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Broken microphone?

Replace it with a GRAS !

Building on nearly 50 years of experience in condéenser
microphone development, Gunnar Rasmussen now
offers an unequalled range of precision microphones and accessories, featuring

. Stainless steel construction

. Shock resistance to IEC 68-2-32

N b year warranty

. Guaranteed compatibility
Whether it’s free-field or random, pressure or intensity, 2” or %4”, 200V or prepolarised,
. there’s a capsule, and companion preamplifiers &
' power supplies, to suit your application.

Call, fax or E-mail us now for a compatibility chart

6 CHURCH LANE, CHEDDINGTON

. LEIGHTON BuzzARD, BEDS LU7 ORU
( : O TEL : 01296 662 852 FAX : 01296 661 400

E-MAIL : SALES@ACSOFT.CO.UK

SWEDOOR

SOUND REDUCING
DOORSETS

Swedoor is the leading European manufacturer
of timber sound insulating doorsets combining
efficiency with economy.

Specified for recording, radio and television
studios plus music practice rooms, boardrooms and
hotel bedrooms — Swedoors doorsets provide an
attractive appearance without affecting performance.

For turther information on the Swedoor range

® Tested up to RW 44dB of acoustic doorsets contact -
Stora Building Products UK Limited
Scanda House

® Manufactured in co-ordinated metric modules
or made to suit individual openings.

Acton Close
® Wide selection of surface finishes from veneers _Long Eaton
to decorative laminates or factory painted. Nottingham NG10 1FZ

Tel: 0115 9725231
@ Fire rated to FD30S and FD60S. Fax: 0115 9736597
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Sound performan

Nick Smith looks at a way of silencing noisy neighbours with a
board-based floor insulation system

he introduction of more stringent

I sound insulation for the conver-

sion of existing buildings into

flats, as required by Part E of the Build-

ing Regs, has put the onus very mich on

the environmental and building services

departments of local authorities to find

economic, yet effective, means of cur-
tailing sound transmission.

One of the key areas targeted in the
Building Regs was that of the floor/ceil-
ing partition. The requirement here is for
airbome sound insulation of not less than
52dB and for insulation against impact
sound, a value of not more than 61dB.
Though sound insulation between new
flats has long been a necessity, it is on-
ly recently that sound in the conver-
sion of existing buildings into fiats
has become an issue.

Clearly, in a conversion any
acoustic deadening needs to be a
fit-and-forget operation. Tenants
will be none too pleased to experi-
ence the inconvenience of further'
remedial work,

Flooring systems

One solution to just this problem that
is being specified increasingly by local
authorities is a gypsum fibre-board
flooring system.

Comprising two laminated gypsum
fibre-boards with a mineral wool layer
bonded to the underside, the 1500 by 500
by 30mm sheet has a 50mm stagger be-
tween top and bottom board to create a
broad, stable supporting seam and, more
importantly, to prevent acoustic bridging.

The simplicity of installation belies
the system’s effectiveness in improving
acoustic performance. A credible exam-
ple of the system’s capabilities was re-
cently demonstrated for Waveney
District Council, where a bed & break-

YAy &
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7 BUILDING BOARDS

fast hotel was being refurbished to pro-
vide several private flats.

In order to verify claims for attenua-
tion for both airborne and impact sound
transmission, an independent test body,
Sound Research Laboratories, was com-
missioned to carry out tests to BS 2750:
Pt 4 (airborne) and to BS 2750: Pt 7 (im-
pact) and to evaluate the performance
figures using guidelines contained within
the Building Regs (1991). These measure
performance as a mean value for tests
carried out on pairs of rooms as well as
individual value. :

The existing floor/ceiling construc-

tion was a ¥in. lath/plaster ceiling below
9 by Zin. timber joists at 400mm centres.
Laid on top was 22mm square edged
floor board that had seen better days, but
fairly representative of floor construc-
tions throughout Britain for pre-60’s
buildings. With the initial ‘before’ tests
completed it was evident that much re-
medial work needed to be done.

For airborne sound transmission, a
measured mean of 44dB was obtained.
This fell far short of the required criterion
of 52dB minimum for tests in up to 4
pairs of recoms. All individual values also
fell short of the minimum requirement of

48dB.

*

Testing

Similarly, impact transmission, fe.
sound from footsteps, etc, fared little bet-
ter in the ‘before’ scenario. A measured
mean figure of 66dB failed to satisfy the
criterion of 61dB maximum for tests in
up to 4 pairs of rooms. Only one individ-
ual test met the maximum individual val-
ue of 62dB.

Prior to the second set of tests to
measure the effectiveness of the gypsum
fibre-boards flooring system, a little
preparation was undertaken, including
the use of an acoustic foam strip applied
to the base of the walls to prevent ‘flank-
ing’ sound transmission. The boards were
then simply laid directly on the existing
decking with the overlapping seams be-
ing glued and screwed to prevent joint
movement,

With the increase in overall density
of the floor/ceiling construction one
would expect results for both airborne
and impact sound transmission to be bet-
ter. This was certainly the case, but it was

FEATURE

i

N

the magnitude of the improvement that
was notable.

The reduction in impact sound trans-
mission was impressive, showing a mea-
sured mean of 55.7dB and satisfying the
criterion of 61dB maximum for tests in
up to 4 pairs of rooms. The improvement
over the ‘before’ test was a decisive
10.3dB. All individual values met the
maximum requirement of 62dB.

The results for the airborne tests were
better still. The ‘after’ installation test
gave a measured mean of 56.7dB, ex-
ceeding the criterion of 52dB minimum
for tests in up to 4 pairs of rooms and im-
proving the ‘before’ figure by a stagger-
ing 12.7dB. Once again all individual
values met the minimum requirement of
48dB.

Most importantly, this application of
such boards measuring only 30mm in
height, has converted the typically worst

case, but ironically most common, exam-
ple of noisy flooring without the time
consuming need to fit floorboards, to ap-
ply insulation between the joists.

For the end user or tenant, the advan-
tages of this kind of system are abundant-
ly clear. It can help provide a quality
living space by containing noise trans-
mission, an important factor in light of
the soaring figures for noise pollution.

For local authorities the simplicity
and speed of installation make it an at-
tractive product for refurbishment and re-
habilitation contracts. No messy liquid
flooring screeds to worry about, no lifting
of floorboards, no drying out time. Just
minimum preparation, direct laying onto
existing wooden or concrete floor and
immediate use, so shortening contract
times.

Nick Smith is customer services techni-
cian at FELS.
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For more sound information on FERMACELL, NI, e
please tick any of the following.-

; . COMPENY..coeeiiiiiiese e,
D f am interested in sound insu!ating ﬂOOl’fﬂg‘ J' P Yo o] (=T TN
Tellme more about: s
D 53dB sound insulating partitions only 75mm deep ] e, Post Code................
D Dry lining with up to 68dB sound insulation Télephone ...................................................

D Party walls for noisy neighbours
D Ceiling constructions to improve sound insufation

D I have a specific noise problem to discuss

Alternatively, telephone the FELS sales office on 0121 321 1155



Business Reply Service
Licence No. MID00115

FELS-WERKE GmbH

Technical Services Department
8 Trinity Place

Midland Drive

SUTTON COLDFIELD

B72 1BR



FIRST NOTICE, CALL FOR PAPERS AND
REGISTRATION APPLICATION

8th INTERNATIONAL MEETING

on

LOW FREQUENCY NOISE
& VIBRATION

to be held in

GOTHENBURG

on 3rd, 4th and 5th June 1997

at HOTEL 11, MASKINGATAN

Sponsored by:
The Journal of Low Frequency Noise & Vibration

ORGANISING COMMITTEE

Chairman: Dr. W. Tempest, University of Salford, with Members of the Editorial
Board of the Journal of Low Frequency Noise & Vibration. The local organising
committee is chaired by Dr Kerstin Persson Waye.

The 8th International Meeting on Low Frequency Noise & Vibration is to be held
in Gothenburg, at Hotel 11. The meeting is sponsored by the Journal of Low
Freguency Noise & Vibration. The topics of the Conference will be those of the
sponsoring Journal, amongst which are:

© Sources of infrasound, low frequency noise and vibration,
including hand-arm and whole-body vibration.

0O Detection, measurement and analysis.

© Control, especially active control.

© Propagation.

O Perception and subjective effects.




- CALL FOR PAPERS

The Organising Committee welcomes contributions on, or related to, the topics list-
ed under section titled “Organising Committee”, or any other area of low frequen-
cy noise and vibration. An abstract (with title) of about 200 words should be sub-
mitted to:

Dr. W. Tempest, Multi-Science Publishing Co. Ltd.
107 High Street, Brentwood, Essex CM14 4RX, United Kingdom

to arrive before December 31st, 1996.

GOTHENBURG

is a busy working port, flourishing
industrial locale, vibrant cultural centre,
and the home of an intemnationally
renowned University. Its picturesque
waterside location and profusion of
parks and open spaces make it a most

ACCOMMODATION

There is accommodation available
within Hotel 11. Details and room
prices of this and other hotels will be
given in a subsequent leaflet. Student-
type accommodation at moderate cost
is also being arranged for those who

attractive venue for international meet-
ings. Delegates will find access easy
from all pants of the world.

TOURS & VISITS

A programme of tours and visits is being
arranged with an attractive programme
for accompanying delegates. Details will
be announced at a later date.

prefer it.

BANQUET

A  Conference Banquet will be
arranged for the evening of June 4th,
location to be announced.

REQUEST FOR FURTHER INFORMATION

| am interested in attending the 8th International Meeting on Low Frequency
Noise and Vibration in Gothenburg, June 3rd-5th 1997,

NAME (BLOCK CAPS)....c.eeeueeriesssssmsssossessssssessesssssssssssssssmsssissssseasassssssssssssasssssasaseee
ORGANISATION (BLOCK CAPS) ...ouuuusicssissesinsesssassrsessessssnen st sennst s
ADDRESS (BLOCK CAPS)...cooenrceressmsnmmsssesussssossassssssssessssssssssssssssssssssssssssssssssssssssnses

.........................................................................................................................................

[ | shall/shall not be submitting a contribution
Ct An abstract of my paper is enclosed
[0 Please send me further information as soon as possible

L T T |
PLEASE RETURN THIS FORM BEFORE DECEMBER 31st 1996 to:

MULTI-SCIENCE PUBLISHING CO.LTD., 107 High Street, Brentwood,
Essex CM14 4RX, United Kingdom. Telephone: 01277 224632. Fax: 01277 223453.



The author

After 15 years as a lecturer, stili with a keen appetite for conveying knowledge, Bernard Gréhant entered the world of
industry and research for which he had already prepared generations of students, and is now Director of Research at
SOMFY.

SOMFY is an international organization and a world leader in designing, manufacturing and marketing motors and switching
and control systems for mobile envelope elements used in the building industry. The group devotes a large part of its
activities to research and development.

Contents
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Vibrations

Oscillatory movement * The sinusoid: a step towards harmony * Spectral analysis * Damping * Forced oscillations and
resonance * Mechanical impedance

Propagation

Propagation of a disturbance * Alternating and sinusoidal waves * Influence of distance from the source * Interference *
Directivity of a source * Reflectors * From waves to beams and rays * On reflection * Stationary waves and modes

Sound as a phenomenon

What is sound? * Sound sources * The human ear: structure * The human ear and frequency analysis: octaves * The human
ear and sensitivity to sound intensity * Power, intensity, amplitude, level: decibels * Comparison and addition of levels *
Physiological correction * Typical values of sound levels Ly and Lp * Logarithms
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Y | Thomas Teliford Publications

Thomas Telford Services Ltd, Thomas Telford House, 1 Heron Quay, London E14 4JD.

* AVAILABLE SOON * A VAILABLE SOON * AVILABLE SOON *

ACOUSTICS IN BUILDINGS
Bernard Gréhant

This book presents a strategy for optimizing a building’s internal environment in terms of
noise and its associated problems by taking the particular examples of motorized installations
such as blinds and shutters and solar protection screens. It addresses all stages of the process,
from the motor design to installation, incorporating the views of architects and equipment
manufacturers.

This book guides non-specialists through all of the phenomena and empirical methods
associated with acoustics, and addresses the principles and implications of noise regulations.

Analysis of several studies, conducted with the scientific and technical support of the French
Centre Scientifique et Technique du Batiment, provide a wealth of useful advice and
recommendations.

new ook information

This book is as invaluable to those in the relevant professions as it is to those who need to
develop an understanding of the potential problems encountered when building services and
associated equipment are to be incorporated in a structure.
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Provisional price, extent and size

August 1996 Hardbound
328pp 210x148mm 0 7277 2511 4 r
£35.00 UK and Europe, £40.00 elsewhere by air --l'd
(... ]
See over for details on the author and full contents. rﬂ
E s
Lol

Thomas Telford Services Lid is wholly owned by the Institulion of Civil Engineers, Westminster, London SW1. Registered in London No.2556636. VAT Registered No. 240 8777 47,

ORDER FORM
Please send me copy(ies) of Aceustics in buildings
£35.00 UK and Europe, £40.00 elsewhere by air 07277 2511 4.

[} Please invoice my company £ [ Please charge Visa/Access card for £
Card No:
OJ 1 enclose a cheque for £ Expiry Date:
(Please make cheques payable to: THOMAS (Please provide a credit billing address, if different to the one below.)
TELFORD SERVICES Ltd)
NAME: COMPANY:
ADDRESS:
POSTCODE: DATE: SIGNATURE:

Please return the order form to:  The Book Sales Department, Thomas Telford Services Ltd, 1 Heron Quay,
London E14 4JD.
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Advice was sought from the
University of Salford, Department
of Applied Acoustics, and a
maintenance-free, aesthetically
attractive noise barrier was
identified as the most cost effective
means of solving the dairy’s noise
pollution problem.
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As Britain’s foremost designers and
manufacturers of sound absorbent
aluminium noise barriers, Baco
Contracts were awarded the
contract. Their services included
panel and component destgn,
supply and project management of
all stages of installation.

The results, all measured as dB(A) levels:

The advantages of aluminium were

convincing:

o effective performance - noise
energy levels reduced 200 times

© maintenance-free

® choices of finishes, colours

o lightweight and easy to erect,
no expensive lifting equipment

© pleasing appearance

© damage repairs easily carried out

[Fe el

Independent tests conducted on
site, after installation, have proved
that the noise barrier provides an
average insertion loss of 22.8 dB(A)
using a typical HGV vehicle noise
source - a performance which 1s
addressing the envisaged noise
pollution problem.

The barrier is obviously very
effective, having reduced the noise
energy levels by the equivalent of
200 tmes.

Noise measurement tests were
carried out using a typical diesel
tractor unit as noise source. This
extract from the tests demonstrates
that the results were more than
satisfactory.

| 1 Inside barrier il Our side barrier Il insertion loss |
| Parameter || Measured B/Ground [ Measured BiGround }| B/Ground corrected |
O D U R T S D
L0 ) - ) _ 53.6 3[ 543 _ T sie ]E 23.1 ]
N sa6 )| :s e YR
sl sy o !

CON ST N S

c 22,8 dB e

If you would like further information or advice regarding the aluminium
noise barriers designed and produced by Baco Contracts, their experience
and specialised expertise is available to you:

A Division of
British Aluminium
Limiced

o~

Baco

Contracts

Baco Contracts, Chalfont Park,
Gerrards Cross, Bucks, 519 0QB.
Tel: 01753 233466, Fax: 01753 233445,




President's Letter

Dear Fellow Member

This issue of the Bulletin will appear at the time of Internoise 96 in Liverpool

In some ways it seems a long time since Internoise 93 in Leuven when we beard that the bid we bad
submitted to organise the event in Liverpool in 1996 bad been successful. But of course the time bas
rushed by and a lot of bard work bas been done by a lot of people since then to put the show together.
To all concerned I extend my sincere gratitude. I would also like to thank the various organisations

who bave sponsored different aspects of the conference.

It gives me great pleasure to welcome a record number of delegates representing a record number of
countries. There will also be a record number of technical papers presented botly formally and in
Poster sessions. We are also pleased to welcome those experts involved in meetings of various
working groups of IS0, I/INCE etc which bave been timed to coincide with Internoise 96.

This will be the 25th in the series of Internoise conferences and I am pleased that Professor William
Lang, President of International INCE, who bas been involved from the start, accepted the invitation to
present the first of the Distinguished Lectures at this year's conference. I am also pleased that we are
able to reprint, in this issue of the Bulletin, the text of bis Lecture entitled 'A quarter century of noise
control - a bhistorical perspective’. At the conference Professor Lang will be awarded the Honorary
Fellowship of the Institute.

Finally returning to the theme of strategic objectives in my first President’s letter, there is a further
objective which is particularly appropriate at this time.

* to develop a more co-ordinated approach to our links with overseas socielies, not just in Europe but

in the rest of the world.
Recently Council agreed terms of reference for a new Vice-President with responsibility for
international liaison and I am pleased to say that Professor Mark Tatham has agreed to take on this

duty.

Sincerely yours

B@ﬂ/\-ﬂrd

Bernard Berry
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A QUARTER CENTURY OF NOISE CONTROL -
A HISTORICAL PERSPECTIVE

William W Lang FIOA

Introduction

The twenty-fifth International Congress on Noise Control
Engineering {INTER-NOISE 96} is a defining event. It
marks the end of o quarter century during which o
similar event has been held each year in major cities
around the world. On 1972 October 04, INCE Charter
President Leo Beranek in his opening remarks at the very
first INTER-NOISE, said: 'Engineers know, and I'm sure
that everyone in this room knows, that noise control is a
complex subject. Noise emanates from many sources that
constitute vital factors in our way of life. And people
suffer individually from the effects of noise.' The task here
is to describe what has hoppened during the last quarter
century since the first INTER-NOISE in Washington, DC,
USA. And, in particular, to describe the progress made
to quiet the world in the period 1972-1996.

Setting the Stage: the Decade Before
the Quarter Century

To set the stage for the developments of the quarter
century just ended, aftention is focused first on the
preceding decade, the 1960s. Several events occurred in
that decade which had a profound influence on the
happenings of the quarter century that followed.

Noise Control Magazine At the end of 1941, Noise
Control magazine was killed by its publisher, the
Acoustical Society of America (ASA). The Society had
been formed in 1929 as an offshoot of the American
Physical Society '.. to increase and diffuse the
knowledge of acoustics and promote its practical
applications.' One of the practical applications was
noise control. In 1955, under the presidency of Leo
Beranek, ASA began publishing Noise Centrol

magazine which was the first publication in America to

be devoted exclusively to the technical aspects of noise
control. This publication wos chead of its time. It was
killed not because of a lack of interest by noise control
specialists; indeed, it was considered by them to be an
outstanding publication, but due to a lack of enthusiasm
on the part of the acousticians running the Society who
were not overly concerned about noise and its effects,
and did not want @ small fraction of the membership to
receive disproportionate benefit. During the 1960s, just
under ten percent of the members of the Acoustical
Society of America expressed a primary interest in noise
and its control. That number is slightly above ten percent
today. During its short publication life, Noise Control
magozine provided o wealth of information to
professionals in the emerging field of noise control. The
demise of Noise Control magazine creoted a gap that
was not to be filled for o decade.

The Fast Fourier Transform In 1965, IBM's James Cooley
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and Bell Laboratories' John Tukey rediscovered the Fast
Fourier Transform {FFT). Within a short time, the potential
for this algorithm to revolutionize signal processing was
clearly recognized, but the first software implementations
were primitive and hardware implementations were
several years in the future.

Computer Technology The third major development
occurring in the 1960s that set the stage for the quarter
century just past was the advances made during the
decade in computer technology. The first large-scale
digital processors were introduced in the 1950s. By the
middle of the 1960s, a clock speed of 5 MHz waos
state-of-the-art. The personal computer {PC) was
introduced at the beginning of the 1980s. By the middle
of the 1980s, a desk-top PC with a 5 MHz clock speed
was available. Teday, a PC with a Pentium chip has a
clock speed of 166 MHz, ond 200 MHz machines are
just around the corner. Clock speed, of course, translates
approximately info processing power. In the 1970s,
when the most recent quarter century began, the era of
'number crunching' in acoustics was just getting off the
ground.

Structuring the Field: Noise Control
Engineering Gains Recognition

As the decade of the 1970s began, there was no
professional organization in the USA which was solely
dedicated to the interests of the noise control engineer.
Indeed, the title noise control engineer was quite new
and was just being established as o recognized fitle for
the practitioner of a specialized engineering discipline.
Even with a new fitle, the noise control engineer was no
better off professionally than during the preceding
decade. But two developments were on the horizon.
There was growing concern for the world around us;
environmental noise was one aspect of that concern. And
there was the possibility that new noise control initiatives
would be introduced by the Federal government of the
USA. - . :
Workshop In 1971 January 10-12, some eighty-five
noise control specialists from all over the United~States
and Canada participated in @ Workshop on Noise
Control Engineering. More than two-thirds voted to form
a new organization which was chartered on 1971 June
4 in the Nation's Capital as the Institute of Noise Control
Engineering of the USA.:An agreement of cooperation
was subsequently signed between the new organization
and the Acoustical Society of America, and that

“agreement has been in place over the entire quarter

century.
The First INTER-NOISE Congress The year 1972
witnessed the appearance of an INCE/USA newsletter,
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Noise/News, in January, and the first INTER-NOISE
Congress was held in October. At the INTER-NOISE 72
banquet, Professor Fritz Ingerslev announced that the
INCE/USA Board had accepted the invitation from the
Technical University of Denmark to host INTER-NOISE 73
in Copenhagen. The second INTER-NOISE, and the first
to be held in Europe, was so successful the Board of
INCE/USA recognized that its goal of creating '... an
eventual federation of insfitutes of noise control
engineering...' on a worldwide basis was close at hand.
At the meeting of the INCE/USA Board on 1974 January
12, it was the consensus that every effort should be made
to encourage the formation o? a new international
organization as quickly as possible. This new
organization would take over responsibility for the
INTER-NOISE series of world congresses and would help
disseminate information on the rapidly expanding field of
noise control engineering.

International INCE is Formed In the warm summer
evening of 1974 July 28 ot Bailey's Hotel in Central
London, representatives of European organizations and
the INCE/USA Board decided that a new organization
would be established. The International Institute of Noise
Control Engineering (I-INCE) was chartered according to
Swiss civil law on 1974 October1 with Professor Fritz
Ingerslev as the charter President and Professor Eric Rathe
as the first Secretary-General. International INCE was
established to organize international congresses; and to
promote international cooperation in a) research, b} the
application of engineering techniques for the control of
environmental noise, and ¢) the exchange of technical
information. An announcement concerning the new
institute was made ot INTER-NOISE 74 which was taking
place on the some date in Washington, D.C., USA. It was
stated that the affairs of International INCE would be
managed by its President and Secretary-General who
report to its Boord of Directors and General Assembly.
The directors represent the six most recently-held
congresses of the INTER-NOISE series, and each delegate
to the General Assembly represents a member society.
After initially being located in Zurich, Switzerland, the
Secreforiat of International INCE is locoted today in
Leuven, Belgium.,

International INCE Grows As socon os it was chartered,
International INCE  assumed the responsibility  for
sponsoring the INTER-NOISE series of world congresses.
The congress in the year following the chartering was
INTER-NQISE 75 in Sendai, Jopan. International INCE is
a consortium of member societies. The first two member
societies to join the consortium were INCE/USA and the
Danish Acoustical Society. From 1974 through 1996, the
membership of International INCE has grown from two
member societies fo forty, including the world's leading
professional societies concerned with acoustics and noise
control. The congress in Liverpool, England, is the
twenty-fifth in the INTER-NOISE series. Since 1972, these
congresses have been held annually in major cities of the
world, each hosted by a member society. The number of
participants at a congress has ranged from 500 to 1400.
Typically, more than 300 technical papers presented by

participants  from over 30 different countries are
published in the proceedings volumes. During the period
1975 through 1992, International INCE published a
quarterly newsletter with worldwide news of noise control.
in 1993, the newsletter was changed to o quarterly news
magazine, Noise/News International, which is now o
joint publication of Infernational INCE and INCE/USA.

Breakthroughs of the Past Quarter Cen-
tury

Consider the major technology breakthroughs of the
quarter century just passed, and the important role that
the INTER-NOISE series of conferences has played
throughout this peried. Four breakthroughs will be
described in some detail. This is not intended to be a
complete list, but there is unlikely to be any disagreement
that the four breakthroughs selected have significantly
changed the world of noise control engineering.

Sound infensity Measurements The direct measurement
of sound power flow through a unit area in a sound field,
the sound intensity, has become practical for field
measurements. This technique has had @ major impact on
noise control engineering [1].

The classical definition of sound intensity in a medium
with no mean How is the time-averaged product of the
sound pressure and the particle velocity. The inventor of
the sound intensity meter or acoustic wattmeter was H.
Olson. His device patented in 1932 incorporated two
microphones, one pressure-sensitive and the other veloc-
ity-sensitive. There were many problems in reducing the
Olson device to practice. The acoustic wattmeter of T.
Schultz was the first practical (analogue) implementation
in the eorly 1950s. In the early 1970s, some forty years
after the Olson patent, the fast Fourier transform had
been rediscovered and high-speed general purpose com-
puters as well as special-purpose digital instrumentation
were available.

Techniques for the digital filtering of time series were
developed shortly ofter the rediscovery of the FFT. These
advonces led directly fo the development of two-channel
methods for determining the sound intensity by digital fil-
tering of signals proportional to sound pressure and par-
ticle velocity.

The sound power emitted by a noise source can be
determined by measuring the sound intensity at specified
positions on an imaginary surface enclosing the source,
ond then computing an approximation to the surface inte-
?rol of the normal component of the intensity over the sur-
ace. With the practical realization of the acoustic watt-
meter in the early 1970s, this method became feasible.
Up to then, the most reliable methods for determining the
sound power of a noise source involved measurements of
the sound pressure alone {one-channel only) and making
an assumphion on the nature of the sound field which
would define the relationship between the sound intensity
and the sound pressure. These ‘classical' methods were
standardized internationally for the different environments
in which they are to be carried out: reverberant, semi-
reverberant and free-field [2]. The intensity method will
ultimately replace the 'classical’ methods because of its
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inherent advantages over the older methods.

The major advantage of the sound intensity method
for determining the sound power of a noise source is that
the methed is independent of the environment in which
the mecsurements are made. It is not necessary to pro-
vide a special test facility such as a reverberation room or
an anechoic room in order to corry out the measure-
ments. A further advantage is that sound intensity meas-
urements can be made in the presence of high back-
ground noise levels. The arrival on the scene of a sound
intensity meter for field measurements has introduced
other important improvements to the field of noise control
engineering. With the enhanced computer graphics now
available, it is possible to visualize o sound field by por-
traying it in terms of the patterns of sound intensity. This
had lead fo a better understanding of the radiation pat-
terns not only of simple structures, such as beams and
plates, but also of complicated noise sources. The iden-
tification and localization of the individual sources of a
machine with mulfiple sources can now be carried out
with minimum effort.

The practical sound intensity meter hos facilitated the
measurement of the properties of noise-reducing ele-
ments, such as the transmission loss of walls and panels
and the absorptive characteristics of acoustical materials.
Applications involving sound intensity measurements in
building acoustics hove been described [3]. Sound inten-
sity measurement is now firmly entrenched as a useful
tool, and is recognized as a 'mature technology.'
Numerical Acoustics The stage was set at the beginning
of the 1970s for the arrival of the 'number crunching'
era. Numerical computations that up until then had been
either too laborious or too time-consuming gradually
became commonplace. Old methods were re-examined,
and new methods were developed. Both required large
amounts of computing power, much more power thon
had ever been previously available. Computations were
made on a scale never before undertaken; in many
cases, analytical results were obtained as a result of
computations that had never been carried out before due
to the large amount of computer storage and central
processor time required. The growth of the PCs and
workstations in the 1980s made it possible to do all these
complex numerical caleulotions.

A number of techniques have been developed and
refined over the past quarter century. The sound power
level of a structural source can be estimated by o number
of different methods in the low-frequency region where
few vibrational modes of the source are excited. Experi-
mental modal analysis (EMA) can be carried out on a
prototype or model machine to determine modal shapes
and modol damping. In finite element anclysis (FEM), the
structure is divided into a Ffinite number of surface ele-
ments to determine the surface velocity distribution for
each mode. The radiated sound power of the source can
then be calculated using the Helmholtz integral equation
or the Rayleigh integral equation. Or, using the boundary
element method (BEM), the Helmholz integral equation
can be solved directly for the sound pressure and surface
velocity.
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In the high-frequency region, statistical energy analy-

sis (SEA) [4] is available to compute the sound power
level of a source by summing the powers radiated by
each of the individual parts that make up the source. With
the great advances in computer technology over the past
quarter century, the number of acoustical problems sus-
ceptible to numerical anclysis has been greatly
expanded. Numerical methods will continue to evolve as
processing speeds become higher and bandwidth to the
deskiop increases. Algorithms will be refined through o
continual comparison of theory and experiment.
The Advent of the Virtual Instrument Since they first
appeared on the scene at the end of the 1970s, personal
computers {PCs) have developed so rapidly they threaten
to replace the dedicated measurement tools of the noise
control engineer [5]. Consider the sound level mefer with
its building blocks: input [microphone), preamplifier,
frequency weighting, detector and output (display). In the
decade of the 1960s, most of the instruments in use were
completely analogue, with the newer instruments having
digital displays to replace the moving-coil meters. During
the 1970s, the building block in  which
analogue-to-digital conversion (ADC) occurred shifted
from the output block back towards the microphone.
Today, ADC is accomplished in many dedicated
instruments on the signal from the microphone
preamplifier. The use of digital circuitry has many
advantages. In particular, the output signal can be fed
directly to o PC for printing, storoge and further
processing.

Earlier this decade, a reasonable question 1o ask was
the following: can the dedicated instrument (ie the special-
ized digital hardwaore for the frequency weighting, detec-
tor and output blocks of the sound level meler) be
replaced by a PC which would become a Distributed Vir-
tual tnstrument {DVI)2 An off-the-shelf PC could replace
most of the specialized digital hardware; in today's
world, the only speciclized resources needed for the DVI
are the input {microphone and preamplifier), the digital
signal processing (DSP) function and the output. DSP is
provided by application software. An example of a DVI is
the Concerto which is available now on the commercial
market [&].

Today, it is possible to perform real-time FFT analysis
with o Pentium processor and a Windows user interface.
A general-purpose PC with a microphone on an input
channel, which is a miniature version of today's laptop
and no larger than one of today's sound level meters, will
become the measuring tool of preference for noise control
engineers. Tomorrow, the noise control engineer will
browse the World Wide Web, download the instrurment
that is desired, and then perform the analysis on the dig-
ital data from the field that has been stored as a time
series in the PC. To be sure, such a scenario is still in the
future. But instruments {software) will eventually be avail-
able on the Internet for downloading and users will be
able to 'rent' a wide variety of analysis tools for a por-
ficular situation. The market for dedicated acoustical
instruments is likely to remain active for some years, but
as we move into the next millennium, it is probable that
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the role of dedicated instruments will be taken over grad-
ually by the PCs of the future.

Active Noise and Vibration Control The field of active
control of noise and vibration has grown rapidly during
the last two decades. In the mid-1930s, Paul Lueg
obtained the first patent on active control. in the early
1950s, Olson and May published a paper [7] which
illustrated several applications of active control, but it was
not unfil the 1970s with the advances in control systems
and digital signal processing that active control became
feasible.

