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Acoustics — Estimaidn of airborne noise emitted by
machinery using vit - tion measurement

Acoustique — Estimation du bruit aédrien émmis par les machines par mesurage des vibrations

1S0 (the International Organization for Stanc  ‘'ization) is a worldwide federation of national standards bodies (ISO member bodies,.
The work of preparing international Standards is normally carried out through ISO technical committees. Each member haoay
interestea in a subject for which a technical committee has been established has the right to be represented on that committee.
Internatonal organizations, governmental and non-governmental, in ligison with 1SQ, also take part in the work,

The main task of 1ISO technical committees ' . - prepare International Standards. {n exceptional circumstances a technical commuttasa
may propose the publication of a technical r. 2t of one of the foiltowing types :

— type 1, when the necessary support within the technical committee cannot be obtained for the publication of an Internataral
Standard, despite repeated efforts;

— type 2, when the subject is still under technical development requiring wider exposure;

— type 3, when a technical committee has coilected data of a different kind from that which 1s narmally published as an
Internationai Standard (’state of the art’”, for exampie).

Technical reports are accepted for publication directly by ISO Councit. Technical reports types 1 and 2 are subject to review within
three vears of publication, to decide if they can be transformed into International Standards. Technical repons type 3 do not
necessariiy have to be reviewed until the data they provide are considered to be no ionger vaiid or useful.

ISO/TR 7849 was prepared by Technical Ci . wiirtee 1SQ/TC 43, Acoustics.

The reasons which Ted to the decision to DL Slish this document in the form of a techmcal report type 2 are explained in the
Introduction— . -~ -~ —- - - -

0 Introduction

0.1 Reasons forp. . ationasat ° ical report type 2

The proposal to prepare an International I - dard on measurement and characterization of noise radiated Sy structure Lio-:
components of machinery was initiated in ) at the 1ISQ/TC 43/SC 1 meeting. A draft proposal was prepared for aisciission
However, in 1982 it was « ..ded that the t.. .. this DP shouid be amended on the basis of the member body comments, ancd as the
subject had not sutficientl r advanced to ps an International Standard, the amended text should be submitted for adoption as a

Technical Report. This p »sal to publish as 3 Technical Report was supported by the majority of participating membpers ot TC 43.

This document 1s published in the form of a technical report type 2 as the subject cannot vet be considered surtable for an Inter-
national Standard because of the lack of present knowledge on some measuremsnt characteristics; the accuracy of the ~ethod
remains, for example, uncertain when applied to specific families of machines which are most retevant in noise radiation. The subject
is still under study and this Technicat Report may encourage further practical investigation in this field, producing basic data to

change this Technical R into an Interr | Standard in future.
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0.2 General

The determination of airborne noise emission of a machine by measuring vibrations of the machine’s outer surface may be 5 o .
in the following cases:

— when undesired background noise (e.g. noise from other machines or sound reflected by room boundariesi is ugh cn s
with the noise radiated directly by the machtne under test;

— when the noise radiated by structural vibration is 1o be separated from notse of aerodynamic orig:n (also in cases v~
new noise intensity measuring technique cannot easily be applied);

— where the structure-borne noise from only a part of a machine, or from a component of a machine set, is to be determine. n
the presence of noise trom the other parts of the whole source.

This Technical Report gives a procedure for estimating the sound power of the airborne noise emitted by machinery from vibratcn
measurements. Under certain conditions, the measurement procedure can be applied without great difficulty if

— the shape of the machine’s outer surface is more or less simple;

— wibrations at different measurement locations are not significantly correlated, and a large number of resonant moges of v+ »
10N are ‘ound within the frequency band.

Cetain weil correlated sources of simple shape can also be treated (vibration of a source of zerc order, piston vibration). I (nes2

conditions are not fulfilled, some problems arise as described in 0.3. For such cases it is not yet possible to give exact requirements ‘o7
(he measurement procedures, but some measurement procedures are put forward in this Technical Report.

0.3 Assumptions and problems in determining the sound power from a knowledge of the mean square
value of the surface velocity of vibration of machines

0.3.1 The airborne sound power radiated by a machine or equipment caused by structural vibrations of its outer surface oniy, £g,
can be estmated by using the following egquation:

Py = oc v2 Sgo
whare

oc¢ s the fluid characteristic impedance,

where
o is the mean density of the fluid (i.e. air),
¢ is the velocity of sound in the fluid (i.e. air);
v2 is the mean square value of the normal vibratory velocity averaged over the surface area Sg;
Sg is the area of the defined outer surface of the machine;
¢ is the radiation factor.

As the characteristic impedance gc is a constant for known meteorological conditions, the formuta given above requires the three
quanutes vZ, Sg and ¢ to be determined.

