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Acoustics - Estimation of  airborne noise emitted by 
machinery using vibration measurement 

Acousrique - Esrimarion du bruit abrren bmis par les machines par mesurage des vibrations 

I S 0  (the International Organization for Standardization) is a worldwide federation of national standards bodies (IS0 member bodies) 
The work of preoarlng lnternatlonal Standards is normally carried out through IS0  techntcal commlttees. Each member boay 
interestea in a subject for which a technical committee has been established has the r~gh t  to be represented on that committee. 
lnternar~onal organizat~ons. governmental and non-governmental, in liaison with ISO, also take pan in the work. 

The main task of IS0 technical commlttees is to prepare lnternat~onal Standards. In exceptional circumstances a techn~cal comm~ttee 
may propose the publicat~on of a techn~cal repon of one of the foilow~ng types : 

- type 1,  when the necessary support within the techn~cal comminee cannot be obtained for the publication of an Inrernarior.al 
Standard, desplte repeated efforts; 

- type 2. when the subject is still under technical development requiring wider exposure; 

- type 3. when a technical committee has collected data of a different kind from that which a normally publisned as an 
lnternat~onal Standard ("state of the aft", for example). 

Technical repons are acceoted for publication directly by IS0  Council. Technical reports tvpes 1 and 2 are sublect to revlew WI~?I.Z 
three years of publication. to dectde ~f they can be transformed into International Standards. Techn~cal reports type 3 00 "01 

necessar~ly have to be reviewed until the data rhey provide are cons~dered to be no longer valid or useful. 

ISOITR 7849 was prepared by Technical Committee ISOITC 43, Acousr~cs. . - __ _ _^ _ ,  _ _ _  _ _ _ _____ _. --- - .- - - -  - -- .- - - - 
.. - - 

-. - -- The reasons which Ted to tKe decision to publish this document In the form of a technical repon type 2 are exolalnea in 

- - . .- - Introduction,. - - -- - 

0 Introduction 

0.1 Reasons for publication as a technical report type 2 

The proposal l o  Prepare an International Standard on measurement and characterization of nolse radiated by jtrccrarn !I=--2 

components of machinen, was initiated in 1979 at the ISOITC 431SC 1 meetlng. A draft proposal was prepared for aiscwssion 
However, In 1982 it was decided that the text of this DP should be amended on the bass of the member body comrr.ents. and as rhe 
subject had not sutficiently advanced to Prepare an International Standard, the amended text should be submitted for adoption as a 
Techn~cal Repon. This proposal to publish as a Technrcal Repon was suppor~ed by the r n a i o r i ~  of pafttclpattng mernoers ot TC 43. 

This document 1s published in the form of a technical repon type 2 as the subject cannot vet be considered sutrable for an Inter- 
national Standard b e c a u ~  of the lack of present knowledge on some measurement characteristics: rhe accuracv of rhe .:~ethod 
rernalns, for example. uncertain when applied to  specific families of machines which are most rdevant in nose radiation. The sutiiect 

--- is st111 under study and this Technical Report may encourage further pract:cal inwxligation In this field, producing b a s ~ ~  data ra 

- change t h ~ s  Technical Repan into an Internananal Standard in future. 
- 
Y- 
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0.2 Genera l  

The dererm~natron of airborne nolse emlsslon of a machlne by measuring vibrat~ons of the machine's outer surfact rrla) b e r ~ '  , I . . .  - -  

ln rhe followtng cases: 

- when undesired background noise 1e.g. noise from other machines or sound reflected by room boundarlesi is ?I(;!? I-? ,- . . 
wlth the noise rad~ated directly by the mach~ne under test; 

- when the noise radiated by structural vibration is to be separated from noise of aerodynamic or1g:n (also in cares L . , ~ ~  

new nolse tntensity measuring rechnlque cannot easily be applied); 

- where the structure-borne noise from Only a paR of a machine, or from a component of a machine set, is to be de:~:m~ne: ,r 
the presence of nose from the other pans of the whole source. 

This Technical Repon glves a procedure for estimating the sound power of the a~rborne nose em~tted by machinery from v1brJt.cn 
measurenenrs. Under certatn condlt~ons, the measurement procedure can be appl~ed w~thout  great difficulty 1f 

- rhe shape of the machine's outer surface is more or less simple; 

- v~brat~ons at different measurement locations are not srgn~ficantlv correlated. and a large number of resonant moues a! .: : , 
:.on are 'ound within the frequency band. 

Ct:?aln well correlated sources of simple shape can also be treated fvibrat~on of a source of zerc order. aiston v~brat~onr. If :?.as-. 
conditions are not fulfilled, some problems arise as described in 0.3. For such cases 11 is not yet poss~ble to glve exact requlremens f - j ;  

:r,e measurement procedures. but some measurement procedures are put forward in this Technical Reporr. 

0.3 A s s u m p t i o n s  a n d  p r o b l e m s  in d e t e r m i n i n g  t h e  s o u n d  p o w e r  f r o m  a k n o w l e d g e  of t h e  m e a n  square 
va lue  o f  t h e  s u r f a c e  v e l o c i t y  o f  v i b r a t i o n  o f  m a c h i n e s  

d 

0.3.1 The airborne sound power radiated by a machine or equlpnient caused by structural vibrations of its outer surface onlv. P5.  
can be est~mated by using the following equation: 

where 

ac is the fluid characteristic impedance, 

where 

Q IS the mean dens~ry of the fluid (i.e. air). 

c is the velocity of sound in the fluid li.e. air); 

- 
v2 is the mean square value of the normal vibratory velocity averaged over the surface area SS; 

SS is the area of the defined outer surface of the machine; 

a is the radiation factor. 

As the characteristic impedance qc is a constant for known meteorological condil~ons. the formula given above reguires the three 
quantltes v2,  SS and a to be determined. 

