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From the Past President

s the Society Tending To Self Destruct?
It is 50 casy to "leave it 10 others" and to
convince yourself that you are so busy that
you don't have time 10 go to a technical
meeting or Society conference. Yet surely
one of the main purposes of having an
Acoustical Society is to facilitate interaction
tween members. If members continually
fail to attend functions, ignore opportunitics
to exchange ideas and inform others of their
activities, then much of the value of having a
Society is lost. This lack of enthusiasm can
spread. Even the dedicated few may become
disheartened and gradually the Society will
wither.
S0 often I have attended a technical meeting
where only a handful of members have
attended. T recall one embarrassing site visit
where the four staff members who had

waited back that evening to provide  the
technical explanations outnumbered the
three Society members who managed to turn
up. Other occasions may fare better;
however, it is generally a sub-set of those
twenty or so members who attend regularly.
What happened to the many more members
who never attend any event? You may claim
that it is their loss, they miss out on the
sumulauon that 3 technical meeting
les. However, the loss is greater than
Tt Frusraton radully overwhelms the
organisers. Is it worth attending meetings,
wasting time arranging a visit or organising
a guest speaker, when few appreciate your
effort? Frustrated, they give up
‘The Society includes many talented people.
‘The recent elevation of four more members
to the grade of Fellow is one pleasing aspect.

The team that continuously produces this
Journal to such a high standard deserves our
acclaim. Each Di is powered by a
‘group of individuals who continuously strive
o introduce innovative technical meetings

than the dedicated few. Every member
should try, a least oceasi onally, o take some
role in Society
associats o join the Socit,atend at It
one or two meetings cach year, contribute
papers or news items to conferences or
Acousties Australia, and even volunteer to
join  Divisional  Committees.  Your
involvement can help keep our Society from
fading away due to lack of interest.

Charles Don

g
g
i

From the Wew President

1 wish to express thanks to Charles Don for
his stewardship of the Society during his
three terms of office, 1995-6, 1996-7 and
2001-2 as President as well as terms as Vice
President and Councillor. ~ Charles is
currently working on preparation for
w=spacx in April 2003. His message
ented above weighs heavily on council’s
Geibratons
The new council elected after the AGM is
taking on the task of reassessing the
Society’s priorities. The Society held its first

formal meeting on 18th April 1971 with HV
Taylor as President and has now been
established for over 30 years. The Society is
largely successful with nearly 400 members
and over $250,000 in assets. We have held
many successful Annual Conferences and
technical

International  events, locnl

mremauonn“y Mogms:d acoustics journal
I this all we want? It is now time to pause,
take stock and set a clear future direction to

be sure that the Society is delivering what its
members want. Council and Acoustics
Australia will be attending an overnight
workshop next year to identify, all we do,
what we do best and what we should be
doing. One outcome will be a members
survey allowing the full membership to
allocate priority o the identified possible
future directions. 1 urge all members to
"Watch This Space.”

Ken Mikl
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BANDICOOT — A NOVEL APPROACH TO
USING A PITCH-CATCH ACOUSTIC PROBE
FOR FIELD NON-DESTRUCTIVE TESTING'

Laurence P. Dickinson & Suszanne Thwaites
CSIRO Telecommunication and Industrial Physics, Sydney

ABSTRACT: The acoustic Pitch-Catch probe is commonplace in the world of acrospace non-destructive testing for the focation of defects
within a composite sandwich panel. However the usefulness of the technique is lacking in many respects, being cumbersome to use and
generally very costly. Building on several years of experience, a new approach has been taken by CSIRO to produce a simple and versatile
system that incorporates an optimised Pitch-Catch probe within an optical computer mouse and combined with a notebook computer, to
provide a fully featured scanning system for a fraction of the cost of systems currently available. This paper describes the approach taken

and some of the underlying research in developing the Bandicoot.

1. INTRODUCTION
The testing of composites consisting of a honeycomb core
sandwiched between skins of various fibre composite
mixtures prescnts some problems to the use of conventional
ultrasonic methods. The impedance mismatch between the
skin and core and the thickness of many of these constructions
attenuates the ultrasound too much for good transmission or
reflection. Thus it has become common to use altenative
methods and, in particular, vibrational methods with
frequencies less than 100 kHz. A range of such acoustic
non-destructive testing (NDT) systems are commercially
available and include the use of Pitch-Catch and Mechanical
Impedance Analysis (MIA) techniques. Using existing
commercial systems for the inspection of in-service damage
to aircraft can be complicated and very costly. In many
circumstances quantitative NDT cannot be carried out in the
field due to the lack of skilled personnel and equipment, with
the aircraft having to return to a service centre for inspection.
Traditionally acoustic probes have been used as hand
pick-and-place devices . However, recently systems have
become available where the probe can be attached to a C
Scan system. An example is the MAUS system [1] built by
Boeing where a track is attached to the structure by suction
cups and the sensor is moved, by hand or automation along
the track, allowing positional information to be encoded.

2. PITCH-CATCH ACOUSTIC PROBES

‘The Pitch-Catch principle is quite simple and widely used in
acoustic, ultrasonic and many other wave propagation
applications. The concept in its simplest form normally
incorporates two transducers, one configured as a dedicated
drive and the other as a dedicated receive channel (Hence the
terms Pitch and Catch ).

The type of pitch-catch probe shown in Figure 1 is typical
of an acoustic frequency NDT device. In popular commercial
systems the transducers are generally strengthened polarised
ceramic bimorphs, consisting of bonded sandwiches of
opposing polarised piezo-ceramic disks with a thin metal or
ceramic shim between. When a voltage is applied to the

transducers, one ceramic element will attempt to expand and
the other to contract. This action couples through the adhesive
bond to create a bending or flexing mode that achieves a much
greater displacement amplitude than could be expected from
thickness expansion of the ceramic clements by themselves.
The bimorph ceramic disks are normally mounted with their
edges free and mechanically coupled to the test specimen via
a centrally located contact pin.

Excitation in various commercially available devices is
usually a short tone burst or a swept sine chirp within the
frequency range of 2 to 70 kHz. Various forms of often quite
complex detcction and analysis have been used to process the
result and produce an output indicative of damage. In general
these methods work quite well in that they are sensitive to the
defects sought but in fact they are difficult to set up and to
calibrate. Whilst this may not be a problem for skilled
engineering personnel, it is very difficult to set up a system so
that relatively unskilled operators can use it to make pass/fail
decisions.

Figure 1. A typical Pitch-Catch probe configuration

An carlier version of this paper was presented at the 2001 AAS
Annual Conference, Canberra, November 21-23, 2001
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Figure 3. Same scan as shown in Figure 2 above, but this time
the data was processed to_ highlight background scattering
effects

3. THE CSIRO METHOD FOR NDT USING A
PITCH-CATCH PROBE

In recent years CSIRO has been researching the use of a
common acoustic Pitch-Catch probe for detection of soft
impact damage to Nomex cored (paper resin honeycomb),
carbon fibre reinforced polymer (CFRP) sandwich panels.
This work [2] provided some very useful techniques for
analysing the returned waveforms. In particular, analysis
methods were developed that can isolate particular features
within a test panel such as impact damage, background
diffraction effects, and even the core itself. Examples of some
relevant images are shown in Figure 2 to Figure 4.

The Bandicoot hand-held scanner

During the course of the study into soft impact damage in
Nomex cored CFRP sandwich panels, the idea evolved that a
practical outcome of the study could be the development of an
improved Pitch-Catch probe, bundled with analysis software
developed at CSIRO, and incorporated within its own low cost
positioning system. The intended purpose of the design is to

Figure 4. A scan of a panel analysed to highlight the

honeycomb core.

Figure 5. The Bandicoot demonstrator system examining a
Nomex cored test panel

produce a simple and cheap NDT system.

The resultant demonstrator consisted of a Pitch-Catch
probe housed with a dual optical positioning system, a
PCMCIA digitisation card and a notebook PC. The system
was given the name Bandicoot afer a distinctly Australian
mouse-like marsupial.

The hand-held probe
A typical implementation of the Bandicoot design can be seen
in Figure 5. The handpiece contains the dual tipped Pitch-
Catch sensors and two optical position detection units as well
as several user defined contact switches. Also included within
the probe are electronics for exciting the transmit sensor, and
impedance matching and filters for the receiving channl.
The optical position detection units use light emitting diodes
o illuminate a small area of surface that is imaged by a receiver.
The two dimensional cross correlation between successive
images is calculated giving x andy distances for any movement.
As the two distance values are in the coordinate system of the
unit, rotational motion cannot be detected and could cause

94 - Vol. 30 December (2002) No. 3
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positional errors. The approach taken in the Bandicoot to
overcome this problem is to use two optical position units
where the correction into the user coordinate system can be
calculated knowing the distance between the optical detectors.
All positional information is communicated back to a notebook
PC via a standard USB port.

The base of the probe has 4 Teflon slides. These are
distributed outside the area of the Pitch-Catch NDT sensors
and the optical detectors so that the entire unit is held level
with the test piece.

Micro switches are also set into the base of the probe to
detect lift-off. This is necessary because if the probe is lifted off
the panel the reference coordinate system is lost. A number of
strategies are incorporated into the software to handle this
contingency. The contact detection sensors are situated at the
edge of the base in order to allow maximum sensitivity to lift-
off.

4. EXCITATION IN TYPICAL COMMERCIAL

PITCH-CATCH SYSTEMS
In most existing commercial instruments the user selects the
operating points by looking for the parameters that give the
greatest difference between good and bad sections of
panel. This is one of the major contributory factors to the
perceived unreliability of the method. Common pitfalls are:
Selection of the wrong mode (eg. impulse, swept, other).
Selection of the wrong frequency or frequency range.
Selection of the optimal display mode. Data from the
returned signal can often be displayed in a number of ways.
Interpretation of the display.

Only some of these parameters will be controlled by the
user and their uses are dealt with in the instructions
accompanying the system. Even so, experience is required fo
implement them to the best advantage.

The Bandicoot excitation strategy

The Bandicoot system uses a somewhat unconventional
excitation signal. Generally the excitation is quite broadband .
In fact versions have been built where the excitation is a step
function. However the optimum excitation, being a
compromise between narrow and broadband excitation
methods, is a burst of only two or three cycles of a sine wave.

A narrow band excitation gives a better detection in
principle because most defects in sandwich panels have
natural frequencies, determined by their size and type. In the
past the reasoning behind the use of Pitch-Catch probes has
been based on the idea that propagating Lamb waves are
excited in the panel and detected as they pass the receive tip.
Where there is a defect, the mechanical impedance of the
panel is changed yielding both a delay, ie a phase shift, and an
amplitude change between good and defective regions.

A lumped element model of a defect has been found to be
most useful. The propagation velocity of flexural waves in
sandwich panels are generally in the range 400 to 600 m.s" and
is non-dispersive [3]. Over much of the frequency range used
for these probes this gives wavelengths larger than the defects,
‘making propagation models problematic due to the small ratio

= e

-

of defect size to wavelength and the small tip separation.

If more energy is supplied at or around the frequency
where the panel best responds, then there is a much better
probability of detection and a more accurate estimate of defect
boundaries. Where this frequency is known this is obviously a
better choice. In fact it is not as difficult as has been
traditionally thought to estimate this frequency to within a
KHz or so, in some cases, on the basis of other known data [2].

On the other hand, if an appropriate frequency is not
known, then a broadband excitation maybe more suitable. The
main problem in using broadband excitation is that unwanted
resonances, which often have a higher Q than the defect
response, are also excited. These may come from the probe or
from the test structure. All commercial probes have this
problem. If this response falls at or near the defect frequency
the functioning of the probe is seriously compromised. If it is
sufficiently distant in frequency, band pass filtering will solve
the problem but the filter needs to be of a very high Q itself to
attenuate these resonances without attenuating the desirable
part of the response.

Signal digitisation and processing

On board the Bandicoot probe, the received waveform is
passed through a low pass filter for anti-aliasing, and a high
pass filter to reduce mechanical, sliding and handling noise.
‘Then it is digitised with a PCMCIA data acquisition card in a
notebook PC. The current acquisition card has a maximum
sample rate of 300 kHz and a 14-bit A/D converter.

The system is configured by the user in a set-up window,
in which the digitised, windowed waveform and the FFT are
displayed with the probe in a free running mode. Sampling
rate, sample size, trigger delay and windowing function are all
selectable but defaults are also included. The user can
nominate a result to be the reference result or one may be
retrieved from memory.

The frequency spectrum thus obained is used for the
defect detection. The time waveform is not used for the
analysis because it is much less robust to handling noise or
other interfering signals.

The spectrum usually contains data up to 50 kHz that
appears quite complex and without further processing will not
give a good resul. It is necessary for the user to decide which
parts of the spectrum are useful and which parts are artefacts
of the equipment and test piece dimensions. On the basis of
this knowledge a band of the spectrum can be selected for
further analysis.

A selection can be made by viewing the spectrum collected
over a good piece of panel. This reveals the frequency
structure not introduced by the defect. Knowledge of the
likeliest frequency band for defect response allows a range to
be chosen where the effects of the defect are maximised
compared to other structures, such as those introduced by the
probe itself. A small number of built-in ranges are available
for some popular sandwich constructions.

5. SCANNING
As mentioned above, the analysis is done in the frequency
domain. A band of frequencies may have been selected, cither

Acoustics Australia
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Figure 6. A typical Bandicoot scan
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o

Figure 7. An enhanced image of the scan in Figure 6

by the user during set up or as the default or the complete
spectrum can be used. The frequency data is compared to the
reference data and a_damage index calculated. This number
is used to create a colour display of the scan area in the display
graticule. An example scan is shown in Figure 6 and Figure 7.
Once a scan has been completed the data can be retrieved
and the display recreated. Because the original waveforms
have been stored, the software also allows the user to re-
analyse them using a different frequency band or re-display
the data using different colouring schemes. Areas and
traverses of the image may be selected for dimensional
measurements and a B Scan option s also available. In this
mode the waveforms are displayed continuously in the data
window as the mouse is moved over the display graticule.

6. THE NEXT GENERATION OF THE
BANDICOOT

Due to the favourable response to the demonstrator, the
Bandicoot i to be developed into a fully functional prototype.

It is intended that this new design include some of the DSP

technology that CSIRO has been at the forefront in

developing. The new Bandicoot will contain within itself all

electronics and processing required for comprehensive NDT

without the need for expensive PCMCIA data acquisition

cards. This leaves the notebook PC serving only as a data

storage and display device

Key features of the new design include the following:

¥ 48MHz microprocessor with 64KB of RAM.

¥ Communication and all power supplicd by the USB port
onaPC.

¥ Pitch-catch probe.

¥ 12-Bit, 400kHz data acquisition.

¥ 8-Bit Arbatry waveform generator.

¥ Dual optical encoders for millimeter accurate movement in

Xand Y directions, and rotational movement of the probe.

Mechanical lift off detector and optical X-Y position

reference (reflective spot) detector.

Assorted LED indicators, Buttons and a Buzzer.

Firmware fully configurable and downloadable from a PC.

By utilising existing CSIRO technology within the

Bandicoot, development costs will be kept at a minimum

while providing a capable unit that is simple to operate. The

design also permits complete reconfiguration  via

downloadable software to enable the Bandicoot to adapt to

new applications.

7. CONCLUSIONS

‘The Bandicoot is a novel [4] implementation of the acoustic

Pitch-Catch probe technique for damage testing of composite

panels. It uses new analysis algorithms designed to maximise

reliability and increase sensitivity at the same time. The probe

is housed in a computer mouse-like structure, which improves

the reliability and reproducibility of the results. The probe

interfaces with a PC in the conventional manner so a C Scan

can be created on the display as the data is collected. Apart

from the mouse, the only other hardware requirement is a

suitable notebook computer.
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IMPROVED NOISE MANAGEMENT FOR
THE BUILDING INDUSTRY

Marion Burgess and Joseph Lai

Acoustics and Vibration Unit, School of Aerospace and Mechanical Engineering
The University of New South Wales at The Australian Defence Force Academy,

Canberra, ACT 2600

ABSTRACT: There is great potential for excessive noise exposure for workers in the general building industry as not only can the
individual tools and equipment produce high noise levels but also the worker is usually close to the source of the noise. Effective noise
‘management procedures are required to minimise the loss of hearing of workers on building sites. This paper reports on a project sponsored
by WorkCover NSW for which the aims included identification of a baseline of current noisc exposure levels on a representative range of
building sites, assessment of the extent of the implementation of noise management codes on building sites and suggestions for strategies

for improved implementation.

1. INTRODUCTION
Exposure to high levels of noise is common in the building
industry as almost all the activities are noise producing. The
statistics from around Australia for the building industry show
that the high number of compensation claims for hearing loss,
approximately 7%, is exceeded only by claims for sprains,
strains, fractures, wounds etc [1]. The types of noises that
construction workers are exposed to include those which are
almost constant in sound level, such as from pumping, those
which are intermittent such as grinding and sawing etc and
those which comprise many short impact noises, such as from
‘hammering, compacting etc. The worker is usually close to the
‘machine or to the tool which is the source of the noise so the
potential for excessive noise exposure is great. The nature of
employment in the industry is quite different from most other
industries. Only a small proportion of the workers are
employed by a construction company and most of the workers
on the sites are self-employed contractors or sub-contractors.
‘The general consensus is that there is an ongoing problem
with the implementation of occupational health and safety
(OHS) in general on building sites. Even basic safety
precautions, such as the wearing of hard hats and safety boots,
are sometimes overlooked in order to get the job completed
quickly. Protection of hearing is low on the priority list
particularly as hearing loss does not become noticeable in the
immediate short term. Australian National and State Codes of
Practice for Noise Management [2,3] and Standards [4] have
‘goals to minimise occupational noise-induced hearing loss and
tinnitus and include sections on Noise Control Planning,
Engineering Noise Control Measures, Administrative Noise
Control Measures, Personal Hearing Protectors, Training and
Education, Noise Assessments and Audiometric Testing. It is
obvious from the high number of compensation claims that
these codes are not being adequately implemented on building
sites. The aims of this project, sponsored by WorkCover NSW,
included identification of a bascline of current noise exposure
levels on a representative range of building sites, assessment of
the extent of the implementation of noise management codes
on building sites and recommendations for strategies for

improved implementation. The full and condensed versions of
this study report are available from the internet [5,6].

2. BACKGROUND

A literature search showed that only limited information was
available on the noise exposure levels for the range of tasks on
building sites. Many of the reports dealing with noise on
building sites were focussed on the control of environmental
noise for the nearby residents and not on the control of the
noise for the workers on the sites.