A recent article [8] in Noise/News International sum-
marized the many opplications for active control which
were described at ACTIVE 95, the 1995 International
Symposium on Active Control of Sound and Vibration
held in Newport Beach, California, USA on 1995 July 6-
8. Most of these developments have been driven by
advances in control theory and the availability of low-cost
electronics for digital signal processing {DSP). Indeed,
were it not for these advances, breakthroughs in active
noise and vibration control would not have occurred. An
earlier article also in Noise/News International [?] pre-
sented background information on active control with
emphasis on signal processing requirements.

Passive noise control systems which utilize sound
absorbing moterials, mufflers and other techniques are
generally ineffective at the lower frequencies. The primary
advantage of active noise control systems is that they can
provide significant noise reduction at low frequency.
Destructive interference between the sound fields gener-
ated by the original primary source and that due to other
secondary sources, whose acoustic outputs can be con-
trolled, results in quieting. The most common type of sec-
ondary source is a moving coil loudspeaker whose acous-
tic output is controlled by an electrical signal. It is the
generation and control of this electrical signal in order to
reduce the ocoustic field that is the signal processing task
presented by active control. Active control is an emerging
technology with much work in academic circles and o few
practical applications. The field will develop as trans-
ducers are improved, as the costs of signal processing
are reduced, and as users become more informed about
the benefits and limitations of active control. The applica-
tions areas that are currently under intensive investigation
include:

* Active control in ducts and pipes

* Active control in enclosures

e Active control in vehicles

* Active control of stand-alone sources

* Sound reduction by structural vibration control

* Active control of structures and vibration isolation
* Transducers for active control

The Challena]es Ahead

On the twenty-fitth anniversary of the first INTER-NOISE
Congress, it is oppropriate to look carefully at the
structure of the field of noise control engineering. A
detailed study of this structure was published in the 1996
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March issue of Noise/News International [10].

Consider the world of science and engineering at the
turn of the last century, and then the situation today on
the threshold of the next century. At the turn of the century
{1900), the field of physics was neally divided into sev-
eral sub-fields (acoustics, mechanics, optics, thermo-
dynamics, electricity and magnetism, and 'modern' phys-
ics). The American Physical Society, founded in 1899,
covered all of the sub-fields of physics. The interests of
engineers were represented by societies involved with five
major engineering disciplines: civil, mechanical, electri-
cal, mining and metallurgical and chemical.

During the 20th century, the field of acoustics and its
practical applications gradually flowed out of the field of
physics into engineering disciplines. In the USA, the
Acoustical Society of America was founded in 1929, the
Audio Engineering Sociely in 1951, acoustical divisions
of the Institute of Electrical and Electronics Engineers
(1949) and of the American Society of Mechanical Engi-
neers (1981), the Institute of Noise Control Engineering
(USA) in 1971. The evolution and spawning of new
organizations has perhaps not ceased. Reference 10
describes some 29 national and international organiza-
tions thot are involved todoy with the noise control
aspects of acoustics. The key questions are twofold. Are
the existing organizations sufficient to cover the field of
noise control engineering? And are they doing a cred-
itable job?

Consider the growth of the field of noise control engi-
neering over the past quarter century. Twenly-five years
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ago, the profession of noise control engineer was newly
established, but there were few courses offered in noise
control engineering. Today, the leading universities of the
world are offering such courses. As demand for environ-
mental quiet has increased, there has been o major
increase in demand for engineering services. The con-
sulting business is flourishing. Legislatures ore prom-
ulgating regulations and decrees that require noise con-
trol. The field of noise control has grown tremendously
over the past twenty-five years. Consider now the raison
d'etre for the INTER-NOISE 96 Congress. Why, year after
year, have large numbers of participants gathered in far-
flung cities of the world to discuss the lotest developments
in noise control engineering? Part of the answer may be
that noise control engineering is not tied to any one of the
classical fields: physics, mechanical engineering or elec-
trical engineering, but is truly inter-disciplinary. The four
breakthroughs described obove have required the inter-
actions of specialists from o broad spectrum of dis-
ciplines. The reasons for participation at an INTER-NOISE
Congress differ from delegate to delegate. But an engi-
neer who is working in one of the breakthrough areas is
likely to be more interested in a congress covering a
broad range of subjects, which includes sessions devoted
to the ultimate consumer, than a congress devoted to one
field of engineering in which the interests of the consumer
{eg the recipient of community noise} may not be repre-

be no complacency. But the field of noise control engi-
neering will continue to develop and flourish.
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assess and control noise of all kinds and have some pretty nifty software for predicting environmental noise. Staffed by
highly-trained acousticians for whom vibration measurements hold no terrors, we have extensive experience and an enviable
record of success in advising clients on all aspects of noise and vibration including acting as expert witnesses at Public
Inquiries and dealing with Environmental Health Officers and Planning Departments.

Our acoustics software includes roadNoise which predicts road traffic noise using the procedures of Caleulation of
Road Traffic Noise 1988, siteNoise (for predicting noise from surface mineral workings and construction sites using the
principles of BS5298) and raifNoise (which implements Calculation of Railway Noise 1995).
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ASPECTS OF RESEARCH ON ACOUSTICS IN

THE UK
Jon Silverman MIOA

Introduction

The use of the ferm acoustic {ultimately from Greek
meaning "to hear') goes back to the 17th century. The first
occurrence listed in the Oxford English Dictionary is dated
1605, from the writings of Bacon. Hearing and sound
had historically been subsumed under the rubric of music,
a subject held in high esteem. There was some earlier
study of the properties of sound, but its scientific
understanding can be considered to begin with Newton.
Some two hundred years later, lord Rayleigh's
investigations, which were a combination of meticulous
experimentation and mathematical theory, marked a
further milestone in acoustics.

Today, the subject covers many overlapping focets
ranging from sociological, psychological and bicacoustics
through to musical acoustics and many problems in phys-
ical acoustics.

Early Development
The nature of sound was not understood until compar-
atively recently. In the 17th Century, Cartesion philosophy
sought to explain the physical world by means of ‘vor-
tices', but Newton felt that his explanation was more in
accord with reality. Newton was amongst the first of the
natural philosophers to query the physical mechanism
which constitutes sound. The Principia is mainly concerned
with dynamics, but one section of Book 2 is concerned
with wave motion ond sound. Sound is ascribed to lon-
gitudinal air pressure waves, and Newton formulated an
equation for the propagation of sound through a gas. He
predicted the speed o? sound from his equation, which
was printed in the first edition of the Principia [1,2].

Newton's method of prediction was both legical ond
intuitive -~ he did not know in every detail the mechanism
of sound transmission as it is today understood, yet he did
have an overall appreciation of the physical basis of
sound.
By the time of the second and third editions of the Prin-
cipia, further speed of sound measurements had been
made in France which confirmed that Newton's formula
for the speed, sqrt {pressure/density), gave too low a
valve (by about 15%). Newton had assumed that, when
air is compressed, Boyle's Law would hold, and he had
even tested his theory in Neville's Court ot Cambridge by
timing the echo. However, and unusually for Newton, his
measurements were not sufficiently accurate to show the
difference between his theory and practice, and the dis-
crepancy was only resolved when Laplace, over 120
years later, supplied the necessary modification. This is
the addition of gomma (ratio of specific heats) to New-
ton's formula for the speed of sound.

It is difficult, with our present understanding, to appre-
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ciate Newton's achievement of grappling successfully with
sound propagation, and then not only arriving at a reo-
sonable understanding from scrotch but also putting that
understonding into mathematical form and getting a
value for the speed of sound in air. Indeed, Laplace
remarked that Newton's theory, although imperfect, was
a monument to his genius.

Lord Rarleigh's Work

About two hundred years after Newton's Principio Math-
ematica was published, Lord Rayleigh was carrying out
experiments in acoustics at the fomily home in Terling,
Essex. John William Sirutt, Baron Rayleigh, published
over 100 popers on acoustics and vibrotion between
1870 ond 1919. According to his son [3], Rayleigh
became interested in resonance after he was advised to
read Helmholtz's book on tone-sensations in order to
learn Germaon.

His first substontial acoustics paper, published in
1870, is a detoiled examination of resonance. This
included, amongst other things, an explanation of the
Helmholtz resonator. Rayleigh very often used musicol
notation in his experimental work as he had an interest in
music generally. The resonances of bottles and flasks
which were used to test the theory, see Figure 1, were
determined by holding the container over the appropriate
piano wire. The experimental apparatus at Terling is now
in the process of being catalogued. He kept careful exper-
imental records on o daily basis, and they evidence a
strong commitment particulaely to his preoccupation with
acoustics. Rayleigh's famous treatise 'The Theory of
Sound' was written while he was recuperating from rheu-
matic fever in Egypt and published in 1877 [4].

Aside from his scientific work, Rayleigh wos asked to

Fig. 1. Helmoltz resonators at Terling {photo by kind per-
mission of the Strutt family}
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take part in many public duties. He wos invited to
become Chancellor of Cambridge University by the Duke
of Devonshire. The idea for o National Physical Labor-
atory had been first mooted around 100 years ago in
discussions at the British Association meetings at Ipswich
(1895) and Liverpool (1896). Lord Rayleigh become
chairman of a Treasury committee appointed by Lord
Salisbury to consider the question. The Committee
reporfed in favour of establishing the Laboratory, and
Rayleigh was later appointed by the Royal Society as
Chairman of the Management Committee of the Labor-
atory.,

The National Physical Laboratory had responsibility
for, among other things, the determination of physical
constants, national measurement standards etc. and, in
the present day it performs calibration checks for acoustic
instrumentation such as sound level meters. It also main-
tains a laboratory in the Centre for lonising Radiation
and Acoustics for the determingation of the Primary Stan-
dard for sound levels, The Laboratory has recently been
privatised.

Horace Lamb wrote in 1920 that Rayleigh's main
interest was in the unravelling of physical phenomena
'and that mathematics was to him chiefly valuable as an
auxiliary. Moreover, just as in his experimental work he
had recourse by preference to the simplest devices, so the
mathematical apparatus whenever possible was of the
most elementary nature. There was clways, however,
enormous mathematical power in reserve, and whenever
the occasion called for it the utmost degree of skill of this
kind was brought to beor.'

Recent Progress

The basic foundation for acoustics had been completed
by the end of the lost century, and since that time many
advances have been made in the field of acoustic
technology. Discussions, mainly in the United States
during the first holf of this century, have led to the
adoption of the main noise measurement units currently in
use, dB re 20 pPa, dB(A) etc.

If two achievements could be said to epitomise 20th
century acoustics, they might well be accurate sound
measurement and, more recently, the development of
active noise control. But this is not to minimise the impor-
tance of acoustics in other disciplines, such as condition
monitoring and medicine.

Current UK Research

There are several universities where acoustics is taught as
part of o degree course, amongst the largest being
Salford and Southampton. The Institute of Sound and
Vibration Research at Southampton University is one of
the major specialist research institutes.

Is it possible to devise a simple method to characterise
structure-borne  sound (vibration up to audible fre-
quencies) in the same way as with sound power for air-
borne sound? A research group at Liverpool is attempting
to formulate a descriptor that will give an easy to inter-
pret way of assessing machinery vibration. However
there are some complications with structure-borne sound
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in that the emission depends upon the receiver structure
as well os the source, whereas in the cose of air-borne
sound the receiving medium is always the same. The most
promising means of characterisation of a structure-borne
sound source is the free source velocity, the velocity at the
contact points when the machine is operating in a freely
suspended state. This is an independent property of the
source, and there are standard methods of measurement.

The ISVR Signal Processing Group specialises in dig-
ital signa! processing with reference to acoustics, and
active sound and vibration control. Signal processing
research hos developed from off-line computation, to
advanced tools for the analysis of non-linear systems and
non-stationary data. There is also an increasing emphasis
on real-time computation for estimation, speech pro-
cessing and control, particularly using the Texas Instru-
ments TMS320 series processors.

Although the idea of noise cancellation was thought of
many years previously, active control did not become a
serious proposition until the electronic and signal pro-
cessing techniques were available long after Paul Lueg's
German patent in the 1930's and Olson's later work in
the USA. Development of active noise and vibration con-
trol techniques is now taking ploce in several research
groups.

Lueg's original idea also envisaged cancellation over
localised areas of 3-D space, although in practice he had
only considered the 1-D case of noise in a duct in detail.
Some of the modern investigations into active sound can-
cellation took ploce in Chelsea College, London, where
the Chelsea monopole and close-coupled monopole were
developed by Leventhall and co-workers.

However, it is only with the advent of real-time digital
processing techniques that active control for broad-band
noise began to become a practical possibility, and the
limitations of active control due to physical constraints
may be reduced.

These physical limitations generally restrict the fre-
quency range of global active control systems to below a
few hundred Hz. Above this frequency it may still be pos-
sible to cancel the sound in a zone around a listener's ear
and the acoustic performance of such 'local’ control sys-

Fig. 2. Manikin used at ISVR for research into active noise
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craft. Figure 2 shows a manikin at ISVR used for active
noise control tests with headrest speakers.
TWO DISPLAVS,
sources in any of these active systems can be either
feedforward or feedback. Feedforward systems rely on
the measurement of a reference signal which is well UN‘E ‘E‘nsu TU US‘E Sl-m

tems has been the subject of intensive investigation. One '

possible application of such systems could be in locally

quieting noise near the seat headrests in a train or air-

’

Algorithms & Active Vibration Control

The control algorithms used to adjust the secondary

correlated with the noise from the primary source, such

as a tachometer signal in a propeller aircraft. Control

algorithms have been developed for the rapid adaptation RION introduce the NL-18. One easy 10 use
of such feedforward controllers even in multichannel Precision Integrating Sound Level Meter which
systems where a large number of secondary loudspeakers monitors and analyses workplace and environ-
are u5ec;| to control the sound at a [(]rge number oF mental noise to UK and European standards.
microphones.  Recl-time  implementation of these Once set up, field operation is easy
algorithms has been used to demonstrate the practical as just four keys give you complete
application of active control to the noise inside propeller mastery - and it fits snugly in your

aircraft, automobiles and  helicopters.  Feedback hand too. With two LCD

controllers have also been implemented for headsets and displays, one for data,

zonal control systems which are adaptive fo disturbance the cther for octave

ond plant changes, and robustly stable in the face of and third octave

plant uncertainty. graphics, all

Research in the area of active vibration control has will be
focused on the physical limitotions of vibration isolation clear.
through multiple active mounts, and the practical applica- &
tion of such systems. Active elements can be combined
with conventional elastomeric mounts for isolation at fre-
quencies below o few hundred hertz. The best per-
formance is obtained by the integrated design of the pas-
sive ond active elements of the mount and by careful
choice of the cost function which the control algorithm is
designed to minimise.

At higher frequencies it may still be possible to isolate
vibration by actively controlling the propagation of struc-
tural waves in the elements which connect the vibrating
source to the receiving structure. A system with three
magnetostrictive actuators has been used, for example, to
very effectively control the propagation of the longitudinal
and two planes of flexural wave in o helicopter strut at
frequencies up to several kilohertz.

Signal Processing and Analysis

Work on Mechanical Signature Analysis has mainly
concentrated on satellite condition monitoring and the
introduction of data from cockpit voice recorders. The
condition monitoring work has involved the analysis of
data from a trioxial accelerometer mounted on the
Olympus Spacecraft to detect the operation of various

mechanical devices and analyze the waveform of these & A For the facts
events to monitor their condition. The analysis of cockpit - £ call the sole UK
voice recordings is spurred by the need to determine the N ] representative:
cause of air accidents. The cockpit voice recorder '

microphones are sensitive to fuselage vibration as well as | el )

sound in the cockpit, and thus detect the response of the ‘ QuantrteCh :
structure to a catastrophic event such as an explosion as

we“ as fhe pressure wave. By exgmining fhe dif{erence Quantitech Ltd., Unit 3, Old Wolverton Rd., Old Waolverton,
Lo . . . . i =1 12 5 . Q 2lerardsls) . 8 907713
between the hmlng of these two 5|gnc1|s an indication can Milton Keynes, MK12 5NP Tel: 018908 227722 Fax: 01008 227733
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be obtained of the position of the event within the
aircraft, providing valuable information to air accident
investigators. These methods have been validated by
ground tests on several types of aircraft.

Some of the most rapidly growing applications of sig-
nal processing are in the field of medicine. Several meth-
ods of improving diagnostic tools using signal processing
methods have been studied in conjunction with South-
ampton General Hospital. These include the use of time-
frequency methods for the detection and classification of
heart murmurs, measuring lung function using impedance
measurements and measuring bene porosity using ultra-
sound.

Developments have been made recently in the speed
and copacity of devices designed for real-time Digital
Signal Processing (DSP). These developments have been
used in the group to develop real-time systems for
research into detection and estimation, speech processing
and active control. Systems have been developed through
several generations of DSP devices, particularly the
TMS320 series, and currently arrays of porallel pro-
cessors are being used for particularly intensive real-time
tasks.

The fluid dynamics and acoustics group at ISVR is par-
ticularly concerned with acoustic phenomena caused by
fluid Alow. One such case, for example, which produces
high levels of noise is a turbo-fan on an aircraft ot take-
of?. The blode tips are travelling at supersonic speeds,
ond this produces a peculior buzz-saw noise which has
many harmonics and propagates in a non-linear way.
Transform techniques have been used to look at the beha-
viour of the noise in the frequency domain, and simulate
the behaviour of the fan at high speed with an absorbent
fining.

Of importance in aeroacoustics is the noise emanating
from reciprocating engine silencers, for example motor-
car exhausts, or air-intokes. Attempts have been made to
model, both theoretically and practically, the main acous-
fical phenomena in the flow chambers of these silencers,
and thus to predict the potential and actual attenuation
performance achieved.

Acoustics and Hearing

Acoustics is first and foremost to do with hearing, and
many people are interested in exactly how hearing
works. This is, of course, of great significance in
understanding hearing impairment and deafness. Some
groups, for example at Loughborough and Cambridge,
have developed computer models of the hearing process.
This approach amounts to an attempt to integrate the
physiological and psychophysical bases of hearing to
obtain an overall picture or the processes involved in
hearing.

The vibration of the basilar membrane can be tracked
using either invasive surgery or non-invasive question
and answer techniques. Basilar resonance effects con be
inferred based on subtly posed experiments, when sub-
jects are questioned on the audibility of one sound in the
presence of ancther masking sound, either tonal or

broadband.
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Durham University has a collaborative project between
their digital signal processing group and the Music
Department. Durham Music Technology group is inter-
ested in multi-microprocessor architectures for real-time
sound synthesis. The 160 T80O transputer network
described below is an example of this work. A more
recent project involves the construction of a mulk-
processor T9000 network. Each of the new transputers
offers an order of magnitude improvement in per-
formance.

Parallel computer algorithms which can exploit the
concurrency of the network are also being developed. In
particular the recognition of signals with many harmonics
by logarithmic {constont Q) tansformations is looking
promising. An application of this work has been extended
to capture visually the complex interaction of bell sounds
during the ringdown process.

Parallel Processing and Music

Since 1988, the research group has reporfed on issues
concerning multi-transputer audio processors [5]. A pro-
totype architecture for o transputer network was
described and demonstrated in the International Com-
puter Music Conference 90 [6]. This has been developed
into an audio processor, using 160 T80O floating-point
transputers inferconnected as a ternary tree.

There are 16 transputers fitted onto a printed circuit
board, which represents o processing power of 140
MIPS. These transputers are permanently connected, but
the software configuration of the network is flexible and
reprogrammable. Ten such boards form a network with a
maximum processing power of 1.4 GIPS. This network
has been used as o test-bed of network architecture for
real-time synthesis, combined with a custom-made MIDI-
to-transputer interface. Using recursive sine oscillators, an
88-note organ has been implemented in fixed note alloca-
tion and a 27-note organ with dynamic note allocation [7].

Another field of current research with many potential
applications is in music analysis. A prototype system has
been developed for extracting event parameters and fim-
bral information from polyphonic music [8]. In order to
satisfy the trade-off between time and frequency resolu-
tion, the system relies on a multirate analysis scheme. This
is implemented in Parallel C on a Texas Instruments
TMS320C40, hosted by a PC. The original data are
decomposed into sinusoids, which are then recombined to
form the control envelopes required for additive synthesis.
The later processing stages are carried out using the PC
alone, and this permits detailed grophical display of the
data.

This system has immediate applications to the char-
acterisation and automatic transcription of music, and the
resulls so far have been encouraging. The system also
offers the possibility of transforming and resynthesising
the sound.

One of Durham's objectives is the production of new
tools for composers of electroacoustic music. This has
involved extensive field-testing and modification of the
older research prototypes to ensure smooth operation and
an appropriately user-friendly environment for their crea-
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tive use. Activity in this context has concentrated on the
implementation of suitable synthesis algorithms on a net-
work of 3 T80O floating-point transputers with full support
facilities for studio composition. The most significant tocls
to have emerged to date in this context are a Parallel-C
version of the MIT software synthesis programme
CSOUND which incorporates dynamic scheduling rou-
fines to distribute the component synthesis tasks across the
transputer network and a transputer-based phase voe-
oder [9].

Computers and Music

There are a number of groups which are interested in the
interface between computers and music; aside from
Durham, York is also in an important centre. Work in the
field of Music Technology at the University of York began
in the late 1960's when the Electronic Music Studio was
established. The techniques of electroacoustic composition
have been taught there every year since, and many now
distinguished composers have worked there. Although a
degree in recording engineering is not on offer, several
well known recording engineers started their careers by
studying Music at York. Recording Studio Techniques are
taught as one of the modules in both the undergraduate
and the postgraduate Music Technology courses.

The Music Technology Group has participated in the
Composer's Desktop Project since its earliest days.
Indeed, all of the founder members of this organisation
were either Music Department graduates, members of
stoff or otherwise associated with the department. The
CDP was founded to make computer music facilities, such
as the sound synthesis languoge, CSound, available to
individual composers. By using cheap personal comput-
ers, at a time when such facilities were generally only
available on large and expensive mainframe computers,
the cost was brought within the range of many. The hard-
ware of the early Atori computer based systems was
designed by the group and production engineered by the
York Electronics Centre. It was also used as the basis for
one of the first affordable digital audio editing systems,
Audio Design's ‘Sound Maestro'.

Technology ploys an important role not only in the
generation and recording of music, but also in the repro-
duction of electroacoustic music in concerts. One of the
main strengths of the Eurcpean electroacoustic music tra-
dition has been the level of attention given to the diffusion
of sound. Long ago systems using multiple channels and
loudspeakers started to replace simple two speaker
stereo. The Music Department at York hos o particular
expertise in a system known as Ambisenics, which is
capable of reproducing three dimensional audio images.
As well as its opplication to the diffusion of electro-
acoustic music, Ambisonics was used to provide sound
facilities for the 1992 production of York's famed Mystery
Play cycle. This was stoged at the Theatre Royal, York,
one of the oldest theatres in Britain. Sixteen channels of
amplification were used in the 3D sound system, which
was installed in addition to a full scale normal stereo PA
system,
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The Hard of Hearing and Deaf

The purpose of research involving the hearing impaired is
to provide those with hearing disability with aspecis of
music which they are unable to hear. This might be by
means of. o computer generated visual picture which is
directly related to the music, a vibrational representation
of the music by meons of a device placed, for example,
on the wrist or arm, or customised processing of the music
prior to acoustic presentation. In the latter case, it is often
of benefit to use a computer to generate the music in the
first place which enables complete control over the output
sound.

Work for People with Physical Disabilities is addressed
towards those who have restrictions in their movements to
enable them to arrange or compose music, perform music
live, and create recorded performances which incor-
porate the player's own individual musical expression. A
number of switches and other sensors are used which can
be activated by hand, foot, mouth or a head wand to
enable entry of musical parameters via a computer.

The acoustics of any space can be modelled math-
ematically and controlled by medifying the materials used
to cover the walls, floor and ceiling, as well as the content
of the space. Two particular issues under investigation are
the problems of achieving good diffusion (spread of
sound) and mode control (low frequency boom) in small
rooms where physical space is limited. Analysis tools are
being developed for modelling rooms, ond design meth-
ods have been implemented which have resulted in diffu-
sion structures which occupy less space than conventional
ones.
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HEALTH EFFECTS OF COMMUNITY NOISE

Birgitta Berglund

Introduction by Nicole Porter MIOA

World Health Organisation Environmental Noise Criteria
Over the last couple of years there has been increasing
use in this couniry of environmental noise criteria based
on recommendations from the WHO. This has raised o
number of issues and, consequently, the Environmental
Noise Group is organising a workshop to be held on
Wednesday 25th September 1996 at NESCOT fo discuss
this approach.

The original ‘litle green document' from WHO is
being updated and a final report has been presented to
WHO with proposed revisions. To set the scene we are
reproducing @ paper presented by Professor Birgitia Ber-
glund, who is one of the editors of the latest report, to the
15th ICA in Norway 1995, and describes the key ele-
ments of the revisions.

Principles For Assessing Health Effects
Health "has been defined by the World Health
Organization as 'A state of complete physical, mental
and social well-being, and not merely the absence of
disease  or  infirmity'  {Yearbook Internotional
Organizations, 1968-1969). This is a wide definition that
covers noise impacts such os hearing impairment and
disturbance of humon activities that may result in
annoyance reaction. The world community is paying
increased attention net only to the environmental hazards
now proven to affect the physical health of humans
adversely but also to the quality of the environment as
humans perceive it [1]. Since noise is usually considered
to be unwanted sound, noise effects must always by
definition be considered undesirable. Yet, the evaluation
of critical impacts of noise is not only a scientific matter
but has to conform with normative and societal concerns
ond decisions with respect to protection of exposed
human populations. Since the strength of the association
between a particular health effect and one environmental
agent, such as community noise, usually is uncertain, in
practice other more distinct societal goals such as
economical development may easily overshadow the
health concerns in environmental planning.

Although the human health effects are assessed with
methods developed in physiology, pschology, sociology,
epidemiology and economy, noise control is commonly
formulated in terms of various limit values expressed in
physical measures or indices. Such practice requires
oppropriate and relatively precise dose-effect rela-
fionships that are rare particularly when considering com-
plex environmental applications as well as interindividual
differences in reactions to noise. Most noise regulations
are specific to the source (aircraft, industrial noise, road
traffic, etc.) and subenvironments (residential areas, work-
places, schools, etc.) and it is common that exposure con-
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ditions are specifically considered, for example, tonal or
impulsive components, low-frequency noise, and time
period of the day or night. These considerations have
lead to the development diversity of acoustical noise
exposure descriptors. Very few of these have been cross-
validated for a particular health effect or even for real
community noises. Until such confirmation exists, the vari-
ous acoustical measures and indices should be used pri-
marily for noise assessment {environmental character-
ization), not for health ossessments (prevailing status or
forecasted effects). In the present stage of knowledge it
may be most appropriate to show health concern instead
of using noise exposure assessments as 'proof' of no or
negligible adverse effects. Particularly, it should be real-
ized that a complex sound environment is not possible to
assess in one single figure, a noise index. It is even more
improbable that any of many specific health effects may
be predicted from such a noise index. Moreover, since
health effects appear due to immissions rother than the
distant noise exposures, direct assessment of immissions
{environmental characterizations) should be pursued to o
larger extent than the presently practiced exposure pre-
dictions or calculations E'om noise source emissions.

The WHO has declared that in health protection the
first oim is to protect the sensitive individuals and the sec-
ond aim is to protect the general population. In the eval-
uation of noise effects it may be noted that ot present,
noise abatement is based on scientific data collected from
selected or representative samples of general populations;
usually adults are studied and sometimes volunteers.
Some groups of people have less abilities or possibilities
fo cope with the impacis of noise. People at risk are, for
example, those with particulor diseases or medical prob-
lems, with hearing deficits, shift workers, infanis and
young children, the blind, and persons involved in lan-
guage acquisition or complex cognitive tasks.

SEecific Effects

It has been demonstrated that community noise may have
a number of direct adverse effects other than hearing
damage. These include interference with communication,
annoyance responses, and effects on sleep, the
cardiovascular  ond  psychophysiological  systems,
performance and social behaviour. Below follows o
presentation of adverse effects recognized in the external
review draft of the forthcoming WHO Environmental
Health Criteria Document on Community Noise [2]. The
specific effects and proposed guideline values were
cgreed on in concensus among fempora advisors at a
WHO Task Force Meeting in Dusseldor?, in November
1992 {3].

Interference with Communication Noise tends to interfere
with auditory communication in which speech is the most
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important signal. Speech perception is of paramount
importance in classrooms or conference rooms or where
listeners with impaired hearing are involved, for example,
in homes for the elderly. To ensure speech comprehen-
sion, the signal-to-noise relationship should always
exceed zero dB. For a speaker-to-listener distance of
about 1 m it is known thot: {a) speech spoken in relaxed
conversation is 100% intelligible in background noise lev-
els of about 45 dBA and can be understood fairly well in
background levels of 55 dBA; {b) speech spoken with
slightly more vocal effort can be understood up to noise
levels of about 45 dBA.

Speech communication is offected alse by the rever-
beration characteristics of rooms, for example, reverbera-
tion times less than 1 s can produce loss in speech dis-
crimination. For adequate speech intelligibility for
sensitive groups, reverberation times should be below
0.6 s. For sensitive groups or when listening to com-
plicated messages (ot school, listening to foreign lan-
guages, telephone conversation), the signal-to-noise ratio
should be at least 10 dB. Consequently, for sensitive
groups one should strive for a low background level, per-
haps 35 dBA when the message level should be at least
45 dBA .

Noise-Induced Hearing Loss Examples of high-level noise

" exposures of communily noise are open air concerts,

discotheques, motor sports, shooting ranges, and
dwellings in terms of noise from loudspeakers or other
leisure activities. Other important sources are music
played back in headphones and impulse noise from toys
and fireworks. It has also been argued that community
noise exposure would be a contributing factor
(socioacusis) to hearing deficits with increasing age
(presbyocusis). Hearing disability may be assessed in
terms of difficully in understanding speech or by
audiograms (losses in dB for certain frequencies:
500,1000, 2000, 3000, 4000 ond 4000 Hz). For
practical purposes hearing damage is assumed to be
associated with the total energy of a particular noise
exposure, thot is the product of the intensity and duration.
From a hearing deficit point of view, noise is described in
terms of equivalent continuous sound level, Laear,
measured in dB. For occupational noise, the level is
usually averaged over 8 hours of the doy and night or
over 40 hrs per week.

Analysis of the available data has provided a sta-
tistical basis for predicting the degree of hearing loss

likely to be experienced by people exposed to steady °

noise during an 8-hr working day, for a period up to 40
years. The risk is by most scientists deemed negligible for
less thon 75 dB Laegah, but some might say below
80 dB. Above the former limit, the risk of noise-induced
permanent hearing loss increases with increased sound
level, although the risk increment may be difficult to dem-
onstrate in individuals. The threshold value for damaged
hearing may be even lower for noise exposure combined
with ototoxic drugs, chemicals, vibration, or shiftwork.
Since the equal energy principle may be adopted, the
basic criterion of 75 dB Laeqs-hy implies that the risk
would also be negligible with a 4-hr exposure to 78 dB,
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a 2-hr exposure to 81 dB and a Thr exposure to 84 dB.
Conversely, additional noise exposure oulside the work-
ing hours may allow us to formulate a limit of safe expo-
sure OF 70 dB LAeq(24.}.,,.].