0.3.2 The value of a is obtained from measuremenu of the r.m.s. vibratory velocity comwnent pmendicular to the machine's 
3uter surface and taken for a sufficient numbu of  meesurement locat~ons distributed over ths_relevant Outer surface of the mach~ne. 

i 
The array anQ number of measurement bocatms can be regarded as sufficient 11 the value of v2 remains stable within the precision of 
:he method for an Increasing number and changed arrav of measurement locat~ons. A random distriburion of vibration pick-ups 
3PPearS to be des~rable. Guidelines o n  a practical apprwch are glven in 7.2 and 7.3. 

t mav be desirable t o  subdivide the machine's surface area in order to rank the sound p w e r  radiated from different components. The 
mpl~catlon of this subdivision is that each area radiated sound independently. 



The spat~al vartation of vlbratlon velocity depends on 

a) the number of resonant modes excited simultaneousfy In the frequency band; 

b )  the degree of non-uniformity of the structure (e.g. presence of stiffness, holes variation and th lcknes of material) 

c) the spatial distr ibut~on of the exciting forces. 

The malor 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 machlne, Ss. can be calculated easllv ! rhe shape of the outer surface of :-+ 
machlne IS slmple 1e.g. cyl~ndncal, spherical, composltlon of flat plates, etc.). 

One problem is the radiation from connected structures. such as plpes, mounts, supports, etc.. ana :he radlat~on from gr~d-work,  r z  
surfaces. ~er fo ra ted  surfaces and supponlng structures. 

It IS recommended to define SS for specific kinds of machtnew In connection wlth :ne relevant radlat~on factor (see r r -  
"Bibl~oarapny"). 

0.3.4 The radiation factor, a. deDends on the following factors 

a) The dimension of the radiating surface compared w ~ t h  the wavelength of the souna In alr for the relevant freauoncles 

b )  The shaoe of the radiattng surface. 

CI The rnoaal pattern in the frequency band. 

The value of ~.r is aeterrnlned not  only by  the structure, bur also bv rne distribution and manner o f  excitarlon ana bv !hc Internal lo.; 
factor. S o  for a cenatn mach~ne, a may vary if the field of exclrlng forces changes le.g. between idling and foao!. 

The radiation factor of individual modes of cenaln tdealized u n ~ f o r m  structures, such as spneres, flat plates ana c i rc~ lar  cvllncers 
is known. The modal-average radiation factor of such structures is also known on  the assumption of equal modal energy. Cen3:-  
kincs of exc~rat ion may resuit in  non-uniform modal energy, e.g. airborne excitat~on. slngle excitation, impuls~ve exclratlon 

d l  The tlme characteristics of the process istattonary or non-stat~onary).  

The radlat~on factor can b e  determ~ned as follows: 

a) Theoretically, as descr~bed above (see the "Bibliography"! 

b )  Experimentally f rom measurements on  one or more structures being reoresentatlve of a certain family of  Tach~ncs 7, 
equ~prnent. 

This method uses the equation given in 0.3.1 in the fo l low~nq form : 

where 

PS IS the airborne sound power determlned e~ther In accorcance w ~ t n  IS0 3741, I S 0  3742. I S 0  3743. IS0  37sl ' SO 2745 c: 
I S 0  3746 or by  using sound intensity measurement; 

uc, SS and 2 are determlned as described prevlouslv 

c) By assuming estimated a-values as a func t~on  of frequency 

Such values may b e  derlved for machines having srm~lar acoustical behavlour as Cornpared w ~ t h  sound sources be~ng  :rlvt!hl~yJrec 
carefully according to  methods a l  and bb. 

According to  some invesrlgat~ons the radiat~on factor n u - I  ot a soherlcal source of zero order [see 8.3.2) appror~mafes. 'or 
example, the fadtatlon factor of a large number of sound sources fmachlnes, equ~pmenrl .  

A verv rough estlmatlon of a 1s given by the value r; = 1 In general :has ass1lroa:tcn allnws 0-v  to est:mate Jn ueper velue tor t ~ r t  

radiated sound Dower. P S .  
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1 Scope and field of application 

This iechnical Report gives basrc resulrements for reproducible methods for estimating the sound power emitted b, rr,i , . - - 
eauloment bv usrng surface vibratlon measurements. The method IS especrally applicable in cases where accurate akc..! .- ,-,;--lc. 

noise measurements as specified tn IS0 3741, IS0  3742, I S 0  3743, IS0  3744 and IS0  3745 are not possible because of hrqn D ~ Z , .  

grour.3 noise or other parasitic environmental rnfluences. The methods are only applicable to notse w h ~ c h  is emitrcd by v :n : ; : . n . ;  

surfaces of solid structures and not to nose generated aerodynamically. The method descrrbed in this Technical Report appiles f7a:L':y 

ro orccesses ~vh lch  are statlonary wlth respect to time. Research Into the poss~bil~ty of extending these techniques to non-sr;rrrc--- +rS: 

processes is, however, encouraged. 

'nc::.3-1 Guideilnes for the estimation of the radiation factor variation with frequency are given in annex D. Recommendations on the SF?. . 
of freaurncv oands are given ~n annex E. 

This Tec3nlcal Repon specifies procedures by which the sound power radiated from ~ndividual parts of the whole of the vibrating s,:r- 

face of large machines can be estimated by vibration measurements. 

2 References 

ISC 1693. Acoustics - Preferred reference quantities for acoustic levels. 

I S 0  3741,  Acousrrcs - 0eterm;narron of sound power levels of nose sources - Precisron merhods for broad-band s o ~ r r - -  n 

-everzera:;on rooms. 

) S O  3::2. Acousrrcs - Dererm~narron of sound power levels of norse sources - Precrsion merhods for discrete-frequencv ;.-d 
,narrow-banu sources 1n reverderarion rooms. 

I S 0  3 7 3 .  Acoust~cs - D~~rerm~natron of sound power levels of norse sources - Engineering merhods for special reverberation :esr 
rooms. 

IS0 3744. Acoustics - Determination of sound power levels of nolse sources - Engineering methods for freefield conditions om/c?< o 
retlecr;ng plane. 