One study from Australia was that by Milhinch and
Dineen [7] which investigated workers views on noise and
risk on a building site in Victoria. This study, funded by
Incolink, the consortium responsible for workers
compensation payments, sought to assess the noise hazards
and the views of the individual workers on a major building
site. Dosimeters were used to determine the noise exposures
for a range of workers. Many of the workers were found to be
exposed to high occupational noise levels but also there was
great variability in the exposures for different workers in the
one trade. For example, the noise exposure for plumbers
ranged from 81 to 99 dB(A). The views of the individual
‘workers indicated that the workers understood the importance
of hearing but that they were more concerned about safety on
site than hearing damage. In the second stage of this study,
Dineen et al [8] investigated the efficacy of a hearing
education program "Knock out Noise Injury" in modifying the
beliefs of workers and their use of hearing protectors. The
workers responded well to the education program which was
based on examples of situations on building sites. They
reported significant changes in their beliefs about hearing
hazards. Those supplied with custom-made uniform-
attenuation earplugs reported using the plugs more frequently
than those provided with conventional hearing protection.

Another Australian study was that by Savage [9] who
undertook a comprehensive investigation of noise exposures
for workers on three high-rise building sites in Brisbane. The
dosimeter data from 238 workers from 20 occupational
groups showed 8-hour noise exposures greater than 85 dB(A)

5
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for all groups except the electricians and the plumbers, but only
those work groups likely to be exposed to excessive noise were
chosen for the study. Savage also found that the peak levels for
seven of the 20 groups exceeded the limit with the highest
being 146 dB(lin) for a formworker. These results must be
considered with some caution as ther s the possibility that the
dosimeter data may include peak levels which were not directly
related to the work.

3. NOISE EXPOSURE LEVELS

‘The limits for an unacceptable risk of hearing loss are specified
in the various State and Territory legislation. Over recent years
these have been changed to conform to the standard for
occupational noise in the National Standard [2]. Thus in
Australia the exposure to noisc in the workplace should not
exceed an 8 hour noise level equivalent of 85 dB(A) or a peak
level of more than 140 dB(C). At the time the measurements
were commenced this latter criterion was expressed in terms of
dB(lin).

The determination of the 8 hour noise level equivalent is
based on both the noise level and time duration for each
activity during the day. For a structured working environment
where the activities arc regular and predictable, the
determination is reasonably straightforward for either a daily
assessment or for an average over a week. For a building site
where the activities can vary greatly throughout the day and
from one day to another, the determination is far more
complex.

‘The first step was to obtain data on the noise levels for a
range of activities and on a range of building sites. Four
different types of building sites were identified: large city sites;

large rural sites; small city sites; and small rural sites. Many
tools and procedures are common to all sites but others are
only used on larger sites. Visiting a range of sites also enabled
assessment of any differences in work practices and in
implementation of noise management procedures. Details of
the sites and the noise levels for a range of activities are listed
in the full report (5] and these are compared with and
supplemented by published information from Australia and
overseas.

The aim of the project was not to determine the noise
exposure for any particular worker but to assess the potential
noise exposure for the industry as a whole, and for particular
parts within the industry. The goal was to identify and rank
those arcas of the industry that are at greatest risk of excessive
noise exposure. This meant the data had to be consolidated
while still being meaningful.

As described above the noise exposure is based on the
noise level and the time, so both these aspects needed to be
consolidated. Different tools are used for different time
periods and even the same tool may be used for different
periods for different tasks. Obscrvations and discussions with
those in the industry led to the use of three categories for the
typical usage times:

long 2 hours or more per day
medium 30 mins to 2 hours per day
short less than 30 minutes per day

‘The noise level for any particular task can vary with the
actual job and with the workplace. A convenient method for
categorising the noise levels was to use overlapping 10 dB noise
level ranges with an additional category of less than 85 dB(A).

‘Table 1. Ranking of tasks by noise exposure based on the types of tasks

Range for Ly, Tasks

‘Comment

100 t0 110 dB(A) Work involving ~ cutting

concrete, such as wall chasing.

into

On large sites this could be done by one person for most of the day
with the only breaks being the time necessary to move and set up at
the next wall.

95 to 105 dB(A) Work involving cutting  and
chipping concrete, such as use of

Kanga Hammer

On large sites it is quite common for this task to be undertaken by one
person for most of the day with the only breaks being the time
necessary to move and set up at the next location.

90 to 100 dB(A) Work involving cutting and sawing
timber

Work involving a considerable
amount of metal grinding

Even on the smaller sites it is possible for one person to spend most
of the day using power tools for cutting and sawing of timber.
Metal grinding is usually for lesser time periods.

‘Work such as driving excavators

851095 dB(A) Work involving cutting of concrete | The operator could spend about half the day actually cutting with the
blocks and bric remainder of the day spent measuring, stacking efc.
Work involving mechanical rollers | These can operate continuously throughout the day.

8010 90 dB(A) Use of most power tools While many of the noise levels for individual tasks may be high, the

time duration for these tasks can be quite short and the noise exposure
depends on the number of times they are repeated during the day.

less than 85 dB(A) Most general Iabouring work

Main risk is the proximity of other noisy activities,
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Figure 1. Ranking of tasks by noise exposure based on the
types of tasks. The triangular shape indicates that the number
exposed to the higher end of each range is less than the
number at the lower end of the range

Comparing the types of activities, the noise level category
and the time period category a ranking of the tasks in terms of
noise exposure was attempted. The ranking which eventuated
from this analysis is shown in Table 1 and summarised in
Figure 1. It is important to note that this ranking does not
allow for the additional contribution to the noise exposure
from other activities in the vicinity of the worker.

In order to gain an indication of the noise exposure for
various trades, they were categorised into four main groups
commonly used in the industry, namely:

Plant includes excavation, bobcats, backhoes etc

Materials Handling includes rigging, dogging, fork

lifts, cranes, scaffolding ctc

Construction includes concreting, bricklaying, cxternal

carpentry ctc

Fitout and Finish includes plastering, tiling, painting,

internal carpentry, etc

‘The noise exposures were estimated from the typical tasks
undertaken by the various trades and are shown in Fig 2. This
type of analysis shows that a large proportion of the workers
on building sites are likely to have noise exposures greater
than 85 dB(A) with a smaller proportion having much higher
exposures. This emphasises that there is clearly a need for
effective noise management programs for building sites.

gun. The hammering for the erection of the scaffolding was
next in ranking of impulsive noise-with peak levels in the
range 130-140 dB.

4. IMPLEMENTATION OF THE CODE OF

PRACTICE
There s a similarity between the codes of practice for noise
management for each of the States as they rely on the same
basic principles. Following is a summary of the assessment of
the extent of implementation of each part of the code on the
building sites visited in NSW. This assessment was based on
discussions with the various representatives from the industry
and site inspections.

Noise control planning — the essence of this section of the
code is that a written noise control policy and program of
action should be developed in consultation with employees
and employee representatives. There was no evidence that
planning for noise control was considered except where there
were environmental noise constraints.

Engineering noise control measures — an important
objective of the code is the requirement to minimise noise
exposure by engineering noise control measures. Essentially
this involves two options: noise control at the source and
control of the spread of noise. The only evidence noted was
the use of low noisc blades in brick saws, of placement of
generator away from the workers on the site perimeter and
improved design of the cabs of earth moving equipment.

Administrative noise control measures ~ these measures
generally involve job rotation to reduce the time of exposure
1o the higher noise levels. There was no evidence that these
measures were considered.

Personal hearing protectors — the code states that
personal hearing protectors should only be regarded as an
interim measure while the control of noise by other measures
s being implemented. On most building sites this appears to
be the only approach to the management of noise exposure.
While the protectors were available they were usually not
personally issued nor was their use enforced. Effective use of
personal hearing  protectors also requires ~ adequate

i of a number of aspects including indication

Exposire, aBA) <95 90 05 10 18 110
Prant

Materiis
e

Tatecatoqry

Eout

Figure 2. Estimation of noise exposure for different trades.
About 50% of the workers in each trade would be within the
rectangular area

The other important criterion for of

signs, selections of suitable protectors, inspection,
maintenance, clean storage and instructions for use
Commonly these aspects were not catered for.

Training and education  this should be considered o be
an integral part of a preventive strategy. General OHS
training usually includes some reference to use of hearing
protectors but this had clearly not been adequate.

Noise assessment — this is required in all workplaces
where it is considered that the noise levels may be excessive
and the reports on assessments should be available to

worker and relevant authorities.

excessive noise is that the peak noise level should not
exceed 140 dB(C). In this study the use of explosive tools
was the only event found to produce levels above 140 dB.
The level depended on the charge used and for the most
commonly used size the measured value of 155 dB agrees
well with the 150 dB measured by Savage [9] for a ramset

There was no evidence that such occupational noise
assessments had been undertaken.

Audiometric testing — audiometric testing alone does little
1o reduce on- going hearing loss but a comprehensive noise
management program should include comparison of
audiograms and investigations when hearing loss is
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identified. While ad hoc audiometric testing was available for
the employees of the larger companies or by the Union, there
was o evidence of regular audiometric testing programs.

5. STRATEGIES FOR IMPROVED

IMPLEMENTATION
Government agencics faced with the task of improving noise
‘management programs need to consider the actions which will
be most effective for that particular industry while conforming
to the government policics. For example, regular inspections
and substantial fines for infringements may be effective but
may not be in accordance with current policies. There are two
main considerations within agencics regarding implementing
policies and procedures

priority in taking action — ic high, medium and low priority

time to implement strategy — ie short , medium or long time

Based on the findings from this particular study, over 24
strategies were recommended with almost half being in the
highest priority suggesting immediate action. It was estimated
that some strategics would only need a few months for
implementation while others may take around two years. The
issues addressed by the strategies for the main arcas of the
code of practice arc summarised below.

Noise control planning

A major limitation in adequate planning to minimise noise
exposure is a lack of knowledge of the noise levels for plant
and noise exposures for various activitics. Legislation in some
States includes requirements for the provision of noise level
data for plant and equipment. Enforcement is needed to ensure
that suppliers do in fact provide this noise level information as
part of the technical data.

Many of the codes of practice for various trades, trade
courses and OHS inductions include general advice about
noise levels but this is not sufficient for adequate noise control
planning. Information is available to update and revise these
documents to assist adequate noise control planning.

‘The implementation of work methods statements which are
being required for construction projects should encourage
planning but they need to be checked for adequate inclusion of
noise management.

Engineering noise control measures

Australia imports most of the items of plant and equipment
used on building sites. Thus the focus should be on
encouraging the purchase or hire of those items with lower
noise levels. The provision of noise data in specifications and
promotional material is essential to encourage selections of
items with low noise output.

Promotional material from the supplicrs and the
government agencies should include examples of the use of
noise enclosures and simple screening as well as the
importance of maintaining these noise control clements.
Administrative noise control measures, job rotation etc

The encouragement of multiskilling in the building industry
effectively leads to job rotation which has great benefits in
many aspects of OHS including opportunities for reducing
noise exposure. There does need to be an effective plan and

appropriate record keeping to achieve the reduction in noise
exposure. Again promotional material and codes of practice
can be used to encourage this aspect of noise management.
Personal hearing protectors

Undoubtedly these will continue to be the major form of noise
management on building sites. Therefore high priority should
be given to this part of the noise management program.

Unlike other protective equipment, such as hard hats and
safety boots, hearing protectors are only required at specific
locations on building sites so the placement of warning signs
at the entry of the site is not appropriate and they are usually
ignored. The warning signs should be placed at the location of
the noisy activity as well as on the individual items of
equipment for which typical use could lead to excessive noise
exposure.

Hearing protectors should be part of the personal safety ssue
to each worker and not just available from a common store area.
They should be readily available so that the worker does not
have to travel across the site for issue of disposable plugs.

All aspeets of selection, use and care of the protectors
should be an important part of the OHS induction training.
Building sites can be particularly dirty environments so
special attention to cleanliness and care is essential.
Promotional material for the various trades should emphasise
that other methods of noise control should be considered.
When personal protectors are required they must be selected
for personal issu in ‘with th to ensure
comfort and suitability and to encourage consistent and
correct use.

Training and education
Training programs need to be targeted specifically at the
building industry. A well presented training package which
caters for the differing backgrounds of those working in the
industry should include examples specific to the building
sites. An effective mechanism would require visual
presentation such as a video. Such a training package has been
developed by Comet Training in NSW and was reviewed in a
recent issue of this journal [10].

Regular items submitted to trade journals, newsletters and
the general public media should increase the awareness of and
maintain the emphasis on noise management.

Noise assessment

Government inspectors and union officers should be
encouraged to undertake noise measurements as part of their
visits to sites. These assessments should be primarily used for
guidance to those on site for identifying potential excessive
noise levels. Quantifying the noise levels would increase the
general knowledge on typical noise levels and provide the
opportunity to reinforce the education and training programs.
Audiometric testing

While it is not a control measure itself, regular audiometric
testing is an important tool for a noise management program.
In particular it can be used to identify early loss of hearing and
to reinforce the other aspects of the noise management
program. For many jurisdictions in Australia such testing
cannot be enforced nor made a pre-requisite for continued
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employment or insurance cover. Under these
encouragement may be provided with an incentive, such as a
reduced insurance premium for regular testing.

6. CONCLUSIONS

This study has shown that the noise exposure for many on
building sites can be excessive. Those trades involved with
cutting and chipping concrete experience the higher noise
exposures. The high number of claims for compensation for
hearing loss indicates incffective noise management on
building sites. The study of practices on a range of sites showed
that the implementation of codes of practice for noise
management i still far from satisfactory.

Strategies for encouraging improved implementation of the
requirements of the codes of practice for noise management
have been suggested. There is a need for greater emphasis on
education and training which is focussed for those in the
building industry. Also promotion of the noise levels for
different tools should encourage selection of low noise items.
Personal hearing protectors are likely to continue to be the

support from the of the bodies
involved with OHS issues in the industry including the
Construction Forestry, Mining and Energy Union, the Master
Builders Association, COMET Training, Multiplex, Painter
Dixon, John Holland plus various contractors and consultants
to the construction industry.
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ABSTRACT: This pape consides a number of factors elated 0 the recording f the voice of operatic singes for acoustic analyss. We

wanted to develop a technique for recording

e tested

when the singer tried to avoid moving.

their effectiveness in recording the direct sound produced by the singer with relatively litle interference from the reflections of the sound
in the recording environment. We examined the effectiveness of various near-field microphone positions using a head and torso simulator
in anechoic conditions and applied these observations to recording an
‘microphones. We also determined, that, for this singer, there was appreciable movement of the head and body during operatic singing, even

operatic soprano, comparing the head-mounted and reference

1. INTRODUCTION
Successful operatic performances rely on the ability of singers
to produce a voice that will be audible unamplified in large
theatres, over an orchestral accompaniment and other singers.
Audibility of an operatic voice in such circumstances appears
to rely upon selective amplification of the voice in the part of
the spectrum at which the human ear is most sensitive. The
term "singer s formant” is in widespread use following
observations that bass, baritone, tenor and

the placement of measuring rods between the microphone to
rest on the subjects chin [6], may avoid these errors but
vigilnce is required on the part of the singer and the
to monitor closely
and to repeat tasks if movement occurs. It is likely that this
level of vigilance on the part of the singer will interfere with
his/her emotional expression, particularly in less experienced
singers, and this may distract the singer from realising the
task

operatic singers project their voice over an orchestra by their
3rd, 4th and 5th formants with a relatively high energy peak at
~3 kHz [1-4]. The lower frequency range is important for
articulatory and fundamental frequency features and there is
harmonic energy up o at least 8 kHz. The recording system
plificr, recorder and

hardware /software) must be able to encode the voice signal in
this range, with as little error or distortion as possible and with
an acceptable resolution so that features of the singing voice
‘may be interpreted from spectral analyses.

“There are other considerations in choosing a technique for
the successful recording of operatic voices for research. One
of these is that the singer may move during performance,
depending on the expressivity of the music and the singer s
emotional connection 1o it. Some opera pedagogues teach
singers to use a shift of weight to the back foot just prior to a
high note, which may be thought to assist postural support for
the high note. Any shift of body weight or movement is likely
to be associated with a change in the distance of the mouth to
a fixed microphone. Mellody et al. [5] allowed operatic
singers to move freely but this resulted in them reporting that
the signal-to-noise ratio was affected by background noise,
apparently from movement of their which was

Another approach has been to
place a microphone on a harmonica holder on the subjects
chest [7] although they acknowledge that head movements of
the subject may result in microphone to mouth distance
variation.

An alterative approach places the recording microphone
at relatively longer distances from the singer, such as 40 cm
81, 50 em [9] or 6 feet (approximately 183 cm) [10] as small
variations of microphone to mouth distance will have a
relatively smaller effect on the overall measured SPL.
However, the transfer function from singer to microphone
will be affected by reflections in the room, with the potential
for significant comb-filtering effects. Furthermore, the
longer-term room acoustical effects of reverberation and
certain room resonance modes may also affect the measured
sound spectrum, Closer recording distances will maximise
the strength of the direct sound of the singer in non-anechoic
rooms.

Head mounted microphones have been advocated recently
for voice recording, with comparable data for voice features
being recorded by a head-mounted condenser microphone as
compared 10 a larger, professional grade, stand-mounted

mounted on the singer s clothing.

Singers are usually asked to maintain a constant
microphone to mouth distance because the sound pressure
level (SPL) diminishes as source-receiver distance increases,
and a relatively small change in microphone to mouth position
can significantly affect the measured SPL. Instructions to
‘maintain a constant microphone to mouth distance, even by

ndenser 11},
been varied from 38 mm [12] to 51-76 mm [10]. A focus of this
and other recent studies [11,13] has been how the choice of
microphone may affect the measurement of parameters often
used to describe impaired voice quality. There has been
relatively litle study on recording techniques appropriate for
recording operatic voices.
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There are other factors that may affect the selection of a
‘head-mounted microphone technique to record operatic voices.
Operatic singers may not always be available to be recorded in
an anechoic chamber, or wish to sing in such an unusual
artistic environment. A technique that would record the direct
sound of the singer in preference to the reflected sound in the
room would yield additional research recording opportunities
if recording could take place in quiet rooms that were not
sound-treated. A singer should be able o perform as naturally
as possible, without limiting head and body movement, and so
it is important to determine whether the mouth to microphone
distance of a head-mounted microphone varies with
performance and the effect of small variations in the recording
distance on the recorded sound.

The vocal signal is not radiated uniformly around the head
[14-16) and the sound spectrum is affected by the microphone
position. The air flow from the mouth is likely to cause noise
for a microphone in the air stream, making near-field axial
‘microphone positions impractical without a substantial
windscreen and high pass filtering. Dunn and Farnsworth [14]
found that positioning a microphone 45; off axis produces
little spectral weighting of speech (relative to the axial
spectrum), and removes the air flow problem. For example a
microphone 50 mm from the mouth, 45 to the side, suffers a
2 dB range of deviations from the axial spectrum for the eight
1/2-octave bands covering the 500 Hz — 8 kHz range.

Near-field mouth radiation data are also given by ITU-T
Recommendations P.51 and P.58 [17-18], which specify the
performance of an artificial mouth and a head and torso
simulator. The mouth reference point of an artificial mouth is
25 mm in front of the lip plane on the mouth axis, and would
be subject to air flow distortion in a real person. Like other
published data, the ITU-T data show a relative reduction in
high frequency sound pressure when the near-field
measurement position is shifted off axis, with a greater
reduction for larger angles.