It is not yet clear whether or not the damage risk rules

can be extended to the very short durations of impulsive
noise. Evidence indicates that an increasing risk exists
when impulsive sound pressure levels reach 130-150 dB
peak. Addition of impulsive noise to steady noise may
increase risk for domage in the range of 80-110 dB
Lpeqh ond 100130 dB peak.
Sleep Disturbance Effects Continuous as well os
intermittent noise may produce sleep disturbonce. More
intense background noise gives more disturbing sleep
effects. Physiological sleep effects include changes in
pattern of sleep states, especially a reduction in the
proportion of REM sleep (REM = rapid eye movement).
Subjective effects have also been identified such as
difficulties in falling asleep, subjective sleep quelity, and
adverse aftereffects like headache and tiredness. The
sensitive groups include the elderly, shift workers, persons
especially vulnerable to physical or mental disorders and
other individuals with sleeping difficulties.

If negative effects on sleep should be avoided for con-

tinuous noise, the equivalent sound level should not
exceed 30 dB indoors. IF the noise is not continuous, the
maximum level is best correlated to sleep disturbances;
effects have been observed ot individual exposures of
45 dBA or even less. Especially if the background level is
low, noise events exceeding 45 dBA should if possible be
limited. For sensitive persons an even lower limit will be
preferred. Particularly it should be noted that it should be
possible to sleep with a bedroom window slightly open {a
reduction from outside to inside of 15 dB).
Cardiovascular and Psychophysiological Effects Many
studies hove shown that biood pressure is higher in
noise-exposed workers and in populations living in noisy
areas around airports and on noisy streets than in control
populations, whereas other studies indicate no effects. The
overall evidence suggests o weak association between
long-term noise exposure and blood pressure elevation or
hypertension. Other psychophysiological effects, such as
gastrointestinal motility, are less clear.
Performance Effects There are few if any detailed studies
of effects of noise on human productivity in community
situations. Instead, the effect of noise on performance of
tasks has been studied in research laboratories or in work
situations. Depending on how meaningful the sfimulus
might be, noise can act as a distracting stimulus. A novel
event, such as the start of an unfamiliar noise will cause
distraction and interfere with many kinds of tasks.
impulsive noise may produce disruptive effects as a result
of startle responses which are known to be resistant to
habituation. Consistent after effects of noise on cognitive
performance have been estoblished {eg proof reading,
persistence on challenging puzzles). Tasks involving
motor or monotonous activities are not always degraded
by noise but mental activities involving sustained attention
to multiple cues are. Some accidents may be an indicator
of performance deficits as well.

Acoustics Bulletin July / August 1996




Persistent exposure to noise during early childhood

appears to domage reading acquisition; the longer the
exposure, the greater the damage. It seems clear that
daycare centers ond schools should not be located near
major noise sources, such as highways, airports ond
industrial sites.
Annoyance Responses Noise annoyance moy be defined
as a feeling of displeasure evoked by noise. Annoyance
is evoked by noise which physical characteristics include
their intensity, spectral characteristics, and variation of
these with time. However, annoyance reactions are
sensitive to many nonacoustic factors of psychological,
social or economic nature, particularly, there is a
considerable difference in individual reactions to the
same community noise.

Annoyance has been shown to be affected by the
equivalent noise level, the highest noise level of a noise
event, the number of such events and the time of the day.
Community annoyance varies with activity. The threshold
for annoyance for steady continuous noise is around
50 dB Laeq outdoors. if the noise levels are kept below
55 dB Ly, few people will be seriously annoyed during
daytime. Noise levels during the evening and night
should be 5 to 0 dB lower than during the day. It should
also be pointed out that for intermittent noise, it is nec-
essary to consider the maximum level and number of
noise events.

Effects on social behaviour For many community noises,
the most imporfant activity interference seems to be
related to rest, recreation ond watching television. There
is fairly consistent evidence that noise above 80 dBA
causes reduced helping behaviour and loud noise may
also increase aggressive behaviour. Parficularly, there is
concern that high-level continuous noise exposures may
contribute to susceptibility to helplessness in school

children.

Specific Environments

Specific environments are associated with critical health
effects. In dwellings, sleep disturbance, annoyance and
speech interference should be considered. For schools the
crifical effects are speech interference, disturbance of
information extraction, message communication and
annoyance. In hospitals one should consider sleep
disturbance, annoyance and communication interfer-
ence including warning signals. In concert halls, outdoor
concerts and discotheques the sound levels should be
adopted that protect for hearing impairment. The same is
true for sounds played bock in headphones and for
impulsive sounds from toys ond fireworks. Finally, in
cerfain outdoor areas that are quiet, the quieess should
be preserved from noise pollution and measures should
be taken to keep the signal-to-noise ratio low.

It should be realized that a noise measure based only
on energy svmmation expressed as the conventional
equivalent measure, Leq, is not encugh for the character-
ization of most noise environments. 1t is equally important
to measure and disploy the maximum values of the noise
fluctuations, preferably combined with a measure of the
number of noise events. If the noise includes a large pro-
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portion of low frequency componcnis still lower values
than the recommended guideline values proposed for spe-
cific effects will be needed. It should particularly be noted
that a large proportion of low frequency components in
noise, eg a 20 dB difference in dBC to dBA, may increase
considerably the adverse effects.

Specifically, it should be noted that the confinuous
equivalent sound level may only be applied in isolation if
the risk for noise induced hearing loss should be esti-
mated. The Leq may also be applied for sleep disturbance
and annoyance but then it should be supplemented with
other exposure information such as number of sound
events and maximum level of single events. In practice, it
is also important to consider the background level. This
means that for most environments, that is, dwellings,
schools and hospitals, as well as for areas outdoors, the
assessment of confinuous equivalent sound level is not
enough for human hedlth protection. Furthermore,
research knowledge is lacking and, therefore, guideline
values proposed in Lleq should be qualified with an
appropriate fime base before they are applied in noise
profection. As a consequence, the selection of the dura-
tion for the averaging is somelimes open ond, thus,
presents possibilities for societies to apply more safe or
more relaxed criteria.

Certain populotions are ot greater risk from harmful
effects of noise. Young children {especially during lan-
guage acquisition), the blind, shiftworkers, and perhaps
in uteri/fetal development are examples of such popula-
tions who primarily are of concern for noise exposure in
residential areas. Since there are no firm and definite
conclusions on this topic as yet, the guideline values pro-
posed here are developed for the population at large.
This means that in applying the guidelines in health pro-
tection, the consequences for potentially more vulnerable
groups should be taken into account.
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\CTICAL APPLICATIONS ('{f’ﬁ?f HE MLS TECHNIQUE
) MEASUREMENTS OF SOUND INSULATION
ampbell MIOA & Svein-Arne Na{‘aﬁ’(ﬂf?}"
Summary between signal to noise requirements and measurement

The theoretical basis of the Maximum Length Sequence
(MLS) procedure was described in some detail by Bjor [1]
along with the way in which it could be incorporated into
a practical measuring instrument. The MLS technique
offers a means of considerably improving the signal to
noise ratio available in any given measurement location.
The obijective of this article is to report on the advantages
that MLS offers in practical measurement situations.

The quantification of sound insulation of structures
presents a number of practical problems, most of which
are not apparent until the team arrives on site to com-
mence the work. Being prepared for anything is, there-
fore, often a prime determinant of the ultimate cost of per-
forming the work. Key information on the dynamic range
that is available for the measurement is not readily avail-
able prior to commencing work as it is a function of the
background noise level at the site, the transmission loss of
the partition under test and the performance of the excita-
tion system in the acoustic conditions found on site. The
problems are compounded by the fact that the highest
background noise levels are usually found in the bands
where the generated levels are the lowest! Current elec-
tronics offer the ability to automate the measurements and
care must be taken to ensure that they do not allow 'error'
situations to be accepted into a measurement sequence
due to inadequate signal to noise ratios being achieved.
Careful planning of these automatic measurements is
therefore needed to ensure that acceptable results are
obtained.

A series of measurements has been undertaken in typ-
ical commercial situations to determine the parameters
required to calculate the sound insulation of a party wall.
Three series of measurements were made; the first two
were performed using the conventional methods of serial
and parallel measurements followed by a series using the
MLS technique. The results showed that in the determina-
tion of reverberation time it was only possible to obtain
the RT,, using the conventional methods due to the limited
excitation levels available whilst MLS yielded both the
RT,o and RT4,. The values for the transmission loss R,
yielded by the series of measurements became pro-
gressively more accurate due to the improving signal to
noise figures obtained using the three measurement proto-
cols.

In all cases the time to perform the test varied. The par-
allel method showed the prospect of being the quickest
but needed very careful setting up to avoid errors. Serial
testing had the most straight forward set up procedure
and produced results within the dynamic range available
on the site. MLS will produce a result under almost any
measurement conditions with the simple trade off being
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duration. Serial analysis methods had the lowest equip-
ment costs followed by the parallel systems with MLS
being the most expensive.

Measurement Locations

With the new ISO series of standards along with their EN
counterparts [2] it is now required, in special conditions,
to widen the frequency range to measure over the range
50Hz-5kHz. With current loudspeaker systems most would
have problems at the lower frequencies due to the limited
efficiency and high background noise levels in this range.
Similarly at high frequencies the improving attenuation of
the partitions results in transmitted levels that are close to
the background levels. The traditional cure for these
problems has been to increase the power available in the
excitation system or to make the measurements at night
when the background levels are lower. Both of these
solutions bring their own problems and to overcome them
the MLS procedure has been proposed. Tests were carried
out to determine the sound transmission between a
conference room and an adjacent work area. The
construction was a twin leaf high transmission loss panel
giving o design goal of nearly 60 dB for the R',. The
background noise level in the receiving room was in the
range of 30 to 40 dB across the frequency range. The
generated level for the individual frequency bands in the
source room was limited to a range of 70-90 dB due to |
its size and high absorption levels. Tests were carried out
using a Norsonic NOR-840 Real Time Anclyser, with the |
MLS and other building acoustics options, and a 100W
power amplifier and dodecchedron loudspeaker.

Transmission Loss Measurements

Broad band noise and parallel frequency analysis The
results of this approach are shown in Figure 1. The upper
trace shows the source room level in channel 1 and the
received level in channel 2 with the excitation on. The
lower trace superimposes the background onto the levels
transmitted from the source room. It is obvious that the
received levels are incorrect as they are masked by the
background noise. The requirement for o 10 dB
difference between the received levels and the
background noise is only fulfilled at the lowest
frequencies. If these incorrect results had been used in a
calculation of the R',, index a result of 44 dB would have
been obtained. These results confirm that broad band
pink noise excitation and parallel frequency analysis can
only be used in cases of low transmission loss indices or
where the bcckground noise levels are low.

Band filtered noise and serial frequency analysis Simply
using a filter in the noise generator will increase the levels
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Fig.1. L4 using Broad Band Noise and Parallel Frequency
Analysis

generated in each third octave band by some 12 to 15
dB. Adding synchronous filters to the source and receive
room measurement channels, brings about an
improvement in the dynamic range to such an extent that
the signal to noise requirement is now met for the mid
frequency range. The results are shown in Figure 2 which
again has the source and received levels in the top
window and the received and background levels in the
lower view.

Using these results the calculated R',, would now be
52 dB, but this would still be wrong due to the signal to
noise requirement not being met at all frequencies.

Broad band noise and parallel MLS frequency analysis
The results using the MLS technique are presented in
Figure 3 and in this case the lower window contains a
table that gives the signal to noise ratio in tabular form
for both the normal and MLS methods. From this it can be
seen that the requirement for a ratio of 10 dB is met over
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Fig. 2. L4 using Band Filtered Noise and Serial Frequency
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the full frequency range.

To achieve the required confidence figures for fre-
quencies up to 3.15kHz it was necessary to make 58 MLS
averages and this required a measurement duration of
approximately 8 minutes; to extend to 5kHz a longer
measurement would be necessary. The data provided by
this measurement allowed an accurate calculation of the
R',, value for the structure, giving a result of 56 dB.

Reverberation Time Measurements

As the receiving room in the previous example did not
present a very demanding situation a new location was
chosen for this part of the project. The noise excitation
equipment was relocated into a room, which due fo its
size and absorption gave maximum levels in the region of
70 dB with background levels of 40 to 50 dB. Figure 4
shows the detail and it can be seen that the dynamic
range available is of the order of 20 to 25 dB.
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Fig. 4. Dynamic range available for the RT measurements
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Broad band noise and parallel frequency analysis The
problem here is the inability to achieve a high enough
excitation level in all the bands simultaneously to provide
the minimum decay in each. With the requirement for a
5 dB headroom and a 10 dB signal to noise ratio, using
this approach it was not even possible to provide an RT,.
The situation is detailed in Figure 5. The upper window
shows the result for the 630 Hz band where the dynamic
range requirements are right on the limit of 35 dB. In the
lower window the results are tabulated and it can be seen
that the error warning appears against the RT,, results
and that the RT3, values are suppressed.

To progress using this measurement method a sig-
nificant increase in amplifier power (by a factor of 15)
would be needed or the measurement programme
delayed until more advantageous background noise lev-
els persisted.

Band filtered noise and serial frequency analysis Whilst
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Fig. 7. RT using broad band noise and parallel MLS fre-
quency analysis

the background noise remains at 45 dB the improvement
in generated levels, referred to in the section dealing with
the transmission loss measurements, provides enough
amplifier power to increase the generated levels to
around 80 dB. This gives sufficient dynamic range to
allow for the calculation of the RT,q in most of the bands
but there is still a significant uncertainty in respect of the
RT3 values; the details are in Figure é.

In this case if RTyo can be accepted the values pro-
vided by this method would be good enough; however it
has to be accepted that even a small increase in the back-
ground noise levels would, in this case, invalidate the
technique.

Broad band noise and parallel MLS frequency analysis
In order to fulfil the dynamic range requirement of 45 dB
for a RT3p measurement it was necessary to programme
the instrument for 23 MLS averages. This gives a
measurement duration of around 3 minutes. In the upper
window of Figure 7 the calculated backward integrated
decay is shown together with a straight line indicating the
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Fig. 8. Improvements in Dynamic Range obtained by
using MLS
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calculated RT decay for the 630 Hz band. This
information is of course available for each frequency
band. The table in the lower window shows that the RT5,
and RT3y has been provided along with the EDT for all the
bands from the one measurement sequence. This is in
spite of the fact that the background noise was just as
high as in the previous examples.

The dramatic effect of the MLS mode of making RT
measurements can be shown by displaying the results of
conventional parallel measurements with those obtained
using the MLS technique. The lower curve in Figure 8
shows the conventional results where the generated levels
are around 70 dB and the noise floor at 50 dB. Contrast
this with a similar measurement configuration that
employs MLS, shown in the upper window, and it can be
seen that the generated levels have increased to around
90 dB and the noise floor has fallen to approximately
35 dB to give a significant improvement in the dynamic
range.

Conclusions

As with all things it is a question of 'horses for courses'. In
ideal conditions it is possible to take advantage of the
speed that conventional parallel measurements provide.
As more typical situations come to be considered then the
balance moves in favour of sequential and MLS
approaches. It is certainly true that MLS will always
provide an answer, even in difficult cases such as the
measurement of sound insulation between rooms above a
discotheque. It is a question of trading measurement time
against the signal to noise requirement; if sufficient time is
available it is even possible to obtain a result under noise
to signal conditions. In considering the question of
measurement time we tend to think in terms of the run
time for the measurement. The true time is however from
arriving on site to departing again with the required
results accurately logged to disc. When viewed this way,
getting the equipment to the measurement location and
preparing it for use is the largest single element. Add to
this the necessary relocation of the microphones then the
actual run time of the measurements does not seem so
important. The over-riding factor must be the need to
come away with the results required accurately logged to
disk to avoid losing the investment made in committing to
the measurement sequence in the first place. In this area
MLS will always ensure a result.
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L

TOWARDS A STANDARDISED DESCRIPTOR OF THE
IMPULSIVE NOISE CAUSED BY LOW-ALTITUDE

MILITARY AIRCRAFT
Bernard F Berry FIOA

Introduction
The noise due to a single overflight of a fast jet flying ot
low-altitude has a ropid onset of noise level at the start of
the 'event'. The rate at which the level rises is termed
'onset-rate’, and values of the order of 100 dB per
second can occur in extreme cases. It is generally
considered that such high .onset-rates induce a stortle
effect on listeners which leads to a heightened annoyance
response. Studies in the USA on judged annoyonce due
to recorded ond real overflight noise have led to a
proposal that a correction or penally be aodded to
measured levels, the value of the correction being o
function of onset-rate [1] . Although no subjective studies
have been conducted in the UK, there has been o
considerable amount of work at NPL on carefully
controlled noise measurements [2], and on prediction
modelling [3]. Additional studies on source noise have
been conducted at the Defence Research Agency at
Pyestock [4]. Each of these three research teams uses a
slightly different definition of onset-rate. This article will
describe recent work to establish the implications ond
significance of these different definitions and consider the
requirements of a standardised method.

Interest in the topic of onset-rate begon in the early
1980s, in the USA, where the need to prepare environ-
mental impact assessments during the design of military
operating areas and military training routes was the driv-
ing force behind o research progromme aimed at on
accurate understonding of human response to noise from
low-altitude flight operations. It

levels {SEL) used in computing Ly,. This adjustment was
adopted by the USAF as an interim metric in 1990 [&].

Subsequently, laboratory studies using indoor and out-
door listening facilities, in which recordings of military
aircraft noise events with onset-rates varying from 1.3 to
152 dB/s (decibels per second) were presented to par-
ticipants, have resulted in a refined form of the adjust-
ment, where the value varies from O dB for onset-rates
below 30 dB/s to 11 dB for rates above 150 dB/s [1].

More recently a 'rented-home' experiment has been
completed [7]. Here the social setting and presentation of
sound stimuli were said to be more normal than in the
loboratory experiments. The results of this experiment
have confirmed the appropriateness of the onset-rate
adjustment, The form of the adjustment is shown in Figure
1 ond is almost the same as that found in the laboratory
experiment, except that the onset-rate at which the adjust-
ment first becomes non-zero is reduced ta 15 dB/s.

The form of the adjustment shown here is to be
adopted for official use by the USAF, and is under con-
sideration by ANSI Working Group $12-15 Environ-
mental noise measurement and assessment [8],

Current Definitions of Onset-Rate

USAF Method In the study, published in 1987, which first
proposed the interim metric, onset-rate is initially referred
to in a footnote (reference 6, page 18} as follows:
'Onset-rate, nominally equal to the average rate of
change of level during the onset of the noise event, is

wos realised that conventional

methods of assessing human 18
annoyance response fo noise, such

as the method developed by

Schultz, which is based on the use o

of the day-night overage sound
level Ly, [5], were not in themselves
adequate to describe a noise envi-
ronment characterised by infre-
quent, irregular, sudden, short and
loud noise events. A review was
made of the available literature to
investigate the suitability of cor- o

Adjustment 1o SEL, a8
w

reloting Ly, with human annoyance
for such noise events. This review
resulted in the recommendation
that Ly, could be used provided -5

T |

9

that, {a) it was based on the busiest 1
month of the year and (b) an
onset-rate adjustment was applied
to the individual sound exposure

Fig. 1. Onset-rate adjustment from rented home experiment

P ol.:z 1 4 3 100'4‘
Onsel Rote, dB/3sec
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Fig. 2. Time-history of Laeq.10 ms for Harrier event H at Exercise Luce Belle

defined more precisely at the end of this section.' The
definition which follows, on page 23 of the report reads,
‘the rate of change in decibels per second, of the
A-weighted fast sound level, Luf, of the overflight signal
between the time the signal first exceeds the ambient level
by 5 dB, and the time the signal first exceeds a level 5 dB
below its maximum value.'

Note that no specific method of averaging the rate of
change of level wos ever defined. In effect an 'eyeball'
average is soid to have been used. Thus it is not simply a
cose of calculating a level difference and a time differ-
ence and dividing one by the other. It is understood that
this straightforward calculation was applied to cases
where the rate of change of level was reasonably con-
stant over the onset phase of the noise event, but that
where, as is often the cose, the onset is at first gradual
and then increases, the estimate of onset-rate was made
using the portion of the level-time history closer to the
maximum level.

The situation is complicated even further by the fact
that close examination of the technical reports [1,7]
describing the loboratory experiment and the rented
home experiment actually mcke no reference to the
above 'definition', but refer to two different methods of
determining onset-rates. To quote from the reports:

‘The original rates given in Table 2 were obtained by
an algorithm employing the highest 20 dB of digitized
levels. The digitization analysis system included a fast
{0.125 second) detector for alt sounds. The rates shown
in Table 3 were based on measurements of slopes on a
level recorder chart using a wider range than just the
highest 20 dB. When determining the slopes the paper
speed and writing speed of the level recorder were
adjusted so that the measured slopes represented the sig-
nal and not the time constant of the detector'. Note that
the wider range referred to is unspecified.

This lock of a precise definition, even for the USAF
method, leads of course to uncertainties in cpp|ying the
method, but for completeness, and fo illustrate the prob-

34

lem in the caleulations which follow, two values of onset-
rate are given,

* one derived directly from calculation of the level and
time differences over the range from 5 dB above ambient
to 5 dB below the maximum level and,

¢ one which derives from that part of the level-time
history, with o reasonably constant slope, leading up to
the point at 5 dB below the maximum level.

NPL Method

The National Physical Laboratory first became involved
with this topic in 1990 when, as part of the continuous
programme of development of ARNOISE, «a
mathematical model for computing military circroft noise
contours, we were asked to extend it to include
low-altitude operations. This work resulted in the
prediction model FLYBY [3]. To provide data with which
to validate and refine the prediction model, a special joint
NPL/RAF IHMT trial — Exercise luce Belle — was
conducted in which a number of different aircraft types
were flown straight and level at heights between-about
100 and 250 feet above ground level, ot various speeds
and engine power seltings. The results of the trial were
published in two NPL reports [2]. The method of
quantifying onset-rate which arose during the course of
this work was simply to measure the rate of change of
level, using Fast time-weighting, over the 40 dB leading
up to the maximum level.

DRA method

The principal interest of the Noise Research Section at the
Defence Research Agency at Pyestock is in the modelling
of source noise [4]. In the course of work on the
prediction of time-histories of noise from the Tornado
aircraft, an altempt was made to follow the general
principles of the USAF method, but of course in the
predictive case, there was no measured background level
as a reference point. It was felt that the 'maximum local
rise rate' was the most indicative of the aircroft flight
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condition. The method which developed out of this work,
and which can be implemented readily on a spreadsheet,
can be summarised as follows:

1. Whatever the original infegration fime used fo
measure a time-history, a smoothing is applied with 0 0.5
second running average to remove irregularities due to
otmospheric propagation effects etc.

2. Then a series of effective local rise rates are produced
by taking successive differences of adjacent values in the
time-history, and dividing by the appropriate time
interval,

3. Finolly a curve is fitted through the values in the above
series in order to indicate the general trend in the rise
rate over the noise event. It is suggested that a cubic fit
offers the best approach.

Comparison of Methods
In the initial study presented here, the three methods
discussed above have been applied

Technical Contribution
L 1

level difference of 37.2 dB and a time difference of 520
ms, leading to a calculated onset-rate of 71.5 dB/s.

DRA Method

Figure 3{b) shows the plot of the level, the local rise rates
and the cubic fit. A maximum onset-rate of 65.1 dB/s is
indicated.

In this particular case, the application of the USAF
method is not straightforward because the time- history of
the level shows two distinct phases. The section within
about 40 dB of the moximum is different from that nearer
the ambient level. If allowance is made for this, and the
method is applied as it is believed was originally
intended, then there is no difference between the USAF
and NPL methods. Exomination of the time-series of the
local rise rates involved in the DRA method (Figure 3{b))
shows the shorp increase in slope at about half way
between the ambient and the maximum level. Because this

to the noise of four particular Harrier
overflights. These correspond to
events D, G, H and C p.m. in the NPL

3(a) USAF and NPL methods

reports on Exercise Luce Belle [2]. In
the limited space of this short article
the general problem can be illustrated
by considering event H ({oircroft

bﬁa(ﬁﬂms) har20007 236RF Tue 12710/1993
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height 92 feet, speed 484 knots). A

time-history of Laeq 10ms derived from 320/

recordings taken girecrly underneath 10,

the flight track is shown in Figure 2. ’x'

To approximote to the Fost 1 =

time-weighting required for the NPL 804 ne

and USAF methods, the above basic 704 USAF

time-series of Laeg,10ms has then been 0 =~ r = -

concatenated to the closest integration & g 3 g g

time to 125 ms which is itself @ g v - ° v

multiple of 10 ms, ie 130 ms. Figure P 0 seeonds ——

3 (a) shows the time history for Event

H.

USAF Method o

The maximum value is 125.9 dB{A} T antay )

and the nearest value to 5 dB below 1201 Harrier 3 event

this is 122.0 dB. The point at which nor

the level first exceeds the ambient by 100t

5 dB is a level of 69.7 dB{A). This 90+

produces a level difference of 52.9 8ot

dB(A), over a time period of 910 ms, or e )

giving a calculated onset-rate of 58.1 60 ,.-'IJ" )

dB/s. It is however clear from the 50+ 4 4B/3 T

time-history, particularly as shown in 40l s \

Figure 2 where the integration fime is 30 g od (Y

10 ms, that there are two distinct 204 o NN

slopes. If we take the portion over the 104 # v\

top 40 dB(A), this leads to a value for o bl . ; St ;

the onset rate of 71.5 dB/s. 0 0.5 ! 1.5 z
- Time (secs)

NPL Method

The nearest value to 40 dB below the

Fig. 3. Onset-rate methods applied to event H

maximum is 88.7 dB{A}. This gives a
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method in effect takes into account the whole of the onset
phase, the resulting value is less than that generated by
the NPL method, which emphasises the more rapidly
changing section near the maximum value.

The general picture which emerges from this compari-
son of methods applied to four aircraft overflight noise
events with onset-rates, in decibels per second, varying
from the high 20's to the high 70's, is that where the
onset-rate is at the lower end of this range, and the initial
slope is relatively constant, then the results from the oppli-
cation of the USAF method and the NPL method are very
similar, and the DRA method gives values which are 3 to
4 dB/s higher. Where the onset-rates are higher, and this
is normally associated with noise events which have more
complex onsets, with marked changes in slope, then, on
the assumption that our interpretation of the way the
USAF method would be applied in practice is correct,
since both the USAF and NPL methods then concentrate
on the top 40 dB of the time-history, they are essentially
the same. However, even here there can be large numer-
ical differences in calculated values because of the rel-
atively coarse steps in the time- history. For those noise
events with faster, more complex onsets, the DRA method,
which takes into account more of the time-history, results
in volues for onset-rate of the order of 20 dB/s lower
than the other methods.

The DRA method has some disfinct advantages over
the USAF method in that the process of averaging over
the noise event is defined in physical terms. It is not cer-
tain however that the exact form of the averaging is yet
optimised. Should it for instance place more emphasis on
the top 30 to 40 dB of the time-history, rother than be
influenced by the whole onset phase? Perhaps the opti-
mum method would, like the NPL method, use that part of
the fime-history nearer the maximum level, but like the
DRA method, use the approach of a running average
and smoothed differences to establish o value of the
slope, rather than a simple division of level-difference by
time- difference.

Conclusions

Three physical methods of quantifying onset-rate - the
USAF, NPL and DRA methods - have been investigated.
Uncertainties can arise over the practical implementotion
of the USAF method, due to the lack of an objective
definition of the process of averaging the rate of change
of level.

The application of the methods to four noise events
has been examined in detail. In the two examples where
onset-rates were in the order of 30 to 40 dB/s, and the
initial slope of the time- history was relatively constant,
results from the USAF and NPL methods were very sim-
ilar, whilst the DRA method gave valves 3 to 4 dB/s
higher. Where the onset-rates are higher, and this is nor-
mally associated with noise events which have more com-
plex onsets, with marked changes in slope, since both the
USAF and NPL methods then concentrate on the top 40
dB of the time- history, they are essentially the same.
However, even here there can be large numerical differ-
ences in calculated values because of the relatively coarse
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steps in the time-history. For these noise events with faster,
more complex onsets, the DRA method, which takes into
account more of the time- history, resuls in values for
onset-rate of the order of 20 dB/s lower than the other
methods.

The DRA method, although more complex in nature,
has some advantages, in that the process of averaging is
defined in physical terms. The exact form of the aver-
aging could be further optimised. With the aim of ogree-
ing a standardised method, work is in progress to exam-
ine the methods further, using a larger number of
examples, and to apply the principles of averoging to the
USAF and NPL methods. In collaboration with the USAF
Armstrong Laboratory and Wyle Laboratories, this work
will include the re-analysis, by the various methods, of
military aircraft noise events used to establish the relo-
fionship between onset-rate and the adjustment to SEL
shown in Figure 1 of this article.
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ELECTROMAGNETIC COMPATIBILITY & (€
MARKING OF ACOUSTIC INSTRUMENTATION -
WHAT DOES IT ALL MEAN?

Richard Tyler FIOA

Introduction
On 1 Janvary 1996, the European Union Directive 89/
336/EEC 'on the opproximation of the laws of the Mem-
ber States to electromagnetic compatibility’ become com-
pulsory. In practice this means that all electronic equip-
ment manufactured on or after this dote must be tested in
accordance with the Directive, and if it complies with the
Directive, it must be be marked with the CE mark before it
can be legally offered for sale anywhere within the Eure-
pean Union. Any product not complying cannot be legally
offered for sale and can be refused entry to ony EU coun-
try.
This Directive has caused considerable concern
amongst almost all electronic equipment manufacturers
wishing to sell in Europe, as it applies irrespective of the
manufacturing origin of the product. The word ‘approx-
imation' in the original tifle is well placed, because at the
time of writing, many of the Standards relating to Electro-
magnetic Compatibility are still being prepared, revised,
or in many cases have yet to be written.

So what is the position with regard to electroacoustic
instrumentation and what does it mean for the supplier
and the user?

Electromagnetic Compatibility Require-
ments

The Directive has many sections, but in general these fall
into three categories.

e First, the instrumentation must not emit more than cer-
tain permitted levels of electromagnetic radiafion, to avoid
causing interference to other electronic equipment, often
referred fo as the Emissions from the instrument.

* Second, the instrument must not alter its performance
beyond defined characteristics when in the presence of
standardised electromagnetic fields, often referred to as
the Immunity of the instrument.

* Third, the instrument must survive, in a defined manner,
discharges of static voltages of standardised magnitudes
on to any part of the unit.

Many Standords now exist within the Infernational
Electrotechnical Commission {IEC), CENELEC and other
related bodies, that aottempt to define the exact require-
ments, while many more are still in preporation.

Given that this low is now in force, what does it mean?
For most of the equipment normally encountered in the
acoustic measurement field, the Standards EN 50081 [1]
and EN 50082 [2], both of which are in 2 parts, give the
generic, or basic, requirements, whilst the JEC 1000 series
[3], which is currently in 56 parts {ond still growing} give
more specific requirements and tests.
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The EN standards are divided into two parts, depend-
ing on the expected location of the instrument, which may
be either Residential, Commercial and Light Industry, or
Industrial. The requirements for the two types of location
are similar but significant differences do exist in the sever-
ity of the testing.

What Effects Does Electromagnetic Radi-

afion have on Acoustic Instruments &
the Outside World?

There is no single answer to this — the effects con be
almost anything. Dealing with the emissions first, an often
encountered problem is operoting equipment such os
sound level meters near radio receivers. Old all-analogue
meters were fine, but with the modern inclusion of a
microprocessor, this has all changed so that many meters
will now interfere with the radio. The EMC standards do
not actually stop this, but will limit the size of the effect
and over what distance it occurs.

Immunity is another matter entirely. Operate the same
sound level meter near a source of radio-frequency (RF)
emission and what will the readings do? If the meter is not
sufficiently well screened internally from these RF sources,
at some particular frequency (or frequencies) there is
every likelihood that the readings of sound pressure level
will change significantly.