IS0 3745. Acoustics - Determ~nation of sound power levels of noise sources - Precision methods for anechoic and semi-anrcho~c 
rooms. 

IS0  3718. Acoustics - Determinatron of sound power levels of  noise sources - Engmeering method for small, nearly ornnid~rec:rona/ 
sources under freefield conditions over a reflectrng plane. 1 '  

IS0  5323, Mechanical vlbratron and shock - Mechanical mountrng of accelerometers. ' 1  

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

IEC Publlcatron 651. Sound level meters. 

3 Definitions 

For the Durposes of this Technical Repon, rhe following definitions aoply 

3.1 structure-borne sound : Vibration transmitted through solid structures of a machine in the frequency range of audible souna 
it IS determ~ned either from the vibratory velocity or the v~bratory acceleratton of the surface of the solid structure. 

3.2 machine:  

11) Item of equipment which incorporates a single noise source. 

(21 Assembly of items of equipment which incorporates several noise sources. 

3.3 vibratorv veloci ty :  Component of the velocitv of the vibrating surface in the direction normal to the surface. The root-mea" 
square 1r.m.s.1 value of the vibratory velocity is designated by the symbol v. 

NOTE - The vtbrarory dlsolacernenl IS rhc rlrne rnregral of the vfbrarorv vcloc~cv The r m.s. d~solacemenc tor anusordal vibratlon, r ,  with frequencv I 
1s glven i3v the lollow~ng equarlon: 

s r V  I 11  
2 rJ. 

The v~bratory accelerat~on IS the time denvar~ve of the v~brarov velocrtv. The r m s, acceleratron for s~nusoidd vibrarion, u, wlrh frequency / i s  qlven 
bv the follow~ng eauatlon : 

a = 2 x j v  121 

11 A t  ores& a t  the staqe of draft. 
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3.4 v~bra tory  velocity level. L,,: Velocity level, rn dec~bels, glven by tne following equation 

where 

v IS :he r.m.s, value of :he vlbratow V ~ ~ O C I ~ V  wlthln the frequency band o f  interest: 

v ,  is the reference veloc~tv " and is equal to 5 x 10 - 0  m ~ s  ( = 50 nrnlsJ 

NOTES 

1 For aqrbcrne and structure-borne sound. the reference veloclry, v,, has the prooenv rhal the lnrenslrv level !he sound oressure ' * \PI  an -  

v~brarorv veloclw level for a progressive plane wave In alr are almost equal In rnagn~rude Ise IS0 16831 

2 The Cererm~natlon of the vlbrarow velOClrv level. L,. from rhe v~brarory accelerarlon level. L,,. 1s descrloed in annex F 

3.5 radiation factor. a: Factor expressing the efficiency of sound rad~ation and glven by the follow~ng equatlon: 

where 

P s  1s the a~rborne sound Power emltted by the vibrating surface of the machine: 

gc 1s the characteristic impedance of air, 

where 

LJ IS the mean densiry of air, 

c- IS the velocity of sound in air: 

S S  IS the area of the vibrating surface (vibrating measurement surface; see 3.8): 
- 
v i  IS the squared r.rn.s. value of the vibratory velocity averaged over the area Ss. 

- -  - 
The three quant~ties a, Ps and 2 relate to the same period of time. 

3.6 radiation index: Index defined by  the expresston 10 lg a. 

3.7 airborne sound power  level. LH.: Ten times the logar~thm to the base 10 of the ratio of a gtven sound power :o :-e .e!erencr 
sound power. The width of a restricted f ~ ~ c l ~ e f l c y  band is indicated, e.g. octave-band power level, one-third octave-bans sower eve1 

etc. The a~rborne sound power level is expressed in dec~bels (reference sound power: 1 pWJ. The a~rborne souna oo%rr eve! 'or z 
part~cular part of the surface of the machine. LwS, is glven by the fol low~ng equation: 

where 

Ps  is the sound power radiated by the relevant pan of the surface of the machine: 

Po IS the reference sound power ( = 10-'2 W = 1 pWJ  

3.8 vibrating measurement surface: The surface or pans of the surface of the machine on whtch the measuremenr Dcstrlcns :le 
its area IS des~gnated bv the svmbol SS. 

11 The chotce ot v, = lo-)  m/s la¶ soeclfied in IS0 1683) would result In a v~brarorv velociw level wh@cn 1s 34 dA h~qhrr than !he I . * L - ~  $ 1 5 ~ '  IF": 

rrcnn~ca~ Reoon In eguatlons 161 ~101. 1 l l l  3nd 1 1  71 34 UO ;-.1,1 . h r . , ? ' ~ ' ~  I!" ~ L C : : ~ C : P !  ':7- :7Q rlmr.can(l sarfe 



3.9 extraneous structure-borne vibratory velocity level: V~bratorv velocltv level determ~ned when the machine IS not workrnq 
or caused bv other undesired sources ExtrilfWous Slruclure-borne sour:! orlglnates from structures other rkan the machlnc! ~l-qr, 

conslaeration c.g. from cou~lec! asszmtIlres. 

3.10 spherical source of zero order:  Sphere vibrating with uniform phase and the same arn~li tude over the whole swface 

4 Principle 

4.1 Genera l  

The method described In rhls Technical Repon 1s based on the assumption that the alrborne sound power output of a vibrarlnq 
surface IS directlv proport~onal to the mean-square v~bratory veloc~ty averaged over tne vlbratlng surface and directly Dropon~onal ro 
rhe area of the v~brarlng surface. 

4.2 M e t h o d  

Vlbratorv velocitv levels in frequency bands are determ~ned at a spec~fied number of locations on tne measurement surface of :he 

v~brat~ng structure (the souna source). using vibration measurement equlgment. The average vibratory velocrtv level in frecuencv 
bands olus a term for the area of the measurement surface plus a term for the efficiency of souna radiation of :he StrucNre gives [he 
alrOorne sound Dower level in lreauencv bands. 