A directional microphone, such as one with a cardioid
directivity pattern, could be used in non-anechoic
environments to reduce the effect of the indirect sound.
However this approach has the accompanying problem of the
proximity effect , where low frequencies are boosted in the
near-field because of the microphone s sensitivity to pressure
gradient [19]. A further practical disadvantage of a dircctional
microphone is that its orientation must be carcfully
maintained.

As the measured pressure spectrum of a singer is affected
by the microphone s relative position, comparing study results
that use different microphone positions can be treacherous,
especially as the ~3 kHz singer s formant is likely to be
affected by microphone position. A utopian solution would be
for all studies to apply the same measurement position. More
practically, difference spectra between measurement positions
could be used, tentatively, for comparisons between studies.
However, the frequency-dependent radiation pattern varies
with the mouth opening shape (and other factors), and hence
between phonemes [15,16]. More research is required before
such transformations can be executed with confidence using
data from singers.

It is worth noting that in a typical unamplified operatic
performance, the audience is likely to receive more
reverberant sound energy originating from the singer than
direct sound energy. This suggests that the overall sound
power spectrum, integrating sound radiated to all directions,
could make at least as good a reference measure as any of the
pressure measurements previously discussed. Of course, the
difficulty is measuring the sound power of a time-varying and
‘moving performer — it is not really practical to do that in a
naturalistic setting.

This aims of this paper are to determine: (a) the
relationship between the sound power spectrum and pressure
spectrum for various near-field microphone positions; (b) the
optimal mouth to microphone distance and position for
recording operatic voices using a commercially available
head-boom mounted microphone; (c) whether a head-boom
‘mounted microphone is successful in being able to record the
direct sound produced by the singer with relatively little
interference from the reflections of the sound in the recording
environment; and (d) to report on applications of these
techniques to record the singing voices of operatic singers.

2. SOUND POWER AND PRESSURE OF A
HEAD AND TORSO SIMULATOR
Method
The Brel & Kjr Head and Torso Simulator (HATS) is
equipped with an artificial mouth, consisting of a high
compliance electrodynamic loudspeaker mounted inside the
head, such that the sound is emitted from a rectangular mouth
area 30 mm wide and 11 mm high. The mouth radiation
properties comply with the cited ITU-T recommendations.
The purpose of this part of the study was to relate a series of
SPL measurements, close to side of the mouth, to the radiated
sound power of the HATS. The interest in these side
‘measurements was because it is quite easy to position a head-
mounted microphone in line with the lips, horizontally
displaced from the comer of the mouth.

Figure 1. A. Illustration of the eighteen microphone positions
used to determine the spatially integrated radiation spectrum
and directivity patten of the HATS. Each microphone position
(represented by a small circle) was | m from the centre of the
head at mouth height, and measurements were conducted in an
anechoic room. B. lllustration of the eleven near-field
cxpbon pesitions exendiog in 4 lne 0 the lef o the
HATS m
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With the mouth radiating a constant pink noise stimulus,
measurements were initially made in an anechoic room at a
distance of 1 m from the centre of the head at mouth height, at
18 positions evenly distributed across a sphere surface (Fig.
1A). Eleven measurements were also made at 10 mm intervals
in a line extending horizontally from the mouth edge to the
side (Fig. 1B), and a twelfth at the mouth reference point. In
the series of eleven the closest

can be expressed as a simple ratio, or else in decibels.
Although measurements of directivity factors were made in
1/3-octave bands, they are presented just for three 1-octave
bands in Figure 2 for the sake of succinctness and legibility.
As might be expected, the directivity factors increase in the
frontal axis in the high frequency range, due to the size of the
mouth (as radiator) and head and torso (as barrier/reflector).

was 0 mm from the mouth edge, meaning that the microphone
was almost touching the HATS. A B&K 4135 1/d-inch
microphone was used for all measurements described in this
section. 1/3-octave measurements were made using a B&K
2131 spectrum analyser.

It is important to note that the axial distance measurements
given in the ITU-T recommendations are from a lip plane 6
mm in front of the physical mouth orifice. However, the
‘measurements reported in this paper are stated in terms of the
distance from the physical mouth orifice. The principal reason
for this is that we were interested in studying lateral
microphone positions in line with the physical lip plane,
because of the aforementioned simplicity in positioning
microphones along this line.

Figure 2. Octave band directivity factors for 250 Hz, 1 kHz and
4 kHz for the HATS at a distance of I m.

i

prossesave minus power vl (48]

Figure 3. Difference between sound pressure level and sound
power level for the eleven lateral measurement positions, as
wel as for the mouth reference point (MRP). The spectrum for
70 mm is in bold.
Results
In absolute terms, the measured sound power of the HATS is
of little interest, because it depends on the signal spectrum and
amplifier gain. However, as a reference, the sound power can
be used in the determination of directivity factor, and also as a
reference for the close microphone measurements. Directivity
factor is the ratio of sound intensity radiated in a specific
direction to the average intensity radiated in all directions, and

The also show that three of the 90; positions
(left, right, and above) have directivity factors not far from 0
dB across the 200 Hz-5 kHz measurement frequency range,
and might therefore be good choices for microphone positions
if the overall radiated sound is of interest.

Similar results, for a custom-built dummy and for singers,
can be found in Flanagan [15] and Marshall and Meyer [16]
respectively, although those studies do not express the
radiation in terms of directivity factor. The sudden decrease in
high frequency intensity that occurs beyond 90; from the
mouth axis is also found in those studes.

The results for the close measurements are shown in
Figure 3. Between 30 mm and 100 mm the sound spectral
components decrease by about 5 dB per doubling of distance,
and this is reasonably independent of frequency. This may be
contrasted with the 6 dB per doubling of distance (inverse-
square law) which is found for this distance range in axial
‘measurements [15, 18-19].

Figure 3 also shows the relationship between pressure
level and power level at the mouth reference point (MRP),
which is 26 mm in front of the physical mouth opening. As
might be expected, the MRP sound pressure measurement
contains relatively more high frequency sound than the power
spectrum. On the other hand, most of the close lateral
measurements show a reduction in high frequency sound
(relative to the power spectrum), and a minor peak at 125
kHz.

The spectrum for the 70 mm distance is marked in bold
because this distance was ultimately selected for measuring
opera singers. The fact that the spectral contours in this region
show a high degree of parallelism means that some inaccuracy
in positioning a microphone will not significantly affect the
resulting spectral profile.

3. TESTS OF A HEAD-MOUNTED
MICROPHONE AND NON-ANECHOIC
CONDITIONS

Method

Two miniature condenser omnidirectional microphones were

tested for use in recording operatic voices: an AKG C477 WR

oc/P (called here microphone 2) and an AKG 577 (called here
microphone 3). The AKG C477 is manufactured with the
microphone mounted on the left side and the AKG 577 is an
carlier model not supplied with a head boom. These
microphones were sclected on the basis that the
manufacturer s specifications include a relatively flat
frequency response from 0.1-10 kHz, which encompasses the

range of interest for operatic voice analysis, and a stated A-

weighted signal-to-noise ratio of >68 dB.
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The free-field frequency responses of these microphones
were assessed by comparison to a B&K 4190 1/2-inch free-
field microphone, using a JBL 4206 loudspeaker as the source,
at a distance of 1 m on axis. The spectrum of a pink noise
signal for cach microphone in the reference position was
obtained using a B&K 2034 FFT spectrum analyser. The
frequency response of microphones 2 and 3 were determined
by subtracting the sound level spectrum of the B&K 4190 from
their raw sound level specra.

Testing was carried out with author Jennifer Barnes, who is
an operatic soprano rated as a "national — major principal
[3.1a]" on the Bunch and Chapman [20] taxonomy of singers.
Initial tests revealed that peak clipping was difficult to prevent
with the AKG microphones 2 and 3 set at distances of 50 or 70
mm from the comner of the subject s lips, especially on the high
soprano notes. The manufacturer s specifications are that the
maximum SPL of the AKG C477 microphone is 133 dB (re 20
‘micropascals) and this scemed adequate for the very powerful
operatic voice. A microphone pre-amplifier which permitted a
two stage preamplification (Behringer 2200) solved the
clipping problem, using auditory as well as visual monitoring
via oscillographic real-time display of the recorded signal.

Comparison was made of simultancously recorded AKG
microphone 3 set at 50 mm laterally and a calibrated B&K
4190 microphone set at 300 mm on axis. The singer was
recorded in a recording studio singing the first verse of
"Advance Australia Fair". Spectra of the recorded samples
were digitised (sr=16 kHz, Loughborough Sound Images
PC/C32 board) and analyzed using Soundswell Version 4.00
software (Hitech, Sweden). The two song raw spectra levels
(125 Hz intervals) were calibrated to the SPL for the two
calibration signals recorded for each microphone system. The
spectrum recorded from AKG microphone 3 was corrected for
its frequency response.

“To assess movement of the microphone to mouth distance,
the subject was fitted with microphone 2 on the head boom at
70 mm and asked to sing parts of an operatic song ("Torna a
Surriento™ and an aria ("Un bel di" from Madama Butterfly)
moving her head as little as possible. This was repeated with
the AKG microphones set on fixed rods at various distances up
to0 100 mm from the side of her lips. A video camera was used
to film her head and neck from the front and the side during
singing. A 20 mm measurement grid was placed on a fixed rod
at the level of the microphone and was used to measure the
distance of the subjects lips to the boom-mounted
microphone. Images of the singer and the microphones were
printed and magnificd, and distances were measured using the
grid.

A software program called MLSSA (Maximum Length
Sequence Signal Analyzer) was used, together with a scaled 4-
inch loudspeaker (prior to the HATS s availability), to quantify
the effect of the non-anechoic recording environment on the
signals recorded from microphones 2 and 3. MLSSA uses a
pseudo-random noise signal with a white spectral envelope
to determine the impulse response of a system by cross-
correlating the test signal with the measured signal. The
impulse response shows the pattern of reflections produced by
the system, as well as the general reverberant sound decay.

‘The transfer function of the system is determined by applying
a fast Fourier transform to the impulse response. Tests were
done in a recording studio (10 m x 6 m plan, 0.4 s mid-
frequency reverberation time) and a quict office (3 m x 4 m).
Results

Frequency responses of the head-mounted microphones

Free field measurements found that the two AKG head-
mounted microphones exhibit significant variation in
sensitivity across the frequency range, with a notch in the
vicinity of 3.5 kHz, and a peak around 4.0 kHz (Fig. 4).
Microphone 2 had the wider variation, with sensitivity range
of 8 dB between these frequencies. The large spectral
iregularity in this region is of particular concern because it is
in the range of the singer s formant. In fact, the singer s
formant ranges between 2.5 and 3.5 kHz meaning that the
microphone characteristics nced to be factored into an
analysis of this aspect of the singing voice.
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Figure 4. The measured fice field frequency response of the
two AKG head mounted microphones.
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Figure 5. Phonetogram of a soprano voice, indicating a

dynamic range of 63 dB.

Operatic voice recording

The phonetogram generated by the singer subject singing
successive notes through her range is illustrated in Figure 5.
Measured from microphone 2 at 70 mm lateral from the corner
of the lips on the headphone boom, there was a 63 dB dynamic
range over the singing range from 56 dB(A) on D3 (147 Hz) to
122 dB(A) on her top note E6 (1319 Hz). This is typical for
soprano voices of similar experience and such a range presents
a challenge to record the highest notes without distortion.
Extent and effect of head movement

During singing, the microphone to mouth (comer of lips)
distance to the AKG microphones fixed on a rod placed lateral
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to the singer showed considerable change (range 8 mm shorter
to 12 mm longer over various tasks) compared to the rest
position. These observations were from video images
recorded front-on and did not take into account the degree of
front-back movement. However, two lateral video recordings
revealed that there was considerable movement forward and
backward with up to 80 mm movement between the lips and
a fixed object during the operatic song and 100 mm for the
more emotional aria. This lateral video recording also
revealed much greater vertical movement (up to 80 mm)
during performance of the aria. Such movements imply large
changes in the mouth-microphone transfer function.

There were smaller changes in the microphone to mouth
distance during singing using the head-mounted C477 (mean
4 mm longer, SD 2 mm) and some of these changes appeared
to relate to changes in mouth shape as the mouth opened and
closed for the various phonemes, a topic which warrants more
detailed study. There appeared to be negligble front-back and
up-down movement artefact as the microphone moved with
the singer.

Effect of non-anechoic environments

The recording studio used to record the singer exhibited a
number of room reflections (from the MLSSA data), the
strongest being at 21.5 ms at —30 dB relative to the direct
impulse. This corresponded to  glass wall 3.4 m in front of
the subject. When the equivalent FFT plots for the anechoic
room and the recording studio were overlaid, there was
negligible effect in the frequency range of interest, with less
than 1 dB difference in the high range. In the office, two
reflections were apparent around 12 ms and a level of —30 dB,
corresponding to a large glass window. When the anechoic
and office data were compared, there was less than 2 dB
differences across the spectrum range of interest. No voice
recordings were carried out in this office although this was
used for subsequent experiments recording opera singers
simultaneously with laryngeal endoscopy [21-22].

4. DISCUSSION

‘This paper has described a technique to record operatic voices
with a wide dynamic range. A head-mounted microphone
allows the microphone position relative to the mouth to be
well-defined and stable. Positioning the microphone to the
side avoids the problem of air-flow-induced noise, and also
has the advantage of a simple measurement for positioning.
The close side position suffers a loss of high frequency
sensitivity, compared both to the axial frequency response and
the overall sound power frequency response.

The AKG C477 and C577 head-mounted microphones
show a degrec of spectral irregularity which would
substantially influence the interpretation of data (such as
formant frequencies and strengths) unless compensation is
upplmi Measurement grade microphones, which would not

rarely been used in si

Prevw\ls studies have used an anechoic chamber to
achieve accuracy in recording [1,3]. The recording system
described here, which optimises the singer s sound in
preference to the recording environment, has been particularly

useful in recruiting professional operatic singers who have
volunteered to be recorded in places such as a rehearsal room
near their workplace rather than having to travel to an
anechoic chamber with its associated artistic unfamiliarity.

Movements of a singer relative to a fixed microphone
seems unavoidable even when the singer is unusually
disciplined (as our subject was) and attempting to remain as
still as possible. These variations in the mouth to microphone
distances appear to preclude the use of fixed microphones in
the near field for recording voice for acoustic analysis.

A recent paper Mellody et al. [5) recorded operatic voices
using a body-mounted microphone and reported that the
recording levels were continuously altered during recording to
avoid overloading due to the dynamic range produced by the
singers. This technique of optimising the energy levels is
common among audio engineers in music theatre, televisior
and radio broadeasts but it effectively precludes meaningful
acoustic analysis of the voice energy. In another recent study
of soprano vowels, Weiss et al [10] reported that strong voices
that were close miked (two to three inches from the mouth)
produced an "almost square wave pattern” which assumed a
more normal shape as levels decreased, suggesting that the
recording levels were too high or, more likely, the microphone
had been overloaded at these high levels of operatic voices.
These reports add to some of our earlier observations that the
dynamic range of operatic voices recorded with close
‘microphones deserves special consideration.

The well-known observation of the directivity of the
higher frequencies, illustrated in Figure 2, has important
pedagogical applications. A singer hears their singing voice
with the air-conducted sound having a considerable loss of
energy in the “singer s formant" region. It is understandable
why young singers need to rely upon recordings made from
the front and upon their pedagogue s ear. The successful opera
singer appears to have the ability to rely upon the
proprioceptive sensations from their body to achieve
projection over an orchestra, more so than their auditory
feedback. This must be a very hard lesson for young opera
singers as it is this quality that translates to audition success.
This area warrants further investigation, as it has practical
application to pedagogy.
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ABSTRACT: This tuorial discuscs the opraion .,f several types of condenser microphone inluding standard omnidirectonal

measuri
their operation is d.\scussed s0d theapproach to & dmlled n\llysls using electrical network analogs is outlined.

with adjustable response pattern. The physics underlying

1. INTRODUCTION

Fifty years ago the number of microphone types in common
use was very large. Dynamic microphones were the most com-
mon, and came in both omnidirectional and cardioid response
patterns, but broadcasting and recording studios often used rib-
bon microphones, usually with figure-eight response patterns.
Omnidirectional condenser microphones were in use for
acoustic measurements, and were beginning to penetrate the
recording and broadcasting fields. Today the situation is very
different: nearly all microphones in common use are condenser
types, from simple cheap microphones in telephones and other
voice recorders, through studio microphones with variable
response patterns, to sophisticated measuring microphones. It
is the purpose of this tutorial paper to give a brief survey of
these condenser microphone types and to explain their operat-
ing principles, particularly in relation to frequency response
and directional pattern.

Because microphones are so fundamental to the practice of
acoustics, most classic books on practical acoustics, such as
those by Olson[1], Beranck[2], Kinsler et al.(3], and Rossing
and Fletcher{4] have a chapter on various common microphone
types and their operation. More recently there is a whole book
devoted to microphones, edited by Michael Gayford[4), and a
specialised book on condenser microphones of the measure-
‘ment type edited by George Wong and Tony Embleton[S].
Despite this, it is not easy to find a treatment along the lines to
be attempted here.

2. ELECTRIC NETWORK ANALOGS

The behaviour of mechanically simple systems can usually be
analysed by considering quite directly the motion of the
mechanical elements when acted upon by an acoustic pressure
signal. As the system becomes more complex, however, so
does the analysis, and it has been found simplest to calculate
this behaviour in terms of an electrical analog in which voltage
V represents acoustic pressure p and electric current i repre-
sents acoustic volume flow U. (The same idea can be applied
to mechanical systems by taking voltage to represent force
rather than pressure, and current to represent velocity rather
than volume flow, but it is simpler to use the acoustical analog.
from the beginning.) The one significant limitation of this
approach is that it is essentially one-dimensional like the wires
of an electrical circuit. More complex three-dimensional ideas
have to be added later.

In this electric analog system an acoustic resistance, such
as a layer of felt, becomes an electrical resistance, and Ohms
law P=iR becomes the acoustic flow law p=RU. Similarly, a
mass m that presents an area S 1o the acoustic pressure is rep-
resented by an electrical inductance L=m/S* and a mechanical
spring by a capacitance C proportional to the compliance of
the spring. A sealed cavity of volume ¥ is represented by a
capacitance of magnitude C=V/pc, where p is the density of
air and ¢ the velocity of sound in air, these relations being
derived by considering the physics of the resulting motion or
air flow. All the standard techniques of electrical circuit
analysis can then be applied to work out the behaviour of the
acoustic system being studied. In what follows we shall
sometimes use these techniques, but also try to explain in
physical terms what is going on.