The most felling RF source today is rapidly becoming
the mobile telephone. Try operating the phone in a steady
sound field with the sound level meter just 0.5 m away
from the the phone's aerial {about the distance of the
phone in use while the user is also holding a sound level
meter). If the meter is susceptible {ie not immune), read-
ings could easily change +10 to 20 dB! Change the
sound level meter for a dosemeter with its microphone on
a cable around the users body, and these numbers might
reach 30 or 40 dB!

These are some of the reasons why Eleciromagnetic
Compatibility was thought to be required and to be a
good idea. Later work has shown just how complex a
subject it can be. The current situation is outlined in the
next three secfions.

Emissions

This requirement is probably the best defined at present.
Basically, it requires the cirborne radiation from the
instrument to be measured ot a fixed distance and that it
sholl not be more than a cerfain field strength. As an
example: for equipment containing microprocessors in a
Residential environment, the frequency range that must be
measured is 30 - 1000 MHz at a distance of 10 m,
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Fig. 1. RF Anecholc Chomber in Use. Photograph by cour-
tesy of ERA Technology Ltd, Leatherhead, Surrey

and the permitted field strengths are 30 dB{uV/m) up to
230 MHz and 37 dB{uV/m) at all higher frequencies
considered.

If the instrument is powered by a mains supply, then
additicnal tests are performed on the emissions found on
the power cable to ensure that interference is not trans-
mitted to the supply, and typically cover the frequency
range 0 — 30 MHz with a variety of limits. If the instru-
ment can be fitted with any external cables, or connected
to ancther piece of apparatus that in itself is not CE
marked, then the tests must be carried out with all these
cables and assemblies connected. In theory a separate

There are no product standards in existence for most
of the commonly encountered electroacoustical instru-
ments such as sound level meters, calibrators e,
although some are in preparation by a new Working
Group within TC29 of the IEC. This was formally estab-
lished in October 1995 and the cuthor is a member.

In order to satisfy the CE marking criteria today, man-
ufacturers must at present define their own criteria for
passing or failing this fest, with no legal requirement to
divulge these criteria unless specifically asked to do so! It
could be argued that unscrupulous sources might define o
very simple-to-pass test and qualify for the CE mark on an
instrument that perhaps produces huge errors, whilst oth-
ers struggle to eliminate every effect from their instrument.
Only o defined set of tests for a given product will close
this loophole.

The type and frequency range of these tests is diverse,
and are specified in EN 50082. Broadly specking, the
instrument is subjected to a radioted field of 3 V/m or 10
V/m over the range 80 — 1000 MHz, cabling and power
supply cords to frequencies from 0.15 — 80 MHz, with a
test for all ot 50 Hz. In addition, for mains powered
equipment, a variety of voltage surges, dips, fast tran-
sients and interruptions must be induced on the supply for
the instrument to withstand in some fashion. Although it is
by no means easy to ensure immunity to all of these
fields, criticism has been levelled ot the radicted field
sfrength for being too low.

Testing can be performed either by placing the unit
under test in an RF anechoic chomber, or in a special
horn-shaped GTEM Cell {Gigahertz Transverse Electro-
magnetic Cell), see Figure 2. The advantages of a GTEM
Cell are its small size and the low power required to radi- -
ate the RF field over an instrument. However, the instru-
ment must be small enough for there not to be significant
variations in field strength over its volume. Closed circuit
TV is often necessary to read displays on instruments
inside the cell. Several antennae may be required to radi-

test should be made for each configuration, but evi-
dence supporting similarity befween systems reduces
the amount of testing required.

Testing is carried out in an area known to be free
from RF signals and several interesting places have
been tried, including caverns in deep underground
mines. An RF anechoic chamber is most often used, as
shown in Figure 1. A calibrated receiving antenna is
placed at a known distance from the equipment under
test and all measured signols are checked for Ffield
strength. This may mean operating the equipment in a
typical sequence of functions to check that no emis-
sions exceed the limits.

Immunity

This subject is undoubtedly the most problematic ot
present as the generic standards define only the elec-
tromagnetic environments into which the instrument is
to be placed. They say nothing about what should

praey

happen to it, which is supposed to be the province of
Product Standards, the vast majority of which do not
as yet exist.

Fig. 2. GTEM Ce1| Photogruph by courtesy of Electro-Metrics Lid,
Shefford, Bedfordshire
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ate the required energy and give the specified field
strength over all frequencies at the instrument position.
For acoustic instruments, some acoustic noise is fed into
the microphone, offen via a plastic duct from outside the
cell, and any change in the display level os the test pro-
ceeds will be noted. At present, suggested ollowable
changes are +1 dB for Type 1 sound level meters and
+2 dB for Type 2.

In the USA, the ANSI Committee looking into the same
effects has drawn a paorallel with their Standard on per-
missible exposure of humans to electromagnetic fields
and suggested that all instruments used by humans
should withstand the same levels. In similar terms to EN
50082, this would give keld strengths of 63V/m! Very
few test sites are able to generate this size of field ot
present.

Electrostatic Discharge

This test consists of two parts:

* Static discharges are made directly in contact with any
exposed surface of the instrument, usually up to =4 kVolts.
* Aftempts are made to discharge in the air to any point
up to +8 kVolts,

Three grades of performance are quoted in the
generic standards, ranging from no effect ot all to stop-
ping the instrument working. After being stopped by such
a test, the instrument must be capable of being restored
to full working order by means of its own controls without
loss or corruption of any stered data.

Unlike the tests for Emissions and Immunity, this test is
carried out with no cables connected, so that any sockets
are exposed. However, the contact discharge is not
expected to be actually pushed into any of the sockets.

Testing is usually performed manually with apparatus
capable of discharging the appropriate voltage pulse {see
Figure 3). Pulse energy is applied to any exposed part of
the insirument while the test engineer observes the effect
and reports problems. All instruments are tested over a
ground plane, and air discharges will be made to occur
as the instrument's design permits.
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Acoustic Instrument Product Standards
As stated in the section on Immunity, ot present there are
no Product Standards for most types ot Acoustic Instru-
mentation. In an attempt to standardise the testing per-
formance limits for most well known product types,
Addenda that define acceptable performance are being
prepared for each of the Instrument Standards. Unfor-
tunately to date, there hos been little time for the Work-
ing Group to meet and use availoble test data to for-
mulate limits that could be deemed reasonable.

Meanwhile, almost every manufacturer in the field
appears to have experienced significant problems in
defining and passing tests that give correlation with the
tolerances of measurement accuracy defined for the
instrument type.

As an example: a droft text for Sound Level Meters
complying with IEC 651 has been written which proposes
that all meters shall be tested in a sound field of 74 dB.
When exposed to the electromagnetic field ot any RF fre-
quency, the reading on the meter shall be the same as
that when no e.m. field is present within £1.0 dB for Type
0 & 1 meters, and within £2.0 dB for Type 2 & 3 meters.
Manufacturers may test to lower levels than 74 dB and
cloim superior immunity if all readings from 74 dB down
to the claimed level are within these tolerances.

It remains to be seen whether this will find general
agreement, but is at least a step towards a level playing
field on which users will be able to compare the per-
formance of different manufacturers' offerings.

As soon as a Product Standard is published, it tokes
precedence over any other EMC Standard, so compliance
should become uniform soon after publication.

C € Mark Certification of Instruments

There are two basic means of complying with the CE
marking requirements. These are usually referred to as
the Technical Construction File and the Standards Route
often known as Self Certification.

For the first route, the designer and manufacturer must
define every parameter of the instrument, specify its con-
struction down to the last item, and then submit the

o |

Fig. 3. Electrostatic Discharge Apparatus.
Comtest, Fleet, Hampshire

Photograph by courtesy of

file to an appointed 'Competent Body' for approval
that all aspects of EMC are covered. Competent
Bodies are established by each Country in the EU
as test laboratories with sufficient expertise in EMC
that are allowed to certify the Technical Construc-
tion File os acceptable. A probability foctor is usu-
ally included {around 85%) which in practice
means that on any random sample of the product
leaving @ manufacturer's premises, there is an 85%
probability that the unit meets the EMC require-
ments in full. Note that the actual product does not
necessarily have to be tested to comply with this
method, although test results will often be included
to support the claims.

For the Standards route, the manufacturer will
compile o file of relevant information on the prod-
uct identifying which Standards are being claimed,
and identify o 'Responsible Persen' authorised to
make the declaration of conformance with these
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Standards. In most cases, this is supported by test results
from an approved EMC testing laboratory to show that @
sample of the product has been subjected to all tests rel-
evant to the claimed Standards and that the defined toler-
ances and performance comply with those Standards.
Note that the loboratory does not actually certify the
product by this route; the certification is made by the
manufacturer or his appointed representative.

Failure to comply with the CE marking regulations has
a variety of effects, depending on the country in which
the offence occurs. If the product is being imported, Cus-
toms Officers can refuse entry, while any customer is at
liberty to refuse delivery of unmarked products and vari-
ous local officials may also become involved.

Declarations of Conformity may be challenged by
anyone with reasonable grounds for so doing. In the UK,
Trading Standards Officers will be responsible for oscer-
taining whether or not the Declaration of Conformance is
valid or not. In mest EU countries, a false declaration or
evidence showing that the product does not conform can
lead to a fine, but in the UK a conviction with a jail sen-
tence up to three months is also possible. A Prohibifion of
Sale notice may be issued and these may be published
Europe-wide.

The costs and time scales for ensuring complionce are
not insignificant. Test laboratories in the UK are charging
in the region of £750 per day and most products take
several days to test in all aspects fully. Test results must be
presented for each product in all of the permulations
offered to the market-place. On top of this come the man-
ufacturer's paperwork and record keeping aspects,
assuming that the product sails through the tests first time.
Where the self certification and fest method is used
{which seems to be the majority route for existing design
products) it is not uncommon for several visits to be made
to the test loboratory before the products are redesigned
to comply completely. This will probably be reduced os

esign engineers become more familiar with the require-
ments of EMC ond new designs with EMC in mind start
to appear.

What does the { € Mark mean to the

User?
At this point in time, it is impossible fo give a precise

answer fo this question. It should mean that all preducts
carrying a CE mark have known limits of emissions so
that the risk of interference between two items of elec-
tronic equipment may have been reduced, and is cer-
tainly at a uniform standard. 1t should also mean thot
electrostatic discharges do not cause irreparable harm —
which.is highly likely to have been the case before these
regulations were enforced anyway.

The CE Mark guarantees nothing for the immunity of a
product unless there is a Product Standard in force, which
it is fervently to be hoped will happen fairly soon for elec-
troacoustic instrumentation. Once implemented, it will
ensure that all instruments meet o certain base level of
performance, and the evidence is that this will improve
the immunity of the instrument in question significantly if
the evidence of the recent dlterations to designs that have
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been made by most manufacturers is significont. It is also
likely to have an impact on the cost of producing the item,
which may or may not be passed on to the purchaser,
but will certainly influence new designs that may carry
additional costs o ensure compliance.

It can only be speculated whether this additional
immunity is actually needed by the user, as the author is
not aware of any significant number of complaints about
existing designs, even though many of these are being
found wanting in some areas of recent EMC testing.

The manufacturer has no choice but to comply with
the legislation by some means while the user has no
choice but to take CE marked products. The consequence
of all this appears to be that many of the instruments on
sale at the end of 1995 had disappeared from the cat-
alogues by Jonuary 1994. 1t has proved expensive or dif-
ficult to gain compliance for many designs and products,
so that it has not proved worthwhile to get many long
established items or products nearing the end of their
marketable life certified. This may well result in customer
frustration ot being unable to re-order a product of which
they already have some units and fomiliarity, but appears
unavoidable. {Of course the old non-compliant product
can continue in use for as long os it remains serviceable).

Conclusions

It is a litle difficult at the present time to get very enthu-
siastic about the benefits of the CE marking of electro-
acoustical instrumentation for EMC purposes. Unfil the
Product Stondards are introduced and complied with by
all manufacturers, there is no easy way for the user to
ascertain the advantages of one product offering over
another, and it may well be that for the uses to which
most instruments are put, the status quo of today is ade-
quate. However, as time progresses, the uniformity of all
apparatus to meet the same objectives, and the increasing
use of electronics in all aspects of daily life, mean that the
improvements that will result in the future will be of benefit
to all, and the ability to recognise superior performance
will be available.

The clock had to ke started somewhere, as older
equipment already in use will be around for many- years
to come. This has now happened, and it will be inter-
esting to see what effects it has on other types of elec-
tronic equipment. For the acoustician, the work in hand
should ensure o guaranteed standard for the future.
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HIGH-SIDED VEHICLES AND ROAD TRAFFIC

NOISE BARRIERS

David C Hothersall FIOA & S A Tomlinson

Introduction

Many countries have well developed methods of pre-
dicting the noise from road traffic for use in road design
and planning, and for assessments for compensation. The
effects of noise barriers are usually calculoted by a path
difference approach [1]. The path difference between the
direct ray from source to receiver and the ray via the top
of the barrier is maximised by placing the barrier as close
to either source or receiver as is prachicable. This is
expected to give the greatest efficiency of attenuation for
a barrier of given height. As a result of this consideration
and also because of the increasing use of noise barriers
in urban situations where site restrictions can occur, noise
barriers are often situated very close to the edge of the
road. However in these conditions the effect of multiple
scattering between the barrier and the vehicle can cause
a degradation of performance. The effect has been dis-
cussed by several authors (eg [2]) but detailed quan-
titative information is scarce. In this article results are
reported for the modelling of these conditions using a
boundary integrol equation method. The effects of the
proximity and the height of the vehicle on the per-
formance of a plane wall barrier are reported. The use of
absorbing screens to overcome the problem is con-
sidered.

Numerical Model

The system modelled is shown in Figure 1. The vehicle is
represented as a rectangle with the source offset by 0.3 m
horizontally from a bottom corner. This is a two-
dimensional model which in three dimensions is equiv-
alent to an infinite coherent line source and an infinitely
long barrier and vehicle parallel to the source and of uni-
form cross-section and surface covering along their
length. A reformulation of the Helmholtz equation as an
integral equation in which the integral is taken over the
surfaces of the barrier and vehicle is solved by a boun-

dary element approach [3]. Virtually any shape and dis-
tribution of surface acoustic properties over the section
can be considered. The Insertion Loss is calculated,
defined by
IL= 20'09]0 (Pg / Pb) dB,

where P, is the acoustic pressure at the receiver when
source, vehicle and ground are present and Py, is the pres-
sure for the same conditions with the barrier included. All
absorbent surfaces in the model are assumed to be locally
reacting and are specified according to the equations of
Delany and Bazley [4]. The flat ground on the side of the
barrier away from the road is assumed to be grassiond,
having a flow resistivity of 200,000 Nsm+ and a layer
depth of 0.1 m. Where the use of absorbing material is
specified on a barrier it has o flow resistivity of 20,000
Nsm-+ and a layer depth of 0.1 m. This results in a sur-
face impedance similar to that of a layer of mineral wool
or a similar strong absorber. The implementation of the
model assumes that the barrier cross-section is polygonal
and the corners of the barrier and surface treatment of
each part are input as data for the model. The standard
barrier used throughout the investigation is 0.2 m in
width and 2 m in height.

The pressure is calculated at third-octave centre fre-
quencies between 63 Hz and 3.15 kHz for nine receiver
positions at heights of 0, 1.5 and 3 m above the ground
and at distances of 20, 50, and 100 m from the centre
line of the barrier. The Insertion Loss for a broad-band
noise source with a spectrum representative of A-
weighted road traffic noise [5] is obtained at each of the
receiver positions by combining the calculated results ot
third-octave centre frequencies for propagation with and
without the presence of the barrier. The arithmetic mean
of the Insertion Loss values over the six receiver positions
above the ground can be considered as a measure of the
efficiency of the barrier system and this figure is defined
as the Mean Insertion Loss.

Vehicle
A
h ?
Source 20m
! VLLL L Ll
- d
Rigid ground Grassland
Fig. 1. Configuration of the two-dimensional model
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Results

The broad band Insertion Loss calculated at a receiver
position 20 m behind the barrier and 1.5 m above
ground is plotted in Figure 2 as a function of the height of
the vehicle, h. The barrier has rigid surfaces. The distance
from the barrier to the side of the vehicle, d was 5.5 m.
From this receiver position the vehicle becomes visible
over the barrier at a height of 2.2 m. A continuous reduc-
tion in Insertion Loss is observed as the height increases
from 1.5 to 2.5 m. Above this height the Insertion loss
remains approximately constant.

Figure 3 shows the Mean Insertion Loss over six
receiver positions plotted as a function of vehicle height.
The solid line is for a barrier with rigid surfaces. When h
= 0.5 m the result is for the source without the presence of
the vehicle. As the height is increased the Mean Insertion

Loss reduces. The result for h = 1.5 m is representative of
a stream of automobiles. The vehicle becomes visible at
the various receiver positions at heights of between
approximately 1.7 and 2.2 m. A serious degradation of
performance of the screen of about 5 dB is observed at
the greater vehicle heights.

Maintaining the vehicle height at 4.0 m and changing
the distance from the barrier produced little change in
the Mean Insertion Loss. Ford =2, 5.5, 18.5and 220 m
the Mean Insertion Losses were 4.6, 4.6, 4.2 and 4.0 dB.
These small changes may be a result of the geometrical
accuracy of the model. In practice the finite length of the
vehicles and the departure of the vehicles and barrier
from being exactly parallel may reduce the predicted
deterioration in performance at the greater distances.

Figure 4 shows spectra of Insertion Loss for a specific

10

Mean Insertion Loss (dB)
T

Rigid 0.5m absorbing 1.0m absorbing 2.0m absorbing

0 " 1 e !

0 1 2

Vehicle height (m)

Fig. 3. Mean insertion loss for various surface treatments of the road facing side of the barrier

3 4
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| Source only h=40m
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Fig. 4. Insertion loss spectra for various combinations of vehicle and barrier

2,000

receiver position. This is 50 m behind the rigid barrier
and in the ground surface. The solid line is for the source
at 5.2 m from the barrier without the presence of the
vehicle body. The dips are associated with interference
between the direct and ground reflected rays on the
source and receiver sides of the barrier. The dashed line
is for the same conditions but with a 4.0 m high vehicle
present. The oscillations in the spectrum are due to multi-
ple reflections between the vehicle side and the barrier.
The dotted line shows the result when the traffic facing
side of the barrier is absorbing. At higher frequencies the
peaks of the oscillations are substantially reduced.

Conclusion
The two-dimensional formulation of the model means that
the results translate into three-dimensions as an infinite
coherent line source with the barrier and the vehicle side
extending for an infinite distance along the road. In terms
of the vehicle this is not realistic and the results probably
represent a worst case condition. The model is more rea-
listic for the case of railway trains with a barrier near the
track and the results could be related to these conditions.
For the configurations considered, multiple reflections
significantly degrade the performance of a barrier, par-
ticularly when the vehicle is higher than the barrier. The
reduction in efficiency did not appear to be sensitive to
the separation of the vehicle and barrier up to 22 m. Use
of an absorbing surface on the source side of the barrier
restores the attenuation and provided that the source is in
the position used in the model (ie well below the upper
edge of the barrier) the performance can be almost com-
pletely restored even when the vehicle side projects above
the barrier. A progressive improvement is observed with
an increase in area of the absorber. The model assumes
a still, homogeneous atmosphere and it is possible that
atmospheric effects, such as scattering due to air tur-
bulence could be significant in site conditions.
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FINITE ELEMENT MODELLING OF
DISSIPATIVE SILENCERS

Keith S Peat MIOA & K L Rathi

Introduction
This article presents results obtained from a finite element
formulation for the acoustic analysis of o general
dissipative silencer chamber [1]. The situation under
consideration is the case of o uniform How duct which is
surrounded by a volume of arbitrary shape, which may
be filled with anisotropic absorbent material of
non-uniform density. Previous finite element formulations
[2-5] of the analysis of dissipative silencers have been
extended to include the effects of mean flow within both
the central flow duct and the surrounding absorptive
material. It has been shown in the past that the steady
flow in the central flow duct induces a small, but
acoustically significant, mean flow in the absorbent
material [6-7]. The finite element formulation begins with
the nonlinear analysis of the induced steady flow field in
the absorbent region and is followed by the coupled
analysis of the convected acouslic wave motion in the
flow duct and dissipative regions, the latter also being
nenlinear. The coupling occurs through implementation of
conditions of continuity of particle displacement and
pressure on the common boundary of the two regions.
Results are presented which illustrate the effect of the
induced steady flow upon the effectiveness of a silencer
and the benefits obtained from detailed modelling of the
induced velocity field. Earlier results of this nature [8]
were obtained on the basis of simplified linear medelling

of the steady Hlow. The model is used to investigate the
effects of nonhomogeneous packing of the absorbent
material, bearing in mind that any nonhomogeneity
affects the induced velocity field in the absorbent as well
as the direct acoustic properties. Indeed any induced flow
is sufficient to make the acoustic properties of the absor-
bent anisotropic, even if the material itself is isotropic.

The equations and finite element formulations are for
the most general case of arbitrary three-dimensional
geometry and non-homogeneous, anisotropic absorbent
material. Results are given for axisymmetric absorption
silencers packed with non-homogeneous, isotropic mate-
rial. Modelling of flow-induced acoustic inhomogeneity
ond anisofropy is included in these results.

Analysis

The analysis considers convected acoustic wave motion
through a duct and a surrounding silencer volume which
is packed with porous material, see Figure 1. The duct,
region Ry, is taken to be of arbitrary but constant
cross-section and to have its axis in the x;-direction of an
orthogonal coordinate system x = (x;, x5, x3). The steady
convective flow is assumed to have uniform axial velocity
U within the duct and to be of low Mach number M, such
that the steady flow may be regarded as incompressible.
The absorption silencer, region Ry, is a volume of arbi-
trary shape which is pocked with porous material which
may be inhomogeneous and anisotropic. The axial pres-

Fig. 1. General silencer geometry
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sure gradient of the steady flow in the duct induces a
steady flow field within the porous material of region R;
which can have significant acoustic effect [6,7]. The mag-
nitude of the velocities of the induced flow are very small,
typically © [10-3 U], such that the cross-flow between
regions R, and R; does not seriously compromise the
assumption of uniform flow in region R;.

The outer walls of regions Ry and R; are assumed to
be rigid and impervious, hence of infinite impedance,
and are denoted by D'y and T, respectively, or col-
lectively by T'w (= T'wy + I'ws). The duct is taken to extend
sufficiently far upstream and downstream of the silencer
volume such that plone-wave conditions may be imple-
mented on the inflow and outflow boundaries of region
Ry, which are denoted by I, and Ty respectively. The fre-
quency of andlysis is thus restricted to be below the cut-
on frequency of higher-order modes in the central duct.
Regions Ry and R, share a common boundary T, within
the silencer volume. In many practical situations a per-
forated screen separates these two regions, the purposes
of which are to keep the porous material in place and to
guide the mean flow, in order to keep the back-pressure
to @ minimum. Generally the porosity of such a screen is
so large that its acoustic effect is negligible and its effect
is ignored in the following analysis.

Acoustic equation in the low duct For harmonic time
variation e« the linearised acoustic wave equation with
uniform mean flow convection of Mach number M in the
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x; direction can be written as

2
2. — i s 1
Vp]+[k iMaXIJ pi=0 (m
where
Pi is the acoustic pressure in region Ry and k = ¥ cq is
the wavenumber.
Steady flow equations in the absorbent region The
steady flow through the anisofropic porous material in
region R, is governed by the Ergun or Forcheimer
equation
Vp, =- [5] g2 (2)
where Pand G,are the steady-flow pressure and velocity
in region Ry. [S] is a diagonal motrix whose jth element is
O, + 0T where o,;, o;;, are the viscous and inertial
low resistive coefficients respectively, in direction x;.
These coefficients can be determined experimentolly from
steady flow fests of o given material [6]. The continuity
equation together with equation (2} implies

v[s['Vp, =0 (3)

Since the elements of [S] are dependent upon g, |,
equations {2) and (3) must be solved iteratively [1] subject
to the following boundary conditions: the normal com-
ponent of velocity and hence pressure gradient is zero on
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ISMA '97

INTERNATIONAL SYMPOSIUM
ON MUSICAL ACOUSTICS

UNIVERSITY OF EDINBURGH
19-22 August 1997

Following previous international symposia on musical acoustics held in Mittenwald {1989),
Tokyo (1992), Stockholm {1993) and Dourdan (1995), the next meeting in the series will
take place in Edinburgh in 1997.

The meeting is being organised in association with the Catgut Acoustical Society and the
Institute of Acoustics (UK).

Accommodation is available at very reasonable rates in Pollock Halls, picturesquely set at
the foot of Arthur's Seat and Salisbury Crags yet only a ten-minute walk from the Festival

Theatre.

The Symposium will take place during the 1997 Edinburgh International Festival, which runs
from 10-30 August. On 22-23 August there will be a meeting of the Galpin Society in
Edinburgh at which papers on historical musical instruments will be presented.

A call for papers will be issued in summer 1996; the deadline for submission of abstracts
will be 1 December 1996.

Further information from: Dr D M Campbell MIOA, Dept, of Physics and Astronomy,
University of Edinburgh, James Clerk Maxwell Building, Mayfield Road,
Edinburgh EH9 3JZ, Scotland

Tel: +44 (0) 131 650 5262 Fax: +44 (0) 131 650 5902
Email: isma.97@ed.ac.uk
Web URL: http://www.music.ed.ac.uk/research/conferences/isma

Institute of Acoustics, 5 Holywell Hill, 5t Albans, Herts AL1 1EU
Tel 01727 848195 Fax 01727 850553 email Acoustics@clusi.ulcc.ac.uk Registered Charity No 267026
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CALL FOR PAPERS

International Conference

NUMERICAL/ANALYTICAL METHODS FOR FLUID-
STRUCTURE INTERACTION PROBLEMS

(Organised by the Underwater Acoustics Group)
Strelley Hall, PAFEC Limited, Nottingham, UK

16-18 December 1996

Computer based analytical methods have been covered at many Institute of Acoustics conferences,
primarily for frequency domain applications. The current meeting aims to extend the scope of the
discussion by covering both time domain as well as frequency based phenomena. Applications will
include transducer design, signature reduction and vulnerability studies as well as entrained fluid
problems such as test tank design or inkjet printing. It is intended that both linear and non-linear
aspects be covered for fluid and structural responses. Technigues discussed may include finite
elements, boundary elements, finite difference, statistical energy analysis and transmission line
modelling.

Radiation

Scattering

Entrained Fluids

Transducer Design

Signature Reduction
Vulnerability/Shock

Cavitation and Bubble Loading
Periodically Repeating Structures
Inverse Problems

Verification/Experimental Comparison

Prospective authors are invited to submit a 200 word abstract as soon as possible. Successful authors
will be notified by early September. Complete manuscripts may be up to 10 pages long including
diagrams and must be in the hands of the conference organiser by 1 November 1996. The conference
proceedings will be published in Volume 18 of the Proceedings of the Institute of Acoustics and
copies will be available at the start of the conference.

The conference will be held at Strelley Hall Nottingham, which is situated to the west of the city with
excellent access for road, rail and air travellers. The hall is just 4 miles from the historic city centre
which is one of England's finest cities for evening entertainment and shopping.

Abstracts and all other communications should be sent to Dr Patrick C Macey, PAFEC Ltd, Strelley
Hall, Nottingham NG8 6PE, UK Tel: +44 (0) 115 935 7055 Fax: +44 (0) 115 935 7067
email: pcmfd@pafec.co.uk

Institute of Acaustics, 5 Holywell Hill, St Albans, Herts ALT 1EU
Tel 01727 848195 Fax 01727 850553 email Acoustics@clus1.ulcc.ac.uk Registered Charity No 267026
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One-Day Meeting

How Sound Are Your Measurements?

(Organised by the Measurement and Instrumentation Group)

Strathclyde University, Glasgow
9 October 1996

This is the second in a series of meetings across the country organised by the Measurement and
instrumentation Group; the first was held in London in February, The aim of the Group is to promote best
practice in acoustical measurements. Papers addressing this aim are sought.

Examples of relevant subject areas are:

- precision of measurement instruments

« calibration issues

the role of standards

« environmental noise measurement methods

+ new measurement techniques

+ education of users in the accuracy of their measurements

The meeting will begin at 10 am, and the papers will be presented in the morning session. Intending authors
should be sent a 100-word abstract to the Meeting Organiser at the address below. Abstracts (and any
papers for refereeing) should be received by 9 August 1996, The proceedings of the meeting will be pub-
lished in Volume 18 of the Proceedings of the Institute of Acoustics (1996).

Meeting organiser:
Richard Tyler FIOA, CEL Instruments Ltd, 35-37 Bury Mead Road, Hitchin, Herts SG5 1RT. Tel: 01462
422411, Fax 01462 422511

A buffet lunch and refreshments will be provided. After lunch, two 'workshop' sessions will be held, covering

+ Practical use of sound calibrators (led by Richard Tyler)
« Calibration of sound level meters (led by John Shelton)

The workshops are designed to allow all delegates the opportunity to make 'hands-on" measurements on
their own instruments, guided by the workshop leaders. Bring your sound level meter and sound calibrator.

Certificates of attendance will be available for CPD purposes

O I enclose a cheque for the delegate fee which covers both lunch and the printed Proceedings [ Invoice me
O Members £70.00 + £12.25 VAT = £82.25 [ Others £90.00 + £15.75 VAT = £105.75
O I cannot attend. Send a copy of the Proceedings and invoice me for [ £20 (members) [ £27 {others)

| intend to bring a sound level meter {Model: ) and/or scund calibrator (Model: ).
(This will help us to arrange the warkshop sessions)

Institute of Acoustics, 5 Holywell Hill, St Albans, Herts AL1 1EL. Registered charity no 267026
Tel +44 (0)1727 848195 Fax +44 (0)1727 850553 email Acoustics@clus1.ulce.ac.uk
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the hard-wall boundary of region Ry, namely TI',,; the
axial steady flow pressure gradient 9B, / dx,on the com-
mon boundary T, is the same as the axial pressure gradi-
ent throughout region Ry, 9B, / dx, and is assumed to be
known from experiment.

Acoustic equations in the absorbent region The linear-
ised equations of continuity and momentum in the porous
material of region R,, for harmonic time variation e,
combine to give the wave equation in the porous material
po®’QXpj; + V[R]V B, =0 (4)
where P, is the acoustic pressure in region Ry, Q is the
volume porosity and X is the compressibility, which is
frequency-dependent and complex. [R] is a diagonal
matrix whose jth element is po/p,; where p, is the
effective, complex, mean fluid density in the pores of the
material for motion in direction |, namely

Poj = (po m; /Q)(] -iQo; /mpom,-) (5)
where, m; is the structure factor and s; is the flow
resistivity. he flow resistivity and hence offeciive density
are dependent upon the steady flow through the porous
material. The flow resistivity can be written as (é)
G- Gg; + G “52| + (52-52)52, /52,-| (é)
where () is the complex acoustic flow resistivi?« in
direction |, and as w—0, oglw)—o,. It is seen, from
equation (6), that the acoustic properties depend upon the
acoustic velocity field in addition to the steady flow
velocity field aond hence the acoustic problem s
non-linear. A rapidly convergent iterative scheme for this
problem has been found [1].

