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§§/ﬂ®ﬂﬂﬂ®[‘r‘i noise protection

Sylomer
Consists of a cellular _polyurethane

elastomer. It is used mainly for vibra-
tion isolation, shock _absorption, and

stati
cnmmmncs of e elastio ‘boaring

0 the  respective
Sopication,

Material Characteristics of
Standard Types of Sylomer

o Static load up to 80 Mp/m?
0,80 N/mm?).

o Elastic deformability up to 40% of
the mat thickness.

* Elongation at broak 250% to 500%,
depending or

Ratio of vertical to horizontal
stiffness approximately 2,5.

® Density range 200 kg/m= to 600
g/m3, depending on type.

 High dynamic load capacity.

 Outstanding resistance to oil, grease

Low influence of temperature on
slasticity from —20°C to + 70°C.

The Advantages of Elastic
Bearings with Large Surface Area

s the bearing surface

ing the full bearing area of machinery,
plants, foundations or building com-
ponents.

 Reduced speciic load on foundation.

« Transmission of dynamic forces over
whole area.

 Reduced excitation of natural vibra-
tions and_ bending vibrations in the
supported component.

+ Reduced sound radistion thanks to
“counter-drone"

« High slip resistance.

* No risk of dirt accumulation or
“noise bridges’

o Sylomer can be used like “permanent
shuttering”.

o Simple construction.

Standard Range
Sylomer material type |R 12 |R25|L 12 L 25 (M 12|M 25|S 12| S 25
Thickness (mm) i2 |25 | 12|25 |12 |25 | 12| 25
Colour of the material blue green brown black
Recommended max.
bed for vibration
isolation 0035 008 015 050

N/mm2 N/mm?2 N/mm? N/mm?2

SOLE AUSTRALIAN DISTRIBUTORS

B.K. SALES PTY. LTD.

1368 HEATHERTON RD., DANDENONG, VIC., 3175, AUSTRALIA. PHONE (03) 793 3399. TELEX 36101. FAX 784 5001

Application Examples for Sylomer
o Elastic beds for plant and machinery.

 Vibration isolation of building
foundations.

 Sound isolation inside buildings.

« Vibration isolation in railway track
construction.

Sizes Available

Sheets:
Strips:

5000 mm x 1500 mm
5000 mm long, width
according to the
specilication of our
‘customer

Other dimensions, punched sections
and special material types can be
supplied on request.
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Noise Monitor
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ACOUSTICAL CONSULTANTS

Three Consultants are required in Sydney by one
of Australia’s leading Acoustical Consulting firms.

Senior Consultant
This _position oﬂers the opportunity to work

major acoustical projects with
strong lochnical suport. The work wil. involve

The Best Instrument for . . worker Dose Evaluation
Industrial

oustics and
vioration but the opportunity to Specialise wil
pplicants should have University or
equivalert quallfications in Engineering, Physics
or Architecture and at least five years' experience
in the acoustical field at a professional level.
Consultant
Opportunity for a young enthusiastic Engineer,
Physicist or Architect to leam the practical appli-
cation of Acoustics whilst contributing to- the
success of the consulting practice. Applicants
should have professional qualifications. Experi-
ence in the field of Acoustics red.
Technical Officer
A technical officer is required as part of the
consulting team to carry out acoustical measure-
ment and analysis_and to assist with computer-

ised Training will be provided and

ach Micro 18 comes with its own NAT.A. certified
Calibration certficate. wstralian Agents:
ACOUSTIC CALIBRATION LABORATORIES Ply. Lid.
ROSELLA STREET, EAST DONCASTER, VIC. 3109
Telex AAJSI un Fax (03) 842 5730
oSN R T Lo

s
i The hs-360 Portable EE
1 Heat Stress Monitor... p

a compact, rugged, precision instrument
to monitor work place environments.

£ (03) 842 8822

utes indoor
‘and outdoor WBGT. me ‘measurement of noise & gases,
indices automati used by hygiensts and salety
cally, plus more. Gicers, s e avaloble

/é}\ Like to know more? ... contact - E

] Australian Metrosonics Pty. Ltd. i

57 Beerrn D, Burwod st Vi 3151
Prone:(03)233 5764, T 152 353 PAK (63 233 7585

e b Ry
o

the will arise to work at a profes-
sional level from time to time. Tertiary qualifica-
tions and experience in the electronics or
instrumentation flelds are required.

Contact: Mr. MURRAY

WILKINSON MURRAV GRIFFITHS

246A WILLOUGHBY nn cnows NEST, N.SW. 2065
Tel.: (02) 437 4611 — Fax: (02) 437 4393

INTERSTATE
REPRESENTATIVES
REQUIRED

1f you are an established safety or instrument
company with a knowledge or understanding
of acoustics, then we are looking for you.

CONTACT Mr. A. SHIPLEY

ACOUSTIC CALIBRATION LABORATORIES
PTY. LTD.

27 Rosella Street, East Doncaster, Vic. 3109

Tel.: (03) 8428822 Telex: AAJ5011 Fax: (03) 842 5730
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NEWS

Editorial

The papers and notes in this
issue are all on the topic of sound
intensity; the theory, measurement
and application. The principle of
determining intensity from pressure
and velocity measurements was
first published In the, form of &

atent by H, F. Olsen in 1932 (US
Batent 1803 6i4_"System respon.

intensity analysing systems also led
n increase in the amount of
research being undertaken,

Tne accompanying figure shows
the number of papers on_soun
intensity which have boen published
in English language Journals since
1973. The classification of

CLASSIFICATION OF PAPERS

sive to energy flow in sound
waves”). In the subse cades
there - were sporadic reports on

measurements of sound- intensity
using a variety of instruments but
it was not until the late 1970s that
there was a sudden increase in
interest in the direct measurement
of sound intensity. This was brought
about by the possibility of using two
closely spaced and matched pres-
sure microphones to give both the
pressure and the particle velocity
associated with the sound fiel
coupled with the avallability of
advanced computer analysing sys-
tems. The commercial production
of probes and complete sound

NUMSER OF PAPERS

N B o L
AT

papers, in torms. of theory and
application, shows that Whlle the
emphasis in the recent years has

been on the applications there are
still many aspects of the theory of
sound intensity which require inves-
tigation. It is currently just over half
the way through the period 1987-88,
yot & Substantal number of papers
have already been published. The
International Conference _on
Acoustic Intensity was held in Sen-
lis n France in 1681, Tntorest In the
topic_has continued and at the
Stcond nternational Conference in
1985, 80 papers were presented by
researchers from over 20 countries.
Most acoustics conferences now
have a_ proportion of papers on
some aspects of sound intensity.
Included in this issue of Acous-

are applications of sound intensity
measurements for investigations of
sound power of sources, insertion
losses and noise reductions.
Marion Burgess
Associate Editor

ACT
April Meeting
The April menﬂng of the ACT Group

as a tour o ational” Recording
Siios in-Canborra. Tho mogting.com:
Mencod with an Gutiino of the acoustics
aspects of the design of the complox
by Erie Taylon rom Godirey and Spow-
ers. The group were then taken to the
Various studios and contral rooms by

senior_audio _engineer
"o axplainod ne process

of audio and video prodaction

The National Recording Studios are
Canborca's” first " major | indapendent
video udlo._production complex.
The ucnmas ca(ur lor ail types of pro-
duction including:
. docnmanlar\es and corporate videos
 advertising for television and radio
« educational and audlo-visual produc-
ns

tior
 audio post-production for video
ds and radio.

tracking. rtner gave a demon
Siration.of he roplacement of @ small
art of a taped commentary with a
corrected version which had been re-
corded subsequent to the initial re-

rding.
Following tho inspection a smal group
adjourned to a nearby Turkish restaur-
o an anjeyonis and" saushing

dinner.
Marion Burgess

NSW

March Technical Meeting

On Friday, 18th March, Graham
Caldersmith, who is a violin maker

from Canberra, spoke on “Physics and

of substantial and continuing
researoh o Sho. Bhyo8 behaviour of

esign,
enennz\ scundmﬂ body has_remained
unexc 0 years, even while
more recent woodwind. nsiruments and
piano types have undergone important
developments since industrialisation.
The violin's_dramatic_ascent
Renaissance - Baroque musical expan-
sion ma have impressed Into succeed-
romantic and modern cultures a

vibrating and_sound-generatin
faristics suggest 3 special ralalonship
violin's “voice” and human

spovch/hearing characteristics which is
probably optimal

It s also hkely that traditional meth-
ods of adjusting the shape of the sepa-
rato tops and backs, and their wood
thicknesses gave the “original master”

makers useful information about_the
musical propertios o the - complete
instrument

raham provided a survey of prin-
cipal physical analyses of violin be-
haviour preceded by a_demonstration
of tradional and derived modem melr-
tining? volin lopa and backs,

was most interesting as
Well as: informative.

May Technical Meeting

Ir. Keith Davidson, of M. B. and K. J.
Davidson Piy. Lid. was the speaker at &
Technical Mesting of the New South
Walas Division of the_Sosiety, hold a

Nalonal Acoosic L atormarion.
Chatswood, on the 17th of May. 1968
The subject of the talk it Leg -
2 ow acoustic measuring lachniqu "

The use of computer logy has
give o fonsa ol e 1o e a
futbox’ processing technique of record:
analysing it
the raw

Greato any acoustic situation, whero the
actual peak value of the signal ll not
involv

A lively discussion of the role of
short Leq in relation to older methods
of acquiring and analysing _acoustical
data followed Mr. Davidson's talk and
s contributions to the discussion were
greatly appreciated by those present

AHLBORN of Holzkirchen, West Ger-
many, makers of temperature measure-
ment and control equipment, have
appointed AUSTRALIAN METROSON-
ICS Pty Ltd as exclusive agents for
m.u products in Australia and New
. For details of the range of
ALBORN products available contact
Australian Metrosonics Pty Ltd, PO Box
120, Mt Waverley, Victoria 3149. Phone:
(03) 233 5889.
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LETTERS

Dlgllal Aul‘llo 1
Caddy's paraphrasel
of Mlchael adors hong o1 Repror
was well meant: I cannot
recall who *Hutch” was, eit
result r. Not' only i ho 0o
rave injusiice (& Flandors: vorse, but
he translated “bel canto” into the wrong
language doing i
The original version, as_recorded
from a live performance of “At the
Drop of a Hat” on Pariophone PMCO
1033, went like
"With a tone eontrl at a single touch,
1 can make Caruso sound |
Then, | never did care for usic much;
Its the High Fidelity.”

Reference

1. Caddy, I Techniques in

Audio ' Equipment”, Acoustics Aus-
tralia, Vol 16 No 1, pp 20-22.

Dennis Gibbings

7 May 1988

igital Audio 2
Dennis is right in his quotation —
but s
Fandors and Swan released a mono
version of “At the Drop of a Hat", cited
by Dennis, in which that line appeared.
yler they Issued a starep racordng
called “At the Drop of a_ Hat” which

Sions comparsd with me original mono
recording.  For_exal “Mud
Mud" chorus was sung in Russian.
By this time | suspect that Hutch's
star had sunk below the horizon. (I do

ity so
and Haton was. changad 10 berl-canty
and Dutch. With both recordings to
Ghoose from | chose the latier as being

iate to Australia — Joan
Sutherland is a bel canto singer.

d corrected though in that |
should have cited “Parlophone PCSO
3001 at the end of tho arice, possibly
a unique roference i

May 1 also agmit o anather ertor in
article. | miscalculated and put the

at
sharp to E flat should
haye read A flt to G natural
news is that the
Stangaris pas votsed he moten ea
on musical and other grounds. The
notch will not be inserted in CODs.
The issue of the two records with the

same title but with minor alterations in
content reminds me
research

science jourt

non-science journal. Two papers for the

price of one?
Roy Caddy
4 June 1988

Reaction to Jaffe

has its own special vul-
gariy hmstoper Jatie ih “Appheation
of advanced electronic systems 1o col
halls and _auditoriums” _(Ac
fics Australia, Vol 16 No 1) gives an

should never be designed for n serious
music. The author mentions, Iner alls,
Shalts discovery thatth st re!le:nons
hould be from the side-walls
averhead_reflctions goes a long. wa
to explain the Tesults with
& number of buldings (such as shown
in the paper) which were designed only
on Beranoics prin iples.

all the churches and
1own ot bied % make orgon pipes

do the work of symphony orchestras —
with the resuit that there is now no

caivablo instrument and human or any
other

jan pipes stll sound like organ
pipes and loudspeakers stll sound ke

loudspeaker
Campbell Steel
13 May 1988
Ed:
Campbell Stesle's comment on
organs and Bach_ woul ect if

uld_be
his were 1959 instead of Tos. Today

any fine new  orga
Ihrodghout Australla’ Gesignod eepech
ally to play Bach's organ music.

Spankers Needed
rolo as Prosident of the Otago
Brnnc of the New Z nsitle of
Physics, | would ke
attention of Acoustical Socigly mombers
that our Branch has a small amount of
money (which can sometimes be_sup-
plemented from our Univeraty of Olago
Science  Dean's Fun bringing
Sheaers 1o moatngs i Donodi i 3
not enough to pay Trans-Tasman fares,
but can be used 1o p

n ‘the

Placas, I any aclemlsls woum be i

ested in giving

on a fairly aeneral Sonte, parioulay
n acoustics r aspect

of bullding sclence, we Would bo nter:

ested to_hear from the e if we

gould work out a sulable arrangement

for a vi

KEITH H DAWBER,

President of Otago Branch NZIP.

PO BOX 56, DUNEDIN,

17 June 1988

QLD
April and June Meetings

I Aprl 2 viit was mads to the Schoo!
of Audio Engin

eopi. atended. an gained a
valuable insight into ‘acoustics. asso-
ciated with studios.

