICAN NATIONAL STANDARD 51.4-197|

(19) Directiona! response characteristics and rec-
ommended angular orientation for use with plane
wave sound,

(20} Upper limit of sound pressure level that the
instrument can measure within the tolerances given
in this standard,

10. Revision of American National Standards
Referred to in This Document

When the following standards referred to in this
document are superseded by a revision approved by
the American Nationa! Standards Institute. the
revision shall apply;

American National Standard Method for the
Calibration of Microphenes, S1.10-1966

19
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971, but are included for information purposcs only.}

Appendix A Approximation of the Random-Incidence Relative Response
Level

This appendix reviews the concept of the random incidence culibration required in
Section 4, and suggests a method for determination of the random-incidence relative
response level, (See Section B of American Natienal Standard §1.10-1966.)

The square of the random incidence sensitivity {Sg{/f)} is the space average mean of the
squares of the sensitivities for all directions, given by:

$m=%ﬁmﬁmmﬁmemw {Eq A)
where Sp (0, &, /) = the [ree-field sensitivity to sound incident at the angles O und ¢
(where O is measured from the axis of the microphone and ¢ is from sn arbitrary reference
in the plane perpendicular to the axis), and at frequency f, both Sg and Sg ure expressed in
the same units, for example, voits meter?/newton,

For the purpose of basic calibration of a sound level meter as a function of both angle of
incidence and frequency, it is necessary to determine the relative response level for random
incidence sound us a funclion of frequency, The relative respanse level for random
incidence may be caleulated in a munner similir to the dforementioned fram Equation A2:

Ry = 101lopn I;%- fg"foﬂ umilog(ﬂ%‘gﬁr—)) sin 8d & d{' (Eq A2)

where R/ is the relative response level for random incidence sound at frequency fand R
(0, ¢, /) is the relative response level for plane wave sound at angles O and ¢, and
{requency /.

For the purpose of satisfying the specification of Section 4. the relative response level
for random incidence may be computed from relative response levels obtained at a finite
number of frequencies and angulir orientations, The contribution (3K} to the random.
incidence relative response from each orientation (0, ) is given by;

A6

or e
aK@.enf=== [ [ antilog RO /) Gradeds
4n o 28 a8 10

o L antilog (M) ' [cos (@,- -‘E) - cos Ga, + £)] ao (EqA3)
4n 10 2 2
where the arientation O and ¢ give the position of un elemental area on o unit sphere; the
extent of the grea is defined by the elements A ¢ and & O: and r and 5 are inlegers
representing the various elements, '
Then, the rundom-incidence relative response level for random incidence is given by:
Ry 10t0g0 ;“1 ak (@, 00 h) (Eq A4)

where # is the number of elemental areas,

For this purpose, the sphere is divided into non-overlapping areas that cover the sphere
completely. In no case shall # be less than 7, The angular orientation can be chosen such
that the elemental areas ure equal or have approximately equal contribution to the
random-incidence relative response,

These Appendixes arc not a part of Americun Natlenal Standard Specification for Sound Level Meters, S1.4.
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F& In general, for equal areas and cylindrical symmetry, the angles are selecied by setting:

cose=:3§,k=o,1.2......-’i§1(u.odd)

cose = :2kn+ l,k=0. I,?....('?'- I)(n,cvcn)

When n is chosen as 7, the values of O which give equal area contributions are:
31°0', 559", 73°24', 90°0', 106°3¢', 124°51°, 149°¢

and
. _1 L R@.f)
ake, f) = 7 nntllog———lu (Eq A5)
Appendix B Method of Checking the Rule of Combination of the In-

dicating System for Noise

Arrange a circuit wherein o series of sine waves and one-third octave or octave bands of
noise may be applied alternately to a resistor. The resistor current is measured by a
thermocouple meter operating in the range in which its reading is proportional to the
square of the current. The voltage developed aeross the resistor is applied as &n electrical
input to the sound level meter through a suitable netwark replacing the microphone, or in
series with the microphone, if the acoustic pickup can be made negligible, The resistor
should have a resistance no greater than one percent of the absolute value of the input

{ ...zim‘ impedance of the sound level meter.
o Apply a sine wave voltage at a frequency of 1000 Hz and adjust the thermocouple
w2 current and sound level meter gain controls to values that yield an indicating instrument

deflection of 1.0 decibel below full scale deflection. Now, instead of the sine wave,
substitute a one-third octave or octave band of noise centered at 1000 Hz and adjust to
obtain the same thermocouple current as before, Note the resulting average reading of the
indicating instrument. The specification given in 5.2 may be considered satisfied if this
reading is within the appropriate tolerances required, us compared with the reading for the
1000 Hz tone,

Repeat the operation given in the preceding paragraph for a deflection of the indicating
instrument 10 decibels below full scale deflection, The averuge reading for the noise should
be the same within the required tolerances,

Repeat the above vwo tests for a tone and a one-third octave or octave band of noise at
frequencies of 6300 Hz and 63 Hz, Do both pairs of tests with the sound level meter set for
C weighting or FLAT weighting if they are provided. For the test at 63 Hz, use the SLOW
eter characteristic und determine the average deflection in the foliowing manner: After
the noise sighal has been applied for at least ten seconds, note the instantancous defleclion
of the indicating instrument., After a wait of at least two seconds, agiin note the
instantancous deflection. Continue in this munner until at least 50 values have been
recorded, The average of these values is the desired average deflection.

The one-third octave or octave bynds of noise should be derived from a paussian nojse
source that is “pink" over the range from at least 20 Hz 10 20000 Hz, within % | decibel,
by means of one-third octave band filters that meet the requirements of American
Nutional Standard Specification for Octave, Hall-Octave, and Third-Oetave Band Filter
Sets, 81.11-1966, Type 2 or 3, Here “pink™ is used 1o mean a spectram-Jevel downward

;‘0 slope of 10 decibels/10:1 frequency span, The spectrum level of the noise source beyond
) 20000 Hz should continue to decrease at a rate of at least as great as 10 decibels/10:)

S’ frequency span,

2
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If neither C nor FLAT weighting is provided, the signals may he inserted in the linear
electronic section of the sound level meter between the weighting networks and the
detection system of the sound level meter,

If A or B weighting must be used for the tests, the test at 63 Hz should be modified ns
follows: Determine the cutoff frequencies of the one-third octave or octave band Filters
used. For the purpose of this test, these [requencies may be selected as the frequencies at
which the response of the filter is 4 decibels less than the maximum response of the filter,
For one-third octave band filters and A weighting, set the pure tone at a frequency of 1.01
times the geometric mean of the two cutoff frequencies to account for the shift of the
cffective center of the band by the weighting., For one-third octave band fillers and B
weighting, set the pure tone at a frequency of 1,007 times the geometric mean. For an
octave band of noise, the correspensing ratios are 1.07 for A weighting and 1,03 for 8

weighting.
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American National Standards

The standard in this booklet is ene of nearly 4,000 standards approved to date
by the American National Standards Instituie, formerly the USA Standards In.
stilute,

The Standards Institute provides the machinery for creating voluntary stan-
dards, It serves {o eliminate duplication.of standards aciivities end to weld con-
flicting standards into single, nationally accepted standards under the designo-
tion "American Mational Standards.”

Each stondard represents genera! agreement among maker, seller, and user
arovps as to the best current practice with regard to some specific preblem. Thus
the completed standards cut across the whole fabric of production, distribution,
and consumption of goods and services. American Nationel Standards, by reasan
of Institute procedures, reflect a national eonsensus of manufocturers, consumers,
and scientific, technical, ond professional organizations, and governmental agen-
cles, The completed standards are used widely by indusiry and commerce and
oftan by municipoi, siote, and federal governments, :

The Stondards Instilute, under whose ouspices this work Is being done, is the
United States clearinghause and coordinating body for standards activity on the
national level, It is @ fedaration of trade associations, technical societies, profes.
sional groups, and consumer organizations. Some 1,000 companies are affiliated
with the Institule as company members,

The American National Standards Instifute Is the Uailed Stoles member of the
International Organization fer Standardization (1SO), the International Electro-
tochnical Commission (!EC), and the Pan American Standords Commission
(COPANT). Through these chonnels American Industry makes Its position falt on
the intetnaticnal lavel, American National Standards ore on filo in the libraries
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Foreword

{This Forewsrd is not a part of American National Standard Methods for the Determination of Sound Power
Levels of Small Sources in Reverberation Rooms, 51,21-1972)

This standard comprises a part of a group of definitions, standards, and specifications for use in
acoustical work, [1 has been developed under the Standards Committee Method of Standards
Institute procedure, The Acoustical Society of America is the secretariat,

Amclrican National Standards Committce S1, under whose jurisdiction this standard was devel-
oped, has the following scope:

Standards, specifications, methods of measurement and test, and terminology in the fields of physical acoustics,
ncluding architeciural acoustics, electroacoustics, sonics and utirasonics, and underwater sound, but ex-
cluding those aspects which pertain to safety, tolerance, and comfort,

Various working groups have been organized to take care of the committee’s program, and this
standard was developed by Working Group 51-50,

This standard is a revision of Sectjon 3.5, Determination of Sound Power in a Diffuse Field, of
American National Standard Method for the Physical Measurement of Sound, 51.2-1962
(R1971).