Three wavs of estimating the rad~atlon factor. a, and hence the alrborne sound power level are descrrbed as follows: 

a) If a radiatlon factor a = 1 is assumed. an approximate upper limit to the radrated airborne sound power is obtained. Thus an 
uDDer limit for the A-we~gnted alrborne sound power level can be estimated from the A-weightea vibratory velociry Level. 

b l  If, for a given structure, the sound radiat~on model of a spherical source of zero order can be justified (e.g. for cornoacr 
machinesl, the frequency-dependent radiation factor a can be obtained from a theoretical curve. By using vibratory velocirv levels 
determined in frequency bands. airborne sound power levels in frequency bands can be determined; from these !evels :he  
A-we~ghted airborne sound power levels may be calculated. 

CI For more accurare determinatlon, the frequency-dependence of the rad~at~on factor a for the structure or family of machlnes 
under test 1s determ~ned. This also requires the determinatlon of v~bratory velocrtv levels in frequency bands and results 11 zanc 
sound power levels and, 11 required, the A-we~ghted airborne sound power level. 

5 Measuring instrumentat ion 

5.1 Genera l  

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

5.2 V i b r a t i o n  pick-up 

The vibration pick-up can load the vibrating surface. 

For v~bra t~on measurements covering a wlde frequency range. plezoelectrlc accelerometers should be preferred. When selecting an 
accelerometer tor a particular applicat~on. allowance should be made tor the parameters of the transducer and the envlronmenral 
conditions in w h ~ c h  i t  is to be used. 

Measurements are normally confined to  using the linear portion of the f r~uency-response curve of the accelerometer which, at !he 
high frequency end. is l im~ted by the resonance of the transducer. As a rule-of-thumb rhe upper frequency l im~ t  for measurements cJn 
be set to one-th~rd of the resonance frequency of the accelerometer so that vtbrat~on cornDonma measured at this limit mll devlate tIv 
no more than 1 dB. 

Small, low-mass accelerometers may have high resonance f r~uenc res  but in general they have low sensitivity (dynamic range). So a 
ComprOmlse has to  be made beause  high senSlttvlW normally entalls a large piezoelectr~c assembly and, consequently, a relativelv 
rarge. heavy unlt with low resonance frequency. 



The mass of the accelerometer becomes Important when measuring on light test objects. TO avoid mass-loading errors. the dvnamlc 

mass of the transducer should be rnuch less than the dynamtc mass of the structure at the polnt of attachment 10,2 < j c  / , 2  1 In .-+ 

case of a flat plate, see euuatlon 11311. 

5.3 A m p l i f i e r  a n d  f i l t e r  

The signals generated bv the v~bra t~on  pick-up shall be ampl~f ied f~ltered and ~ n d i c ~ t e d  as r m s values The srrucrure borne s3 

sharl be measured wlrh J sound level meter or an equivalent measurement system cornolvlng with the reaulrements tor a p,De > r  

type 1 Instrument as spec~i ied In IEC Publlcat~on 651 w ~ t h  the microphone replaced by tne vlbratlon ,TICK up Thc fdlrrrs ~ t l , ~ , :  - 
accordance w ~ t h  IEC Publ~cat~on 225 

5.4 I n t e g r a t o r  

I f  an Inregrator to  transform acceleratlon s~gnals to  veloc~ty s~gnals is used. it shall have charactertstlcs which match rhe c!vna-- 1 

range of the measurlng system. I f  t h ~ s  requirements 1s nor satlsf~ed and rhe slgnal to be measured 1s 100 low !he vlorarorv veioc :.; 
levels sharl be calculates alrectlv from the v~bra tow accelerat~on levels (see annex F). 

5.5 C a l i b r a t i o n  

The enrire measuring system shall be calibrated at one or more frequencies before each series of measurements is begun. The p~?.: 
value of an acceleration signal corresponding t o  an accelerat~on of 9.81 m/sz may serve as the calibration s~gnal. In addirion, [he p lcy  - 

up  and the electrical measurlng instnrrnentat~on should be checked as a untt electrically over the entire frequency range of interesr a: 
least even/ other year. 

Examoie : 

If the v~brat ion pick-up is calibrated by a sinusoidal acceleration slgnal. the resulting vibratow velocltv level (reference veioc~rv ::, ,. 
5 A 10 - 3 m ' s ) ,  L,, in  decibels. IS glven by the following equation : 

Hence. !or a calibration w i th  a peak acceleratlon value of ô  = 9.81 m/s2 and a frequency. f, of 100 Hz, the vibrarory veloclw teve! ' s 
106.9 dB.  

6 Description, installation and operating conditions 

6.1 G e n e r a l  

In  most cases, the emitted sound power wi l l  d e w n d  o n  both the ~nstallatlon and the operating conditions, and general recomrnencz- 
tions o n  these are given In 6.2 to  6.4. If, however, airborne sound measurement test codes for the relevant famllv of machines exis: 
the installation and operating conditions specified in  those codes shall be used. 

6.2 D e s c r i p t i o n  o f  the m a c h i n e  

I f  the machine features auxiliary equipment or components which emit sound, these should be identified. The items of auxlilan/ -9.9. 

ment required to  be running during the test shall b e  spec~fied. 

Sources of extraneous structureborne sound should be ~ d e n t ~ f ~ e d  

NOTE - The procedures soec~fied in rhis Techn~cal R e w n  ao nor allow the alrecr measurement of extraneous struclure.borne sound 'he use 2' 

Correlar~on measurements or the comparlson of v~brar~on specrra of c o u ~ l e a  assernbl~es may be necessary 

6.3 I n s t a l l a t i o n  

The rnstallatlon and mountlng of the machlne shall. as far as possible. be that Intended for ~ t s  final appllcat~on I f  rlie 5rruc:ural sur 

faces of the machlne are covered by non.structural materrals ie  g ~nsulatlon), the v ~ b r a t ~ o n  plck-up shall be mouniea on a ncn  

structural surface (see also annex 81. 

