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Fig.1.Real-time digital intensity analyser

The introduction of real time analysis using digital fil-
tering techniques for the processing of signals from
two closely spaced microphones has greatly improved
the precision with which acoustic intensity measure-
ments may be performed.

A third-octave digital system is shown in Fig.1. The
signals from the two microphones are freguency ana-
lysed in parallel in real time and the sum and dmefence
of the signals for each freq y band are calcul

The difference is integrated over time and divided by
the distance between the microphones to yield the
particle velocity u, (see Fig.2). The sum and thus the
pressure corresponding to the pressure midway be-
tween the microphones, le then multiplied by parik:ba
velocity to yleld the sound intensity vector

I, in a direction given by the orlemsﬂnn of the probe
=Py

The use of the two microphone technique imposes
limitations on the useful frequency range of the mea-
suring system [1, 2, 3]. However by carefully phase-
matching the two channels and using suitable spacers,
sound Intensity measurements can be performed over
a wide frequency range with good accuracy (see Fig.3)
4, 5].

The main applications of a real-time sound ity
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Fig.3.Frequency ranges for various microphone and

spacer combinations for an accuracy in sound intensi-
ty level measurements of + 1dB

Source location

Real-time sound intensity measurements can be used

to locate nolse sources in a quick and direct manner in
to techni such as 2 | FFT or lead-

wrapping. With the Sound Intensity Analysing System

Type 3360, three approaches are available: direct

analysing system are:
1. Source location.

2. Determination of sound power of a machine or

parts of a machine.
3. Measurement of absorption coefficients.
4. Measurement of sound transmission.

Absorption coefficients and sound transmission are
dealt with by other papers in these proceedings.

ison, continuous sweep and intensity mapping.
Frorn the dlrectinnal characteristics of the probe (see
Fig.4), it can be seen that the measured sound Intensity
is a maximum when incident on the front or the rear of
the probe and a minimum when incident at right-angles
to this axis. In preliminary surveys of machines, the
sound sources might be located by pointing the probe
directly over a suspected source and comparing, on
the display unit, a measured spectrum with a stored
spectrum. The spectrum containing the greater levels
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Fig.4.Diractional characteristics of the probe

at the frequencies of Interest |a retained and compared
with another measured spectrum. Thls comparison
method only succeeds when the sources are widely
separated as the maximum of the directional charac-
terls Is very broad (the measured intensity level de-
creases by only 3dB from the maximum level at 60° off
axts). For better dafinition the probe can be continu-
ously awept over the surface of the machine with the
axis of the probe parallel to the surface. When the
minimum of the directional characteristics crosses a
source/sink boundary for any frequancy band, there is
a rapld change in brighinass on the display screen
indicating that the direction of the Intensity in that
particular band has changed.

A third possibiilty 13 to use the sound Intensity analys-
Ing systern In conjunction with & graphics plotter to
measure the sound Intensity a number of specliied
positions close to the vibrating surface and to plot the

sound power radiated by the surtace can be doter-

mined and the the varlous surfaces can be ranked In

order of importance, The advantages of the Intangity
method over the pressure method for sound powar
determinations are;

t. No restrictions upon the room where the measure-
ments are performed, provided that the sound fietd
Is stationary.

2. Meaasurements may be performed in the near field.
Near-flald measurements improve signal to noise
ratlo and require less “Iree space”™ about the source
under test,

3. In common with the sound pressurs, free-field
method, Intensity measurements have o be per-
formed on an hypothetical surface enclosing the
source of Interest, however, the Intensity method
places no restrictions on the shape and size of this
maagurement Burface.

4. Measurements are not Influenced by continuous
background noiae.

Rep tation of d Intensity data

The representation of sound intensity data depends to

a large extent on personat prefersnce. The program

developed by B&K for treatment of data measured

with the Sound Intenslty Analysing Systemn Type 3360

Includes:

1. Intensity maps (iso-intensity  contours by
Interpolation).

. Intensity mapa (numerical valuss).

. Threa dimensicnal Intensity maps.

- Summatlon of Intensity spectra and calculation of
aound power.

