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President's Letter
T T

Dear Fellow Member

This specially enlarged Euronoise issue sbould be publisbed in time for distribution to the delegates to
that conference and it gives me an opporitunity to welcome participants on tbe Institute's bebalf.

For those who will not be there, Euronoise is a new venture that the Institute bas initiated with the
expectation that successive conferences in the series will be beld in different European countries during
the roughbly alternate years that Internoise is being beld away from Europe. We await the reaction to the
[first Euronoise from our overseas friends before judging whether we bave started a process that will
continue.

Having said this, I am writing at precisely the time when doubts about Maastricbt are beginning to raise
serious uncertainties about prospects for European cooperation; President Mitterand's television appeal
is not certain to provide a positive response in the French referendum. Nevertbeless we can but wait and

bope that the clouds lift soon and we can see where things are going.

I wish to report to you a related matter that bas come to the fore recently and that is the question of a
place for a European acoustical journal which bas already been given the title Acta Acoustica. Several
meetings bave already been beld involving individual members of the major European acoustical societies
to discuss the possibility of a journal of this name being sponsored collectively by all or many of the
European societies. The basic idea is that the journal would bave broadly tbe same position in European
acoustical affairs that JASA bas across the Atlantic with the exception that the material carried would be
a particular mixture of academic, technical professional and Institutional articles.

The thinking so far bas concentrated on the question of bow to guarantee a very wide initial circulation;
with such a circulation, the argument runs, intending autbors would be keen to publisb in the journal
with a consequent guarantee of quality and making it more or less self sustaining. But the question of
bow to achieve this bas focused on the role of the collaborating societies and bow many reduced rate
subscriptions each would be willing to guarantee taking on bebalf of their members. The societies
concerned already bave in place a wide variety of means by which they regularly communicate with their
members; bow such a proposed journal would fit in with this pattern is not immediately clear. Equally it
is uncertain bow such a journal would be placed in respect of the existing journals.

A sub-committee of Council bas been considering tbe issues involved on bebalf of the Institute and I shall
attempt to keep you informed on the progress of the negotiations. I am certainly inclined to welcome the
present proposals, as far as they go, as tangible evidence of emerging European cooperation but
awkward questions on viability will bave to be answered.

Finally may I add that the size of this issue should make you reach for your pens and order the copy of
the Bulletin binder you bave promised yourselves for so long. Price £6 including VAT and postage, cheque
with order, from the Institute office!

With best wishes

Yours sincerely
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PROTECTION AGAINST NOISE AT WORK:
SITUATION IN THE EUROPEAN COMMUNITY
AND VIEWS WITHIN THE COMMISSION

M van der Venne

Introduction

Noise at work has been addressed in Council Directive
86/188/EEC [1], which had to be transposed in the
national legislation of the Member States on 1st January
1990 or 19921 [depending on the country) at the latest;
on Tst July 1992, eleven out of twelve of them have com-
plied with this duty. That Directive however was never
intended to be the end of the road on noise control ot
work, and it contains a requirement for review by the
end of 1993,

The Commmission of the European Communities had
this in mind when it included in its Action Programme
relating fo the implementation of the Community Charter
of the Basic Social Rights for workers [2], the presenta-
tion of a Proposal for a Council Directive on the mini-
mum safety and health requirements regarding the expo-
sure of workers to the risks caused by Physical Agents.
That proposal is to be based on Article 118A of the EEC
Trealy and established as an individual directive within
the meaning of Directive 89/391/EEC, the Framework
Directive regarding the improvement of health and safety
ot work [3].

The Problem and the Situation

There are legal, political and legical reasons for includ-
ing noise in the physical agents covered by the proposed
Directive which aims at harmonising minimum provisions
in this field, as part of the social dimension of the inter-
nal market.

Under Directive 86/188/EEC, there is a legal duty,
for the Commission, fo submit the proposal which is
requested to allow the Council to debate and review the
existing provisions (specifically, lifting the exemption of
sea fransport and air fransport must be considered, and
the Directive must be re-examined with a view to reduc-
ing the risks arising from exposure to noise). The Com-
mission cannot evade its own obligations resulting from
a Directive, while checking with the utmost care that all
Member States fully respect each of theirs.

On the other c.mJ,3 the political context has been
deeply modified since May 1986: the European Single
Act {Article 118A) as well as Directive 89/391/EEC set
up a new frame to the prevention of occupational risks,
and their provisions reflect a new political under-
standing. Council and Parliament also insisted that the
previously existing directives were to be adapted, par-
ticularly when their scheduled re-examination takes
place, and the Commission took such commitments for
the Noise Directive.
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Finally logical arguments plead for including noise in
the scope of a directive on physical agents: it is the most
relevant one met at work, and it is well svited to pattern
the Community regulation on other physical agents.

The timing of the proposal also appears acceptable, in
so far as the deadline of 31 December 1993 for a Coun-
cil decision would not be out of reach [provided every-
body agrees with everything ...}. It must be remembered,
in order to compare like with like, thot Directive 86/188
was proposed in 1982, adopted in 1986 and imple-
mented in 1990; ten years have thus passed prior to
resuming the process and starting phase two which might
then be in force in Member States towards the end of the
century. One can speculate that the Ministers had this in
mind when they set up the time schedule in 1986.

There are thus compelling reasons for reviewing the
Noise Directive; the author sees a number of merits in
doing it through a proposal on Physical Agents.

A Proposal on Physical Agents

A proposal for a Directive requires formal adopfion by
the Commission, which has not occurred at the time of
writing. The working documents which have been drafted
and discussed are not binding on the Commission and
what follows merely represents the author’s views and
opinions.

A proposal on Physical Agents is not an isolated item
but it fits in a whole context; it takes info account other
texts relevant to health and safety, as for example the
directives adopted either under Article 118A (aimed at
improving the workplace and protecting persons) or
under Arficle 100A {dealing with free circulation of
equipment). Provisions already adopted are not to be dis-
cussed again, so the proposal does not repeat them: they
are referred to when it appears necessary to give addi-
tional elements or indicate ways of applying them in the
case of a specific physical agent.

The proposal fries to set up objectives of protection
expressed as results to be achieved; the detailed spec-
ifications or technical instructions which must be available
to the practitioners in order to ensure that the goals are
reached do not have to be included in a Directive: a Min-
isters' meeting is not the most appropriate place for dis-
cussing them and they are better developed by suitably
instructed specialists. Following such o strategy ensures
that the allotment of competences and responsibilities
complies with our ruling texts: political decisions describe
the safety level to be achieved and are taken by the pub-
lic authority {solely responsible for the protection of
human health), while those decisions are expressed in
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operational terms {which may be quite complex in the
case of physical agents) by qualified experts.

OF course, the 'political' and 'technical' aspects must
be interfaced; a system which is already used in the
Community legislation about building materials might be
very valuable if suitably adapted to this problem: what is
comd in Directive 89/106/EEC 'interpretative docu-
ments' can give additional specifications, ensure that all
Member States apply the provisions according to a com-
mon understanding, and lead to a commonly agreed
view about what is the state of the art in a given field at a
certain moment.

It is the author's view that such an articulation (Direc-
tive, inferprefative documents, technical specifications)
soundly applies the principle of subsidiarity to the pro-
tection of occupational health,

The general approach on which the Physical Agents pro-
posal is based defines three zones of risk:

- a black zone corresponding to an exposure involv-
ing risks which are not accepted.

- a white zone where the residual health risk does not
deserve specific measures and which is a goal for long
term efforts.

- in between, a grey zone where appropriate meas-
ures must gradually be implemented; those measures are
ranked in order of priority (reduction at source, then col-
lective and finally individual protection measures), and
the darker the shade of grey, the swifter must be the
application.