0.3.2 The value of v2 is obtained from measurements of the r.m.s. vibratory velocity companent perpendicular to the machine’s
duter surface and 1aken for a sufficient number of measurement locations distributed over the relevant outer surface of the machine.
The array and number of measurement locations can be regarded as sufficient if the value of v2 remains stable within the precision of
the method for an increasing number and changed array of measurement locations. A random distribution of vibranon pick-ups
ippears to be desirable. Guidelines on a practical approach are given in 7.2 and 7.3.

t may be desirable to subdivide the machine’s surface area in order to rank the sound power radiated from different components. The
mplication of this subdivisian is that each area radiated sc ‘ydependently.
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The spatial vanation of vibraton velocity depends an
al the number of resonant modes excited simuitaneousty In the frequency band;

b) the degree of non-uniformity of the structure (e.q. presence of stiffness, holes variation and thickness of matenal),

c) the spatiat distribution of the exciting forces.

The major problem occurs when very few modes are excited at resonance in a frequency band.

0.3.3 The area of the relevant outer surface of the machine, Sg, can be calculated easiiv f the shape of the outer surface of (-2
machine s simpie 1e.g. cylindrical, spherical, composition of flat plates, etc.).

One problem is the radiatton from connected structures, such as pipes, Mounts, supports, etc.. and the radiation fram grig-work . rig
surfaces. perforated surfaces and supporting structures.

It 1s recommended to define S5 for specific kinds of machinery in connection with tne relevant radiauon factor (see '+
“Bibliograpny ).

0.3.4 The radiation factor, g, depends on the foliowing factors :

a) The dimension of the radiating surface compared with the waveiength of the souna in air for the refevant frequencies.

nl The shape of the radiaung surface.

¢} The moaal pattern in the frequency band.

The vaiue of 7 is getermined not only by the structure, but also bv tne distribution and manner of excitation ana by the internal los:
factor. So for a cenain machine, ¢ may vary if the field of exciung forces changes (e.g. between idling and foaa!.

The radiation factor of individual modes of certain idealized unifarm structures, such as spneres, flat plates ana circular cvincers
is known. The modal-average radiation factor of such structures is also known on the assumption of equal modal energy. Cerain
kincs of excitation may resuit in non-uniform modal energy, e.g. airborne excitation, single excitation, impulsive excitation

dy The ume characteristics of the process (stationary or non-stationary).
The radiation factor can be determined as foliows:
a) Theoretically, as descrnbed above (see the "Bibliography'’)

bl Expenmentally from measurements on gne or more structures peing representative of a certain famity of machines -
equipment.

This method uses the equation given in 0.3.1 in the following form:

Ps

g = ——
ocSgv?

where

Pg 1s the airborne sound power determined either in accorcance with ISO 3741, 180 3742, 1SQ 3743, IS0 3741 SO 3745 or
ISO 3746 or by using sound intensity measurerment;

oc, Sg and v2 are determined as described previously.
c) By assuming estimated g-values as a function of frequency

Such values may be derived for machines having simitar acoustical behaviour as compared with sound souices beng :nvestigatec
carefully according to metnods a) and D).

According to some invesugauons the radiation factor ot/ ot a sphencal source of zero order isee 8.3.2} approximares, ‘or
example, the rachauon factor of a large number of sound sources (machines, equipment.

A very rough esumation of g 1s given by the value ¢ = 1 In general his assumntion altows 012 1@ estimate an upper value far tne
radiated sound power, Pg.
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1 Scope and field of application

This Technical Repart gives basic requicements for reproducible methods for esumating the sound power emutted b, roy . . -
eguipment by using surface vibration measurements. The method is especially applicable in cases where accurate dire-t - -, ;-
noise measurements as specified in 1SO 3741, 1SO 3742, ISO 3743, 1SO 3744 and iSO 3745 are not passible because of hiyh tacy-
grourd noise or other parasitic environmental influences. The methods are only appticable to noise which 1s emitted by vinrsning
surfaces of sohd structures and not to noise generated aercdynamically. The method described in this Technical Report appiivs trairy
to arecesses which are stationary with respect to time. Research into the possibility of extending these techniques 10 NON-stanG irv
processes 1S, however, encouraged.

Guidennes for the estimation of the radiation factor variation with frequency are given in annex D. Recommendations on the setect:an
of frequency oands are given in annex E.

This Techrical Report specifies procedures by which the sound power radiated from individual parts of the whole of the vibrating <i¢-
face of large machines can be estmated by vibration measurements,

2 References
ISC 883. Acoustics — Preferred reference quantities for acoustic levels.

iISQ 3741, dcoustics — Determination of sound power levels of noise sources — Precision methods for broad-band sourc—« .»
AYErSeraon rooms.

1ISQ 3722, Acoustics — Determination of sound power levels of naise sgurces — Pracision methods for discrete-frequencv s-¢
narrow-bana sources in reverberation rooms.

ISQ 3743, Acoustics — Determination of sound power levels of naise sources — Engineering methods for special reverberation rest
rooms.

ISQ 3744, Acoustics — Determinatiun of sound power levels of noise sources — Engineering methods for free-fieid conditions over 5
retlecting plane.

1ISQ 3745, Acoustics — Determination of sound power levels of noise sources — Precision methods for anechoic and semranechoic
rooms.

1SQ 3748, Acoustics — Determination of sound power levels of noise sources — Engineering method for small, nearly amnidirectional
sources under free-field conditions over a reflecung plane. !