3. MEASUREMENT MICROPHONES

An omnidirectional measuring microphone of standard design
is shown schematically in Fig. 1(a). A strong thin metal
diaphragm is stretched tightly over the entry to the micro-
phone capsule and a plane insulated electrode is positioned
about 20um away from it. The capsule is sealed except for a
fine capillary tube that provides a leak and prevents long-term
build-up or deficit of pressure inside the capsule. The elec-
trode is perforated by a number of holes for a reason that will
become clear later.

‘When an oscillating acoustic pressure is applied to the out-
side of the diaphragm, this tends to move it towards the elec-
trode, but the motion is resisted by the need to accelerate the
mass of the diaphragm, by the diaphragm stiffess, and by the
need to move air from between the diaphragm and the elec-
trode through the vent holes and into the cavity behind the
electrode. This back cavity itself has some acoustic elasticity,
as noted above, and there is the vent to outside to be consid-
ered, but we ignore these for the moment. The microphone
behaviour can therefore be analysed in terms of the analog cir-
cuit shown in Fig. 1(b), in which we want to calculate the cur-
rent through the diaphragm impedance in terms of the applied
pressure. The small extra stiffness from the air in the air
enclosed in the cavity can be neglected in comparison with the
diaphragm stiffness, which we do by assuming the analog
cavity capacitance to be very large, and we also neglect the
effect of the slow leak into the cavity, shown by the dashed-
line part of the network. At low frequencies, diaphragm stiff-

ness impedance 1jaC is dominant over the diaphragm mass
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impedance jeoL and resistive losses R, and the diaphragm dis-
placement is simply proportional to the acoustic pressure.
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Figure 1. (a) Schematic diagram of an omnidircctional con-
(b) Electrical

for the microphone in (a); the added cffect of the slow leak is

shown with dashed lines, since it is important only at very low

frequencies.

In use, the microphone electrode is charged to a potential of
perhaps 200 volts through a very large resistor (perhaps 1000
megohms). This charging may take several seconds, so that
effectively the charge on the electrode is constant. The electri-
cal capacitance C; between the electrode and the diaphragm is
&,5/d where S is the electrode area, d i its separation from the
diaphragm, and €, is the permittivity of fiee space. Since the
charge on this electrical capacitor is fixed despite the rapid
diaphragm motion, the voltage across it is inversely propor-
tional to the capacitance C, and therefore proportional to the
diaphragm spacing d, which follows the acoustic pressure with
just a change in sign. The electrical signal will therefore be a
faithful replica of the acoustic pressure signal.

At higher frequencies things get more complicated. The
motion of the diaphragm must now be considered in terms of
its mass, its stiffness, and the resistive losses provided by the
viscosity of the air as it is forced to move between the
diaphragm and the electrode. As shown in Fig. 1(b), these cle-
ments are all in series, as is plain when it is considered that
each one is separately resisting the diaphragm motion, which is
equivalent to the electrical current in the circuit. The circuit is

that of a simple resonator with resonance frequency f* given
by 227*=(1/LC)", and quality factor Q=m/*27R, where the
acoustic analog values are used for Z, C, and R. The existence
of this resonance means that the diaphragm motion will be
increased by a factor Q at the resonance frequency f* , the
width of this resonance being about /*/Q. Above the reso-
nance, the diaphragm response will decline by 12 dB/octave.

To make a microphone with a good flat frequency
response therefore requires a high resonance frequency /%,
and sufficient damping that the response peak near /* is not
too prominent. Measurement microphones have strong metal
diaphragms that can be tensioned so as to give resonance fre-
quencies in the range 15 to 50 kHz, the higher frequencies
applying to microphones of smaller diameter. The damping
can be adjusted by changing the diaphragm spacing and also
the diameter and spacing of the holes in the electrode so that
the resonance peak is nearly eliminated, but too much damp-
ing wil also reduce the response at frequencies a little below
the resonance

‘There are a few other things to be considered in design of
this simple type of microphone. The vent hole in the capsule
has already been mentioned, and the addition this makes to
the network is shown dotted in Fig. 1(b). If the vent has an
acoustic flow resistance Ry, then the time constant for pres-
sure equalisation within the capsule by flow through the vent
is RyC where C i the acoustic analog capacitance of the cav-
ity volume. The vent resistance is normally adjusted so that
this lower cut-off frequency is about 10-20 Hz, since that is
below the range of human hearing, and this prevents the
microphone from being too sensitive to pressure changes
from shutting doors or other influences.

‘The second thing is that the one-dimensional model is too
simple sound can reach the microphone from different direc-
tions and this can have an effect. If the sound incidence direc-
tion is along the axis of the microphone and normal to the
diaphragm, then there is no problem at low frequencies, and
the microphone diaphragm samples the pressure in the
acoustic wave. If, however, the diaphragm diameter were to
be very large, then the wave would be reflected from it, and
the pressure on the diaphragm would be doubled, an increase
of 6 dB. This increase occurs when the sound wave frequen-
cy is high enough that the sound wavelength is less than the
diameter of the diaphragm. At this same sort of frequency, the
microphone response also becomes increasingly dircctional,
favouring signals arriving normally from along its axis. The
reason for this can be seen by examining a signal arriving at
right angles to the axis and thus tangential to the diaphragm.
If the wavelength is about equal to the diaphragm diameter,
then half of the diaphragm will feel a positive acoustic pres-
sure and half a negative pressure, nearly cancelling.

Al these things have to be taken into account in the design
of a microphone, particularly if it is to be used for precise
measurements for which accuracy better than 1 dB is required
over the whole frequency range. For this reason these micro-
phones are divided into sub-classes designed for measuring
cither free fields or else simply acoustic pressure, which is
more suitable for randomly incident sound.
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4. SIMPLE MICROPHONES

A variant of the design discussed above is used in many prac-
tical microphones. The main difference is that the diaphragm
is made from polymer material about 10-20 im in thickness,
and has an evaporated gold film over its central portion to
make it electrically conducting. The electrode then becomes
part of the microphone case, which is held at ground poten-
tial, and there is a separate connection to the metallised part
of the diaphragm. The main difference that this design change
makes is that, because the plastic diaphragm cannot support a
large tension, its resonance frequency is only about 1-3 kHz,
depending upon the diameter of the microphone. To obtain
adequate frequency response it is therefore necessary to make
use of the added elastic stiffness provided by the air enclosed
behind the diaphragm to raise the effective resonance fre-
quency to 15-20 kHz. In the case of measurement micro-
phones, the diaphragm tension was so high that this extra con-
tribution to stiffness could be neglected.

‘The electric analog circuit for this case s identical with
that in Fig. 1(b). The difference is that the cavity stiffness can
1o longer be neglected and is, indeed, now much larger than
the diaphragm stiffness. The circuit arrangement can be jus-
tified by the consideration that air flow caused by displace-
ment of the diaphragm, which activates its mechanical stiff-
ness, flows equally into the cavity, as does the electric current
in the analog circuit. Analysis of the resonance behaviour is
similar to that for a measurement microphone.

Use of a plastic diaphragm rather than a metallic onc has
another consequence. When the electrical potential s applied
to activate the microphone, this imposes a mechanical stress on
the diaphragm attracting it towards the electrode. In the case of
a measuring microphone with a metallic diaphragm this causes
very little displacement because the diaphragm tension is so
high, but for a plastic diaphragm the normal displacement is
perhaps as great as S-10um. It can further be shown that, if
this displacement exceeds about one fifth of the total separation
between diaphragm and electrode, then the diaphragm will col-
lapse against the electrode and the microphone will become
inoperative. For this reason, the electrical polarising voltage
used in a microphone of this type is generally much less than
in a measurement microphone, and the initial diaphragm sepa-
ration is larger, which the sensitivity.

One further feature used in some of these microphones is
to do away with the external polarising voltage altogether and
use instead an electret film deposited on the surface of the
electrode, or sometimes built into the diaphragm itself. The
great advantage of not requiring an external power supply
makes electret microphones ideal for portable apparatus and
also reduces the overall cost. The only disadvantage is that
the polarisation of the electret material gradually changes
with time, so that the microphone sensitivity is less stable
than for an extemally powered design.

5. DIRECTIONAL MICROPHONES

The simplest sort of directional microphone is the pressurc-
gradient design. Suppose that sound is allowed equal access
0 both sides of the diaphragm and that the entry ports to the
two sides are a distance d apart. Then if a sound wave of

amplitude p and frequency f is incident at-an angle 6 to the
axis of the microphone, the pressure tending to move the
diaphragm is p,~ p, where
1= pexp(kdl2); p,= p exp(~jkd/2) m

with k=27f/c and j=V(~1). If the separation between the two
ports is much less than the sound wavelength, then p,—p, =
Jjpkd. 1 we extend this model to sound coming in at an angle
6 to the microphone axis, then the effective distance between
the two ports is not d but rather d cos6, and the amplitude of
diaphragm motion is proportional to pkd cosf so that the
microphone has a figure eight or cos'@ directional response.
Such a microphone thus responds to the component of the
acoustic pressure gradient parallel to its axis, and has a
response proportional to fand thus rising with frequency at 6
dB/octave unless some other design feature enters. We shall
see later what this is.

‘There is another feature of ideal pressure-gradient micro-
phones that should be noted. Since a spreading spherical pres-
sure wave has a form like p(r) = (1/r) e/**, differentiating
this to find the gradient inserts a factor [1 + (kr)"'] relative to
a plane wave and so gives a strong bass boost if k<1, which
means within about /27 of the source. This boost must be
corrected for, or at least recognised.

6. CARDIOID MICROPHONES

A figure-cight directional response is sometimes useful, but
more often the requirement is for a response concentrated in
the forward direction along the microphone axis. If some way
could be found to combine the response patter of a pressure-
gradient microphone with that of a simple pressure micro-
phone, then the result would be

P4+ B cosB) @

where 4 and B are constants. If the value of B/4 could be
varied, then a variety of directional patterns could be
achieved, ranging from omnidirectional for B = 0 to figure-
eight for 4 = 0 and with a particular cardioid (heart-shaped)
pattern for B = A. These possibilities, plotted on a polar deci-
bel scale, are shown in Fig. 2. The one remaining problem is
the frequency dependence of the gradient response, which
would cause the pattern to be omnidirectional at low frequen-
cies and gradient-like at high frequencies becausc the pressure
gradient at a given pressure amplitude increases with increas-
ing frequency as shown by (1).

A solution to all these problems is given by the design in
Fig. 3(a). Here we see the cavity behind the perforated elec-
trode of a simple microphone vented to the surroundings
through some sort of partition with an acoustic impedance Zp.
1f Z, is the acoustic impedance of the diaphragm and Z that
of the cavity, both of which we have discussed before, then the
whole microphone can be represented by the network analog
shown in Fig. 3(b). The topology of the network can be under-
stood by considering the paths by which acoustic volume
moves from one component to anotherif the same flow moves
through each, then they must be in series, while if the flows
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Figure 2. Response pattemns obtainable by varying the constant
A in equation (2): (a) omnidirectional when B = 0; (b) figure-
eight when B/4 >>1; cardioid when B/A = 1; () a form of
hypercardioid when B/4 = 1.5. Relative levels are in decibels in
all cases.

diaphragm

Zp ~ g T case vent
electrode —] P 3
P +— acoustic resistance
1|0
cavity
Zc =

@

Figure 3. (a) Design of a simple cardioid microphone.
) Analog network circuit for this microphone.

combine then they must be in parallel. Solution of this net-
work is simple, and the calculated value of the acoustic volume
flow through the diaphragm, caused by its movement, is
U=1Zp+Zpep (G 2o+ L Zc+ 2o Zo)' - (3)
where p, and p, have the form given in (1). If the impedance
Z, of the partition is made a simple resistance R, then the

numerator of this expression, which s the only part containing
the angular factor cos6) takes the simple form R + d cosf/cC,

where Cis the analog capacitance of the cavity. ~This is of
just the form in equation (2), and the response can be made
cardioid in form by arranging that R = d /cC, the frequency
dependence of this part of (2) cancelling out. The denomina-
tor of (3) is nearly inversely proportional to frequency over
most of the operating range, so that Uis nearly proportional to
frequency and the diaphragm displacement s nearly indepen-
dent of frequency, as it should be for a flat response. Because
it is not possible to vary the various impedances once the
microphone has been built, its directional characteristic, gen-
erally cither cardioid or hypercardioid, is fixed at the design
stage.
Looked at physically, what happens is that, if the partition
is simply resistive, then the pressure acting on the inside of the
diaphragm for a given sound wave amplitude varies inversely
with frequency above the value of 1/RC for the cavity, and this
cancels out the frequency-dependent rise in the magnitude of
the pressure gradient, giving a constant response amplitude
and pattemn. This no longer holds for frequencies below 1/RC,
when the internal pressure approaches the external pressure
and the response declines.

7. STUDIO MICROPHONES

The final type of microphone to be discussed is the studio
‘microphone, which generally has a response characteristic
that can be varied between all the patterns shown in Fig. 3.
The general idea, developed more than thirty years ago, is
essentially to mount two condenser microphones back-to-
back with some sort of acoustic coupling between them, and
then to control the directional response by varying the volt-
ages applied to the two diaphragms.

Figure 4(a) shows the design of a traditional studio micro-
phone. The electrodes are made of thick metal with cavities
to provide acoustic stiffness to the plastic diaphragm, and
about half of these cavities lead through small holes to the thin
central space which provides a resistive coupling between the
two microphone elements. We can identify two basic modes
for this microphone. In the first the two diaphragms move
inwards together so that there is no flow through the central
space, and the response is essentially to the pressure signal at
the mid-point of the microphone axis. In the second mode,
one diaphragm moves in while the other moves out, and the
‘main impedance to the motion is the resistance of the central
space through which the acoustic current must flow. The
response in this case is to the difference between the pressures
on the two diaphragms, and thus to the gradient of the acoustic
wave pressure. If the diaphragm tension is low, so that the
impedance to motion is largely that of air flow through the
central resistance, then the diaphragm velocities will be pro-
portional to the pressure gradient and their displacements will
have a (frequency)™ factor that cancels out the frequency fac-
tor in the gradient, thus giving a flat response for the figure-
eight pattern.

In the accompanying electric preamplifier, the two
diaphragms are connected to a differential input. If, therefore,
the polarising voltages on the two diaphragms are equal, the
response o a simple pressure signal will be zero, but the
response to a gradient signal will be a maximum. Conversely,
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Figure 4. (a) Design of a simple studio microphone.
(b) The analog circuit

if the polarising voltages are equal and opposite, then the gradi-
ent response will be zero and the pressure response will be at a
maximum. Somewhere in between, perhaps with one voltage
nearly equal to zero, the response will have a cardioid pattern.
Fig. 4(b) shows the analog circuit for this microphone from
which the motion of the two diaphragms under the influence of
a signal at angle 6 to the microphone axis can be calculated,
and the design parameters varied to give the desired frequency
response and directional pauem Solution of the network equa-
tions is straig] but i a little i
since there are three separate meshes to the network, implying
three equations, and each is complex so is really two separate
equations. Nevertheless these equations were solved long ago
and microphone designs with excellent frequency response and
directional characteristics were ~produced. Some of these
designs, with improved manufacturing and the use of transistor
rather than valve preamplifiers, are now widely sought after in
the recording industry. The microphone capsule, of course, is
mounted within a metal mesh enclosure, both to provide
mechanical protection and also to reduce breath noise.

8. CONCLUSION

There has been space in this review to consider only the basic
types of microphone design, and even within this limited field
there is an immense amount of technical variation, from large
studio microphones with double capsules up to 30 mm in diam-
eter to tiny microphones for in-ear hearing aids with diameter
less than 2 mm. Diaphragms of thin taut metal and of much
softer plastic have been mentioned, but some microphones now
use diaphragms etched out of crystals of silicon so that they can
be in close proximity to components of the electronic circuit.
With sight and hearing providing the primary sensory links
between humans and the environment, the development of new
microphone types is bound to continue.
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ROAD TRAFFIC NOISE —THE SELECTION OF

A PREFERRED ROUTE

Neil Gross

Wilkinson Murray Pty Limited, 123 Willoughby Road, Crows Nest NSW 2065

1. INTRODUCTION

For new road projects the route selection process is an
essential part of determining the preferred route. This includes
many selection parameters of which noise is just one.
Technical information which includes some form of noise
assessment needs to be provided at the Value Management
Workshop which would occur early in the road design and is
a requirement of the EIS process. However, normally litle or
no data is available regarding the different options with the
exception of several coloured lines on a map. The required
input to the VM workshop is that these route options need to
somchow be ranked. Time frame is 1 week and the budget
may only be a few thousand dollars.

“This article should not be considered as a research paper
but rather as a technical note which may prove beneficial to
those assessing road traffic noise in order to satisfy RTA
requirements.

Wilkinson Murray s involvement in road traffic noise
projects which have required a route selection process has led
to the development of a simple assessment procedure. The
procedure is described in this article

When faced with 6 different coloured lines on a map
which represent 6 route options to be assessed, how can you
decide which is the best overall from a noise perspective? Are
10 residences set back 50m from a new road better or worse
than a combination of $ residences set back 25m with a further
5 residences set back 100m. What happens if some of thesc
residences are already affected by road traffic noise. Imagine
how much harder the selection becomes when there are
possibly 400 to 500 residences at varying distances up to
300m and beyond.

Without a site visit or the option of doing detailed
caleulations (the route selection assessment is normaily
restricted o a desktop study with limited budget and without
a detailed road design) the assessment has to be based on
professional judgement and intuition.

An assessment procedure has been developed, which
probably supports the intuition, which uses  simple numbers
approach to break the overall selection process into a number
of smaller packages that allow comparison and can be handled
with greater ease.

To assess the future likely impact of road traffic noise,
threc basic parameters have been chosen.
¥ Number of residential properties potentially affected.
¥ Future absolute noise level at each residence.
¥ Change in noise level (both increase and decrease) from

existing situation at each residence.

In other words, the more residences affected the worse the
route, the higher the noise level, the worse the route and the
bigger the increase the worse the routc.

2. WHAT DO YOU NEED ?

Aerial photography and perhaps the opportunity to speak on
the phone with someone (Project Manager) who is reasonably
familiar with the area;

¥ ascale rule;

¥ asimple spreadsheet; and

¥ the ability to count.

3. WHAT IS THE BASIS OF CALCULATING

EXISTING AND FUTURE NOISE LEVELS ?
In the absence of information at the early stage of any project
it is likely that the number of vehicles, vehicle distribution,
traffic speed and road surface will all remain the same for each
route. The parameters which will vary are, distance to cach
residence, natural shielding and road gradient. Since the road
design (ie cut, fill and gradient) is not fixed at this carly stage
then it is impossible to account accurately for these factors.
Realistically, distance from the centre line of the proposed road
alignment to each residence is the only readily available
parameter to assess future noise levels. In a similar fashion,
distance from the centre line of the existing road alignment is
the only readily available parameter to assess existing noise
level.