The Framework Directive already specifies a number of
points which are thus already established:

- the field of application covers any activity in which
workers are exposed (to harmful physical agents) except
in specific public service activities {armed forces, police,
civil protection etc.}

- the employer has o duty to provide a safe and
healthy work environment and he must evaluate the risks
which are present; when necessary this includes measure-
ment {of the physical agent) in order to idenfify the rel-
evant workers and workplaces

- the risk must be avoided or at least reduced; emer-
gency measures must be taken in the event of serious,
imminent and unavoidable danger

- information, training and balanced participation of
workers must be ensured

- workers are entitled to a health surveillance where
relevant,

As equipment is generally the source of physical
agents and thus the main cause of excessive exposure, o
proposal aimed at protecting pecple must also address
the corresponding problems. Existing texts [eg the
Machinery Directive 89/392/EEC) contain already safe-
ty-oriented provisions which are relevant for physical
agents. However, they do not {and probably cannof)
solve all problems; the supplier is not even aware of all
the conditions in which his products are used or main-
tained and there is o limit to the duties imposed upon him
by directives which ensure primarily the free circulation
of goods.

This proposal thus takes the relay and contains user-

oriented provisions which ensure that, like work places
and work processes, equipment used at work is as safe
as feasible and does not result in undue risk; perfinent
equipment-specific information on the residual risk allows
also the employer o face his responsibilities in protecting
his employee's health.

The proposal also acknowledges that some activities
may result in an increased risk of over-exposure and that
they thus deserve particular attention. Other ones result in
conditions which are not met in the usual work situations,
and which may present abnormal risks to health and
safety; adequate steps must then be taken.

Generally specking, the proposal proceeds along the
lines of the existing Noise Directive, taking however into
account aspects which surfaced when that Directive had
to be implemented by Member States, as well as prob-
lems which had not been addressed at the time of its
adoption.

Protection Against Noise

We see no good reason to change the quantities used in
Directive 86/188/EEC as predictors of hazard which
thus remain the daily personal neise exposure {which has
in the meantime been formally standardised in 1SO 1999
- 1990) as well as the peak sound pressure, for which the
C-weighting has been selected to overcome problems due
to different frequency responses of available instruments.

Reviewing the Noise at Work Directive must occur
with a view to reducing the risk, and Member States are
committed to encouraging improvements with no reduc-
tion in levels of protection already achieved. The auther
therefore feels that the proposal must generalize the low-
est noise levels which Member States have adopted when
transposing the provisions of Directive 86/188/EEC. This
seems fair towards both the workers (who then enjoy the
same leve! of protection) and the employers {who operate
on a level playing field). To summarise, the black zone
would remain at an effective exposure of the ear exceed-
ing 90 dB(A) or 200 Pa and 75 dB{A} would be the
upper boundary of the white zone, with an intermediate
grey zone in between.

To avoid misinterpretations, the meaning of 'threshold
and 'action’ levels must be kept in mind: they are NOT
Maximum Permissible Exposure levels. The threshold level
of 75 dB(A) is the value aimed at by preventive measures,
and efforts must continue, in order to control the risk con-
sidered, ot least as long as that objective is not reached.
Of course the general principle of concentrating efforts
on the greatest hazards still applies, and the noisiest sit-
uations deserve most efforts. The idea is already implicit
in Directive 86/188/EEC: Article 5.1 does apply below
85 dB{A) as well, as noise exposure below that figure
definitely results in Noise Induced Permanent Threshold
Shift {ISO 1999 allows one to make an estimation), even
when it remains below a conventional definition of hear-
ing foss or handicap. This pleads for a more explicit for-
mulation, and expressing such a long term goal in quan-
litative terms is felt to be a great help for designers of
equipment processes and workplaces.

'Action levels' represent conditions in which a certain
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risk may be found, which justifies specific actions, [at
least o more thorough investigation of the situation); it
may be seen as a warning signal which starts blinking.

" In quantitative terms, actions levels are proposed at

- 80 dB(A) for informing workers on the existing risk,
making protectors available, opening the right to health
surveillance

- 85 dB{A} {and 112 Pa) for training workers, pro-
viding information on noise produced by work equip-
ment, applying a progromme of engineering/
administrative control

- 90 dB{A) {and 200 Pa} for delimiting a noisy areq,
and for mandatory wearing of protfectors.

It is also felt that when the ambient noise {the hazard
of which must be reduced by wearing hearing protectors)
exceeds 105 dB{A) or 600 Pq, the significant increase of
risk justifies that such cases are reported, and that equip-
ment producing such levels is marked so that workers in
its vicinity are dlerted about the increased potential
hazards.

As can be seen, those provisions deal with the risk to
hearing, except however that the proposal also requests
that lower levels of noise must be respected in situations
where other health or safety impairments would occur.
An obvious example is found on board sea going ships,
where the sleeping quarters of the crew must provide
noise levels way below what is accepted for 'ordinary’
workplaces. Non-auditory effects of noise, which range
from physiclogical disturbances to interference with good
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performance when tasks require concentration, is an intri-
cate and sensitive question. The available scientific knowl-
edge does not readily allow one to specify quantitative
limitations of the exposure, and non-auditory effects
(which should however not be disregarded) are generally
less socially significant than noise induced deafness. It is
thus felt that the problem should be addressed elsewhere
than in such a Directive, and a Recommendation appears
more adequate fo deal with it.

Harmiul effects of noise exposure must be reduced,
and this is certainly not an easy task; it requires time and
imagination to improve workstations and equipment. The
determined efforts, of which Directive 86/188/EEC is an
example must proceed stoutly and dynamically, and the
proposed Directive on Physical Agents would be a con-
tribution to that objective.
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STANDARDS ON MACHINERY NOISE NEEDED
TO SUPPORT EUROPEAN COMMUNITY

DIRECTIVES
R F Higginson

Introduction

European Community Directives intended to remove tech-
nical barriers to trade are formulated within the Commis-
sion and approved by the Council of Ministers, following
which they are implemented through legislation in each
of the member states. They apply to all goods marketed
within the Community, no matter where in the world they
are manufactured. Direcfives published up to around
1985 and dlready in operation, and a few later ones
derived from them, include several specifying limits on
the noise emitted by individual machine types. These ear-
lier Directives quote maximum noise emission levels relat-
ed to the size or power rating of the machines, and they
contain annexes with all the details of the methods of
test. Current (so called 'New Approach') Directives, pro-
duced as part of the effort to complete the Single Euro-
pean Market, include only o statement of essential
requirements. Techniques for demonstrating compliance
with these requirements are then given in European {EN}
Standards, produced by the Comité Européen de Nor-
malisation {CEN). Two such Directives [1,2] covering the
safe operation of a wide range of machinery, will come
info operation in 1993. These refer to risks arising from
noise emission, as well as to other safety hazards, and
CEN Technical Committee 211 {Acoustics), in co-
operation with 1SO Technical Commitiee 43, has estab-
lished a programme of work to produce standards
generic to all types of machinery, which address the
noise requirements of these Directives. A large number
of other CEN Committees, responsible for standards on
particular machinery types, have the task of producing
machinery-specific standards, toking the generic stan-
dords as a basis. This paper summarises the response of
the international standards organisations to these Euro-
pean legislative requirements relating to noise emission.

Machinery Directives
General.
The later Directive, 91/368 [2] amends and serves pri-
marily to extend the scope of the earlier one, 89/392
[1]. Between them they apply to most devices which can
be described as machinery, both stationary and mobile
in operation, and including machinery for lifting. The
major exceptions are machines which would more gen-
erally be described as means of transport, though there
are other special exceptions also.

The requirements of the Directives are addressed fo
the manufacturers of machinery, rather than to purchas-
ers or operators. Essential Safety Requirements are
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given, whereby the normal use of the machinery has to
be envisaged and steps taken to prevent abnormal use;
risks from the use of the machinery have to be eliminated
in the design, or at least reduced to the minimum; pro-
tective measures have to be taken regarding the remain-
ing risks, and information has to be given on the need for
training of operators or the provision of personal pro-
tection. Each of these factors is discussed in the Direcfives
in relation to the different hazards which might occur in
the use of machinery. When they come into operafion,
manufacturers will have to make a declaration of con-
formity with the requirements and mark permanently all
machinery of the type concerned with the EC mark.