Suggestions for improvement of this standard will be welcome, They should be sent to the
American National Standards Institule, Inc, 1430 Broadway, New York, N.Y. 10018,

American National Standards Committee on Acoustics, $1, had the following personnel at the
time it approved this standard:
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American National Standard

Methods for the Determination of

Sound Power Levels of Smali Sources in

Reverberation Rooms

Synopsis

Quantities To Be Calculated

Sound power level in frequency bunds
1

Quantities Wl_iich Cannot Be Obtnined

Directional charncteristics of the source

Applicability

Type of Source:  Device, machine, comyponent, sub-
assembly

Volume of Source: Preferably less than 1% of test
room volume

Noise of Source:  Steady, broad-band sound, with or
without discrete-frequency and
narrow-band components

Test Environment: Prescribed reverberation room

Laboratory Methods

Direct
Comparlson

Intreduction

{The material in 1his Introduction is intended for purpoeses of
background and orlentation.)

This standard deseribes in detail two luboratory
methods far determining the sound power radiated by
a device, machine, component, or subassembly as a
function of frequency using a reverberant test room
having prescribed acoustical characteristics. While other
methods could be used to measure the noist emitted
by machinery and equipment, the methods described
in this standard are particularly advaniageous for ruting
the sound output of sources which produce steady
noise and for which directivity information is not re-
quired. If the source emits nonsteady noise or if direc-
tivity information is desired, the methods specified in

the following standards and recommendations should
be selected:

American National Standard Method for the Physical
Measurement of Sound, §1.2-1962(R1971)

American National Standard Methods for the Measure-
ment of Sound Pressure Levels, §1.13-1971

IS0 Recommendation R 495-1966, General Require-
ments for the Preparation of Test Codes for Measuring
the Nolse Emitted by Machines®

ISC/TC 43 Draft 1ISO Recommendation No, 2204,
Guide to the Measurement of Acoustical Noise and
Evaluation of its Effects on Man!

The measurement described here yields physical data
that may be used for;

(1) Rating apparatus according to its sound power
output.

{2) Establishing sound contro} measures,

(3) Predicting sound pressure levels produced by a
device or machine in a given enclosure or environment.

Hawever, the detailed methods for utilizing the data
for these purpnses are not included in this standard,

In this standurd, the computation of sound power
levels from sound pressure level measurements made in
a reverbersnt sound ficld is based on the premise that
the mean-square sound pressute averaged in space and
thne is: 1) directly proportional to the sound power
output of the source, 2) Inversely proportional to the
total absorption in the room, and 3) otherwise depends
only on the physical constants of air density and velo-
city of sound,

The relationship between tie space/time average
sound pressute generated in the reverberation room by
an unknown source of sound and the sound power out-
put of that source can be established by either one of
two methods: the direct method or the comparison
method. The direct method uses measurements of the
reverberation time (decay rate) In the room, and the
comparison method uses a calibrated reference sound

Ypublications of the International Organization for Standard-
ization are available from the American National Standasds
Institute, 1430 Broadway, New York, N.Y, 10018,
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ALTERNATIVES FOR MEASUREMENT OF DISCRETE-FAEOUENCY COMPONENTS

CHECK FORPRESENCE OF
SIGNIFICANT DISCRETE-
FREQUENCY COMPONENTS
1SEE 6.3)

ASSUME THAT
SIGNIFICANT DNSCRETE-
FHEQUENCY COMPONENTS
ARE PRESENT

Y

ubE MULTIPLE
SQURCE
POSITIONS
{SEE SECTION 121

IMPAQVE AND

QUALIFY THE

TEST FACILITY
(SEE SECTICN 1]}

A—— —

APPROPRIATE IF TESTS
INVOLVING SIGNIFICANT

DISCRETE-FAEQUENCY COMPONENTS

ARE CONDUCTED RARELY

—— e——

APPRAOPRIATE IF FACILITY
1§ USED FULL TIME AND
LASOR COST MUST
AE MINIMIZED

Fig. 1
Alternatives for Measurement of Discrete-Frequency Components

source, While the comparison method s alimost exclu.
sively used in industrial test programs, the direct
method is frequently used in research, 1t is expected
that some industrial sound test codes [or specific 1ypes
of equipment will specify only one of these methods,
As far as the direct method is concerned, it should be
noted that Eq 3 contains a correction term which was
not used in the corresponding equation in American
Natlonal Standard 81,2-1962 (R1971), This term,
10 log 6 (1 + SA/8V), accounts for the fact that o space-
averaging procedure which, for practical reasons, ex-
cludes the region near the walls, tends to yield results
which are consistently somewhat tower than the true
space average tzken over the entire room volume (see
[4] %), While this difference is no larger than the ex-
pected random errors {Table 1), it was felt that the cor-
recton should be included 1o eliminate the systematic
differences ofien observed in comparing data obtained
by the direct method against duta obtained from free-
field measurements {sce [3]). This correction is not
necessary when wsing the comparison method because
the comparison methed is based on relative rather than

—

INumbers in brackets refer to corresponding numbers in See-
tion 14.2, Referenves 1o the Text.

8

absolule values of the space-averaged sound pressitre level,

It is recognized that precision measurements in re-
verberation rooms become more complicated when the
spectrum of the sound to be measured is not dis-
tributed smoathly but contains significant discrete-
frequency or nurrow-band components, One might,
therefore, be tempted to limit the standard te broad-
band sound as was done in the case of the corres-
ponding section of American National Standard
81,2-1962 (R1971), This limitation is particularly
tempting because the sound generated by most well-
designed equipment, in act, does not contain signifi-
cant discrete-frequency components, On the ather
hand, there Is obviously no guarantee that such com-
ponents are not radiated by the equipment under test.
Moreover, there is no longer a serjous problent in mea-
suring the sound power output of discrete-frequency
sources, provided the wavelengih is short compared to
the size of the test room [1,2].

Ideally, the reverberation room should be big encugh
{ar equipped wiih rotating diffusers or Inw-frequency
absorbers, or bath), and extensive sampling of the
sound ficld should be carried ot to provide the desired
accuracy regurdiess of the shape of the speetrum
emitted by the source, The cost of such an ideal facil-



AMERICAN NATIONAL STANDARD §1.21-1972

Table 1
Uncectainty in Determining Sound Power Levels of
Sound Sources in Reverberation Rooms )

One-Third

Octave Band
Center Frequencies

Octave Band
Center Frequencies

Standard Deviation
)

(Hz)
128 100 10 160 3.0
150 20010 315 2.0
500 400 to 630 1.5
1000 800 ta 1250 1.5
2000 1600 to 2500 1.5
4000 3150 to 5000 1.5
8000 6300 10 10000 3.0

ity, however, is high and can be justified only il the
usage foctar is sufliciently great, If a facility Is used
only occastonally lor sound puwer determinations of
sounds containing discrete-frequency components, the
exira cost is not likely to be justifisble, Tlis standard,
therelore, allows an alternative procedure in which the
source is tested ina number of positions, the number
of positions depending upon the prominence of the
discrete-frequency component, its frequency, and the
properties of the reverberation room. The test for the
presence and significance of discrete-frequency com-
ponents is deseribed in 6.3, and the camputation of the
number of source positions required is described in
Section 12,

It Is, of course, possible to bypass the tests of 6.3 if
one is willing to use either the maximum number of
source positions called for in Secetion 12 orif the test
facility Is qualified for discrete-frequency sound in
accordance with Section 13, A flowchart for these
various alternative approuaches is shown in Fig. 1,

1. General

1,1 Scope and Purpose, This standard deseribes a direct
method and a comparison methed for determining the
sound power level produced by a source, This standard
contains test room requirements, source location and
operating condjtions, instrumentation, and techniques
for obtaining an estimate of the mean-square sound
pressure from which the sound power tevel of the
sousce in octave or one-third octave bands is caleu-
Jated. It is intended to provide techniques for acous-
tical measuremenis that can be used in test codes for
particular types of equipment,

1.2 Applicability, This standard applies primarily o
the measurement of sound that is uniformly distrib-
uted in frequency over the frequency range of interest

and is relatively steady for at fuast 30 seconds, The
spectrum of the sound may also include prominent
discrete-frequency components of narrow bands.

