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1, INTRODUCTION

Conventional standards for the measurement of Scund Power, {1]-[2], that rely solely on the measurement of
Sound Pressure suffer from a number of drawbacks when measurements are attempted in workplace environments.
The two main difficulties are that the acoustic emvironment is less than ideal and that measurements will be
affected by other noise sources outside the measurement surface. This in many instances meant that machinery had
mhertobcmwedtospecialtatcm'imnmemsortooommrcialtcsthousesinordenhmthesoundpowercfthe
equipment could be obtained. In the late 1970s and early 80s Fahy, [3], and Chung, {4), showed that the Acoustic
Intensity could be derived from the cross spectrum between two microphone signals. This, combined with the
rapid developmenis that had taken place in analysis and measurement instrumentation, formed the basis for a
practical Instrument that could actually measure Intensity rather than solely Sound Pressure. The benefits that
inte'nsilyhasisthalitisthcuuemﬂsureofencrgyﬂowatapnimandisaveciorquantity. Consequently, if
measurernents are carried out around a surface envelaping a source the intensity due to extraneous noise {assurning
of course this is stable with time) cancel and a true measure of the test source is obtained The other consequence is
thmﬂnmhniquismlaamdthemusﬁcenﬁmnmcmandisﬁmmdoﬂybyth:qualityandaewracyofth:
measurement instrumentation. This opens up the possibility of carrying out Sound Power measurements in areas
thatwmﬂdnolhawbemposihlewith%mdmbawdstmdardsmdmmlhuinmanycaseuquipmem
doesnothavemhemwedlospecialtcstareas.]lwassomﬁmebeforeanlntemaﬁonalStandardmprodumd,
[51, although it had been available in draft format since 1989. Since the issue of the drafl standard, NEL has
qrriedoutlmensitymmnementsonapprmdmaulymorsopimofequipmcminmrdamwimthcbraﬂ
andlaueﬂylheﬁ:]lissueoflsm&tptl'inawidevarietyofaommiceuvimnmcnts.nismpawmlsan
overview of the standard and a case study of one of these measurements.

2. 1SO 9614: Part 1

Before locking at the case study it is worth spending some time looking at the main points of the standard. The
ﬁmmajorpoimhmmmcummﬂandardisbasedmmmmmenmalﬁxndnr'dim'pointsamundthc
machine. A "scanning® method, [6], is due for publication and will form Part 2 of the standard and provide the
userwi_lhanallemalhrcwaynfperformingthcmmmenu.Thewwndmajorpoimisthalthestandardm
all three grades of accuracy; Precision, Engineeri.ngandSurvey.Theacumlgmdeofmacyachiaedina
measurement is determined retrospectively.

In essence, the standard fragments the entire measurement
surface inlo a number of segments, fig. 1, and a
measurement of Sound Pressure gnd Sound Intensity is
carried out in the middle of each segment. The power
through any one segmemt is obtained simply by
multiplying intensity by the segment area, The total Sound
Power is oWained by adding up the Sound Power from all
segments.
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The standard is ¢nly valid between the 50Hz to 6300Hz 1/3 Octave bands (6IHz to 4000Hz Octave bands) but
some measurements should be carried out in the 31Hz, 40Hz, 8kHz and 10kHz bands to check the validity of the
A-weighted total. A typical measurement sequence would consist of the followed stages;

&) Prior to actual measurements, checks are carried out to calibrate the instrumentation by measuring its “dynamic
capability”, L, and to confirm the stability of the sound field with time by measuring a "“Temporal Variability*
field indicator, Fy. The value of Ly is obtained by subtracting a "bias error facter” (either 7dB for Survey accuracy
or 10dB for Precision and Engineering accuracy) from the instrumentation's “pressure residual intensity index”,
8p10- This can either be re-measured prior to each measurement campaign (the preferred method used by NEL) or
recalled from a previous occasion. F is used to determine the common averaging time to be employed for each
measurement point.

b) Define the measurement surface. This should be no closer than 0.5m (on average) from the source surface. At
least 10 positions should be used with a minimum of 1 position/m? although 50 positions can be used if the total
surface area is greater than 50 m*.