1SQ 9348, Mechanical vibration and shock — Mechanical mounting of accelerometers. V)
[EC Publication 225, Octave, haif-octave and third-octave band filters intended for the analysis of sounds and vibrations.

IEC Publication 651, Sound /evel meters.

3 Definitions

For the purposes of this Technical Report, the following definitions apply.

3.1 structure-borne sound: Vibration transmitted through saolid structures of a machine in the frequency range of audible souna
It 1s determined either from the vibratory velocity or the vibratory acceleration of the surface of the solid structure.

3.2 machine:

(1) ltem of equpment which incorporates a single noise source.

(2] Assembly of items of equipment which incorporate: ..eral noise sources.

3.3 vibratory velocity : Component of the velocity of the vibrating surface in the direction normal to the surface. The root-mean
square tr.m.s.) value of the vibratory velocity is designated by the symbol v.

NOTE - The wvibratory displacement s the nime integral of the vibratory veloc:gy The r m.s. displacement for sinusoidal vibration, s, with frequency /
1S given by the foilowing equation :

v

- m
2ry

The vibratory acceleration 1s the ume denvative of the wvibratory © *~ ity, The r. m.s. acceleration tor sinusoidal vibranon, u, with trequency /is given
by the following equation

= 2njv 121

1} At present at the stage of draft.
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3.4 vibratory velocity level, L, : Velocity level, in decibels, given by the following equation :

<
r~

L, =10ig 3

<
ora

where
v 1S the r.m.s. value of the vibratory velocity within the frequency band of interest;
v, is the reference velocity ' and is equal to § x 10-8 mss (= 50 nmys).

NOTES

1 For arbcrne and structure-borne sound. the reference velocity, v,, has the property that the intensity level the sound cressure 'avet anz na
vibratory velocity level for a progressive plane wave 1n air are almost equat in magnitude (se ISO 1683).

2 The ceterminauon of the vibratory velocity level. L, from the vibratary acceieratan tevel, L, 1s descrioed in annex £

3.5 radiation factor, g: Factor expressing the efficiency of sound radiation and given by the following equation:

Ps
g = —
QCSSVZ

where
P is the arborne sound power emitted Dy the vibrating surtace of the machine;
oc¢ 1s the characteristic impedance of air,
where
o0 is the mean density of air,
¢ 15 the velocity of sound in air;
Sg s the area of the vibrating surface (vibrating measurement surface; see 3.8);

v2 s the squared r.m.s. value of the vibratory velocity averaged over the area Sg.

The three quanuties g, Pg and v2 relate to the same penod of time.
3.6 radiation index: Index defined by the expression 10 !g a.

3.7 airborne sound power level, L, Ten times the logarnthm to the base 10 of the ratio of a given sound power 10 ~e reference
sound power. The width of a restricted frequency band is indicated, e.g. octave-band power level, one-third octave-bana power ievet
etc. The airborne sound power level is expressed in decibels (reference sound power: 1 pW). The arrborne soung power eve! ‘or z
paruicular part of the surface of the machine, L, is given by the following equation:

Lyg =10Ig g
Q
where
Pg s the sound .~ " radiated by the relevant part of the surface of the machine;

P, s the reference sound power (= 10-12ZW = 1 pgW).

3.8 vibrating measurement surface: The surface or parts of the surtace of the machine on which the measurement positicns 12
its area 1s designated by the symbol Ss.

'} The chorce of v, = 10-9 m/s (as specitied in 1ISO 1683} would resuit n a vibratory velocity level which is 34 dB higher than the e use” ntn”
Tecnmical Report. 1n equations (8). (10}, {11)3nd (17) 34 ¢8 .~11 :he-elcrr ho gubiracied ‘ram the nant-rany side

S
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3.9 extraneous structure-borne vibratary velocity level: Vibratory velocity level determined when the machine 1s not working
ar caused bv other undesired sources. Extraneous structure-horne sound ariginates from structures other than the machine yraer
consigeration. e.g. from coupled assemotes.

3.10 spherical source of zero order: Sphere vibrating with uniform phase and the same amplitude over the whote surface.

4 Principle

4.1 General

The method described in this Technical Report is based on the assumption that the arborne sound power output of a vibrating

surface is directlv proportional to the mean-square vibratory velocity averaged over the vibrating surface and directly proportional to
the area of the vibrating surface.

4.2 Method

Vibratorv velocity levels in frequency bands are determined at a specified number of locations on the measurement surface of :he
vibrating structure {the souna sourcel, using vibration measurement equipment. The average vibratory vetocity level in frequency
bancs plus a term for the area of the measurement surface plus a term for the efficiency of souna radiation of the structure gives the
airoorne sound power level in frequency bands,

Three ways of esumating the radiaton factor, g, and hence the airborne sound power ievel are described as follows:

a) If aradiation factor g = 1is assumed, an approximate upper limit to the radiated airborne sound power is obtained. Thus an
upper limit for the A-weighted airborne sound power level can be estimated from the A-weightea vibratory velocity level.

b) If. for a given structure, the sound radiation maodel of a spherical source of zero order can be justfied {e.g. for compact
machines), the frequency-dependent radiation factor o can be obtained from a theoretical curve. By using vibratory velocity ievels
determined in frequency bands, airbarne sound power levels in frequency bands can be determined; from these levels :he
A-weighted airborne sound power levels may be calculated.

c) For more accurate deterrmination, the freqguency-dependence of the radiation factor o for the structure or family of macnines
under test is determined. This also requires the determination of vibratory velocity levels in frequency bands and resuits 10 zanc
sound power levels and, if required, the A-weighted airborne sound power level.