When a source emits narrow-band or diserete-
frequency sound, a determination of its sound power
level in a reverberation room requires the use of a
greater number of source locations and microphone
pasitions (or a greuter puth length of a moving micro-
phone). The required numbers of lacations and posi-
tions depend upon the desired accuracy, the spectrum
of the radisted noise, and thie properties of the test
room. These numbers can usually be reduced if one or
more rotating diflusers are operated in the test room
during the meusurements. Guidelings for the design of
suituble rotating diffusers are given in Appendix B. The
use of rotating diffusers reduces the effort required to
mnke meusurements on sources that emit discrete-
frequency components. If the source emits primarily
discrete-frequency sound below 200 Hz, this standard
may not be suitable, and u free-field measurement
should be considered.

1.2.1 Size of Sounrce. This standard applies only to
small sound sources; that is, sources with volumes
which are preferably less than 1% of the volume of the
reverberation room used for the test.

1.3 Measurement Uncertainty. Measurements miade in
conformance with this standard 1end to result in stan-
dard deviations which are equat 1o or less than those
given in Table 1. The standard deviations of Table 1
reflect the cumulative effects of all causes of un-
certainty. (See [, 2].) ‘

2. Definitions

In this standard the following definitions shall apply:

comparison method, Caleulation of sound power level
by comparison of measured sound pressure levels pro-

9
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duced by the source in a reverberation room with the

mean-square sound pressure levels produced in the

' same room by a reference sound source (RSS) of
known sound pawer output.

direct method. Calculation of sound power level from
the measured sound pressure levels produced by the
source in a reverberation room and from the reverberas
tion time and volume of the reverberation room,

discrete-frequency component of the sound emitted. A
component having an instantancous sound pressure
which varies essentially as a simple sinusoidul function
of time.

frequency range of interest. For general purposes, the
actave bands of interest are those with center fre-
quencies between 125 and 8000 Hz, The one-1hird
octave bands of interest are those with center fre-
quencies between 100 Hz and 10 000 Hz, For special
purposes, the frequency range of interest may be ex-
tended by one octave (or three one-third octaves) at
elther end, provided the test room is satisfactory for
use over the extended frequency range, For sources
which radiate predominantly high (or low} frequency
sound, the trequency range of interest may be limited
in order 10 optimize the test facility und procedure,
For this purpose, any band in which the level is 40 dB
or more below the highest band pressure level may be

NOTE: The width of the frequency band showld be Indicated
by a qualifylng modifier; for example, octave band saund prese
sure level, ene-third octave band soand pressure level, ote,

wavelength, A. The speed of sound in air (spproxi-
mately 345 meters per second) divided by the fre-
quency in herte,

3. Test Room Requirements

3.1 General, The test room shall be large enough and
have low enough total sound absorption to provide an
adequate reverberant sound feld for all frequency
bands within the lrequency range of interest, (See
Appendix A} The test room shall be adequately jso-
lated from extrancous noise.

3.1.1 Criterion for Room Adequacy, The adequacy
of the test room for measurements according to this
standard, inctuding benefits resulting from stationary
and moving sound diffusers, shall be established by the
procedure of Section 11,

3.1.2 Criterion for Adeguate Isolution, The back-
ground nolse level shall be at Jeast 6 B and preferably
mare than 12 dB below the soind pressure level to be
measured in each frequency band within the frequency
range of interest,

3.2 Room Volume, The room volume should be at

least 180 m® and preferably 200 m? for messurements

i
- excluded from censideration.
¢l , including the 125-Hz octave band, and 70 m* for mea-

wip
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menn-square sound pressure. The sound pressure
averaged in space and time on a mean-square busis
using the time-averaging procedure specified in 4.2 and
the space-averaging procedure specificd in 6.2,

The finite averoging time and finite microphone puth
length (or Minite number of fixed microphone posi-
tions) as well as deviations from the ideally reverberant
sound field are responsible for the uncertainties given
inTable 1.

reverberant sound field, That portion of the sound
field in the test room over which the influence of
sound received directly from the source is negligible,

reverberation room, A test room characterized by a
small amount of sound absorption and satisfying the
criteria of Section 3.

sound power level, Ly, Ten times the logarithm to the
base 10 of the ratio of a given sound power to the ref-
ence sound power. The reference sound power is

L pW (i pW = 10-"2 W), Unit; decibel (dB).

sound pressure level, Ly, Ten times the loparithm to
the base 10 of the ratio of the mean-square pressure of
a sound Lo the sauare of the reference pressure. The
reference pressure is 20 uN/m?, Unit: decibel (dB),

10

surements covering only the 250-Hz and higher octave
bands (see Appendix A).

3.3 Reom Absorption, The absorptlon of the test room
affects the mininiem distance 1o be maintained be-
tween Lhe source and the microphane positions. 1t may
alse influence the sound radiation of the source, For
these reasons the absorption should be neither too
large nor exiremely smatl (see Appendix A),

3.3.1 Surface Treatment. The floor of the lest room
shall be reflective with an absorption coefficient below
0.06. None of the other surfaces should have absorp-
tive properties significantly deviating from each other,
For cach one-third octave band within the frequency
range of interest, the mean value of the absorption
coefficient of cach wall and of the ceiling should be
within 0.5 and 1.5 times the mean value of the absorp
Lion coefficient of all walls and ceiling.

3.4 Criteria for Temperature and Humidity, The uir
absorption in the reverberation room varies with the
temperature and humidity particularly at frequencies
abave 1000 Hz. The temperature £ (in degrees Celsius)
and the relative humidity i (in percent) shall be con-
trolled during the sound pressure level mmeasuremenis.
The product r (£ + 5°C) shall not differ by more than
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* 10% from the valuc of the product which prevailed
durlng the measurements of the reverberation time (for
the direct method) or reference sound source (for the
comparison method).

4. Instrumentation

4.1 General, The charzeleristics of the instrumentation
shall be consistent with the procedure sekcted for aver
aging the sound pressure, on a incan-square basis, in
space and in time. Several alternative procedures for
space averaging are lisied in 6.2, Those involving auto-
matic sampling of the sound field by either a moving
microphone or 4 scanned array combine the space-
averaging and time-averaging operations and thus re-
quire indlcating devices with correspondingly long
integeation (averaging) time constants,

4.2 Indicating Device, There are two alternative ap-
proaches to time-nveraging the output voltage of the
octave {or ane-thicd vetave) band filters, e, {¢):

(1) Integration of the squared voltage over a fixed
time Interval, Tp, by analog or digital means. This is
the preferred methnd,

{2) Continuous analog averaging of the squared volt-
age using an RC network with a time constant, 7y,
This pravides only an approximution of the true time
average, and it places restrictions on the “settling'” time
and observation time (see 6.4.1).

4.2.1 Integration over a Fixed Tine Interval, If this
method is used, the standard deviation of estimates of
the level of the mean-square voltage shall be less than
0.25 dP for a steady sine wave input over the fre-
quency range of Interest, and the average value of
serles of 10 estimates of the leve] of the mean-square
value of eg(¢) shall not differ from the value obtained
by continuous Integration by more than £ 0,25 dB.
The intcgration time, T, shall be identical lo the ob-
servation period used {for minimum values of observa-
tion periods, see £.4; for the relationship between in-
tegration time and microphone traversing or seanning
perlod, Il applicable, see 6.2.1},

4,2.2 Continuous Averaging. The time constant, 7,
shall be at least | second, and long enough to meet the
criterion of 6.2.1.

4.3 The Microphone and 1ts Associated Cable. The
microphone shall have a flat frequency response for
randenily incident sound over the frequency range of
interest. The microphone shall meet the requirements
for use in a Type | precision sound level metér aceord-
ing to American National Standard Specification for
Sound Level Meters, $1.4-1971. The microphone (and
its associaled cable) shall be chosen so that its sensitiv
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Table 2
Relative Tolerances for the Instrumentation System

Frequency Tolerance Limiis
(Hz) {dB)

5010 B0 '
100 1o 4000
5 000
6300
8 000
10 000
12 500

ininin
1
(RN N

+F4++ 4+ +Hn

Ly N b
1

[

ity does not change by mare than 0.5 dB In the tem-
petature range encountered in the measurement. If

a moving microphone is used, care shall be exercised to
avold introducing acoustical or electrical noise (for
example, from gears, flexing cables, or sliding contacts)
that could interfere with the measutements.

4.4 Frequency Response of the Instrumentation
System. The frequency respunse of the instrumenta-
tion calibrated for randomly incident sound shall be
determined according to the pracedures of American
Natiorat Standard Method for the Calibration of
Microphones, $1.10-1966 (R1971), The random-
incidence response shall be within the olerances given
in Table 2.

4.5 Frequency Amalyzer, An octave band or one-third
octave band filter set meeting at least the requirements
for Class I1 filters of American Nationat Standard
Specification for Octave, Huif-Octave, and Third-
Octave Band Filter Sets, $1.11-1966 (R1971), shall he
used,

4.6 Calibration. At leust before each serles of measure-
ments, an acoustical calibrator with an accuracy of

£ 0.5 dB or better shall be applied to the microphone
for calibration of the entire measuring system at a
single frequency (or preferably at several frequencics),
The calibrator shall be checked at least annually to
verify that its output has pot changed.

