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INTRODUCTION

The present paper describes some results from a task done Within the European research project
“PIANO” which is dealing with 150—361 Pass-by noise from tntclrs. The technical objective ofthe
task was to develop a pmcfieal and fast method to estimate sound pressure a: an arbitrary distance
from a vehicle based on test-hall measurements around tlte velucle. Such a method would enhance

indoor simulation of the pass-by rest, providing a more complete/global picture of the radiated
sound, and enabling measurements to be taken at rather short distance from the truck. The

principal frequency range for the A-weighred pass-by level is 4UOI-lz tn3kHz.
Near-field Acoustical Holography and Helmholtz‘ Integral Equation are recognised as efficient

tools for detailed mapping of acoustical radiation phenomena. A measured hologram - containing

the sound pressure amplitude and phase information over a planar surface close to the source -
allows mapping of any descriptor of the radiated sound field in three dimensions, [1-2].
Measurements are. however, required over agrid with spacing not exceeding half: wavelength at

the highest frequency of interest, and the measurement area must be sari-neuter larger tlmn the
source. These requirements lead to an enormous amount of measurement positions, which must

further be measured simultaneously to obtain consistent phase (and amplitude) infomation for the

highly transmit pass-lay simulation evi. It was ooncluded that a sparse array measurement
technique is required.

Other tasks in the PIANO project had obtained good results from the use ofineoherent point
source models of engines in cases where the modelling of direcfivity is not critical, [3]. It was

decided to investigate the possibilities of using it. similar source model for the exterior sound field
fmrn a complete truck. The sound is then assumed to be radiated through a set of openings or

aperwles in the outer sutfaoe of the truck, and each of the apertures is modelled by an array of

point sources. One of the main questions to he answered was related to the modelling of
directivity: What is the need of modelling of directional radiation from apertures on a truck, and

Can this need be met to a sufficient extent by incoherent point sources?

SPATIAL COHERENCE IN THE RADIATION FROM ATRUCK

It was decided to measure the spatial coherence of the sound field radiated through one of the most

important apertures in order to evaluate, how well an incoherent point source model represents the

Proceedings of lnlsmeiaa 93 3181

 



actual spatial coherence,

The spatial coherence in the apertures contains some information about the trend to form or not
to form narrow beams in the radiation pnttem: A very coherentaperture field Will introduce

interference pattern: in the radiated field
and possibly narrow beams if the
aperture is large compared to wavelength.
A coherence length which is small
compared to wavelength will not typically
produce narrow beams, in particular not
when the aperture distribution is created

Mcmmem Positions by sources at some distance behind the

6543210 aperture-
7 ' The aperture selected for

measurement of spatial eohemice was the
Fig. 1 Measurement pnsifians‘ usedfor openmg between the cabin and the ground

mopping afspan‘al coherence plane Just behind the right front wheel,
see Fig‘ 1 All coherence spectra were
measured from a reference position No. 0
just behind the front wheel to points 10,
20, 30, 40, 50 and 60cm behind the
reference position, Both Il3—oetave and
1f lZ-ociave coherence spectra were
measured, and both pressure signals and
particle velocity signals were used
Modelling of the aperture radiation by
volume velocity sources makes the
particle velocity coherence more relevant
than pressure coherence.

An analog particle velocity signal was
obtained from a Bd'cK Type 4437Sound
Intensity Analyzer with a Type 1547

Sound Intensity Probe. The driving
conditions of the truck was: £500 RPM,

stationary. 4L gear, 10% load.
The hilt-octave particle velocity

coherence presented as 3 contain plol in
Fig‘ 2 is defined as the squared magnitude
of the Cross-power divided by the

product of the two Auto powers. The ir-axis shows the frequency in Hz while the y-axis represents
the distance in units of 10cm When the distance is smaller than halfa wavelength. the coherence
is seen to he very high. while it is in general very small for distances larger than one wavelength.
Between these two limits there is a smooth transition For The 1f12<ietave spemra there is the
same trend, apart from the fact that primarily beiwoen 40011.: and lltHz thereare some Eroquency
bands With high coherence. even when the separation is larger dian one wavelength In this
frequency range, some essential information may he lost by the use of the broad ll3-actave
bandwidth. Below 4(JGH2 the particle velocity distributionis very coherent even in 1/3—ootave
bands. The pressure to pressure coherence showed exactly the same ms! as the velocity in
velocity coherence