I 1  See loolnore ro 3.4 



6.4 Operating conditions 

Thf! machlrre shall be o ~ e r a r e l  ~n a manner reuresenldtlvF! of n3,:nal irSC. One or more of the f o l l 0 ~ 1 n g  operating condlrlons rr1.j~. be 
aooroprlare *see 31>o 6.1) : 

a1 machlne under nornlnal load/norn~nal operating cond~t~ons: 

bi machlne under full load. ~f d ~ f f ~ r e n t  from a); 

C)  machrne under no load (idling); 

d )  machlne under operating conditions corresponding to maximum sound radiation representative of normal use; 

el machine under s~mulated load, operating under precisely defined conditions. 

7 Determination of the vibratory.velocity o n  the vibrating measurement surface 

7.1 General 

The s~ec~f ica t~ons glven ~n 7 2 to 7 8 are of a general nature, but i f  test codes for the relevant family of machine exlst, the spec~fic 
reoulrements ~n those codes shall be used. 

NOTE - The accuracv of !he measuremenr resulrs depends :O a large exlenl on rne number and dlstr~but~on of !he measurement poslttons avd Ine 
C-srrlbur~on of :C\O v~brator~ veloc~ty on the v~bratlng measuremenr surface. 

Where an Individual bandw~dth contalns a single strong tonal component, the uncertalnw of the estlmate determined by the methon 
rnlgnr be h~gh .  

7.2 Vibrating measurement surface 

7.2.1 General 

Su~table measurement surfaces shall be selected according to the critena outlined in 7.2.2 to 7.2.4. 

NOTE - The results of any preliminary ~nvestlgatlons (see 7.2.4) and the structures of the radiating areas (e.g. the presence of stlffenenl should be 
laken Into account when selecting the measurement surface. 

7.2.2 Uni formly  repeated structures 

If the macnlne possesses uniformly repeated structures and if there are geometrical symmetries and symmetries In the excitat~on 
forces, ;hen, prov~dea that urel~minary ~nvestigat~ons have proved all elements to be equivalent with respect to the mean vrbratorv 
veloc~ty level In any frequency band. measurements may be carried out on a s~ngle structure. 

7.2.3 Uni formly  d ist r ibuted measurement posit ions 

The vibrating measurement surface shall be divided into ,V parts of equal area SSi,Y.  One measurement pos~tion shall be situated In 
the centre of each panial surface. 

7.2.4 Non-uni formly distr ibuted measurement posi t ions 

If pans of the vibrating measurement surface are knowr! from preliminary ~nvestigations to vibrate more intensely than others. the 
measurement positions may be distributed more densely Ovtr those parts v~bratlng more Intensely. 

in t h~s  case, each measurement position I represents One partial surface Ss, (see 8.2). 

7.3 Number of measurement positions 

The ~nltial number of measurement pos~tions on the vibrating measurement surface may be chosen according t o  table 1. 

Tabla 1 - Ini t ia l  number  o f  measurement posit ions 

Area of the v~bratlng 
measurament surface. SS I Number of measurement 

ma posttions 

Ss C 1 

1 < .ss C 10 

\5 > 10 

10 

20 

5s 2 -  
$0 

whew Y- . 1 rnr 
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The number 01 measurement oosltlons shall be increased 11 the difference between the h~ghest and lowest vibratory veloc~ry level, - 
dec~bels. In  anv frequency band is larger than the number of p o s ~ t ~ o n s  glven in  table 1. Such an Increase In the number of Tcasl;r?. 
ment poslt~ons may, for example, be necessary 11 a predominant pure tone exists w ~ t h i n  the relevant bandwidth. 

- 
The numoar of measurement pos~tlonS shall be progressively doubled until the mean vibratow velocitv lever, L,  ;see 8.2). stays zc-.  
stanr ; v~ tn~n  a range of 1 dB. 

7.4 E n v i r o n m e n t a l  c o n d i t i o n s  

The measuring equipment shall be selected according to the environmental condition (see 5.21, account belna m e n  of :n? 1-,3r,-i: 

:urer s soeclf~catrons. The lniluence of any cable (see c!ause A.2) may be reduced by ustng plck-UPS vrlrh Inregrarec 3msecarc2 
!ransaucers. 

7.5 M e a s u r e m e n t  p r o c e d u r e  

For the speclfled operatlng condltlons, the v~bratory veloc~ty level. LL, shall b e  determlned at eacn measurement pos1rlGn 60, :,. 
freauencv bands w ~ t h l n  the frequency range of interest. The vibratory veloclry level, L'.. may be determlned from tne viora:c-. 
acce!erarion level. L',, ~n accordance with annex F or from the accelerat~on s~gnal  by  dlrect lntegratlon (see 5 41 thus avolcilng ca.c- 
lations;' The measurement shall be carrled out by uslng the t~me-welghtrng character~stlc S ("slow ' 1  of the sound level me!er cr :. 
an dntegratlng sound level meter. 

The measurement time should be chosen so that it is appropriate for the type of sound rad~ated by the structure and :he st,--: 
processing techniques. 

For steady sound, for example. the measurement rime should be at least 10 s for centre frequencies of 200 Hz and higher. =or  :.rZ- 

varvlng sound. the measurement time shall be chosen In  such a way that the noise of the machlne 1s measured unamb~guous;~ :.:: 1-1 

spec~fiea operatlng mode. 

If the pret~mlnarv ~nvestlgatrons have shown that at pan~cular measurement posctions the v~bratory veloc~w levels ior acc?lerai,;- 
levels see annex E) of the extraneous structure-borne sound are less than 10 d B  below the levels of the machlne when operar~rc .-?. 

sna~l also oe determlned by  a su~table method (see note In 6.2) and a correctlon made (see 8.1). 

NOTE - i f  11 6s nor posslole to derermlne the levels of the extraneous structure-borne sound separarelv \e g, owlng 10 The !nseparaole csu3!1rr, -;' :-T 
rnach~ne ..,,ln omer assemol~esJ-lhe reSultS calculared In accoraance w~rh  clause 8 will be rno high. 