To demonstrate conformity, reference may be made to

published standards indicating particular safely criteria
and methods of test. These standards can be harmonised
European ones or, lacking these, suitable national stan-
dards which have been declared for the purpose can be
used. CEN and 1SO have agreed to work closely together
in production of the large number of safety standards
needed to cover all the types of machinery involved.
Noise Requirements.
The stated requirement for noise is that the machinery
must be designed and constructed so that risks resulting
from noise emission are minimised, taking account of the
availability of means of reducing noise at source. Further,
it is required that the instructions for the machinery give
information on the sound pressure levels at work stations,
the sound power level if the sound pressure level ot work
stations exceeds 85 dB(A), and on the methods and oper-
ating conditions used for noise measurements.

It is interesting to note, in the context of interpreting
these requirements for purposes of producing standards,
that there is no indication that the Essential Safety
Requirement for noise might be expressed as a noise
emission limit. Also, the opinion of the Commission of the
European Communities has been expressed that the infor-
mation on noise given in the instructions should be repre-
sentative of normal use of the machinery at a typical
workplace, in a realistic acoustic environment [3].

International European Standards
Under Development

Within CEN a hierarchy of standards has been estab-
lished, comprising type A standards giving basic con-
cepts and principles for design applicable to all machin-
ery, type B standards dealing with one safely aspect
{such as noise) across a wide range of machinery, and
type C standards giving detailed requirements for a par-
ticular type of machinery. In view of the existence of a
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large body of International Standards on noise emission,
CEN TC 211 sought the co-operation of ISO TC 43 in
preparing type B stondords needed to implement the
noise requirements of the EC Directives. These will deal
with low-noise design of machinery and workshops,
measurement of the performance of noise-attenuating
devices, measurement and determination of sound pres-
sure levels at positions around machinery, and deter-
mination of sound power levels of machinery.

In many cases, the new standards are being devel-
oped through revisions of existing standards, but there
were no standards dealing with low-noise design and TC
43 set up three new working groups to prepare these. Up
to the present time, drafis have been circulated giving
recommended practices for the design of low-noise
machinery (the 1SO 11688 series) and for the design of
low-noise workplaces (the ISO 11690 series). With the
long-term aim of quontifying the state of noise control
technology of machinery groups, o draft standard has
also been circulated describing means of systematic col-
lection and comparison of noise emission data {ISO
11689). With regard to the determination of the acous-
tical performance of noise attenuating devices, drafts
have so far been circulated on the sound insulation of
enclosures {the I1SO 11546 series), on the insertion loss of
ducted silencers (ISO 11691), and on the sound insula-
tion of cabins (1ISO 11957).

1ISO 6081 af present gives guidance on the measure-
ment of sound pressure levels at the operator's position of
machinery, but its scope is too limited to be usefu! across
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a sufficiently wide range of machinery types for the pur-
poses of the Directives. It will therefore be superseded by
a new series of standards, the 15O 11200 series, in five
parts, now in preparation. These will define a quantity
termed the emission sound pressure level, o make it
clear that they refer only fo the sound emitted by the
machinery under particular conditions, and not to the
noise exposure of an operator. The first part will serve os
o guide to the remaining four, and the latter will com-
prise a method of measuring emission sound pressure
levels in hemi-anechoic acoustic conditions (ISO 11201};
two measurement methods for use with the machinery in
situ, one with a rather crude environmental correction
(ISO 11202) and the other with a more involved and
accurate environmental correction (ISO 11204); and two
alternative methods of calculating emission sound pres-
sure levels from the sound power level (ISO 11203).

The 1SO 3740 series of standards, at present in eight
parts, gives a variety of methods of determining the
sound power level from measurements of sound pressure
level. These standards date back to the 1970s ond expe-

. rience in using them has enabled a number of defi-

ciencies to be identified. A major revision has therefore
begun, concentrating first on the most widely used parts
in the series. The existing 1SO 3743, giving a method for
use in 'special' reverberation rooms, will be re-issued
unchanged as Part 2 of the same standard, and a new
Part 1 will shortly be published giving a comparison
method for small portable machines in hard-walled test
rooms. The numbers ISO 3744 and 15O 3746 will be
retained, but completely revised standards are being pre-
pared, both employing an enveloping measurement sur-
face, the former for use in hemi-anechoic conditions and
the latter to be applied with the machinery in situ. The
new draft of ISO 3744 has now been findlised, and a
further draft of ISO 3746 is about to be circulated.

ISO 9614 is a new standard to be issved in two
ports, giving methods for determining the sound power
level from sound intensity measurements. Part 1, describ-
ing measurements made at discrete positions, has been
finalised, and the first draft of Part 2, in which the sound
intensity probe is scanned around the machinery, is
expected to be circulated shortly.

ISO 4871 at present covers noise labelling of machin-
ery, but it is inadequate for the circumstances that will
exist under the Directives. Manufacturers will have to
declare noise emission levels which might at some stage
need fo be verified by a user or an authority, and the lev-
els will be subject to a degree of measurement uncer-
tainty. The extent of the uncertainties varies with the
measurement method, and some data on this are includ-
ed in the standards described above. The declaration
and verification of noise measurements is covered in
detail in I1SO 7574, but o simplified approach which
should be adequate for most practical cases will be given
in a completely new version of ISO 4871.

The type C standards will mostly be produced by the
respective technical commitiees dealing with the indi-
vidual machinery types. Around 30 CEN committees are
known as having potentially to deal with noise, and in

order to assist them in achieving conformity with one
another in the hundreds of standards which will eventual-
ly be produced, CEN TC 211 and ISO TC 43 are pre-
paring yet another type B standard giving guidance on
the preparation and contents of noise fest codes. This will
be 1SO 12001, A consequence of the production of the
latter is that it brings into question the need for and the
content of the existing standord acting as a guide to Inter-
national Standards on measurement of airborne noise,
ISO 2204, and ISO TC 43 is now looking closely at this
standard before coming to a decision on its future.

Points for Discussion

In discussing type C standards on noise emission, some
machinery technical committees have questioned whether
or not they should include noise limits for their types of
machinery, or at least some guidance on the lowest noise
levels that might be achievable in the present state of
technology. The argument in favour is that o statement of
the noise levels to be achieved would enable machinery
manufacturers to set design goals which would be
regarded as satisfying the Essential Safety Requirements
of the Directives. This is a complex issue, whicj\ in some
quarters is regarded as unsuitable for standardisation.
Authoritative opinions are awaited from the European
Commission and the CEN Technical Board, but some
technical committees are moving towards the position of
sefting 'minimum achievable noise levels' for specific
types of machinery {4] as part of a long-term aim fo
define 'maximum permissible noise levels'.

It has also been questioned whether it is possible fo
establish o 'scale factor' for inclusion in the standards, by
which to adjust noise emission values obtained in labor-
atory conditions and so to yield operator noise exposure
|ev;?; approximating to real life working conditions. The
European Commission has expressed a wish, as men-
tioned above, for measurement methods to yield noise
levels representative of typical use of the machinery, in a
likely work situation, Some of the standards in prepara-
tion by ISO TC 43 are intended to be applied in situ, and
environmental corrections are inc|udecr However, the
types of machinery to which the standards are appli-
cable, and the conditions under which they are used in
practice, are so diverse that so far it has not been thought
possible to develop a scdle factor of the kind envisaged.
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UK ENVIRONMENTAL NOISE LEGISLATION
AND THE BIRMINGHAM APPROACH

John Hinton MIOA

Introduction

In the United Kingdom most legislation concerning the
control of environmental noise is enforced by local
authorities. This legislation includes the control of noise
at the planning stage and the concept of nuisance which
is central fo the abatement of existing noise problems.