Delaney and Bazley [9] formulae have been used to
represent the zero flow characteristic specific impedance
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Fig. 3. Effect of induced flow in the absorbent. (a) M = 0. (b) M = 0.196 Without induced flow - x . -
With induced flow —— - With uniform axial induced flow ...0...
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zo; and propagation coefficient yy; of a given absorbent
material and then the general characterisic specific impe-
dance z; and propagation coefficient y; follow as
y .3 -
2} - 25 = (~izo; / pow¥o;) (0~ 00;)
2_.2 -
Yi—Yo; = (“"Yo,' / Pomzo,‘)(ﬁ,‘ 5 Go;)
Finally

(7a,b)

Poi / Po = Z{¥ (8a,b)
Acoustic boundary conditions The component of acoustic
velocity normal to the hard walls of boundary I, is
assumed to be zero for both regions Ry and R;. On the
common boundary T, there is continuity of pressure and
the normal component of displacement. It is assumed that
sufficient length of inlet and outlet duct is modelled such
that plane-wave conditions apply on the inlet and outlet

c%QXpai :yf and

Fig. 4. Effect of radial variation of the density of basalt wool (a) M =0 (b) M = 0.196. Density decreasing with radius —. x . -
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flow boundaries Iy and Ty of region R;. In particular, the
four-pole parameters and hence transmission loss of the
overall system can be evaluated from two separate solu-
tions of the entire problem with different inflow and out-
flow boundary conditions [10].

Finite element formulation The first task is to determine
the pressure and hence velocity field of the steady flow in
the absorbent, region Ry. The steady flow velocity field is
required in order to determine the acoustic properties of
the absorbent material, for use in the coupled acoustic
analysis of regions Ry and R,. The weak Galerkin finite
element formulations for the steady flow field and the cou-
pled acoustic fields are detailed in Peat and Rathi [1].

Results
Results are shown for axisymmetric silencers only. In the first
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No Options!

Introducing the new SVAN 912, the instrument that's making
waves across Europe!
But why no options? Well, simply, because it’s all built in.

For example, as a Type 1 integrating sound level meter,
it measures SPL, Leq and any value of Ln.

As a real-time frequency analyzer, it measures octaves
and third-octaves using digital filters to IEC225.

As a narrow band analyzer, it displays FFT spectra

up to 1,600 line resolution.

And as a vibration meter, it measures hand/arm and
whole-body vibration, to ISO2631, etc. with read-out
in engineering units.

Measure for up to 8 hours and display the results on
a BIG back-lit LCD, or download to a PC or printer.

As Des used to say, "How do they do that?"
To find out, call John Shelton today at

AcSoft

6 CHURCH LANE CHEDDINGTON LEIGHTON BuzzZArRD LU7 ORU
TEL : 01296 662 852 FaAx : 01296 661 400

Acoustic Seals designed for door installations can indeed cut transmission of

sound 1o nil. The Zero Sound Trap System from NT Laidlaw can achieve a STC

rating of 53, sufficient to eliminate normal conversation completely.

The seals consist of an aluminium carrier, finished in silver, gold or bronze, with @
necprene gasket element. A comprehensive range of profiles is availoble to suit
most applications all around a deor and many are fully adjustable to ensure

perfect fitting.  Full catalogue available upon request.

SOUND TRAP SYSTEMS—High Level Rating ‘

g | Mot | coup, | B | stc z |
STCT |3708& 119WB | 564B | 367 | 53 STC =
'sic2 | 770& 119w iéde 367 | 52STC | §
[sTC3 | 770 & 119WB | 6568 | 367 | 51 STC z
|STC4 | 170 & 119WB ; 5648 367 | 51 STC 3
stcs | as5a 119we Tsofi{ 361 [a9sTC \ E

For further information contact Graham Thomas

NT LAIDLAW

The Total Hardware Specialist ‘
I

19 Clifton Road Cambridge CB1 4WY Tel: 01223 212567 Fax: 01223 245147
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instance, an expansion box silencer of length 150 mm,
radius 100 mm, filled with homogeneous, isotropic foam is
considered. The central flow duct has a radius of 19.8 mm.
The silencer is shown in cross-section in Figure 2, together
with the calculated induced steady flow velocity vectors due
to a uniform flow in the central duct of Mach number 0.196.
It is seen that the steady flow has large variation in both
magnitude and direction. Figures 3(a) and 3(b) show the
transmission loss of this silencer for flow convection in both
senses (positive Mach number implies flow in the same direc-
tion as the initial acoustic wave motion).

It is observed that, while there are significant differences
between the calculations with and without induced steady
flow effects within the absorbent region, there is very little
difference between results obtained with the assumption of
uniform, axial steady flow in the absorbent and those
obtained on the basis of the actual non-uniform, three-
dimensional calculated velocity field.

Figures 4 and 5 indicate the effects of radial and axial
variation, respectively, of the packing density of basalt wool
absorbent in the same silencer geometry as considered pre-
viously. The variation of packing density is between 88 and
164 kg m3.

Figure 4 shows that significant performance gains or
losses can result from radial variation of the packing density,
as compared to uniform packing of the same total mass of
absorbent material. Figure 5 shows that axial variation of
the packing density has no significant effect and this obser-
vation remains true for longer silencers.

Finally Figure & shows results for radial variation similar
to Figure 4, except that the absorbent material here is 'E'
glass. While results are similar, there is no longer a sig-
nificant cross-over effect with frequency in the M = 0 case.

Conclusions

Finite element formulations have been developed which can
determine the non-uniform induced velocity field in an
absorbent region and account for its affect upon the acoustic
performance of a general dissipative silencer. In practice, it
has been found that, while induced flow effects are
important, there is litle need to calculate accurately the

Acoustics Bulletin July / August 1996

induced flow field. The finite element model has been used to
study the effects of non-uniform packing of absorbent
material. It has been shown that radial variation of the
packing density can have significant effects, but axial
variation causes insignificant changes. The effect upon
acoustic performance of radial variation of the packing
density is dependent upon frequency, mean flow speed and
the absorbent material.
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InstaGoustic is a range of high performance acoustic walling
systems and floating floor systems for both concrete and timber
floors. Designed to enable the highest noise attenuation levels to
be achieved from the thinnest formulations, InstaCoustic
Floating Flooring for timber floors is layed directly onto
the existing floor without the costly process of lifting
floorboards as no insulation is required in the void.

InstaCoustic is also available in a range of acoustic cradle and
batten systems allowing services to be run under the flooring.
Various systems are available to solve every type of acoustic
problem, all of which comply with the minimum requirements of
Approved Document 'E’ for control of both airborne and impact
noise. Their performance is substantiated by independent
NAMAS accredited certificates and field trials and many happy
customers.

InstaCoustic is the best range of acoustic flooring
systems on the market. Please listen to us and hear
what we have to say about acoustics.
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Introduction

It is commonly accepted that sound intensity measurement
offers a potentially powerful diagnostic tool in the field of
building acoustics. However, despite the continual
improvement in measurement instrumentation, there has
been a lack of guidance and procedural information
available for transmission loss measurements. This will be
party rectified by the publication of the revised ISO 140-5
which concerns 'Field measurements of airborne sound
insulation of facade elements and facades'. Annex E
describes a sound intensity measurement method for the
determination of the sound reduction index for a building
element which is to be used when flanking transmission
affects the accuracy of the traditional method or when the
intensity method is deemed to be preferable.

This article looks at the practicalities of sound intensity
measurements in typical rooms in dwellings and for
facade elements with reference to the revised 1SO 140-5.
An extension of this approach to sound power measure-
ment for separating and flanking elements is also
described to allow sound power rank ordering.

Intensity Measurements in Reverberant
Fields

The ability to accurately measure sound intensity in
enclosed spaces is affected by the reactivity of the sound
field. This is described by the pressure-intensity indicator
or field indicator F which is defined as 'the difference
between the time and surface averaged sound pressure
level, L, and the normal sound intensity level, L; on the
measurement surface'. Reverberation times can be simply
related [1] to an average value of the field indicator F, to
give an indication of problems obtaining accurate inten-
sity measurements in a reverberant room.

S ST
F=9+10l — =9 | —_—
+ Oogm[AJ +1Oog]o(0_]6vJ

where S is the element surface area (m?)

A is the absorption area of the receiving room (m?)
V is the room volume (m?3)

T is the reverberation time (s)

In the above expression it is assumed that there is a
doubling of mean square pressure approximately
150 mm from the radiating surface where the intensity
probe is commonly placed. Waterhouse [2] quotes the
increase in the sound pressure level ot a perfectly reflect-
ing surface to be 2.2 dB in a reverberant field hence the
assumption used in the above equation gives worst case
values. (NB The rule of thumb quoted in the revised ISO
140-5 to achieve F<10dB with S/A<1.25 is inferred
from the above equation.)
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The draft European Standard describing a survey
method for field measurements of sound insulation (also
referred to as the 'short test method') [3] contains average
reverberation times in octave bands (125 Hz — 2 kHz) for
common room constructions using European measurement
data. These data can be used to indicate when the aver-
age field indicator F is likely to exceed 10 dB in typical
rooms in dwellings, leading to potential intensity measure-
ment problems. Average values of field indicator F are
shown in Table 1 assuming an average room dimension
of 3.5 m perpendicular to the separating wall for meas-
urement of the sound power radiated by the separating
wall. The data indicate that unfurnished rooms are likely
to present measurement problems in the building acoustics
frequency range without the introduction of absorbent
material into the room. In furnished rooms, accurate
measurements without additional absorbent are more
likely to be feasible. The average reverberation times all
have values greater than or equal to 0.4 s whereas a
value of 0.3 s which is common in many furnished living
rooms in the UK would give an average field indicator of

6.2 dB.

Waterhouse Correction

The energy density in enclosed spaces is not uniformly dis-
tributed as assumed in the diffuse field model. At the
boundaries of a room, the phase relationships between
waves at a single point are no longer random which
causes an increase in the energy density near the boun-
daries. Waterhouse [2] introduced a correction term for
sound pressure measurements made in the central region
of a reverberant room to calculate the total sound energy
in the room. Use of the Waterhouse correction must be
considered whenever sound pressure measurements made
in the centre of a reverberant room are to be related to
radiated sound power. The Waterhouse correction W in
dB is defined as

w 10|ogm(1 + 8\/]
where
St is the total area of all the boundary surfaces in the
receiving room (m?)
V is the receiving room volume (m3)
A is the wavelength of sound in air (m)

Waterhouse corrections are shown in Figure 1 for
15 m*and 35m? rectangular rooms assuming an average
room dimension of 3.5 m perpendicular to the separating
wall with a room height of 2.3 m. The size of the correc-
tion term for rooms in typical dwellings is found to be
greater than 0.5 dB below 1 kHz.
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Fig. 1. Waterhouse correction for typical rooms
of volume V (m3)

of measuring sound insulation, both the incident and
transmitted sound power are obtained indirectly from
sound pressure level measurements. With the intensity
method the incident sound power is obtained indirectly
from sound pressure level measurements as before, but
the transmitted sound power is obtained directly by
measuring the sound intensity radiated by the element.
The use of sound infensity measurements to meas-
ure the sound reduction index of facades and facade
elements in the field has several advantages. The inten-
sity measurements can be made on the inside or the
outside of a facade, depending on whether it is more
suitable to place the sound source indoors or outdoors.
(A disadvantage is that a steady sound source is
required and therefore traffic noise is not suitable as a
source). Another advantage is that the sound reduction
index of a facade element (such as a window) can be
measured, even when there is significant sound trans-
mission through other parts of the facade.
Requirements of 1SO 140-5 Annex E in revised ISO

Field Measurement of the Sound Reduc-
tion Index of Facade and Facade Ele-
ments

The principle of measuring the sound insulation of a
building element is to measure the sound power trans-
mitted through the element and compare it with the sound
power incident on the element. With traditional methods

140-5 sets out the fest procedure that should be fol-
lowed, including some recommendations and require-
ments on how the intensity measurements should be car-
ried out. The most important of these are as follows:

* The measurement surface must totally enclose the test
element. This means that if the test element is not in a
niche, the measurement surface must be box-shaped to
enclose it.

* The time and space integrated sound intensity level shall

Volume (m3) 15 35
Octave Bands (Hz) 125 250 500 1000 2000 125 250 500 1000 2000
Furnished Rooms
Kitchens 8.5 8.5 8.5 8.5 8.5 8.5 9.0 8.5 8.5 8.5
Bathrooms 9.5 2.5 8.5 8.5 8.0 10.0 10.0 9.0 9.0 8.5
Others 8.5 8.5 8.0 8.0 7.5 8.5 8.5 8.5 8.5 8.0
Unfurnished Rooms
Typea 85| 95 95| 95| 85| 95| 00| 100 95/ 90
Type b 95 11.0 11.5 11.0 10.5 9.5 11.5 12.0 11.5 11.0
Type ¢ 8.5 11.0 12.0 12.5 12.5 2.5 11.5 12.5 13.0 12.5
Typs d 85| 10| 15| 125 125 95| 15| 120| 130| 125
Type e 12.0 12.0 12.0 12.0 10.0 12.0 12.5 12.5 12,5 10.5
Type f 13.0 13.0 13.0 12.0 11.0 13.0 13.0 13.0 12.5 1.5
Typeﬁ 12.0 12.5 13.0 13.5 13.5 12.5 13.5 13.5 13.5 13.5
Type 12.5 13.0 135 13.5 13.0 13.0 14.0 14.0 14.0 13.5
Mixed type a+e 10.5 11.0 11.0 11.0 9.5 11.0 11.5 11.5 11.0 10.0
Mixed type b+f 11.5 12.0 12.5 11.5 11.0 11.5 12.5 12.5 12.0 115
Mixed type t:+?| 10.5 12.0 12.5 13.0 13.0 11.0 13.0 13.0 13.5 13.0
Mixed type d+ 10.5 12.0 12.5 13.0 13.0 11.5 13.0 13.0 13.5 13.0

Unfurnished Soft floor covering Hard floor covering

Floor type Light Heavy Light Heavy

Light walls/ceiling a b c

Heavy walls/ceiling e f g h

Table 1 Calculated average field indicator values for typical rooms using European measurement data for average
reverberation times. Also shown is the key to the symbols representing construction type
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The MODUL range of windows has been developed in Sweden to give an extremely
high standard of acoustic performance. Embodying first-class design, quality
materials and an excellent standard of craftsmanship MODUL are the affordable
solution when it comes to noise control.

Coupled Sash for superior noise performance

The MODUL coupled-sash configuration
permits a technically functional air-gap to be
incorporated between the inner and outer
glazing units resulting in marked gains in
acoustic insulation. Improved thermal
efficiency and condensation control are
further benefits, and, in addition, the space
between the two sashes can be used fo
accommodate blinds for further light and

heat regulation.

Stockholm’s Arlanda
International Airport

features 1,150

MODUL coupled sash windows

MODUL coupled sash
windows used at the Phoenix
Business . Park adjacent to
Glasgow International Airport

Noise from traffic at Brightwell
Court, adjacent to the busy

A12 at Martlesham, was c ° u p I e d s o s h

controlled  using MODUL

"THE ULTIMATE WINDOW

Sampson Windows Limited

& Maitland Road, Lion Barn Business Park,
Needham Market, Ipswich, Suffolk IP6 8NS

Fax: (01449) 72291 Tel: (01449) 722922
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whether attempts need to be made to reduce
F. In the field, the time available on site effec-

=

%

8

tively sets the limit on the amount of repeat
data that can be gathered to try and improve
the field indicator.

----------- Time constraints in the field also restrict the

ability to meet the requirement of achieving
less than 1.0 dB difference between the hor-
izontal and vertical scans. In the field it is
often difficult to satisfy this requirement, espe-
cially at the upper and lower limits of the
building acoustics frequency range. To be cer-

Sound Reduction Index (dB)

tain of meeting the requirement, scans must
be compared as the measurements are car-
ried out, so that repeat scans can be made

| - Intensity Method Rl -5~ SPL Method Rrs |

be measured by scanning the intensity probe across the
measurement surface with a scanning pattern of parallel
lines. The arithmetic average of two scans should be
taken; one carried out horizontally and one vertically. The
difference between the two measurements should be less
than 1.0dB for every frequency band. The results may still
be used if the requirement cannot be met, having
attempted to change the scanning pattern or sound field,
but the deviation from the standard must be stated in the
test report.

* The field indicator F shall be no greater than 10 dB.
Practical considerations for scanning sound intensity
measurements Small facade elements, such as windows
mounted in a niche, can often be treated as a single area
and scanned with a single sweep of the intensity probe
across the surface defined by the niche opening. How-
ever, due to the large surface area of most walls, or in
cases where a box-shaped surface is used, it is generally
more convenient and practical to split the wall surface
info sub areas to be scanned individually. (Scanning a
large area requires physical repositioning of the oper-
ator and probe during the scan, which increases the
chance of operator movement noise causing negatively
signed intensity or overload.)

The disadvantage of using sub areas is due to the fact
that the field indicator F is defined for the complete meas-
urement surface. If a single scan area is used for the
whole surface, a straightforward check on the measure-
ment validity can be made by ensuring that F<10dB for
each scan. If F is too high, attempts can then be made to
reduce it by increasing the distance of the probe from the
wall surface, or adding extra absorbent to the room and
repeating the scans. If multiple sub areas are used, the
field indicator, which is calculated from all sub area
measurements, is not instantly available to be checked in
the field unless the measurement equipment is computer
controlled. This means that a judgement has to be made,
on the basis of individual sub area measurements,
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Fig. 2. Comparison of facade element SRI using intensity measure-
ment to complete facade using traditional sound pressure measure-

until the requirement is satisfied. This is too
time-consuming in the field, and it has been
found that a practical solution is to carry out
two horizontal scans and two vertical scans
for each sub area and take the average of the
horizontal and vertical scans with the smallest
difference in each frequency band [4].
Example field measurement The intensity technique was
used to measure the sound reduction index of a single
glazed, wooden- framed window, set in a 230 mm thick
solid brick facade facing a residential road.

To avoid disturbing the neighbours, the noise source
was placed inside the room and the sound intensity meas-
urements were made on the outside of the facade. The
measurement surface was a box-shape enclosing the win-
dow. The main surface of the box was parallel to the win-
dow and approximately 150 mm in front of it. The meas-
urement surface was divided into sub areas, the main
surface being divided into eight sub areas, and each side
of the box being a separate sub area. (It was necessary to
make the sub areas quite small in order to reduce the
measurement time for the individual scans. Noise from
traffic on the residential road affected the intensity meas-
urements, which therefore had to be made in the quiet
periods when no vehicles were passing).

Each sub area was scanned four times (twice hor-
izontally and twice vertically) and the mean intensity level
for each sub area was obtained from these measurements
as described above. The time and space averaged sound
intensity level over the whole measurement surface (L)
was then calculated, taking account of the different sizes
of the various sub areas.

The sound pressure level in the source room (L) was
obtained from measurements at six positions in the centre
of the room, and the sound reduction index of the win-
dow was calculated using the following equation:

§ S
Ri=L,-6- [ L+ 1010910{?*"} + ]OIOQIO{] - sT_vH

where

L,, is the average sound pressure level in the source room
(dB re 20 pPa)

Ly is the average normal intensity for a measurement sur-
face enclosing the window (dB re 10'2Wm2)
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plasterboard between the room and roof void is
dominant, whereas above the critical fre-

quency, resonant transmission between room
and plasterboard as well as roof void and plos-

terboard dominates.
Measured sound power levels for each of the
three surfaces are shown in Figure 3. The pri-

Sound Power Level (dB re 1E-12W)

mary check on this data is made using the field
indicator values for each measurement surface
shown in Figure 4. The field indicator is depen-
dent upon the position of the probe in the
sound tield and is non-zero if the sound field is
not that of a plane progressive wave or inter-
channel phase mismatch exists. The normalised
error due to phase mismatch can be quantified

&

Frequency (Hz)

- Separating Wall % Flanking Wall |

|—-— Ceiling

Fig. 3. Sound pressure measurements

S, is the area of the measurement surface (m2)
S is the area of the window (m?)

Figure 2 shows the sound reduction index of the win-
dow as measured using the intensity technique and com-
pares it with the sound insulation of the whole facade, as
obtained by the traditional sound pressure measurement
method (with road traffic as the source). An initial com-
parison of the sound intensity levels radiated by the win-
dow and the wall of the facade had suggested that the
sound insulation of the facade would be dominated by
the window, so it would be expected that the two meas-
urements give similar results. It can be seen that on the
whole the agreement between the two sets of results is
good. The weighted sound reduction indices obtained
with the intensity technique and the traditional method
were 23 dB and 22 dB respectively.

Measurement of Sound Trans-

mission Between Dwellings

Example measurement analysis and dis-
cussion Intensity measurements made in the
BRE flanking laboratory can be used fo illus-
trate measurement analysis in a situation
where sound is radiated by two flanking sur-
faces and a separating surface. A wide band
noise source was placed in one of the first
floor rooms with intensity measurements taken
in the adjacent first floor room. The two flank-
ing surfaces included @ 100 mm cerated con-
crete flanking wall leaf (70 kgm2 and a 12.5
mm plasterboard ceiling (10 kgm2) supported
by @ wooden lattice. The separating surface
was a 100 mm concrete separating wall leaf
(166 kgm-2). Radiation into the receiving room
was dominated by the plasterboard ceiling
with a predicted critical frequency in the 2.5
kHz third octave band. Below the critical fre-
quency, non-resonant transmission across the

Field Indicator F (dB)

using the difference between the residual pres-
sure-intensity index and the measurement field
indicator. 1SO 140-5 specifies that the residual
pressure-intensity index is greater than (F+10)
dB so that the maximum error in the intensity
measurement due to phase mismatch is less
than 0.45 dB. Assuming that the phase mis-
match is known to be negligible compared to the actual
phase difference that exists in the sound field, the field
indicator for a measurement made in a reverberant field
can only indicate that the sound intensity value may not
be accurate because it is not a progressive plane wave
field. The revised ISO 140-5 requires that F<10 dB which
in this example is only satisfied for all surfaces between
400 Hz and 1.25 kHz although the separating and flank-
ing walls had field indicators below 10 dB between
160 Hz and 1.6 kHz. The reason for higher field indi-
cator values with the ceiling measurements is partly due to
the difficulty in damping the room modes between the
ceiling and the floor without the operator standing on
absorbent material whilst scanning the ceiling. Intensity
measurements on walls are simplified by the fact that
absorbent material can be stacked behind the operator to

Frequency (Hz)

| —®— Ceiling -5~ Separating Wall =~ Flanking Wall |

Fig. 4. Field indacator F for each measurement surface
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tions that cause a significant increase in the
accuracy of the receiving room sound energy at

Energy Level Difference (dB)

low frequencies. Between 400 Hz and 1.25
kHz where F<10 dB for all three surfaces, AE is

seen to be less than 1.1 dB.

Vibration Measurements for

Sound Power Estimation

As an alternative to sound intensity measure-
ments, surface vibration measurements com-
bined with predicted radiation efficiencies can
be used to estimate the sound power radiated

by each surface. However, this approach can be
impractical and inaccurate for the following rea-
sons. Prediction of the radiation efficiency at

Frequency (Hz)

|+ Without Waterhouse —5— With Waterhouse |

Fig. 5. Energy level difference AE

damp the room modes at each measurement position.
(NB Measurement problems are also encountered when
scanning a floor surface where it is awkward to hang
absorbent material above the operator and operator
movement noise must be avoided.)

If field indicator values greater than 10 dB cannot be
resolved on site, a secondary check should be made to
ensure that the measured receiving room sound energy
corresponds to the predicted sound energy from the inten-
sity measurements using all the significant radiating sur-
faces in the receiving room. The measured receiving
room sound energy is found from sound pressure meas-
urements in the centre of the room with the addition of the
Woaterhouse correction. The difference between the cal-
culated energy from the intensity measurements and the
measured energy using sound pressure is calculated as
shown in the equation below.

AE = ]0'09]0(210“”’ /10) + 10'09]0[%J

= ]0|og]0(] + EI—‘}}
where
L; are the measured sound power levels for each of the i
radiating surfaces

is the average sound pressure level in the receiving
room (dB re 20 uPa)

Zero values for AE indicate the inclusion of all sig-
nificant radiating surfaces and accurate sound intensity
measurements for the dominant radiating surfaces. The
use of infensity measurements with F>10 dB in rank
ordering of the sound power rating for different surfaces
can with caution be justified by referring to values of AE.

Figure 5 shows the energy level difference AE using
measured receiving room sound energy with and without
the Waterhouse correction. The receiving room volume V
was 51.2 m® with a total surface area Sy of 87.6 m2.
These room parameters give rise to Waterhouse correc-
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and below the critical frequency is often inac-
curate. Above the critical frequency, the radia-
tion efficiency tends to unity and the results are
more reliable. At present, the preference of the
construction industry appears to be a move
away from wet trades like plastering towards
the use of dry finishes such as plasterboard lin-
ings. These linings are commonly 12.5 mm thick with crit-
ical frequencies in the 2.5kHz or 3.5kHz third octave
bands, therefore, this approach will be of negligible use
due to the restricted frequency range where the assump-
tion of unity for the radiation efficiency is valid. It should
also be noted that lightweight materials excited by a
sound field will have measurable vibration below the crit-
ical frequency which is due to non-resonant transmission,
hence the vibration levels measured at these frequencies
are not appropriate for use with predicted radiation effi-
ciencies. Measurement of wall vibration also requires that
sufficient measurement positions are used to account for
the spatial variation in vibration.
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EFFECTIVE SOUND CONTROL SOLUTIONS
FROM APPLIED ACOUSTICS VENABLES
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Venables, is the range of foam based  specific gravity.

illsonic sound absorption products.
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Consultancy Spotlight

THE NEW MANCHESTER CONCERT HALL:
THE BRIDGEWATER HALL

Rob Harris FIOA

In conjunction with Inter-Noise 96, a technical visit is
being arranged to the new Bridgewater Hall, in Man-
chester, which will open in September 1994. This article
reviews the key facts behind the construction of the hall.

The orchitects were Renton Howard Wood Levin
(RHWL) and the building engineers were Ove Arup &
Partners.

The hall wos designed without compromise to be
excellent for the performance of classical, symphonic,
choral and organ music. Other performance types will
utilise the high quality sound reinforcement systems
installed.

The geometry of the auditorium, conceived ond
refined jointly by Arup Acoustics and RHWL, is a syn-
thesis o! two concert hall geometries known to provide
excellent symphonic sound: the 'shoebox' and 'vineyard'
forms. The result is a hall with exceptional visual and
acoustical intimacy. The volume of the auditorium,
24000 m3, was determined by the reverberation time cri-
terion of around 2 s at mid-frequencies. The finishes of
the hall provide the appropriate reflections and diffusion
of sound. The sects were developed by the design team
and tested acoustically to provide the appropriate degree
of sound absorption, ensuring that the acoustic of the hall
in rehearsal conditions is close to that during per-
formance.

in addifion to our listening experience in concert halls
worldwide, we utilised both an acoustic scale model and
a computer model to predict and refine the design of the
auditorium. The programme of acoustic testing and tun-
ing within the hall includes test rehearsals by the Holle
and BBC Philharmonic Orchestras and the Manchester
Camerata, as well as complex onalytical measurement
studies. The final selection of the grand piono was made
within the ouditorium, to motch the instrument sound to
the auditorium acoustic.

The entire concert hall building, weighing over
25,000 tons, is supported on 280 steel springs to prevent
disturbance from the Metrolink trains which run past the
site. Airborne noise, from traffic and aircraft, is excluded
by wropping the ancillary accommodation around the
auditorium. Where the auditorium rises above these buf-
fer zones there are massive twin wall and roof structures
to exclude noise. To avoid disturbance from building ser-
vices noise, the ventilation systems have been designed to
meet stringent limits (Preferred Noise Criterion PNC 15);
elements such as the concert lighting and house lighting
have been tested to ensure that they will not produce any
measurable noise.

Rob Harris is with Arup Acoustics -
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Consultancy Spotlight

NOISE IN A HYDRO-ELECTRIC POWER

STATION
Philip Dunbavin MIOA

It is not every day that we are asked to investigate o
noise problem inside a Welsh mountain, however, this
article will describe just that occurrence. PDA were asked
to investigate o tonal noise problem inside a planning
office at Dinorwig Power Station. Although this was not a
problem in terms of the Noise at Work Regulations, it
represented a serious problem. The impact of this noise
problem was being felt, literally, in terms of fatigue, loss
of concentration and significantly reduced productivity.

Firstly, let us look at the general situation. Dinorwig
Power Station is situated in Llanberis, Gwynedd and is in
effect a large capacitor. Water is stored in a reservoir on
top of a mountain, At times of high demand, when peo-
ple are putting the kettle on in the mornings or after Cor-
onation Street, water pours through pipework inside the
mountain, spins the turbines and is deposited in a second
reservoir at the bottom of the mountain, The eleciricity
this generates is sold at a premium rate to the Nationdl
Grid, as it is supplied at times when it most needs it.
Then, at night, the water is pumped back up the moun-
tain to the top reservoir, using electricity bought from the
National Grid at a much lower off-peck rate.

The scale of engineering of the site is breathtaking.
The mountain contains a tunnel network so big one is
given @ map upon entering. The tunnels are large
enough for two medium sized lorries to pass side-by-
side. The machine hall inside the mountain is some 25m
high and is known as the 'concert hall'. The stafion has
eight floors, six turbines and even has a theatre for tour-
ist visits, all deep inside the mountain.

generated when Turbine No. 6 started spinning it was
immediately obvious why working in the office was so fir-
ing. Apart from the high level of the fone, it was very dif-
ficult to localise any source. Walking around the office,
the level of the tone varied but it was still extremely dif-
ficult to localise any source of the tone. As can be seen
from Figure 1, a third octave band spectrum of the noise
at the desk revealed no information about the problem at
all, the tone was narrow enough not to contribute sig-
nificantly to a third octave band.

However, by switching to norrow band analysis the
problem is instantly visible as shown in Figure 2, with a
tone some 25 dB above the background noise level. We
had now established and quantified the problem, and
were left with the simple tosk of finding and eliminating
the source. This was mode tricky by the inability to local-
ise any source of noise. However, at least now we knew
what we were looking for.

Our first tactic was to examine vibration in all sur-
faces inside the office, especially all lightly supported sys-
tems such as filing cabinets and plasterboard partitions.
This was done in one-third octave bands and narrow
bands (0.1 Hz.) to track down the source of our tone. i
was found that vibration in all the structures was so low
that one third octave band analysis was simply of no
value. Switching to our narrow band analyser we saw
that, although a small amount of tonal vibration was
present, calculations revealed that the levels were
nowhere near high enough to produce the airborne fonal
noise measured at 52 dB. It had to be concluded that the

Faced with this engineering, it was
somewhat daunting to be examining a
problem that had foxed many other
engineers previously asked to provide o

Planning Department Office. |

Hoise levaels a1 Office desk.

solution. The office in question is situated
on a level three stories above the tur-
bines and one of the walls of the office is
the mountain itself. Our initial reaction !
when hearing about this problem was | , =~
the same as other engineers who had
visited the office, that structure-borne
vibration was finding its way into the
office and manifesting itself os airborne
noise through lightly supported struc-
tures, ond to solve the problem would

Sound Pregsure Lavel, dB.

involve some quite tricky vibration iso- & =
lation of the office structure.
Qur site visit was timed fo coincide ol

with the morning peak generating times.
It had been noted by users of the office
that the problem worsened when Turbine

No. 6 was active. Upon hearing the tone ment Office

Fig. 1. 1/3 octave band frequency onalysis of the noise in the Planning Depart-

L3
Frequency, Hz. @
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Consultancy Spotlight

Office desk.

sources, it was not oppropriate to use
our normal approach of noise control
ot source. Back inside the office, vari-
ous field level differences were meas-

90

80

ured. It was deduced that the tone was
breaking in through the main office
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Sound Pressure Level, dB.