5 Measuring instrumentation

5.1 General

In this clause, measuring instrumentation using vibration pick-ups is described. In most cases it will be convenient to make use of light
accelerometers: however, for special purposes, other kinds of equipment and measuring technigues may be needed (e.g. non-contact
devices, laser-doppler methods).

5.2 Vibration pick-up
The vibration pick-up can load the vibrating surface.

For vibration measurements covering a wide frequency range, piezoelectric acceterometers shouid be preferred. When selecting an
accelerometer for a particular applicauon, allowance shouid be made for the parameters of the transducer and the environmentat
conditions in which it is to be used.

Measurements are normally confined to using the linear portion of the frequency-response curve of the accelerometer which, at the
high frequency end, is limited by the resonance of the transducer. As a rule-of-thumb the upper frequency limit for measurerments can
be set to ane-third of the resonance frequency of the Bccelarc eter so that vibration components measured at this limit will deviate by
no maore than t d8.

Small, low-mass accelerometers may have high resonance .Jencies but in general they have low sensitivity {dynamic range}. So a
compromise has to be made because high sensitivity normaﬂy entals a large piezoelectric assembly and, consequently, a relatively
‘arge, heavy unit with low resonance frequency.
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The mass of the accelerometer becomes important when measuring on light test objects. To avoid mass-loading errors, the dynamic

mass of the transducer should be much less than the dynamic mass of the structure at the point of attachment (0,2 v hd iz
case of a flat plate, see equation (13}].

5.3 Amplifier and filter

The sianais generated by the vibration pick-up shall be ampiified, fiitered and indicated as r.m.s. values. The structure-borne nojsa
shail be measured with 3 souna level meter or an equivalent measurement system comatying with the requirements for a type > or

type 1 instrument as specitied in 1EC Publicaton 651 with the microphone replaced by the vibration gick-up. The filters st
accordance with IEC Publication 225,

e n

5.4 Integrator

If an integrator to transform acceleration signals to velacity signals is used, it shall have charactenstics which match the dynar -
range of the measuring system. If this requirements is not sausfied and the signal to be measured 1S 1o low. the vioratory veloc:ty
leveis shail be calculatea airectly from the vibratory acceleration levels (see annex F).

5.5 Calibration

The entre measuring system shail be calibrated at one or more frequencies before each series of measurements is bequn. The pea<
value of an acceleration signal corresponding to an acceleration of 9,81 m/s2 may serve as the calibration signal. In additon. the picx-

up and the electrical measuring instrumentation should be checked as a unit electrically over the entire frequency range of interest a:
least every other year.

Exampie :

If the vibration pick-up is calibrated by a sinusotdal acceleration signal, the resulting vibratory velocity level (reference veiocity ¥ /.
5 « 10-3m:s), L, in decibels, is given by the following equation :

L,=20lg

h

2oy 2

Hence. ‘or a calibration with a peak acceleration value of ¢ =

9,81 m/s2 and a frequency, f, of 100 Hz, the vibratory velacity levet " s
106.9 dB.

6 Description, ir. lation and . rating conditions
6.1 General

In most cases, the emitted sound power wiil depend on both the installation and the operating conditions, and general recommenca-
tions on these are given in 6.2 10 6.4. if, howe ser, airborne sound measurement test codes for the retevant family of machines exist.
the installation and operating conditions st~ w.. ed in those codes shall be used.

6.2 Description of - machine

If the machine features auxiliary equipment or components which emit sound, these should be identified. The items of auxiiary =1u.0-
ment required to be running during the test shall be specified.

Sources of extraneous . .. .cture-borne sound should be :dentified.

NOTE — The procedures specified in this Technical Report do not allow the direct measurement of extraneous structure-borne sound The use 2°
correlation measurements or the companson of vibrauon spectra of coupied assemblies may be necessary

6.3 Installation

The installatton and mounting of the machine shall, as far as possible. be that intended for its final appiication It the structurat sur

faces of the machine are covered by non-structural materials (e.g. insulation), the wvibration pick-up shall be mountea on a ncn
structural surface (see also annex B).

1 See tootnote 0 3.4
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6.4 Operating conditions

The machine shall be operated in a manner representative of ns-:nal use. One ar more of the following operating conditions mdy be
dopropnate 'see 3150 6.1)

al  machine under nominat load/nominal operating conditions;

bi  machine under full load, it different trom a);

¢} machine under no load fidling};

d}  machine under operating conditions corresponding to maximum sound radiation representative of narmat use;

el machine under simulated load, operating under precisely defineg conditions.

7 Determination of the vibratory velocity on the vibrating measurement surface

7.1 General

The specifications given in 7.2 to 7.8 are of a general nature, but if test codes for the relevant family of machine exist, the specific
requirements in those codes shall be used.