An indication of the extent of noise pollution in the
UK is given by annual statistics on the number of noise
complaints received by local authorities. These statistics
indicate that general noise complaints increased three-
fold from 1978 to 1988. Over the same period com-
plaints about domestic noise increased fivefold and these
now represent the most prolific form of noise complaint
in the UK today.

Further evidence on the extent of national noise pollu-
tion was obtained from a survey carried out in England
between 1985 and 1987 on some 14,000 households.
The results of this survey indicated that around 14% of
the adult population was bothered by domestic (neigh-
bourhood) noise particularly amplified music and bark-
ing dogs with a further 11% bothered by road traffic
noise and another 7% bothered by aircraft noise.

These figures suggest that a high proportion of peo-
ple in the UK are adversely affected by enviromental
noise. The following sections of this paper review the
way that government regulations, standards and guide-
lines are used to reduce overall noise pollution and mit-
igate its effects on the population.

Noise Control at the Planning Stage

In the UK noise has formally been a matter of concern in
town and country planning for nearly twenty years. This,
without doubt, is the correct approach as noise is most
effectively regulated and prevented at the planning
stage. Responsibility for planning control is shared
between central and local government. In general, cen-
tral government is concerned with the legislative frame-
work and with providing advice and guidance on the
use of legislative powers. However, most responsibility
for action to prevent noise problems rests with local
authorities who are permitted to exercise discretion in
interpreting and carrying out their duties as set out in
various Acts of Parliament. Current government advice to
local authorities is summarised in a circular which was
published in 1973 [1]. Briefly this circular recommends
that new noise sensitive developments should not normal-
ly be permitted in areas exposed to unacceptably high
levels of noise. It also provides specific noise levels for
road traffic and industry which constitute the limits of
acceptability and gives general advice on applying con-
ditions to planning permission to avoid problems where
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potentially noisy developments are authorised.

The circular is currently being reviewed and a draft
document has been recently circulated for public com-
ment. Briefly the draft document proposes four noise
exposure categories for new noise sensitive developments
near a noise source:-

Category A: for proposals in this category noise need

not be considered as a determining factor in granting

planning permission.

Category B: for proposals in this category some noise

control measures are required.

Category C: for proposals in this category there

should be a strong presumption against granting

planning permission. If permission is given planning
conditions should be imposed to ensure an adequate
level of sound insulation against external noise.

Category D: for proposals in this category planning

permission shou|fnorma”y be refused.

The proposed noise exposure categories are shown in
Figure 1.

Noise source A B C D
Road traffic <55 55-63 63-72 72
(07.00-23.00)
Air traffic <57 57-66 66-72 572
(07.00-23.00)
Rail traffic <55 55-65 65-74 >74
(07.00-23.00)
Mixed sources | <55 55-63 63-72 >72
(07.00-23.00)
All sources <42 42-57 57-66 >66
{23.00-07.00)

Fig. 1. Consultation draft - Planning Poli? Guidance.
Planning and noise exposure categories for dwellings
- LAeq,TdB

Noise from industrial activities is not included in the
new draft circular but this subject is specifically dealt with
in a recently amended British Standard [2]. This standard
describes methods for assessing whether an industrial
noise is likely to give rise to complaint from local res-
idents by comparing the noise level with the offending
source present with the background noise level in the
absence of the source. If, after correction for factors such
as the character and duration of the offending noise
source, the difference between the two levels is 10 dB(A)
or more then the standard predicts that complaints are
likely. The intention is that this standard will be complete-
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ly reviewed in the mid 1990s to take into account the
findings of research which is currently being undertaken
into @ number of related issues, such as people’s
response fo low frequency noise and noise with a tonal

quality.

The Control of Noise from Specific

Sources

Road Traffic

The limitation of noise from individual road vehicles is
controlled by international agreements which are incor-
porated in UK regulations. These regulations have result-
ed in a reduction in 'drive by' noise levels from motor
vehicles of up to 10 dB(A) over the last 10 years. Fur-
thermore, recent UK research work shows that it should
be possible to develop heavy goods vehicles which are
up to 5 dB(A) below current legislative limits.

In recent years there have been particular problems
with noise from motorcycles with defective or non-
standard si|encers/exhaust systems.

The latter problem has been overcome with legislation
which now makes it illegal to sell a non-standard motor-
cycle silencer or exhaust system. However, the problem of
defective silencers still remains and is unlikely to be fully
resolved until a quick and simple roadside vehicle noise
test procedure is developed and implemented.

Noise from any vehicle on a UK highway is exempt
from nuisance legislation. However, regulations con-
cerning the insulation of residential property affected by
increased levels of road traffic noise have been in force
on the UK mainland since 1973 [3]. These regulations
require highway authorities (normally local authorities) to
offer noise insulation to the occupier of a dwelling if the
facade noise levels arising from the use of a new or sig-
nificantly altered road reaches or exceeds 68 dB Lajo
(18 hour). The insulation work consists of the provision of
secondary (acoustic) glazing and acoustically treated
ventilation units. There is a strong body of opinion which
believes that further research work is necessary to ascer-
tain whether the current standard of 48 dB(A) is still
upprc#)ricte having regard to changes in social attitudes
to traftic noise which may have occurred since 1973.
Railway Noise
In the UK noise from railway operations are effectively
exempt from noise nuisance legislation and there are no
existing regulations to control noise from individual rail
vehicles at the design and construction stage.

Furthermore, at present, there are no regu[ations in
force which provide for the insulation of sensitive build-
ings against noise from new railway lines. This difference
in the treatment of those affected by rail noise compared
with those affected by road noise has not been a press-
ing issue in recent years as few, if any, new railway lines
have been opened in the UK. However, this will not
remain the case in the future, as the impending direct rail
link with France will result in the need for new railway
track on the UK mainland. In addition many UK cities
now have advanced plans to introduce light rail public
transport systems into urban areas.

As a result of these recent developments, it is central
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government’s intention to introduce a noise insulation
standard for new railways in the form of regulations dur-
ing 1992. The indications are that any residential prop-
erty subjected to facade levels of 63 dB Laeq 18 hour
(0600 hours to midnight) or 63 dB Laeq 6 hour (midnight
to 0600 hours) will be eligible for a grant for noise
insulation.

These proposals are to be welcomed. However, there
is a strong body of opinion which believes that the regu-
lations should be extended to include dwellings affected
by a significant intensification in the use of existing rail-
way lines which could not reasonably have been fore-
seen. This form of intensification is almost certain to occur |
on many existing railway lines as a result of the opening
of the Channel Tunnel.

Aircraft Noise

International rules which prescribe noise limits for each
type of aircraft relative to its maximum all-up-weight have
been set by the International Civil Aviation Organisation.
Jet aircraft are categorised into three groups known as
Chapters 1, 2 and 3. Chapter 1 oircrc?l are the noisiest
and have been banned from UK airports since 1988
unless they are modified (hush-kitted) to bring them into
the Chapter 2 group. Many Chapter 2 aircraft are still
operated in the UK today although the long term intention
is to gradually phase them out of use by replacing exist-
ing fleets with more modern and quieter Chapter 3 air-
craft. However, the reduction in noise levels that this will
achieve will undoubtedly be offset at many major UK air-
ports by a steady increase in the total number of aircraft
movements.

In the UK, aircraft in flight are exempt from noise nui-
sance legislation provided the rules of the Air and Air
Traffic Control Regulations and normal aviation practice
are observed. However all the major commercial airports
in the UK operate noise insulation schemes, although not
required to do so by the force of law. Most of these
schemes are based on the 66 dB Laeq 16 hour noise con-
tour which is calculated from a knoveﬂedge of the number
and type of aircraft movements in and out of @ pc:rﬁcu|ar
airport. All residential properties within the area covered
by this contour are normally eligible for a grant for noise
insulation purposes.