30

door and a door connecting the office
to a neighbouring workshop. These
doors simply needed replacing with
acoustic doors, aftenuating the tone by
some 20 dB.

Another source of the tone was the
air supply system. This needed treating
by installing two straight through silenc-
ers, one for each of the two supply
ducts serving two grilles near the office

20
' 200 250 300

Frequency, Hz.

Oftice

Fig. 2. Narrow-band frequency analysis of the noise in the Planning Department

desk we were investigating. For such a
complex noise source the eventuality
was quite o simple solution. It wos also
a method exercise in using the most
important piece of equipment every
acousticion is supplied with, their ears.
By aurally tracking the source down it

Marrow Qand 1.

source of noise was not vibration in the structure.

Toking a leaf from Sherlock Holmes, after having elim-
inated all possibilities, we were left with the truth, no mat-
ter how impossible it seemed. The tonal noise must be air-
borne, thus travelling up three flights of stairs, through
various doors and entering the office as airborne noise.
Opening the office door onto the outside stairwell, the
level of the tone grew higher. The second narrow band
presented here in Figure 3 shows the noise in the stair-
well, our 225 Hz tone is now some 18 dB higher. Again,
there was very little vibration in the building structure,
leading us further to the idea that the noise problem was
airborne rather than structure borne. Descending down
the stairs the tone was getting louder and louder until we
reached the turbine level. Making a

was possible to solve quite a complex problem and pro-
vide an easy solution, whereas some theoretical solutions
which had been previously offered such as floating foors
and walls would have been very expensive and most
importantly of all, not worked.

As was stated ot the start of this article, tackling a
noise problem inside o mountain is not the sort of thing
we do every day, so our thanks go to Dinorwig Power
Station for providing us with such o brain-teaser and also
allowing us to write about it further.

Philip Dunbavin MIOA is Director of Philip Dunbavin
Acoustics Lid, Warrington, Cheshire X
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measurement one metre away from
Turbine No. & revealed our tone

some 38 dB higher than we were
80

Stairwell.]

measuring in the office.

Further investigation throughout
the remainder of the station showed
that vibration was indeed a problem
in certain areas, and the 225 Hz.
tone was causing resonance in ol
manner of structure. A wall of lockers
had enormous amounts of vibration
in them ond were all behaving as
loudspeaker cones, os were many
office windows, air conditioning
ducts and desks which were located
nearer fo the turbines. In effect, the

@ ~
o o

Sound Pressure Level, dB.
(4]
[=]

49

turbines were generating airborne 50
noise and vibration energy which
was being amplified by o multitude
of sources throughout the rest of the

station.

Fig. 3. Narrow-band frequency analysis of the noise in the stairwell

jd‘

100 200 250 300 350 400 450 500
Frequency, Hz.
—Narrow Band 2.

With this huge amount of noise
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A New Solution for Controlling
Structural Vibration

* High performance elastomer
spring bonded to a loading
plate

* |nherent damping reduces
resonance during equip-
ment start-up

¢ Overloads progressively,
without lasting performance
degradation

1NINIOV1d3d

¢ Operates from -30°C to

candresistscommon |l yH|lOCS

INCREASED ISOLATION

* Elastomer sandwich with
intermediate lead mass

* Eliminates massive
foundations

* Effective through
concentrated mass
and damping

Concrete Mass
' ¢ Typically outperforms

springs ?y 14dB(A) Inertiablocs

Isoblocs and Inertiablocs can save time, weight, height and cost. Customers
have been realising their advantages for over ten years. For more information
including comprehensive technical specifications, application notes and
detailed research papers, please call us now!
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BBM-Technik Germany) 5 fif) 552 2022
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ACOUSTIC PERFORMANCE - EXPLODING

THE MYTH
Philip E Jones MIOA

The development of lightweight structural partition
systems has begun to explode the myth that effective
sound insulation can only be achieved with the use of
heavy masonry construction. The resurgence of the
cinema industry, and the growth in mulfiple screen
complexes, has provided a wealth of technical
performance data which support the laboratory tests
conducted on lightweight high performance partition
systems. It is now widely accepted that with a good
design, a metal framed plasterboard wall weighing no
more than 50kg/m2 is capable of providing sound
insulation of a sufficient performance to eMectively
separate two cinema auditoria.

However, recent reductions in the weight of the plas-
terboard linings of these partitions, whilst improving the
fixing and handling benefits of the boards, has cast some
doubt on the sound insulation performance of the framed
structure. As a pre-emptive measure plasterboard man-
ufacturers have introduced ‘acoustic’ beards fo combat
this concem. The case against these weight reductions
remains 'unproven' and must be judged in the context of
each application. For instance the use of 'acoustic’
boards may offer litle improvement in overall per-
formance when the sound insulation

tion performance, notably where the wall is penetrated
by structural steelwork, and air leakage at junctions and
masonry end walls. In all the above areas, flanking trans-
mission can impair the overall performance of the system.

There is a significant economic case for using light-
weight construction, which offers both the contractor and
client major advantages in terms of speed of construction
and material costs. Wall foundations are minimised with
a twin-framed high performance partition offering a con-
sequent reduction in time, material and labour costs.
Additionally, the system gives the potential to construct a
wall 15 metres high but only 300 mm wide. To address
the impact of new lower board weights, laboratory eval-
uations of two well estoblished cinema dividing walls
have recently been undertaken. Both were lined with
wallboard to the outer faces of an independent twin
metal stud framework and mineral wool insulation was
hung in the cavity.

The first wall utilised a basic construction, comprising
a double layer of 15 mm (Figure 1} plasterboard, the
second was a more sophisticated construction with one
layer of 19 mm plasterboard {Figure 2} plank and two
layers of 12.5 mm plasterboard. For the more complex

between auditoria is dominated by
flanking transmission.

By examining two typical construe-
tion methods for building and refur-
bishing cinemas, the problems of iden-
tifying the sound transmission route and
appropriate means of sound isolation
can be seen.

In a conversion situation, problems
often occur where a masonry wall forms
a continuous bridge across the end of o
lightweight division element. In this situa-
tion, the sound insulation performance
of the partition system is compromised
by flanking transmission lecking into the 2.
ouditoria. This can be resolved by the
installotion of an independent plas-
terboord wall lining in front of the
masonry which then isolates the element.

Within the new multi-screen develop-
ments, flanking transmission is often

Reduction Index R
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associated with the continuous steel o

decked roof, which forms a core element
of the building. The transmission path
con usually be reduced with the installa-
tion of suspended ceilings.

In addition, several other elements
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can have an impact on the sound insula-
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Fig. 1. Auditoria wall comparison (double layer 15mm Gyproc wallboard)
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A TwoYear Old With Adult Ideas!

Formed in 1994 to spearhead the Salex Group's activities in Architectural Interiors, Salex
Interiors Limited (SIL) has become the UK's leading provider of bespoke acoustic solutions
for the Architect and Interior Designer.

Building on this success SIL is now taking responsibility for the Salex Group's full range of
acoustic materials for all building related applications:

Architectural
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Interiors

® Acoustic Wall Panels
® Stretch Fabric Systems

= = ¢ Doors

® Impact Flooring

® Acoustic Ceilings
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® Multi-Lag Prima
® Mufti-Lag Hygiena
® Damping Materials

® Acoustic Barriers
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Indstrial Solutions

® Industrial Wall Panels

® Acoustic Foams
® Hanging Absorbers

¢ Acoustic Quilts

For the solution to all your building related @ Sale,x
noise problems, please contact: @ Inte nors
Salex Interiors Limited, Crown Gate, Wyncolls Road, @ lelted
Severalls Industrial Park, Colchester, Essex CO4 4HT
A member of the Salex Group

Telephone: 01206 843708 Fax: 01206 852795 Noise Control Engineers
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ticular effect remains largely untested and is

Reduction Index R

30 4 4

20 4

therefore the subject of further evaluation.
Given the evidence of both laboratory
and site test data, the conclusion regarding
reduced board weights and the consequent
effect on sound insulation performance can
be summarised as follows. Although
decreases in board weight reduced the
sound insulation of the building element, it is
likely that flanking transmission will play o
large part in the final sound insulation rating
for many site cases. So, in practical terms,
the weight reduction of the board will have
less significance in the overall performance.
A rudimentary guideline for the selection
and specification of plasterboard will be that
where information is available relating to the
performance of low weight plasterboard this
should be used to design a solution. It is
worthy of note that irrespective of plas-

o -3 o w b=4 2 o (=] [-] (-] 2 3 L4 o o
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Fig. 2. Auditoria wall comparison {single layer 19mm Gyproc plank and

double layer 12.5mm Gyproc wallboard)

terboard weight, it should be possible] to
find a solution to meet most sound insulation
needs. In the situation where test data relate
to plasterboard weights in excess of current
levels, it will be necessary to specify the
'acoustic' boards to meet the requirement

construction, additional sound insulation was achieved
from the increased mass of the elements and the mini-
misation of resonance and critical frequency effects of
specific board thicknesses. Test results on both walls indi-
cated a loss of 2 dB in the weighted sound reduction
index for a 20% reduction in overall board weight. For

In all cases careful consideration should
be given to all the elements of the composite construction
in order to achieve the required performance at the opti-
mum cost.

Philip Jones MIOA is a
construction, building acoustics and fire protection

consuvltant in  drywall

7
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the basic wall this resulted in a rating of 67 dB "~

against a recorded 69 dB for the second wall.

However, on site the controlling factors will
probably prove to be the major flanking elements
of the steel deck roof and adjeining walls. Given
that construction quality is monitored, especially
in the sealing of the wall, and the flanking details
hove been optimised, the nominal requirements
of 60 dB and 65 dB for the shell and fit-out
stages respectively should be achieved using the
reduced weight plasterboard.

Conducting tests on a single layer metal stud
partition, the same 20% weight reduction results
in a 3 dB reduction in performance (Figure 3). In
these tests the increased stiffness of the lighter
board also has a negative contribution to the per-
formance by decreasing the isolation between the
partition linings. In these cases the test data indi-
cate that the application of *acoustic’ boards will
be necessary to maximise the benefit of the metal
framework.

One benefit of the increased stiffness of the 0

Reduction Index R

lighter boards may be identified where the plas- B 8 8§ R 2 § 2 88 8 8 8288 ¢8¢g-es
Ay _ - = - ™ " o
terboard is fixed to masonry with plaster dabs. In Current boand specification @ vency Hz

this instance the increased stiffness may reduce
the 'pumping effect' of the air trapped in the cav-

= = Qld board specification

Fig. 3. Single layer metal stud partition comparison

ity between the lining and the wall. This par-
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WHAT'S GOING ON IN THE ENGINEERING

COUNCIL
Mike Heath CB CBE CEng

A key aim of the new partnership between the
Engineering Council and the engineering institutions is to
deliver an effective engineering voice on issues of
principal concern to the country and engineers as a
whole. We therefore have to build upon the co-operative
mechanism identified in the New Relationship proposals.

We have agreed to set up Insfitution Working Groups
(IWGs), with o finite life, to address specific issues and
areas of national interest. IWGs will normally be set up
under the auspices of either the Board for the Engi-
neering Profession {BEP) or the Board for Engineers' Reg-
ulation (BER), using the central Executive Board to pro-
vide co-ordination.

The BEP has set up the following IWGs:

Regional Affairs — Proposals are being made for a new
regional structure and for joint ventures on regional pub-
lic relations, Neighbourhood Engineers and the Year of
Engineering Success (YES). Subject to BEP approval, pol-
icies will then emerge for implementation based on a
pan-institutional model.

Industry — A pan-institutional scheme is being explored
for increasing the number of Industry Affiliates without
undermining existing schemes. We believe it is essential
to involve industry more effectively in our thinking.

The '20-20 Vision Programme' — Joint ventures between
participating institutions, covering transport, energy, the
environment and telecommunications, will cover about
18 months. The energy group is being led by the Institu-
tion of Mechanical Engineers and the outcome wilf be o
learned society report. The group on the environment is
being led by the Institution of Chemical Engineers. Early
indications are that it will produce o project-based illus-
tration of the beneficial approach engineers bring to
environmental problems, On telecommunications, which
is being led by the institution of Electrical Engineers, four
leading edge seminars are initially being arranged. The
transportation group is being led by the Inshtution of
Civil Engineers. The working format has yet to emerge,
but is likely to involve a radical approach.

The Council's involvement in future activities is pre-
dominantly co-ordination and facilitating, but a number
of octivities funded by sponsorship are continuing. These
are the Neighbourhood Engineers' programme, the
Young Engineers for Britain competition {now conducted
jointly with the Standing Conference on Schools' Science
and Technology), the Environment Award, the Women
Into Science and Engineering (WISE} compaign, the
Times Educational Supplement 'School of the Year'
Award, and the Technology Enhancement Programme
which is sponsored by the Gotsby Charitable Founda-
tion,

One of the most important series of events for 1997
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will be the Year for Engineering Success. The compoign
will be formally launched on 2 September 1996. The
Engineering Conference, which the Council will hold
once a year, will be combined in 1996 with the YES
campaign lounch.

The Department of Trade and Industry sponsored ini-
tiative, Action for Engineering and its associated six
working groups, have identified a number of future tasks,
some of which will fall to the Council and the Engineering
Employers' Federation (EEF} from the middle of 1994
How these will be managed in the future and the
resources required to do so are being examined.

Unlike the BEP, which works under o largely dis-
cretionary framework, the BER has specific functions and
duties to corry out.

The BER has set up two IWGs to cover the revision of
our registration 'bible’ (SARTOR) and Quality Assurance
for our nominated bodies. Much work had already been
done on the revision of SARTOR following the issue of the
consultative document, ‘Competence and Commitment’.
The IWG has established the need for a new approach to
its structure. Lasting principles, showing concepts, aspira-
tions ond a general regulatory framework will form Part
One, while Part Two will be o set of documents which are
the ‘equivalent of implementing regulations. This will pro-
vide a document which is flexible and can respond to
ongoing changes in education, training and employment,
while avoiding the need frequently to revisit the basics.

Directly connected with work on SARTOR is the need
to ensure that the requirements of industry, now and in
the future, are reflected in registration at the CEng, |Eng
and EngTech levels.

The Quality Assurance IWG aims to produce a system
that ensures a high level of quality assurance in the sys-
tems used by the Council's nominated bodies to bring
forward individuals for registration while keeping
bureaucratic procedures to a minimum.

These are only the highlights of a formidable pro-
gramme of work which is taking us rapidly towards a
future in which engineering will play @ much larger part
in our national scene.

Mike Heath is Director General of the Council <
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Enﬁineerinﬁ Division

NEW CHARTERED ENGINEER

John Steel first became interested in acoustics while stud-
ying for the Degree of Building Engineering at Heriot
Watt University, Edinburgh which he was awarded with
first class honours in 1985. After a brief period working
for Miller Construction on pre-contract planning he
decided to return to Heriot Watt to carry out research into
noise in buildings. His work was mainly in the field of
structure borne sound transmission which resulted in the
award of an Msc in 1987.

He was awarded the degree of Doctor of Philosophy
for investigation into the application of Statistical Energy
Analysis to noise transmission in framed buildings in
1990.

In 1991 he took up a post as lecturer in the Depart-
ment of Mechanical Engineering at Heriot Watt University
where his work has extended into studies of sound trans-
mission on motor vehicles and marine structures and has
received industrial and funding council support. He also
began work on condition monitoring of rotating machines

through the applica-
tion and develop-
ment of Acoustic
Emission sensors.

Consulting  work
which he has carried
out over the last ten
years has included
studies of noise
transmission in rail-
way vehicles, envi-
ronmeital noise stud-
ies and investigations
into road traffic acci-
dents. In 1994 he
carried out work on
noise transmission in
buildings for the National Research Council, Canada, at
their home laboratories in Ottawa.

inter-noive
25th Anniversary
Congress — Liverpool

Britannia Adelphi Hotel
Liverpool
30 July - 2 August 1996

Host Organisation

Institute of Acoustics
5 Holywell Hill
St Albans AL1T 1EU
UK

Tel +44 (0)1727 848195
Fax +44 (0)1727 850553
email Acoustics@clus1.ulcc.ac.uk

Registered Charity no 267026

Congress Chairman: Bernard F Berry, National Physical Laboratory
Congress Manager: Dr Roy Lawrence, Institute of Acoustics
Technical Programme Co-ordinator: Nicole Porter, National Physical Laboratory

- v
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The binaural head MK1 adapts perfectly
to any car seat. Digital equalization cir-
cuitry Within the head guarantees perfect
and reproducible listening results.

An optional built-in DAT recorder adds
totally self-contained measurement
capability.

Psychoacoustic analyzers models o o I

CF90/CF100 record and calculate in real - {;\ GL) R}f EE:?Q
time, loudness, 3rd octave, FFT and o

roughness. Real time

egualization is ideal

for sound design.

Cortex Electronic is the leading
manufacturer of psychoacoustic analysis
equipment, having aquired over eight
years of experience and expertise in the
field of automotive sound and noise
analysis.

VIBRATION MEASUREMENT

FOR WHOLE AREAS OR SINGLE POINTS

» Non contact laser technique

« Can operate at long range

« Single point, multipoint or scanned areas
» High resolution and accuracy

« 10 m/sec - 1um/sec vibration range

« Powerful image processing software

The POLYTEC vibration analysis systems provide real-time
easily interpreted vibration images and data offering high reso-
lution and measurement accuracy.

Applications include automobile engineering - exhaust systems, brake discs, engines and body
components; aerospace - turbine blades, acoustically excited panels and material studies;
machine tools, domestic appliances, musical instruments and much more.

LAMBDA PHOTOMETRICS LTD
Lambda House, Batford Mill, Harpenden, Herts ALS5 5BZ
TEL: 01582 764334 FAX: 01582 712084

Lambda

\ A Polytec Pl Company
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SOUN
SENSIE

SoundPLAN Version 4 with its user friendly interface,
places the power and flexibility of a comprehensive noise
calculation and air pollution investigation system in your
hands. Designed by Braunstein + Berndt, SoundPLAN is
competitively priced, meets international standards and
provides acoustical engineers with an invaluable,
accurate noise calculation package with superb graphics
that support all levels of presentation or inquiries.

ROAD, RAIL & AIR TRAFFIC NOISE MODULES
calculate noise levels from various sources for any time
period specified. Divided into two sections, the first describes
the source and the second calculates the propagation from
the source. The programme automatically evaluates
spreading, screening, ground and air absorption and
reflection, according to the national standards selected.

INDUSTRY/LEISURE FACILITY NOISE MODULES
have been designed to evaluate noise from industrial
complexes through to leisure facilities. This programme takes
the soundpower and spectral input and calculates the
propagation over a given terrain, with output either as
spectrum or in Leq/Lmax form.

WALL DESIGN is a unique, interactive programme with
2D /3D viewing from any angle. It is easy to use, recommends
the optimum wall shape, details minimum cost projections,
takes into account all international standards, and allows the
user total freedom and customisation.

GRAPHICS AND TOQOLS. One of SoundPLAN's major
advantages is its high quality colour graphics applications.
Calculation results are displayed as easily understood maps in
a variety of information formats including — Sound Level
Diagram, Facade Noise and Noise Contour Maps. The user
can choose 2D or 3D drawings to visualise the models. For
Noise Contour Maps, SoundPLAN offers the facility to
create Regular, Analysis and Prognosis, Difference and
Conflict Maps. These are easy to create/adjust, are readily
understood and allow the user to create new maps without
entering into other systems.

SoundPLAN is available as a complete package, or as
individual modules, thus providing an integrated software
package for noise and air pollution modelling, reflecting the
diverse needs of these advanced technological fields.

_k,____%}\”/é[/zg

ESUNDH
FOR_ ALL/NOISENAND-.
AIR POILUTION| MODELLING
SERRNS
Noise modules available:

¢ ROAD 4 RAIL ¢ AIRCRAFT ¢ INDUSTRY
4 LEISURE FACILITY ¢ INDOOR FACTORY

= ———

Other modules available;

¢ WALL DESIGN ¢ GRAPHICS & TOOLS
¢ AIR POLLUTION DISPERSION

YAANAAAARAAAANA
SEAREIANEALSES

TR LR L
Evaluation of the ligratina Process \l
Crmphic biaplay +F the Iteratinn Process for nelected Recelier
Leett Benpiit Shape for up lo W lecelver Locattons
Change the Undinate with 11
. ¥ ophidsalion - Sound Lol Developmyes :
e, Skt e, | - Sound Reduction Devetopment
ST - ek timet level - Excerding Leve] D wiopisent
1 Choow the Gptisnam wiil 2 curvar apd seleet (17} Y,

We offer a customer full support package which includes
assistance in acoustical techniques, data structures, project
management, consulting engineering services, implementation
of specific user standards, plus upgrade and maintenance. We
believe SoundPLAN and its worldwide customer service and
technical resources support programmes are ‘second to nong’.

= WO WID . o

=l

—

- UK DISTRIBUTORS -
KIRBY CHARLES ASSOCIATES
Anston House, 73 Ryton Road, North Anston, Sheffield, $31 7DL. UK. Telephone: +44 (01909 560281 Facsimile: +44 (01909 563833
Braunstein + Berndt GmbH
Robert-Bosch-Strasse 5, D71397 Leutenbach, Germany. Tel: +49 (0)7195 178828 Fax: +49 (0)7195 63265
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Engineering Division
L i

CPD

Continuing Professional Development
Since January this year, 206 people or 9% of the mem-
bership, have joined the CPD Scheme. It is early days yet,
but the Scheme seems to be operating fairly smoothly with
few problems. A meeting of the CPD Committee and the
Regional Representatives was held on 20 June, to discuss
the operation of the Scheme.

A few points of information arising from regional
reports were:-
* The IOA CPD Scheme is not mandatory, but it is hoped
that all members will see the value in joining the scheme.
¢ The initial £17.50 charge is mode up of a £12.50 join-
ing fee and an annual charge of £5.00.
* Regional evening meetings count for 2 hours CPD.
Other conferences and seminars count for hours present.
All IOA meetings now provide CPD certificates to par-
ticipate.
* Members can count time at other organisations’ meet-
ings if relevant, and each member should identify CPD
activities relevant to them. These will be different for each
individuol depending on their age and circumstances.
(See Scheme notes for furtherinformation).
* Meetings can be counted as CPD for than one institute,
if relevant.
* We're now half way through the year. CPD records will
be checked in January 1997.

4 )

To advertise in

Acoustics
Bulletin

contact
Keith Rose FIOA

Brook Cottage
Royston Lane
Comberton
Cambs
CB3 7EE

Tel + 44 (0) 1223 263800
Fax +44 (0) 1223 264827
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As there wos not much to report from the regions,
those present gave some thought to how they wanted the
Scheme to develop, and how they really saw the benefits
to IOA members. The following points were made.

* CPD should not just be a matter of assessing hours to fit
a total, but should give individuals an opportunity to
make some sort of career development plan, and work
towards specific goals. This may be something they wish
to do along with their employers, or perhaps individually.
* It was seen to be especially important that younger
members should begin their careers with CPD as an inte-
gral part.

* Members may find that a mentor would be useful. A
mentor would probably be someone with more expe-
rience than the individual and from somewhere other than
that individuol’s workplace. The mentor could give impar-
tial odvice or information on work in the acoustics field
which may be of relevance to the member’s CPD.

e The support of employers would be a great advantage
to any member’s CPD plans.

* Guidance on self study, which could appear in the Bul-
letin, would be very useful to some members.

The CPD Scheme is a pilot scheme, and the committee
and representatives need your views on whether it is
working and how it could be improved. If you have any
comments on the points raised above, pleose let the Insti-
tute (or Sue Bird) know.

Structural Bearings
Floating Slab Track Bearings
Ballast Mats
Undersleeper Pads
Baseplate Pads

TRACKELAST @

To reduce vibration
transmission contact:

Tiflex Limited, Hipley Street, Old Woking, Surrey, GU22 SLL
Tel: 01483 757757 Fax: 01483 755374

Acoustics Bulletin July / August 1996




Conference and Meeting Reports
1 1

SOUND INSULATION - THE LAW, THE
SCIENCE AND THE PRACTICE

29 May 1996, Watford

The Building Acoustics Group organised a highly
successful one-day meefing at the Building Research
Establishment in Garston, Waftford on the 29 May 1996.
The meeting was well attended, with 125 delegates repre-
senting a wide spectrum of professions. The papers cov-
ered sound insulation issues of regulation, analytical
methods of assessment, site difficulties and practical
issues, in depth and breadth.

Les Fothergill of the Department of the Environment
Building Regulations Division introduced the meeting, ond
chaired the first session.

Bob Craik of Heriot-Watt University started the pres-
entations with o paper jointly co-authored with Archie
MacPherson, describing the toke-up of post-construction
testing of sound insulation between dwellings in Scotland.
He concluded that, for a price, post-construction testing
leads to an improvement in the overall performance of the
housing stock. Paul Goring of AIRO examined the con-
cept of 'reasonable' in refation to Approved Document E
of the Building Regulations, and detailed o cose history
where there had been some dispute. Garry Seal of the
London Borough of Waltham Forest provided the con-
cluding presentation to the first session giving a paper
describing ratings using Sound Reduction Index R ond
Level difference D and the accuracy of individual meas-
urements,

John Seller of the Building Research Establishment
chaired the second session, first introducing colleague
Carl Hopkins who presented a paper written jointly with
Tina Emmanuel. Carl described the practicalities of the
use of sound intensity measurements in the field, looking
at both facade measurements and measurements between
internal spaces. Building on previously published work
Robin Mackenzie detailed developments in the applica-
fion of certain foams for impact sound reduction in floors,
in @ joint paper with Robin Hall. The properties of new
reconstituted open-cell polymer fooms were examined
and compared with other foams. lan Campbell presented
the final paper of the second session, written with Svein-
Arme Nordby. The poper ond presentation describing
MLS {maximum length sequence) in practice.

Tony Jones of AIRO chaired the penultimate session of
the meeting. David Oldham started with a joint paper
with M A Rowell describing investigations info the sound
reduction index of factory cladding panels. The effect of
non-diffuse incident sound field on the SRl was examined
and found, for the cases measured net to have o sig-
nificant effect. Robin Wilson followed with a joint paper
with Alan Cummings. A theoretical model providing an
exact solution of radiation from a plate into o porous
medium was given, and compared with measured data.
The results indicate that radiation into porous media is
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greater thon that into air, and for certain elements this
radiation damping can be significant in increasing the
total loss foctor. It was surmised that in buildings this
effect may be less noticable. Y Lom concluded the third
session, building on previous work on single skin metal
cladding systems detaifing the theory to allow the pre-
diction of the SRI of double skin cladding systems. This
prediction method was reported to accurately predict the
SRl for common cladding systems.

The final session was chaired by Nick Antonio of the
Building Research Establishment. Nick Tinsdeoll presented
a paper produced jointly with Colin Grimwood and John
Seller. The paper provided an overview of field tests car-
ried out over the lost three years on party wall construc-
tions given in Approved Document E of the Building Regu-
lations. In comparison with previous work the figures
indicate the mean D,z,, has increased for certain similar
wall constructions. Steve Wray and lon Scarr both pre-
sented their work looking ot the practical problems
invelved with sound insulation tests; difficulties that arose
over a number of tests were detailed and some advice on
how to overcome these were given. Peter Clark presented
a joint paper written with R C Chanaud, detailing a spe-
cific measurement system. Paul Wornell of Housing Asso-
ciation Property Mutual gave the concluding paper on
the problems encountered on site. Included in the pres-
entation were various percentage foilures in workmanship
and construction of elements to meet the requirements of
the Approved Documents to the Building Regulations.
These higures were derived from a very large sample.
Instructive slides illustrating common defects in both
design and construction were shown.

After this very full day of papers and discussion, the
meeting concluded with a visit to the BRE Acoustic facil-
ities.

Nick Antonio MIOA <

Members of the Institute may purchase copies of
the proceedings from the Institute, price £20.

The popers by Hopkins/Emmanuel and
Campbell/Nordby are reproduced in full in this
issue of Acoustics Bulletin.
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Acoustical Measurements

PI‘ECI S l On Measurement Microphones

ollins

extrusions

Suppliers of Magnetic

Acoustical measurements are only as good as the mic,

and CompreSSlon Seals ACO Pacific’s Type 1 “Alternative’ family of mics,
. ACOustical Interface™, Simple Intensity™, Systems
10 Ihe ACOL{S [ic [ ﬂdL[S 5 ]"y rank with the best. A full line of microphones, preamps
and accessories are featured. The PS9200KIT and S17KIT
fO r t he paS t offer complete measurement mic system solutions. Our
} “Yery Random”™ Noise Generator, and the NEW
2 5 year 5. PC9200 15A bus Precision Microphone interface round out
the product line.
COLLINS EXTRUSIONS LTD ACO PaClﬁC, Inc’
. . . 2604 Read Ave., Belmont, CA 94002, US
Bidford-on-Avon, Warwickshire B50 4JW Tel: (415) 595-8588 FAX (415) 591-2891

Tel: 01789 773536 Fax: 01789 490225 e-mail: acopac@acopacific.com

ACOustics Begins With ACO™

g researc {organisation
mse&Bqulng coustlcsi

tat. John Seller
Tet \01 923 664614
: 923 664607
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Advanced Noise Prediction with

Vision-3.0

\—_r—"‘/

The Solution To Your Noise Problems

Now you can reduce olfending
noise and simultaneously minimise
costly prototypes and  testing.
COMET/Acoustics is a widely used,
complele general purpese acoustic
analysis software. It allows advanced
noise prediction to be performed
concurrently with the design and
analysis cycle, saving tme and

combines  the most  advanced
fechniques to provide an efficient,
gasy-to-use noise prediction  tool.
COMET/Accustics includes the direct
boundary element, indirect boundary
element and finite element methods.
COMET/Acoustics s currently
being used for consulting projects in
the Automotive, Aerospace, Heavy

OMET

ACOUSTICS

APPLICATIONS:
Aerospace

Automotive
Construction Equipment
Consumer Products
Disc Drive Manufacturing
Engine & Powertrain
HVAC

Industrial Equipment
Tyre/Vehicle Systems
Transducer Design
Underwater Acoustics
Consulting Services

> & & ¢ ¢ S S e

FEATURES:

Graphical User Interface

Sound Quality Analysis

Interior & Exterior Acouslics
Design Sensitivities & Optimisation
Effects of Material Absorption on
Sound

Radiated, Reflected and Transmitted
Noise Analysis

money. Equipment and other Indusiries. + Coupled Fluid / Structure Analysis
Developed by engineers and
everyday  users, the  software
Automalted Aralysis Limited l Automated Analysis Corporation
. Unit C, Enak House Spite 100
‘ Redkiln Way Ann Athor
70 Horsham MI 48104-6767
Wesl Sussex. RH13 5QH e +— USA
NALES. England E-Mail: info@ auloa.com
IMITE E-Mail: automated @ fastnel.co.uk htip:/www.msen.com/~autoa
Tal: +44 (0) 1403 218718 Tel: +1 (3133 973 1000
Fax: +44 (0) 1403 218728 Fax: +1 {313)973 1190

We also have distributors in Korea, Japan and Germany

See us at InterNoise '96, Stand Number 36, The Pearce Room
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SPECTRAL PERFORMANCE WINS

In the world of vibration simulation, test and analysis
only the best survive.

Spectral Dynamics combined with the GenRad STP
acquisition has developed the most powerful control
system available whilst maintaining sensible pricing.