Later that month, a visit was made
to the factory of Associated Building
Pancls ai Alderley. The Company pro-
cheon and_ visitors were
shoy manufacturing process of
perfrating panels, and were informed
about the'range of poriorated panels
availa

In June two meetin o held. The

firstone dealt with nolso assaciated with

wities and was atiended by

reund 30" beeplor Four topies word

Giscussed, these. being. () noise from
i) n

raceways, i con-
certs, indoor cricket
centres and (i) noise from pubs an
Clubs. A stimulating discussion ensued

for each of these topics.

ing was on the
topic_of “Indusma! sﬂencers and men
Design” by AP.
Silenilo and attended by about twenty

eople. Tim spoke on silencers in the
context of large industrial applications
and gave examples on how si

of large gas compressor
on, Bower” station” stacks
achieved. ave_examples o
e characteristcs of ihin” and - hick"

splters for reducing noise lovels
these meetings were held at the
promisos ol "the. Bhision "o Noisa
Abstament ‘and Alr Follion. Cortrol
and thanks them for providing
e venue and supper.
Frits Kamst

New Members
* Admissions

ve pleasure in welcoming the
following who_have boen admitted to
the grade of Subscriber wi aiting
grading by the Gounoll Standing Com:
mittee on Membership.

cT
Mr M. L. Evenett.

W. Cotterlll,
zler, Mrs S, H.
Lain, Oprya, Ms S. A
Hearar o s
New Zealand (NSW r:g:slef)
Mr Effend.
* Graded
We welcome the following new mem-
bers whose gradings have now been
approved.

Atiliate
Tasmania (Vic register)

Mr R, N. Stone.
Student

New South Wales
i F. . Woathorall,

Sublcrlb"

rtner.
New Soum Walax

J. Madry
Mambar
Victoria

Mr G. P. Benke, Dr M. Podlesak,
Mr E. D.Sceney.

Tasmania (Vic register)
Mr B. L. Doolan.

New South Wales

rston

Mar
Western Ausiralia
Mr J. D. Macpherson

ol. 16 No. 2 — 82
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Sound Intensity: The State of the Art

K.B. Ginn & J.N. Smith

Bruel & Kjaer A
2850 Naerum, Benmark

ABSTRACT: The advent in 1981 of readily available instrumentation capable of measuring sound intensity has

heralded a new era in the world of acoustics. Since that date the continuous progress in the application of the

sound. :mensw technique has been the subject ot numerous review articles and international conferences [1] (2]
present state

sity tsl:hnlquas

HISTORICAL BACKGROUND

for intensity was
describga as early as 1932 by H.F. Olson. Several attempts
were made in ensuing years to develop practical instrumen-
tation. Methods tried included two closely spaced
microphones (Clapp & Firestone 1941) and a hot-wire
anemometer with a pressure microphone (Baker 1955). The
subject was approsched wih renewed intarest in 1977 by
F.J. Fahy and J.Y. Chung who showed independently that
e sound Intsnsity funcon could be calcuiated fom the
imaginary part of the cross-spectrum function using a dual
channel FFT analyser. O. Roth in 1981 [2] showed how real-
timedigital filtering techniques could be used for the
calculation of sound intensity in standardised octave and
third octave bands. From this date onwards sound intensity
ceased being a laboratory curiosity and became a practical
tool with a large number of applications.

WHAT IS SOUND INTENSITY?

Sound intensity, or sound-energy flux density, is a vector
quantity which is in contrast to sound pressure which is a
scalar quantity. Sound intensity describes the net amount
and direction of flow of acoustic power at a given point in
space. Hence the dimensions are energy per time per area
and the units are W/mz2.

Intensity is normally presented as a level in dB with a
refarence of 1 pWims. Thisrferencs avel s chosen 5o that

for a plane wave in a free field the sound intensity level, L, is
eq ual to the sound pressure level, L, (1pW/m? s, in fact, an
approximation; by using this value there will be a small,
insignificant error.)

The plane wave propagating in a free field, mentioned
above, is an example of a purely active sound field. A stan-
ding wave is an example of a purely reactive sound field
where there is no net propagation of sound energy and
hence the sound ntensty level i zero

n these two extremes of a plane wave in a free
field and a standing wave in a tube, i host of acoustioal
shuations involving sound feds with both scifve and reac-
tive components where the sound intensity technique can
be applied to greal effect.

SOUND INTENSITY MEASUREMENTS
Generally speaking, sound intensity measurements do not,
and cannot, replace sound pressure measurements. Sound
intensity and sound pressure measurements complement
each other.

Acoustics Australia

One of the properties of sound intensity meters is that
they only measure the propagating, or active, part of the
sound field. A sound pressure meter responds to the total
sound enery, L. 1ho sum of the propagating and non-
propagating parts. The difference  betwes

prossure and sound intensity levls n a sound ekt catd
the pressure-intensity index and it has gained wide accep-
tance in the sound intensity community as an indicator for
the difficulty in obtaining accurate intensity measurements.

The pressure-intensity index is a field indicator and
reveals much about the sound field in which sound intensity
measurements are to be taken. However, even if a sound
intensity meter has been fully calibrated, sound intensity
measurements cannot be taken with confidence unti the
residual pressure-intensity index of the probe and meter has
been measured.

The residual pressure-intensity index of an intensity-
measuring system is an indicator of the phase matching of
the whole system. Good phase matching is important
because active intensity measurement involves the
messurement of a hase graclent. When no priase gradient
is detected between the two microphones, no active intensi-
1y exists, however, inoviable mintr phase miamalches bet.
ween the measurement channels cause the detection of so
called residual intensity. For a discussion of how residual in-
tensity affects sound intensity measurements, see [4].

When taking sound intensity measurements both the
pressure-intensity index spectrum of the sound field and the
residual pressure-intensity index spectrum of the measuring
system must be considered. The more diffuse a sound field
is, the greater the difference between the sound pressure
levels and sound intensity levels. It s in such diffuse fields
that the sound intensity technique can be used to maximum
effect, hence it becomes essential to know accurately the
Tesidual pressuro ntensty Index spectram of the ysem.
Furthermore, a knowledge of the residual pressure-intensity
index spectrum enables corrections to be made to the inten-
sity measurements for errors due residual intensity. These
corrections can be made in real time with the analyzer
described in (5]

SOUND INTENSITY INSTRUMENTATION
The main elements of a sound intensity measurement
system aro 8 prob, n anaiyser, a callbator, & storage
medium and some post-processing capabiity, see Fig. 1.

Vol. 16 No. 2 —
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F;y 1. Ganplte sound inanshy syston: prode, anatgzer

SOUND INTENSITY PROBES

Several probe designs are currently in use. The most com-
mon is a two-microphone probe which enables the mean
sound pressure to be calculated midway along the probe
axis and the particle velocity to be calculated by using the
finite difference approximation method. An alternative ap-
proach is based on an ultrasonic technique for measuring
particle velocity. In [3] it was demonstrated that the state of
the art design for an intensity probe is based on two ‘‘face to
face" microphones fitted with phase correctors.

INTENSITY ANALYZERS

The first dedicated intensity analyser made s debut in 1981
and was based on % octave parallel digital filters. Since
then several instrumentation manufacturers have produced
similar systems. Small, battery-operated intensity systems
first became available in 1986 in the form of a 1/1 octave
analogue filter, serial analyser. At the beginning of 1988 an
analyser was released [5] capable of measuring both active
and reactive intensity in 1/1, % and 1/12 octaves. Other
quantities related to intensity measurements such as parti-
cle velocity, mechanical power and surface intensity can be
measured by connection the requisite transducers to the
analogue inputs. The storage and post-processing require-
ments have besn buit ino the analyser el Inthe fom of a
large RAM memory and a 3%" disc drive. Software for
intonsity mapping 1 being developed 5o that the analyser
will be entirely self-contained, no computer will be
necessary.

CALIBRATOR
The calibrator is the last of the elements of an intonsty
system to be mentioned here although it is arguably the
most important. The instrument desoribed in (6] enables
intensity systems to be calibrated against simulated sound
intensity and particle velocity levels. A simplified cross-
section of the intensity coupler is shown in Fig. 2. When us-
for sound intensity and particle velocity calibrations a
pistonphone is used as the sound source (Fig. 3). When us-
ed for measuring the residual intensity and residual
pressure intensity index of the measurement system a
broad band source is employed (Fig. ). The measured
residual pressure-intensity index can be stored on a disc
and used to correct the actual intensity measurement for the
phase mismatch introduced by the instrumentation. In fact

Pistonphone
or sound source

Upper
chamber

Dummy
microphone Microphone A

(removable)

Coupling
element

Lower
chamber

871887

Vol. 16 No. 2 — 34

Fig. 2. Simpllied cross section of intensity coupler.

Fig. 3. Pistonphone placed on coupler for sound intensity ana
particle velocity callbrations.

the post-processing in the new B & K analyser Type 2133 is
fast enough to enable pressure-intensity index and correc-
tion for phase mismatch to be calculated and displayed in
real-time.

APPLICATIONS
Sound Power Determination
One of the principal applications of sound intensity
measurements is the in situ determination of sound pover
The radiated
detormined from intansity measuraments on a sutable con-
trol surface enclosing the source, since the intensity

Acoustics Australia



Fig. 4. Broadband source placed on coupler for measuring
residual intensity and residual pressure-intensity index.

describes the power passing through an area.

7

‘The integration (in practice the summation) over the con-

trol surface of the intensity component normal to the surface

will directly give the power W of the source. Some of the

advantages of using intensity rather than sound pressure

measurements for determining sound power are:

1.The method excludes any influence from steady
background noise provided there is no absorption within
the enclosed surface.

2. No anechoic or reverberation test chamhav is needed.

reflaciions can be regarded as background noise.

. Near field as well as far field measurements are accep-
table. Near field measurements improve the signal to
noise ratio and require less space, but the number of
measurement points may have to be increased due to the
sound field close to a source being rather complex.

. There is no restriction upon the control surface. Any
shape can be used.

©

IS

Source Locatiol
The second main application of sound
measurements is source location. The methot
divided into two main groups, namely source mnkmg and
intensity mapping. Source ranking is u:

lesirable to compare the sound power radiated by various
components of an engine. Both the overall sound power
level and the sound power level in different frequency bands

inlen!ily

L

Fg. 6. Contour and 3 pots of sound intensiy or a e priner
obtained with a measurement grid.

Acoustics Australia
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can be comparéd. Control surfaces are defined around the
various components of interest and the sound power of the
individual parts is determined from intensity measurements
as described earlier. As an aid to source location an inten-
sity map can be produced over the offending machine. With
suitable software, number plots, contour plots or 3-D plots
can be made of active and reactive intensity.

Fig. 5 shows how by defining small control surfaces, the
parts of the chainsaw were ranked in terms of their sound
output. Fig. 6 shows how by using a grid, contour plots and
3-D plots of sound intensity can be obtained for a commer-
cial printer.

OTHER APPLICATIONS

Many other applications are the subject of active research
including transmission loss, sound absorption and radiation
efficiency [1] [6] [8].

STANDARDIZATION

There are at present two international bodies working on the
preparation of standards for the determination of sound
power from sound intensity measurements. These are ISO
TC 43/SC WG 25 and ANSI S12-21. Both groups have pro-
duced draft standards which stress the importance of “field
indicators" (such as the pressure-intensity index, described
above) to quantify the quality of the measurement. Two fur-
ther groups from IEC and ANS respectively are engaged in
studying the requirements for the standardization of sound
intensity instrumentation and calibration.

SUMMARY
Cumplais sound intensity systems are now available inclu-
probes, analyzers and calibrators. Forthcoming stan-
ik Ao certainly accelerate the promuigation of the inten-
sity techniques which in turn will add to the growing data
ase. What does the future hold? We do not need to gaze in-
10 3 rystal bal 0 prodic that the intonsity tochnigue. il
have a long and active life in the service of acoustics.
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Prossire can be messurad casiy, i is the most commonly
measured quantiy in acoustics. The paricle velocity is estimated
from a measurement of the pressure gradient. This method rests on
the linearized Euler equation, which is the equivalent of Newton's
second law. In the direction r we have
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T

or solving for u,

op
u, sodi ®

where p s the density of .

Finite Difference approximation
The pressure gradient can be approximated by using two identical
pressure microphones.

=~ (ps—pi)/ Ar ]

The instantaneous pressure can be taken as the mean value of the
two pressure signals.

(pe + 1)
P~

©)

Ar s the separation between the two measurement points. These
‘approximations are valid provided that r is small compared o the

A bracical"sound intansty probe consists of two
closely spaced pressure microphones, allowing measurement of
both pressure and the component of the pressure gradient along a
Ine finng the enis of the ieroghones.Hence he magnice
of
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following equatior
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APPENDIX
Theory of Sound Intensity

Pressure Velocity Relation
It can be shown that in a medium without mean flow, the tensty
vector component in the direction r equals the time average

duct o s
taneous particle velocity u, at the same position.
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the particle velocity can be obtained from

g

= Pl = [(Pa*ﬂ.)/ludr](prm) @

Signal Processing

For processing the signals from the transducers, two approaches

are in current use. The digital flter approach s a direct method, by

which sound intensity is calculated in true real time in the time

domain. In the FFT approach the intensity is calculated in the fre-
Y from i jinary part of func-

tion.

L=

(ImGg / wpAr) )

‘The reactive intensity can be obtained from

I =557 (Gow=Gu) ©
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Laboratory Measurements of the Sound
Transmission Loss of Glass and Windows—
Sound Intensity versus Conventional Method

A Cops and F. Wijnants

ium voor en War

K.U. Leuven
Celestijnenlaan 200 D
3030 Leuven, Belgium

ABSTRACT: When designing buildings with a maximum of sound insulation against traffic noise it is important to
know the different sound transmission paths of the facades, which are generally complex. First of all the design of
windows, has to be improved, With the conventional measuring methods
it is only possible to measure the general sound insulation values of the complete facades, not the individual parts
separately. In this research the sound intensity technique has been used. With thi

measure different parts of building constructions separately. Research has been done on glass panels and on
practical window constructions in laboratory conditions. The reason why measurements in laboratory circumstances
have been preferred is the better accuracy and reproducibility which can be obtained with the different measuring

the weakest parts in the facade, namely the

methods.

is technique it is possible fo

1. INTRODUCTION

In recent years a new technique has been developed to measure
the sound radiation of sources and structures. This technique,
known as the sound intensity technique, has been primarily
applied to measure the noise power of sources but is used also
extensively to measure the sound transmission loss of building
structures {1-7).