Noise from Industrial and Commercial Premises

The control of noise from existing industrial and com-
mercial premises in the UK is achieved almost entirely by
the use of nuisance legislation contained formally in the
Control of Pollution Act 1974 [4] and now in the Environ-
mental Protection Act 1990 [5]. Under the terms of this
legislation any individual may complain to a magistrates
court about noise of an industrial or commercial origin. If
the court is satisfied that a nuisance exists it has the
power to prohibit the recurrence of the disturbance. In
addition, under the terms of the same act, when a local
authority is satisfied that noise emanating from a par-
ticular industrial or commercial undertaking constitutes a
statutory nuisance, that local authority has a duty to serve
a notice requiring the abatement of the noise nuisance by
whatever means the authority sees fit. Failure to comply
can result in a fine of up to £20,000. The terms and
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requirements of a notice can be contested in court and it
is a legal defence for the industrial or commercial under-
taking to show that they have token best practicable
means to prevent or counteract the effect of the noise.
The concept of best practicable means allows a court to
take into account the costs that any remedial action
would incur.

The concept of nuisance, which is central to UK leg-
islation, is a subjective criterion and many hours can be
spent arguing whether a particular noise amounts to a
nuisance in law. However, most industrial cases are
eventually resolved by referring to the British Standard
on industrial noise [2] although the document was not
originally drawn up for this purpose.

The exisfing nuisance legislation when applied to
commercial and industrial noise works reasonably well in
most situations. However, it cannot prevent a general rise
in industrial noise levels which can occur over a long
period.

This effect is termed the creeping ambient. In order to
tackle this particular problem, local authorities have the
power to declare areas as Noise Abatement Zones. In
such a zone the existing noise levels from all industrial
sites are registered and it is then an offence punishable
by fine, to exceed these levels. The powers fo declare
Noise Abatement Zones have been available to local
authorities since 1974, but have rarely been used
because the rules governing the operation of such zones
are impractical. The whole subject is currently being re-
examined at a government research establishment.
Domestic Noise
Domestic noise can be defined as noise which affects
people in their homes or elsewhere on their property, as
a direct result of the activities of their neighbours, their
neighbours' guests or their animals.

The control of domestic noise in the UK, like that from
industrial or commercial premises, is achieved almost
exclusively through nuisance legislation which is avail-
able both to individuals and local authorities. However,
in the case of domestic noise, the defence of best prac-
ficable means does not apply. The criterion used by local
authorities and courts when assessing a complaint of this
nature is normally whether the noise causing complaint is
the result of unreasonable behaviour on the part of the
neighbour. For example, constant loud music from a
neighbour's house at night would amount fo unrea-
sonable behaviour and a local authority should serve an
abatement nolice requiring the neighbour to cease the
disturbance. If the notice were to be ignored the indi-
vidual could face ¢ fine of up to £2,000. Recent develop-
ments in this field have seen local authorities confiscate
music amplification equipment where disturbances have
been persistent and totally unreasonable. This course of
action is also available when noisy parties occur on a
regular basis.

It is important to appreciate that many of the noise
problems which occur between neighbours are not nec-
essarily due fo unreasonable behaviour. They can be at
least partly due to a lack of sound insulation between
adjoining properties. In the UK an adequate level of

Acoustics Bulletin Scptember / October 1992

Technical Contribution

sound insulation between properties is deemed to have
been achieved providing approved building materials
and construction techniques are employed at the. building
stage.

These requirements are defined in the Building Regu-
lations 1992 [6]. However, there is often a lack of ade-
quate supervision during the construction of properties,
with the result that poor workmanship results in poor
sound insulation. This problem has been recognised and
research is currently being undertaken in order to devel-
op a reasonably simple and accurate test which would
indicate whether a newly built dwelling achieved the
required level of sound insulation. Once such a test tech-
nique has been developed, some form of random testing
of new dwellings must be undertaken.

Entertainment and Sporting Noise

Responsibility for controlling noise from venues which are
used for public music, dancing and similar forms of enter-
tainment is vested in local authorities through a licensing
system. Therefore the limitalion of environmental noise
from public entertainment may, if the local authority sees
fit, be one of the terms of such a licence. Noise control
condifions may also be placed on the licence required for
a premises to sell alcohol.

It has to be accepted that there may be a wide vari-
ation in the approach to the control of entertainment
noise between local authorities. For example, what is
acceptable in a major tourist resort may not be accept-
able in a mainly residential area with no tourist-based
economy. Therefore local authorities should not be con-
strained by rigid lows and regulations in such matters.
This approach seems fo be accepted by central govern-
ment which only offers guidance to local authorities by
way of codes of practice which have no force in law. The
codes currently being drawn up include:

A code on noise from pop concerts and similar events

A code on noise from clay pigeon shooting

A code on noise from oval circuit motor racing.
Construction and Demolition noise
Local authorities in the UK are empowered to control
noise from construction and demolition activities under
the terms of the Control of Pollution Act 1974 [1]. This
Act allows local authorities fo serve noise abatement
notices where problems occur. Generally, such action
would only be taken if the conditions and advice outlined
in a British Standard on the subject [7] were being
ignored.

Policies, Procedures and Initiatives
Adopted by Birmingham City Council
Birmingham is a densely populated and highly industri-
alised city which is at the centre of the UK motorway sys-
tem and on its outskirts has arguably the fastest growing
airport in Europe. Every conceivable potential source of
noise polluion, with the possible excepfion of egriculture
is present in the city. As a result, Birmingham City Council
have always been in the forefront in the fight against
noise pollution in any form.

Therefore, Birmingham rigorously applies all regu-
lations and guidelines on the control and prevention of

17



Technical Contribution

-

18

noise which have been issued by central government.
Where no national standards or official guidance exists
the council has drawn up its own guidelines, for example
to mitigate the effects of railway noise on new residential
developments and to control noise from entertainment
events,

The city has also embarked on a number of inifia-
fives. For instance, it was the first local authority to use
automatic noise monitoring equipment and to further
develop its use by the app|icqﬁon of compuferised data
processing. It has also pioneered the use of tape record-
ing techniques for the investigation of noise complaints
[8, 9]. In addition, Birmingham was very influential in
the introduction of the Noise Insulation Regulations
1973/75 [5] and was the first local authority to develop
realistic limits for noise at pop concerts. A recent initia-
tive has resulted in the development of a method for pre-
dicting the noise impact of light rail vehicles [10].

A current initiative concerns the development of an
overall environmental strategy for the city which encom-
passes noise, The prime objectives of the noise sfrateg
will be to protect the hearing of all those who live, wor
and spend their leisure time in the city and to aim fo pro-
vide an acceptable acoustic comfort level for all
residents.

Current research work being carried out by the city
includes a survey to identify the main sources of environ-
mental noise in Birmingham, a limited survey designed
to establish which sources of noise are of most concern
to the citizens of the city and a survey of background
noise levels.

Conclusions

In this paper | have attempted to outline the way that
most potential and existing noise problems are dealt with
in the UK. | have also attempted to identify what | con-
sider to be any shorfcomings in the existing legislation
from the point of view of a local authority. | hope this will
be of some benelfit to others.

My overall conclusion is that in the UK the existing
systems deal quite effectively with most noise problems
and where they do not, this fact has generally been iden-
fified and oppropriate research work is being carried out
or is planned. [A list of current UK research work is
given at the end of this paper.) :

However, from my experience in Birmingham, |
believe that the main noise problems that will face this
city and many other major European cities in the future,
have not necessarily been adequately addressed and
need fo be considered both at a national and inter-
national level to ensure adequate funding for research
work and any remedial actions that may be required. In
the main, these problems concern the control and mitiga-
fion of all forms of transportation noise to account for the
increasing mobility of the European population and the
increasing movement of goods across and throughout
the confinent.

In addition, there appears to be an escalating prob-
lem with noise from domestic neighbours which 1 do not
believe is unique to the UK. Education can be used to

overcome this to a certain degree, but we must ensure
that the houses and flats we build provide enough sound
insulation particularly between adjoining dwellings, to
suit modern day life styles, attitudes and aspirafions.