In addition, an electricul calibration of the complete
instrumentation system over the enlire frequency range
of inferest shall be performed at least annually and
preferably prior to euch series of meusurements. An
acoustical calibration over the entire {requency range
of interest should be performed at least annually,

5. Installation and Operation of Sousce

5.1 General, When the source is mounted near one or
more reflecting planes, the radiation impedunce may
differ appreciably from that in free space, and the

1
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ﬁ“"\sound power radiated by the source may depend

strongly upon ils position and orientation, It may be of
interest to determine the radiated sound power either
for a particular position and orientation of the source
clr as the average value for several positions and orienta-
tions.

5.2 Source Location, The source to be tested shall be
placed in the reverberation reom fn one or more posi-
tiens that are typical of normal usage.

NOTE: If possible, the source should be located at least 1,5 m
from any wall of the room,

5.3 Source Mounting. 1n many cases the sound power
emitted will depend on the support or mounting condi-
tions of the source, which shall be carefully deseribed in
the test report, Whenever a typleal condition of mount.
ing or use exists for the apparatus under lest, that con.
dition should be used or simulated for the test, il
practicable. No major surfaces of the source showld be
ariented paralle] to a nearby surface of the reverbera.
tion room unless the source is so oriented in ils typical
mounting condition.

NOTES:

{1) A source normally mounted through a window, wall, o1
celling shatl be mounted 1hrough the wall or ceiling of the
reverberation room and located at feast 1.5 m ftom any other
surfoce, except that sources normally mownied near o corner
shall be located at the normal distance from such a corper,

(2) Equipment normally installed ona tahle of stand shall
be 5o mounted during the test,

§.4 Auxiliory Equipment. Care should be taken to
assure that any electrical conduits, piping, or air ducts
connected to the equipment do not radiate a signifi-
cant amount of sound energy into the test room, if
possible, all auxiliary equipment necessary for the
operation of the device under test shall be located out-

side the reverberation room,

£.5 Operation of Source During Tests. During the
acoustical measuremens, the source shall be operated
in a specificd manner typical of normal use. The
following operational conditions may be appropriate:

(1) Device under normal losd

(2) Device under full load (i different from (1))

{3) Device under no-load {idling) '

(4) Device under operating conditions corresponding
to maximum sound generation

The sound power levels of sources may be deter-
mined for any desired set of operating conditions (that
is, temperature, humidity, device speed, etc), These
test conditions shall be selected beforehand and shall
be held constunt during the test. The source should be
warmed up and in a stable condition hefare any sound
measurements are made,
12
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6. Determination of Mean-Square Pressure and
Number of Source Positions

5.1 General, The major cause of uncertainty in deter-
mining sound power in a reverberation room is the
spalial frregularity of the sound fietd. The extent of
this irregularity and, henee, the effort required 1o de-
termine the mean-square pressure accurately is grealer

for discrete-Frequency sound than for broad-band sound.

The procedure of 6,3 shall be used to determine if
significant discrete-frequency compenents or narrow
bands of noise are present in the sound emitied by the
source, If so, the provisions of Section 12 or Section
13 shall be applied In addition to those of this section.

6.2 Mictophone Positions, Space averaging of the
sound fickd shall be accomplishied by one of the follow-
ing two procedures:

(1) Traversing a microphone at constant speed over
a pathat feasr 3 min length wlhile the signal is being
averaged on a mean-square basis. The path may be a
line, an arc as obtained by swinging the microphone, a
circle, or some other geometric figure,

(2) Using an array of a¢ least (heee fixed micro-
phones {or microphone positlons) spaced at least A2
from each other, where A is the wavelength of sound
corresponding to the lowest frequency in the fie-
quency range of interest, The outputs of the nicro-
phones shall be cither scznned suwtomatically and aver-
aged on @ mean-square basis by the indicating device,
or the average shall be computed frem the mean-square
outputs of each individual microphone position,
NOTE: A path length of 3 m for the traverse and three posi-
tians for the array are minimum requirements. 1o may be
necessaty 1o use 2 more extensive micrnphunc LEAVETSe OT QIFaY,
or use maving or sttienary sound diffuscrs, or bosh, in order
to meet the requirainents of 11,5,

6.2.1 Repetition Rate. The repetition rate of Lhe
microphone traverse (or the scanning rate for an armay
of fixed microphones) shall meet the following eriteria

(1) There shall be 3 whole aumber of microphane
traverses or array scans during the observation period
(see 6.4.1).

{2) Ilintegration over a fixed time interval, 7p, is
used (see 4.2.1), there shall be a whole number of
microphone traverse or array scans during the inte-
grating time of the indicating device.

(3) If continuous averaging Is used (see 4.2.2), the
traverse or scanning periad shall be less thun 2 vimes
the time constant of the indicating device,

6.2.2 Loeation of Microphene Traverse or Ay,
The microplione traverse or array shall be within that
part of the test room where the reverherant sound field
dominates and where the contribution of the direct
field to the measured mean-square pressure is negli-



gible. To ensure that the chosen microphone traverse
or array is within the reverberant field, the following
criteria shall be met:

(1) The minimum distance between the sound
source and the nearest microphone position shall not
be less than
dmin = 0.08 \/—V-]T_
where

V' = volume of test raom in cubic meters
T = reverberation time in seconds

(2) The requirements given in 11,5 shall be met,
using the chosen traverse or array.

The microphone traverse or array shall not le in any
plane within {Q degrees of a room surface, No point on
the traverse or array shall be closer than /2 to any
room surfzce of the reverberation room, where A is the
wavelength of sound corresponding 1o the lowest fre-
quency in the frequency range of interest,

The microphone traverse or array shall avoid areas of
alr discharge {if any) or sound beaming from the equip-
ment being tested,

6.3 Determination of the Significance of Discrete-
Frequency Components and Nurrow Bands of Noise, If
the source spectrum contains significant discrete-lie-
quency components of narrow bands of nolse, addi-
tional microphone positions and more than one source
localion are usually required (see Section 12) to meet
the aceuracy objectives of Table 1, First, however,
determination may be made concerning the presence
and significance of discrete-frequency components or
narrow bands of noise in the spectrum of the sound
emitied by the source.

Alternatively, it may be assumed that the spectrum
of the sound emitted by the machine or equipment
under test does contain significant discrete-frequency
components. In this case, either the additional source
positions described in Section 12 shall be wsed, or the
test setup shall be qualified as described in Section 13,

If the room qualifies according {o the requirements
of Section 13, additional source Jocations are not re-

quired, Qualification of the test setup according 1o Sec-

tion 13 is usually possible only when a rotating diffuser
and additional microphone positions are used in the
room.

6.3.1 Presence of Discrete-Frequency Components,
When a discrete-frequency component is present in the
spectrum of 2 source, the spatial distribution of the
sound pressure level usually exhibits maxima separated
by minima having an average spacing of approximately
0.8) where X is the wavelength corresponding to the
frequency of the sound. An example of the spatial
variation in pressure level for discrete-frequency sound
is shown in Fig. 2,
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6.3.2 Quulitative Procedure, The presence of a signi-
ficant discrete-frequency component can often be de-
tected by a simple listening test, If such a comiponent is
sudible (or detectable by narrow-band analysis), the
measurements described in 6.3.3 may be omitted. In
this case, either the provisions of the bottom tow of
Tabie & shall be applied or the test setup shall be qualj-
fied as described in Section 13,

Discrete-frequency components may be present in
the spectrum even when these components ase not
audible, A conclusion that no significant discrete-
frequency compenents are present can only be reached
by performing the test described in 6.3.3,

6.3.3 Estimate of Standurd Deviation, An ¢stimate of
the standard deviation of the sound pressure levels in
the room is obtained as follows:

(1) Select an array of six fixed microphones (or
microphone positions) spaced at least Af2 apart where
M Is the wavelength of the sound corresponding to the
lowest frequency of the frequency band of interest,
Locate the source at a single position in the test room,
Obiain the time-uveraged sound pressure level Ly at
each microphene position.. [nstead ol a fixed array, a
single microphone may be positioned at six points
equally spaced along a path at least three wavelengths
long. The time-averaged sound pressure level is deter-
mined at each point,

(2) For each one-third octave or ectave hand within
the frequency range of interest, calculate the standard
deviation from the following equation:

" 174
s={n-1)-1R Z (Ly =L )?
=1 (Eq 1)

where
5 = standard deviation in decibels
L= sound pressure levels measured at the individ-
ual microphone positions in decibels
arithmetic mean of sound pressure levels, L,,
in decibels
n = nunber of measurements (six)

(3) The standard deviation, s, is used in 12.2 to de-
termine the microphone path lengih snd the number of
source locations required. The magnitude of s depends
upon the properties of the sound field in the test room.
These properties are influenced by the characteristics
of the room as well as the characteristics of the source
(that is, directlvity und spectrum of emitted sound). In
theory, a standard deviation of 5.56 dB corresponds to
a spectral component of infinitesimal bandwidtl, that
is, a discrete tane (sec [5]).