If you are in the test laboratory business, you will
know the significance of the two plots below:-
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Not too difficult? Well not until you hear that the
test was at a potential customer site and was
designed by the customer with a highly dynamic
fixture. In this case the customer really did want to
see whether our system met our claims. Justlook at
the drive spectrum, and remember this 1s true
gaussian random.
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90 dB of drive and still more available. The testing
was also run successfully on the same fixture using
sine, shock and mixed mode tests.

A truly awesome achievement.
See for yourself - ask for a demo visit.

<>

S P E € T R A L
D Y N A M I C S

POWER AT LOW PRICE

The performance secret of the system lies in a unique
combination of cascaded DSP's, careful bus
management and the world's most advanced
patented adaptive software.

The price secret comes not from using low grade
parts, but from careful management of the company
overhead.

STAR PERFORMER

Remember SMS STAR Products? Both STAR
Modal and Acoustics are now product lines of
Spectral Dynamics. The latest Modal release is
available in true 32 bit processing mode for Windows
95 or NT.

44.43 Hz, 0.3623%

If vou'd like to find out more about Spectral Dynamics call
now for information:-

Spectral Dynamics (UK) Ltd.
Fulling Mill

Fulling Mill Lane

Welwyn

Herts. AL6 9NP

England

Tel: +44 (0)1438 716626

Fax: +44 (0)1438 716628
USA: Tel:  +1 408 474 1700
France: Tel: +33 146522780
Germany: Tel: +49 89 462360 0
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News from BSI

BS EN Publications

The following are British Standard implementations of the
English language versions of European Standards (ENs).
BSI has an obligation to publish all ENs and to withdraw
any conflicting British Standards (BSs) or parts of BSs.
This has led to a series of standards {BS ENs) using the
EN number.

BS EN 15O 7235: 1966: Acoustics - Measurement
procedures for ducted silencers - Insertion loss, flow noise
and total pressure loss.

Sets out requirements for determining the insertion loss, in
frequency bands, of silencers with and without air Hows;
the sound power level, in frequency bands, of the flow
noise generated by silencers; and the total pressure loss
of silencers with air flow. Not applicable to reactive
silencers used for motor vehicles. No current standard is
superseded.

Draft British Standards for Public Com-

ment

95/717445 DC

Determination of sound power levels of fan coil units, unit
heaters and unit coolers using reverberation rooms.
96/101064 DC Revision of BS 5228 Noise and vibration
control on construction and open sites. Part 1: Code of
practice for basic information and procedures for noise
and vibration control.

Note: Special price £22.50 {non-members £45.00) (157
pages)

96/101065 DC Revision of BS 5228 Noise and vibration
control on construction and open sites. Part 2: Guide to
noise and vibration control legislation for construction
and demolition including road construction and
maintenance.

96/101066 DC Revision of BS 5228 Noise and vibration
control on construction and open sites. Part 3: Code of
practice applicable to surfoce coal extraction by opencast
methods. :
96/704435 DC 150 5347-21 Methods for the calibration

of vibration ond shock pick-ups - Part 21: Shock
calibration using laoser doppler velocimeter  (ISO
5347-21)

96/561513 DC BS EN I1SO 140-12 Acoustics
Measurements of sound insulation in buildings and of
building elements - Part 12: Laboratory measurement of
room-to-room airborne and impact sound insulation of an
access floor (ISO/DIS 140-12) {prEN 1SO 140-12)
96/103804 DC EN 12354  Building acoustics -
Estimation of acoustic performance of buildings from the
performance of products - Part 1: Airborme sound
insulation between rooms (prEN 12354)

NOTE: Special price £9.75 {Non-members £19.50) (72
poges)

96/103500 EN 12354-2 Building acoustics - Estimation
of acoustic performance of buildings from the
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Publications

performance of products - Part 2: Impact sound insulation
between rooms (prEN 12354-2)

British Standard Implementations

BS ISO 9207: 1995 Manually portable chain-saws with
internal combustion engine - Determination of sound
power levels - Engineering method {grade 2}

No current standard is superseded

BS I1SO 10884: 1995 Manually portable brush-cutters
and grass-trimmers with internal combustion engine -
Determination of sound power levels - Engineering
method (grode 2)

No current standard is superseded.

BS ISO 9568: 1993 Cinematography - Background
acoustic noise levels in theatres, review rooms an

dubbing rooms.

Specifies measurement methods and maximum ratings.
No current standard is superseded.

British Standards Reviewed and Con-

firmed
BS 6840:Part 16:1989 Guide to the ‘RASTI’ method for
the objective rating of speech intelligibility in auditoria.

British Standards Withdrawn

BS 6864: - Loboratory tests on noise emission from
applionces and equipment intended for use in water
supply installations.

BS 6864:Part 2:1987 Method for mounting and
operating draw-off taps

Superseded by BS ENISO 3822-2: 1996

ISO Standards

ISO 3746: - Acoustics - Determination of sound power
levels of noise sources - Survey method.

Technical Corrigendum 1: 1995 to I1SO 3746: 1979

Will be incorporated into BS EN 1SO 3746 which will
replace BS 4196: Part 6: 1981 {1986}

1SO 3822-2: 1995 {Edition 2) Acoustics - Laboratory tests
on noise emission from appliances and equipment used in
water supply installations Part 2: Mounting and
operating conditions for draw-off taps and mixing valves
Will be implemented as BS EN 1SO 3822-2 when ratified
by CEN, to supersede BS 6864:Part 2: 1987

EN ISOs

The following International Standards have been adopted
as ENs. These documents have been approved by
CEN/CENELEC.

EN 1SO 11200: 1995 {ISO 11200: 1995) Acoustics -
Noise emitted by machinery and equipment - Guidelines
for the use of basic standards for the determination of
emission sound pressure levels at work station and ot
other specified positions {ISO 11200: 1995)

EN ISO 11201: 1995 {ISO 11201: 1995} Acoustics -
Noise emited by machinery and equipment
Measurement of emission sound pressure levels at a work
station and at other specified positions — Engineering
method in on essentially free field over a reflecting plane
(iSO 11201: 1995)
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EN 1SO 11202: 1995 (ISO 11202: 1995) Acousfics -
Noise emitted by machinery and equipment -
Measurement of emission sound pressure levels at a work
stafion and at other specified positions - Survey method in
situ {ISO 11202: 1995)

EN ISO 11203: 1995 {ISO 11203: 1995) Acouslics -
Noise emitted by machinery and equipment
Delermination of emission sound pressure levels at a work
station and at other specified posifions from the sound
power level {ISO 11203: 1995)

EN 1SO 11204: 1995 (ISO 11204: 1995) Acoustics -
Noise emitted by machinery and equipment
Measurement of emission sound pressure levels ot a work
station and at other specified positions - Method requiring
environmental corrections {ISO 11204: 1995)

EN I1SO 11546:- {ISO 11546:-) Acoustics - Determination
of sound insulation performances of enclosures

EN ISO 11546-1: 1995 (ISO 11546-1: 1995
Measurements  under  laboratory  conditions  (for
declaration purposes) ISO 11546-1: 1995}

EN 15O 11546-2:1995 (ISO 11546-2: 1995)

Measurements in sity (for acceptance and verification
purposes) 1ISO 11546-2: 1995)

This information, provided by John Tyler, was
announced in the January-June 1996 issues of BSI

.
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Waves and Distributions

Thordur Jonsson and Jakob Yngvason

World Scientific 1995, 186pp hardback

ISBN 981-02-0974-6 £35

You would probably ignore this volume in a bookshop.
There are no sleeve notes, the preface is short and sharp,
and there is no introduction. Even the title is misleading if
you are not up to dote in mathematical terminology. In
short, there are few clues to what it contains.

But you would be making a mistake. It actually pro-
vides a rigorous and comprehensive, yet concise treat-
ment of the mathematics needed to deal with acoustics
and wave phenomena in general. The language s terse
and mathematical, and assumes a background in calculus
of many variables and linear algebra, as well as a grasp
of mechanics and electricity and magnetism. However,
the arguments are clear and logical. Derivations and the-
orems can be followed without the frustrating hunt
through earlier sections for the meaning of symbols and
terminology found in so many books. Furthermore, there
are none of the unexplained and unfathomable jumps
that are so commonly prefaced by phrases like it may be
shown that...", 'we leave it to the reader...', or just 'obvi-
ously...".

The book starts with a self-contained introduction to
fluid mechanics and the theory of elasticity, leading to
derivations from first principles of the wave equations for
sound waves in fluids and elastic waves in solids. This
includes a useful explanation of the often taken for

gronted linearity approximations and their consequences.
A brief second chapter follows on electromagnetic wave
equations. The third chapter then moves on to plane
waves, stressing the importance of harmonic waves, and
introduces boundaries, reflection and refraction.

The fourth chapter introduces the theory of dis-
tributions. This is the potentially misleading part of the
tile. The term 'distributions' here does not have the sta-
fistical meaning most of us would ossume, but refers to the
class of generalised functions that can be used in just the
same way as normal functions. The Dirac delta is given as
an example. By developing the theory of mathematical
operations in spaces of distributions, the reader is lead
via convolution to Fourier analysis in a way that does not
require the usval fudging around various problem areas
like functions that are continuous 'almost' everywhere.

This treatment is expanded in Chapter 5, probably the
most important part of the book, to general solutions of
wave equations in homogeneous media and spherical
waves in parficular. Initial values are introduced,
Huygens' principle is explained, and cavities and wave-
guides are dealt with. Chapter 6 then concludes with a
discussion of dispersion. It is o shame there is not also o
chapter on diffraction.

There is no conclusion, and the book finishes with @
short list of 56 mostly mathematical references and a
skimpy index. A page of 16 errata came with the review
copy and there are a few fairly obvious typos in the text,
but this is neither better nor worse than most technical
books.

In summary, then, this is a useful book on the math-
ematics of wave phenomena, covering almost all aspects
of the subject. It would be particularly useful as a comple-
ment to one of the many good acoustics books that are
unfortunately a bit too Huffy in their mathematics. It would
be even more useful, and probably sell better, with some
padding in the way of a meaningful introduction, an
expanded bibliography, and a more comprehensive
index.

Peter F Dobbins FIOA %

Artificial neural networks for speech analysis/synthesis
M G Rahim

Chopman & Hall, 1994 pp

ISBN 0-412-56370-3 £35

This book is one of the very few publications available
that systematically study the use of artificial neural net-
works [ANNGs) in the very challenging field of speech
analysis & synthesis. The book contains nine chapters that
can be vaguely grouped into an introductory and review-
ing section {Chopters 1-4); a research section dedicated
to the use of ANNs to achieve articulatory model bosed
speech analysis & synthesis (Chapters 5-8); and o sum-
mary and conduding section (Chopter 9). The intro-
ductory and reviewing section firstly provides a brief his-
tory of the art of speech synthesis and o short review of
the human speech production process as well as various
digital synthesis techniques in this field. It then introduces
the reader to some common ANN models as well as their
learning techniques with the emphasis being placed on
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the multi-layer perceptron (MLP) model ond the back
propagation algorithm. This is followed by o review of
ANN aided speech analysis techniques and several case
studies illustrating the potential of using ANNs in speech
analysis & synthesis. The second section of the book spe-
cialises in the area of articulatory speech synthesis. It cov-
ers articulatory modelling, the use of ANNs to achieve the
required acoustic/geometric vector mapping, the tech-
niques for establishing an appropriate training data set,
and the use of the dynamic programming technique to
select an optimal sequence of articulatory geometric
parameters so that the inherent ambiguity of the non-
unique acoustic-to-articulatory parameter mapping can
be accommodated. The final section gives a summary o
the book contents together with two suggested future
research directions for ANN based articulatory speech
synthesis.

The book places emphasis on bringing together prior
background material and recent research results on the
use of ANNs for speech analysis & synthesis. It therefore
can be an informative introductory and referencing
source for diverse readers who happen to have a prior
basic knowledge, up to graduate level, in speech pro-
cessing and ore interested in using ANNGs for speech
analysis and synthesis. Given the complexity involved in
achieving high quality speech synthesis and the fierce
commercial competition in trying to pioneer a low-bit rate
product among top international giants, it should hardly
be surprising that the book is more likely to be enjoyed by
scientific researchers, and the price of the book, £35, just
reflects it.

Nongji Chen %

Surface Acoustic Waves in Inhomogeneous Media

S V Biryukov, Yu V Gulyaev, V V Krylov and V P Plessky
Springer Series on Wave Phenomena, Volume 20

ISBN 3 540 58440 9 £69

For many physicists and engineers, surface waves ore a
mathematical curiosity, first encountered during initial
studies of wave motion, and subsequently forgotten as of
litfle practical importance. This book is a timely reminder
that surface waves actually have many proctical applico-
tions, a fact which is given a prominent place both in the
introduction and throughout the tfext. Acoustic surface
waves are specifically considered in this book and their
interactions with inhomogeneities in the medium are
treated both theoretically, as well as from the point of
view of the practical applications to which these can be
put. Many of these applications are to solid state elec-
tronic devices, and so surface waves, as a phenomenon
that has long had a theoretical base, have in o sense
recently come of age.

This book, a translation of an existing Russian fext, is
really a collection of papers on individual topics. The first
chapter gives a fairly brief treatment of basics for the
main types of surface waves, while the next fourteen
chapters all deal with fairly specialised questions. Initially
there is o good deal of emphasis on the interaction
between surface acoustic waves and electrons in the
material leading to various acousto-elecironic effects,
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including amplification and charge transfer. Piezoelectrics
and various types of layered media also come in for dis-
cussion, together with surface waves at interfaces.

An overriding theme of the book, as might be
expected from its title, is the effect of spatial inhomo-
geneities on the surface with surface acoustic waves.
These surface irregularities include specific shopes such
as apertures, wedges and edges, as well as arrays of fea-
tures like lines or grooves of different cross-sections. Scat-
tering by random inhomogeneities is also treated. The
presentation achieves a good balance between math-
ematical detail and explanations in terms of physics. Page
after page of equations can often be discouraging for the
reader who wishes to obtain some initial insight info an
unfamiliar subject and this book wisely avoids this pitfall.
There is an abundance of useful illustrations and frequent
discussions of applicotions. There is a very full collection
of references for each chapter as well as a large bib-
liography for ten specific topics. Taken together, these
provide a useful guide to the latest progress in the subject.

This book is o useful addition to the Springer Series on
Wave Phenomena. It will be welcomed by all who wish to
gain some insight into the behaviour of surface acoustic
waves and the numerous applications that they have
found.

B J Uscinski %

Detailing for Acoustics (Third Edition)

Peter Lord and Duncan Templeton

E & F N Spon, 1995 200 pp.

ISBN 0-419-20210-2 £37.50

This is the 3rd Edition of the book, and | hoped as a user
of the 2nd Edition that this update would be an improved
version. | was pleasantly surprised as the most annoying
aspects of the 2nd Edition hove been addressed and
almost eradicated.

The stated objective of the book is to provide a prac-
tical reference manual for Architects, Students, Structural
and Services Engineers and Interior Designers. | suspect
that the average Architect, Engineer or Designer would
not use the book to its potential. The user of this type of
book needs to know about the basics in order to moke
goed use of it. It does provide a wealth of information, in
respect to comparing perFormcnces of various com-
ponents which is extremely useful for the practising
Acoustician

It includes a compendium of information which saves
the need to continuously keep a bookshelf handy. The
main section includes dato on the sound insulation per-
formance of building components and is very informative
and quite expansive with numerous third octave sound
insulation test data.

There is o section on sound absorbing and reflecting
materials. Again it includes useful data besed on test
results.

The other section covers plant and services noise. |t
includes a diverse range of topics, with some quite unu-
sual information.

Any comprehensive book on the subject range will
have difficulty in slotting the data in the appropriate sec-
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tion. This book is quite logical in that respect and is pro-

vided with a reasonable index. S N C OL M AN

The numerous drawings and tables are generally quite

clear, though sometimes an important bit of information ACOUSTIC TEST LABORATORY
appears to be missing. In this respect, the 3rd Edition is
much clearer and includes improved and updated infor- i m
mation as compared fo its predecessor. S . i

The book has a paperback cover which does not do it & e A _
justice. It could really do with a long lasting hardback i i ’ : ) bk
cover. At £37.50 it provides good value for money. N Sy

R Peliza “‘i J
=

Sound Transmission through Buildings using Statistical A . .
Energy Analysis (R AR
Robert JM Craik B -,
Gower, 19946 ‘
ISBN 0-566-07572-5, e L
This book by Professor R.J.M Craik is suited to those with T - e s
a working knowledge of acousfics who are interested in Available to carry out Independent Acoustic
both the general application of Statistical Energy Analysis Testing to the following standards :-
{SEA)} and the more spgcific r_nodelling scenarios that are B.S. 4196: Part 1- 1991 50 3741
encountered when dealing with structure-borne sound B.S 3638 1987 50 354

transmission in buildings. The layout of the book is such
that the reader can logically progress through the book
from cover to cover or delve into chapters for specific

B.5. 2750: Part 3: 1980 150 140/3

information. A short tutorial introduction uses a simple Mr. 1. Stones B5c. MSc., Laboratory Manager,
direct transmission problem to illustrate to the new user, Senior Colman, Hibernia,Way, Barton Dock Road
relationships between the theories and parameters of clas- Stretford, Manchester M32 0XY '
sical acoustics with those of SEA before proceeding to Tel: 0161 866 8800  Fax: 0161 866 9455

deal with SEA in greater detail. The subjects covered include:
* SEA models in terms of system and subsystem defini-
tions
* Subsystem properties
* Coupling loss factor definitions for radiation and struc-
tural coupling
¢ Caleulation of structural coupling loss factors using a
wave approach
¢ Calculation of system performance using both path and
matrix analysis
* Applications of SEA modelling to direct and flanking
transmission in building acoustics

The applications chapters build on the work of the pre-
vious sections to show measured and SEA predicted data
which along with modelling and analysis information,
provide the reader with an insight into significant trans-
mission paoths for various building constructions. Among
the constructions considered in these chapters are double
walls {masonry and lightweight], lined masonry walls,
and single masonry walls in o complete building. Tab-
ulated structural transmission coefficient data and infor-
mation on prediction accuracy with particular reference to
the uncertainties and errors involved with real building
constructions  also make this a useful reference text.
Implementation of SEA in o specific application area
requires that informed decisions are made of both the
modelling and onalysis stages. This book provides the
reader with an engineering approach to the application
of SEA for sound transmission in buildings and a basis on
which those decisions can be made.

J W Sargent MIOA <

for... PIPEWORK / PLANT
NOISE and

VIBRATION
CONTRL

"EMFLEX"
FLEXIBLE

CONNECTORS

& RUBBER
ISOLATORS

from...
N. MINIKIN & SONS LTD

Spa House, Hookstone Park, Harragate,
North Yorkshire, HG2 7DB, UK.
Tel: 01423 BB9B45 Fax: 01423 880724
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New Products

GRACEY AND
ASSOCIATES
s for . bildi .

In-sity measurements of both sound
insulation and reverberation time
have in the past been difficult due to
the need to generate test sounds
high enough to overcome the back-
ground noise levels. By imple-
menting the Maximum Sequence
Length (MLS}) measurement tech-
nique in o user friendly real time
analyzer Norsonic have overcome
these problems.

The combingtion of the Real Time
Analyzer type NOR-840 ond the
MLS measurement technique brings
the possibility of making complex
measurements in almost all acoustic
environments. Even when the test
area is affected by impulsive back-
ground noise the MLS approach
overcomes the problem due to its
special noise sequences that hide
within the overall noise level and
can be decoded by the analyzer to
determine the transmitted level. This
also means that the power level of
the noise generation system can be
reduced, making them more port-
able and battery power a practical
proposition.

Further advantages also follow
as there are options to allow facade
insulation measurements fo be made
without a cable connection between
the sound source and the measuring
instrument. The ability to ensure syn-
chronisation of the generation and
measurement system via o 'wireless'
connection in conjunction with the
MLS facility are significant contribu-
tions to both the accurate quantifica-
tion of the acoustic performance of
the structure and the safety of any
traffic Hows past the building.

Conventional filters  limit  the
shortest reverberation time that can
be measured. With the MLS
cpprooch this restriction does not
apply and it is possible to measure
RT values down to 6 milli-seconds.
This facility will be of great benefit in
such applications as the determina-
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tion of the acoustic climate within
motor vehicles.

The addition of the MLS option to
the NOR-840 complements the facil-
ities that the instrument offers. With
its internal noise generator and self
contained PC it is the most com-
prehensive instrument available for

_building ocoustic measurements. It

forms the heart of a complete sys-
fem that can be battery powered to
ensure that acoustic performance of
structures con be accurately quan-
tified both during construction and
when in use.

For turther information please con-
tact Gracey & Associates, High
Street Chelveston, Northants NN9
6AS. Tel: 01933 624212 Fax
01933 624608.

SOUND ATTENUATORS
LIMITED

Advanced variable air
controllers

Sound Atftenuators Limited, a mem-
ber of The Salex Group of Noise
Control Engineers, have launched o
new range of variable air volume
controflers which are claimed to set
new standards in the volume control
field.

Developed and manufactured by
Sound Attenuators Limited (SAL} in
the UK, Variair and Varivalve com-
bine the latest available control tech-
nology with low noise air volume
control.

Variair is a self-contained cir-
cular volume controller, which is
available in o wide ronge of sizes.
The unit comprises a damper blade,
cruciform sensor and compact elec-
tronic controller, to give on impres-
sive level of noise control ot dll
times.

The Varigir units can be
designed into low velocity systems,
with or without an acoustic section,
to provide volume control down to
shut off and local zone control from
maximum volume down to shut off.

Varivalve may be retrofitted into
existing variable, dual duct or con-
stant volume systems, simply by
replacing the single or dual duct
valves, converting the control system
from pneumatic to electronic.

Terminal reheat controls can then

volume

also be changed from pneumatic to
electronic water control valves which
obey the electronic control system
commands.

The conversion from pneumatic

to electronic gives the design engi-
neer the copability of o low cost
change from a Constant Volume
System to a Variable Volume Sys-
tem without expensive removal of
the existing terminal units from their
ceiling void location.
For further information, please con-
tact  Sound Ahenuators Limited,
Eostgates, Colchester, Essex CO1
2TW Tel: 01206 866911, Fax:
01206 86598

CAPE CEILINGS LTD

New acoustic _products for sus-
" pr

Cape Ceilings have announced the
introduction of a range of acoustic
products.

AcoustiBoard,  AcoustiCurtain,
AcoustiBlock and Acoustifoom have
all been extensively independently
tested for their acoustic performance
in conjunction with metal, soft fibre
and mineral fibre tiles. All the prod-
ucts can be used to enhance the
sound reduction of suspended ceil-
ings whether they be new or existing
installations.  AcoustiCurtain  ond
AcoustiBlocks can also be used in
conjunction with raised foors for
better room-to-room sound
insulotion.

AcoustiBoard is a high per-
formance acoustic overlay designed
for improvement of the room-to-
room sound reduction of suspended
ceilings. Individual boards are laid
onto the back of each ceiling tile.

AcoustiCurtain is a high per-
formance acoustic cavity barrier
designed for improvement of the
room-to-room sound reduction of
suspended ceilings. The curlain is
draped from the soffit of the ceiling
void and down onto the back of the
suspended ceiling to form a full
height barrier obove the line of the
common partition,

In addition AcoustiFoam can be
used for general noise and rever-
beration control in all types of envi-
ronments particularly as it has @
Class 'O fire rating.
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GUIDE TO ACOUSTIC PRACTICE
nd Edition
By Ke2ith Rose Rtl BA FIOA

This unique 145-page spiral bound book contains a wealth of information for those involved in
buildings for broadcasting. The main text is grouped into the three categories in which studio acoustic
design and surveys are carried out. In addition to the comprehensive text on the principles of
construction and on-site installation, based on the author's 27 years experience, the book includes
photographs of BBC studios together with around 33 A4 size acoustic details, based mainly on actual
installations, together with diagrams showing BBC criteria and measurement results.

Price £30.00 inc P&P and surface mail, £35 inc P&P and airmail. Sterling Cheques only.
Please send remittance to:
Keith Rose, Brook Cottage, Royston Lane, Comberton, Cambs. CB3 7CE
Tel 01223 263800 Fax 01223 264827

Also available from:
RIBA Bookshop, 66 Portland Flace, London WIN 4AD
The Building Bockshop, 26 Store Streel, London WCIE 787
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CORK INSULATION Co. LTD.

Thames House, Wellington Street
Woolwich, London SE18 6NZ

Specialist manufacturers, suppliers and
installers of Studio acoustics

@® Modular Acoustic Absorbers and Functional Absorbers
@ Acoustic Doors

® Acoustic Quilts/Blankets and Drama Curtains

@ Acoustic Screens. ‘Soundtrack’ Fabric Fixing System

All products conform to BBC specifications.
Full Acoustic Absorption data available for all modular absorbers

Further information and details from
Grahame O’Connor Tel 0181 317 0811 Fax 0181 317 3509
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For further information contact
Frederick Brenchley, Cape Ceilings
Limited, Verulom Road, Stafford
ST1 & 3EA. Tel: Q1 785 223435,
Fax: 01 785 251 309

ECOMAX ACOUSTICS
LTD

Softsound acoustic panels

Ecomax Acoustics Limited has intro-
duced Softsound acoustic wall pan-
els to complement its extensive range
of noise control products.

Combining high sound absorp-
tien with modern aesthetic appear-
ance, Softsound acoustic panelling is
suitable for installation wherever
noise control is essential. Typically,
these include conference and lecture
rooms, music practice areas, offices,
reception areas plus film and record-
ing studios. Softsound is comple-
mented by matching edge trims and
is available in six standard coloured
fabric finishes supported by o wide
range of optional colours and tex-
tures to suit interior decor.

Softsound can be specified either
os a fll suface lining for com-
prehensive floor to ceiling wall cov-
erage or as individual feature panels
strategically positioned to suit cus-
tomer requirements.  Simple to
install, Softsound lining panels are
retained in position by head and
base channels protected by match-
ing trims. Feature ponels have a
rigid built-in  frome ensuring that
they are easy to mount using velero
pads with large panels supported by
an additional angle trim fixed to the
wall.

Supplied in nominal panel sizes
2700mm x 1200mm x 25mm, Soft-
sound has o noise reduction coef-
ficient of 0.92 and offers high resis-
tance to heat loss (0.34 W/m °C ).
The glass fibre core is rated non-
combustible and  all  fobric
coverings used comply with BS 476
Part 7 Class 1.

A tull colour brochure describing
Softsound acoustic wall panel, is
available on request from  Ecomax
Acoustics Limited, Gomm Road,
High Wycombe, Bucks HP13 7DJ.
Tel: 01494 436345. Fax: 01494
465274
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PANAMETRICS NDT, LTD
Ultrasonic Pulsar-Receiver Model
5072PR

The Model 5072PR ultrasonic
pulsar-receiver is a versatile instru-
ment designed to provide high-
energy broadband performance
over a wide range of applications
including thickness gauging, flow
detection, medical research an
materials characterization. The pul-
sar sechon produces an electrical
pulse to excite a piezoelectric trans-
ducer, which emits an ultrasonic
pulse. In pulse-echo applications,
this pulse travels through the test
material until it is reflected from an
interface back to the transducer. In
through-transmission  applications,
this pulse travels through the test
material to a second transducer act-
ing as a receiver. In either case, the
transducer converts the pulse into an
electrical signal which is then ampli-
fied and conditioned by the receiver
section and made available for fur-
ther analysis.

Panametrics offer a variety of

instruments including a complete line
of pulsar-receivers, gates, preamps,
digital flow detectors, dedicated
thickness gauges, outomated systerms
and over 3000 transducer types.
For further information contact Pan-
ametrics NDT, Limited, 12 Night-
ingale Court, Nightingale Close,
Rotherham S60 2AB. Tel:01709
B36115. Fax: 01709 835177

THE NOISE CONTROL
CENTRE

Ductlag H is the newest in the Duct-
log materials range from The Noise
Control Centre. Ductlag H (Hygenic)
is appropriate for most applications
but particularly in controlled environ-
ments where fibrous materials are
not acceptable or hygiene is a prime
consideration, and high levels of fire
resistonce ore required.

The secret of Ductleg H {patent
pending} lies in the uniguely con-
voluted Melatech foam isolation
loyer which uniformly spaces ¢
heavy borrier mat from the surface
emitting sound ond ensures that,
even with the thickest versions of the
product, it will fold evenly and effort-

lessly around rectangular ductwork.
Traditional fibre based lagging
products have required building up
with slabs of isolation material and
then wrapping with a separate bar-
rier mat. Ductlag H offers the advan-
tage of lagging in a single opera-
tion. The highly resilient layer of
Noisco Melatech foam has excellent
acoustic absorption qualities as well
as being a non irritant and non toxic
material.
For further details contact The Noise
Control Centre, Saxby Road, Melton
Mowbray, Leicestershire LE13 1BP
Tel: 01664 60203. Fax: 01664
480577.

FABRITRAK

New colours and new data sheet.
A selection of new brighter and
more cheerful colours has been
added to the 60 colourway PIMLICO
acoustically transparent fabric range
by Fabritrak. These colourways and
an updated technical data sheet on
the Fabritrak fabric wall lining
system for acoustic installations are
availoble now to mark the 20th
anniversary of Fabritrak.

Fabritrak will be pleased to supply
on request the new data sheet and
the fabric card.

FABRITRAK, Fabritrak House, 21
High Street, Redbourn, Herts AL3
7lE. Tel: 01582 794626, Fox:
01582 794645.

OROS
OR254 portable, PC-based, four

channel analyser
The French company OROS has

developed OR254, o compact and
portable four channel acoustic and
vibration analyser. It is intended to
be used with a portable PC to
provide o very convenient computer
environment for data processing on
site.

The stondard software interface
ollows measurement results to be
exported directly to Word or Excel,
to a modal or intensimetry analysis
software or to a measurement dato-
base or specific application.

OR254 is designed for structural
analysis, rototing machinery vibra-
tion analysis and acoustic analysis.

The main specifications are:-
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Sontech

10 put a
tamper

on noise

n recent tests Sontech, the new sound

deadened steel from BSD, has produced
neise reductions of up to 30 db compared
with conventional steel,

Ies composition of two steel skins bonded
together with a visco-elastic polymer is highly
effective at absorbing noise producing energy
by converting shear strain to negligible heat.

But that's not all. Because Sontech can be used
as a direct subsritute for mild steel, without
the need for product re-design or
modifications, it can eliminate the need for
additional damping materials. Which means a
substantial reduction in costs as well as noise!

From one sheet to several tonnes, BSD%
dedicated SDS production facility can satisfy
your precise requirements quickly and
efficiently. And, as the steel service centres
arm of British Steel, this is backed up by a
wealth of technical expertise and resource.

For further
information on

o
Sontech call J
01254-55161 or

fax 01254-580219. STEEL SERVICE CENTRES

I
5

All the strength you need

Head office: 95 Stourbridge Road, Lye, Stourbridge,
West Midlands DY9 7DD.