Finally, | believe that local autherities such as Birming-
ham have a vital role to play in the formation and imple-
mentation of new legislation to control noise both in the
UK and throughout Europe. Therefore the views of these
local authorities must be actively sought by national and
European legislative bodies. 1 am pleased to say that in
general this is the case in the UK.

Any views or opinions expressed in this paper are
those of the author and not necessarily those of Birming-
ham City Council or the UK government.
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NOISE ISSUES OF 1992

L C Fothergill FIOA, N F Spring FIOA, J E T Griffiths MIOA, P M Nelson FIOA

Four Instifute members were invited to write on their own
speciafisations and comment on the issues that presently
need aftention. This article is the result.

Building Acoustics

Introduction

Building acoustics is a very broad subject, covering such

diverse topics as the design of rooms for speech and

music, sound reinforcement, sound insulation between

rooms, protection against noise from oubside {and vice

versa) and criteria for control of services and plant noise.
Sound insulation between rooms and protection from

noise outside are dealt with in this section. Building ser-

vices noise is covered briefly below by Neil Spring.

Sound Insulation Between Rooms

Physical principles: The frequency range of most interest
for building acoustics is 100 Hz to 3150 Hz, although
there is increasing evidence that fower frequencies are
also important now that hi-fi loudspeakers are more com-
mon. As is well known, the sound insulation of a panel is
influenced mainly by its mass, stiffness, damping, and
permeability. The derivation of the effects of these
parameters is well documented [1] and will not be
repeated here. The practical design objective is to pro-
vide sufficient mass to give the required sound insulation,
and to keep resonances and other effects that reduce
insulation out of the important frequency range. 1t is
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Fig. 1. The effects of mass and critical frequency on the
insulation of a concrete block wall

inferesting to see how important these effects are.

The 'coincidence’ effect reduces sound insulation ‘at
frequencies where the speed of sound in air and in the
panel are equal, and it is often seen as a pronounced
dip {usually in the range 1 kHz to 4 kHz) in the insulation
curves of windows and plasterboard constructions. For
masonry  constructions  coincidence  wsually  occurs
between about 100 Hz and 400 Hz. The dip is less pro-
nounced than in light constructions, but it is still impor-
tant. Figure 1 shows the insulation of two walls built from
the same type of concrete blocks - one 400 mm thick and
the other 100 mm thick. At low frequencies the difference
in insulation is about 10 dB which is consistent with the
difference in mass. However, at higher frequencies the
difference is much greater because the lighter wall has o
broad coincidence region which increases the frequency
at which the insulation of the wall starts to improve rapid-
ly with frequency. This is one reason why double leaf
walls do not perform better than solid walls of similar
mass.

At high frequencies double leaf walls behave like two
single leaf walls and so insulation improves rapidly with
frequency. However, at low frequencies the air and ties
between the leaves behave like a spring which joins the
leaves together and reduces the performance at the
'mass-air-mass' resonance frequency. The frequency of
this resonance depends on the masses of the leaves and
the cavity width and it is usually possible to design the
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Fig. 2. Comparison of dry-lined and plastered finishes
on a dense concrete wall
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wall to keep it at an acceptable value. However, when a
wall is drylined with o sheet of plasterboard there is litle
scope for design, and the resonance is likely to occur at
about 200 Hz. If the wall is permeable the resonance will
be well damped and the cir cavity may behave as
though it is wider than its physical width so the resonance
has little adverse effect. If the wall is built from a material
which has low permeability, such as dense concrete, the
adverse effect may be more marked as shown in Figure
2. Here the beneficial effect of the lining ot mid fre-
quencies is offset by the resonance at low frequencies
and by coincidence at high frequencies.

In the past most theoretical work has been concerned
with the behaviour of individual elements. Attention is
now being directed to the more complex transmission
paths between rooms which involve several elements.
Because the problem is so complex the most promising
approach appears fo be statistical energy analysis, rather
than seeking exact solutions. The primary aim of this
technique is to estimate the distribution of vibrational
energy among the coupled 'subsystems' {eg walls), and
for this purpose energy balance equations are set up
which involve expressions for power Rowing from one
subsystem fo another. Sophisticated measuring tech-
niques are required to provide the necessary physical
data. Using this technique computer models are being
developed to allow calculation of sound insulation
between rooms from the information given on architect's
drawings [2]. This will be of great value to designers and
building control certifiers, and will eventually reduce our
dependence on field measurements as the only way to
establish performance.

An interesting finding by Langdon was that when
sound insulation was poor, people were concerned most
about hearing airborne sounds, but as the airborne insu-
lation improved they became aware of siructure borne
sounds such as doors banging, as shown in Table 1. The
control of such noises is an area where more research is
required.

Since June 1992 sound insulation between flats
formed by conversion has been covered by Building Reg-
vlations. The standard required is slightly lower than that
for new build to reflect practical constraints of conversion
work, such as the need to use as much of the existing
construction as possible, and reduce room sizes as litle
as possible. This often precludes using wall linings to
reduce flanking transmission (ie sound transmission along
elements other than the separating element) as shown in
Figure 3 for a floor. Although the scope is limited, nor-
mally substantial improvements can be achieved.
Inflvence of Europe: The Construction Products Directive
[5] has led to a need to produce European standards on
sound insulation measurement and rating [6]. These stan-
dards will have to be adopted by all EC and EFTA mem-
bers. The measurement standards will be based on I1SO
140 which is already used in the UK as BS 2750. The
changes will improve the accuracy of the methods, but
inevitably make them more complex.

The rating methods are likely to be based on 1SO 717
which is already used in the UK as BS 5821. However,
the rafing methods are likely to incorporate a mandatory
dB{A} method as well to meet the needs of countries
where the dB[A) is used.

Regulations: Sound insulation R
is of great importance A Airborne Sound Insulation Dyt 4, dB
because people particularly N
dislike hearing noise from K >53 53- 51 50 - 48 47 - 45 <45
their neighbours, and it is the -
subject Qof Building Regu- 1 |Footsteps © | Record e | Record e | Television® | Talking »
lations in many countries. In on stairs player player
the UK. the . standards .for 2 |Banging © | Children | Raised ¢ | Talking | Televisione
sound insulation were orig- doors Voices
inally set offer a social survey
showed that people who had 3 |Record e | Televisione | Television® | Record ¢ |Raised e
solid brick separating walls or player player voices
floating concrete separating . . .
floors were generally satisfied 4 Ru.lsed . RCI.ISBCI o | Talking » Footsh?pso Record »
with the sound insulation. voices voices on stairs | player

The drgqmren;;rg; R that 5 |Televisione® | Footsteps © | Electric © | Banging © | Children o
appeared in the egu- -
lations were therefore based on stairs sockets doors
on the typical performance 6 |Electric © | Talking ¢ | Footsteps @ | Children *| Radio
achieved by constructions of sockets on stairs
these types. Studies led by ) ) )
langdon [3, 4] during the 7 |Children e | Electric © | Banging @ i Electric < | Music o
1970s confirmed that people sockets doors sockets
still considered these stan- i . . i . . .
dards to be reasonable and Table 1. Types of noise causing complaint for different levels of insulation against
they have been used as the airborne noise. Note DnT,w figures converted approximately from AAD data,
basis of the current o = impact sound  ® = airborne sound
requirements,

20
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Protection Against External Noise
Windows: The main sources of
external noise are road and air traf-
fic. As is well known, the acoustical-
Z; weakest parts of a building

cade are single glazed windows -
so these are the first elements to be
upgraded. Good sealing is essential
and small cracks have been found
to behave as resonators [7].

For noises such as aircraft with
strong high frequency components,
secondary glazing performs better
than thermal double glazing. How-
ever, for low frequency sources such
as road traffic the benefit is reduced
because the mass-air-mass res-
onance has more effect on sec-
ondary glazed systems. With high
performance window systems of
small area the overall performance
may be limited by transmission
through other parts of the facade,
even if it is of traditional brick/block
construction.