7.6 M o u n t i n g  of the vibration pick-up 

The v~brarlon pick-up shall be mounted so that i t  senses as closely as posslble the true velocitv of the vibrat~ng surface at the rneasur? 
men1 p o s ~ t ~ o n  over the frequency range of interest. I t  shall be mounted in  accordance w ~ t h  I S 0  5348 with 11s vibration axls -o:r-.a1 := 
the vlbratlng surface. For recommendations o n  mountlng methods. see annex A. 

7.7 I n f l u e n c e  of the mass of the vibration pick-up 

I t  IS strongly recommended t o  use a light p ~ c k - u p  (see5 2 for exolanarlons) If such a pick-up 1s not available, the corrpcr,or a;:;r: - 7  
to annex i3 for u n ~ f o r m  structures Lplates. cylinders) may be applted. For other structures. the accuracv of tha  correctlon IS ~nkno,-.T 

7.8 D e t e r m i n a t i o n  of the radiation f a c t o r  

The rad~atton factor of the machine shall either b e  measured ~n accordance w i th  the recommendations given in annex 0 or -5tina:ex 
in accoraance wtth 8.3.2. 

1) I( O n l y  ~ - w e ~ g h r e d  varatorv veloclrv levels are ro be defefmlned, tnregrarlon ts nccessarv. 



8 Calculations 

8.1 C o r r e c t i o n  f o r  e x t r a n e o u s  s t ruc tu re -bo rne  s o u n d  

TI 
lt! meastrrec! levels shall be corrected for extraneous structure-borne sound according to taale 2. 

Table 2 - Correction factor for extraneous structure-borne sound 

\'Jo-?s In cec10eIS 

Difference between the vibratory veloctty Correction factor A ,  to be subtracted from 
levels lor acceleration levels) of the machine the vibratory velocity levels lor acceleration 

when operating and the levels of the levels) in order to obtaln the level generated 
extraneous structure-borne sound by the mach~ne alone 

4 

3.2 D e t e r m i n a t i o n  o f  t h e  m e a n  v i b r a t o r y  v e l o c i t y  l eve l  on t h e  v i b r a t i n g  m e a s u r e m e n t  su r face  

The v~bra:orv veloc~tv levels. derermlned ~n accordance with 7.5 and corrected. if necessarv. In accorzance wlth 8.1 and annex 0 .  
filth :ne --easurement pos~t~ons I = 1. .. .. .% for each frequency band, are glven by the followtnj ecuatlon . 

L ; ;  1s the uncorrected measured v~bratory velocity level 

h '  I S  the correction factor for extraneous structure-borne sound (see 8.1 1: 

. .s I?? correction factor for the mass of the pck-up (see annex 8) 
- 

The mean value L,, in dec~bels, as an average over the v~bratlng measurement surface, SS, is calculated In accordance with one of rne 
'ollov~lng two equations, as appropriate: 

a1 Uni formly d ist r ibuted measurement positions in accordance w i t h  7.2.3 

b)  Non-uni formly distr ibuted measurement posit ions i n  accordance w i t h  6.2.4 

3.3 C a l c u l a t i o n  of the a i r b o r n e  s o u n d  p o w e r  l eve l  c a u s e d  b y  r a d i a t i o n  o f  s t r u c t u r e - b o r n e  s o u n d  

3.3.1 General 

'ram thc values of c, calculated in accordance wtth 8.2, the sound power level. L 5, in dec~bels. IS calculated from the follow~nq 
*quatlon ldcrlved from cquattons 141 2nd 15)l: 

-. - 
I See fnarnore ro 3.4 
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where 

- 
L ,  1s the mean v lbratoq velocltv level1' (reference veloclrv 3 nm,st on rne vlurarlnq mea4urenlenr surface cc~:.,..,;:_: ,- 
accordance w ~ t h  8.2. 

IS the area of rh? relevant vibrating measurement surface: 

5, = 1 m i ,  

a IS  the radiatton factor 

:)c IS the characterist~c impedance of air: 

IQCI, = 400 N . ~ / m 3  i i  e, the impedance of the air at 20 O C  and atmos~her lc  oressure of 1 000 mbar (lo5 Pall. 

The A-welghted alrborne sound power level, if resulred, shall be calc~llated from the souns cower levels In frequency h n d s  In a iccrz  
ance with annex C. 

8.3.2 Case w h e r e  the  rad iat ion index. 10 lg a, is  measured 

If the radiation index is measured i n  accordance with annex D for the relevant frequency ban3, the alrborne sound Dower level for :pe 
freauencv band shall be determined in accordance w i th  equarlon 110). 

8.3.3 Case w h e r e  rad iat ion index. 10 lg a. is assumed 

If ,  for rhe machine under rest, the sound radiarlon m d e l  for a soher~cal source or zero oraer can De aaopred le.a. !or ccrnca:: 
sourcesl. :he radiatton tndex shall be estimated f rom figure 1 or from rhe fo~lowtnq eauarran ' 

wnere 

/ 1s the frequency; 

- - 
d IS [he ~ p t c a l  dimension of the source (diameter o f  soherlcal source of zero order), e.g d = ,. .S/ z or d = $ 2  V. ,,vhere .S ,s  :he 

approximate radiating surface o f  the Source and IS the aooroxtmare volume of the source: 

c IS the veloc~ry o f  sound in air. 