In order to validate this method it is important to compare
the results with the still existing methods and eventually with
models like the Statistical Energy Analysis technique (7). In
order to increase the measuring speed, comparisons have been

fe between the faster scanning method and the slower
ﬁxed points measurements of the radiated sound intensity.
Also of great importance is the value of the pressure-intensity
index which can be due either to more or less diffuse field
conditions in the receiving room of to the special energy
vortices near strongly radiating panels (8,9]. In order to clear
this point, measurements have been done with the sound
intensity probe both at a short distance from the glass panels
and windows and at a greater distance.

‘The most important advantage of the intensity method over
the conventional two-room method is the possi
the sound transmission loss of individual parts of a facade or
a facade element separately. This procedure has been used to
measure the sound transmission loss of the main frame, the
opening frame which contains the glass panel and the glass
panel itself, of a PVC, a wooden and an aluminium window
sepalalelv and o calculatelater on the otal sound transmission

of These last values hs

2. THE TWO MICROPHONE TECHNIQUE

It is well known that the sound intensity radiated by a structure
in a direction r can be calculated from the sound pressure
measurement at two closely spaced points A and B from

{(pa+ pel/2]. (1/g) | lipa—pel/anidt W

I
or from

I = @moan {Im{Gag}/Mdf @
with:
paand pg the mlcmphcne pmssmes
Ar the microphone separat
1m(Gag) the imaginary i ofthe cross spectrum between
the two microphone signals A and B.

technique is a function of the phase difference between the
signals in the points A and B, a phase eror between both
measuring channels will cause an error in the sound intensity
level. It can be shown that the error is given by [10]:

- ik-L g0,
with: L, = 10logll + 10 ) @

L the measured pressure-intensity index, which is defined as
the

the sound intensity level
L the residual pressure-intensity index.

compared with the results obtained with the convsn(lonal
method.

This residual y index is a measure of the
bias error that may be present between the two channels of the
equipment and thus is a measure of the quality of the system.
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Table 1—
Rosidual prossure ntensity indox Ly of the messuring sound
rd tho pressursntansity index Ly
t different probe distances to 1

st objects.
Double glass panel
Glass pane 6mm thick | (1011214 mm thick
Lo | L x| Lk
abs.mat
in ni
scm [28cm| Sem | Sem [ 6em [28em
100 | 8 24 108 | 33 [ 106 | 22

2500 |17 | 123 [ 61 [ 37 [ 38 105 | 40
350 |17 | 43 [ a8 [ 26 [ 31 | 85 | 36
0 (17 [ a0 | 35| 22 4 35

5000 |17 | 38 [ 32 [ 17 [ s | 34 | 07

A possible way to determine Ly o s to apply the same signals
10 both measuring channels. Due to a phase error between the
channels a residual intensity level is measured. The difference
between this level and the measured sound pressure level is by
definition the residual pressure-ntensity index. During this
measurement the Bruel & Kjaer sound intensity analysing
system, Type 3360 has been used and an estimation of the
pressure-intensity index is given in Table 1

If the intensity is not measured in one point, but wil be
given as a mean value of N points, it can be shown that
Equation 3 will also give the error, on the mean sound intensity
level caused by the phase error, if Ly is considered as the
global pressure-ntensity index:

Lk = 10log 2104610 — 10l0g & 10110

Whereas the measured phase is pmpmmnal to the microphone
distance Ar between A and B, an increase of this distance will
result in a decrease of the rv\easuvmg error. However at higher
frequencies a larger microphone distance will cause another

he used bandwidth
he measuring time

he coherence between the two signals A and B
he phase difference between A and

3. MEASUREMENT EQUIPMENT
AND RESULTS

The laboratory facility to measure the sound transmission loss
of test objects with either the sound intensity or the conven-
tional method, as well as the complete measuring equipment
set is shown in Figure 1. The absorbing wedges surrounding
the measuring opening during the sound intensity measure-
ments were placed to optimise the sound field conditions into
the receiving room. Measurements have been done in an

staggered as shown in Figure 2. The measured glass panels
and windows were fixed as shown in this figure at a position
211 within the niche.

The two-microphone technique can be applied in two ways
1o determine the sound intensity radiated by a test object. By
fixed point measurements, the test object is subdivi
large number of equally sized areas and the sound intensity
level is measured in the centre point of these areas. When using
the scanning method, the test object is divided into a smaller
number of equal areas. The measuring probe is swept with a
speed of about 1 cmis over each of these areas during a
well-defined time. The scanned method is a faster and easier
way in obtaining results. The sound transmission loss calculated
from the sound intensity method is given by

N
R = Lpy -~ 10log {{UN) £ (i)} —

§ o
~ 62+ 10log {1+ \Sy/8V:)}

VERTICAL SECTION OF SOUND TRANSMISSION ROOMS
1|

N
-

error, namely the error due to the finite distance
111 As a consequence the microphone distance is chosen in
that way that this last error will be smaller than 1 dB in the
frequency interval 100-5000 Hz (Ar =12 mm). In order to verify
the accuracy of this probe distance, measurements with Ar =
50 mm were done. The results between 100 Hz and 1000 Hz
corresponded within 1 dB.

Another measuring error which will be shortly discussed in
relation to this two-microphone technique is the statistical error.
By taking the mean value of the sound intensity between N

w
—

9

Rooms

[=HeH=l

points,
parts, ¢ the statistical error obtained by defining the sound
intensity itself and ¢, caused by the spread of the sound
intensity between the N measuring points. If the statistical
error ¢ of a quantity is defined as the ratio of the square 00t of
the variance of this quantity o the quantity itself, one has.

) = 1)+ % (5)
exll) = [(12NBTH{1 +(1/y%ag)} + {(1y%ag) — 1} cot®pagl” (6a)

el = lvarll® INI (6b)

2 Panel or Wal
3 Loudspeaker System
4 Amplifier
5 Filter GenRad 1925
s wn ite No\se Generator BEK 1402
ophone BEK 1/2" 4134
a Smmd Imensity Probe BEK 3519
9 Sound Intensity Analysing System BEK 3360

Figure 1: Vertical section of the sound transmission rooms
together wath the equlpment used to messrs the sound
transmission loss of buiding consiructions
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L 1
Figura 2 Mountingof th test specimen on the staggared apering,
m

R = Lpi - Lp; + 10log (SIAZ) +

+101{1+ 0SBV} {1+ S8V, ]

with:

Lpy and Lp, the mean value of the sound pressure level in
iho wansmiting and receing rooms respecively

S the surface area of th

Sy and Sy the total rface rea of the ransmitting and
receiving rooms respectively

Vi and V, the volurm of the wansmitting and receiving rooms
respectivel

Agthe ahsmplmn of the receiving room

Whereas both measuring rooms have equal volumes of 87m®
the last term in this expression vanishes.

The results of the conventional sound transmission loss
of the glass panel with thickness 6 mm are

following DIN 52

with:

Lpy = the mean value of the sound pressure level in the
transmitting room

he radiated sound intensity by the ith surface

he number of the subdivided surfaces.

Ths last term in the equation is the correction for the Water-

house-effect [4,13,14]

Results obtained with the fixed points and the scanning

divided into 120 areas of equal size. The scanning method was
applied twice: once with 30 and once with 4 areas of equal
size. During all the measurements the distance of the centre
point of the intensity probe was kept constant at 5 cm from
the panel. The deviation of the measuring results obtained with
the fixed point method and those from the scanning method
are represented in Figure 3. The agreement between the results
obtained with both measuring approximations is, over the
whole frequency region, within the measuring accuracy.
Nevertheless the agreement with the fixed points method is
better if the number of scanned surfaces is rather large. In all
other measurements with the sound intensity method the
scanning approximation, with a large number of measuring
areas, is used. The sound transmission loss of a test object
can also be measured using the wellknown conventional
twooom method and is in this case calculated with the
conventional formula comected for the Waterhouse-effect
18,13,141;

R(dB)
w

o‘—?’%ﬂ@ j\ﬁrkcy%?

I S N T T R S i
125 250 500 000 2000 4000
f (H2)

Figure 3: Devation of the sound transmission foss results obtained
the scanning method from the fixed points method:
0=~ =) scanning over 4 surfaces
+ scanning over 30 surfaces

+
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compared in Figure 4 with the results of the sound intensity
method. This figure shows discrepancies of 2 dB and more
below 250 Hz and in the third octave band frequencies 1600,
2000 and 2500 Hz, wi the region around the coincidence
frequency of the glass panel. The deviations below 250 Hz can
be explained by a lack of diffusivity of the transmitting room.
Around the coincidence frequency the difference between the

clear in Table 1. This table gives the
measured pressure-ntensity index of the sound field close to
the 6 mm thick test object. At 1600, 2000 and 2500 Hz where

R (d8)
b

s 250 500 1000 2000
f (Hz)
Figure 4: Comparison of the sound transmission loss of a
6 mm thick glass panel:
x——x conventional method
o———o intensity method, distance centre of the probe
0 the measuring surface 5 cm
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301 7
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0 Lt ol v 1
125 250 500 1000 2000 4000 25 250 500 1000 2000 4000
fHz) flHz)
Figure 5: a Figure 7: is the loss of a
6 mm thick glass panel: double (4/12/10) mm glass panel:
" conventionel metbod e convantonst method
0 intensity method, distance centre of the probe 0———0 intensity memoll 44':1!00! mln of the probe
to the mel.wlmg surface 28 cm to the
he. The results

messuiog oen i sitated ot the edge of the ic
of these e shown in Figure 5. As is clear, they

R (d8)

-5 250 500 100 2000 4000

f (Hz)

Figure 6: Deviation of the sound transmission loss of the 6 mm
thick glass panel with absorbing material from the values

without absorbing material in the niche

the observed discrepancies become important, the difference.
between Lg and the csximmd resdual pressure-intensity
dex Ly o of the measuring ent becomes rather small;
ich, adcarding to formul 3, indicates that the phase eror is
important at this frequency.

In order to wifv whether this phase error is caused by the
ound field conditions in the receiving foom or by
e comploxiy of the sound fid very close 10 tho radiating
panel, sound intensity measurements are performed with the
centre of the probe at 28 cm from the radiating panel. This

Vol. 16 No. 2 — 40

are in bettter agreement Cwih the conventional method rosuls
Thm can be explained because of a smaller phase error in the
ity of the coincidence frequency with the sound intensity
casuroments, 35 s shown n Toble 1 the pressureintonsiy
index and hence the phase error is much smaller at a larger
distance of the panel, except at 100 and 125 Hz. It can be
concluded that the higher L values close to the panel are due
to the complexity of the radiating sound field. No explanation
is found for the large Ly at 100 and 125 Hz. In an attempt to
reduce this complexity of the sound field, due to standing waves
within the niche, absorbing material was placed at the edges.
in the niche of the measuring opening in the receiving roor

he sound wransmission loss of the panel was measured
using the sound intensity technique and keeping the distance
of the probe centre (o the panel constant at § cm. As shown in
Table 1, the Lx and thus the phase error is reduced. However,
the sound transmission loss of the panel has increased by 1 to
2 dB (Figure ) especially in the mid frequencies where standing
waves occur with reflecting niches and vanish with absorbing
niches. In this case a comparison with the conventional method
i not significant due to the change in niche configuration. It is
expected that the L becomes smaller, and thus the results are
more accurate, if a heavier test object is tested, because this
will have a less complicated vibrating pattern than the 6 mm
glass panel. In order to investigate this assumption, a second
series of measurements was performed on a double glass panel
composed of two panes with thicknesses 4 mm and 10 m
Which ara seperated by a 12 mm ai space. The criical
frequencies of the panes are 3050 Hz and 1220 Hz respectively.

Acoustics Australia



The results of the measurements of the sound transmission
loss using the conventional and the sound intensity method,
with the probe close to the surface, are shown in Figure 7.The
dev-amns bulween the results are generally less than for the
m pane measurements. The reason is that, for all the
Ilequenc\es, except near the coincidence frequency of the
10 mm pane, the pressure-intensity index of the sound field
near the objecl is much smaller than Ly and therefore the
phase error on the intensity results is rather small. It can be
noticed that the coincidence dip of the 10 mm panel is not
observed with the intensity method, which can be explained
by the higher Ly at these frequencies (Table 1). As seen from
Table 1, Ly becomes maximal at the critical frequency of the
10 mm glass pane. This can be explained by the fact that
during the measurements the double glass panel was placed
with the 10 mm pane facing the receiving room. A second
intensity mapping was done, with the panel tumed amund
4 mm pane faced the receiving room. Again the
Tesults matchod those obtaned wih the conventonal method
and therefore are not shown here. Now the maximum values
of the pressure-intensity index were found at 2000 Hz, 2500 Hz
and 3150 Hz, which corresponds with the critical frequency
region of this 4 mm pane (Table 1).
in Figure 8 the results of the sound transmission loss at the
same double panel obtained with the intensity method, with
the probe centre at 28 cm, are compared with those of the
conventional method. Now the agreement between the results

L o e e e S L R S o
x
- P
7 NS
W IQ/H N\
- N *
r 4
N
LA
/
2
L&
A
20+
0+
o L
15 250 500 1000 2000 4000
f(Hz)
Figure 8: Comparison of the sound transmission loss of a
daublel‘/!)/lﬂlmmgtasspane/‘
nventional method

e intemsity methoe, distance cenire of th probe
to the measuring surface 28 cm
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is very good over the whole frequency region and the pressure-
intensity index has decreased to such a low level that the
phase error is negligible.