Im

6.4 Sound Pressure Level Readings. Determinatinns of
the sound pressure level along the microphone traverse

13
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Fig. 2
Spatial Variation in Sound Pressure Level fora Discrete-Frequency Source
(f = 1000 Hz; scan speed = 15 cm per second)

(or al individual microphone positions) shall include
the following values for each ftequency band within
the frequency range of interest;

{1) The space/lime averaged band pressure levels
produced by background noise, including noise from
the support equipment, the motion of the microphone
and diffuser (if any), and intemal electrical noise in the
measuring instrumentation,

(2) The spaceftime averaged band pressure levels
during operation of the source belng tested,

(3) If applicable, the space/timne averaged hand pres-
sure levels during operation of the reference sound
source (sce 7.3,2),

The microphone traverse or array shall be the same
for cach set of readings and shall meet the require.
ments of 6.2. The sound diffuser(s) (if any) shall be
operated identically for each set of readings. No ob-
servers or operators shall be in the test room during the
measuremnents unless necessary for operating the device
uider fesi.

6.4,1 Period of Observation, The readings shall be
averaged over the following periods of observation:

(1) For frequency bands centered an or below 160 He,
the period of cbservativn shall be at least 30 seconds.

14

(2) For frequency bunds centered on or above
200 tz, the period of observation shall be al least
15 seeonds.

NOTE: If the instrumentation uses continuous time averaging
{RC smoothing), no observation shall be started afier switching
the averager 10 a new microphone or filter until a “settling”
time of five Limes the time constant of the instrumentation

has elapsed. The observation time shall be at least as Jupg as
the “setiling™ time.

6.4.2 Catrection for Background Sound Pressure
Leved, The measured band pressure levels shall be cor-
rected, il necessary, for the background naise accord-
ing to Fig. 3. When the background noise level is less
than 6 dB below the sound pressure kevel with either
the reference sound source or the equipiment operating,
the accuracy of the measurements will be reduced, and
ne dala shall be reported.

6.4.3 Calculation of Mean Band Pressure Levels, 1t a
continupus path or automatic microphone scanning is
used, the measured levels [corrected according iu
6.4.2) in each frequency band of interest constilute the
desired estimane of the spacef/time averaged sound pres-
sure level, Ly If individual microphone pasitions are
used, the levels {corrected zccording to 6.4.2) for each

[
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Fig. 3
Corrections for Background Sound Pressure Levels

frequency band of interest shall be averaged by using the
following equation:

"
Ly= 10log;q %E antilog ;o (%6—)
= (Eq2)

where
L, = mean band pressure level in decibels. Refer-
ence: 20 uNfm?
L; =band pressure level resulting from ith measure-
ment in decibels, Reference: 20 uN/m?
# = jotal number of measurements in the band

7. Calculation of Sound Power Level

7.1 General. In this standard two methods are de-
scribed for determining the sound power level of a
souree, Both methods are based on the space/tine aver-
aged sound pressure level, in octave or one-third octave
bands, determined according to Section 6.

7.2 Dircet Method, In addition to the data required by
6.4.1, the direct method requires that the reverberation
time of the room, T, be determined in each octave
band or one-third octave band withln 1he frequency
range of interest by means of the procedures described
in American National Standard Method of Test for
Sound Absorption of Acoustical Materiuls in Rever-
beration Rooms, S1.7-1970 (ASTM C 423.66), using al
least the micraphone positions specified in 6.2,

NOTE: The loudspeaker system used for the measurement of
the reverberation ime should be considered a part of the rest
room, and showld reniain in the rovm during the measurements
of 6.4,

7.2.1 Caleulation Procedure. The sound power level
produced by the souree in each octave band within the
frequency range of Interest shall be culeulated from the
following equation:

AMERICAN NATIONAL STANDARD §1,21-15972

Ly =Ly —10log o (TiT,)+ 10log, (V/V,)

+ 10 logy o (1 +SA/BV) + 10 log,q (B/1000) - 14
(Eq 3)
where

Ly = sound power level of the source under test in

decibels, Reference: 1 pW (1 pW=10-12 W)
Lp = mean band pressure level (corrected for back-
ground noise) determined according to 6.4 in
decibels. Reference: 20 uN/m?
T = reverberation time of the room in seconds
To =1 second
¥ = volume of the room in cubic meters
Vh=1m
A = wavelength in meters at the center frequency
of the octave or ene-third octave band
S = tatal surface arca of room in square meters
8 = barometric pressure In millibas
NOTE: The term invalving A accounis approximately for the
effeet of the interference pattern formed near the room sur
faces, (See [2,3,4]).)
7.3 Comparison Method. The comparison method re-
quires the use of n reference sound source whose sound
power output is known (see Section 10), This method
has the advantage that it is not necessary to measure
the reverberation time of the test room, [n this section,
requirements for determining sound power by the com-
parison method are presented.

7.3.1 Location of the Reference Sound Source. The
reference sound source shall be mounted on the floor
of the reverberation room at least 1,5 m away from
any other sound reftecting surface such as a wall or the
source being evaluated. The distance from the micro-
phone path or array sitall be such that the micro-
phone(s) is in the reverberant field as required by
6.2.2,

7.3.2 Required Additional Data. The sound pressure
level, Lpr, corresponding to 124y during operation of
the reference sound shall be determined following the
procedures of 6.4.

7.3.3 Calculation Procedute. The sound power level
produced by the source in each octave or one-third
octave band within the frequency range of interest
shall be calculuted as follows;

Lysly + Ly = Lpy (Eq 4)

where

Ly = band power level of source under test in

decibels, Reference: 1 pW (1 pW= 1012 W)
Ly = mean band pressure level of source under test

in decibels, Reference: 20 uN/m? (20 uN/mn?
=2 X 1035 N/m?)

Ly, = band power level of reference sound source in
decibels, Reference; 1 pW
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Lpy = mean band pressure Jevel of reference sound
source in decibels. Reference: 20 pN/m?

8. Information To Be Recorded

8.1 The following Information shall be compiled and
recorded for measurements that are mude according to
the requirements of this standard,

8.1,1 Sound Source under Test

(1) Description of the sound source under test, in-
cluding its mounting conditions

(2) Operating conditions

(3) Location of sound source in test room

8.1.2 Acoustic Environment

(1) Dimensions of test room; description of the
physical treatment of the walls, ceiling, and floor;
sketch showlng the location of source and room con-
tents
--{2) Qualification of reverberation room (Section 11)

(3) Alr temperature in degrees Celsiug, relative
humidity in percent, and baromelric pressure in mil-
libars

8.1.3 Instrumentation

(1) Equipment used for the measnrements, including
name, type, seriol number, and manufacturer

(2) Bandwidih of frequency analyzer

(3) Frequency respense of instrumentation system

(4) Method used to calibrate the microphone, and
the date and place of enlibration

(5) Calibration of reference sound source (for the
compatison method only}

8.1.4 Acoustical Dato

{1} Locations and orientation of the microphone
path or array (a sketch should be included if necessary)

(2) Corrections in decibels, if any, applied in each
frequency band lor the frequency response of the
microphone, frequency response of the filter in the
passband, background noise, etc

(3) Corrected sound power levels tabulated or plot-
ted 10 the nearest half-decibel (The preferred format
for plotting sound power level data is shown in Fig. 4
[one octave equals 15 mm, 10 dB equals 20 mm].)

(4) Date and time when the measurements were per-
formed

9. Information To Be Reported

The following Information shall be reparted:
(1) The sound power levels for all frequency bands
of Interest and all operating conditions of the source.
(2) The location of the sound source under test with

i6

respect 1o the wall, floor, and ceiling of the reverbera-
tion room.

(3) Those itemss In Section 8 which are required for
the proper application of the sound power data,

(4) The statement that the sound power levels have
been obtained in full confornance with the direct
method or the comparison method of this stundard.
The seund power levels shall be in decibels, Refer-
ence: 107 '3 W,

10. Choracteristics and Calibration of Refer-
ence Sound Source

10.1 Characteristics of Reference Sound Source, The
reference sound source shali have the following charac-
teristles over the frequency range of Interest:

(1) The sound radiated shall be broad band in char-
acter without discrete-frequency compenents; that is,
the sound pressure level in every one-tenth octave band
shall be at least § dB below the corresponding octave
band fevel.

{2} The relerence sound source shall be sujtably
mounted to prevent transmission of vibration to the
structure on whick it rests,

{3) The highest sound pressure level, in any
direction in any one-third oclave band, shall not ex-
ceed 3 dB relative to the leve) of the mean-square
sound pressure for hemispherical radiation.

{4) The reference sound source shall be physically
small (maximum dimension preferably less than 0.5 m).

(5) The band power level in each frequency band
shall remain constant within the tolerances of Tuble 3.

