Contents

ABSEFACT ... 1
INEFOAUCTION ... 3
1 Fundamentals of SOUN POWET ..........c.coviiiiiiieiiieece e 7
1.1 Sound power definition ..o 7
1.2 USE Of SOUNT POWET ...ttt 7
1.3 State-of-the-art in sound power measurements ...........cccceevevvevveinennen 9
1.4 Limitations of current methods............ccccovoieiniiniie 12
15 Traceability of sound power UNit..........cccocoiiiiiieneiece e 14

2 Theoretical considerations for the substitution method

2.1 Reflection over impedance plane ...
2.2 MeasuremMent SUMTACE .........cecvieiiiiice e 22
2.3 ANGIE reSOIULION. ..ot e 26
24 Sound intensity CalCUIAtIoN ..o 26
25 Generalization of the resUltS...........cooviieiiiinrcc e 27
2.6 Translation of the substituted SOUICe............ococviiiiniiiccae 28
2.7 Number of receivers and frequency resolution..........c.c.ccccoeevrienne. 30
2.8 Free field SUDSTITULION ..o 33
2.9 Substitution including an impedance plane ...........cccocovevviiieinnne. 35
2.10 Geometry with two reflecting planes ..........c.ccocoevnvenienniiicn, 41
3 Calibration procedure for transfer standards...........c.ccocoeveiiininincnenn. 43
31 SCANNING APPATALUS....c.vviviveierieiiieie et 44
3.2 Measurable qUANTITIES...........ccoieiiiiiee e 45
321 SOUNG PrESSUNE......eeuiiieiiete sttt 45
3.2.2 SOUN INTENSILY ....evieiieiiiciese s 46
3.3 FET windowing effeCtS.......cccoiiiiiiiiiieeee e 46
34 Background noise contribution ... 47
35 SCAN SPEEU ...ttt 47
3.6 Scan repeatability ... 48
3.7 Apparatus refleCtions..........cceoieiieiieii e 49
3.8 Comparison to meridional path ... 50



3.9 Calibration uncertainty .........cccocviiiviieiei e 53

3.9.1 Corrections to cancel out during substitution ................c........ 54
3.9.2 Corrections to be applied and uncertainty equation............... 55
3.93 Uncertainty due to background noise ............ccccoevvevvivieienn, 56
3.94 Uncertainty due to FFT windowing .........c.ccoceeereiiieiicieiennnne 57
395 Uncertainty due to near field effects ..........ccccceceveviiiiiiiennns 57
3.9.6 Uncertainty due to microphone windscreens .............cc.ccoeue. 58
3.9.7 Application of the substitution method under calibration
CONAITIONS. ... ee it 58
3.9.8 Uncertainty of the primary source sound power level............ 59
3.9.9 Uncertainty due to the surface and time averaged sound
pressure level differenCe ..o 59
3.9.10 Uncertainty due to reference quantity correction.................. 59
3.9.11 Uncertainty due to air absorption correction.............c.ccccevu. 60
3.9.12 Combined uncertainty for the substitution method under
calibration CONAITIONS ...........coiiiniiicc s 61
4 Properties of transfer standards ... 63
41 EXIStiNG FEQUITEMENTS ......coviiiiieiiiiiesce e 63
4.2 Temporal Stability .......ccooiiiiiee e 64
4.3 Corrections for changes in environmental and operational
CONAITIONS. ....eiitieieir e 67
431 Influence of atmospheric Pressure ..., 68
432 Influence of ambient temperature............ccccoecevveiiiiicinne.
433 Source directivity according to 1SO 6926
434 Source directivity according to spherical harmonics.............. 74
435 Influence of rotation SPeed...........ccoeeiiiriiiniieneieee e 82
4.3.6 Comparison to existing COrrection ...........ccocoveveveiencienienennn. 86
4.4 Near field effeCtS........ccoiiiiic e 87
45 Uncertainty of sound power levels emitted by transfer standards..90
451 Uncertainty due to direCtivity ........ccccooervivneiniinnciseene 90
452 Uncertainty due to in situ sound power determination .......... 92
5 Implementation of substitution method .............ccccoiiiiininiiiie 95



5.1 Influence of the measurement SUrface ..........ccvvveveeire i 95

5.2 Influence of the surrounding environment.............cccccoceiiiiinennne 100

5.3 Comparison between sound pressure and sound intensity results 103

5.4 Uncertainty of device under test sound power level ....................... 107

541 Uncertainty of the measurement surface influence............... 107

5.4.2 Uncertainty of the surrounding environment influence........ 116

5.5 Dissemination combined uncertainty .............ccoccoceveveiiciiiieciiiennns 120

6 Conclusions and OULIO0K..............coriiriiniice e 123
7 LIEIALUTE....eiiiiiic e

Appendix A: Supplement for chapter 2
Appendix B: Supplement for chapter 3
Appendix C: Supplement for chapter 4

Appendix D: Supplement for chapter 5

LSt OF FIQUIES .t 173
LiSt OF SYMDOIS ..o s 185
LISt OF tADIES ... 197