The most important advantage of the sound intensity me(hnd
compared with the conventional one is the possibility
measure the STL of individual parts of a facade dement
separately. This procedure has been followed to measure the
sound transmission loss of the main frame, the opening frame
which contains the glass panel and the glass panel itself.
Measurements have been done on three different windows: a

. a wooden and an aluminium window containing a 6 mm
thick glass panel. The main frame and the opening frame are
subdivided in eight equal surfaces and the radiated sound
intensity level is obtained by scanning over a well-defined
time. The glass panel is subdivided in at least 30 equal parts
and the same scanning time per surface is used. The measure-
ments have been done with the centre point of the intensity
probe at 5 cm from the measuring object. Figure 9 represents
the STL results obtained for the three different parts of the
PVC window. Over the whole frequency region the main frame
and the opening frame give better results than those of the
glass panel. It is amazing that in the coincidence frequency
region of the glass panel the STL values of the frames also
have a tendency to drop. This is, expecially for the opening
frame, due 10 the strong connection with the glass panel. Also
in this figure the overall calculated STL of the window is
presented.

SO

R (dB)

Lt
000 4000

£ (Hz)

L S Y T N
3 250 500 1000
Figure 9: Sound transmission oss of the PYC-window obi
with theintensy mathod (obe disance 5 ik
o-

™ vpelmw rame
2 glass panel
o et T s
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Figure 1 Comparisan of the sourd rrsission kas of he

o intaly method, ditance f the cant o he rote
the measuring object 5.

In Figue |u the overall STL obtained with the intensity
m ompared with the conventional method results.
Also measurements with the inensty (ochnique have boen
executed with the centre of the probe at a distance of 28 cm
from the window. At this distance only the total STL can be
measured. As before the results between the intensity and the
conventional method are in better agreement than with the
short distance measurements. The results obtained in the
‘wooden and the aluminium windows show the same tendency.
This is the reason why these figures are not included within
the text. It can be concluded that with the intensity method
itis possible to measure different parts of composed structures
separately. This is only possible with the centre of the intensity
probe at short distances to the measuring object. Nevertheless
the overall results show some small discrepancies compared
with the conventional method especially for strong radiating
objects. It is expected that with less radiating surfaces the
agreement between both measuring methods will be. still
better.

4. CONCLUSIONS

The accuracy and the validity of sound transmission loss
‘measurements with the sound intensity technique depends on
the difference between the measured pressure-intensity index
Ly and the residual pressure-intensity index Ly o, which is a
‘measure of the bias error of the equipment. From Equation 3
it is clear that for smal differences the measuring accuracy is

Vol 16 No. 2 — 42

bad. If the diff larger than — 7 dB an accuracy better
than 1 dB is obtained. Since Ly o is determined by the phase-
matching of the system it can be controlled by adjustment of
the microphone spacing o The lucnw(y near the sunace of

amount ving
100m, on the adiaton b pattern of the measurng oBject nd on
the standing waves within the niche as is clearly shown with
the experiments on the 6 mm thick glass panel.

If the sound transmission loss of the measuring object is
higher and, as a consequence, the radiating pattern of the
surface is less complicated, these inconveniences are less
important as shown in the experiments with the double glass
panel with thickness (10/12/4) mm.

The intensity technique is especially valuable to measure the
STL of individual parts of composed building constructions
like windows or other constructions. This gives the possibility
1o detect the weakest parts in the constructions and to redesign
them.

(Received 8 September 1987)
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Determination of the Insertion Losses of
Acoustic Laggings by Intensity Measurements

K.P. Byrne

School of Mechanical and Industrial Engineering

The University of New South Wales
P.0. Box
Kensington NSW 2033

ABSTRACT: The development of  rig which was used with acoustic intensity measurements to experimentally
determine the insertion losses produced by typical industrial acoustic laggings is described. The experiments
were designed to test the validity of theoretical predictions of the insertion losses. It is shown how flanking
transmission in the rig had to be controlled to allow meaningful measurements to be made.

INTRODUCTION
Acoustic laggings are used to inhibit the transmission of the
sound radiated from vibrating surfaces such as those of
ducts, pipes and machines. The basic components of
acoustic laggi porous layers,

air spaces. The porous layers are often fibreglass or iners
wool blankets and the impervious barriers are often metal
cladding sheets or loaded plastic sheets. Sometimes *‘darm-
ping layers” are attached o the impervious barriers o the
vibrating surface. Frequently, laggings consist of nothing
more than a blanket of a porous material which is laid over
the vibrating surface and then covered with a metal cladding
sheet. However, more complex laggings which incorporate
several porous layers and several impervious barriers are
also used.

The transmission of sound through plane multi-layer
structures has been studied for many years, (1] to [3]. Much
of this work has been directed towards understanding and
predicting sound transmission through building elements
such as double wall partitions. Surprisingly, there has been
very lttle interest in studying the performance of acoustic
laggings despie thelr widesoread industil use. The
Australian Electrical Research Board

example, a metal plate, and those of the base structure plus
lagging. The sound reduction indices of an acoustic con-
struction are usually measured by mounting the construc-
tion between two special purpose rooms, one of which con-
tains a noise source, and measuring the sound pressures in
the rooms. The University of New South Wales does not
possess such facilities and a specially constructed rig was
used. The important features of the basic rig are shown in
Figure 1. The lagging was supported on a grid of fine tension-
ed wires which were located approximately 20mm above the

point and sponsored a research project which was P
towards improving the understanding of how acoustic lagg-
ings, particularly those of the type used in the power genera-
tion industry, function. The work, which was carried out in

TENSIONED
WIRE GRID

the School of Mechanical and Industrial
University of New South Wales, involved both a theoretical
and an experimental component. The purpose of the ex-
perimental component was to verify the accuracy of the
theoretical predictions. Details of the theoretical work are
given in reference [4] along with comparisons between
predicted and experimental results. An outine of the
development of the rig used for the experimental work is
given in this paper.

THE EXPERIMENTAL RIG

A method of measuring the insertion losses of an acoustic
lagging in various frequency bands involves the measure-
ment of the sound reduction indices of a base structure, for

Acoustics Australia
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Figure 1: Initial rig configuration.
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base plate. This arangement was adopted to avoid the
mechanical excitation of the fagging by the vibrating base
plate. It is possible, in principle at least, to determine with
such a rig, the insertion losses produced by a lagging by
measuring the sound pressures in the room containing the
rig with and without the lagging present. However, it is
necessary to achieve a situation in which the bulk of the
acoustic power flow into the room is through the base plate
or the lagging when it is present. It was suspected that this
situation could not be achieved when the lagging was pre-
sent, as flanking transmission through the side walls of the
ig would be important. In view of this suspicion, which was
subsequently confirmed, it was decided 1o try to overcome
the problem by using intensity measurements to determine

50mm of high density mineral wool and 0.7mm thick sheets
of flat galvanised steel. The rig in this configuration is subse-
quently referred o as the “final rig configuration”” and was
as shown in Figure 2.

the space averaged acoustic nisnafy radialed from the
base plate and the lagging. The:
ity measurements would alow the Inserton 1058 produced
by the lagging to be determined. Several workers [5] — [7]
have described how intensity measurements can be used to
measure the transmission losses of panels and so some
basis for measuring the insertion losses in this way was
available. The acoustic intensity measurements were made
a B &K Sound Intensity Probe Type 3519 and a B & K
Dual Channel | Anelyser Type 202. The probe wesftled wilh
%" micro paced 12mm apart which, under
reasonable 6. would allow measuroments o be
mad from 80 Hz fo 5000 Hz. The nariow band imensity
measurements made with this system were processed wi
a HP 3008 computer 10 give s octave band |nlensny
measurements. A discussion of this type of measurement
system is glven by Ginn and Upton (6. Acousic inensity
were made at 100 locations

BASE
PLATE

TENSIONED
WIRE GRID

0581

SPEAKER
~

SAND

uniformly distributed over a circular area 1000mm in
diameter above the base plate or the lagging. The intensity
probe was located normal to and 200mm from the surface of
interest. These 100 measurements were averaged to give
the final result. Similar processing was also applied to deter-
mine the space averaged % octave sound pressures at the
probe.

The 2380mm diameter base plate was made of 6mm thick
steel plate. This material and thickness were chosen as they
are representative of plates used in many ducts in thermal
power plant. The critical (vequency for 6mm steel plate is ap-

2. Ath the

Velocity of floxural waves n ths thickness plae |
than the velocity of sound in air at ambient conditions. The
base piate was hted 1o & heay rolled angle Aing whih was
attached to the top of the inner corrugated ion tank shown
in Figure 1. This inner tank, which was approximately
2230mm in diameter and 1600mm deep, contained four box
mounted 275 watt speakers which were driven by band
limited random noise. This system was used to acoustically
excite the base plate. The transmission of sound from the
walls of this inner tank was inhibited by placing itin an outer
tank and filing the caviy between tho twotenks wilh sand.
The tg n this configuraton s subsscuenily referrd to a2
the imtalig configuration”anei hown in Figure 1.

Unfortunately, f was found that flanking ransmiseion was
a problem with the initial rig configuration. Even with a sim-
ple lagging there apparently was, in some frequency bands,
a nett flow of acoustic energy into the lagging from the
region above t. The intensity probe was used to locate the
sources of the contaminating acoustic energy and it was
found that this acoustic energy came from the annular gap
between the tops of the inner and outer tanks and the outer
surface of the outer tank. It was decided in view of this and
the possible ambient noise problem to enclose the intensity
probe in a lined chamber and to lag the outer tank with

grealer

Vol 16 No. 2 — 44

Figure 2: Final rig configuration.

TYPICAL RESULTS

Results with Initial rig configuration
The results of measurements made to establish the inser-
tion loss of a “typical” lagging with the test rig in its initial
configuration as shown in Figure 1 are plotted in Figures 3
and 4. The typical lagging was formed of a 20mm airspace,

g

INTENSITY LEVEL

°

(4B re 1077 w/m?)

SOUND

L e & |
6 FTRT i3 K
1/3 OCTAVE BAND CENTRE FREQUEMCY (Hz)

re 3: Space averaged sound intensity measurements wi
initil rig configuration. — Bare plate. — With “typical” lagging.
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Figure 4: Space averaged sound pressure m
niial rig configuration. — Bare plate. — With
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Figuro 5: Prodicted and measured ¥ octave band insetion osses
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for 1 surec vaes with e

rig
fam m3eured

md
[ Assaciated with negatie intonsiy wih 1ag9ed plate.

a 50mm fibreglass blanket with a flow resistivity of 17,600
Rayls/m and a 0.81mm thick aluminium sheet. The insertion
losses derived from the space averaged intensity
measurements plotted in Figure 3 and those from the space
averaged pressure measurements plotted in Figure 4 are
plotted in Figure 5. The theoretically predicted insertion
lossas derved by th thecry descrbed i reerence (4] are
he “negative" intensities in some Y octave

Senca os shomn n Figure 3 reveal the shortcomings of the
fig. The negative intensity can be interpreted as a flow of
acoustic energy into the lagging from the region above it.
The insertion loss measurements derived from acoustic

ressure measurements, although not showing this gross
error, obviously do not agree well with the predicted result.

Results with final rig configuration

The results corresponding to those shown in Figures 3 to 5
are shown in Figures 6 to 8 for the rig in the final configura-
tion. The features of the rig in the final configuration are
shown in Figure 2.
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Figure 6: Space averaged sound intensity measurements with final
ig configuration. — Bare plate. — With “typical” lagging.
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Figure 8: Predicted and measured > octave band insertion osse:

for “typica” lagging. Measurad values with final g conliguration
rived from measured intensities.

— Derived from measured pressures.
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COMMENTS OF THE RESULTS
Itis well known that it is difficult to make reliable acoustic in-
tensity measurements in an acoustic field which is highly
reactive or contains a significant diffuse field component. it
can be seen, with reference to Figures 3 and 4 that in the
400 Hz 1 octave band the sound pressure level was 60dB
and the sound intensity level was 44dB giving a Reactivity
Index of 16dB. The sound pressure level and the sound in-
{onsty lovel wero 5648 and 400B respoctively in o 500 Hz
¥ octave band and so the Reactivity Index was 18dB. It was
decided, in view of these high Reactivity Index values, that
the iniial rig shown in Figure 1 would need modification to
reduce the Reactivity Index of the sound field in which the
intensity probe operated. The initial rig was modified to pro-
duce the fielrg shown in Figure 2. t can be seen fom
Figures 6 and 7 that the Reactivity Indices in the 400 ar

Hz 45 octave bands were reduced to 308 g8 aresul 01
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for Studying the Effects of Bounding Surfaces on the Radiated
Sound Power of Sound Sources
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ABSTRACT: Sound intensity measurement techniques are utilised to demonstrate that bounding surfaces can
affect the radiated sound power of sound sources at frequencies where the distance, d, from the acoustic centre
of the source to the refiecting plane is less than the corresponding acoustic wavelength, ). Theoretical upper
fimits based on a constant volume source mode) for the vsnarlom in radiated sound power indicate that if the
alarge

faces, or at the intersection of three lerge flat reflecting pg e radiated sound power is - 3, - 6, or
respectively greater than what it wouid be in free space. These values are in addition to the wall known directhty
factor. In practice, the general trend s for the i be than

volume model because the effects on nor-perfect refections from the bounding surfaces willredce the effect of
the image source. These observations are very important for engineering noise control — they are generally not
well understood by noise control engineers and are therefore often overlooked when estimating noise radiation

levels from sound sources.

1. INTRODUCTION
It is a common assumption in most noise control texts that
the radiated sound power of a source is constant, irres-
pective of the source location within the environment
However, for certain types of sources, the close proximity of
tigid reflecting surfaces can significantly increase the sound
power radiated at low frequencies. Practically, this means
that sources situated close to rigid boundaries such as
walls, floors and comers may produce sound pressure
than for free-fi i

exceed specified noise criteria. The assumption of a con-
stant power sound source is based upon the approximation
that the acoustic radiation impedance of a source in a free-
field remains the same when the source is relocated in some
environment other than a free-field. This is not always the
case and, often for vibrating and radiating structures, a
better approximation is to assume that the sources are con-
stant volume sources, i.e. the motion of the vibrating surface
is unaffected by the acoustic radiation load, implying an
infinite internal impedance. Bies! discusses the effects of
variations in acoustic radiation impedance on the sound
paver o varous types of sound sources.

is paper reviews the theoretical concepts associated
with e dforon sound power models (constant power
sources, constant volume sources and constant pressure
sources) and reports on some experiments that have been
conducted using a custom-buit portable, sound intensity
measurement system to analyse the effects of bounding
reflecting surfaces on the radiated sound power of a small
domestic vacuum cleaner motor and a pneumatic hand drill
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2. THEORETICAL CONCEPTS

Most industiial noise sources are mounted on a ground
plane or in close proximity 1o it. In the far-field, they can
often be approximated as single point sources. The effects
of the ground plane have to be accounted for though. These
effects are particularly pronounced when the sound source
is less than one acoustic wavelength ( ) from the ground
plane. The analysis which follows is not to be confused with
the concept of directivity which the reader might be familiar
with. The directional effects of floors, intersecting walls, cor-
ners, etc. on the sound radiation characteristics of an omni-
directional noise source are well known and documented.
This section relates to a point which is often omitted in the
literature on noise control engineering — that the radiated
‘sound power of a source can be affected by rigid, reflecting
planes.