4. WHAT TO DO ?

Previous assessments conducted by Wilkinson Murray have
considered a region 300m either side of the route centre line.
This has been based on the area over which information has
been readily available. The recent change in EPA guidelines
may indicate that S00m or even further s a more appropriate
distance within which to include residences.

The procedure requires counting residences along cach
route option and compiling a spreadsheet for each route option
(including the o nothing). A sample spreadsheet is attached.

The first step involves getting a decent size map and enough
space on the office floor to spread it out. It is then necessary to
split the areas either side of the existing and new routes into the
following different distance categories from each route: 0-50m,
50-100m, 100-200m, 200-300m. Just use a scale rule and draw
lines parallel to each of the route options. The first distance
category realistically deals with residences within 25-50m from
the edge of a road. The move from one distance category fo the
next therefore typlcally representsequal changes in trafi oise
level wh preading and ground
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The second stage involves dividing the route options into Impress the client by issuing a report with a clear ranking
different sections along their length (chainages) which simply  and be satisfied with the quality of your work. Dont be
makes residences casier to count and recount. This should disappointed when you realise there were at least 25 other route
typically be about 10 sections and preferably based on obvious  selection assessment parameters and the quietest route didn t
features such as intersections with existing roads. win. At least the fees for future noise control may make up for
Thirdly, for any one of the 6 options for each residence itis the disappointment that noise was not the most important
necessary work out how far the residence is from the existing selection paramefer.
road and how far it would be from the route option being
assessed. For example, if a residence will end up being 50- > SUCCESS AND IMPROVEMENTS
100m from the new alignment, this residence must be added to ~ The success of the procedure is hard to define since noise is
one of the columns within the 50-100m category depending on ~ Only 1 of many selection parameters and of course all 6 route

its distance from the existing alignment. options are never built or even assessed in more detail.
The fourth stage involves repeating this process for all the  However the procedure has certainly helped the author prepare
other options. a quantitative assessment which appears to match the intuition.
‘The fifth stage involves applying the various weightings ‘This procedure is far from perfect in many ways but does

shown at the top of each column. The weightings have been  meet its objective. Minor adjustments have already been made
selected by using a paired comparison procedure in to this procedure when dealing with specific projects. Two
conjunction with experience in the likely effects of absolute  examples are given below.
traffic noise level and of changes in traffic noise level on Some projects have had one route option, which involves an
potential annoyance. This is explained in more detail below.  upgrade of an existing alignment with the other options in
The weightings range from 04 to 6.4 and have been virgin areas. This means the existing route would remain open
selected starting with a weighting of 1. This represents the o traffic but with a lower flow. In these instances it has been
situation where there is no chmge vi" noise level ata residence  necessary to adjust the weighting for any residence. This has
set back 200-300m from the existing road. If noise levels are  been done by moving it into a different distance category
higher (residences are closer) or increases arc bigger, @ gepending on the difference in traffic numbers between the
weighting greater than 1 needs 10 be applicd since it Would exigting and future flow.
reposen o reaer impac Similarly if noise levels were to Some projects have had route options i undulating terrain
e T e e 0 e AP, and it has been quite obvious where cut and fill wil be required.
owever lor the same change tn noise level either Up o »gain adjustments can be made by moving the number of resi-
down the procedure recognises that the increase is perceived to :
! dences from one distance category to another to account for more
be worse than the decrease. For example a route which improves < A ’
A h ! . P shielding or reduced ground effects. These adjustments require
noise at 50 residences but makes it worse at 50 is not considered 8 O ) o
"ot e professional judgement but in shallow cut where shiclding of
t0 be as as good as a route, for the same changes in noise level, aately SCRA woukd be ackioved would be snlle &
which increases noise at 10 and reduces noise at 10. approximately wwould be achicved woule be simiar fo
Since a 104BA increase in noise level is widely accepted o 2PProXimately a change of 1 distance category. For a deeper cut
be a subjective doubling in noise, this has been used to loosely set 1S MaY equate to a change of 2 distance categories.
the weightings by comparing the different distance categoris. In using this technique I have been able to critiise it and
The weightings have then been refined by comparing different  fe¢1 that it could be improved. However this would require
situations and deciding which would be better or worse. detailed input nd time t these detail
Finally, it is necessary to total the number of residences  both of which are not available at the carly stage. In addition
affected and calculate the total weighting for each route option. ~ the improvement in accuracy that they may bring is not
Basically the lowest total is the route which affects the least ~ considered warranted at this early stage of a project when noise
number of residences and the lowest weighted total is the route is just 1 of many selection parameters.

with the least impact. The author would welcome any feedback
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MATHEMATICS AND
MUSIC

G Asssayag, H G Feichtinger and J F
Rodrigues (Ed)

Springer-verlag, 2002, 288 pp, ISBN 3 540
43727 4 (hard cover) Distributor DA
Information Services, 648 Whitchorse Rd,
Mitcham 3132, Australia, tel 03 9210 7777,
fax 03 9210 7788, Price AS$132.00

“This is a collection of papers prescnted at a
mathematical forum assembled simultancous-
ly in three different cities. The encyclopaedist
Diderot, whose name is invoked in the title,
expressed the Pythagorean or Platonic senti-
ment that it is by number and not by percep-
tion that one may value the sublime in music”.
Some of the authors here seem to cling unrea-
sonably to these ideals: one paper, on geomet-
rical methods of approximating equal tem-

‘methods. De Poli and Rocchesso give a clear
and interesting review of a computational
model of sound sources. The scientist and
composer Jean-Claude Risset gives an
excellent review of the relations between
‘mathematics and music, concentrating on the
areas in which he has made nol:bl=
contributions, such as synthesi uditory
illusion. The latter allows him to wnm
latter-day Pythagoreans with Aristoxenus'
argument that music is in the ear of the hearer
rather than in pure, mathematical reason.

The sixteen papers cover a wide range of
topics and are only loosely related to each
other. They also exhibit a wide range of
quality. 1 expect that any reader with a
background in music and mathematics will
find several papers interesting, and will
probably read nearly all of them.

Joe Wolfe
Joe Wolfe is a physicist (and composer) who
researches music acoustics at the University
of New South Wales. The lab's web site is

perament for
obtained using geomebical spprosimations,
while neglecting the larger imprecisions due
o finite bending stiffness and the increased
tension in a stopped string.
‘The first four papers/chapters are historical.
The musicologist Manuel Ferreira gives a
history of proportion, in both harmony and
chythm, from Pythagoras to the Middle Ages.
Eberhard Knobloch reviews combinatorics in
baroque and classical music. How many
different melodies are possible? is 2 question
that amused not only Merseane, Kircher,
Leibniz but also Mozart, whose dice music is
one of the oldest known examples of a
composition algorithm.
There are two formal papers: Mo Lo
develops @ formal for musical
coherence and Guerino develops a topos
geometry for music. There is also a
‘dialectical analysis' of music, which defends
the thesis "that music is not a science and that
its logic is musical, not mathematical,
physical nor psycho-physiological”
Several chapters might be classified as
miscellaneous. One is an essay on Lagrange
(who liked music because he could only
listen (0 it for the first three bars: thereafter
he was completely oblivious o it and could
concentrate on mathematics). Others include
a paper about the ‘ethnomatics' exhibited in
the ostinati on plucked string instruments
another describing the various roles in
musical _communication  (composer,
performer listener) and their interaction.
Three papers-my favourites—-give good
teviews of arcas in which mathematics is
currently involved in music and music
research. Dubno and  Assayag review
prediction methods including  Markov

VIBRATION CONTROL OF
ACTIVE STRUCTURES
Andre Preumont
Klower Academic publishers, 2002, 364 pp,
ISBN 1 4020 0496 6 (hard cover).
Distributor DA Information Services, 648
Whitehorse Rd Mitcham 3132, Australia, tel
03 9210 7777, fax 03 9210 7788, Price
AS276.55
This book on active vibration control of
structures is a delight to read. In the very first
chapter examples of s practical application
are described in a way that holds the reader's
attention. Its application to the achievement
of clearer images from the Hubble telescope
is described in brilliant detail as is its appli-
cation to two earthbound telescopes. All of
the complex issues involved in applying
active vibration control to telescopes are
described simply so that the reader gains
confidence in his or her ability to tackle the
later more difficult chapters. The first chap-
ter concludes with a simple discussion on
smart materials, an explanation of the differ-
ence between feedback and feedforward con-
trol and a discussion of the steps involved in
the design of an actively controlled structure.
In chapter 2, the basic concepts of structural
dynamics, including vibration modes, modal
dec omposmun and the concept of a collocat-
Cha

of the applied voltage. Various actuator
shapes are discussed as are their application
tomodal filtering on simple structures.

the advantages of shell theory over simple
beam theory are discussed for modelling
piezoelectric patches applied to planar struc-
tures. An addition to this chapter that does-
it seem to quite it but is interesting anyway
is a discussion of an active fruss which
includes some struts that consist of active
clements capable of providing expansion and
contraction forces.

In chapter 4, the author demonsirated how
collocated control guarantees asymofic sta-
bility for a wide range of problems and is
much more robust than the non-collocated
case for lightly damped structures. The need
for damping in non-collocated control
arrangements to maintain stability is empha-
sized. Chapter 5 is 2 discussion of active
damping as well as the various types of i
ple feedback control systems such as veloci-
ty, position, force and acceleration feedback.
In chapter 6 the fundamental concepts that
characterise active vibration isolation are dis-
cussed in detail and a 6 degree of freedom
vibration isolator based on the Stewart plat-
form is analysed and discussed. Vehicle sus-
pensions are also briefly mentioned.
Chapters 7, § and 9
fundamentals of state space control,
frequency domain methods and optimal
control respectively with emphasis on the
concepts that are applicable to structural
vibration control. The discussion in Chapter
7 includes the most important concepts,
such as transfer functions, poles and zeros,
pole placement, LQR control, observer
design, reduced order observer and Kalman
filtering, which are discussed in much more
detail in in-depth books on feedback
control, but more importantly, the
discussion is lucid and written in a way that
would be easily understood by students.
Examples used to illustrate the concepts
include the inverted pendulum, the single
oscillator and the two-mass problem. In
Chapter 8, the discussion includes gain and
phase margins, Nyquist stability criterion,
Nichols chart, unstructured uncertainty,
robust performance and stability, Bode plots
and non-minimum phase systems. In
addition, lag, lead, Pl and PID

pier
3 i devoted o  discusion of ctusors and
active structures. A wide range of actuator
types suitable for active control of structurcs
are described and piczoeleciric actuators are
analysed in detail. Models are derived for
describing the moments and forces devel-
oped by constrained actuators as a function

(or feedback controller) are
discussed and clearly explained. In Chapter
9, deterministic and stochastic LQR control
are discussed, as is a full state observer, the
Kalman Bucy filter, LQG control, spillover
as a result of excitation of residual vibration
modes as a result of control, integral control
and frequency shaping.
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Chapter 10 contains a discussion of
controllability and observability, including
an introduction to important concepts such as
sensitvity and model reduction, and Chapter
11 is devoted to a discussion on stability.
Chapter 12 is a discussion of semi-active
control. The introduction to magneto-
rheological fluids is followed by a discussion
of feedback implementations of semi-active
control including continuous control, on-off
control and force feedback.

An interesting chapter is number 13, titled
"Applications". I addition to describing spe-

cific applications, some of the practical
issues associated with digital implementation
of control systems are explained. This s fol-
lowed by a detailed analysis of the applica-
tion of active control to a truss siructure, an
analysis of a 6 degree-of-freedom generic
interface for structural isolation and

ing, active damping of a plate and a beam
and volume velocity sensing.

Chapter 14 is concerned entirely with the
active control of cable structures such as
used suspension bridges, towers roofs and
stadiums. Means of actively damping these
elements is explained and an approximate
linear theory is also developed. Applications
0 space structures and cable stayed bridges
are discussed in detail

In addition to the clear explanations of com-
plex phenomena, the book has a number of
sample problems at the end of each chapter
(113 problems in total), which will be most
valuable to students a well as structural or
mechanical engineers concerned with vibra-
tion control.

The book could be improved by the inclusion
of more practical applications of active
vibration control such as vibration isolation
of electron microscopes, control of high-rise
building vibrations in strong winds and
carthquakes. The discussion of transient
excitations such as caused by earthquakes
has also been omitted and the discussion of
vehicle suspensions s a bit brief and shallow.
Nevertheless, this is an excellent book, which
would be useful as a text in a graduate course
on active vibration control as well as a refer-
ence for researchers and consultants working
inthe field. 1am glad to have a copy and rec-
ommend it as a valuable addition to anyone's
library of books on vibration and its control.

Colin Hansen
Colin Hansen is a professor at Adelaide
University and has researched, developed
and written books on active noise and
vibration control.

WAVELETS IN SIGNAL AND
IMAGE ANALYSIS
A A Petrosian & F G Meyer (Editors)
lower Academic publishers, 2001, 543 pp,
ISBN 1402000537 (hard cover). Distributor
DA Information Services, 648 Whitchorse
Rd. Mitcham 3132, Australia, tel 03 9210
7777, fax 03 9210 7788, Price AS310.62
Despite its relatively recent introduction as a
research topic within the mathematical theo-
1y, we have witnessed an incomparably rapid
development of the wavelet theory over the
last 15 years. Wavelets are very promising
for the design of effective and elegant solu-
tions to various problems in the field of sig-
lul/\mage processing and analysis, and have
attracted a vast interest from numerous
researchers working in the area. However,
notwithstanding many advances, it has been
noticed that a certain gap has appeared
et researchers working in the
theoretical field and those who directly apply
this approach to practical problems.
‘This book attempts to bridge this gap as it
strives to "clearly outline specific practical
arcas where the application of wavelets has
indeed proven to be effective.” It contains a
collection of papers that describe applica-
tions of the wavelet theory to a variety of
practical problems. Each paper represents a
significant contribution within its particular
research topic of interest.
The papers are grouped in four sections or
parts. The introductory part is short and pro-
Vides some background mathematical infor-
mation on wavelet design, frames and the
related topics. Though this information can
help an informed reader to understand sub-
sequent chapters, a general knowledge of
basic wavelet- and signal processing tech-
niques on the part of the reader is presup-
posed. Part 2 contains six chapters that cover
the emerging problems and possible solu-
tions related to the issues of multiscale
Bayesian estimation, filter banks, and analy-
sis of the image symmetry and locality, as
well as selection of textural features, and
fusion of images using wavelets. Parts 3 and
4 are devoted to signal/image compres
and to the application of the wavelet theory
to processing some specific signals, such as
biomedical and seismic signals.
‘The book provides an excellent overview of
the current trends in applied wavelet research
in the area of signal/image processing.
Described techniques are innovative and can
be efficiently implemented using the infor-
mation provided in the book, and used either
in practical applications or for research. The
o contain a relatively large number
of numerical and graphical cxamples that
illustrate described signal/image processing

techniques and contribute to their better
understanding. This book can be very useful
to graduate students, as well as to engineers
and researchers working in the field of signal
and image processing, and is recommended
for scientific/engineering libraries.

Dragana Carevic
Dragana Carevic is a Research Scientist
within the Maritime 0pemlum u.mum of
Defence  Science Fechnology
Organisation. Her main rz.wurch interests
are in the area of signal processing and
detection and estimation theory.

AN APPROACH TO THE
VALIDATION OF ROAD
TRAFFIC NOISE MODELS

APT 14, Austroads, 2002, ISBN 0 85588 605 6.
Available as free download from wwwaus-
troads.com.au

“This report was brought to our attention as
worthy of reviewing because of its particular
relevance to Australia and its easy availabili-
ty. It was prepared for Austroads by Neil
Huybregts and Tim Marks from Marshall
Day Acoustics. The draft was circulated to
the various agencies, researchers and consul-
tants who all had input to the final version.
A stated aim of the project was to provide the
technical basis for a consistent approach to
traffic noise modelling within a framework of
choice by authorities and users. The docu-
‘ment provides guidance in the preparation and
assessment of road traffic validation studies.
“The results from a number of validation stud-
ies are listed and the "corretion’ factors that
are necessary to get good agreement is most
interesting. This is of particular interest to any
who have observed the ways trafic noise pre-
diction data is used in the consultation process
for new and upgraded roads.

‘The concepts of incorporating safety factors
and assessing the level of risk of the mea-
sured noise level exceeding the predicted
noise level are discussed. It is interesting
that taking these into consideration it is rec-
ommended that one of the methods, which
shows a difference of 4 dB(A) with a stan-
dard deviation of 2.7 dB, should not have any
calibration factor applied.

For any involved with the assessment of traf-
fic noise impact, this is certainly a report
‘well worth downloading and reading.

Marion Burgess

Marion Burgess is a research officer at the
Acoustics and Vibration Unit, UNSW at
ADFA. She has spent many hours attempting
10 assess the i traffic noise and
trying 10 communicate the findings 10 the
community.
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The Council of the Society for 2002/03
comprises Ken Mikl as President, Neil Gross
as Vice-President,
Treasurer, Terrance McMinn as Registrar and
Charles Don, Geoff Barnes, Ian Hillock,
Peter Teague, Byron Martin, Tien Saw as
councillors. David Watkins continues in his
role as General Secretary

o

Summary of the Council
Meetings in Adelaide.

+ The Education Grant scheme will be
continued with a maximum grant of
$5000.

Councll would like to keep members
rmed of the activities of Standards
Ausmhz Committees. The Society
representatives on these Committees will
be asked to provide reports on the
activities on their Committees which will
be published in Acoustics Australia and
the Society website.
‘The Directory of Members will be placed
on the Society website with password
protection so that enly members can
access it. In addition, members of the
Society will be supplicd with their own
passwords that will enable them to
update  their details themselves.
Safeguards will be provided so that all
changes are checked by the Registrar to
ensure that they are correct. Members
who do not have access to the internet
will be able to obtain a CD-ROM or
printed version of the Directory.
Sustaining Members listed on  the
ociety website will be invited to have a
link placed to their company website,
“This will enable members to casily find
Sustaining Member company websites.
‘The membership fees for 2002/03 will
remain the same.
It is proposed to hold a combined New
Zealand and  Australian  Acoustical
Societies conference in New Zealand
during cither 2005 or 2006.
The Society is represented on_ the
following International Institute of Noise
Control Engincering (I-INCE) Technical
Study Groups:- IINCE TSG#1 Outdoor
Recreational Activities (Marion Burgess
and David Eager), I-INCE TSG#2 Noise
Labels for Products (Warwick Williams),
LINCE TSG#3 Noise Policies and
Regulations (Warren Renew and Marion
Burgess), I-INCE TSG#4 Noise Control
for Schoolrooms (Gary Woods and
Warwick Williams), 1-INCE TSG#S

Noise as a Global Policy Issue (Les
Huson).