10,2 Calibration of Refercnce Sound Source, The
sound power produced by the reference sound source
shall be determined in octave and one-third octave
bands with an accuracy as specified in Table 3, During

Table 3
Calibration Accuracy for Reference Sound Source

One-Third Octave Band

Center Frequencics Tolesance

(Hz) 1dB)y

100 1.0

125 ER A

160 1 1.0

200 to 4000 + 0.5

5 000 t 1.0

6 300 t 1.0

8 000 + 1.0

10 000 + 1.0

NOTE: The accuraey required by Table 3 can only be obrained
by more eliboraie measurement procedures than those de-
seribed in this stundard,

i T
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Preferred Format for Reparting Octuve and One-Third Octave Band Sound Power Levels

calibration, the source shall be placed on the floor in
the same manner as during the intended use.

11. Room Qualification Procedure for the
Measurement of Broad-Band Sound

11.1 Introduction. The procedure described in this sec-
tion shall be used to determine the accuracy with

which broad-band sounds can be measured with  given
test facllity and instrumentation. 1t provides & nasne
of the uncertainties in the caupling between the sound
source and the reverberant field as well as uncertainties
In the spaceftime averaging procedure, The accuraey of

the broad-band sonnd measurements for each one-third
octave band is expressed in terms of the standard deviu-
tion af the measurements.

11.2 Instrumentation und Equipment. The instrumen-
tation and microphone path or array shall be the same
as intended for use during the actual testing of a
source. The test procedure given in this section requires
the use of a reference sound source having the charae.
teristics specified in 10.1.

{1} The instrumentation shall conlorm to the re-
quitements piven in Sectlon 4,

{2) The microphone path or array shall conform 1o
the requirements given in 6.2,

17
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11,3 Test Procedure, Eight or more reverberant field
measurements shatl be taken of the one-third octave or
octave band sound pressure levels in the toom, each
wiih the reference sound source placed at a different
location within the room, under the following condi-
tions:

(1) The source location shall be selected within a
floor area not closer than 1,5 m to a wall and not
closer to the microphone than permitted by 6.2, The
distance between any two source Jocatjons shall be
greater thap M4 where ) is the wavelength of the low-
est frequency for which the room is to be qualified. No
source location shall fall near a room center line. The
saurce positions shall be in the general vicinity of the
location intended for the cquipment being evaluated,

{2) With the reference sound source at each of the
abave locations, measurements of the one-third octave
oroclave band sound pressure levels shall be recorded
at least to the nearest hall decibel.

(3) The microphone path or array, sound diffusers
(if sny), instrumentation, and observation time shall be
identical to those used for conducting actual tests with
equipment in the source area being qualified. If o
graphic level recorder or plotter is used as the indicat-
ing device, each set of measurements shatl be plotted
on a separate chart.

11.4 Computational Procedure. For each frequency
band in which the test room is to be qualified, the stan-
dard deviation shall be compuled using the equation:

n 112
se(i- 11 130 (L = L)
i=1 (Eq 5)

where
s = standard deviatlon in decibels
Ly = sound pressure levels measured according 1o
the space-averaging technique described in
Section 6, in decibels
Ly, = arithmetic mean of sound pressure levels, Ly, in
decibels
= number of measurements

11,5 Quahfication, For each particular (requency band,
the test room qualifies for the measurement of broad-
band sound i[ the computed standard deviation does
not exceed the limits given in Table 4.

12, Determination of the Number of Micro-
phene and Seurce Positions for Sonrees Con-
talning Discrete-Frequency Components

12,1 Introduction, The total error (apart from that due
to calibration and decay rate measurement) is attri-

Table 4
Maximum Allowable Standard Deviations of L;
One-Third Maximum
Octave Band Oetave Dand Allowable Value of
Center Frequencies  Center Frequencies Standard Devistion
H2) {H2) (dany
125 100 o 160 1.5
250 20010 315 1.0
500 400 to 630 1.0
1000 . BO0to 1250 0.5
2000 1600 10 2500 0.5
4000 3150 10 5000 1.0
8000 630010 10000 1.0

buted to: 1} limited sampling (space averuging} of the
sound pressure in the reverberant ficld, and 2) a limit-
ed number of room tmodes excited by the source,

1t is assumed that these ervors are statistically inde-
pendent so that the variances (squares of the standard
deviations) add. This is the reason that £q 7 contains
the sttm of two terms, The term /N,y expresses the
variance due to incomplete space averaging using My,
microphone positions. Equation 6 expresses an equiv-
lence berween averaging at a number of discrete
microphone positions and continuous averaging (or
integration) over a microphone traverse. Experimental
proof of Eq 6 is furnished in [1]. 1t should be noted
that, for a microphone traverse of given length, this
term is inversely proportional lo frequency.

The other term in Eq 7 Is based on Lyon’s theory
for the variance in the sound power oulput of a mono-
pole source In a reverberant field as a function of mod-
al overlap [6]. [t should be noted that this term dimin-
ishes with the square of the frequency and, thus, tends
to govern only at low frequencies. For a given room
volume, this term also depends on reverberation time,
For this reason, it is recommended that low frequency
damping be provided in the reom (see Appendix A).
Maling [1} glves experimental evidence of the trends
predicted by Lyon’s theory, Equation 7 aise shows
that the use of multiple source positions reduces both
types of errar, The error due to a limited number of
room modes is reduced because the extent 1 which a
given mode is excited depends on source positions (see
[7]1}. The error due to incomplete space averaging is
teduced because the total number of sumples of the
sound field is the product of the number of micro-
phone positions used for each source position times the
number of the source positions.

The constant X in Eq 7 is an empirical one (see
Table 5) based on the fact that the accuracy of all
acaustical measurcments falls off at very low frequen-
cies so that arelaxation of the abjectives (see Table 1)
is justified at low Frequencies.

o
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Table §

@

Number of Microphone Positions Required and
Values of Constant X for Determining Number of Source Locations

Octave Band Number of Number of Constant X
(and One-Third Microphone Microphone for Determining
Qctave Nand) Posltions (V) Positions (V) Numbet of
Center Frequencies If1.5<s<3dB Ifs>2dB Soureo Locations
125 (100, 125, 160) 3 6 ]
250 (200, 250, 315) 6 12 10
500 (400, 500, 630) 12 24 . 20
1000 (300, 1000, 1250) and up 15 30 25

Table 6
Procedure to be Followed in the Measuretnent of
Diserete-Frequency Componcnts or Narrow Bands of Noise

Standard Number of
Deviation ¢ Number of Microphane Positions Saource
Procedure (or Microphone Path Length} Locations
F< 1.5 Broad-band procedure adequate N ™ 3 or ! computed from Ngrl
Eq 6 for a contipuous path
1.5<543 Assume that o narrow band of noise Ny determined from Table 5 Use half the number of
s prasent of f computed from Eq 6 fora source locations
continuous path computed from Eq 7
§>3 Assume that a discrete-frequency component N, determined from Table S Compute Ny fromEq 7

Is present

or { computed (rom Eq 6 fora

continuous path

12.2 Genernl. Because Eq | (see 6.3.3) gives only an
estimate of the true standard deviation, three broad
ranges of values for s are used to determine the number
of microphane positions (or path lengih) and the num-
ber of source locations required to achieve the accura.
¢y objectives when discrete-frequency components are
present In the spectrum, Detailed knowledge of the
spectrum of the source is not necessary for carrying
ou! the measurements, Irregularities in the sound field
are taken into account insofar as they influence the
estimale of the standard deviatjon, 5.

12,3 Computational Procedures, The value of 5
calculated according to Eq | is used with Tables 5

and 6 to determine the recommended miceophone path
length and the number of source locutions,

The number of microphone positions, &, , is deter-
mined from Table 5. If a continuous microphone tra.
verse is used, the length of the traverse should be at
least
=N, (\2) (Eq 6)

where A is defined as 6.3.3 (1), and ¥,,, is the number
of microphone positions, The required number of

source locations depends on the reverberation time and
volume of the room, and on the frequency. For dis-
crete-frequency tones, the recommended number of
source locations, Vy, shall be computed from the fol-
lowing equation and rounded to the nearest higher in-
teger:

N> K ; o.w(—';‘",-) ('_Q%Q)%WI:”. %

wiere
T'= reverberation time of the room for the one-
third octave band containing the discrete-
frequency component, in seconds
¥ = room valume in cubic meters
f= frequency of the discrete component in hertz
K =value of a constant given in Table 5
Ny, = number of microphione positions for the
narrow-band noise or discrete-frequency
component {sec Table 6)

(Eq7)

After the mininum number of microphone positions
{or approptiate microphone path length) and the re-
commended number of source locations have been
selected, the procedures of 6.4 shall be followed to ob-
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Table 7
Test Frequencies (or Periods) for Quatification of Facility for
Measuring Sounds Containing Significant Discrete-Frequency Components

Center Frequencies of One-Third Octave Bands (Haz)