Consider the case of a monopole near a rigid, reflecting,
ground plane. At some point in the far-ield, the sound
pressure will be the sum of two sound waves — i.e. a direct
and a reflected wave. The reflected wave can be modelled
by an image monopole below the reflecting surface. The
problem thus reduces to that of two interfering monopoles.
In practice, the ground plane will have some finite refiection
coefficient (not all the sound will be necessarily reflected)
and there will be some finite phase difference between the
two waves. If, as an upper limit, one assumes that the
ground plane is a hard reflecting surface, then the reflection
coefficient is unity and the phase difference between the two
waves is zero. The problem thus reduces 1o two in-phase
monopoles of equal source strength (a dipole is modelled as
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two out-of- pnase monopoles of equal source strength).
The ined velocity potential at the observer position
(some poln" X. in space) can be oeived fom the
monopole velocity potential, &, with the source strength
Qy(t) and Qz{t) being of equal slvenqvh and phase. It is?

P
¢
w0
4nr
where Q, is the peak value of Iha velucny polemlal tis me
radial dlsl nce, B is the
wavenumber and d is the dlstance 'Nm (hS al:nus(ll: cemre
of the source to the ground plane. When d << , kd <<
and the above equation simplifies to

20,
- 2

am

2cos (kd cos6) , 1

Equation 2 is simply double the far-field velocity potential
for a monopole sound source! The hard, reflecting ground
plane has resulted in a doubling of the velocity potential
#hch intum prodices 2 fourkld ncreese in the sound in-
tensity. There is only a twofold increase n the radisted

cause the intensity or eds to be in-
tegrated over half space (the other half T hateg by the rigid
ground plane). The sound intensity is?

and the radiated sound power is

-
P K'p,c
= et = SN Pt

The interesting result to come out of this limit analysis is
that the radiated sound power of the monopole has been
doubled. This is essentially because while the r.m.s.
strength, Q.. and the surface vibrational velocity of the
source have ot changed (from when it is radiating into free
space) the refleciing plans hs produced a doubing of the
velocity potential and the acoustic pressure. So, instea

having a constant sound power, the source has a pieerid
volume velocity. These concepts of constant volume veloci-
ty sources as opposed to the more commonly referred to
constant power sources are discussed from an engineering
noise control point of view in this paper. They can be regard-
ed as an upper limit — in practice the effects on non-perfect
refsclons from the ground plano wil reduce the efect of
the image source. Norton? discusses a more rigorous
Inalysls for the effects of a refiecting plane on a monopole.

Now, for a simple omni-directional sound source,

4nd'1

n

where | is the sound intensity, r is e distance from the
source, and Q is the directivity factor (note that Q is not a
sourca strongh here). For a constant power source, Il = Ilo
1; hence, as Q increases, p,y,? and | increase.

i for argumen(. the source were a constant pressure
S0UrCe, Py,? = @ constant and as Q increases Il would
ase. The concept of a constant pressure source is a
theoretical one and, as will become. evident shortly, it

represents the lower limit of variations in radiated sound
power. If the source were a constant volume source, Il would
increase as Q increases; thus an increase in p,y,? and lis a
function of both Q and Il

From the preceding discussion it can be seen that for a
constant power source, the effect of the ground refiector is
10 fold the sound field back on o itself; for a constant volume
source, in addition to this, the pressure is doubled. By con-
sidering velocity potentials and analysing the problem from
fundamentals, it is evident that instead of a twofold increase
in intensity (as would be expected if a directivity factor of two
was allocated to the batfled source) there is an additional
factor to be accounted for — the radiated sound power of
the source has increased! The velocity potential (and hence

the acoustic pressure) everywhere has now doubled. Thus,
for a constant volume source, Il = Il,Q and equation 5
becomes
2
1
-0 6
i
By taking logarithms on both sides
- 2 2
L, = Ly + 10105, Q" - 10Tog éne’ . 7

Based on the arguments presented in the preceding
paragraphs, in principle, three sound power models can be
postulated: constant power; constant volume; and, constant
pressure. The effects of source position on these sound
power models are summarised in Table 1. From the table it
can be seen thatfa sound source s madslled ss  constant

wer source, the position does not affect its
Faciatod soursd power; & saund source is modelled 85 &
constant volume source, reflecting surfaces increase the
radiated sound power of the source; if a sound source is

modelled as a constant pressure source, reflecting surfaces
Gecrozse the radisied stund pawer of the source. The cone:
tant volume model is a conservative model and represents
an upper limit. In reality, most practical sources fall
somewhere in between the constant power model and the
constant volume model — i.e. hard reflecting surfaces do
have an effect on the sound power radiated by the source at
frequencies where the distance, d, from the acoustic centre
of the source to the reflecting surface is smaller than the
acoustic wavelength (d << ). As mentioned in the in-
troduction, constant power and constant volume sources
can be thought of in terms of acoustic radiation impedances:
the widely used constant power source model is based upon

Variations in radiated sound power for

TABLE 1 different sound power models
Source ~Directivity  Sound power model
Position Const. Const.
power vooms pressure
a U=l =1 I=i/a
Freespace 1(+0dB)  Ilo o 1l
Centre of a
large flat
surface 2(+308) Mo 21lp(+3dB) Ily2(-348)
Intersection
of two
large flat
sufaces  4(+6d8)  llo 4l (+6B) Ilya (~6dB)
Intersection
of three
large flat
sufaces  B(+9dB)  llo  Bllp(+9dB) IlyB (-9 dB)
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the approximation that the acoustic radiation impedance of
asource in a free-field remains the same when the source is
relocated close to reflecting surfaces, whereas the constant
volume source model accounts for the fact that the motion
of many vibrating surfaces (machine covers, engine blocks,
small motors, pumps, etc.) is unaffected by the acoustic
radiation load, implying an infinite internal impedance. The
constant pressure source model is only a theoretical con-
cept, representing a lower limit. There is some discussion

after the signal processing stage to allow for tape recording
or digital analysis; (i) external octave or one-third-octave
it end (v) trus meer-squsre avereging and inmediste
isplay of the overall axial sound intensity vector. The term
SRt rafre o he droalion which s coinest with o8 w0
microphone membranes.

‘The two microphone output voltages, V and Vs, are ap-
plied to the individual inputs into the unit where they are
mulied b ther regpocive calbration conaarts Lo. a1
o gain in each

amongst that certain ic noise
sources can be modelled as constant pressure sources
(Bies'), but this point needs to be quantified.

The experiments reported on in this paper, using sound
intensity measurement techniques, llustrate that the
radiated sound power of a small domestic vacuum cleaner
motor and a pneumatic hand drill is dependent upon the en-
vironment. When the distance, d, from the acoustic centre of
the source to the reflecting piane is less than the acoustic
wavelength, A , the radiated sound power is not constant,
The general trend is for the increases to be somewhat less
than that predicted by the constant volume model. Typical
increases in radiated sound power for sound sources posi
tioned in a comer, over the corresponding free-field values,
are of the order of 6-8 0B at those dominant source frequen-
cies where d << .

3. DETERMINATION OF SOUND POWER
USING THE SOUND INTENSITY
TECHNIQU

3.1 General comments
The principle of sound intensity (and sound power)
measurement using the two microphone technique is well
established and will therefore only be briefly outlined here.
Progress in the application of sound intensity techniques to
noise control engineering can be found in a recent paper by
Malng.

The sound power, I, of a noise source can be approx-
imated by a finite sum of the form

"3

where |, is the average normal sound intensity component
over the surface area AS,. This o usualy achieved by
dividing the imaginary into smaller di

and measuring the normal ot ntensity at a ixed posiion
on these smaller surfaces. The sound intensity is then given

by the sum of Equation 8. An alternative, is to sweep the -

sound intensity probe over a larger representative surface
area. The sound intensity is thus averaged during the
sweeping process. The multiplication of the average normal
sound intensity by the swept surface area results in the
radiated sound power through tha reprasentalie suriace

The sweep technique was used to determine the
Tadisted sound powsr I this investigation.

3.2 The custom-built signal processing unit

Radiated sound power estimates, using the sound intensity
technique, can be obtained practically via an.logue or
digital techniques. The custom-built signal processing unit
used in this work is an analogue one. The processing unit is
small, portable, relatively inexpensive and easy to construct.
The basis of the processing unit is a quarter-square
multiplier configuration. Some of the prerequisites for this
unit were that it should include: (i) the setting of the calibra-
tion constants for the two microphones; (ii) analog outputs
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channel can be set to the particular cotirato consiansaf
the microphone by using an internal reference source. At
this stage, both microphone signals are also ac-coupled and
lowpass fitred. This process s ahisved by using matcx
oadband amplifiers with individual variable gains in
con]unchnn with matched low-pass filters. This section of
the circuit has less than 1.5° phase variation between both
channels in the frequency range 100 Hz — 12.8 kHz. The
difference between the two pressure signals is then fed into
an integrator stage. A considerable amount of time was
spent in optimising the integrator. The final version which is
installed in the signal processing unit has a gain accuracy
which is better than 0.1 dB, and a phase which is accurate to
within 29 in the frequency range 100 Hz — 12.8 kHz. The
signal from the integrator is fed separately into a sum and
difference amplifier. In the sum amplifier, the sum of the two
microphone pressures is added to the integrating amplifier
output signal. In the difference ampiifier, the sum of the two
microphone pressures is subtracted from the integrating
amplifier output signal. The sum and difference amplifiers in
the signal processor unit have a gain error of less than 0.06
dB, and the relative phase difference between them is less
than 10 in the frequency range 100 Hz — 12.8 kHz. It should
be pointed out that the error values given in the preceding
paragraph are the worst case values. These worst case
values occur at the high frequency end of the operating
range for all the components with the exception of the in-
tegrator. The low frequency phase error for the sum and dif-
ference ampliiers and the fiters is approximately +0.10.
These points are verified with the accurate resuits obtained
diring the calitration procedure which was conducted n &
standing wave tube (see section 3.3 and T
The signal analysis required to evaluate the sound inensi
ty component , in terms of the signals I; and I, from the sec-
ond set of sum and difference amplfiers is quite straightfor-
ward. The output from the final summing amplifier is given
by

1= f(p,m At 6,0+ ) 9
and the output from the final difference amplifier is given by
L= I(p,m PO (.04 p0) 10

In practice, the signals are usually stationary and the ex-
pected square values of Equations 9 and 10 can be time-
averaged and subtracted from each other. Denoting the
time-averaged value by an verbar, the process vields,

Eea o0+ o0 [0 . 1

Hence, from the two microphone definition of sound intensi-
ty, the sound intensity vector component in the x-direction is
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The mean square value of a signal can also be evaluated

by the area under the auto spectrum of the signal. Thus, bet-
ween the frequencies f; and f;,

I"[c“(n 0],

8p Ax

|

where Gys(f) and Gz,(f) are the one-sided auto spectra of Iy(t)
and It respectively.

3.3 System calibration

A Bruel & Kiaer (B & K) type 3519 sound intensity probe
system was used. This system can be used with 6.35 mm
diameter type 4135 microphones or 12.7 mm diameter type
4165 microphones. The microphones are arranged in a
face-to-face configuration, separated by a plastic spacer of
either 6 mm or 12 mm for the 6.35 mm micrphones and 12
mm or 50 mm for the 12.7 mm microphones. The probe
microphones are calibrated using a B & K pistonphone type
4220. The calibration constants are then set on the sound in-
tensity signal processing unit. This minimises any error due
o gain differences between the two microphones. Both the
12 mm spacing/6.35 mm microphone and the 50 mm spac-
ing/12.7 mm microphone configurations were used in the
experiments reported on here, to extend the useful frequen-
cy range, as recommended by Gade®.

‘The complete sound intensity measurement system was
calibrated in a pipe with a standing sound wave (with a stan-
ding wave ratio of - 3-17 dB). The sound intensity of a plane

ing wave in a pipe can be estimated by measuring the
minimum and maximum mean square pressure along the
pipe. [t can be shown® that using these two values, the
sound intensity can be calculated from

where |, is the sound intensity in the axial direction and pc is
the characteristic impedance. A horizontally suspended
steel pipe 3.050 m long with an inside diameter of 203 mm
was used for this purpose. A loudspeaker was fixed at one
end, whilst the other end was left open. The first higher
order acoustic cut-off frequency was calculated to be at 940
Hz. Sinusoidal excitation was applied o the loudspeaker
below the first acoustic cut-off frequency at 480 Hz, 547 Hz,
716 Hz, 775 Hz and 836 Hz. The frequencies used for the
sinusoidal excitation were in close proximity to the organ
pipe mode frequencies. Using a 1 mlong extension rod, the
sound intensity probe was inserted into the pipe to deter-
mine the minimum and maximum sound pressure level for
each particular excitation frequency. Equation 14 was then
used to determine the sound intensity. The sound intensity
was also measured with the sound intensity probe and the
signal processing unit. The results of both methods are sum-
marised in Table 2.

it should be pointed out, that the outputs I; and I from the
signal processing unit were fed into a two-channel spectrum
analyser, where the sound intensities from the two auto
spectra Gi, and Gz, and Equation (14) were evaluated. The
results in Table 2 are very encouraging with the largest
discrepancy being only 1.3 dB at 547 Hz, all other
measurements being within 1 dB. This is particularly so
because such a sound field is purely reactive, and it is well
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TABLE 2
Sound inf measurements in a pipe with
sinusoldan excitation of organ pips modes

Frequency I(using eqn 14) I, (S.1. system)
(Hz) (d8) (dB)
480 955 95
547 8.5 878
716 953 956
775 975 97.8
83 9.1 98.0

known that differential phase shifts in the microphone chan-
nels lead to an overestimation of sound intensity in highly
reactive fields.