Council Initiative

The establishment of a Sub-Committee to
prepare guidelines that can be used by
organisations such as local councils. The
guidelines will probably be based on
Australian and ISO Standards and EPA
guidelines. It is proposed to eventually
publish the guidelines on the Society
‘website. More information can be obtained
from the Chairperson of the Sub-Comitte,
Mr Geoff Bamnes (03) 9894 8508,

Future Direction

Council will be looking at the future
dirction of the Socicty during a workshop to
be held early next year. Membership of the
Society has remained stagnant over a number
of years and there are many acousticians
working in Australia who are not members of
the Society. It is important that the Society
represents the needs of people working in the
fields of Acoustics and Vibration. It is
proposed to hold a survey of members to find
out what type of Society and what services
members want from the Socicty. Members
are welcome to provide comment to the
Chairman, Ken Mikl

Educational Grant

The Society launched a new education
initiative during 2002 to assist in the teaching
and promotion of acoustics. The winning
entries were announced at the National
Conference in Adelaide. Two entries were
judged worthy of receiving grants.
Dr Fergus Fricke, on behalf of the Acoustic
and Audio Laboratory of the University of
Sydney, was awarded $2,600 for the purchase
of ODEON software. Postgraduate research
students, postgraduate coursework students
and final year undergraduate enginering
students will use the software. ODEON
Software is used for research info room
acoustics and for learning about the
‘behaviour of sound in rooms. It is being used
by the Acoustic and Audio Laboratory to
‘generate data to train neural networks as well
as to test theoretical models and for
auralization work in acoustic simulations.
Marion Burgess and Joseph Lai, Acoustics
and Vibration Unit, UN.S.W, were awarded
$2,400 to identify the top ten issues of
concer to_the acoustics community and
ways of addressing the problems identified.
is real concern about the lack of
support at all levels of government for
rescarch and education in acoustics in
Australia. The Society is a member of the
Federation of Australian Scientific and
Technological Societies (FASTS) which is a

lobby group with links into all levels of
government. The project wil enable the top
ssues of concern to be identified and  plan
0 be formulated with FASTS in its lobbying
th government

The Education Grant will be continued next
year and is open to anyone seeking funds to
assist in the teaching and promotion of
acoustics.  The grant can be used for
scholarships, funding for rescarch projects,
equipment for educational purposes and any
other worthwhile use.

Four New Fellows

Council has awarded the grade of Fellow to
four members. One of these was presented at
the recent conference and the other three will
‘be presented at Wespac 8 in April 2003. The
citations for these awards of Fellow arc:
Colin Hansen has a distinguished research
and teaching record in acoustics and
vibration both nationally and internationally.
He has published books and presented
papers, including invited distinguished
papers, at many conferences around the
world.  Under his leadership, acoustics and
vibrations have become mainstream
components of the mechanical engineering
degrees from the University of Adelaide.
Colin has made a major contribution to this
Society over the past 20 years. He has held
many exccutive positions, undertaken a
leading role in national and international
conferences hasencouraged the
participation of others in the activities of the
Society.

Marion Burgess In recognition of her
technical and educational contribution to
acoustics, her dedication in promoting
acoustics, her tireless service over a
sustained period of 30 years to the
administration of the Australian Acoustical
Society, the organisation of numerous
conferences and as a member of the editorial
team of the Socictys journal, Marion
Burgess has been elevated to the grade of
Fellow.

Stephen Samuels has had a longstanding
commitment to the Australian Acoustical
Socicty through_his participation in all
aspects of the Society activities and a number
of senior positions over the years including
President of the Society and Chairman of the
Victoria and New South Wales Divisions.
Stephen has been extensively involved in
promoting the acoustical profession and the
Society through many activities such as
organising and participating in A.A.S.
conferences. He has also made substantial
contributions to acousties through research
i the areas of road pavement and road traffic:
noise. He worked on a variety of projects
dealing  with road design, vehicle
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peformance and the environmental impacts
of roads and traffic, with particular
specialisation on road traffic noise.

Joseph Lai has a distinguished research
record in engincering sspects of sound and
vibrati has published widely in this
Teld.  Undes is leadership, the Acoustics
and Vibration Unit of the Department of
Acrospace and Mechanical Engineering at
ADFA has developed an excellent reputation
and carried out valuable consulting and
extension work. Joseph has also made major
contributions to the Socicty, principally
through his position as one of the three
Editors of Acoustics Australia.

Excellence in Acoustics Award

The finalists in the inaugural 2002
Excellence in Acoustics Award sponsored by
CSR Bradford Insulation were recently
announced at the Annual Conference in
Adelaide. The award aims to foster and
reward excellence in acoustics and entries are
judged on demonstrated innovation from
within any field of acoustics. The finalists
elected from the first round of
ions and the final judgement will be
made following assessment of an additional
submission and announced at the time of
‘Wespac§ in Melbourne in April 2003

The range of projects submittcd show the
diversity of acoustics. The topics included

hearing protection software, use of neural
networks for prediction of sound reduction
performance, noise reduction for a test cell,
noise control for bridge joints, sound
absorption_ product, musical acoustics and
reverberation enhancement. The judging
panel, two from the Society and two from
CSR, were presented with quite a challenge
t0 select the finalists.
"All entries were of outstanding quality and
identifying finalists from such a strong group
of candidates was not easy” stated Mr Marc
Clifford, Marketing Manager, CSR Bradford
Insulation. "Those finalists chosen were
rewarded for exceptional submissions which
were viewed by the judges as a significant
contribution to the acoustics field" he said.
‘The two finalists, who were both considered
ide a demonstrated innovative
application of acoustics, are:
RTA Road and Bridge Technology whose
project is "Engineering Methods Of Noise
Control For Modular Bridge Expansion
Joints". As vehicles travel over the joints
annoying _environmental noise can be
produced. The group investigated a number
of methods for controlling this noise. They
found that the use of a specially designed
Helmholtz absorber tuned to the dominant
acoustic frequencies and installed in the void
spaces of the bridge provided a reduction of
10 dB(A).

\lnxiul \cmnrics Group from the School
UNSW whose project is "Flute
Acousuca New Understanding And New
fools For Musicians”. Their research uses a
nnvcl technique for the measurement of
ac transfer functions  with high
accuracy, dynamic range and speed. These
studies led to an expert system to rank all
possible notes. A flexible ‘musician friendly’
web service was then developed to provide
the worlds flautists and composers with
casier, better ways of playing difficult
passages and chords.
These finalists each received a gift to the
value of $250. The next step is for them to
provide a comprehensive submission to the
judging panel for the selection of the award
winner. The winner to be announced at
Wespac8 in Melbourne will

receive a

personalized plaque and a prize to the value
of $2,500

AAS Educational Grant
qumis‘s’on‘: dueby
[/30!dune 2003
LT - Gert eaISecrslnry g
PO Bux 903 CASTLEMNNE

Yovic 3&50

watkinsd@castlemaine.net
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WESPACS

Fusion And Dolphins. Amongst
The Noise

WESPACS, in

aspects of building acoustics, with a strong

waves and combustion, Fridolin Mechel,

emphasis o auditorium and concert hall  Germany on Duct acoustics, Jean Louis
design. Noise policies in Australia, traffic ~ Guyader, LVA, INSA-Lyon, France on
noise problems in Hong Kong, new  Energy residual: A tool to study the

for g dispersion of vi i of
devices, tyre/road noise emission and structures, Otto  Gartmeier, Daimler-
aircraft noise, are but a handful of the topics  Chrysler, Germany on Possibilities and limits
considered in the sessions covering of NVH CAE applications in daily

environmentl and rnspot s, As well
lectures, over 25 papers.

Hey, something’s wrong!
Apil

P 3
conference not one about nuclear fission.
At Perhaps you haven't heard of
sonoluminescence, where an acoustic wave
propagating through a liquid can cause light
emission. Oscillations of gas bubbles in the
may produce sufficiently high

iqui
temperatures that there is the possibility of
nuclear fusion or sonofusion to occur. These
intriguing ideas will be discussed during a
special talk by Larry Crum of the USA, in
addition to_his Plenary Lecture on the
‘medical applications of Ultrasonics.

WESPACS will truly be an international
conference, covering a wide range of topics.
One paper will consider ground borne noise
from blasting a tunnel for a rapid rail link in
South Africa. A suggestion from Japan
involves using sound to detcrmine, in a non-
contact way, the number of picces of cloth
being sewn together in a factory situation,
while techniques for analysing vibration
signals are discussed in a. om France.
From Russia is a paper on sound signals
propagating in shallow water while the
design of concert hall diffusers is considered
in a paper from Korea. In fact, papers have
been offered from 24 countries, including
Canada, China, Denmark, India, Italy, New
Zealand, Taiwan and even Australia.

At WESPACS, modes of vibration created
when a circular array of jets in the base of a
rocket blasts from a hard base can be
contrasted with the noise generated by an
underwater gas jet, if you attend papers
scheduled in the noise and vibration area and
an underwater acoustics session. More
musical resonances will be considered in the
acoustics of Panpipes and when determining
the plate profiles of guitars by magnetic field
‘measurements.

In the psychological and physiological
acoustics area, a keynote speaker will
consider the fidelity of reproduced sound
fields. The interface between noise control
and sound quality is the topic of one of the
six distinguished lectures to be presented at
'WESPACS. Others involve the visualization
and auralization of sound fields for room

About 40 papers are expected covering all

are expected in the general arca of speech,
including  speech recognition  and
enhancement, meters, speaking styles
and detecting the change of speaker in multi-
party meetings.

And what sbout the Dolphins ? The largest
number of papers at WESPACS are in the
underwater acoustics section, where there is a
strong emphasis on the bio-aspects. The use of
sound by dolphins, the sonar of whales, and
the acoustic behaviour of seals are among the
fascinating topics 10 be treated, along with
mapping scabed vegetation, acoustic cavita-
tion thresholds in ocean waters, and the iden-
tification of underwater targets.
Unfortunately, this brief summary of some of
the intriguing topics to be discussed at
'WESPACS, in Melbourne from 7 - 9 April,
2003, could not include all the papers which
have been offered. But with well over 200
papers expected, running in six parallel
sessions, it is impossible to mention
everything. So for further information,
please look up the list of abstracts given on
the conference ‘wel site at
wwwwespac8.com, or better stil, come to
WESPACS itself, where there will be a
technical and trade exhibition, lots of
interesting company, good food and a
plethora of informative papers.

Tenth International Congress
on Sound and Vibration

‘The Tenth International Congress on Sound
and Vibration (ICSV10) will be held on 7-10
July 2003, in Stockholm Sweden at KTH (the
Royal Institute of Technology). The
Congress is sponsored by KTH, [IAV (the
International Institute of Acoustics and
Vibration) and SVIB (the Scandinavian
Vibration Society).

The Congress will include distinguished
keynote addresses, invited and contributed
papers in the area of sound and vibration.
Distinguished keynote addresses will be
presented by: Yuri Bobrovnitskii, IMASH,
Moscow, Russia on Measurement of the
vibration  energy  characteristics on
structures. David Burnett, La Spezia, ltaly
-element methods for slructuml
acoustics:  physics,

on Fini

engineering practice and Zi Qiang Hou,
Institute of Acoustics, Beijing, China on
on of DSP in acoustics and
vibrations.

Further information on the contributed
papers, technical cxhibition and the social
program from _hitp://www.congrex.com/
icsv10, Fax:#46 8 661 91 25 or
icsvl0@congrex.se

Ultrasonics International

‘This conference will be held 30 June to 3
July 2003 in Granada, Spain. UI03 is the
19th Conference in this international series
devoted to the science and technology of
ultrasound. The conference will comprise of
Special and Regular Sessions on current
topics in the field of ultrasound and will

include  Invited  Plenary  Lectures,
Contributed Orals and Poster Presentations
plus an Exhibition of ultrasonic
instrumentation.

Further information from www.ui03.com or
jbenoist@elsevier.com

Inter-noise 2003

The 32nd International Congress and
Exposition on Noise Control Engineering
(INTER-NOISE 2003) is to be held at the
International ~ Convention  Center  in
Scogwipo, JeJu Island, Korea, August 25~28,
2003. The Congress is sponsored by the
International Institute of Noise Control
Engineering (IINCE) and co-organized by
the Korean Society for Noise and Vibration
Engincering (KSNVE), and the Acoustical
Society of Korea (ASK).

‘The main theme of the Congress is "Noise
and Vibration Control for Human and
Environment", while various topics related to
noise and vibration. Details o the
conference are available from wwwi-
ince.org, fax +82-2-764-9580 or +82-2-762-
4946, internoise2003@covanpeo.cokr

Weseaci]|jvin

8th Western Pacific Acoustics Conference

MELBOURNE, AUSTRALIA
- 2003

and
modelling, ~ Ann Dowling, Cambridge
University, on The interaction of acoustic

on curtent advances In acousics.
hitp:/uwwwespacB com
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Dow "Quash” Sound Management
Foams
The technical mecting held at Dow
Chemicals, Altona, on Oct 16 was to enable
Dow Chemicals in conjunction with Latimer
Acoustics to launch a new range of "Quash”
sound management foams. It was a meeting
organized by the ANCE to which AAS
members also were invited. Richard Latimer
of CMG Latimer Acoustics addressed the
meeting and described the various acoustical
and technical properties of the new range of
sound management foams.
"Quash” is an extruded large closed cell
polyolefin foam in which acoustic energy is
dissipated through membrane and cavity
vibration. This contrasts with fibrous or
open cell conventional materials (such as the
‘widely used Acoustop foam rubber) in which
acoustic energy is dissipated through air flow
and friction. As an extruded material
"Quash" is made in a variety of sizes and
thickness and is usually colored white or
black
"Quash" may be used as either a sound
absorber or noise barrier. Because it is a
closed cell material it also has other
advantages such as very low water
absorption, which result in its physical and
acoustic properties being highly stable in
comparison with other materials having
higher water absorption. Its low water
absorption also means that it can be readily
cleaned and washed (including water
blasting) without its performance being
adversely affected. It is a low density, light
weight material, which won't deteriorate or
promote corrosion. It is relatively rigid,
having an inherent mechanical strength, and
50 easy to install. In general, it is a versatile
acoustical material with wide use in
wrapping, lagging, shielding, industrial,
and automotive applications. With
suitable  additional treatments  during
manufacture, "Quash” materials can exhibit
‘high temperature and high fire ratings.
At the close of the meeting, John Upton on
‘behalf of all present thanked Richard Latimer
for his presentation, the vote of thanks being
carried by applause.
AGM AT MELBOURNE'S CONCERT
HALL

On Aug 7, a technical meeting and AGM was
held at the Melbourne Concert Hall.
Andrew Nicol, a senior associate, and

manager of Arup Acoustics, and Darren
Golding of the Concert Hall spoke on the
acoustics of the Hall and its sound system.
Approximately 35 members and friends were
present

Andrew Nicol began by saying that Arup
Acoustics was studying the acoustics of the
Concert Hall as a result of continuing
comments that improvements were needed,
and because its 20th anniversary was seen to
be an opportunity to address these.
Designing the hall began in 1973, with Roy
‘Grounds as architect and the US consultants,
Bolt, Beranck, Newman (BBN) Inc
undertaking the acoustical design. The
general design of the Hall was thus
influenced by that of the Old Masscy Hall,
Toronto, Canada, which at the time of design
was considered acoustically successful. Two
other concert halls, in San Francisco (Louise
M Davies Symphony Hall) and Toronto (Roy
Thompson Hall), were being similarly
designed by the same acoustic consultants.
All three halls had a similar basic shape,
different from the previously adopted and
acoustically  successful  rectangular
“shoebox" design, in order to accommodate
audiences greater than 2000 and up to 2500,
As built, the Melbourne Concert Hall
auditorium has an_interior volume of
26900’ and a mid-frequency reverberation
time of 2.25.  This could be varied with the
use of drapes, though the claim that
reverberation at higher frequencies could be
reduced to 1.5s does not appear to have been
sustained in practice. Considered by BBN to
be the most eritical acoustic element is the
array of 24 oval perspex sound reflecting
panels, originally set at about 9m above the
stage. Both angle and height above stage of
these panels can be varied, a feature uscd by
some of the halls concert performers.

The Concert Hall was opened in 1982.
Almost immediately, there were criticisms,
both favorable and adverse, of its acoustics,
one group of critics naming it "Tympany
Hall".  As a result, the auditorium has
experienced some  superficial _periodic
acoustic modification since then. Now, after
20 years, and as a result both of continuing
dissatisfaction and of new developments in
acoustical design, the hall’s acoustics are
undergoing a thorough re-appraisal. ~This is
being carried out in two initial stages.

In Stage One, the Hall's acoustic qualities are
o be the subject of consultation, diagnosis,
in order to thoroughly understand what needs
to be fixed.  Such understanding is most
important.  Stage Two will involve
developing an acoustic design brief for its
refurbishment, through establishing _its
boundaries, and developing conceptual
proposals for refurbishment options.

As part of stage one, the VACT, John

o
Key acoustic parameters 15 clarity,
reverberance, loudness, balance, ensemble,
envelopment, sustainability, and background
noise are being studied.  Evaluating the
comments on these is a statistical process.
So far, comments from performers on the
platform indicate that clarity is not very
good, with the stringed instruments’ sound-
ing ‘muddy’ but varisble ; reverberance
being medioere, but with a tendency to being
“live’ rather than “dead” ; and sound on the
platform being generally very loud (particu-
larly from brass instruments). By contrast,
listeners in the auditorium commented that
clarity and reverberance tended to be poor
(with a tendency toward ‘deadness’); while
the sound generally would benefit from
being louder.

Interim conclusions are that

« There is a lack of envelopment — the
sound is mainly frontal, with very litle
reflected from the side walls. In this
respect, the balcony differed from the
circle and stalls in that herc there was
some degree of envelopment resulting
from the greater adjacent wall and
ceiling arca.

+  There is considerable variation in sound
quality from seat to seat as well as a
significantly greater loss of reverberation
and sound power under balconies than
out in open areas of the hall.

+ There is a proscenium-like .mermpcmn
of sound between performe
audience. Performers on stage receive
little sound back from the auditorium.

The limited sequence of reflections
means that the sound s insufficiently
sustained throughout the auditorium.
There appeared to be a general lack of
low frequency sound.

« The Hall when empty under normal
operation is relatively noisy, due to aging
of mechanical services, etc. ~ Originally,
background sound levels were designed
to be around NR20 ; they are n
around NR30. Also, when the air
conditioning is turned off, other noises
are heard (eg, trams from the street

Higher than necessary levels

s background sound reduce the

signal-to-noise ratio, thus decreasing the

effective possible dynamic range of

environments ~ bencficially
audience behavior.  Threshold noise
levels in Australian auditoriums tend to
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be higher than in Europe and the USA.
Birmingham Symphony Hall with. its
very low background noise level is
excellent in this respect.
For the future, these findings point to a desire
to improve the Hall’s acoustics, and to the
need for some aesthetic improvements and
increased use of electro-acoustic equipment.
Darren Golding then described past and
current use of such equipment in the Concert
Hall.  The original plan (when the audio
specification was prepared in 19681) was that
the Concert Hall would be an acoustic
auditorium with only a PA system. However,
because many performing groups insisted on
having additional sound amplification, they
often went elsewhere because of the
considerable extra cost entailed. ~Eventually
in the late 1990, the management, after
around 9 years of lobbying the state
‘government, obtained the funds to install a
suitable fixed system. The Concert Hall is
now a very desirable venue for a wide variety
of performers and performances, and recent
groups have not needed to provide additional
sound amplification.