The alrborne sound power level shall then be calcularea f r c ~  Nclidt~on I 101 

NOTES 

1 The result will be an upper esclmsre of the souno oowzr love1 

2 For -ad~arlon Indexes of other sound sources see 1I-c 9 L!ICJ'JZ-. 

8.3.4 Case w h e r e  rad ia t ion  index. 10 lg n. 1s u n k n o w n  

if the radiation index can be neither measured (See 8.3 ?I  ->: r?,..:? - ;.... - -  6 3 31. 2n uoosr l ~ m l t  for rhe airborne sound power level 
caused by  structure-borne sound radiallon mav be given Fnr ~ m l t  .' mav be suffi::enr to  calculate rhe ~ - ~ ~ ~ ~ , ~ ~ d  J l r ~ o r n e  
sound power level f rom the A-weighted mean ~ 1 0 r J t O r ~  ,..:I~CI:~ eivrts 

A n  upper esrlmate o f  the alrhorne sound Dower Ipv@ I , t  - * 
-' . ' 1'' :''. CJ'tLll~IC'J ur. : r ?  lh2 , ? ~ ~ 4 ~ 1 1 1 p 1 ~ 0 ~  .5 = 1 ,  , 10 lg = 

and IS. iherefore, given by rhe following eouartun 



Figure 1 - Radiation index, 10 lg 0, for a spherical source of zero order 
as a funct ion o f  frequency. f ,  and typical dimension. (f 

9 I n f o r m a t i o n  to be recorded 

9.1 M a c h i n e  u n d e r  t e s t  

The following information shall be recorded: 

a1 a description of the machine (dimensions, Construction elements of the radiat~ng structure); 

b) the installation conditions: 

CI the operating condition: 

d) the test environment: 

e) identification of the different sound Sources of the machine operarlng during the measurement, if relevant: 

f )  the date of test. 

9.2 M e a s u r e m e n t  c o n d i t i o n s  

The following information shall be recorded: 

a1 atmospheric temperature, in degrees Celsius; 

b l  barometric pressure, in millibars. 

9.3 M e a s u r i n g  i n s t r u m e n t a t i o n  

The following information shall be recorded: 

a) the measuring instrumentation used, including type, ser~al number and manufacturer: 

b)  the bandwidth of the frequencv analvser; 

cl the frequency response of the measuring svstem: 

d) the calibration method used tor the measuring system, and the date and ptace of calibrat~on: 

e) rhe mountlng of the v~bra t~on p~ck-up. 



9.4 Acoustical data 

The following information shall be recorded: 

a) a descr~otlon of !he vibrating measurement surtace, its dimensions and distribut~on of measurement posltlons i d r j w r  ,- 

b l  rhe v~bratory velocity level for each measurement pos~rion (for each frequency band or A-we~ghtecl 

C) the corrections. ~n dec~bels, if applied, In each frequency band lor A-we~ghted), fo: extraneous struc:ure-borne sc~r,d 7 - :  -2- 

rhe mass of the vibrat~on pick-up; 

d l  the mean vibrarory velocity level, rp in each frequency band lor A-weighted). together wlth the reference veloctry; 

el the area of the relevant vibrating measurement surtace. Ss;  

f )  the radiation index, 10 lg a, and the method of derivation (see 8.3.2 to 8.3.41: 

g) rhe alrborne sound power level, LH S, for the structure-borne sound in each frequency band andlor A-we~ghted sound Dr,.her 

levels. 



Annex A 

Use of the vibration pick-up 
tThls anrrex forms an Integral part of thls Technical Report.) 

A . l  Recommendations on mounting the vibration pick-up 

The recommendations outlined in I S 0  5348 should be followed 

The preferred method of mounting is to screw the vibration pick-up to the v~brating surface, but for measurements uo to 10 kHz I S  

more convenient to use adhes~ves recommended by the manufacturer. Adhes~ve wax, used in thln lavers. is aiso suitable up to 10 L n z ,  
but not for surfaces at elevated temperature. 

For smooth flat surfaces of steel. clamp~ng magnets may also be used at frequencies below 2.5 kHz. The maximum accelerat~on which 
can be measured depenas on the adher~ng torce and the mass of magnet plus v~bration pick-up. For a n/plcal magnet. the maslrn!lm 
aaherlng force as a function of plate thickness 1s shown In figure 2. 

I f  a Fagnet, with a mass of 110 g, is used In comb~nar~on with a 30 g vibration pick-up. the maximum admissibleaccelerat~on w0wd h ~ !  
: 000 T : S  provided that the steel plate exceeds 4 mm In thickness. The adv~ce of the vibrat~on nick-up manufacturer shoulr: b~, 
followed. 

The adhering force o f  a magnet IS conslderablv diminished 11 the vibrating surface IS not smooth and flat or if ir IS painted: this can lead 
to unrel~able measurements. Smoothing the surface may be much more r~me-consuming than using aaheslves. 

Th~ckness of steel plate. rnrn - 
Figure 2 - Maximum adhering force as a funct ion o f  place thickness 

to r  a typical  magnet 



A.2 Recommendations on positioning the cable of the vibration pick-up 

Vibrat~on of the cable relar~ve to the vibration Dick-UD may induce extraneous voltages In the circu~t. in order to avotd rh:;, :?,? 

should be fixed on the machine at a point as close as ~ossible to the vibration pick-up (see figure 31. 

The croblem can also be solved by using the pick-ups wcth integrated impedance transducers (see 7 4)  

i ~ i x l n ~  by adhes~ve 

Figure 3 - Cable mounting 



Annex B 

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

iThls annex forms an Integral part of thls Techn~cal Report./ 

The correctlon to the v~brarory belOCity a1 frequency ( : I  ( = 2 ~ 0  is given bv the follaw~ng equatlon 

v' IS the vtbratory velocity in the absence of the v~brar~on plck-up; 

v IS the measured v~brarory velocltv: 

Z ,  I S  the complex mechanical impedance of the lsolated accelerometer system at frequency o In the d~recrton of accelrratlor~ 
- 

measurement; 

2 1s the complex mechan~cal driving Polnt Impedance of the structure at f req~ency ts a1 the v~brat~on plck-up mounting coin! I "  

rne d~rect~on of acceleratton measurement. 

In exes where the deta~led varlatlon of Z wlth w 15 unknown and where broad-band vtoratlon is be~ng measured In freauencv bands 
3 frecuency-average correctlon may be appl~ed. In the case of a flat plate or of a singly curved shell of whtch tne radlus of c?rrbdture IS 

greater than cL/(3, the correctlon 1s approx~rnatelv given bv the followtng equatlon: 

where 

!; IS the centre frequency of the band: 

?I:, is the mass of the vlbrat~on pick-up and any adaptor: 

21, is the dens~ty of the plate material; 

is the longttudinal wave velocity in the plate; 

ir is the thickness of the olate (shell). 