NOTE — The accuracy of the measurement resuits depends {0 a large extent on the number and distribution of the measurement positions and tne
“istebution of the vibratory velocity on the vibranng measurement surface.

Where an individual bandwidth contains a singte strong tonal component, the uncertainty of the estimate determined by the methoa
mignt be hgh.

7.2 Vibrating measurement surface

7.2.1 General
Suitable measurement surfaces shall be selected according to the critena outlined in 7.2.2 ta 7.2.4.

NQTE — The results of any preliminary investigations (see 7.2.4) and the structures of the radiating areas (e.g. the presence of sutteners! shouid be
taken 1nto account when selecting the measurement surface.

7.2.2 Uniformly repeated structures

If the macnhine possesses uniformly repeated structures and if there are geometrical symmetries and symmetries in the excitation
forces, then, providea that preliminary investigations have proved all elements to be equivalent with respect to the mean vibratory
velocity level in any frequency band, measurements may be carried out on a single structure.

7.2.3 Uniformly distributed measurement positions

The vibrating measurement surface shall be divided into N parts of equal area Sg/.NV. One measurement position shall be situatea in
the centre of each partial surface.

7.2.4 Non-uniformiy distributed mi ‘rement posit.__ ._

if parts of the vibrating measurement surface are known from preliminary investigations to vibrate more intensely than others, the
measurement positions may be distributed more densely over those parts vibrating more intensely.

in this case, each measurement position / represents one partial surface Sg, (see 8.2).

7.3 Number of measurement positions

The nitial number of measurement positions on the vibrating measurement surface may be chosen according to table 1.

Table 1 — Initial number of measurement positions

Araa of the vibrating

measuramant surface. Sg Number of measuremant

ml | positions
Nq € ) 10
1 <S5« 10 20
Vs
N¢ > 10 2=
5

where N . 1 md
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The number of measurement positions shall be increased f the difference between the highest and lowest vibratory veiocny levei -~
decibels, in any frequency band is larger than the number of positions given in table 1. Such an increase in the number of measyra-
ment positions may, for - - mple, be necec. ., it a predominant pure tone exists within the relevant bandw:dth.

The number of measurement positions shail be progressively doubled untit the mean vibratorv velocity level, L, isee 8.2), stays zo--
stant witnin a range of 1 d8.

7.4 Environmental conditions

The measuring equipment shall be selected according to the environmental condition (see 5.2), account being taxen of tha mar ¢35

turer’'s specifications. The influence of any cable (see clause A.2) may be reduced by using pick-ups with inregratec 'maecar
1ransqucers.

~

7.5 Measurement procedure

For the specified operating conditions, the vibratory velocity level, L, shall be determied at eacn measurement pasition for 3.
frequency bands within the frequency range of interest. The vibratory velocity level, L., may be determined from the vicratc-,
acceleration level, L, in accordance with annex F or from the acceleration signal by direct integration {see 5.4}, thus avoiding caicw.-

lations ' The measurement shail be carried out by using the time-weighting characteristic S ("'stow’’) of the sound levei mater cr
an integrating sound level meter.

The measurement time should be chosen so that it is appropriate for the type of sound radiated by the structure and the 5.3~z
processing techmques.

For steady sound, for example. the measurement time should be at least 10 s for centre frequencies of 200 Hz ang higner. For @2

varying sound, the measurement time shali be chosen in such a way that the noise of the machine 1s measured unambIguousiv 13
specified cperating mode.

B

if the preliminarv investigations have shown that at particular measurement positions the vibratory velocity levels {or accaler
levels. see annex E) of the extraneous stfucture-borne sound are tess than 10 dB below the leveis of the machine when operarting, :»
snail also be determined by a suitable method (see note in 6.2} and a correction made (see 8.1).

NOTE — it it s nat possible to getermune the levels af the extraneous structure-borne sound separately 1e.g. 0OwWiNg 10 the INSeparable Cousung 7 ==
machine with other assemoliesl,-1he results calculated in accoraance with clause 8 will be o high.

7.6 Mounting of the vibration pick-up

The vibration pick-up shall be mounted so that it senses as closely as possible the true velocity of the vibrating surface at the measura-
ment positon over the frequency range of interest. It shall be mounted in accordance with ISO 5348 with its vibration axis normar 12
the vibraung surface. For recommendations on mounting methods. see annex A.

7.7 influence of the mass of the \’ ‘on pick-up

It is strongly recommended to use a light pick-up (see 5.2 for exolanations). If such a pick-up is not available, the correction sacarcing
to annex 8 for uniform structures (plates, cyli.. .rs) may be applied. For other structures, the accuracy of this correction is unknown

7.8 Determination of the radiation . . or

The radiation factor of the machine shall ettt

“e measured in accordance with the recommendations given in annex D or sstimatea
in accoraance with 8.3.2.

1) it onty A-weighted vibratory veiocity ievels are (o be determined. Ntegralion 1S NCCessary.
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8 Caiculations

3.1 Correction for extraneous structure-borne sound

Tha measurad levels shall be corrected for extraneous structure-borne sound according to tavble 2.