The residual reactivity index, L,,, (Gades discusses
reactivity indices in some detail) of the complete sound
intensity system (12.7 mm microphones & 50 mm spacer)
was estimated to be —13.1 dB at 250 Hz and - 17.0 dB at
500 Hz. The reactivity indices, L, of the test sources were
typically - 3.5 dB at 250 Hz and - 2.3 dB at 500 Hz. Hence,
the low fraqusncy dynamic capabiy of thesystem s weln
excess of the recommended 7 df

As a further qualitative (BSL sound pressure level
measurements were obtained at distances of 350 mm, 700
mm and 1400 mm from the acoustic centres of the sources.
In each case, there was a clear decrease in sound pressure
level (- 3-5 dB) with each doubling of distance, indicating
that the field was not highly reactive. Also, the experimental
results obtained with the custom-built signal processing unit
compared very favourably with similar experimental results
obtained with a Data Precision DATA 6000 digital signal
analyser (using the cross-spectral technique) the only phase
error present in the latter case being the phase error
associated with the B&K sound intensity probe.

4 EXPEHIMENTAL CONSIDERATIONS
mall domestic

motor and a preumatic hand crl) wers chosen for the
experimental measurements because their compact size,
output noise spectra and lack of strong directionality meant
that they could reasonably be approximated as monopole
sound sources at low frequencies.

und power measurements were first made for the
vacuum cleaner motor. For this machine, the major noise
sources are the electric motor itself, suction fan noise and
vibration and structure borne noise radiated by the plastic
casing. It has been shown in the theoretical section of this
paper and in other recent investigations (for example Zhao
and Zheng®) that the increase in radiated sound power
caused by bounding surfaces is significant only at
frequencies where d << .. For a practical source placed in
contact with a flor or the junclon of interseciing surfacs,
the dimension d is the effective radius of the course. This
dimension is approximately 85 mm for the vacuum cleaner
motor, and a sound wave with this wavelength corresponds
to a frequency of - 4 kHz. Increases in radiated sound
power would therefore only be expected at frequencies
somewhat less than -1 kHz for the vacuum cleaner motor
section. From the sound pressure level spectrum in Figure 1
(uncalibrated sound pressure level scale relative to 2 x 105
Pa) it was observed that the noise output peaked at - 2800
Hz, but that identifiable components existed at frequencies
as low as 800 Hz. This suggests that the overall radiated
sound power of the vacuum cleaner motor should ot be
affected by the bounding surfaces — i.e. only the sound
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‘Sound Pressuze Level

Vacoun Cesner Moios

Pacumatic Hand Dill

Frequency () 12.000

Figure 1: Sound pressure level spectra of the vacuum cleaner
tor and the pneumatic hand drill
(relative units, dB re 2 x 105 Pa)

wor sssocisled whth frequency components less than
- 1kHz should be affected.

A small pneumalm hand dril was chosen as the second
source because of ts very small size and the ability to adjust
the running speed 1o give a noise output with high sound
Jovels a low fraquencies. A primery pesk of - 350 Hz was
selected with a number of strong harmonics falling in the
frequency range of ntercat, Issulung in a noise source with
distinctly diferent spectral characteristics to those of the
vacuum cleaner motor. This is clearly evident from the
second saund presaure loval spectrum, which in siso

were conducted in a large room which provided an
environment in which the sound field was not diffuse for the
types of sound sources used. Four source measurement
locations were used within the room, these being: () the
source suspended by a boom 1600 mm above the tiled
linoleumn floor; i) on the floor in the centre of the room; i) at
the Junetln ofthe flor and a laser coatad ick wal nd
(iv)ina

Sound intensity measurements wore made using a cublc
surface enclosing the source. The sweep technique was
used to scan the sound intensity probe over the
measurement surfaces with an extension arm and a hand
grip whilst the microphone signals were being sampled and
analysed. A cube with 515 mm sides was selected to define
the surface over which me sounﬂ intensity was measured,
and the total radiated sound power was determined by
summing the contibutonsfo el he cube faces which wers
not coincident with a reflecting plane. The cube dimension
was chosen such that the source could be kept at some
distance from any one messurement faco (and henco fom
the probe), as recommended by Rasmussen 7 and Wu and
Crotkere, Six scan ines per suface were used. fesuliog in

a characteristic sampling length, 1,, of nearly 85 mi
dimension () s small compered 15 both the clstance lmm
the acoustic centre of the source to the scan surface, and ar
acousic wavelengih in the requency range of nterést, This
reltes to the accuracy of spprosimating the true surlace
integral by a number of discrete measurements and is
discussod in some detal by Pope,

Care was taken during the experimental program to use a
constant and consistent a scanning speed as possible to
improve the precision for han t scanning, as
recommended by Bockhoff¢. In addition, a slow sweep rate
was used so that at least two samples were taken per scan,
and a total of 50 averaged samples were taken for each
surface. Due to the airflow generated by both appliances, a
spherical windshield was used with the sound intensity

robe. The effect of a windshield is to reduce the accuracy
o the individual sound intensity measurements. However, it

e .

aopmxvmalely %40 men, This conesponds 1o &n acoustl
wave with a frequency of - 8.6 kHz, implying that increases
in radiated sound power could be-expected at frequencies
below - 2kHz. Here, since the dominant frequencies in the
sound pressure spectrum are less than 2 kHz, the overall
radiated sound power of the hand dill should be affected by
the bounding surfaces.

has b Y that this effect
cancels for_relative measurements made under similar
condltons. Thus. tho diferences bstween the sound power
radiated for a source in ce and in contact with
various relecting surfaces (6.0. & cormen can be ussd with
confidence.

It is a recognized fact that reflections due to microphone
clie, extension arms and w0 an can casse enors n the

An important concerning the

wers radiated in the various measurement locations is to
ensure that other factors do not alter the running condition
of the source over the time period required for the
experiments. In the case of the electric vacuum cleaner
motor, no significant fluctuations in input electrical power or
operational efficiency would be expected to occur as all
messurements wero taken Conseculvely ance the motar

had been ‘warmed up’ to a steady state. For the pneumatic
hand drill a large constant pressure air supply was used,
and the control valve used to regulate the running speed
was securely taped to prevent accidental adjustment of the
setting. It may be concluded therefore that any variation in
radiated sound power that did occur was due to the effect of
the nearby reflecting surfaces, and that no other sound
power variations occurred.

The sound power radiated by the two experimental
sources was determined using the sound_intensity

ont system discussed earle I his paper. Sgnal

igitsation. sampling and data processing were porl
with a Data Precision DATA 6000 digital analyser oroled
by an HP-86 microcomputer. Experimental measurements

of sound intensity. However, the B & K so
intensity probe and extonsion have. boen. designed o
minimize such errors. Similarly, it might be expected that
the reflecting surfaces (i.e. walls and floor) could cause

measurement errors when the sound intensity probe is in
close_proximity to them dunng a scanning process.
Investigations conducted by and Huynh'' and
Th Troe'sindicate that for & << (.5, low k),
the errors associated with such reflections are insigificant.
Parameter limits of 0.1 kAr =1.3and 0 = Arir 50.5 are
suggested for a “worst-case” design with a maximum
inaccuracy of + 1.5dB (k = w/c is the wavenumber, Ar is
the microphone separation, and r is the distance between
the source and the measurement point). The system used in
the experiments reported on here is well within these
operational guidelines.

5. DgﬁgSSION OF RESULTS AND

The experimental results for the radiated sound power of the
domestic vacuum cleaner motor and the pneumatic hand
drill are presented in Figures 2, 3 and 4. Narrowband (100
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Figure 4: Relative overall radiated sound power levels
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‘preumatic hand dill(PD) for different source locations.
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WIF — difference between wallfioor intersection and free space

values; C — difference between comer and free space values).

Hz frequency bands) and overall sound power
measurements were obtained. The results in Figures 2 and
3 are relative radiated sound power levels (dB differences
between the different locations and the free space value) for
the narrow band measurements at low frequencies where
d <<) .. the results are presented in 100 Hz frequency
bands with center frequencies ranging from 250 Hz to 950
Hz. The significant Inreases in radiated sound power for
the different locations are clearly suits
prasonted in Figuros 2 and 3 cloarly hrate thar the

radiated sound power of a sound source is dependent upon
its environment when the distance, d, from the acoustic
centre of the soua 1 the reﬁsmiw plane is less than the
acoustic wavelen i.e. reflecting surfaces can affect
the sound power chavac(ens(u;s of a sound source. The
resuns presented in Figure 4 are relative overall radiated
wer measurements (dI differences between
e mnerem locations and the free space
The overall sound power radiated by the vacuum
cleaner motar 1 not . aftected by the bounding,
reflecting surfaces, whereas th und  power
radiated by the pneumatic hand drill is. This is because the
dominant source frequencies for the former (see Figure 1)
are greater than - 2 kHz — i.e. in the regi 3
whilst the dominant source frequencies for the latter (see
Figure 1) are less than -2kHz — i.e. in the region where
d<<h .

The results in Figure 2 demonstrala that increases in low
frequency narrowband radiated sound power are observed
aven though he dominant source of Sound (s a1 a much
higher frequency (see Figure 1). However, because one is
measuring sound pressuro lsvels ha are some 15.dB below
the peak level at - 2800 Hz one would expect the errors in
the measurement system to De larger due to a lower signal
to noise ratio. The negative dB differences of - 1.5 dB that
were recorded in some frequency bands are probably a
consequence of this. What is clear is that whilst the
reflecting surfaces do not have an effect on the overall
radiated sound power (Figure 4), they do have a noticeable
effect on the radiated sound power in the low frequency
bands.

The resuts in Figure 3 perisin to 8 sltuallon whero the
dominant source und is within the low frequency
reglon. The poaks ai 350 Hz, 450 Hz, 750 Hz and 850

respond, in general terms, with the maxima in the sound
preseure level specta (Figure 1. and he reflecting surfaces
do have a distinct effect on the overall radiated sound power
(Figure 4).

wo main conclusions come out of this study. Firstly,
reflecting, bounding surfaces do indeed affect the radiated
sound power of sound sources at frequencies where the
distance, d, from the acoustic centre of the source to the
reflecting plane s less than the acoustic wavelength, A
Theoretical upper limits, based on a constant volume source
model, for the variations in radiated sound power indicate
that if the source is located at the centre of a large flat
reflecting surface, or at the intersection of two large flat
reflecting surfaces, or at the intersection of three large flat
reflecting surfaces, the radiated sound power is -3, - 6 or
-9 dB respectively greater than what it would be in free
space. Secondy in pracice, the general trend is for the
increases to be somewhat less than that predicted by the
constapt volume model bacauso the effects on norperfect
reflections from the bounding surfaces will reduce the effect
of the image source.

on in this paper,
valy important for engineering noise control - they are
generally not well understood by noise control engineers
and are therefore often overlooked when estimating noise
radiation levels from sound sources.
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Some Experiences with
Sound Intensity Measurements

Joseph Lai and Marion Burgess

Department of Mechanical Engineering

University College, University of New South Wales
Australian Defence Force Academy

A.C.T. 2600

ABSTRACT: Sound intensity methods in a normal environment are compared with standrd laboratory methods for
the measurement of (a) sound power from a small hand dril, (b) sound transmission loss of a wall.

1. INTRODUCTION was of the order of 10 dB which agrees with most measure-
The Australian Defence Force Academy, incorporating a  ments reported to date.
University College of the University of New South Wales, ~ Good agreement has been obtained between determinations

received its first intake of students in 1986. In the following  of the sound power of sources fom measurements of the
year, an extensive range of items of equipment for use in the  sound pressure level over a hemisphere in a free field (anechoic
acoustic_facilities within the Department of Mechanical room) and from sound intensity measurements in a normal
Engineering were purchased and the anechoic room com-  environment (a room of volume 85 m?® with a reverberation
missioned (Lai, 1987). This equipment included a Bruel & Kjaer  time of 0.8 sec at 500 Hz). The comparisons for a small hand-
Dual Channel FFT Analyser, type 2032, with a sound intensity ~ drill can be seen on Figure 1. For the juxtaposition measure-
probe, type 3519 and a dedicated micro-computer. Over the ~ ments a B&K reference sound source, type 4205, was used in
last year experience with the use of the sound intensity system  the anechoic room. As the motor in the hand dill sets up
has been obtained in a number of areas. This note outlines  air circulation, the measurements at the low frequencies
some of the findings associated with the measurement without a windscreen led to very high values. The measure-
techniques. ments with the windscreen indicate suppression of the effects

of the mean i flow.
2 SOUND POWER
3. ACOUSTIC PROPERTIES OF
nl saund power from machinery and other noise sources BUILDING MATERIALS
does not have to be made in a special acoustic environment,  Measurements of sound intensity can be used for determination
such as an anechoic room. The sound power is determined  of the sound transmission loss (STL) of building materials. The
directly from the measurement of the sound intensity normal  STL is defined as:
10 a surface forming an hypothetical enclosure for the source.
The sources of erfor associated with the measurements of STL = 10log (W;/W,) U]
sound intensity have been given by Gade (1 9&5). Basically the  \where W, s the incident sound power
lower frequency limit is related to the phase mismatch of the W, is the radiated sound power
microphance and the uppar frequency i determined by
the finite difference used in the d f the r
relationship between the particle velocity and the pressure at v
the two microphones.