The current system is comprehensive, with
the aim that all performances should sound
better. It comprises 57 independent
loudspeaker units, each with their own
appropriate time delay.  With each unit also
incorporating its own amplifier, and using
digital technology, there are no difficulties in
balancing the various outputs.

These provide both general sound
amplification and sound boosting for "dull"
spots A remaining problem is that groups
using the full amplification provided require
to properly balance their stage sound with
that heard in the hall. - An additional feature
of the sound system is that all, rather than
only a limited number of seats are now so
equipped that those with hearing aids have
complete choice of location and can tune in
and receive the amplified sound.

Inspection of the auditorium from the stage
area enabled those present to gauge the hall’s
acoustics, and see the perspex sound
reflecting panels above the stage, and other
more recently installed sound reflecting
panels on the side walls.

Musical Instruments

At the Division’s end-of-year dinner on Nov'
20, the guest speaker was Assoc Prof Joe
‘Wolfe of the University of New South Wales.
He began with the musical family of
woodwind instruments by naming those in
wide use at present — flute, oboe, English
horn, clarinet, saxophone and bassoon.
Whercas with stringed instruments, such as
those of the violin family, the player’s arm

provides the energy to produce sound, with
all wind instruments the initial energy is
provided by the player’s breath.
Apart from the flute, and its close relative the
flute-a-bec or recorder, which are excited by
air jet, the remaining woodwinds are excited
by vibrating reeds. All have some
combination of instrument bore and air
colum, bell mouth and keys as part of their
resonating and impedance matching systems,
with their air columns behaving as linear
oscillators having high Q, thus allowing
precise tuning. Their air jets and reeds,
termed the instruments’ control oscillators,
are highly non-linear, and exhibit phase
locking and harmonic behavior.  Their
individual timbres arise from the various
harmonics and transients which are generated
when they are played.
A small music box, which can be heard only
when placed on a suitable base, was used to
demonstrate the need for some insiruments
such as stringed instruments to have an
impedance transformer in order to radiate
substantial acoustic power into the air. In the
case of the woodwinds the resonator is
already air, 5o lttle matching is required. A
further demonstration that a reed
when blown can not only open, but when
blown too hard can close the air passage into
the bore.  The graph showing Rate of Air
Flow into an instrument as a function of
Mouthpiece Air Pressure confirmed this,
with a maximun air flow, beyond which, with
increasing pressure, the flow  decreased
eventually to zero, a region of negative
resistance.
A clarinet reed and flute mouthpiece (part of
its head-joint) demonstrated that when blown
they could indeed produce a musical note, but
needed the body of each instrument to
produce controlled notes.  The next
demonstration showed how a "string” suitable
for such purposes could vibrate in not only its
fundamental mode (with one maximum at its
centre) but in several higher harmonic modes.
Human nerve responses impose a speed limit
such that sounds do not become audible until
the frequency of their pressure variations
exceeds around 20 to 30 Hz, which is of the
same order as the number of vidco frames per
second required to avoid flickering.
‘The flute, equivalent to a hollow cylindrical
pipe open at each end, was demonstrated to
be able, when overblown, to produce both
odd and even harmonics up to the eighth. By
contrast, the clarinet, equivalent to a
cylindrical pipe closed at one (the reed) o
could produce only the odd harmonics.
further demonstration, using & hybnd
instrument  consisting of a clarinet
‘mouthpiece suitably coupled to a flute minus
head joint, referred to as 2 "flarinet”, showed

the resulting tone to resemble that of a
clarinet rather than a flute.
At this point Prof Wolfe introduced the
concept of Acoustic Impedance, equal to the
acoustic pressure divided by the volume
velocity (of the medium in the instrument
bore). In addition, he showed several graphs
of the variation with Exciting Frequency of
the Input Impedance of a given length of
bore. While the impedance maxima
characterized the behavior of reed instrument
bores, the minima characterized that of the air
jet instruments
“The clarinet and oboe instrument families arc
reed instruments, but differ in that clarinets
have a cylindrical bore whercas oboes,
English homs and bassoons (and also the
saxophone family) have conical bores, the
result being that the harmonic content of their
tone includes even as well as odd harmonics.
For details on this, the audience was here
referred to the UNSW website (physics —
musical acoustics).
Because an oboe reed is small and restricts a
player’s blowing, oboists usually need to
breathe out rather than in afier playing a
‘musical phrase. This was demonstrated with
the playing of the first six measures of Bach's
Sinfonia to Cantata no. 156 (slow, not fast
music) in one breath.
Prof Wolfe also demonstrated the wide range
of the bassoon in its several registers, from
the lowest (B-flat at 58 Hz, at which the
vibrations can be almost heard) to its highest
(using the opening measures of Stravinsky's
Rite of Spring). He also demonstrated that it
become possible to play two flute notes
simultancously, in this example two notes a
fourth apart (C and F, then C# and F#).
With the higher pitched woodwinds the keys
are within finger span; with the lower pitched
instruments such as the bassoon some extra
mechanical devices are needed to facilitate
convenient  fingerings.  With these
instruments, also, there are up to around 200
000 possible combinations of open and
closed keys for achieving the different notes
of the musical scale throughout around three:
octaves. Musical tuning is highly critical;
£1% (approximately equal to one-sixth of a
semitone) is not nearly good enough. A
computer program developed by a student in
the UNSW group is now available for
determining optimum fingerings to obtain
accurately tuned notes and _achieve
comfortable (rather than awkward) fingerings
in running passages.
The final demonstration was of Genevieve
Lacey playing a composition — The
Nightingale : theme and variations — by the
17th century Dutch composer, Jacobi van
Eyck (1589-1657), on an Australian Fred
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Morgan descant recorder.
After several questions had been answered,
Norm Broner thanked Joc Wolfe and
Genevieve Lacey for a most interesting talk
and demonstration, a vote carried with
applause.
Louis Fouvy

‘West Australia

DSTO Visit The Defence Science and
Technology Organisation (DSTO) visit a the
HMAS Stirling Navy Base also included
tours of Collins Class Submarine training
simulator facilities and the non-explosive
torpedo maintenance area, and received rave
reviews!

Division State Conference was held at the
Aquarium of Western Australia on the 29th
August. The conference room featured a
wonderful view of a rather stormy Indian
Ocean, but despite thisdistraction the
speakers were able to hold the audience’s
attention. The first three papers were
particularly appropriate for the venue, being
on various aspects of underwater acoustics,
commencing with a paper on acoustic noise
fault detection in submarines by David
O’Mara (Visionary Systems). This was
followed by two papers from postgraduate
students at Curtin University’s Centre for
Marine Science and Technology: a study of
3D wave propagation effects in 2.5D acoustic
modelling by Ahmad Zakaria, and an account
of the use of acoustic techniques for benthic
habitat assessment presented by Justy
Siwabessy.

After the coffee break there were three papers
from the Department of Mechanical and
Materials Engineering at the University of
‘Western Australi Jie Pan continued the
marinic theme with a description of tech-
niques developed to characterize the trans-
mission of propeller force fluctuations
through a thrust bearing, and then the focus
shifted to dry land with a paper from Jingnan
Guo describing an innovative noise barrier
dubbed the wave-trapping barrier. The final
paper before lunch was from M. Roshun
Paurobally who described the basic. princi-
ples of active noise control and some recent
applications.

‘The Divisional AGM was held before lunch
‘Then followed a description of a cumulative
noise model of the Kwinana Industrial Area
by Jim McLoughlin (SVT), a paper from
Peter Asotoff (DEP) on gunshot noisc, and a
detailed look at the proposed draft building
code of Australia (section F5) and the AAAC
acoustic star rating of buildings by George
Watts and Allan Herring (Herring-Storer
Acoustics).

NSwW
Sound Insulation
On  Wednesday 16th October 2002
approximately 30 members attended a NSW
Divisional Meeting on sound insulation and
the star rating system at CSR designLINK,
Pyrmont Bridge Road, Ultimo.
Michael Ryan of CSR designLINK started by
explaining the “spectrum adaptation term -
Ctr’, this gives an indication of the low
frequency performance of partitions. Michael
then presented some of CSR's new systems
and products such as the steel lined
*SecurityWall’, which offers high acoustic
performance (up to Rw 63) with relatively
lightweight  constructions, ‘Cinema Wall”
with ratings up to Rw 81 and the use of
“Soundchek 13', which is a high-density 13
mm thick plasterboard. Michael also spoke
about a new method (‘silencer’) for enclosing
services in walls while still maintains Rw.
values up to 63.
Peter Knowland of PKA Acoustic Consulting
then discussed the concepts of the new
AAAC Star Rating System. The Association
of Australian Acoustic Consultants (AAAC)
has been concerned for a long time that
architects, developers and builders have
selected the acoustic provisions of the
Building Code of Australia (BCA) as "The
Standurd". The ECA is a minimum
rd

impossible to achieve outside of the purpose-
built multimillion-dollar home.

Questions related to the low frequency noise
problems and how developers would obtain
the star rating certification for their
constructions. This was followed by  he:
thanks to both speakers and a continuation of
the discussion of the contentious issues over
finger food and glass of wine.

Ken Scannell

Sten Ternstrom Sings

Dr Sten Ternstrom from the Docent of Music:
Acoustics, Stockholm, Sweden presented a
talk to the NSW Division on 24 July entitled
"How to invent a musical instrument”. The
talk posed questions about the applications of
acoustics and music and the features that are
important in hearing musical instruments.
Anidea was discussed of a relationship
between the ease of playing the instrument
and a relationship between the number of
simultaneous tones and the control parame-
ters per tone. Degrees of freedom of various
instruments were illustrated, with sound. A
checklist of how to invent a musical instru-
ment was offered, with suggestions to choose
between many options including: a set of
timbres, principal perceptual parameters,
control methods, maximum number of
tones, transform the perceptual

tandar
lﬁ'ordlblhly of housmg with appropriate
construction standards. The BCA does not
ensure quality and has resulted in a high level
of residents being dissatisfied with their
acoustic environment,

The AAAC has prepared a Star Rating
System to encourage an acoustic quality stan-
dard in apartment buildings. The Star Rating
System goes well beyond the scope of the
BCA and projects are already being designed
1o 5 Star Rating. It covers not only sound
insulation between dwellings but also noise
i

parameter space to the acoustical parameter
space, implementation domains, model for
sound generation and a number of other fea-
tures for variations and feedback to the per-
former. No information was given on how to
find musicians who are willing to put your
new instrument to the test!

Fergus Fricke

iice noise including
noise from car park door motors, elevators,
toilet systems, etc. Peter explained that they
are using the *spectrum adaptation term - Ctr’
even though this was not totally satisfactory.
“This is mainly because of the acceptance in
Australian and International Standards. The
Star Rating System utilises another European
term the Datw which is a measured level dif-
ference with standardization on a reverbera-
tion time of 0.5 seconds. Peter explained that
3 star rating is an approximation to the cur-
rent BCA and 4 star rating is what could have
been an improved version of the BCA. The 2
star rating shows an indication that the sound
insulation would be below the current BCA.
“The 5 star rating would be very high quality
while the 6 star rating would be almost

Graduate:  Mr Scott Hughes,

Mr Stephen Kozakiewicz
QLD
Member:  Dr Nicole Kessissoglou
Graduate:  Mr Joseph Carroll
WA
Member:  Dr Jingnan Guo
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In December Committee AV-001 Acoustics -

"Science meets Parliament" Day has once
again proven to be a wonderful opportunity for
154 scientist: ists to put the case

Terms, hits.
revision of AS 2533: 1982 Acnuslxcs -
Preferred frequencies of measurement.

/001 also continues to work on its revision
of AS 1633:1985 Acoustics ~ Glossary of
terms and related symbois which has becn
lengthy pmjcﬂ but is p:

for science to the 128 MPs who agreed to par-
ipate. Among the science and research
issues currently being considered by
Parliament are the Higher Education Review,
pnonly research areas and triennium funding

the next few years. AS 1469:1963 Acmmlcc.
Method for the determination of noise rating
numbers is also being reviewed for revision. A
new Standard dealing with recommended
graph scales and preferred graph ratios is also
being developed.

AV-003 Acousties — Human Effects has pub-
lished three of a four part series of the IEC
Audiometers series. The remaining part is
planned for publication by the end of year
with a slight technical change.

AV-004 Acoustics ~ Architectural is consider-
ing the revision of AS 1045:1988 Acoustics ~
Measurement of sound absorption in a rever-
beration room, AS 2822:1985 Acoustics ~
Methods of assessing and predicting speech
privacy and speech intelligibility and AS
1277:1983 Acoustics ~ Measurement proce-
dures for ducted silencers.

EV-010 Acoustics ~ Community Noise is still
waiting for the release of the NSW EPA new rail-
way policy. After its release EV-010 will recom:

mence its development of a Standard dealing
with siting and construction near railways.
EV-016 Acoustics ~ Wind Turbine Noise was
formed to provide a Standard for wind farm
developers and regulatory authorities with a
method for prediction and measurement of
noise from wind turbines. EV-016 has com-
menced drafting the Standard using New
Zealand Standard NZS 6808:1998 Acoustics-
The assessment and measurement of sound
from wind turbine generators as a base.
Australian delegates attended International
‘Committee ISO TC 43 Acoustics in May in
Paris and IEC TC 29 Electro-acoustics in
Frankfurt in June.

One main reported outcome of the TC 43 meet-
ing was the proposed restructure of the ISO 140
Measurement of sound insulation in building
and of building elements series. The restructure
suggested split the existing Standards into new
classes: Iaboratory, airborne, impact, measure
and quality, and test codes.

In the TC 29 the delegates were involved in
discussions for the development of the [EC
Standards on sound level meters, filters,
microphone, audiometers and hearing aids
For inquires about the above activities contact
Suzanne Wellham at Standards Austral

02 8206 6821 or at suzanne.wellham @stan-
dards.com.au

funded research agencies.
Thts: are matters where the science communi-
ty has well considered views. The event gener-
ated good radio and newspaper coverage.
‘Tuesday 12 Nov. The National Press Club
lunch was eloquently addressed by Dr Keith
Williams, CEO of Proteome Systems Ltd. His
company has rapidly expanded to be one of
the world forces in proteomics, and employs
about 60 PD graduates. Lunch was followed
by a comprehensive Briefing Session for the
scientists. Lord Robert May, President of the
Royal Society, Robin Batterham, Chief
Government Scientist, John Tierney from the
Liberal Party, ALP Science spokesperson
Kim Carr, Senator Natasha Stott Despoja, the
Speaker of the House and the President of the
Senate all contributed to an informative
afternoon.  Education Minister Brendan
Nelson, and Science Minister Peter
McGauran hosted a Cocktail Reception at
Parliament House.

Wednesday 13 Nov. After breakfast at Old
Parliament House, society representatives
commenced the rounds of with

portfolio areas have a clear sense o!dlrvcnom,
but the country as a whole needs a national
vision, "We lag behind advanced countres
‘when it comes to investing in the ingredients
of a modern cconomy.” "Australia seems to
be afflicted by short-termism," Professor Fell
said. "We need 1o escape from our national
love affair with real estate, and commit to a
long-term national plan with a future.” He
said in any international comparison, there
are the advanced countries, and then there is
Australia. "We drag at their coat-tails, always
running eleventh or fiftcenth”. "Science and
technology drive our economy and solve our
environmental problems, and yet we accept
our international status as one of the also-
rans. We don't accept the mediocre in sport -
why do we accept it in science, where it really
counts?" Professor Fell said the policy
document puts forward a comprehensive set
of policies aimed at driving Australia into the
top third of OECD countries by 2012.
Science Minister Peter McGauran said "Many
of the issues that concern FASTS are similar
to that of the Government, but more
importantly there is a high level of agreement
as to how we should address the challenges
outlined in the document”. He stated "This
Government places great value on Australian
science dnd the work of Australian scientists.
It is important that science policy is
supported by a  whole-of-government
roach, as evidenced by Backing
Australia’s Ability.
The complete document is available at
W fasts.org.au..

MPs which continued throughout the day.
There was a meeting with the Leader of the
Opposition Simon Crean, a Press Conference
given by a pancl of young scientists and morn-
ing tea hosted by the Science Minister Peter
McGauran. A new feature this year was a spe-
cial dinner in the dignified and atmospheric
Members' Dining Room at Old Parliament
House, with guests drawn from partiipating
scientists, from business and industry, and
selected Members of Parliament. The
after-dinner speaker was Mr Bob Herbert,
CEO of the Austraian Industry Group. This
dinner was arranged as an optional extra for
participants wishing to build dialogue with
MPs and industry. Thursday 14 Nov. FASTS
held the 2002 Annual General Meeting,
Council Meeting and Board Meeting. The
President-elect for 2003/2005 is Professor
Snow Barlow, Head of the School of
Agricultural and Food Systems, University of
Melbourne. Assoc. Prof. John Rice was re-
elected as Treasurer, and Assoc. Prof. John
0’Connor was elected as Secretary.
FASTS 2002 Policy Document Professor
Chris Fell, President of FASTS, said that
some industries and some government

Tam a student in ESM2, a French engineering
school, and follow mainly acoustic and vibra-
tion courses. One of the graduation require-
ments is a 4-6-month internship from March,
2003. The purpose of this is to introduce stu-
dents to various professional and technical
aspects of working within the engineering
field, and to apply what was learned. T will
have to write a report on my project.

T would be interested in working in environ-
ment or civil engincering, using my knowl-
edge in mechanics and acoustics. Moreover, |
would like to make better use of my lan-
guages. SoTwould jump at the opportunity of
working in a foreign country, all the more
since Australia really appeals me.

Tlook forward to hearing from you,

Miss Christelle PELLOUX

christelle pelloux@esm2.imt-ms. i

1“”!}
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ACOUSTIC FRIDGE

‘Thermoacoustic refrigerators, which employ sound waves to chill
or-freeze items and have been limited to military and space use,
may finally reach consumers following advances by American
researchers. Scientists at Pennsylvania State University, US, led
by Professor Steven Garrett and Mathew Poese, revealed that
they had developed a loudspeaker that is 10 times better at
converting electric power into sound - making thermoacoustic
fridges more efficient. "We have achieved proof-of-concept for
making a compact chiller that has a volume which is substantially
smaller than earlier thermoacoustic chillers," Garrett said in a
statement. “The coldest temperature we have achieved with this
test rig is -8C.... - well below the freezing point of water.”

The idea of using sound waves for refrigeration was first
developed in the 1980s by scientists at the Los Alamos National
Laboratory, a defence research institute in New Mexico, USA.
Improvements in cfficicncy have since made thermoacoustic
devices competitive with conventional gas-chemical systems in
certain industrial and defence applications, such as the space
shuttle and U.S. naval vessels.