This equation has been derived assuming that is the point impedance of an ~n f i n~ te  uniform flat plate. 

This correction is most accurate where the frequency bandwidth of measurement substantially exceeds the average modal resonance 
freauency spacing : the latter 1s the inverse of the average of the average modal density of the structure. For a flat plate or snell of 
large radius of curvature. this condition will be sattsfied provided that 

3 hc, 
1.f > - 

S 

where 

1f is the frequency bandwidth of measurement: 

S is the surface area of the plate or shell lone side). 

Equar~on I131 does not str~ctly apply to single frequency vibrations or to measurement positions in the Immediate vicinlly of strc~crural 
bounaarles of st~ffeners. The correctlon h ' ~ ,  for the mass of the vibration pick-up can be added ro the vibratory veloctty levcl, L ,  
l in  accordance w ~ r h  equalton (711. and is calculated from the fol lowng quar ton:  

where v b l  v' is taken from equations (12) and 1131, as aopropriate. 



Annex C 

Procedures for calculating A-weighted sound power level 
from octave or one-third octave band power levels 

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

C.l Calculate the A-weighted sound power level. LH.A, in decibels (reference sound power: 1 pWI, from the following equarlc? 

where 

L,,, is the level in the j t h  octave or one-third octave band; 

j,,, and C, are given in  clauses C.2 and 6.3 for octaveband and one-third octave band data, respect~vely. 

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

Table 3 - Values o f  j and C, fo r  octave-band data 

C.3 For calculations with onethird octaveband data. j,, = 21 and C, is given in table 4. 

r 
Octave-band centre traquency ! Hz 

Table 4 - Values o f  j and C, for  o n b t h i r d  
oc tavbband data 

l J l  Onathird octave-band centre frequency C, 
H z I dB I 

- 16.1 
- 8.6 
- 3.2 
0 

+ 1.2 
+ l 
- 7 . 1  

1 '  125 
2 
3 
4 
5 
6 
7 

250 
500 

1 000 
2000 
4000 
8000 



Annex D 

Guidelines for determining the radiation index. 10 lg a 
(This annex forms an integral part of this Techn~cal Repon.) 

The raalatlon index. 10 lg a, should be determ~ned under the installation and operating conditions specified in 6.3 and 6.4. For sp~cif ic 
~nvcsrrgarlons. use should be made of tonal or broad-band exciters to produce vibrations in the machtne corresponding to the regulreo 
onerating conaltlon (6.41. The sound power level in frequency bands, Lit S, should be determined either in a reverberation room or , ?  

a free f~e ld  according to one of the methods specified in  I S 0  3741, I S 0  3742. IS0 3743, IS0  3744, IS0  3745 or IS0 3748 

The vlbratorv velocity level, c, is determ~ned In accordance with clause 7 and 8.2. 

The values of 1 ,, s, and 10 lg Ss;S ,  (see 8.3) are then substituted into equation 1101 to give values of 10 lg G which are pl0rred 
agalnst frequency. 

NOTE - If  rhe bandwrdth 1s small. rhe curve may show numerous oeaks. 

I f  orlor ex~er~menta l  or theoretical evidence concerning a grouD of related machine structures is available. a basis for smoorh~ng rne 
cuwe mav be suggested. Extrapolations and interpolat~ons obta~ned from this will be useful for rhe purposes of 8.3.2. 

Annex E 

Recommendations concerning the frequency band of interest 
(This annex f o r m  an integral pan of this Technical Report.) 

The frequency band of interest normally contains either all octave bands with centre frequencies between 125 and 8 000 Hz or all rhe 
one-third octave bands with centre frequencies between 100 and 10 000 Hz. All freguency bands in  which vibratory velocity levels are 
at least 50 dB lower than the highest vibratory velociw level measured in any one frequency band may be disregarded. In spec131 
cases. the frequency range may be expanded on both sides provided that the measurement equipment still fulfils the requirements lard 
down In clause 5. The frequency range can be restricted (non-symmetrically, 11 necessary) provided that the sound IS radlatea 
predominantly at high or low frequenctes. 



Annex F 

Determination of the vibratory velocity level from the vibratorv 
acceleration level 

(This ennex forms an integral part of this Technical Report.) 

The vibratory acceleration level. L,, i n  decibels. is given by the following equation : 

where 

a is the r.m.s. value of the vibratory acceleration within the relevant frequency band; 

a, is the reference acceieration ( = 10-6 mls2). 

The relation between the measured vibratory velocity level 11, L;, in decibels. and the measured acceleration level, L j ,  uslng 
v, = 5 x 10-0 m l s  for a frequency band with a centre frequency, I,,,, is expressed by the following equation lwhich IS der~ved t r o n  
equations (2) and (311 : 

where 

f, is the centre frequency of the frequency band; 

f, is the reference frequency ( = 1 Hz). 

NOTE - Since rhe highesr vef0~iIV level for 10nal comwnenrs will nor normally aopear exacdv ar the centre treauemv of rhe freauencv band. :he 
value of ,!.I could be wrong by up 10 as much as 20 lg d?dB l = 3 dB) for octave bands. This enor can be reduced by uslng one-third ocrave.bano 
measurements. 

- - 
Equation (17) is not valid for A-weighted levels: A-weighted velocity levels can only be determined from integrated acce!erarior 
signals (see 5.4). 

When measuring vibration with a s w n d  l e d  meter connected to an acceleration transducer, the indicated level L,  is not the accelera- 
tion level Lb. Precision sound l e d  metem usually indicate voltage level (reference voltage: 1 pV). By taking ~ n t o  cons~derat~on the 
voltage response U of the acceleration transducer used, the accelerat~on level, Lb (reference accelerat~on : 10 - 6  rnlszl, in dec~ae!~. is 
calculated from the f o l l h o g  equation: 

where U is expressed in mictovoltf per metre per second squared. 

Theoretical example. 

Where 

equation 1181 gives Lb = 145.7 dB. 
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