¢} Carry out background noise checks. Measure A-wreighted L, a1 5 positions and compare against L, with
machin¢ running. This need not be done if the source drives other sources of significant extraneous noise ontside
the measurement surface,

4) Perform the actual measurements using a wind shield if outdoors or if the wind speed is greater than 2 m/s,

©) After measurement a number of further field indicator checks are carried cut on the captured data (o determine
the validity and accuracy of the measurement. Refer to the standard, [$], for the formula for each indicator, In
addition to Fy, three other indicators are used. These are;
Fy - The “Surface Pressure Intensity” indicator, This checks the variation of the sound field and the
difference betwzen the Sound Pressure and the Intensity from the captured data. Tt performs a calculation
based purely on the magnitudes of the differences between Sound Pressure and Intersity,
F; - The "Negative Partial Power" indicator is very similar in concept to F, but the calculation is based on
the differences between Sound Pressure and Intensity taking into account the sign of the intensity (i.¢. cither
+or -) of the captured data.
F, - The "Field Non-Uniformity” Indicator - is used to check whether sufficient measurement points have
been used to achieve the desired grade of accuracy.
The two main checks are: Criterion 1 given by Fy <L, and Criterion 2 given by N < C.F,* (N being the number
of measurements and C being a factor given in the standard). Criterion 1 checks the measured sound field against
the probe accuracy to determine the validity of the captured data. Criterion 2 is used to determineg the accuracy
grade that has been achieved on a band-by-band basis, A third check is carried out to see if Fy-F, is less than 3dB
or less than 1dB; this indicates the importance of extrancous neise, reflecting surfaces and source directivity.

3. CASE STUDY

3.1 The Unit Under Test - Pump Skid.

Figure 2 shows the actual unit being tested This consisted of a skid with a number of sources such as pumps,
motors and mixing agitators. Figure 3 shows the test shop layout where measurements were performed. The
pump skid was approximately 3m x $m x 3.7m in siz¢ and sat close to an equally large mixing tank skid
Meagurements were carried out on both units but results for the mixing tank are not included here.
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3.2 The Measurement Grid.

To perform the measurements the measurement surface was defined 0.7m out from the major machine outline and
as shown in figure 4. This split the surface into a total of 51 segments grouped into 7 separate zones having the
same segment area. To physically perform the measurements the grid baseline only is marked on the test shop
floor and the location of vertical rows of points marked on this. Due to the height of the machine, measuremeris
were made in columns al each baseline position using a pole marked out Lo pre-set heights as a guide. The
aperator was able to walk over the skid's superstructure to reach the measurement locations eon the top surface. As
can be seen from the grid layout, the adjacent mixing tank was (reated as a reflecting plane since it was 1oo close to
the pump skid to allow measurements 10 be carried out along that face. This is quite standard practice to treat large
areas such as a tank wall as a reflecting plane if it would interfere with the measurements. This can obviously only
be done if the plane itself is rigid and does not radiate noise. In the sbove case the mixing unit was not running so
did not in itself contribute to the noise.

3.2 Recording of Measured Data.

All of the data was captured using a Broel & Kjer 2133 Analyser fitted with a Type 3345 Intensity Probe using %
inch microphones with a 12 mm spacer. Prior to measurement, the systems was calibrated using a Type IS4
Intensity calibrator to measure 5y, The measuremenl sequence was controlled by B&K software and all data
stored on floppy disc. The software performs the “field indicator® calculations so that the Criterion 1 and
Criterion 2 checks can be evaluatsd. Measurements are normally collected in 1/3 Octave bands.

3.3 Documentation of Test Results & Data,
Over the time that NEL have been carrying cut Intensity measurements, we have developed a system of recording
_relevant information which. is based around the use of what we have called "Measurement Record Data Sheets™.
Figure 5 shows an example of the data sheet 2 of the above case smudy. Sheet 1 is not shown bul this normatly
includes details of the unit under test, the environment, instrumentation etc... These sheets provide 2 condensed
form of all information required to evaluate the Sound Power from the captured data including the results of the
various field indicator checks mentioned in section 2. Most of the information on Sheet 1 is gathered prior to
measurement whilst Sheet 2, fig 5, can only be completed after the measurements have been completed.