In theory, for measurements of the sound power of a source, (.,
the effect of external noise should be negligible s any sound  (g8)
which passes into the enclosing surface through one area will 20 8
pass out through another. n practice there s a lmit 1o this
external
over a surface enclosing no sound ‘source. The extemal noise 70
was provided by a loudspeaker source having a sound power © sustaposition
of 89 dB. The apparent sound power of the nonexistent source Sound ety /8" mic)
range from —78.4 to 77.8 dB. The results, similar to those of g0 & & with windscreen

o ]

T T T T

+ Anecnoic (20-point) B

iemann et al uexs) indicate an external noise suppression
of around 10 d8 for the sound intensity system used. A °
simplified model, developed to examine the sensmmy ofthe ol I L L L L L

¥ without windscreen

‘apparent power measured to the error, ¢, associated with the 125250 500 K 2k 4K 8Kk 16K
intensity measurement showed that for low values of ¢ the Frequency (Hz)

noise suppression changed lapidly, e.g.for e from 010 +0.5dB

the noise suppression ranged from >50 dB to 20 dB (Lai and

Dombek,1987). For an error ¢, ot £1.dB, the noise suppression

Acoustics Australia Vol. 16 No. 2 — 55




A direct measure of the sound power radiated by the
partition can be determined from the sound intensity measure-
ments on the receiving side of the test wall. The incident
sound power is determined from measurements of sound
pressure in the source room. The conventional methods for

STL are based on he sound
pressure levels in reverberant source and receiving rooms.

10 agree with those obtained using the conventional methods
i traditional testing facilities (e.g. Cops, Minten and Mynke,
1987). The errors and limitations associated with such measure-
ments have been investigated by van Zyl, Erasmus and
Anderson (1987).

There have been few reports in the literature of field measure-
ments of transmission loss where it would seem that the use
of sound intensity for a direct measurement of the transmitted
sound power would reduce some of the problems inherent in

The field transmission loss values obtained for one of the
test walls are shown on Figure 2. Only the data for which the
difference between the piessure and intensity levels was
within an acceptable range is plotied. The agreement with
published data for a similar construction can be seen from this
figure.

4. CONCLUSIONS

Experiences with a sound intensity system have indicated that
sound power data can be obtained with a minimum of effort.
However it is important that the inherent errors and limitations
of the system are appreciated at the time of the measurements.
The pressureimensity diffronce provides a good indication

such that

!m “lhe sound mtenéiy are not fikely o bo. obianed. An
examination of the narrow band data can also indicate problem
areas, hence the advantage of an FFT anlysis system over a
real time

field loss by the
‘methods. One of the difficulties has been that while the probes
are relatively small and compact, the analysing equipment and
associated computers have been bulky and somewhat difficult
to move around. Nielsen (1986) has reported on field measure-
ments made at the Building Research Establishment with a
battery operated anal

ent experiences by the authors with measurements of the
field transmission loss of some walls in a building highlighted
some of the practical considerations necessary. Some of the
walls 10 be tested comprised the facade of the building. It was
considered that the area surrounding the building would be an
ideal receiving space as it would be non-everberant. Back-
ground noise was a potential problem and as the walls were
likely to have a high noise reduction the measurements were
made at times when the ambient noise was minimur.

‘The first results indicated large amounts of negative intensity
indicating that the sound energy was travelling into the wall,
not out from itl It soon became apparent that the fluctuations
of the wind, which was less than 5m per sec, were having a
significant effect on the results even though the windshield
was used. As it was impossible to continue with the measure-

constructed from a lightweight timber framework, 1.2 m wide
by 22 m high, clad with fbregless and 2 tin cloth coveing
With these screens in pos bout 1 m either side of the
163 of wal 10 bo scanned, he effoct of wind fluctuations was
minkmiec,

some of the one-third octave bands of interest, the
ifomance setwoon 1 sound pressure levels and the sound
censity levels was high (of the order of 15 dB) which indicated
that the accuracy of the intensity measurements was limited.
An examination of the narrow band data for these frequency
ranges showed that there were significant amounts of negative
intensity. This most likely resulted from the effects of flanking
wansmission from elements of the construction other than
those under test. A procedure for minimising the limitations to
the use of sound intensity measurements arising from flanking
transmission by adjusting the absorption in the receiving space
has been examined by van Zyl and Erasmus (1987)

Vol. 16 No. 2 — 56

Future areas for investigation will include studies of the
radiation pattems of vibrating objects and further work on
investigations of the acoustic properties of building materials
both inside an anechoic room and under field conditions.

(Received 26 April 1988)
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The Influence of Background Noise on Sound
Power Determination by Measuring Sound
Intensity in Different Environments

N. Tandon
ITMMEC, Indian Institute of Technology
New Delhi 110016 India

ABSTRACT: The effect of

is investigated. The scanning method of measurement is used in an ordinary room and in an acoustic chamber. The
results indicate that the sound power can be determined accurately even if the background noise level is higher than

the source level, in both the rooms.
for an accuracy of 11 dB in the sound power levels.

5 dB higl

1. INTRODUCTION

One of the advantages of determining sound power of sound
sources by sound intensity measurements is that the measure-
ments can be performed even in the presence of steady back-
ground noise. The measurements are conducted with the probe

Before determining the sound power of the reference source,

without speaker was determined six times in each room to
study the reproducibility of the measurements. The results of
these measurements are given in Table 1. As seen in the table

held normal to a hypothetical surface, called
enclosing the source and assuming that there is no sound
absorption within this surface, so that the background noise
entering the surface is equal to the noise leaving the surface.
So it is even possible to perform measurements when the
extraneous noise levels are higher than the source levels. But
in practice limitations are imposed by the dynamic range of
the instruments, sound field distribution and the measurement
distance from the source [1 resent work is aimed at
investigating the extent of the influence of the background

sound power obtained from sound intensity. The
Toasurements ware porformed in two different anronents
of an ordinary room (96 m? volume) and an acoustically damped
r00m (66 m? volume) whose walls and ceiling have been treated

with sound absorbing materials (3). The sound absorption _

coefficient for the acoustic room varies between 0.83 and 0.91
in the frequency range of 125 Hz to 8 kHz. The average
reverberation time of the ordinary room is 0.93, 1.06, 1.07 and
1.01 sec. at 250, 500, 1k and 2k Hz respectively.

2. EXPERIMENT

Al the intensity measurements have been performed over a
1 metre cubical box shape control surface enclosing a reference
sound source (SS). A speaker used as a source of producing
background noise was placed at a distance of 1.5 m from one
edge of the base of the control surface box. Sound intensity
was measured normal to the five surfaces of the box using a
face to face intensity probe with 12 mm spacer, a dual channel
FFT and a desk top computer. A random noise signal was fed
10 the speaker through a power amplifier. Sound intensity was
measured by sweeping (scanning method) the probe manually
with an approximate speed of 0.3 mis and with the distance
between sweeps being 20 cm (approx.). The data were stored
in the computer and the sound power determined in the
frequency range 125 to 5k Hz.

Acoustics Australia

qu was obtained in both the rooms,
with a lower standard deviation for the acoustic chamber.

The sound power obtained without the speaker in each room
is taken as the reference sound power of the source. The
difference between the background and the source noise, AL,
is defined as

ALy = Logy — Less

where Lp gy is the sound pressure level of the speaker, fed with
a random noise signal, measured at the base edge of the
control surface box, facing the speaker and Lpgs is the
sound pressure level of the reference source at the same point.
ALp levels of ~10, —5, 0, 10, 15 and 20 dB were used for
obtaining sound power of the source in both the rooms. The
difference in the sound power levels of the source obtained
with the background noise and the sound power level of the
source without background noise (speaker off) is denoted as
Aly = Lugn+rs — Lups

Table 1—
ility of
No. | _Sound Power Measured, dB
Ordinary room | Acoustic chamber
1 796 796
2 795 795
3 797 795
4 797 795
5 77 795
6 797 796
Standar
devation, o, 0076 0.047
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Figure 1: Influence of the dilference of background and source
noise level, AL on the accuracy of sound power

3. RESULTS AND DISCUSSION

The values of AL, obtained for both the rooms are plotted
against AL, in Figure 1. Itis seen that the error in sound power
determined, rises rapidly when AL, > 10 dB in the ordinary
room. In the acoustic chamber AL,, becomes negative and
then again positive. Bockhoff (2] also reports AL, becoming
negative in the free field conditions after certain AL, levels
indicating that the measured power levels with background
noise become lower than the sound power of the source. The
results obtained indicate that sound power can not be
determined accurately if AL, is higher than about 10 dB.
AL levels of approx. 5 dB are acceptable for + 1 dB accuracy
in sound power, for both the rooms. This means that sound
power can be determined by sound intensity technique even if
the background sound pressure level is higher than that of the
o

urce.
Figure 2 shows the average reactivity, the difference between
the measured value for pressure (Lp) and intensity (L), around

Figure 2: Reactivity vs background and source
., Alp.

the control surface for different values of ALp. As expected,
the accuracy of sound power determination in Figure 1 suffers
with increasing value of reactivity. The speed of the sweep was.
kept constant throughout the measurements whereas it should
be slower for high values of reactivity. So probably better
results fie. higher levels of ALp being acceptable) can be
expected if the scanning speed is slower for higher ALp levels.
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FREQUENCY ANALYSIS
R. B. Randall

Bruel & Kiaer Publication, 1987,
344 pp. Price $60.

The newly published thi
B&K's frequency analysis
both signal analysis,
as one channel analysis, and syst
analysis, often called
sis. ~Rather

diional msuncuon between anaiog and
digita the _author,

Finan, relors 1o sty between
analysis performed using FFT (fast four-
for_iransformation) and -
q filters, where digital filter-
ing 15 only’ egarded s aparicular
case of the latter.

dition of

What characterises this book is its
balance between in

understand manner, and examples of
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applications ranging from the _elect
acoustic 1o the machine diagnostic
fields.

n it the reader will find all necessary
definitions from the simplest, such as
power spectral density and averaging
process, to more elaborate ones sucl
as“impulse_response, cross-correlation
or frequency response. Less straight
forward analysis (such as the analysis of
short or long transients o the analysis

s
e
28
88
1

appropriate. Examples cover reciproca
iing machin cycle analysis, fast or slow
run-up and coastdown, and speec
analysis.

technigues,
wransform and

such as_Hilbert

tude demodulation in the diagnostics of
rolling_element bearing faulls, as well
as phase demodulation for analysis of

torsional  vibration reciprocating
machines, are illustrated. The various
applicalicns of Cepstrum analysis for
echo_removal, o eflcting
properties of o

8

deconvolution is also  men-
many_original examples of
measurements, this book contains an
extensive bibliography. It can be used
r, by use of its very
complete_index, as a reference book.
The “aulhor, Bob  Randall ater
application engineer in
Signal analysis and machine diagnostics
years in Bruel & Kiaer, is now
appointed as Senior Lecturer in Mech-
anical Engineering at the University of
lew South Wales, Sydney, Australia.
Joelle Courrech
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NEW PRODUCTS

Echotech
Tec Smart Meter
The Tec Smart Meter is a predictive

n while under operating conditions.
By cnnimuuus or periodic monitoring of
vibration,

pasno i e
operion “baseline”, readings, develop-

oblems can be detected. With
infs agvanced eatly warning of develop-
ing machinery problems, dramatic_im-
provements can be made in mainten-

the routo_scanning
survey functions, the SMART METER
displays and stores complete signatures
for on-the-spot trouble shooting or for
fault diagnostics/root cause analysis
back at the host computer. The features
include selectable FFT resolution from
100 lines up to 1600 lines, making it
especially useful for analysi
complex  machine trains. With  this
gxpanded capabily, TEC offers a Plot

imly It areas.
e SNAFT METER can bo omployed
a_useful teaching apparatus for

rs a 16 bit 8086 micro-

spurious data rejection, and the ability
to measure phase which enables the
dynamic balancing of rotating mach-
inery.
(Surther Intormation:  Echoteoh _Ply
6/22 Bridge St, Eltham, Vic 3095
T 5222).

Bruel & Kjaer

Software for Machine Fault Diagnosis
Bruel & Kizer Type 7616 Application
Software s designed to help

tenance engineer co-ordinate the vibra-
tion monitoring. actiities of ‘a mainton-

ters in ord

meters. The Ty
between 30 _diferent
metes por machine

three-dimensional

plot
(shoming oo Voration Inosse ot Sov.

eral spectra_simultaneously) and per-
forming a trend analysis of vibration
e, the maintenance engineer can
schodule. maintenan advance of
prodicted breakdown, 1 also possible
to make trends in any combination of
process_paramat
o The e 7616, runs on the 18M T

can be limi
of indvidual members

of the mainten-
The routines for the day-

to-day collection of data are designed
to be used by any membev of the team.
New Sound Intensi

Sound. mtonstty Probe Tupe 3545 is a
lightweight  two-microphone probe  for
measuring sound intensity in the fre-

aioecal
telescopic rod for
holding Ihe

iso be fited 1o
Remoto Gonlrol ZH 0354, which sarvices
all measurement and control functions.
Extension cables are available to enable
measurements to be_performed up_to
100 ~metres from analyser. The
dual preampifer s connected 10 ihe tip

! the Remote Conlrol Unit via an 18-

lug, which both allows signals to

Base oty 1o ks andysor and Gariss

Bre “polarisation voliage for the micTo:
ones.

Complete calibration of sound inten-
sty measurement systars which use the
Type 3545 can be_conveniently m:
wun Sound ‘intonsity Calibrator Type

rmits_simultar

Shivly ad.uumem of both ch:
ressirer pTHEIS velor
lows deter-

the analyser (in pi

mination of
Intensity I

Sound Intensity Calibrator
Bruel & Kjaer's new Sound Intensity
Calibrator Type 3541 enables users to
calibrae fully their intensity-measuring

ve passing along the
aXis of ihe. micropnone. probe:

ype 3541 is supplied with a cali- -
bration chart which states the levels of
sound _intensity and

particle “velocity which. ar6 1. be g
tected n the coupler. Cortection erms
for the calibration levels condi-

tions are different to the originzl calibra-
iven on ration
insiructions for

ether
using the Type 3541.