Considering the ISO 352 Passehy lest for trucks, theA-weighted result has the dominating
contributions from the frequency range between 400142 and 3kHz. The coherence measurements

Right
front wheel

 

Fig 2. l/J-acrave coherence versus frequency
and distance in units Hf! 05m,
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therefore indicate that it might be feasible to use a. source model With a built-in small coherence

length. A source model based on cross spectra between elementary sources will allow an easy

exploitation of a known limit on the coherence length. We shall immigate the limiting case where

all cross powers are set to zero and only Auto-powers are used in the model. Because interference

are then avoided it becomes feesrbIe to use a microphone array spacing larger than half a

wavelength, ile, a sparse array

THE INCOHERENT APERTURE SOURCE MODELLING TECHNIQUE

The source modelling technique, that has been Implemented and tested, performs the following

rash to extrapolate measured transient sound field data to larger distances.

1) Measurement: Simultaneous acquisition of sound pressure time histories from an array of

microphones about 1 metre from the truck.

2] my Short-time averaging of ll3-octflve SPL Autospectre. 100m: time intervals With

linear averaging has been used in the present evaluation.

3} For each time interval and each ill—octave band,

solve an inverse radiation problem, fitting a source model to the mural data. The solution

makes use ofa Singular Value Decomposition (SVD) of the matrix of transfer functions.

4) Ezgtrapolat'gn‘ Calculate SPL values at selected positions using the source model

The source model is defined in the following way:

I Define a set of openings (apertures) through which sound is radiated The apertures are

assumed to radiate incoherent sound fields
. Each aperture is modelled by an army of equally excited. ineohermt outwards radiating

Huygens point sources, die ndiauon pattern of which is shown in Fig. 3.

- Ground reflection Is modelled by the use ofimage sources.

The above source model is too coarse to describe die details of the sound field close to the smiroe.

Therefore. rather than a model of the source it should be considered a model of the sound field

beyond in distance.
The fact that the model consists of only incoherent Huygens'

point sources has the following important consequences:

3) Directional beams cannot be modelled - only the bread beam

harm the Huygens source shown in Fig. 3.

b) Basically, diffraction around the truck is modelled by the

Huygens source directivity pmem at all fiequencies.

flue consequence mentioaed under item Eb) above can be avoided

to some degree by adding apertures representing the diffracted

sound fields.
1‘73 37 HuygensWmm [n the inverse problem defined under item (4) above a set of

Auto—power excitations ofthe apertures are calculated It tumed

out that a non-negativity constraint was needed in order to nvoid large negative Auto-power

imitations. A IOdH dynamic range ofsingular values was found to be a good choice.

MEASUREMENT SET-UP

Measurements were taken on the right-hand side of a SCANIA RlM LA4X2 CR19 truck in

SCANIA's large semi-anechoic lest hall, which has a lower limiting frequency around 2001-11.

Pass-by test conditions were simulated with the truck on a dynamometer, but with the rear wheels

and exhaust encapsulated. With this set-up, the front of the truck was the dominating noise source,

and thus only the front was modelled by apertures and mmured by a microphone may

Fig. 4 shows a schematic up view of the truck, the microphone array 1 metre away and a so—
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called validation rlucrophunes at 235m distance and Im above ground, The SPL is measured al
the validation positions for the same event that is measured by the array microphones. These SPL
values can be compared by SP1. values calculated from the source model showing, how well the
model is able to prediCX the propagation efthe sound field In the validation positions,

Fig 4. Top view ofrruck, array and validation microphones,

IDA front-end Type 3561.

RESULTS

Stationary conditions

The spacing in the
microphone array was 40cm, and
themayhadérowsandlé
whim-is with the lowesl row of
microphones 20m above the
ground "fire down spacing was
found to provide a suffieiley
dense spatial sampling of the
SPL patterns that can be
produced by aperture
distributions wth the observed
coherence lengths, see Fig. 2..
Different musuremmt distances
were tested, but the lm distance

was found to be the best. The
microphones were Erch Array
Microphones Type 4196, and the
data were recorded by a B&K

In order to avoid the effects of non-stationanty and a short averaging time, a series of
[measurements were first laken with idling engine (about 1000 RPM), Instead of the lOOms
averaging tune used for transient conditions, a 500m: averaging timewas used.