100 125 160 200 250 315 400 500 630 BOO 1000 1250 1600 200 2500

Period of Test Frequency (ms) Test Frequency (Hz)

7.08 3.54 7%

7.0 560 448 151 LM 1130 1410 1260
11.}10 888 6,96 5.55 449 348 2m 222 564 712 140 1425 2280
11.00 &B0 6,90 550 440 345 2,70 220 570 720 90D 1150 1440 1800 2300
10,90 8.7} 6.84 545 436 342 .68 218 5% 728 910 1160 1455 1820 2320
10,80 864 678 540 432 329 2,66 216 582 736 920 1170 1470 1840 2340
10,70 BS56 6,72 535 428 336 2.64 214 583 744 930 1180 1485 1860 2360
10.60 848 6.66 330 424 333 .62 2,02 594 TS 940 1190 1500 1880 2380
1050 B840 6.60 525 420 330 2.60 2,10 600 760 950 100 1515 1900 400
10,40 832 6.54 520 416 3107 258 08 606 TAB 960 1210 1530 1920 M0
10,30 824 648 515 4,12 324 2.56 206 612 776 970 1220 1545|940 2440
10.20 Bi6 642 510 408 320 2.54 204 618 784 9BO 1230 1560 1960 2460
10,10 808 6.36 5.05 404 3B 2,52 20 624 792 990 1240 1575 1980 2480
1000 800 630 500 400 335 2.50 .00 530 RGO loOD 150 1S90 2000 2500
990 192 624 4.95 196 312 248 198 636 BO8 1010 1260 1605 2020 2520
980 784 6,18 490 3191 3.09 2.46 196 642 B16 1020 1270 1620 MHO 2540
9.70 %6 6.12 485 188 306 244 199 648 B4 1030 1280 1635 2060 286G
960 1768 6.06 480 J84 3.03 242 192 654 B32 10400 1290 1650 0R0D 2580
9.50 160 600 4.75 3BO 300 240 1,90 650 840 1030 1300 1665 100 2600
940 M52 594 470 176 297 2.38 1.88 666 848 1060 1310 1680 21X 2630
230 744 583 465 3172 2.4 1,36 86 672 BS6 1070 1320 1895 240 2640
9.20 136 582 460 368 29 L34 1.84 678 864 1080 1330 1710 2160 2660
910 728 576 4.55 364 288 LR 1.8 684 872 10%D 1340 1725 Q10 2580
9.00 72 570 4.50 Je¢ 2,85 330 1.80 690 &80 1i1nd 1350 1740 2200 2700
112 5.64 356 282 2.8 696 BB8 1110 1380 1755 22 2130
702 1370 1770 2740
T08 1380 1785 2760
1390 2780
Inctement 0,10 008 0.06 005 004 0.0) 0.02 0.02 6 8 10 10 15 20 20

Tolerance

of Inctement £ 0.03 2003 £ 002 £0.02 £001 £0.0) 40005 0005 2 3 £3 3 5 5 15

n 2 23 25 23 24 25

28 22 25 13 1 27 26 2 a1

tain values of Lp, the mean band pressuze levels in the
one-third octave bands of interest. The sound power
emitted by the source is then calculated using the pro-

13. Alternative Qualification Procedure for
the Measurement of Discrete-Frequency
Components :

13.1 Introduction. The aceuracy objectives for this al-
ternative procedure (see Table 8) are empirical, The
procedure uses freqtteney rather than source position
as tho independent variable in order to include the ef-
feets of the modal frequency distribution of the partic-
ular room being qualified.

[t shouid be pointed out that the loudspeaker test
(see 13.4) uses a near-field measvrement to qualily the
frequency response of the loudspeaker, This is based

20

on the fact that the pear-field sound pressure level of a
small monopole-type source Is proportional to the
sound power level in a manner which is essentially
independent of frequency, because the real part of the
acoustic admittance seen by sich a source is essential-
ly independent of frequency (see [8]). The test
frequency in the teft-hand purt of Table 7 is speci-
fied indirectly (that s, in 1erms of the period) because
it is tedious to set up an oseillator at low frequencies
using the counter in the frequency mode. Much time
can be suved by using the counter in the period mode.
The quulification procedure given in this section pro-
vides data on the total uncertainty due to both a lim-
ited number nf modas excited by a discrete-frequency
soyrce and to a limited sampling and averaging of
the resuliing sound field. The former is not a prob.
lemn at high frequencies. At high frequencies, therefore,
the limiting factor is the number of microphone posi-
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Table §
Maximum Allowable Standard Deviations of L;

One-Third Maximum
Octave Band Octave Dand Allowable Value of
Center Frequencies  Cenler Frequencies  Standard Deviatlon

Qi) (Hz) {di)
125 {00 to 160 1.0
250 200to0 315 0
500 400 to 630 1.5

1000 800 ta 1250 1.0

2000 1600 to 2500 1.0

4000 3150 to 5000 2.0

BODO 6300 to 10 000 .0

NOTE: If a continuous microphone traverse of length [ s used,
the qualification fest needs 10 be carried out only at frequencics
below fy or f2. whichever Is larger:

Sy = 60001
where £y Is In hertz and / in meters;

f1=5000 (R

whete Vis the valume of the test room in cubic meters,

tions used. It may be possible to use discrete micro-
phone positions provided an effective rotating diffuser
Is employed, but usually it will be advisable touse a
continuous averaging scheine employing a very lang
microphone traverse. Circuiar traverses provide more
length in a given space than linear ones and are easier
o automate.

At low frequencies, the bottleneck tends to be the
small pumber of medes which can be excited at any
glven frequency. This can be improved by introducing
a certain amount of damping into the room to broaden
the frequency response {modal bandwidth) of each
mode (sec A4 of Appendix A). It is likely, however,
that the qualification criteria (see Table 8) can be met
at low frequencies only by using a rotating diffuser of
the type described in Appendix B. It should be pointed
out that, at the present time, there is no way to predict
the performance of rotating diffusers, This is the rea-
son that this section describes an‘experimental pro-
cedure for determining the combined effectiveness of
all features of the facitity.

13.2 General. The procedure described in this section
may be used to estimate the uncertainty in the mea-
surement of discrete-frequency sounds in a given rever-
beration room, with a given microphone array or path,
If the standard deviations do not exceed the values giv-
en in Toble 8 over the frequency range of interest, the
test facility (consisting of the room, instrumentation,
and microphone array or path) is considered qualified
for testing sources whose spectra contain significant
diserete-frequency components, No additional evalua.
tions (such as given In Section {2) are then necessary

for any particular sound source,

The qualification procedure described in 13.4-13.8
makes use of the fzct that irregularities In the Irequen-
cy response of a reverberation room for a given source
paosition and microphone array or path are indicative of
the uncestainties in the coupling of the source to the
reverberant field as well as uncertainties in the
space/ftime averaging procedure,

13.3 Instrumentation. In addition to the instrumenta-
tion and microphiene array or path specified in 6.2, the
followlng items are required for the qualification test:

(1) A high-quality loudspeaker of 200 mm diameter
or less, with an airtight back enclosure,

{(2) An oscillator, a frequency counter, an amplifier,
a voltmeter, and an oclave band or one-third octave
band filter,

13.4 Loudspeaker Test, Locate the loudspeaker on the
floor of a ssmianechoic room, Place the microphone at
a distance of 10 to 20 mm In front of the speaker face.
Using the Indicating device and frequency analyzer (sce
Section 4), record the sound pressure level at constant
loudspeaker input voltage over the frequency range for
which qualification is desired. In each one-third octave
band, take measurements to the nearest half decibel at
the frequencies or periods shown in Table 7,

NOTE: The loudspeaker is suitable only if measutcments at
adjacent frequencies do not differ by more than L dB,

The Joud speaker input voltage for this test should be low
enough to prevent dislordon (thal is, excessive voice coil and
diaphragm excursions, particulurly at low frequencies), but
high enough to prevent interference from background noise
(both ucoustical and electrical) Juring this test, as well as dur-
ing the following test,

2t
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13.5 Room Test, The loudspeaker shall be placed at
the location(s) where the equipment is to be tested (see
5.2), The microphone shail be traversing or the array
shall be sampled in the same manner as it is for sound
pressure level readings (see Sectlon 6). If a revolving or
oscillating sound diffuser Is to be used, the diffuser
shall be In operation,

Record the space/ time averaged sound pressure level
at the frequencies listed in Table 7, The loudspeaker
input voltage shall be the same as for the loudspeaker
test (see 13.4).

