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Fig.4.DIrecIIoneI characterletlce of the probe

at the Irequancles or Interest ls ratelned and compared
wlth another measured spectrum. Thls comparlson
method only succeeds when the sources are wtdely
separated as the maxlmum ol the dIractlonel charac-
terlc Is very broad (the measured Intenalty level da-
oreaeee by only SdB tram the maxlmum level at on“ all
sxls). For better dellnltlon the probe can be contlnu-
oualy swept over the surleca at the mechlne wlth the
axle ol the probe parallel to the sunaco. When the
mlnlmum ol the dlrectlonal charactertetlcs crosses a
source/san boundary tor any Irequency hand. there Is
a rapld change In brlghtnesa on the dlsplay screen
Indlcatlng that the dlrectlon ol the Intenslty In that
particular band has changed.

A Ihlrd poeelblllty Is to use the sound Intenslty analys-
Ing system In conjunctlon wtth a graphlcs plotter to
measure the sound Intenslty a number oI specllled
posltlons close to the vloratlng surtace and to plot the
results In the Iorm at an Intenslty map. Such an Intenal-
ty map clearly shows where energy llowa out at the
eurtaoe (Le. a sound source) and where energy Ilows
Into the surface (Le. a sound 8an). Sources and elnke
can very well appear beelde each other on the same
machlne. The reason mlght he that Ior very close mea-
surements. only a Iractlon ot a wavelength Irom the
surtace at a vlaralor. there would not only be propa-
gallng waves but also evanescent waves whose ampll-
Iudee decrease exponentlally wlth dlstence Irom the
source. In hlghly reactlve sound Ilelda e.g. close to s
vtoretor. clrculatlng energy would be Iound. that to
energy whlch may leave a part at the vthrstlng eurlaca
only to turn round qulctly. wlthln a wavelength and tlow
back Into another part of the aurlace. The energy Is
then rammed through the ylorstor back to the source
area. Thus Intenslly maps should be Interpreted with
cautlon.

Bound polar
By aummatlon of the sound IntensIty over a surteoe the
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sound power radlated try the surlaoe can be deter-
mlned and the the venous surtecee can be ranked In
order oI Importance. The advantages ol the Intenalty
method over the pressure method lor sound power
determlnatlons are:
I. No restrlctlons upon the room where the measure-

menta are perturmed. prevlded that the sound tletd
Is stationary.

2. Measurements may be performed In the near lleld.
Near-Ileld measurements Improve slgnaI to Itqu
ratlo and reoulre less "Iree soace' about the source
under test.

3. In common with the sound pressure. Iree-Ilald
method. lntenslty measurements have to be per-
lormed on an lvypolhetlcel sunaca enctoslng the
source at Interest, however. the Intenslty method
places no restrtetlons on the shape and elre ol thle
measurement surraca.

4. Measurements are not Influenced by contlnuous
background nolse.

Moralenhtlon at sound Intenslty data
The representatlon oI sound lntenslty data depends to
a large extent on personal preleronce. The program
developed by BAK Ior treatment oI data measured
wlth the Sound Intenslty Analysing System Type 3380
Includes:
1. Intenslty maps (Iso-Intenslty contours try

Inlerpotatlon).
2. Inlanelty maps (numerlcel values).
3. Three dlmenelonal Intensity maps.
4. Summatlon oI Intenslty spectra and calculatlon 0!

sound power.
5. calcutatlon ol the Intenslty vector Irom three or-

thogonal measurements.

when measurements are pertormed In sIIu (o.g. In an
alroralt or a motor vehlcle) the system may be
neutered vIa an Inverter and spectra can be stored on
the Dlgltal Cassette Recorder Type 7100 (up to IZOD
thlrd‘octave or 2400 octave spectre per cassette)
(Flgj).

lntsnslty
Probe

 
FIg.5.InetrurnenraIIorr used for Intensity mapng mea-
surements showing add of measurement points
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Grid sin and position
In general one can say that the grid should be as
course as possible to limit the number of measure-
ments but should be tlha enough to pick out detail. It

necessary the and can be subdivided In regions at

special Interest The spatial resolution must be smaller

than the wavelength oi sound. but to avoid the Intlu-

once at the evanescent waves. below the critical Ire-

queney. the spatial resolution must be larger than the

wavelength at the vibrator. Moreover a space-time-

sversping must be pertornted. by sweeping the probe

back and tarth over the surtsce elamenl during the
measurement time. Instead oI perlormlng point

measurements.

The sound Intensity Ileld withln a tow centimetres of a

vibrating eurtsce (the hydrodynamic or evanescent

near—tleld) can be extremely complex [a]. If one Is only

Interested In the total sound power radiated by asur-

tsca than one should measure at lasst ten centimetres
trom the aurtaoe (the ‘tar-tleld') where the Intensity

tleid ls usually much moreunltorm. In higth dlttuse
tlelds as Iound. tar example. Inside aircratt. a tar-tleld
measurement is on little value as the measured sound
Intensity cannot be attributed to a slngle aurteca.

Intensity rn remants on a motor It pump
assembly
The aims oi these rrloaeurernents were to:
I. Measure the amount ot nolse radiated tram the

motor and the pump respectively In the assembly.

2. Reduce the noise It possible.
3. Verity whether Intensity measurements can be used

In a highly reactive environment.

4. Determine the number at measurement points re-
quired to give reliable results under these

conditions.