Conventional refrigerators chill items by compressing and
expanding chemicals called refrigerants, which transfer heat from
inside the fridge to the outside, cooling the inside. But
refrigerants are now known to deplete the Earth’s ozone layer, and
replacement chemicals have recently been discovered to be 3,000
times more cffective at contributing to global warming than
carbon dioxide.

Thermoacoustic fridges, however, rely on the compression of
normal air, using extremely powerful sound waves from an
especially tuned loudspeaker. But up until now, efficiency has
been a problem. The efficiency of a typical musical loudspeaker
is less than 1% - thatis, only 1% of the power going in is extruded
as sound. One reason is that speakers need to produce a very large
range of frequencies at similar levels: from the low  notes
produced by a bass or tuba to the high notes of a triangle or a
piccolo.

Garrett and his team developed a loudspeaker which produces
just one special frequency - the one which creates the best
resonance with the container in which it sits. This resonance
enables amplification up to reach 173 dB. The researchers report
that their souped-up loudspeaker has demonstrated efficiencies as
high as 89% at up to 5 kW of power - all without the use of
lubricants or sliding seals - which means it has the potential for a
very long life with low maintenance.

Fortunately, there’s no chance of people being accidentally
exposed to the hyper-intense sound: it can only be generated by
the resonance conditions maintained by the pressurised gas inside
the container. Dr Ben Cazzolato of the University of Adelaide’s
School of Mechanical Engincering - who with his students is
attempting to develop a thermoacoustic refrigerator - was very
excited about the development. "I think it's a really cool
technology," he told ABC Science Online. "It would nice to sec it
move into the domestic sphere.”

From ABC Science Online, 5 Dec 2002, Anna Salleh
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RTA Anniversary

Renzo Tonin & Associates Pty Lid is cele-
brating_its 20th anniversary! To this very
day, the company carries the same words in
its promotional material as it did on its first
day - "providing high  technology service.to
architects, engineers, town planners and
builders" and offering "a high-tech engineer-
ing approach to acoustics and vibration". In
1989, Renzo Tonin formed RTA Technology
Pty Ltd to promote his software program
ENM - Environmental Noise Model and his
environmental noise loggers. Both products
are under continuous development to ensure
they remain at the forefront of acoustics in
their respective classes. In 1991, Renzo
Tonin formed Windtech Consultants Pty Ltd
o provide expert consulting services in wind
engineering. The company runs the largest
private wind tunnel facility in Australia
Renzo Tonin thanks his staff for a job well
done and aspires to expanding his team of
experts into new directions in the coming
years. ww.rtagroup.com.au

B&K News

Briel & Kjer's Automotive Newsletter is
distributed in PDF format four times a year
and includes information on new and existing
products which have special relevance to the

B

LabNo 1301

Suite 2, 6-10 Talavera Road * PO
‘Tolephone 02 9889 8888 * 02 9889 6365
. spectrs.com.au * www.ksv.com.au

Achieve the ultimate
with Briiel & Kjeer service

Briel & Kjeer offers faster and better
service than any other lab in Australia
- at very competitive prices!

For more information on how your business
can save on repairs and calibration costs ...

Service Centre today on

automotive industries. It includes interesting
applications and solutions developed around
the world. If you would like to receive future
issues, just send your name, positionttitle,
d your company's name and address to
automotive@bksv.com.
The first issue of Briiel & Kjzer's Aerospace
and Defence Newsleter is now available. It
is distributed in PDF format twice a year and
includes information on new and existing
products which have special relevance to the
acrospace and defence industries. If you
would like to receive future issues, just send
your name, position/title, and your company’s
name and address to aerospace@bksv.com.
2002 marks the 60th anniversary of the
founding of Briel & Kjer. Managing
Director Karl Nielsen attributed the compa-
ny's long and dominating presence in the
industry to 60 years of knowledge and expe-
rience, the high quality of its products and
after-sales service and support, and its con-
tinued commitment to working with and lis-
tening t0 its partners and customers

News from G+H

A Joint Operation Alliance has been
established between hps/HVAC and the
German based G+H Group for the supply of
acoustic products 1o the power generation,
automotive and aviation industries. This

Call Briiel & Kjeer’s

02 9889 8888

HEAD OFFICE, SERVICE AND CALIBRATION CENTRE
Box 349 * North Ayde * NSW 2113

means hps/HVAC will engineer, manufacture
and install world-leading acoustic solutions

information from www.hpsb2b.com

Unit Conversion

A handy on line unit coversion is available
from the Davidson  website at
hitp//www.davidson.com.au/tools/convert/.

is tool will instantly convert units from one
form to another. There are 17 categories and
within each category a very comprchensive
range of possible conversions. ~Secing the
number of different units that have been used
makes us grateful for the adoption of
standardisation in units over the last decades.

Electronic Journal

‘The Journal "Technical Acoustics" publishes
accepted papers in the Internet. Electronic
Journal "Technical Acoustics” (EJTA). This
is a peer-reviewed journal publishing original
articles in all areas of acoustics. EJTA has the
benefits of an electronic journal: speed of
publication and wide distribution. EJTA is
principally funded by article charges from
authors of published papers. It is available,
without  charge to readers  via
http://webcenter.ru/~ecaa/ejta/.  For more
information eeaa@online.ru
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ARL

Program Cards

Program cards are now available to enhance
the capabilities of the Rion NL-22 / 32
integrating sound level meters. The NX-
22RT card enables these meters to be used to
measure octaves and third octaves in rcal
time. Data is stored on the program card for
easy transfer to a computer for later analysis.
The NX-22J card lets you add audio
recording capacity to your NL-22 / 32 meter.
During noise measurements, event recording
(riggered when a preset level is exceeded) or
interval recording (activated at preset time
intervals) is possible. The NX-22FT card
adds an FFT analyser function to your
NL-22/32 meter.

All of these program cards have been
designed by Rion to give the user options not
usually available in an integrating sound
Tevel meter.

Further information: Acoustic Research
Laboratories. Tel 02 9484 0800,
www.acousticresearch.com.au.

STELL

SOLO: Digital integrating sound level and
vibration meter
The result of 15 years’ experience, SOLO
represents the newest generation of 01dB-
Stell digital integrating sound level meters.
SOLO complies with the latest international
slzndard (IEC 61672-1) on sound level
s versatility allows for various
.ppncn.om such as vibration measurements,
vehicle sound and  vibration
monitoring, 1/1 and 1/3 octave real-time
frequency analysis, ete. The 24-bit analogue-
digital conversion allows for measurement
on a single dynamic range (117 dB) and the
large memory capacity for storage of al data
‘measured in parallel. Also, the USB interface
turns SOLO into an acquisition front-end for
real-time analysis on a PC. Using a modem
or a GSM phone, SOLO may be remotely
monitored and interrogated to retrieve all
measured data, without disrupting the
current measurement session.
Information: ACU-VIB Electronics 02 9680
8133, www.acu-vib.com.au
CAUSAL SYSTEMS
Engineering Noise Control ("ENC'
software

This software evaluates practcally all of the
expressions and algorithms in the book,
"Engincering Noise Control” 2nd Edn. by
DA Bies and CH Hansen. The software is

divided into seven modules. Module 1 covers
the first four chapters of the book, including
speed of sound, addition and subtraction of
levels, noise criteria, hearing damage risk
etc. Module 2 covers sound chapters 5 and 6
of the book, including sound power and
outdoor sound propagation calculations for a
range of propagation models and sound
source types. Module 3 covers chapter 7 in
the book and included calculations for modal
modal

absorber design and reverberation time using

umber of formulae and sound propagation
in long and flat rooms. Module 4 covers
calculation of sound transmission loss for
single and double walls (including multi-leaf
walls) using both Sharp and Davy theorics,
enclosure design, outdoor and indoor sound
barrier design, and pipe lagging insertion
loss. Module 5 covers reactive mufflers,
wave tubes, Helmholtz resonators, low pass
filter design, lined duct (or dissipative
silencer) design, plenum chamber design,
exhaust stack directivity and duct break-out,

of flexible support structures on vibration

isolation _performance. Module 6 is
concerned with the estimation of the sound
power output of a range of source types,
including fans and control valves, as detailed
in chapter 11 of the book.

A demo version of the software, user manual
and order form can be downloaded from
hitp://swww.causalsystems.cony.

LARSON DAVIS

System 824 SLM/RTA

The Larson Davis System 824 combines
sound level meter and real-time analyser
capabilities in one small, rugged package. It
measures Slow, Fast, Impulse, Peak and Leq
levels for A, C and Flat weightings
simultancously. The System 824's optional
accessories give the unit the capability to do

quality charts, reports and presentations.
Real-time Display Mode: DNA displays and
controls measurement data in real-time,
while maintaining access to all of the
instrument's measurement and _analysis
functions. DNA interfaces with the Larson
Davis Models 812, 814, 820, 824, 870B,
2800, 2900, & 3200 via RS-232 and RS-422.
It provides instrument set-up and direct
conversion and display of data files.

Head Acoustics

NoiseBook Mobile Noise Analysis System
‘The mobile noise analysis system NoiseBook
is a user-friendly, casy-to-handle and cost-
effective tool enabling binaural recording,
analysis, archiving and playback of noise.
The record/playback unit is the Headset
MHS II, providing headphones and binaural
HEAD microphone all-in-one. With the aid
of the NoiseBook software, analysis and
archiving of recorded noises is possible with
any standard notebook. A database is
optionally available to manage the noise files
and associate them with any relevant

additional data. NoiseBook provides
technicians with an casy-to-operate tool for
mobile  sound  recording.  Current

measurements can be analysed in the field
and compared with samples from the sound
database.

ArtemiS - Analysis Software

“ArtemiS", the Advanced Research
Technology for Measurement  and
Tnvestigation of Sound and Vibration, runs
under Windows operating systems and can
analyse, filter, display and document
acoustic and vibration measurement data in a
wide range of modes. Yet an outstanding
feature of this software is the possibility of
including the aural sense of the human user
in signal analysis. ArtemiS introduces an
innovative operating concept, making not
only the analysis of individual

but also entire.

full and 1/3 octave (ssA
environmental logging (LOG
option), high specd real time frequency
analyser for RT60 caleulations (RTA option)
and fast Fourier transform analyser (FFT
option).

Data, Navigation and Analysis Software
Larson Davis' DNA (Data, Navigation and
Analysis) software makes analysing noise
and vibration data, as well as presenting it in
2 meaningful way, a simple operation. DNA
software displays, analyses and reports all
project measurement data for you. It
replaces the need for several different
software applications to achieve what you
really want. DNA quickly produces high

Series, into a structured and transparent
operaton. “The user decides what s displayed
configuring which windows,
ool data s, diagrams, ete., are
displayed. The user is able to define button
bars and hotkeys individually, thus matching
the system to his own requirements. Using
this concept, both maximum clarity and an
extensively equipped analysis platform arc
achievable.
Further information from Davidson, 1-3
Lakewood Boulevard, Braeside, Victoria,
3195, Tel 1300 SENSOR (1300 736 767)
Fax: 03 9580 6499 info@davidson.com.au
hitp://www.davidson.com.au
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Focused on
Better Productivity

Whatever the application, from bridge testing to micro-sensors,
Polytec has a solution for all your vibration measurement
needs. See our comprehensive list
of non-contact laser Doppler
vibrometer systems. Call us for
J straightforward answers to your
measurement problems

Vibrascan™ PSV-300 automated,
scanning systems. Now with APS
professional scan geometry, high
resolution live full-field video, SE
Signal Enhancement with speckle
/ tracking, DC to 1 MHz and up to 4
F| ata acquisiion channes.

* Model OFV-303 and OFV-353 standard vibrometers
for point measurements

 Fiber optic OFV-511 tests small parts in hard-to-reach
areas

« Dual beam fiber optic OFV-512 measures relative
vibration between two points

« Dual beam fiber optic OFV-518 for two independent
sensor channels

« Low cost CLV compact production vibrometers for on-
line quality control

« Series 4000 system for torsional/rotational studies

WARSASH Scientific orsss 0

el
VE\K

Advanced Instruments for Research & Industry

Polytec
Laser Vibration
Measurement

Systems to measure vibration
quickly, accurately and
without contact

+ OVD-30 utrasonic module for signals up to 20 MHz

« Controller modules for amplitudes up to +/- 20 /s,
resolutions down to <0.1 pm/s/VHz and DC response

* OFV-3310 or OFV-3320 for in-plane vibration
measurements

NEW + VDD-650 and VDD-660 digital vibrometers
INEW ¢ 3D-LV three dimensional measurement system

Thousands of Polytec systems are in the field solving customer
problems. Call us today for more information on your specific
applications. Polytec vibrometers - for performance, accuracy
and reliability you can count on.

Applications include:

« Engine components

. PEPE[ and steel mill
« Automobile body panels  2¢2
« Rotating shafts

« Household appliances
S power :;s,"(;;eq"e"w piezo

. Mlcm sensms and
actuator:

« Lightweight and small
arts.

G PlytecPI=

fax: +61 (0)2 9318 2192
Internet: au

e-mail:
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2325 June, Cleveland

2003 Nat Conf Noise Control Engineering
INCE Business Office, lowa State Universit
Marston Hall, Ames, IA 50011-2153, USA, Fax
+1 515294 3528, ibo@ince.org

(2003

06 - 10 April, Hong Kong.

29 June - 3 July, Rotterdam
N Congess — Noise as a public health

IEEE Tnternational Conference on Acoustics, $th ICBI
Specch, and Signal Processing problem
Wan-Chi S Hoog Koo Poychnc USiversy,  ssicben.ong

Hong Kong; hitp:/www.en.polyu.edu.

7-9 April, Melbourne. 7-10 July, Stockholm
WESPACS 1CSV 10

Acoustics on the Move Fax:+46 8 661 91 25, icsvI0@congrex se,
hitp:/iwwewe wespacs com www.congrex.com/icsvi0

1823 May Cairms

215t ARRB and 11th REAAA Conferer
Toansport - oue ighway o 8 sesainable uare

hitp/www.arth com.auconf21

1921 May, Naples

Euronoise 2003.

14-16 July, Southampton
8th It Conf Recent Advances in Structural

ics
hutp:/wwwisvisoton.ac.uk/sd2003/
24-27 August, Korea

Internoise 2003
Fax +82 2 762 4946,

", University of Naples Federico I, P.le
Tecchio 80, 80125 Napoli, ltaly, Fax +39 81 239
i it

wwwinter-
16- 18 June, Cadiz noise2003.com

ACOUSTICS 2003

‘Third International Conference on Modelling and 14 September, Geneva,

Experimental Measurements in Acoustics Burospeech 2003.

g s sk Conferesees 00 s SYMPORG SA, Avenue Krieg 7, 1208 Geneva,
icsO¥/index beml, tzerland, Fax: +41 22 839 8485,

18-20 June, Brisbane upiemnesyoaporplemopeech2003

2003 National Environment Conference 710 Septomber P

Environmental Enginceriag Socicty (IEAust) 1d Congress on Ultrasonics

2325 September, Seali

2nd Int Symp on Fan Noise.

CETIAT, B.P. 2042, 69603 Villeurbanne cedex,
France, Fax: +33 472 44 49 99, hitp:/wwrw fan-
n0ise2003 org

-8 October, Honolulu,

tics Research
tory, University of Ilinois, Urbana, IL

618012991, Fax: +1 217 244 0105,

hitp/wwwieee-uffe.org

e

1811 Inematonal Congress on Acouics
(ICA2004).
hitp:/ica2004.orjp

03-07 August, Evanston

8th It Conf of Music Perception and Cogition.
School of Music, Northwestern University,
Evanston, IL 60201, USA,

hitp:/Awww.cmpe.org conferences. il

24-27 September, Prague

Inter-Noise 2004.

I-INCE, Herrick Laboratories, Purdue University,

West Lafayet, IN, USA, Fax: +1 765 494 0787,
wwwi-ince.org

ARL Sales & Hire

oise, Vibration & Weather Loggers

New EL-316 Typel Noise Logger
New BL-315 Type 2 Noise Logger
Push buton programsing mes

ntarged memory

Sound & Vibration Measuring Instraments

RION

Acoustic Research Laboratories
a5

Propretary Limited N.47 050 100 804

Noise and Vibration Monitoring Instrumentation for Industry and the Environment
ASOUND THINKING GROUP Company

ARL Sydney: (02) 9484-0800 ARL Melbourne: (03) 969

<711 Australian Acoustical Services Perth: (08) 9355 5699
‘Wavecom Adelaide: (08) 8331-6892 Belcur Brisbane: (07) 3820 2488

Reg Lab 14172
Acoustcs & Vibion
Measuement
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NORSONIC

AN

Real time frequency
analysis as well as
statistical analysis,
you have it all in hand.

Nor-118 Sound Level Meter
Nor-121 Environmental Noise Analyser

G.R.AS.

Sound and Vibration

@ Condenser microphones

Outdoor microphone systems

Intensity probes and calibrators

Probe and Array Microphones

@ New series of Hydrophones
and associated preamplifiers

ETMC Technologies

619 Darling Street ROZELLE NSW 2039
Tel: (02) 9555 1225  Fax: (02) 9810 4022  Web: www.etmc.com.au




There is no technology without human
knowledge, and PULSE™, our best-selling
Multi-analyzer System is no exception.
First appearing in 1996, this modular and
scalable platform is built on 60 years of
Brilel &Kjer innovation and expertise.
Today it is the basis of an ever-increasing
number of sound and vibration applica-
tions, with over 3000 customers safe in
the knowledge that their chosen platform
is a solid foundation from which they can
create a system to suit their own needs.
Can you afford to ignore it?

Now with PULSE 7.0

« PULSE Auxiliary Parameter Logging
adds logging data acquisition channels
to IDA* -based PULSE systems - up to
16 channels per frame

Time Data Editing - a smart and quick
way of selecting data for analysis
Operating Deflection Shape Test
Consultant - a new tool for structural
analysis

« Beamforming - for noise mapping
from a distance and one-shot mapping
of large objects

PULSE Data Manager - a family of data
management solutions that enables
measurements from PULSE to be
labelled and saved to a database

For more information please contact
your local sales representative or look up
www.bksv.com

MEAGOQUARTERS: DX.2850 NARUM - DENMARX - TELEPHONE: +4S4S 800500
FAX: oASASBUTACS - WTTP//WWW.EKSV.COM - EMAIL: INFOORXSY.COM

Technology with Personality

AUSTRAUIA £-mal’ bh@rpecttcom o - e Bk om 5
STONEY T 02.9839 5888 Fax 02-9889 8365
MELBOURNE e 83377 666 Fax: 033370 0332
BRISBANE e 073252 700 Fax: 7-1287 1370,

ok 039370 7666 939370 0122
PERTN ok 083381 2705 Fax  0.9381 3588
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