NOTE: If an armay of fixed microphone positions is used, the
array may either be scanned and the mean-square sound pres-
sure obtalned automatically (see 4.2), or the mean-square value
at the individual micraphone positions may be abinined by
computation,

Frequency variations shall not exceed + 0. Hz dur-
ing each set of measurements,

13.6 Computational Procedure, Computational proce-
dure is as follows:

(1) Correct the room levels taken under 13.5 to re-
move the Influence of the Joudspeaker characteristic by
subtracting, at each frequency, the loudspeaker level
taken under 134,

{2} For each one-third octave band, calculate the
arithmetric mean of the room levels corrected accord-
ing to 13.6 (1), and compute the standard deviation of
the difference between the carrected room ievels and
the mean level,

n 12
s=(-10'20 S (L —La P
=1
(Eq38)
where

s = standard deviation in decibels
Z; = 1oom sound pressure levels corrected according
to 13.6(1) in decibels :
L,,, = mean of room sound pressure levels corrected
according to 13.6(1} in decibels
n = number of measurements in the one-third
octave band (see Table 7)

13.7 Qualification, For each frequency band, the test
room qualifies for the measurement of sound contain-
Ing discrete-frequency components if’ the computed
standard deviation does not exceed the limils given in
Table 8,

13.8 Multiple Source Loeations. If desired, the qualifi-
catjon may be obtained by repeating the room test (see
13.5) with another loudspeaker location and averaging
the levels (on 3 mean-square busis) for each frequency
befare computing the standard deviation (see 13.6),

If the qualification is based on muitiple loudspeaker

2

locations, the same set of locations shall be used in run-
ning the equipment sound 1¢st, and the results for the
several loeations shall be averaged.

i4. References

14.1 Gepetal References

14.1.1 References ta American Nutlonal Standards,
When the following American National Standards re-
ferred to in this document ure superseded by a revision
approved by the American Nationa! Stundards Insti-
tute, Ine, the revision shall apply:

American National Standard for Acoustical Termi-
nology (ncluding Mechanical Shock and Vibration),
$1.1-1960 (R1971)

Americun National Standard Method for the Physical
Measurement of Sound, 81.2-1962 (R1971)

American National Standard Specification for Sound
Level Meters, $1.4-1971

American National Standard for Preferred Frequencies
and Band Numbers for Acoustical Measurements, 81.6-
1967 (R1971)

American Natjonal Standard Method of Test for Sound
Absorption of Acoustical Materials in Reverberation
Rooms, S$1.7-1970 (ASTM C 423-66)

Ametican National Standard Method for the Calibra-
tian of Microphones, $1.10-1966 (R1971)

American National Standard $pecification for Octave,
Hali-Octave, and One-Third Octave Band Filter Sets,
§1.11-1966 (R1971)

American National Standard Methods for the Measure.
ment of Sound Pressure Levels, $1.13-1971

14.1,2 References to 1SO Recommendations

150 Recommendation R 495-1966, General Require-
ments for the Preparation of Test Codes for Meusuring
the Noise Emitted by Machines?

ISO/TC 43 Draft ISO Recommendation No, 2204,
Guide to the Measurement of Acoustical Noise and
Evaluation of }1s Effects on Man3

14,2 References to the Text

[1] MALING, G. C., Jr. Guidelines for determination
of the average sound power radiated by discrete-
frequency sources in a reverberation room. Proceed-
Ings of the 7th International Congress on Acoustics,

" Ipublications of the International Organization for Standard-

izatlon are availahle from the American Nationzl Standards
Institute, 1430 Broadway, New York, N.Y, 10018,
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Budapest: Akademlai, vol 2, 1971, pp 269272,

[2] BAADE,P. K. Equipment sound power mea-
surements in reverberation rosms. Jotral of Sound
and Vibration, vol 16, no. 1, May 1971, pp 13]-135.

[3] PLONER, B, Determining the sound power of

rotating clectrical machines ina reverberation room.
The Brown Boveri Review, val 54, no. 9, Sept 1967,
pp 648-654,

NOTE: The above three papers arc recent state-of-the-art sum-
maries and contain numerous further references.

[4] WATERHOUSE, R. V. Interference patternsin
reverberant sound felds. Journal of the Acoustical
Society of America, vol 27, no. 2, Mar 1955, p 247,

Appendixes

tion purposes only.)

Appendix A

Guidelines for the Design of Reverberation Rooms

Al, General

For accurate determination of the sound power level of
o device, machine, component, or subassembly, the
reverberation room shouid have:

(1) Adequate volume

(2) Suitable shape or diffusing elernents, or both

(3) Suitably small sound absarption over the fre-
quency range of interest '

(4) Sufficiently low background noise levels

A2. Volume of Test Room

Note the requirements of’ 3.2, The preferred mini
mum volume of the test room is given in Table Al.
NOTES;

(1) As shown in Table Al, a volume of 200 m3 is suggested
for general-purpese measurements ia which the 1 25-Hz octave

AMERICAN NATIONAL STANDARD §1.21-1972

{5] SCHROEDER,M. R. Die statistischen Parameter
der Frequenzkurven von grossen Riumen, Acustica,
vol 4, no. 4, 1954, pp §94-600,

}6] LYON, R. H. Siatistical anulysis of power injec.

tion and response in stractures and rooms. Jewurnal of
the Acoustical Sociery of America, vol 45, no, 3, Mar
1969, pp 545-565,

[7] WATERHOUSE, R. V. Power output of a point
source exciting a single Cartesian mode. Jonrnal of the
Acoustical Seciety of America, vol 49, po. 1, pt |, Jan
1971, pp 9-16

[8] BERANEK, L. L. Acoustics. New York: McGraw-
Hill Book Company, 1954, Fig. 5.8.

{These Appendixes are not o part of American National Standard Mehods for the Determination of
Sound Power Levels of Small Sources in Reverberation Rooms, $1,21-1972, but are included for Informa-

band (or 100-Hz third-octave band) is the lowest band in the
frequency range of interest,

(2) In large chiambers (that is, thaose with volumes greater
than 200 m3), air absorption may eause an undesirable reduc-
tion In the uniformity of the reverberant ficld in the highest
frequency bands withln the (requency range of interest,

Table Al i
Preferred Minimum Room Volume as a Function of
the Lowest Frequency Band of Interest

Preferred Minimum

Lowest Frequency Dand of Interest Room Volume m?

125-Hz octave or

100-Hz one-third octave lili]
125-Hz onc-third octuve 150
160-Hz one-third octave 100
250-liz octave ut 26G-1ie onehird

octave and higher 70

NOTE: The preferred room volumes given here take Into
account the requlrement of greater accuracy in the 250-Hz
ocluve oF 200-Hz one-thind octave band given in Table |,
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APPENDIX

A3. Shape of Test Room and Diffusing
Elements

If the room is not rectangular, no surfaces of the room
should be parallel, 1f the room is rectangular, the room
proportions should be selected so that very close spac-
ings between the frequencies of the normal modes of
the room are avoided,

NOTE: This condition will be satisifled if the rutio of any two
dimensions docs not equal or closely approximate an integer,
The proportions 1:21/3:4 13 are frequently used. Other room
dimension ratios that have been found Lo be satisfuctary Tor

rooms having a volume of appraximately 200 m3 are given in
Table A2,

Large rotating or oscillating vanes may be used to
improve the state of diffusion in a room (sec Appendix
B),

A4. Absorption of Test Room

The sound absorption coefficients of the surfaces of the
reverberant room must be small enough 1o ensure an
adequate reverberant field, The sound sbsorption co-
efficients must be large enough lo minimize the effect

Appendix B
Guidelines for the Design of Rotating Diffusers

The effectiveness of rotating diffusers depends pri-
matily on their size, The diffuser should therefore be as
lurge as the room dimensions permit. The diffuser pan-
els should not be of lightweight construction. A surface
density of at least § kg/m?® is recommended. The speed
of rotation should be high enough so that sound pres-
stures can be averaged over at least one complete revolu-
tion of the diffuser,

The pructical design problems associated with large,
heavy panels rotating at high speed can best be over-
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Table A2
Recommended Room Dimension Ratios for
Rectangular Reoms

Lyfle= 0.47
Laflc s 0.65
Lalfe = 0.63

(1) Lyllg = 0.83
(2 Lyltg= 0.83
(3} Lyllye=0.79
(4) LylLy = 0,68 Lyjt,= 0.42
(5) Lylly= 0.70 Laflen 0.59

Ly by and &; are the length, width, and height of the room,

of source position on the sound power produced by the
source (refer to the qualification procedure of Section
11). The average sound absorption coelficient of all
surfaces of the reverberation room should not exceed
0.06 over the irequency range of interest, except that
additional absorption below a frequency given by

£=2000/p10 (Eq Al)

is usually desirable in order to increase the bandwidth
of the resonance curves of the normal modes of the
room, The highest value of the average sound absorp-
tion coefficient, at any Trequency, should not exceed
0.16.

come by dosigning the diffuser as a body of revolution
(disk, cone, or eylinder) with about 50% open surface
and balancing the reflective surface areas so that the
center of gravity is on the diffuser axis. A double coni-
cal diffuser, 6 m in diameter, has been operated sug-
cessfully a1 25 revolutions per minulte.

Systemutic investigations of different diffuser designs
are now in progress, DifTuser surfaces which are not
parallel to any room surface appeur to give the best
results,
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