The acoustic characteristics of
sealed window units can be
changed appreciably by filling the
space between the panes with a
heavy gas. To some extent this
allows the performance of the win-
dows to be optimised to suit any rat-
ing system, so it is essential that rat-
ing methods  correctly  reflect
subjective  requirements.  Coin-
cidence effects can be controlled by
laminating the glass with trans-
parent plastics.

Requirements: For noise sensitive
development, sound  insulation
requirements are usually set by the
local planning autherity. Require-
ments are usually in terms of sound
insulation or acceptable internal
noise levels. Official guidance is
available in Circular 10/73 'Plan-
ning and Noise', but this will be
superseded by Planning Policy
Guidance (PPG), currently available
in draft form, This PPG introduces
"‘Noise Exposure Categories' which
define bands of noise levels in
which different noise control meas-
ures are appropriate. Such guid-
ance can only be general because
acceplable noise levels depend on
local circumstances. However, the
Department of the Environment is
currentl supporting a |arge
reseorcz: programme designed to
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tems. There is no infer-
nationall accepted
s!andurJ for carrying
out the calculations and
although the guides

External wall

produced by bodies

such as AIRAH, ASH-
RAE and CIBSE nearl
always result in su?j
ficiently low noise lev-
els, the fact that the
guides differ implies
that the safety factors

are rrobob|y unnec-
essarily generous. The
associated waste  of

T OO T X S

energy is difficult to
defend in these green
times. One way round
the problem is fo design
the buildings to have
natural ventilation, i::n
increasingly ulor
solution ?or H'uepgzlmit-

1

illustrating fransmission paths for airborne sound

Paths of type 1 are direct paths
Paths of type 2 are flanking paths
Fig. 3. Diagrammatic section through rooms in a pair of flats separated by a timber floor time.

NN N

tedly few buildings

under consfruction in
the UK ot the present

This lack of pre-

improve our understanding of people's response to indus-
trial and transportation noise and this will lead to more
specific guidance in the future.

Conclusions

Active research programmes on both the physics of
sound insulation and assessing subjective requirements
are being supported by the Department of the Environ-
ment, and the fruits of this worE should be increasingly

apparent over the next few years.
: L C Fothergill

Building Services Noise

Building services engineering consists of all the engi-
neering associated with a building other than civil or
structural engineering. Building services noise is taken to
cover all noise that arises from the mechanical and elec-
trical equipment that forms part of the permanent installa-
tion of a building. The kinds of equipment that can be a
source of noise nuisance include fans, diffusers and
grilles, pumps, electric motors, transformers, com-
pressors, cooling towers and boilers.

The accuracy of prediction and control of noise from
building services equipment continues to improve. This is
partly a result of better research and understanding of
the underlying theory but mainly because of the improve-
ment ond growth in measurement standards and the bet-
ter data provided by equipment suppliers. However,
there is still plenty of room for improvement, particularly
in the design of noise control for ducted ventilation sys-

22

cision in predictive
methods in respect of, for example, the noise generated
by lorge items of roof-top mounted air handling equip-
ment can, one suspects, lead to overly cautious t?esign of
silencers for the equipment. Another aspect of essentially
the same issue is the continuing uncertainty of just what it
is about mechanical plant noise that gives rise to appre-
ciable disamenity to residential neighbours. The cost
implications to the client of over-specifying attenuation for
whatever reason can be a major issue.

The ever increasing use of demountable light-weight
partitions in modern office blocks has come to place con-
siderable emphasis on the requirements in terms of
acoustic design for preserving speech privacy; mechan-
ical services noise is therefore playing a positive role in
offering some compensation for shortfalls in the insulation
performance of installed partitions.

Although methods of ventilating buildings mechan-
ically change over the years as witness, for example, the
increasing use of displacement systems and in-seat ven-
tilation in auditoria, the basic tools and methodology of
the noise control designer do not change very rapidly.
This is reflected in the relatively small number of papers
on this topic in Euronoise '92.

Active noise control for ducted ventilation systems is
yet to make a big impact, in spite of many years of hope
and expectation. However we are informed that shortly
after Easter 1993 a new office block with properly
designed and built active noise control will appear in
Florida.

N F Spring
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Live Entertainment Noise
Introduction

During this summer period, we have
seen more major artistes on tour
than has been the case for over a
decade. In fact the concert indust
has saturated the market and wim
the confinuing recession @ number
of concerts have been poorly
attended. This high level of touring
has placed a heavy demand on the
avai abili?« of venues in terms of the
need to tind new venues and the
need to operate from a venve on
more occasions than is the norm.
This demand has therefore placed
on even greater emphasis on the
aspect of noise in terms of both
environmental impact and  audi-
ence/employee exposure limits. The
recently published droft guidance
notes g:om the HSE [8] covering all
aspects related to pop concerts also
discusses these areas of noise and
has therefore further focused on the
importance of these issues. This con-
tribution for the Bulletin discusses
the evolution of noise guidelines in
this field along with a look at devel-
opments for the future.

The GLC Pop Code .
One of the first authoritative docu- ™

ments dealing with noise from pop CUI'I'Y our WCA pOI’l’ﬂble
concerts was published by the GLC

in June 1976 [9]. This document Macintosh” based FFT

was revised several times with the

final version in 1985 being adopted unulyzer Wi'h you!

by many licensing authorities
throughout ‘the country. The 9”"31' An Apple® Macintosh computer and @ powerful multi-channel
ance on noise was in the main in digital processor in @ compact, portable package.

two parts dedling with audience
noise exposure and environmental
noise.

The audience noise exposure
guidelines were based on an Equiv-
alent Continuous Sound Level {Lagg)
value of 93 dB(A) for an eight hour
event with the equal energy prin-
ciple applying for concerts of short-
er or longer duration. For outdoor
concerts, this guideline was |
assessed at a distance of 50 metres ( ZDI'IICA’IJ)
and beyond from the sound system, ) '
whereas for indoor events the
assessment was made in terms of

‘any member of the audience shall Interested? We’'ll make it easy. Pick up your phone and

not exceed..." which usually implied call Tel: 0256 381000. Fax: 0256 381888
the nearest audience position to the

O

Expandable from 1 to 16 channels at 40 kHz bandwidth.

High resolution, built-in TFT Flat screen colour display.

Built-in RPM Tracking/Order Analysis capabilities.

Continuous data storage to high speed throughput disk.

Full range of application software for Structural Analysis.

Built-in pointer device replaces mouse for ease of use in the field.

Automated testing via command file " batches”.

SRy iy Iy S W Wy

Lightweight and portable; fits in oircroft overheads.

ZONIC A & D LIMITED, 1 Stable Court, Herrlard Park, Basingstoke, Hampshire RG25 2PL England

Acoustics Bulletin September / October 1992 23



MLSSA

Measures

T T T — T
0.0 000 .0 4000 .0 &0G0.0 2000 .0 10000 .0
nergy-T ine—Freguanoy Frequancy - Hz tSmoothed to 1.00 ootauvm)

Time Domain: | Impulse Response

Energy Time Curve filtered or wideband
Schroeder reverberant decay curves
Step response

Cumulative Energy

Single and Double Integral

STI & RASTI speech intelligibility

Frequency Domain: Transfer Function basic system response
Phase inc. minimum, excess and absolute
Loudspeaker Sensitivity

Group delay

Nygquist Plot

Bode Plot

Intermodulation Distortion

Impedance

Complex Modulation Transfer Function

3-D Waterfall: | Cumulative Spectral Decay
Energy-Time-Frequency
Wigner Distribution

FFT Mode: | Step Response .
Absolute Noise SPL (weighted and unweighted)
Harmonic Distortion (with spectral analysis)
Noise Spectrum (with NC ratings)

Calculations on board: | RT, (Reverb Time) values

Early/Late Ratios

Centre time

Ratio of reverb to direct times

Strength

SPL

Acoustic centre

Harmonic distortion {odd, even and total)

And much, much more. In seconds.