Table 2 — Correction factor for extraneous structure-borne sound
\ 4.8 1N gecibels

Ditference between the vibratory velocity ~ Correction factor A, 10 be subtracted from
levels (or acceleration levels) of the machinea the vibratory veiocity leveis (or acceleration
when operating and the ieveis of the laveis) in order to obtain the (evel generated
extraneous structure-borne sound by the machine alone
3 3
i 4 2
z 2
1
5 1
7 1
3 1 )
3 1
e 0

8.2 Determination of the mean vibratory velocity level on the vibrating measurement surface

The vibratory velocity levels. determmed in accordance with 7.5 and corrected, if necessarv. in accorzance with 8.1 and annex 8,

~th the measurement positons ¢« = 1, ..., .\ for eacnh frequency band, are given by the foliowing eguaton:
L, =L, =K ~ Ay, LT
Nheare

L., s the uncorrected measured vibratory velocity levei !’;
A\, s the correction tactor for extraneous structure-barne sound (see 8.1);

A.., 3 1the correction factor for the mass of the pick-up {see annex 8).

The mean value 1_—, in decibels. as an average aver the vibrating measurement surface, Sg, is calculated in accordance with one of the
‘ollowwing two equations, as apprapriate :

al Unifarmly distributed measurement positions in accordance with 7.2.3

. N .
L, = 101g (_17 Z 100.1 Ly, ... i8)
b=

b) Non-uniformliy distributed measurement positi in accordance with §.2.4
1 Al
L,=10lg [— Z Sg, 100.14, )
Ss
=1

3.3 Calculation of the airborne sound power li » caused by radiation of structure-borne sound

3.3.1 General

“rom the valtues of L,. calculated in accordance with 8.2, sound power level, L, g, in dectbels, is calculated from the following
‘quation idenved from equations (4) and (5}
(- -
. Ss oe
lwg = 1.+ 11019 -=>- « 10lga + 101g ~— o
C Se \"’(’O_J

‘I See trntnote to 3.4



where

{__V 1S the mean wvibrataory velocity level V! (reference velocity
accordance with 8.2,

S s the area of the relevant vibrating measurement surface:

a 15 the radiaton factor;

o¢ 1S the characteristic impedance of air;
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) nmist on tne vioratng measurement surtace. Coli.iizg i

toci, = 400 N-s/m3 {i.e. the impedance of the air at 20 °C and atmospheric pressure of 1 000 mbar (105 Paj/.

The A-weighted airborne sound power level, if required, shall be calculated from the soung cower teveis in frequency bands in accers

ance with annex C.

8.3.2 Case where the radiation index, 10 Ig g, is measured

if the radiation index is measured in accordance with annex D for the retevant frequency tana, the arbarne sound power fevel far the

frequency band shall be determined in accordance with equation (10,

8.3.3 Case where radiation index, 10 Ig o, is assumed

if, for the machine under test, the sound radiation modei for 3 spherncal source cf zerc order can te agopted (e.g. ‘or ccmcac:

sources), the radiaton index shail be esumated from tigure 1 or from rthe tfollowing equaron:

—

01 101g |1 - 01 =
0lge = - 10ig|1 - 0.

(fd12
where

/ s the frequency;

approximate raaiating surface of the source and | is tne agoroximare volume of the source;
¢ s the veiocity of sound in air.

The airborne sound power fevet shall then be calculated frem 2quation 110

NOTES
1 The result will be an upper esumate of the squna aagwee tovey

2  For radiation indexes of ather sound sources. see the 8:bhcaanry,

8.3.4 Case whare radiation index, 10 g 7. 1s unknown

_ 1=

d is the typical dimension of the source (diameter of sphencal source of zero order), e.g. d = S/

mord = 2V where Sisins

If the radiation index can be neither measured (see 8.3 2) “or =5t maina 500§ 3 35, an uppear imit for the airborne sound power lavei
caused by structure-borne sound radiation May be given Far s,on g emit o may be sufficient to calculate the A-weighred airborne

sound power level from the A-weighted mean vidrarony Nty cywms

An upper estimate of the airborne sound power favel ! N

and is, therefore, given by the following equation
— Ss
Lys=1L,+10lg~.
So

1} See tnootnote to 3.4

SN caculated unng the assumpuong = 1re 101ga = 0
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Figure 1 — Radiation index. 10 ig g. for a spherical source of zero order
as a function of frequency, /, and typical dimensian, d

9 Information to be recorded

9.1 Machine under test
The tollowing information shall be recorded:
a) a description of the machine (dimensions, construction elements of the radiating structure};
b) the installation conditions:
c) the operating condition;
d} the test environment;
e) identification of the different sound sources of the machine operating during the measurement, if relevant;

f) the date of test.

9.2 Measurement conditions
The following information shall be recorded:
a) atmospheric temperature, in degrees Celsius;

b) barometric pressure, in millibars.