5. Calcutation of the Intensity vector from thres or-

thogonal measurements,

b m

When measuremenis are performed In sify {e.g. In an
aircratt or a4 motor vehicla) the system may be
powered via an Inverter and spectra can be stored on
the Digltal Cassette Recorder Type 7400 {up to 1200
third-octave or 2400 octave spectra per casgetta)
{Flg.5).

resulte In the form of an Intensity map, Such an Intanak
ty map clearly shows where energy flows out of the
surlace {l.e. a sound source) and where anergy flows
into the surface {i.e. a sound sink). Sources and sintks
can very wall appear beslde aach other on the same
machine. The reason might be that for very close mea-
surements, only a fraction of o wavelength from the
surface of a vibrator, there would net only be propa-
galing waves but also avanescent weves whase ampli-
\udes decrease exp iatly with dist: from the
source. In highly reactive sound Nelds .9. close to a
vibrator, clrculating energy would be found, that g
énargy which may leave o part of the vibrating surface
only to turn round quickly, within a wavelength and llow
back into another part of the surlface. The energy Is
then raturned through the vibrator back to the source
area, Thus Intensity maps should be Interprated with
caution.

Sound power
By summatlon of the scund Intanstty over a surface the
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Fig.5.Instrumentation used for Intensity mapping mea-
surements showing grid of measurement points
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Qrid size and position

In general one can say that the grld should be as
coarse as passible to Umit the number of measure-
ments but shoulkd be fine anough to pick out detail. If
nacassary the grid can be subdivided In regions of
speclal interest, The spatial resolution must be smaller
than the wavelengih of sound, but to avold the influ-
ance of the evanescent waves, below the critical fre-
quency, the spatlal resclution must be larger than the
wavelength of the vibrator. Moreover a space-time-
averaging must be performed, by sweeping the probe
back and forth ovar the surlace element during the
measurement time, Instead of perlorming polnt
measuremants,

The sound intensity flald within & few centimetrea of &
vibrating surface {the hydrodynamic or evanescent
near-flald) can be extramely complex [6). If one Is only
Interested In the toial sound power radiated by a sur-
tace then one should measure at laast ten centimetres
trom the surface (the “far-flald”} where the Intensity
tield Is usually much more uniform. In highly diffuse
fialds a8 lound, for exarmple, Ingtde aircrakt, a far-fleld
measurement {8 off little vatue as the measured sound
Intensity cannot be atiribuled to a single surface.

Intensily measuremenis on 8 motor & pump

asssmbly

Tha alms of these measurements were to:

1. Measure the amount of nolse radiated from the
motor and the pump respectivaly In the assembly.

2. Reduce the noise i possible.

3, Verlfy whether Intensity measurements can be used
in a highty reactive environment.

4. Determine the number of measurement points ro-
quited to give reliable results under these
conditlons.

The motar, a 20kW type operating at 1470 rpm, was
placed on top of an oll reservoir (Fig.B){7}. The pump
wae a Danfoss VPA 20, with an operating prassuta of
180 bar with 7 piatons and with a capacity of 20cm® per
revolution. Thus the naumber of pulsations was
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Fig.6.Reverberation chamber showing the motor,
pump and ol reservolr assambly, the measurement
grid and the Intensity probe mounted on a Iripod

B1.3

7x1470/60 = 171,5 per second, The use of sound
prassure measurements ta delarmine the sound power
radlated from varlous parts of the machinary were of
no avall since the nolse from the pump could not be
dissoclated from the nolse of the motor. However
sound préessura measurements did reveal that the radi-
ated sound power from the unloaded molor was ap-
proximately 85dB{A] re 1pW and that from the motor
whan coupled 1o the pump was approximalely 88 dB(A)
re 1 pW, which indicated that the pump was the cause
of the nolse problem.

A rectangutar box-shape was chosen as the enclosing
surface tor both the motor and the pump. On each of
the ateven sides (5 around the motor and § around the
pump) 25 measurement peoints were defined yleldlng
270 points In all. Eesh point represented 0.09m
around the motor and 0,01m? around the pump.

To measure the sound intensity level at the measure-
ment polnts, the probe was litted with two 1/2* phased
matched microphones and a 12mm spacer, enabling
gound intenglty measurements to be performed In the
frequency range 125Hz to 5kHz with an accuracy of
+ 1dB and up to 10kHz with an accuracy of +1 to -
4dB. The probe was mounted on a tripod and fitted
with & wind screen to reduce the effect of alrflow used
to ¢ool the motor. A linear averaging time of 85 was
used which ylelded a measuring time of 38 minutes.