One aperture Four apermrer
Fig, 5 Perspective VIEW oflhnm drfi’émnl Uperlurs models

All aperture:

Fig 5‘ shows three difi'erem source models that were used to predict the SPL at the validaljun
microphone position; The first model "One" wnsrsls ofonly one small aperture positioned at the
ground plane under the enginelgearbox region The second model “Four” consists of 4 apertures at
the presumed rmstimportant radiating apertures, he at the surface of truck. The third model
"All" contains 24 apertures to model in more derail a larger number of apertures
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The comparison
bent/em muted and
ralwlated Amigtrred
SPL at the validation
positions is shown in Fig.
6 Clwly. the source

rrrodel with only one
aperture under the centre

of the vehicle predicrs too

3 4 high SPL over all

Validation posrtion validation positions except
number 6. This is
probably because the
sound radiation is mostly

centred near the surface ofthe truck, implying that an inverse distance correction should be based

on radiation positions near the surface. The SPL predicted at the validation positions by the

"Four" aperture source model confirms this hypothesis: These aperturm are at the surface nflhn

truck. and here there is a much better agreement between the measured and the predicted levels.

Only, the incoherent Huygens point source model is not able to reproduce the rather sharp

maximum in the directivin pattern at validation position number 3, This will of course also hold

true tfmore apertures are added to the source model, explaining why the "All" aperture model does

not improve very much the results as compared to the “Four” aperture model. The predictable

conclusion is that the implemented incoherent aperture model rs not state to reproduce rather sharp

maxima (or minim) in the directiviry pattern, no matter how many apertures we add to the "Model.

Such maxim (or nununa) will limit the achievable accuracy

The above observation that a point source centered under the truck car-mot model the radiated

sound field was aisn made in reference [4] based on intensity vector maps,
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Fig. 6. A-wer‘ghted SP1. or the wlrdarton chIllafls’.

Tic): mark interval an the y-etxrr.‘ MB

Transient condition (Pass-by sim.)

Here, a fast acceleration in the low 2L gmr was used in order to study the perfomranee of the

method under highly transient conditions. Besides the microphone signals. three different taehn

signals were also recorded RPM, Thrmtlo and Dynamometer The last two ofthese enable a

Pass-by simulation to be performed. A lGOms averaging time was used for the SPL wines, and

the “All” aperture set shown in Fig. 5 was used,

We shall consider a 2 see recording of a Passvhy simulation event during which the RPM

increased about 1500RPM in approximately 1.5 see. Fig, 7 contains a contour plot of the

deviation between the measured and the modelled A—weighted SPL in dB along the 6 validation

positions u a function of trme. Posrtrve values indicate overestimation. The plot shows that the

predicted A-weighted level is within tldB from the measured level over almost ail time intervals
and validation positions.

The model seems to work better in the present nun-stationary case than in the stationary ease,

in particular the deviation rs low during the fast stable RPM run—up part of the 25 event For the

stationary condition the worst case error is almost ZdB. An explanation can be that the assumption
about spauai incoherence is more realistic in the non-stationary use than in the stationary ease.

An equimlent explanation is that the interference patterns of the sound field produced in stationary

operation will be smoothed out when the RPM is continuously changing. Thus effectively the

smooth patterns that can be modelled by the incoherent source model is approached.

The deviation in the tnleldflfll l/fl-ectave bands has also been plotted for each ofthe lDGrns

averaging intervals It was general for all time intervals that show 500th the Ill-octave results
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   were within fidEr while below 630E: there were rather large errors (typically up In fidB)l1ecause

ofthe inability oldie source model to represent the beams produced bythe oohamr    
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Fig. 7 iii-Weighted modelling error in dB Versus {ime Ufidpoxr'riun,

CONCLUSIONS

  
Th: implemented method fits a source model consisting of only incoherent Huygens point sources

to a 361 of mmsured Aulo-puwar spectra Thereby, only very smooth sound field paflems ran be

modelled. For a first aceelernlion the mechnd was found in be able to predict Within approximately
:ldfl the overall Ill-weightedlevel at dismces a few merre furlher away from the truck than the

measurement array. prowded the source model is reasonably well selemsd.

For the individual li3—oclave bands, an aeeuracy better than Ed}! was achieved abave 63011;,
but below 630Hz larger errors are introduced because nflhe inability cfthe implemented source
model to reme interference and highly directive radiation. Such an ability can be introduced by
including Cross-powers between neighbouring Huygens point sources, Directional infurmnlznn can
be added to die measuranent by including Cross-power infcmlarion between the array elanenls.

The melhod swms promising, but some extensinns and improvements are needed,
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