9.3 Measuring instrumentation
The following information shall be recorded:
a) the measuring instrumentation used, including type, serial number and manufacturer;
b) the bandwidth of the frequency analyser;
c) the frequency response of the measuring <* Y
d) the calibration method used for the measuring system, and the date and ptace of calibration;

e) the mounting of the vibration pick-up.
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9.4 Acoustical data

The following information shall be recorded:

a) a descriotion of the vibrating mec. ..nent surface, its dimensions and distribution of measurement positions (drawr -
bl the vibratory velocity level for each ... .surement position {for each frequency band or A-weightec!:

¢) the corrections, in decibels, if applied, in each frequency band (or A-weighted), for extraneous struciure-borne sound 7=~ *a-
the mass of the vibration pick-up;

d} the mean vibratory velocity level, 1:, in each frequency band lor A-weighted), together with the reference veiocity;
el the area of the relevant vibrating measurement surtace, Sg;
f} the radiation index, 10 ig o, and the method of derivation (see 8.3.2 10 8.3.4});

g} the airborne sound power level, L g, for the structure-borne saund in each frequency band and/or A-weighted sound pccwer
levels,
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Annex A

Use of the vibration pick-up

(This annex forms an tegral part of this Technical Report.}

A.1 Recommendations on mounting the vibration pick-up
The recommendations outlined in 1SO 5348 should be followed.

The preferred method of mounting is to screw the vibration pick-up to the vibrating surface, but for measurements up 10 10 kHz it 15
more convenient to use adhesives recommended by the manutacturer. Adhesive wax, used in thin layers, Is aiso suitable up to 10 k=z.
but not for surtaces at elevated temperature.

For smooth flat surfaces of steel, clamping maagnets may also be used at frequencies below 2,5 kHz. The maximum acceleration which
can be measured depenas on the adhenng torce and the mass of magnet plus vibration pick-up. For a typtcal magnet. the maximom
aaghering force as a funcuon of piate thickness is shown in figure 2.

If a magnet. with 3 mass of 110 g. is used 1n combination with a 30 g vibration pick-up, the maximum admissible acceleration wouid te
1 000 m/ sl provided that the steel plate exceeds 4 mm n thickness. The advice of the vibration pick-up manufacturer shouic be
followed.

The adhering force of a magnet is considerably diminished if the vibrating surtace is not smooth and flat or if it1s painted: this can ieag
to unrenable measurements. Smoothing the surface may be much more time-consuming than using aahesives.

1201 '

100+

—
T

80

Aghering force, N

20+

1 : LS 67810

Thickness of steel piate, mm ——==

Figure 2 — Maximum adhering force as a function of plate thickness
{ a typical magnet
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A.2 Recommes. itions on positioning the cable of the vibration pick-up

Vibration of the cable relative to the vibration pick-up may induce extraneous voitages in the circuit. In order 10 avoid this, "ha - un =
should be fixed on the | ~~~hine at a point as close as possible to the vibration pick-up (see figure 3).

The groblem can also be solved by using the pick-ups with integrated impedance transducers {see 7 4).

=TT RN
LSS S R

Fixing by adhesive

Figure 3 — Cable mounting
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Annex B

Correction for i * influence of the mass of the vibration pick-up

iThis annex forms an integrai part of this Technicat Report.)

The correction to the vibratory velocity at frequency «: (= 2n/) is given by the following equation:
o=Vl et 7 S1Z
wWhnere

v* 15 the vibratory velocity in the absence of the vibration pick-up;

v s the measured wibratory velocity;

Z, s the complex mechanical impedance of the isolated accelerometer system at frequency «w in the direction of accereration
measurement;

Z s the compiex mechanical driving point impeaance of the structure at frequency (s at the vibration pick-up Mounting CoiNt in
tne cirection of acceleration measurement.

in cases where the detailed variation ot Z with w is unknown and where broad-band vioration s being measured in frequency bands.
a frequency-average correction may be apphed. in the case of a flat plate or of a singly curved shetl of which tne radius of curvature s
areater than ¢ /(, the carrection i1s approximately given by the following equation:

8.6/, my2|"?
(QS L /'2)2

—

where

/. 1s the centre frequency of the band;
m, is the mass of the vibration pick-up and any adaptor;
v, is the density of the plate material;
is the tongitudinal wave velocity in the plate;
it is the thickness of the plate {shell).

This equation has been derived assuming that Z is the point impedance ot an infimte uniform flat plate.

This correction is most accurate where the frequency bandwidth of measurement substantially exceeds the average modal resonance
frequency spacing: the latter is the inverse of the average of the average modal density of the structure. For a flat plate or sneit of
large radius of curvature, this condition will be satisfied provided that
3hey

S

Af >

where
Af is the frequency bandwidth of measurement;
S is the surface area of the plate or shell (one sidel.

Eguation (13) does not strictly apply to single frequency vibrations or 1o measurement positions in the immediate vicinity of structural
boundaries of stiffeners. The carrection Ay, for the mass of the vibration pick-up can be added to the vibratory vetocity levet. L,
lin accordance with equation (7)), and is calculated from the following equation:

Ky, = 201g _\:_ S

where v*/v' is taken from equations {12} and (13}, as appropriate.
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Annex C

Procedures for . ilculating A-weighted sound power level
from octave ' ' one-third octave band power levels

(Thisa . forms an integral part of this Technical Report.}

C.1 Caiculate the A-weighted sound power levei, Ly 5, in decibels (reference sound power: 1 pW), from the tollowing equaticn

Jman

Lya=101g 100.1 (L, » Cp

2

;=1

where
Ly, s the level in the sth octave or one-t lird octave band;

Jmax @nd C, are given in clauses C.2 and C.3 for octave-band and one-third octave band data, respectively.