Essential references from E & FN Spon

Active Control of Noise and Vibration

C B Hansen, Department of Mechanical Engineering, University of
Adelaide, Austratia

Written for all those involved in the active control of noise and
vibration, both in industry and academia. In the first half of the book,
the authors explain the fundamental concepts underlying the various
sub-disciplines of active noise and vibration control. They then apply
these concepts to practical systems. This book is the first to treat the
active control of both sound and vibration in a unified way, and
contains the most up-to-date developments and research.
234x156mm approx. 1300 pages 520 line illus

September 1996 Hardbacic 0-419-18390-1 approx. £150.00

Engineering Noise Control
Theery and practice
2nd Edition

D A Blas and C H Hansen, both from the University
of Adelaide, Australia

® comprehensive and wide ranging

"This is an excellent texdbook for use in undergraduate and postgraduate
coursework, having just the right level of complexity and a good mix of
theoretical and practical topics... Highly recornmended” - Acoustic Australia
234x156mm approx. 608 pages 187 ling illus

December 1995 Paperback: 0-418-20430-X £35.00

G

E & FN SPON

an imprinl of Chapman and Hall

Sound Intensity
2nd edition

F J Fahy, Institute of Sound and Vibration Research, University of
Southampton, UK

® a comprehensive source of up-to-date information

This new edition of sound intensity has been revised and updated fo
include the major developments in sound power and sources. Now
available in a student edition, it gives thorough instructions to sound
engineers on the advantages and limitations of sound intensity
msaasurement as a tool to solve practical problems.

234x156mm 320 pages 141 line illus 4 haifione illus

October 1995 Paperback: 0-419-18810-5 £29.99

Detailing for Acoustics
3rd edition

P Lord, University of Salford and D Templeton
BDP Acoustics Lid

@ an at-a-glance manual of construction details

Clear and accessible, this is an updated and revised edition of an
established reference. It shows how successful results in acoustic
design can be achieved by correct use of building materials,
products and components. Details are drawn to scale and carry
informative labelling and supplementary text.

210x297mm 200 pages 170 line illus
December 1995 Paperback: 0-419-20210-2 £39.00

For further information and how to order, please contact: Katharine Fairclough, The Marketing Department, E & F N Spon,

2 -6 Boundary Row, London SE1 8HN Telephone 0171 865 Q066 Fax 0171 410 6907
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* four input channels,
16 bit resolution,
anti-aliasing filter,
dynamic range >90dB
¢ self-calibration devices
* integrated signcl
generator, trigger input
¢ real-time FFT anolysis
up to 20kHz on Four
channels, 3200 lines
o 1 ISA slot
* spectrums,
cross-spectrums,
coherence, transfer
functions, orbit, envelope,
zoom, Nyquist, Bode,
Waterfall, order analysis
o file formats: WAV TXT UFF, MAT
* analysis storage on PC disk
» software toolkit for Visual Basic
*  Windows 3.1 or 95

Oros's UK distributer is Diag-
nostic Instruments.
For more information contact Sylvie
Souchon, OROS 13 chemin des
Prés, ZIRST 4403, 38944 MEYLAN
Cedex. Tel: {00 33) 76 90 62 36;
Fax: {00 33) 76 90 51 37.

VSI CLUBLIFE

New sound ceiling
A new sound system is claimed to

eliminate many of the noise prob-
lems associated with discos, night-
clubs and other entertainment

venues.
Loud music can fall foul of Envi-
ronmental  Health  Departments

because of noise nuisance and staff
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can experience noise induced hear-
ing loss through extended exposure
to high sound levels.

VSl Clublife td, a specialist
sound and lighting supplier, now
claim to be able to eliminate most of
these noise problems with their new
‘sound ceiling'. The system, designed
by JBN of Sweden, consists of nine
acoustic tiles set in an unobtrusive
3m squore frame which is sus-
pended from the ceiling directly over
the centre of the dancefloor.

The tiles {600 mm x 600 mm) are
constructed of sound proofing mate-
rials to minimise any noise or vibra-
tion problems passing to the floor
above and eight loudspeakers are
set into each one. The loudspeakers
are pointed downwards which
makes the overall sound very direc-
tional. This, say VS, reduces the lev-
els by 80% {10dB) within one to one

and a half metres of the dance floor.

VS| use a CEL-269 sound level
meter to test and demonstrate the
effectiveness of the sound system.
The simple to use meter clearly
shows the difference between the
levels on and off the dancefloor.
John Stevens of VS| said 'Although
the audible difference in levels is
very noticeable the meter visibly
demonstrates just how important this
reduction is in real terms. This is a
significant factor in the system's
success.'

The reduction is so dramatic that
it is possible for bar staff and—cus-
tomers to talk at normal converso-
tional levels when they are just o
short distance from the dance floor.
The system also means that the
expenditure and difficulty associoted
with other more conventional sound
proofing measures, like double glaz-
ing and baffling, ore no longer
necessary.

Each of the tiles can be supplied
with a variety of coloured surfaces to
match the venue's decorative style.
These include an ultra-violet finish
which appears white in daylight but
chonges colour depending on the
light source.

There is also a choice of power
output for the loudspeakers to suit
the various sizes of venue.

The 'sound ceiling', which fea-
tured on BBC's 'Tomorrow's World',
has already been installed in many
nightclubs,  community  centres,
hotels, fun pubs, caravan parks and
restaurants,

For information on sound level
meters contact CEL Instruments Ltd.,
35-37 Bury Mead Road, Hitchin,
Herts SG5 1RT Tel: 01462.422411
Fax: 01462.422511

For information on sound ceilings
contact VSI Clublife Ltd, 75 Glou-
cester Road, Croydon, CRO 2DL Tel:
07000-883131 Fax: 0181 665
5288.

QUANTITECH

RI -

meter

A new, dual display, Type 1 Pre-
cision Integrating Sound Level Meter,
designed ? r measuring both Work-
place and Environmental Noise to
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THE 1997 INTERNATIONAL
LERENCE ON NOISE
CONTROL ENGINEERING
—HUNGARY

1997 AUGUST 25-27

ORGANIZED BY

THE ACOUSTICAL COMMISSION
OF THE HUNGARIAN
ACADEMY OF SCIENCES

THE SCIENTIFIC SOCIETY
FOR QPTICS, ACOUSTICS,
MOTION PICTURES

AND THEATRE TECHNOLOGY
(OPAKFI)

CONFERENCE SECRETARIAT

OPAKFI

H-1027 Budapest, F6 u. 68.
Hungary
Tel./fax: (36)-1-202-0452

HONORARY CONGRESS PRESIDENT
Tamds Tarndezy

ORGANIZING COMMITTEE

GENERAL CHAIRMAN

Andrds 1lényi

SCIENTIFIC CHAIRMAN
Frigyes Reis

GENERAL SECRETARY

Ferenc Kvojka

HEAD OF ADVISORY COUNCIL
Andrds Kotschy

EXHIBITION MANAGER

Istvan Antal

TREASURER
Ildike Bdba

SPONSORED BY THE INTERNATIONAL
INSTITUTE OF NOISE CONTROL ENGINEERING
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FIRST ANNOUNCEMENT

INTER-NOISE 97, the 1997 International Congress on Noise Control
Engineering, will be held at the Technical University of Budapest, in the
capital of Hungary from 1997 August 25 to 27. The Congress is sponsored
by the International Institute of Noise Control Engineering, and is being
organized by the Acoustical Commission of the Hungarian Academy of
Sciences and the Hungarian Scientific Society for Optics, Acoustics, Motion
Pictures and Theatre Technology.

INTER-NOISE 97 will be the twenty-sixth in a series of international
congresses on noise control engineering that have been held all over the
world since 1972. The theme of INTER-NOISE 97 is: HELP QUIET THE
WORLD FOR A HIGHER QUALITY LIFE.

Technical papers in all areas of noise control engineering will be considered
for presentation.at the congress and for publication in the Congress
Proceedings.

An Announcement and Call for Papers will be issued shortly; copies will be
available from the Conference Secretariat at the address given below.

A major acoustical equipment, materials and instrument exhibition will be
held in conjunction with INTER-NOISE 97. The exhibition will include
materials and devices for noise control as well as instruments such as sound
level meters, acoustical signal processing systems, and equipment for active
noise control.

Programs for "accompanying persons” and social activities for all delegates
will be organized.

Further information on the Congress and the Exhibition may be obtained
from the INTER-NOISE Conference Secretariat

RETURN COUPON

Please return this coupon if you are interested in being added to the mailing list for
INTER-NOISE 97.
] I am interested in attending INTER-NOISE 97

J I am interested in presenting a technical paper

] My company may be interested in participating in equipment exhibition
NAME .. ... i
ADDRESS ...... . i
CITY i e it e POSTALCODE ...........
COUNTRY ... i it es
Mail to: INTER-NOISE 97 Congress Secretariat

QOPAKFI H-1027 Budapest, Fd u. 68., Hungary
Fax: +36-1-202-0452
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British and European standards has
been introduced by RION of Jopan.

The RION NL-18 is much easier
to use than most mefers as it hos
only four opercting buttons. The
extensive set up keys and pro-
gramming controls are recessed and
covered to prevent tampering or
accidental resetfing during use, and
the set up parometers will be
retained even after the instrument is
switched off.

This new meter is instantly rec-
ognisable by its TWO LCD displays -
one presents measurement data in
both digital and analogue forms, the
other a graphic display of instan-
toneous sound level, and both
graphic and numeric presentation of
octave and third octave spectra. Two
frequency- and two time-weighted
measurements can be mode ond,
unusually for an instrument of this
type, displayed simulianeously, as
well as Leq, SEL, Lmax, Lmin and 5
percentile levels. Ln can be dis-
played (n=1-99%) for preset meas-
vrement periods of 1 second to 24
hours. The instrument's memory will
store 100,000 instantaneous sound
levels, leq, Lmox and Ln dota of
7200 periods and up to 100 octave
and third octave spectra. Battery life
in continuous operation is 24 hours.
Further detils from Quantitech Ltd,
Unit 3 Old Wolverton Road, Ol
Wolverton, Milton Kynes, MK12
5NP Tel: 01908 227722. Fox:
01908 227733.

AcSoft Ltd

SVAN 912 nd and vibrafi
analyzer

Sound ond vibration measurement
specialist AcSoft is distributing Svan-
tek's SVAN 912 handheld sound
and vibration anclyzer.

This new analyzer provides not
only a wide range of sound meos-
urement features but also com-
prehensive vibration analysis func-

tions. With microphone, charge, ICP
and direct inputs, the SVAN 912
offers outstanding flexibility for on-
the-spot analysis in industrial apphi-
cations such as noise control, occu-
pational health and safety ot work,
machinery health monitoring, indus-
trial quality assurance and research
& development.

The SVAN 912 is a dedicated
sound and vibration Type 1 meter
providing measurement of SPL, Leq,
SEL, acceleration, velocity, dis-
placement, voltage level, and sta-
tistical analysis.  Users can select
from built-in linear, A, C, 'human
response to vibration' weighting fil-
ters, and a G infra sound filter, and
there is a choice of time constants.
A time history of up to 32000 results
can be measured in parollel with
octave- and third-octave realtime
digital filter analysis.

Analysis functions also include
FFT analysis of acceleration, velocity,
and displacement, as well as noise.
The choice of windows, frequency
resolution, zoom, averaging, and
spectrum manipulation functions is
spectacular for a handheld instru-
ment, with the large 128 x 128 pixel
backlit LCD providing a wide variety
of display options.

Control of the SVAN 912 is
menu-based for ease of operation.
PC connectivity is provided via an
RS232C/Centronics interface, ond
AcSoft con supply a versatile soft-
ware package for set-up and down-
loading results.

The SVAN 912 is powered by
internal  battery, providing a full
day's operation, or through an AC
power adaptor. The standard
256kbytes non-volatile memory can
store up to 350 100-line FFT spectra,
1280 octave spectra, or 760 third-
octave spectra. The memory can be
expanded to 1Mbyte.

Head Acoustics' system
Head Acoustics' HEAD Measurement

System is now available in the UK
from AcSoft.

Head Acoustics' stote-of-the-art
technology, based on many years'
experience in artificiol head binau-
ral recording technology, provides
avrally accurate, fully reproducible
recordings of sound signatures.
Applications include noise diagnosis
and analysis, product development
including automotive development,

quality control,  communications
measurements and  architectural
acoustics.

The HMS I Artificial HEAD

Measurement System precisely rep-
licates the human anatomical and
auditory system. [t is compatible
with modern measurement tech-
nology, allowing new standards to
be achieved in binaural sound
recording, analysis and playback.
Features of the artificial head system
which extend its applicability include
capabilities for calibration, remote
control, field operation, and DAT
recording. Measurement parometers
such as range and equalisation set-
tings, filters, rpm, date and time are
stored within the system to be
accessed as required.
Heod-Acoustics' modular range
of support equipment for the arti-
ficial head provides for digital stor-
age and archiving, aurally equiv-
alent analysis and post-processing,
and faithful repreduction using the
HEADphone  Playback  System.
Analysis options include binaural
and multichannel systems, while o
communications analysis system is
designed for use in tandem with a
dedicated version of the artificial
head adapted for send and receive
testing of telephone terminal equip-
ment and echo cancellers. Other
variations adapt the system to spe-
cialised applications. The heod and
shoulder simulation con be separ-
ated from the electronics for easier
deployment. A binaural microphone

NAMAS

TESTING
N°0286, 02855]

Tel: 0115 945 1564

The Building Test Centre N

PROBABLY THE BEST ACOUSTICS LABORATORY IN THE WORLD !

Fax: 01509 856 780

building
test centre
I
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allows o person, for example the
driver of a car, to assume aocoustic

functions similar to the ortificial
head. A binaural filtering system
allows manipulation of right and left
channels in the frequency domain
for identification of annoying noise
components.

For further information contact: John
Shelton, AcSoft Utd., & Church Lane
Cheddington, Leighton Buzzord. LU7
ORU. Tel: 01296 662852, Fax:
01296 661400.

News Items
BITS & PIECES |
i istin

i

BITS & PIECES has launched a web-
site, giving full track listings of all 12
currently released Sound Effects
CD's and custom sound effects ser-
vice. The website also hos informa-
tion on BITS & PIECES acoustic and
audio  engineering  consultancy
services.

Clients of BITS & PIECES include
the BBC, the Royal Opera House
and the Royal National Theatre,
who have all used both sound effects
and consultoncy services on prestige
projects such as the recently refur-
bished BBC Rodio Theatre. Recent
consultancy work includes noise
assessments of musicians to comply
with the Noise at Work Regulations.
For more information visit the web-
site at
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hitp:l/www.users.dircon.co.uk/~bits/
or contact: BITS & PIECES 105, Cha-
riton Church Lane, London SE7 7AB

Tel: 0181 858 9738. Fox: 0181

488 0846. E-moil: all@bits-ond-

pieces.co.uk

FERGUSON AND

TIMPSON
Acoustic test cham
2

An acoustic test chamber oble to
provide 24 dB{A) background noise
level will be featured at Internoise 96
in liverpool on the Ferguson and
Timpson Utd stand {No.28). When
developing the design for this
Acoustic Test Chamber, the brief was
o provide a test environment,
incorporating a sound absorbent
lining, to ochieve a cut-off frequency
of 300Hz. The torget internal
ambient noise level in the 1.75m3
chamber was 25dB(A). Independent
fests gave a result of 24dB(A).

This design of chamber is not
intended to be within I1SO require-
ments for anechoic rooms but it does
provide a cost effective, controlled
acoustic environment which can be
used for both quality assurance and
development applications. Orders
for four of these chambers have
been received from manufacturers in
the computer peripherals and auto-
motive components markes.

Ferguson and Timpson will also
be including on their stand, informa-
tion on their design and man-
ufacturing  capability for acoustic
enclosures as well as details of their
range of materials for noise control
and vibration/shock absorption.

r_at Internoi

For further information contact Peter
Timpson, Tel: 0141 882 4691.

LARSON-DAVIS
Cotalogue and Internet home page

The new catalogue from Llarson-
Davis enables readers to quickly
seek ond find an environmental
noise monitoring system configura-
tion ideally suited to a wide variety
of applications.

Configurations  include  the
'Feather- weight', 'Light weight',
'Light-heavy-weight', and 'Heavy-
weight' portable systems plus the
'Permanent Outdoor Monitoring Sys-
tem' similar to the LD system used at
Heothrow, Gatwick and Stonsted
airports.

The catalogue contains technical
information including descriptions of
each configuration with  photo-
graphs and schematic diagrams.

Five different computer software
packages give further choice and
control to the customer. Software
includes modules from simple down-
load into o stondard spreadsheet
package, to more  sophisticated
products for automatic calibration
and remote set-up though direct line
and cellular modem communication.

Sensors for windspeed, direction,
temperature, humidity, barometric
pressure and rain gauge are clearly
described so pricing can be quickly
determined to keep overall control of
purchase well within the customers
grasp.

Provo, UTAH-Larson Davis Incor-
porated (Nasdaq Symbol ‘LDII)
have also announced the release of

| i 5
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Instrumentation' home
"http://www.lardav.com".
Larson Davis' initial entry to the
Internet includes full text and graph-
Cies for its product specification
sheets; a calendar of upcoming
shows fecturing Larson  Davis
booths; an overview to the Larson
Davis service and support policy; an
e-mail link to the Larson Davis Mar-
keting Department for additional
product and pricing information;
and a comprehensive international
directory of Larson Davis sales rep-
resentatives including phone and fax
numbers, e-mail address and related
links.
The catalogue and more information
about the home page are available
from Alan Boyer at Larson Davis Lid,
Redcar Station Business Centre, Sto-
tion Road, Cleveland, TS10 2RD or
by telephone on 01642 491565.

NPD ASSOCIATES

Dairy ot peace with the neighbours
noise barrier
Northern Dairies in

poge ot

Manchester

needed to re-direct incoming milk
delivery tankers to reduce the
amount of on-site maneouvring. The
new traffic system involved planning
(change of use) permission, and as
the dairy site is next door to a res-
idential area, a potential noise pollu-
ton problem had to  be
anticipated.

Advice wos obtained from Andy
Turnbull from the University of Sal-
ford's Department of Applied Acous-

tics, and a specification determined
for a noise barrier to be erected
around part of the perimeter of the
dairy site.

Baco Contracts, a member of the
British ~ Aluminium group, waos
selected to supply and install their
recently-developed absorbent noise
barrier 120 metres in length, 5.4
metres high, constructed from main-
tenance-free aluminium.

The new barrier is of an absor-

True 2-channel one-third octave
bandpass and bandstop filter

We stock a wide range of fully calibrated equipment
from the leading manufacturers. Simple sound level
meters right through to real time sound intensity and
building acoustics analysers. We also have a guantity
of weatherproof noise monitoring systems.

I tuneable ANSI| Class |l bandpass response

B switchable to sharp bandstop mode

B 1U benchtop or rack-mount case

B 0.01Hz to 99.9kHz centre frequency range

| simple front-panel operation

B up to 20 dB gain, AC coupling and ICP power, all switchable
@ single-channel version available

The Kemo VBF18 provides two channels of true one-third octave
bandpass filter in a compact 1.75-inch high box. The 3-digit resolution of
cutoff frequencies means that all standard centre frequencies in the audio
band can be sei. A complementary band elimination mede adds greatly to
its versatility.

Each response is sharper and more accurate than one made up from
lowpass and highpass filters, and requires only one channel instead of
two. A rear-panel parallel input allows for simple remote frequency
switching, and computer interfaces can also be supplied. ® fRegistered Trads Merk.

Engineers are available to discuss your applications.
Next day deliveries by overnight carrier

Call for our brochure or more information

Gracey & Associates

Threeways Chelveston
Northamptonshire NN9 6AS

Telephone 01933 624 212

Wa are an IS0 9002 Company approved by British Standards
for the Hire, Sales and Calibration of Acoustic Instrumentation

Kemo Ltd., 12 Goodwood Parade, Eimers End,

Beckenham, Kent BR3 3QZ.
Tel: 0181 658 3838. Fax: 0181 658 4084.
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bent type, constructed from modular
{600mm x 4 metres] aluminium pan-
els containing sound absorbent and
sound insulating materials. British
designed, made and tested, the
Baco noise barrier features profiled
perforated aluminium on the noise
pollution facing side, whilst the
reverse side is profiled aluminium
sheet {o variety of colours are avail-
able for both sides of the Baco bar-
rier and depending on application,
different finishes are ovailable on
the reverse side). Prefabricated and
modular panel construction allowed
the installation team to make rapid
progress thereby containing labour
costs and time.

Independent tests conducted on
site, after installation, have proved
that the new noise barrier provides
an average insertion loss of 22.8
dB{A} using a typical HGV vehicle
noise source — a performance which
is oddressing the envisaged noise
pollution problem.

For further information, contact Stu-
art McCallum at NPD Associates

01782-717292 Tel: or Julian Crabb

at Boco Contracts Tel: 01753-
233466.
WIMTEC ENVIRON-
MENTAL LTD

nagement uir im
Environmental

Wimpey Environmental Limited a
subsidiary of George Wimpey plc,
has been acquired by the man-
agement. The new company will
trade as Wimtec Environmental Lim-
ited and will retain the skill base,
experienced staff, quality accredited
loboratories and other facilities of
the long-established technology busi-
ness. It will also continue to operate
from the existing head office at
Hoyes, Greater Llondon, and
regional offices in Cardiff, Birming-
hom, Warrington and Edinburgh.
Wimtec Environmental will con-
tinve to provide technical support to
the Wimpey Group and aim to fur-
ther develop site investigation, envi-
ronmental measurement and con-
sultancy, and laboratory services in

order to continue to satisfy client
requirements and concerns over
environmental issues and legislation,
property and land ficbilities and
development opportunities.

Under the terms of the man-
agement buy out, Wimtec Environ-
mental acquires the existing and
diverse capabilities of the company,
ronging from site investigation ond
geotechnical engineering, to meas-
urement and assessment of the nat-
vral and built environments, The
company has developed specialist
skills and experience associated with
construction, property, housing and
mineral activities. These services are
supported by an extensive holding
of analyfical instrumentation, plant
ond equipment and laboratory facil-
ities for soils, chemical, micro-
biological and asbestos testing.

The acquisition of Wimpey Envi-
ronmental Limited also includes its
subsidiary company WIMLAS Lim-
ited, a Government approved cer-
tification body for European Tech-
nical  Approvals  under  the

Specify

ing Materials?

4

Wardle Storeys' has more than 25 years' experience in the manufacture of flexible polymeric
materials used for the control of noise in every environment - from buildings to motor vehicles.

Our extensive product range is sold under the tradenames:-

DEDPAN® - vibration Damping Materials

AVAILABLE IN SELF ADHESIVE SHEET FORM OR SPRAY ON COMPOUND

REV/\C® - Acoustic Barrier Mats / Lagging / Curtains

FROM 5Kg/M? TO 15Kg/M2 WITH A CLASS 'O' (TO THE BUILDING REGULATIONS
FOR FIRE PROPAGATION) VERSION AVAILABLE

We also welcome the opportunity to discuss new business
opportunities where our specialist materials know-how can be
applied effectively and economically. If you buy, specify or supply
Noise Control Materials, and require further information please

contact:

01254 583825

WARDLE STOREYS SALES LINE ON

WARDLE STOREYS PLC, DURBAR MILL, HEREFORD ROAD, BLACKBURN BB1 3JU FAX, 01254 681708
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Construction  Products  Directive.
WIMLAS Limited will continue o
operate under it's established and
successful format and present name.
The acquisition does not include
the oceanographic consultoncy busi-
ness, based in Swindon, which was
sold to Fugro Holdings in June.
For further information, contact Phil
Ellis, Business Development Director,
Wimtec Environmental Limited on:
0181 573 7744,

METROLOGY FOR
WORLD CLASS MAN-
UFACTURING AWARDS
1996

Building on the successful launch of
the Metrology for World Man-
ufacturing Awards in 1995, the
mefrology indusiry now proudly
claim a credible platform which rec-
ognises achievement, excellence and
the volue odded contribution of
metrology products, systems and
technology.

'This award scheme represents a

Do you need a replacement measurernent microphone ?

key step forward in the promotion of
metrology as a critical component of
future manufacturing success.' — Tim
Eggar, Minister ?or Trode and
Energy.

The four Award categories rec-
ognise the continuum that exists in
metrology, from scientific research
through to applications in  man-
ufacturing industry.

The Metrology for World Class
Manufacturing  Awards are  pre-
sented annually ot a Gala Awards
Dinner Ceremony, which, in 1996,
will take ploce on Tuesday 26
November at the Metropole Hotel,
Birmingham, UK during Man-
ufacturing Week exhibitions.

Winners will receive a specially
commissioned trophy ond, in cat-
egories which incorporate the NPL
Awards for Measurement, financial
reward. More importantly, they will
receive due recognition, and encour-
agement to aspire to greater levels of
excellence, innovation and success.

Nominations are sought from
individuals and organisations who

can give evidence of new ideas, of
real added value, of innovation and
product system excellence, that ulti-
mately contribute towards World
Class Manufacturing in the UK,

Judges will take into account the
added value contribution in terms of
degree of innovation, of cost reduc-
tion, increased performance, quality
standards, product development,
speed to market and efficiency,
depending on the category.

Data and testimonial evidence
will be welcomed by the judging
panel as will examples of supplier
input into end product development.

All entrants will be acknowl-
edged and shortlisted entrants may
be invited to present their case to a
judging panel

Eligibility

Category 1. All university staff
and students, industrial and govern-
ment researchers — employed in the
UK. University applications must be
endorsed by a Head of Department

Category 2. Industrial organ-
isations involved in monufacturing,

BRIDGEPLEX LTD.

SOUNDCHECK

ACOUSTIC WALL COVERING SYSTEMS

We are Agents for the GRAS range of microphones and
preamplifiers designed and made by Gunnar Rasmussen
and based on his 40 years - world wide - experience.

Manufactured in stainless steel the microphones are able to
withstand rugged handling including the [EC drop test. They
are compatible with B&K, CEL, LD, Nersonic etc.

GRAS microphones are supplied with a five year warranty.

Call for our brochure or more information.

Gracey & Associates

Threeways Chelveston
Northamptonshire NN9 BAS

Telephone 01933 624 212

We are an {SO 9002 Company approved by British Standards
for the Hire, Sales and Calibration of Acoustic Instrumentation

» Acoustic performance can be tuned to your needs.

¢ Requires minimum surface preparation.

» Fit to walls, ceilings, curved surfaces, reveals,
almost anywhere..

* Quick and easy to install.

» Fitted by our trained staff.

* Impeccable finish.

Ideal Applications: Recording Studios, Music Rooms, Cinemas,
Leisure Centres, Conference facilities, Video Conference rooms,
Dealing rooms, TV and Radlo Studios, Art Galleries...

For further details, list of references, contact:
BRIDGEPLEX LTD. Tei: 0181 7894063 Fax: 0181 7854191
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with or without the collaboration of
universifies, technical colleges or
government research organisations.

Category 3. Companies which
have benefited from the case studies.
Case studies may not necessorily
have been prepared by the appli-
cant itself.

Category 4. Nominated indi-
viduals in private or public employ-
ment. Self nomination, particularly
in the publicity and media category,
will be considered provided suitable
referees are given.

1. Frontier Science and Measure-
ment — innovation in metrology and
measurement standards for industry
and research.

2. Innovative Metrology — applica-
tions of measurement technology in
manufacturing.

3. Measurement for manufacturing
excellence — proven applications of
metrology which have contributed to
wealth creation in the UK man-
ufacturing scene. Entrants are asked
to describe the market sector — ie
Construction — Electronics — Energy-
Process Industries - IT/
Communications etc.

4. Champions of Metrology - indi-
viduals or organisations raising the
profile of metrology for man-
ufacturing excellence in the UK,
through Training and Education in
Metrology, Publicity and Media, Pro-
motion of UK industry metrology
interests at o National, European or
International  level within  and
through government structures and
organisations.

For further information, contact Ber-
nard Berry, NPL. Tel: 0181 943
6215, Fax: 0181 943 6217,

CEL INSTRUMENTS LTD
New analyser cuts product noise
testing time

A new analyser hos cut product
noise testing time at Brush Electrical
Machines from six man hours to just
one half hour.

The loughborough company
carry out regular acoustic emission
tests on their range of machines
which range from 65 kW units to
giants providing 120MW and
weighing over 120 fons.

96

offering only sequential meas- == -

Measurements {conforming &
to BS 4999 part 109 1987)
are taken at various points]
around and over each machine § -
to enable a report to be pro-
duced to meet their customers'
requirements. i

With  earlier equipment, — .
vrements, one engineer wouldg
take a measurement for each .

frequency band and shout the ji F=T=55

answer to his companion tofi
record on paper. This pro- s
cedure had to repeated For
each of the nine frequency B8
bands at each location. This;
was a problematic process os
the high noise levels from the
machines can make hearing
difficult. One ambient noise
level reading would also be
taken,

R

When the fest was over the
results would be typed info a spread-
sheet to produce the report. For the
largest machines there could be up
to 350 readings to enter. The total
procedure took over six man hours
to complete.

Since March 1996 Brush Electri-
cal Machines have used a CEL real-
time sound level analyser which
eliminates nearly all of the manual
and repetitive work by simultane-
ously measuring all of the octave
bands and autematically storing the
data to memory. This makes it pos-
sible for one engineer to carry out a
full analysis ot each measurement
point in a few minutes which is not
only more cost effective but reduces
the engineer's exposure to noise fo
the minimum. Because of this opera-
tional speed background noise read-
ings are now taken at each measure-
ment point to ensure that the external
noise from other operations in the
factory do not G'Eecr the actual
machine emissions.

The stored dato from both the
Ambient and machine noise meas-
urements is downloaded directly into
the computer using the CEL Sound-
track dB1 software and then
exported to o lotus 1-2-3 spread-
sheet software package.

A macro then loads both sets of
data into the appropriate positions

in the spreadsheet, performs the cal-
culations to BS 4999 part 109 fto
produce the sound power level for
the all of the required bandwidths}
and prints a report incorporating

text, dota  ond  grophicol
information.

A detailed application note on
the advontages of using the CEL
Real-time sound level analyser for
product noise testing is available
free of charge from CEL Instruments.
For a copy of the application note
and for information on CEL sound
level meters: CEL Instruments Lid.,
35-37 Bury Mead Road, Hitchin,
Herts SG5 1RT Tel: 01462 422411
Fax: 01 462 422411

News of
Members

Professor John Flowes Williams
FIOA who is at present Rank
Professor of Engineering (Acoustics)
in the University of Cambridge, ha
been elected to be the next Master o
Emmanuel College, Combridge. H
will take up the new post on
October to succeed the prese
Master, Lord St John of Fawley.
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Group
Limited

Noise Control
Engineers

Quietly in
control

30 years’ comprehensive practical experience has
gained the Salex Group the status of leader in all
aspects of noise and vibration control for all
applications. This has given the Salex Group a
name and reputation second to none, not just in
the U.K, but Worldwide.

Noise Surveys

Acoustic & Aerodynamic
Laboratory

Product & System Design
Product Development
Manufacturing
Contract Management
Installation
Commissioning
After Sales Service

The Salex Group Manufacturing Companies

Sound Attenuators Ltd., {Inc. Sound Attenuators industrial) » Salex Acoustic Materials Ltd.
* Salex Interiors Ltd.

HEAD OFFICE & LONDON MANCHESTER YORK SCOTLAND
FAGTORY Saxon House Six Acre House Bolan House Suite 1
Eastgates Downside Town Squara 19a Front Strest Level 9
Colchester Sunbury-on-Thames Sale Acomb The Plaza Tower
Essex Middlesex Cheshire York East Kilbride
CO12TW TW16 6RX M33 1XZ Y02 3BW G74 1LW

Tel: 01206 866911 Tal: 01932 765844 Tel: 0161 969 7241 Tel: 01904 798876 Tel: 013552 20055



European Process
Management are
proud to announce

the world's first
dedicated hand arm
vibration meten.

Designed Speciﬁcally to meet the proposed L5 e
E.U.PA.D. (European Union Physical Agents Directive)
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