3.4 Detivation of Accuracy.

The data contained in Sheet 2 forms the basis of that required to determine the accuracy of the measurement. The
standard does not give good guidance on the derivation of Overall accuracy so NEL have developed an approach
which is based on an assessment of individual 1/3 Octave bands. Since a measurement can contain some bands
with 2 "negative® imensity (which are outside the scope of 1S09614) any such bands must not be included in the
A-Weighted or Lincar totals so a manual addition of bands has to be performed 1o assess the Overall levels.
Similarly, the standard is only valid in the 50Hz to 6300Hz 1/3 Octave bands and only data in this range shonld be
added together. The approach we have adopted is to-use the accuracy for the 1/3 Octave bands that can be obdained
by direct application of the standard. To obtain Octave band accuracies, the three 1/3 Octave bands are added in
order of grade of accuracy (i.e all in Precision first, thén all in Precision+Engineering, then all in
Precision+Engineering+Survey etc..) and a check carried out on each stage of the addition to see whether the
band total has changed by more than the standard deviztion for that accuracy class. If the total changes by morc
than the allowed amount the accuracy of the band is moved one class lower (e.g. from Engineering to Survey). A
similar procedure is followed to add ajf 1/3 Octave bands logether to obtain overall Linear and A-Weighted totals.

3.5 Case Study Result.

Table 1 shows the Sound Power results deriveu from the measurcments. Generally in the machines we have tested
we have found that an Engineering Grade can be achicved for the A-Weighted total.
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Table I. Octave Band Sound Power Lovels and Accuracy Achieved
The results of the field indicator checks, fig 6, showed that the reduced accuracy in all bands below 200Hz is due
wlowmuacyufthzmobeﬂhishknmwbemmmefaamnmmﬂnphmconﬁgumﬁmwasrwersedto
uscmmmmcnlsonth:ummface.mmmbandisdmwt}wpro:dmiryofrcﬂecﬁngsurfaoes(simel?,-
F; >3dB} but possibly also affected due 1o the fact that F5 failed. The 800Hz and 1000Hz bands both have reduced
accuracy due to source directivity (since Fy-Fo<1dB). All factors considered, the overall accuracy was 1 class 2.

4. GENERAL OBSERVATIONS

4.1 Accuracy of the Measurernents,

It should be noted that one of the main factors that determines the validity of the measured data is the Criterfon 1
test; i.e. F,<_1u.msisdimh-mlmedwth=amacyoftheinmummmdonsmmmd can mean the
diﬂ'erencebemunolnainingamﬂuhatisw'nhinlhewopeofISO%Moronethatfails. We would advise nsers
tochecklheperfomameoﬂbﬁ:lntemitypmbs(i.c.measurethesysmm‘saph)onamglﬂatbasisorprefemhly
immedialclypriortoammntmmpaignCaresl:m:ldhelakmwhenmnyingommhchecksinlheﬁeld
sinctwchavefoundlhat'anyw'bralionofmecalibmubasemad\wlyaﬂenthenppamtﬁmmeasurei

4.2 Choice of Averaging Time & Time Taken to Complete Tests.

The Fy .indicator is used to determine the common averaging time per point. A compromise has sometimes 10 be
stmckifl.h:testfor!‘,failsandalongmmginsﬁmeneechtobeusedsimelhismaymakemm
impmcﬁmbleduemlhelengthyﬁmrequimdwoomplueaummmms. We have found it useful 10 refer to
lhcl.pspeclmmmdclemlineiflhefailureisinabandthatwillnmoomﬁbutesimﬁcamlylolhetotal One of the
potential drawbacks of lSO96|4:Ptlislhsmunberofmaasuemmpoimsthathm'ewbeusudForlarge
machincs,orwhmhddmlmembeusedwmch‘thewnmsmmmpoims,nvhawfomdlhmthe
mmplaemmnmmnofmemﬁummmmingcondi&mwiﬂmkemghlyaﬁmm:mmhuof
measurement points, N, titnes the averaging time, ¢, per location; i.e. 3.N.t. Therefore, in the case described above,
themeasnm:ntsmoknpmuﬁma:dym—zhmn'stooomplete(mmludinglheﬁmeforwmpandmhhaﬁon). For
mﬂmacﬁnes,orwmmmisasyamtoanmmsmmmpoimauummmremm:timewillbemuch
las;perhapson!yI%N.t.nemmememﬁmemuldhmmpuxpublmsandadqnuemuﬁmﬂmﬁd
bctakenloensurcsuﬁciemcoolingisavailab!eandthatthemnohincloadremainsoonsunt(hmugbumthe
dumionoflhetests.Emcloadﬁinsorthcmchimhasmbemmedmanowhmmlmmmkuﬂlalmna
certainly result in a lower grade of accuracy being achieved for the measurements.