In"addiion 1o the calibraions, Type
3541 can be used t e resi-
dual pressuro-intansity Indox spoctra of
intensity-measuring_equipment. This is
important if_the equipment is to be

accurately. Residual _pressure-
intensity index Specira are measured by
coupler and a broad-band

S
Fully Automated Monitoring Syste
1°a Klar introduce tho answer o
machint-sondon monlioring, the fully
automatic_monitoring
package Type W1 oT15. The
system combines the security of a
manently nstalled broadband monior-
ing scheme with the powerful detection
parison

monitoring,
Al signal channels, up 10 @ maximum of
512, are monitored via a Type 2505
ipurpose_Monitor which com
their overal ibration ovol against tree
preset limits. Any violation_of - thes:
limit wil rigger alarms via Trip Relay

X WB 0376 _and, it necessary, shut
own’the, machine.

‘e spectrum comparison _system
monitors each channel sequentiaily. It
roduces a proporional-band

m " of ‘machines

vibration levels for Comparisan vith-a

ning time c:

squares  extrapolation can _ then

made, sivng a bre

0 “danger” fimit will b ex:
e form of 3 rand snalyss.

Eoriher. Information: - Braey & Kjaer

ust, 24 Topko Road, Terrey Hills, NSW
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NEW_PRODUCTS

Envelope Analysis
the key 1o rolling-slement bearing
diagnosi

unosmu Jautts in_roling-olement
bearing: o latest
Fation- analysls natnumenaton
from Bruel & Kjaer. By combining Vibra-
tion Analyzer Type 5415 with Envelopo
WB 1048, envelope analysis can
b ively used to identity and diag-
Pose Seariny faute,
Envelope Detector WB 1048 containg
bandpass fiter and
R rec”gainrangas.
bypassed during_analysis. The st
ment is housed in a splash-proof alu-
minlum box and wll ¢ ito e of the
ckets of the leather case of the
Vlbmlon Analyzer Type 2515. Use of
the Envelope Detector adds yet another
dimension o the batery-operated Type
2515, making it the most powerful,
ablg fautdetection and -dlagnostic ool
on the market today.

Metrosonics

RSZS M-Iim

1C. unnounces avail-
lhll\ry n( (he Modal dt-435 rans-
lator that enables the compznyt noise

and industrial hy: = Toggers 1o
ln!lﬂacl to an

or m nframe cnmpuiers i
tal rs:arders and m
o 435 gives users of tho Metro-

331 Universal Data_logger, db-653
Metroreader and Int 5000 ser
Toxic Dosimeter ihe naxrbnny ul
writing _their ~own _pr

analyang and ‘vchiving cesapational
xposure data, and the opportunity to

utilise computers not_currently - sup-
e

d rate,

si e proper
communication  with the  receiving

AUSTRALIAN METRGSONICS Ply Lid

echnical description and further do-
alls :mw that this new series THERM
2260 1s basod on the vory modern techt
Soloay o miropmoseasing. - GMOS:
lechnology and a 30year-ald experi-

hese. Instruments aro based on a

nomouennous concept, example,

rolied_technology,

Gigital inearisation, autocallration =
nce-junctior

compensation. ot kinds of mu—

Tocouples or even NTC,

Tivarec-aeneors oah b6 connected.

e, Instments. oflr_ tempersture

vith a

of —:

TeaSiinion of o4 K-or om K
At instruments can by ar
Too bower Suppiy- 5 V betiay of

T soaer
Further information: Metrosonics, P.O.
Box 120, Mt Waveriey 3149, Victoria
{tel (03) 533 5880).
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ICA — 1989

Dr. Neville Fletcher attended the
recent ICA meeting in Eovdeaux 2
which the arrangements

Congress in Belgrade (Aug s 1939)
were discusse

He reports mal the planning has ad-
vanced to the stage that invitations

8
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progrer proof st
Gross. Circular il b6 p
Sbout a montns ime. and. here is @
rather heavy emphasis on  nonlinear

convention centrs, with attached halel
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(Sam-mbe 1-3)

Dubrovnik, in particula attr
e romine toanst pant of siow

Robert Angus has retumed to Queens.
land to take

as been working in Vmac‘a
Valbourre office for ihe past two
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Noela Eddington and Warren Renew,
both of the Bivision of Noise Abate.
ment and Alr Pollution Control s well
as Fri st of Win Barlow &
Morrison Pty. Ltd. will attend tha Nois

'88 Conference in Stockholm and the
Inter-Noise 38 Gonferance. i Avignon,
France. Al three are presenting papers.

POLMET 88

Polmet 88 is the second in a series
of international conferences and exhi
bitions on Pollution In the Urban Envir:
onment, to be held in Hong Kong from
281 Nevember 1o 28 Decambe

The conference is_bei
fointly by tho K.
and_the

anised
Institution of Engi-
ment Envir-

onmental Pollution Advisery Com
Fho main theme wil be Belluion T i

WESTPAC n
Western Pacific _Regional
Comerence 15 5058, he fam Nowape
ber 2-4, 1988 in Shanghai, China. The
Austiallan Acoustcal Society 1 3 found
r society of Westpac and
members are encouraged to par-
ticipate in this Conference, which will
contain presentations of fnvited and
ontri pay all _topics of
lus_ scientific visits and a
technical exhibition. A number of post-
conference tours to other parts of

China are also

S150 prior to

planned.
Registrat -nfeesa.es
Augist Stat and $US1d arterwards. I
mber is planning to attend,
me Socisty's Gouncl W inter-
d o know — Gould. you' please
nform Wr. R."A. Piesss, Ganeral Soc-
retary.

Further _informatior
Westpac Il c/- Institute oI Acounlc.!,
Academia Sinica, 17 ongguancun
Street, P.O. Box 2712, Beijing, China.
FASE

The 8in Symposium of the Federation
of Acoustical  Societ of Europe

(EASE) will be_beld durlr\g the week
of 24th April, 1989. The theme
Environm

ustics and the  cal
for has been distributed. Fro+
vvs:onal Ililo and abstract, should be
for 10 tho Secretariat:

Vi Corte "Ingles, Dpto. Con-
grosos, Avda, Cosar Augusto, 14, 2a
planta,’ 50004 Zaragoza, Spain.

Standards
American National Slzndard is
It is ANSIS12. &1957
determinai
nl insertion loss of outdoor noise hll-

g

indard presents methods for
dotermination”of Buidoor noe barrior
insertion loss. It does not standardise
methods to compare the performance

different barrers or 1o ganerslise or
certify t of a particular
barrier for dme(en( situations.

tion of a lower bound to that value may

bo feasible. The recommended noise

posure level, although use of other ap-
propriate descriptors is not precluded.
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Telephone: 58954446, tisements.
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74670 BINHK HX, Fax: 6177791,

Vol. 16 No. 2 — 60

Acoustics Australia



FUTURE EVENTS —

© Indicates an Australian Conference
1988

September 5.7, CRACOW
CONFERENCE ON NOISE CONTROL 88
Details: Dr. R. Panuszka, Organising
Committee ' Conference Noise Control
88, Inst. of Mechanics & Vibroacoustics
. “Mickiewicza 30,
Krakow, Poland.
October 3-5, CHICAGO
IEEE ULTRASONICS SYMPOSIUM
Details: Univ. llinois, Bioacoustics Re-
search Lab. Atten.: W. D. O'Brien Jr.,
Urbama, llinols 61801, USA.
October 4-7, HIGH TATRA
ELECTROACOUSTICS
27th Conference.
Details o of Technology, Eng L.
Goralikova, Skultetyho ul. 1, 83227,
Bratislava, Czechoslovakia.

October 15-16, WASHINGTON

sound " in _ Medicine, East-West
Highway, Suite 804, Sothasda, WSH08TS,

Octcber 17-21, wASHINGTDN

WEUMB/ALUM MEET!
2nd_CON

to 504,

Bothosda, 115 s0014, SR
November 2-4, SHANGI
WESTPAC il

Developments of Acoustics in the

eroior Wasipa 0. nsttuto
Acoustics, Academia Sinica, 17 Zhong-
guancun §, Beljing, China.

November 14-18, HONOLULU

2nd JOINT MEETING OF ACOUSTICAL

SOCIETIES OF AMERIC:

Dotals: Socrotarial ASAASY Joint Mot
Japan, Ikeda BIdg 4F, Yoj

ing, Ac.S0¢.Jay
ogi 2-7-7, Shibuya, Tokyo 151, Japan.

November 14-17, KOBE B
2 INTERNATIONAL ACOUSTIC
EMISS ON SYMPOSIU

Prof. Dr. I. Klmﬂara, Dept. Nav
chiotura, Faculty of Eng., University
of Tokyo, 61, Hongo7,. Bunkyoe,
TOKYO 113, JAPAN.
® November 24-25,
VICTOR HARBOUR
NOISE (NTO THE NINETIES
Details; P. Williamson, School of
sum OEDZwmnment ST N Terrace,

November 25-27, WINDERMERE

AUTUMN CONFERENCE — I0A
Noise Inand Around Buildings

Details: Institute of Acoustics, 25
Chambers ~ Stroet, ~Edinburgh,  EH1
1HU, UK.

November 28 - December 2,
HONG KDNG

FGliion n tho Metropolian and Urban
Environment.

Detalls: Polmet 88 Sacretariat, o/~ Hong
Kong 'Institution ol Engindors, 91F,
Island Centre, No 1, Great Georgo St,
Causeway Bay, Hong Kong.

August 16-18, SINGAPORE
INTERNATIONAL CONFERENCE
NOISE & VIBRATION 8

Details: The Secretanat
Conference Noise & Vibrati
School of Mennam e Frodiction
Engineering, " Nanyang _Technological
Institute, Nanyang Ave., Singapore 2263.

International
n 89, c

August 19-22, MITTENWALD
INTERNATIONAL SYMPOSIUM ON
MUSICAL

1989

March 7-10, HAMBURG
86th AES CONVENTION

Details: Herman Wilms, Exhibition Dir-
ector, Zevenbunderslaan 142/9, Bruss-
els, Belgium 1190,

Apn 3-5, LIVERPOOL.

AN PRACTICE IN STRESS AND
ViBaATION ANALYS
Dotals: Mestings Omeun Institute of
Physics, 47 Belgrave Square, London,
S aax. Uk
* April 10-14, PERTH
1989 NATIONAL ENGINEERING
CONFER
Develonmg Ausuanu Resources
Details: Conference Manager, 1989 Nat.
Eng. Cont, Institution of snyrnem, 1
National Circuit, Barton, ACT 2

April 24-28, ZARAGOZA

8th FASE SYMPOSIUM

Environmental Acoustics

Detail: Viaigs ol Corto inglos, Dpto
resos, Augusto, 14,

2 flanta, 5000 4 Zaragoze, Spain.

April 25-29, GLASGOW
INTERNATIONAL CONFERENCE ON
ACOUSTICS, SPEECH AND SIGNAL

Details: Inst. Elect. & Electronic. Eng,
Conlerence Co-ordinator, 545 € 4
. New York, NY 10017, USA.

May 22-26, SYRACUSE
MEETING OF ACOUSTICAL SOCIETY
OF AMERIC

Details: Mu"ﬁy Strasberg, ASA, 500
Sunnyside Blvd., Woodbury, New York
11797, USA.

May 23-27, GDANSK

4th SPRING SCHOOL ON
ACOUTO-OPT|

Details: Prof. A Sliwinski, Inst. of Ex-
perimental Physics, University Gdansk,
Wita Stwosza 57, 80 952 Gdansk,
Poland.

June 7-10, PECS

6th SEMINAR ON NOISE CONTROL
Details; Optical, Acoustical & Film-
technical Soc., FO u. 68, H-1027, Buda-
I, Hungary.

Detais: Sokretariat des ISMA 1989, o/
Muller-BBM, Robert-Koch-Str 11, 8033
Hianago, w. Gormary.

August 24-31, BELGRADE
13th ICA

September 45
SYMPOSIA

Sea Acoustics — Dubrovnik.
Electroacoustics — Zagreb.

Details: 13 ICA Secretarizt, Sava Centre,
11070 Belgrade, Yugoslavia.

October 4-6, MONTREAL
IEEE/UFFCS
Ultrasonics Symposium.

Details: AlledSignal in. H.
Vanda Vaart. 50 Box o321 Horrte
Towns ) 67560, USh,

Oclober 18-19, BARCELONA
| WORLD CONGRES:

RO, RONCORATRY

“Snore and OSAS Syndrome.”

Details: Prof. llo, Facultat_de
Medicina, Unrvel:rrst Autonoma,de Bar-
celona, Passeig de la Vall D'Hebron,
SN G038 Sarselona, ‘Spain.

November 6-10, ST LOUIS
MEETING OF ACOUSTICAL SOCIETY
OF AMERIC/

Details: Muﬂay Strasberg, ASA, 500
Sunnyside Blvd., Woodbury, New York
11797, USA.

December 4-6, NEWPORT BEACH
INTER-NOISE 89

Details: Inter-noise 89, Inst. Noise Con-
trol Eng., PO Box 3206, Poughkeepsie,
NY 1260

1990

May 21-25, PENNSYLVANIA
MEETING OF ACOUSTICAL SOCIETY
OF AMERICA

Details: Murray Strasberg, ASA, 500
Sunnyside Bivd., Woodbury, New York
11797, USA.

November 26-30, SAN DIEGO
MEETING OF ACOUSTICAL SOCIETY
F AMERICA

Details: Murray Strasberg, ASA,
Sunnyside Bivd, Woodbury, Ne
USA.
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AUSTRALIAN RCOUSTICAL SOLIET!

1988 ANNUAL CONFERENCE
NOISE INTO THE NINETIES
VICTOR HARBOUR 24 - 25 NOVEMBER, 1988

Venue:
Registration:

Registration Fees:

Further Information:

Apollon Motel, Victor Harbour

Registration will commence on the evening
of 23rd November, 1988. Registration will

be on a limited basis.
distributed during July.

Invitations will be

Full-time delegates - $185.00
Accompanying delegates - $80.00
(excluding accommodation and tours).

Mr. R. P. Williamson,

School of Built Environment

SAIT.

North Terrace, S.A. 5000

Tel: (08) 236 2227
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