It was discovered that the presence of a person moy-
Ing about in the reverberation ¢hamber affected the
maasurements. The relatively large amount ¢ absorp-
tion provided by the person In the otharwisa hard,
reverbaration chamber apparantly had considerable
gMect on the highly reactive scund fleld. Entering and
loaving the chamber to move the praobe from position
to positton was theratare necessary. Such great altar-
atlons to the sound fleld durlng measurements are not
usually encountered in practice.

Reaulis Irom motor & pump assembly

The sound power from the motor and the oil reservolr
wag found to be 2,5dB(A) higher than that from the
pump, which means \hat most nolse Is radiated from
the motar and not the pump. The concluston |s that the
struclure borne vibrationa and the pulsations from the
pump contribute tar more Lo the sound power level
than the direct airborne radlated nolse.

In additlon, the sound power was calculated Irom re-
duced numbers of maasuremant points. Despite the
fact that measurements were parformad in a highly
reactive fleld. a drastic reduction In the amount ot data
remarkably ylelded results within 1dB of the catcula-
\ion based on the full 270 polnte.

Notse reduction

Ag o resull of thess measurements, the oil reservolr
(which possessed a considerable aurlace area) was
removed from tha asgembly. A reduction in the overall
nolse level of 2.5dB(A) was oblained and subtantiated
the use of the Inlansity measurements. A further reduc-
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tion can be exp d by an Imp d design of the
coupling between the motor and the pump.

Intensity measuraments on a labeiling mechine

The alma of these measurements wera to:

1. Measure the amount of nolse generated by a label-
ling machine operating at full speed in sits In the
tapping hall of a brewery where a high lavel of
background nolsa was present

2. Verity whather at the operator's position, the sound
pressure ievel dua to the labelling machine was

below the 8BS dB(A) spacified by the manutacturer of
the machine.

The dimensions of the machine were 2,25 x 28 x
1.9m. At full speed the machine labelled 34500 bottles
per hour. Tha nolse due to the transportation of the
bottles to and trom the machine could not of course be
“switched off* [8).

The enclosing surtace was chosen to ba a rectangular
box with 24 m ent points delined on each of
the vartical sides and § defined on the top of the
enciosing surface yielding 105 points In all. With a
linear averaging time of s tha maasauring time waa 14
minutes for gathering the sound Inensity apectra. Bro-
ken botlles along the conveyor and In the machine
were common which led t¢ machina etoppages and
Increased the time for perferming the measurements
to 2 hours.

Resulte from labelling machine

The sound power determined from sound pressurg
level measurements, without any room corrections was
103.7dB(A) and from sound intensity lovel measure-
ments was 97,5dB(A). The difference between these
two values l.a. 8,2dB{A} was taken as the Incroage In
sound power tevel due 10 tha presance of the reverber-.
ant fleid. The corrected value for the sound pressure
level at the operator's position was then the measured
sound prassure level minus 6,2dB(A} which yloldad
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Fig.7.Sound intensity levels averaged over 24 mea.
surement points on the conveyor side and the opera-
ltor's sida. Hatehing Indicates that intenstty Is incident
from behind the probe at these trequenclas
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81,0dB{A) which verifled the manufacturer's specifica.
tiong for the sound pressura level at the opoarator's
position.

From the averaged spectra lor sach side of the ma-
chine, It was sean that the net flow of energy between
SkHz and 10kHz2 was towards the side where the bot-
\les entered and left the machine. This was duse to the
rattling of botties on the conveayor which praduced a lot
of high frequency nofse{Fig.?).

An Iso-intenslly map of the ovaral) Intensity tevel was
plotted for the operator's slde of the machine {Flg.8).
The numbera around the map are the intensity levels at
the perimeter points to the nearest dB. The map shows
that the highest intensity iavel Is betwesn 84dB and
85d8.
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Fig.8.5ound intensity map of the total sound Intensity
levels over 24 measurement points on the oparator's
side

Conclusions

Sound intensity maasurements provide a powertyl and
exciting tool for the acoustical or machanical enginear.
The rapidity of both measuremant and the treatmant of
the data means that less time need be spent “data

crunching™ and more time Is avallable for solving the
problem In hand.
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