4.3 Acceptability of Accuracy Grade Achieved.

The standard provide comprehensive giidance on the interpretation of the results of the various field indicator
checks and the steps that can be taken 1o improve accuracy of the results, The approach we have adopted in all cur
measurements has, wo-date, been 1o acoept the grade of accuracy achieved but qualify this with an explanation of
whydﬁshasheenachicved.[fumaecuracyismbeinqnwadm:nsomqwmofthepmiousmmemsmay
havetoberepmted.Uulmammplelcfaﬂmofmemmmmmsmmwumﬂd,nmad\mwmﬁngany
mmnmmmewmcﬁmmkukakmemionodwehmemmanyhmhauemmm&gimﬂngm
on A-Weighted total using this approach.
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4.4 Microphone Spacing and Microphone Size.

The spacer between the microphones can be changed to alter the frequency range covered by the measurements.
The standard spacer for % Microphones is I2mm which gives coverage up to 7.3kHz with a 2dB error (5.3kHz
with a 1dB error). The low frequency limit is dictated by the accuracy of the probe and instrumentation syster.
Changing lo a S0mm spacer may improve accuracy at low frequency (below 100Hz) but the upper 2dB limit drops
to 1.8kHz so this cannot be used to cover the full 50-6300 Hz frequency range of the standard. Again, due to the
practical constraints frequently imposed by the time available for measurements, a double pass of the measurement
surface is scldom desirable. In choosing which spacer to use we would recommend the Sound Pressure Level
spectrum at 2 representative position is examined to determing which portion of the spectrum is important If the
A-Weighted total is the main concern, then lower frequencies are less important so this should also be taken inte
consideration. One final point that is worthy of note is that ' inch microphones are the most commonly used size
and intensity calibrators (e.g. the B&K Type 3541) are designed for this size. An alternalive microphone is the %
inch size and these can be used 1o measure intensity up to 10 kHz if fitted with a 6mm spacer. We would advise
caution in the use of this size since to-date there is no calibrator available that allows the measurement of 8y, for

1 inch microphones hence the Criterion 1 test cannot be carried oul.

5. OTHER USES FOR SOUND INTENSITY

Although this paper has concentrated on the use of intensity to obtain sound power, it has fwe main other uses’

which are worthy of note. Since the earliest days of intensity measurement the technique was used more for source
location than for actual sound power measurements, Today, the technique is still a powerful tool that can be used
to “map® the sound field over a surface and cbtain contours of intensity which can be related to the locations of
noise sources. Measurement are carried out al a large number of fixed points on the surface and these poinis form
the basic information that is used to plot the 2-D contours. The other use, which is a more recent one, is to do
*sound field holography" which effectively is a 3-D map of Intensity on a surface. This form of map is developed
by again carrying out fixed point measurements but for each measurement location the intensity is measured in
each of three mutually perpendicutar axis. This allows the fiow of noise to be plotted and is useful not only for
source location but also to track the energy flow in the sound field.

6. CONCLUSIONS
The main conclusion that we at NEL have reached is that Acoustic Intensity is a viable method of obtaining Sound
Power Levels in-situ in cases where other standards would be unworkable. Caution and a high degree of operator
skitl are however required to perform and inlerpret the results of the field indicator checks.
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Acoustic Intensity (IS0/DIS 9614-1) Measurement Record
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Figure 5. Measurement record sheet
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