 

The motor. a 20kw type operatan at 1470 rpm, was

placed on top at an oil reservoir (Fig.3IlTl. The pump

was a Danloss VPA 20. with an operating pressure oI

led bar with 7 pistons and wlth acapacity 0120 cm' per
revolution. Thus the number at pulsations was

knelt-Inc‘s

        

Fig.6.Reverberetion chamber enowlng the motor,

pump and oil reservoir assembly. the measurement

grld and the Intertelty probe mounted on a tripod

1x“me = t7t.,5 per second. The use at sound

pressure measurements to determine the sound power

radiated from various parts ot the machinery were oi

no avail since the holes tram the pump could not be

dissociated tram the noise oi the motor. However
sound pressure measurements did reveal that the radi-
ated sound power trom the unloaded motor was ap-

proxlmatety 85dB(A) re I pW and that Irom the motor
when coupled to the pump was approximately assent)

re t pW. which Indicated that the pump was the cause
at the noise problem.

A rectangular box-shape was chosen as the enclosing
surtace tor both the motor and the pump. On each ol

the eieven sides (5 around the motor and 8 around the
pump) 25 measurement points were datined yletdln

270 points In all. Each point represented 0.09m

around the meter and 0.01m: around the pump.

To measure the sound intensity level at the measure-

ment points. the probe was titled with two 1/2' phased

matched microphones and a 12mm spacer. enabling

sound Intensity measurements to be pertormed In the

treouency range 125M: to 5k"! with an accuracy at

1 Ida and up to With: wlth an accuracy at +1 to -

tea. The probe was mounted on a tripod and titted

with a wind screen to reduce the street at airflow used
to cool the motor. A linear averaging time at as was

used which yielded a messurlna time pl 88 minutes.

It was discovered that the presence oi a person mov-

lnp about In the reverberation chamber attected the

measurements. The relatively large amount ol absorp-

tion provided by the person In the otherwise hard,

reverberation chamber apparently had considerable

eitect on the highly reactive sound Ileld. Entering and

leaving the chamber to move the probe lrorn position

to position was tharelore necessary. Such great altar-

atlana to the sound Ileld during measurements are not

usually encountered In practice.

Results tram meter A pump assembly

The sound power from the motor and the oil reservoir
was tound to be 2.5 dBiA) higher than that from the

pump, which means that most nolse la radiated trom
the motor and not the pump. The conclusion Is that the
structure borne vibrations and the pulsations trorn the

pump contribute tar more to the sound power level

than the direct airborne radiated noise.

In addition. the sound power was calculated Irom re-
duced numbers at measurement points. Despite the
tact that measurements were parlorrnad In a highly

reactive tleld. a drastic reduction In the amount at data
remarksny yielded results within tea at the calcula-

tion based on the tull 210 points.

tteisa reduction
As a result at these measurements. the all reservoir
(which possessed a considerable aurtaoe area) was

removed train the assembly. a reduction In the overall

noise level at 2.5dBIA) was obtained and eubtantlated
the use at the Intensity Measurements. A turther reduc—



 

     
MEASUREMENTS

  lien can be expected try an Improved design oi the
coupling balween the motor and the pump.

 

  
intensity measurements on a labelling machine
The elma oi these measurements were to:
1. Measure the amount 01 noise generated try a label-

ling machine operating at lull speed In elm In the
tapping hail oi a brewery where a high level at
background noise was presenl.

2. Verity whether at the operator's position. the sound
pressure level due to the labelling machine was
below the 85 new apecliled by the manuiacturer oi
the machine.

 

  

  

   

 

   

 

   

 

The dlmenelone oi the machine were 2.25 x 2.6 x
1.9m. Al lull speed the machine labelled 34500 Dumas
per hour. The noise due to the transportation oi the
bottles to and lrom the machine could not oi course be
'ewltclleo oil" [8].

   

   
    

   

     
   

  
     

     

  

 

The enclosing surleoe was chosen to be a rectangular
box with 24 measurement points dellned on each at
the vertical sides and 3 deilned on the top oi the
enclosing ear-lace yleldlng “)5 points In all. Wllh a
linear averaging time at Be the measuring time was 14
minutes ior gathering the sound Intensity spectra. Bro~
ken bottles along the conveyor and In the machine
were common which led to machine stoppages and
Increased the time Ior pertormlng the measurements
to 2 hours.

   

Result- irom labelling machine
The sound power determined tram sound pressure
level meaaurements, without any room corrections was
window) and lrorn sound Intensity level measure-
ments was 97.5dBlA). The dliierence between these
two values I.e. B.2dB{A) was taken as the Increase In
aonnd power level due to the presence or the reverben
ant ileld. The corrected value ior lhe sound pressure
level at the eperalor's position was then the measured
sound pressure level minus 8.2dBIA) which yielded

    

 

  
   

    

    

 

    

 

  
  

FlgtLSound intensity levels averaged over 2‘ mea-
surement polnts en the conveyor side and the opera-
tor'e aide. Hatching Indicates the! Intensify Ia incident
rrom belt/lid tire probe at these irequenclee
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BLOGNA) whlcll verliled lhe manulacturer'e speculu-
tlons ior lhe eouhd preseura level at the operator's
position.

From the averaged spectre Ior each side oi the ma-
chlne, It was seen that the nel ilow oi energy between
Skit: and mum was towards the side where the bot-
tles entered end left the machine. This was due to the
rattling oi bottles on lhe conveyor which produced a lot
at high irequancy noisefFIgJ).

An Iso-Intenelly map of the overall Intensity level was
plotted ior lhe operator's side at the machine (Fig.8).
The numbere around the map are the Intensity levele at
the perimeter points to the nearest dB. The map shows
that the highest Intensity level Is between awe and
BSdB.

    

Fig.8.Sound intensity mop el the total sound intensity
levels over 2‘ meeauramani points on the operator‘s
side

Conclusions
Sound Intensity measurements provide a powerlul and
exciting tool ior the acoustical or mechanical engineer.
The rapidity oi both measurement and the treatment oi
the data means that less time need he spent 'dau
crunching" and more time Is available ior solving the
problem In hand.
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