C.2 For calculations with actave-band ¢, j,, = 7 and C, is given in table 3.

Table 3 — Values of j and C, for octave-band data

I QOctave-band cantre frequency C,
/ : Hz aB8
1 t 125 - 16,1
2 250 - 86
3 500 - 32
4 1 000 0
5 2 000 + 1.2
6 4 000 + 1
7 8 000 - 1.1
C.3 For calculations with one-third octave-l . 1 data, Jmax = 21 and C/ is given in table 4.
o } — Values of / and C, for one-third
octave-band data
« »third octave-band centre frequency ! C,
1 Hz a8
1 120 -19.1
2 125 - 16,1
3 160 -13,4
4 200 -109
5 250 - 86
8 315 - 6,6
7 400 - 48
8 500 - 32
9 630 - 19
! 800 - 08
11 1000 0
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Annex D

Guidelines for deter. "ning the radiation index, 10ig ¢

{This annex forms an integral part of this Technical Report.}

The raaiation index, 101g g, should be determined under the installation and operating conditions specified in 6.3 and 6.4. For specitic
investigations, use should be made of tonal or broad-band exciters to produce vibrations in the machine corresponding to the requirec
operating conaition (6.41. The sound power level in frequency bands, L, g, should be determined either in a reverberation room or »
a frae fieid according to one of the methods specified in ISQ 3741, ISO 3742, 1SO 3743, 1S0O 3744, 1S0O 3745 or 1SO 3743,

The vibratary velogity level, l: is determined in accordance with clause 7 and 8.2,

The values of L, g, l: and 10 lg Sg' S, (see 8.3) are then substtuted into eguation {10) to give values of 10 1g ¢ which are plotred
against trequency.

NQTE -~ if the bandwidth is small, the curve may show numerous peaks.

If orior experimental or theoretical evidence concerning a group of related machine structures is available, a basis for smoothing ne
cunve may be suggested. Extrapoiations and interpolattons obtained from this will be useful for the purposes of 8.3.2.

Annex E

Recommendations concerning the frequency band of interest

{This annex forms an integral part of this Technical Report.)

The frequency band of interest normaily contains either all octave bands with centre frequencies between 125 and 8 000 Hz or all the
one-third octave bands with centre frequencies between 100 and 10 000 Hz. All frequency bands in which vibratory velocity levets are
at least 50 dB lower than the highest vibratory velocity level measured in any one frequency band may be disregarded. In specia!
cases. the frequency range may be expanded on both sides provided that the measurement equipment still fulfils the requirements taid
down in clause 5. The frequency range can be restricted (non-symmetncally, f necessary) provided that the sound 1s radiated
predominantly at high or low frequencies.
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Annex F

Detern,  tion of U vibratory velocity level from the vibratory
acceleration level

{This: _~~ forms an integrai part of this Technical Report.)

The vibratory acceleration levet, L, indec” ' | is given by the following equation:

2
L,= 10\9"—2-

. (18)
a

o

where

a is the r.m.s. value of the vibratory ac  eration within the relevant frequency band;
a, is the reference acceleration { = 10-6 m/s2),
The relation between the measured vibre

vo = 5 x 10-8m/s for a frequency band v
equations (2) and (3}}:

. velocity levei!, L', in decibels, and the measured acceleration level, L, using

~ ~ centre frequency, /.. is expressed by the following equation {which is derived from

/ /. \
{ m
L;,=L:,—K20!g - 10 (173
Jo /
where
[~ is the centre frei » .cy of the frec: ~ band;
/o is the reference f. Jacy (= 1 Hz).

NOTE — Since the highest velocity level for tonal components will not normally appear exacty at the centre frequency of the frequency bana, ine

value of L., could be wrong by up t0 as much as 20 ig \/_2 dB { = 3 dB) for octave bands. This error can be reduced by using one-third ocrave-bana
measurements.

Equation (17) is not valid for A-weighted !

- : A-weighted velocity levels can only be determined from integrated acceleraticr
signals (see 5.4).

When measuring vibration with a sound lev .. eter connected to an acceieration transducer, the indicated level L, is not the accelera-
tion levet L. Precision sound level meters - ./ indicate voitage level (reference voltage: 1 puV). By taking into consideration the

voltage response U of the acceleration ransducer used, the acceleration level, L, (reference acceleration: 10 -6 m/s2), in decibels, s
calculated from the foll- .. | equation:

10¢L«/20 )
‘o A AL
L,=201g Ux10-",
where U is expressed in i "ovoits per m per second squared.

Theoretical example:

Where
51 uv
— = ——— = 2
U =51mVig, 381 m/s? 5200 uv/ /sd
L, = 10048

equation (18) gives L, = 145,7 dB.

1) See footnote 10 3.4.
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