The essential audio measurement system is now
available ex-stock, with expert support and con- £2.490.00 + var
sultation.

The Studio
13-16 Embankment Gardens
London SW3 4LW

®
O

Munro Associates

Tel. (071) 352-8100
Fax: (071) 351-0396

Acoustics Bulletin September / October 1992



concert sound system. The limiting figure of 93 dB(A) was
derived from the Department of Employment's Code of
Practice [10] for employees at work which recommended
a maximum limit of 90 dB(A). The increased margin of
3 dB(A) was applied, given the reduced exposure time
experienced by members of the audience as compared
with the Department of Employment's 8-hour working
day guideline.

The environmental guideline was initially based on an
Laso but with the advent of sound level meters measuring
Laeg in the late 1970's data were obtained in terms of this
index and the guidelines were changed in favour of Laq
assessed over a 15 minute period. Results from GLC stud-
ies [11] showed that for occasional concerts (ie up to
three per year per venue) an increase of 10 dB(A) above
the background La, is likely to minimise complaints. The
GLC environmental guidelines were therefore based on
the 10 dB(A) increase up to 20.00 hours although this
was generally extended up to 23.00. For concerts held at
a venue on more than three days per annum a 1 dB(A)
increase was defined as an acceptable criterion. After
23.00 hours the sound from the concert was to be inaud-
ible within a nearby receiver.

Noise Council Working Party

Some time after the demise of the GLC, the Noise Council
set up an entfertainment noise working party which had
the initial brief of revising the GLC environmental guide-
lines for pop concerts. The working party consisted of
members from both the public and private sectors who
had particular experience in this field.

Having reviewed all relevant data, a report with sug-
gested guidelines was issued to the Department of the
Environment in March 1991 with a view for the report to
be drafted as an approved Code of Practice under the
Control of Pollution Act.

The Noise Council's environmental guidelines were
based on the GLC's Code, but from our results obtained
at venues holding just one or two events per year it was
apparent that a greater increase of the background Laeq
was achievable with a minimal level of complaints.

This year for example, level increases in the region of
20 dB(A) above the background Laeq were recorded at
venues such as Maine Road (Guns 'N' Roses Concert),
Lancashire County Cricket Ground (Simply Red Concert),
with virtually no complaints of noise. My assessment of
the sound levels at Wembley in conjunction with officers
from Brent Council also showed that complaints could be
minimised for up to twelve events per year providing the
concert Laey, was no more than 10 dB(A) above back-
ground and thet the concert finished by 22.30 hours.
With this and other such evidence, the Noise Council's
guidelines were based on these data with a venue hold-
ing more than twelve events per year being treated on
the basis of the strict criteria applied to an annual music
and dance licence.

The Health & Safety Executive's Guidance Notes

While the DoE were assessing the Noise Council's work,
the HSE set up a working party to prepare guidance on
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all aspects of health, safety and welfare at pop concerts.
Travers Morgan were asked by the Chairman of the
Working Party to give advice on suitable guidelines to
minimise audience exposure at concerts.

Following several meefings it was agreed that there
was a need for information on the risks to be given to
attendees. People attend concerts, and indeed pay to go
to concerts, of their own free will. The audience expecta-
fion is also for reasonably high sound levels in order to
provide an effective form of entertainment. In this case
therefore, if information on the risks of hearing damage
is provided to an audience, is there a need to stipulate a
noise limit? Is this not similar to the interest risks of
smoking?

Although this point was debated at length, it was
agreed that there is a general duty on the promoter/
licensee to provide a safe venue and hence safe event. In
this case therefore it is not reasonable to expose members
of the audience to very high sound levels which could
cause acoustic trauma or potential long term damage.

A study [12] was undertaken to assess the audience
exposure sound levels at various concerts throughout the
country. The mean Laeq recorded at the front barrier posi-
tion lt?:e nearest audience position to the concert sound
systems) was 104.7 dB(A). The results were surprisingly
high and only one of the eighteen concerts surveyed met
the original GLC guidelines for reducing the risk of hear-
ing damage. An event Lagq of 104 dB(A) at the first barri-
er position has been suggested by the HSE in the present
draft guidance notes. From the data obtained during the
survey, the impact of this guideline would result in some
60% of concerts reducing their sound levels. The Concert
Promoter Association have strongly objected to this criter-
ion and have suggested an exposure figure of 107 dB(A)
based on an individual attending some twenty five two-
hour concerts per year, at worst, at the front barrier posi-
tion for ten years of the individual's life. In exposure
terms, this attendance pattern would have a similar NIL to
that of a worker exposed to the 'first action level' for 8
hours a day for forty years. Studies into concert atten-
dance patterns and further research on hearing damage
risks from entertainment sources are required before o
more definitive statement can be made. :

The draft proposals published by the HSE also includ-
ed advice on environmental criteria. These were, in the
main, produced by the DoE and were based on the
advice given by the Noise Council. The background level
was however based on the Lagg index and as a result the
difference between the Concert Laeq and background Lago
was increased by 5 dB(A) from the original figures given
in the Noise Council report.

Further discussions have since taken place with the
DoE, the Chairman of the Noise Council's Working Party
and ourselves. We are at present favouring absolute lev-
els in relation to the number of events, time of dqy elc.
The external 15 minute La,q, music noise levels (MNL)
being proposed are 75 dB(A) for one event, 70 dB(A) for
two to five events and 67 dB(A) for 6 to 12 events. For
more than 12 events it is proposed that the MNL should
not exceed the background Lago by more the 5 dB(A).
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After 23.00 hours the music should be inaudible inside
any noise sensitive building with windows open in a typ-
ical manner for ventilation. These criteria are still under
discussion following the results from several concerts we
have recently studied where it warranted an assessment
against a background datum when assessed with the
level of complaints.

Concerts in Europe

There appears to be a growing awareness in Europe of
the need to monitor and control concerts given some of
the recent reports of large scale noise complaints and
fines. We have monitored the noise at concerts which
have not been controlled at a number of venues in large
cities in Europe. For the same artistes performing at con-
certs in the United Kingdom, the sound levels were typ-
ically 4 dB(A) lower providing a noise control pro-
gramme was in operation. Such control procedures have
been documented elsewhere, but we have had consid-
erable success in engineering a distributed sound system
which we project managed Ear Wembley Stadium. Rath-
er than the sound being projected from one main source
at the stage end, the sound is also distributed via over
one hundred loudspeakers which are angled down
towards the audience. The signal to each loudspeaker is
delayed in time with reference to the stage by the use of
digital signal processors (DSP). The DSP's are controlled
by central computers which in turn route the signals via
fibre optic cables to each amplifier associated with each
loudspeaker. The system has been used for over twenty
concert events and provides the following advantages:
the stage system does not need to produce the usual high
sound power output which is an advantage on both
hearing and environmental grounds, no large scale
delay towers are required to be sited on the pitch which
means no loss of sight lines for the audience and the risk

of high exposure levels is reduced, the in-house sound
system focuses the sound locally to each section of the

audience which reduces the risk of sound propagation

outside the venue.

Although this system is a permanent installation, tem-
porary sound systems distributed in a similar manner
have been very successful in controlling sound within
venues, such as those being used for all night pay parties
or 'Raves'. These types of events, which are held through-
out the night, appear to be on the increase, and very
stringent noise control and engineering measures are usu-
ally required in order to minimise disturbance and pre-
serve sleep for local communities.

A set of workable and effective noise criteria are
required for all types of live entertainment from pop con-
certs to all night pay parties. Refinements to the pre-
viously described guidelines are taking place and the
HSE expect to publish their guidance by the end of 1992.

J E T Griffiths

Road Traffic Noise

Introduction
There can be little doubt that of the three primary frans-
port modes, road transport produces the greatest noise
intrusion. During the past fwenty years, exposure to traffic
noise has risen steadily as a result of the combination of
growth in urbanisation and increased mobility by the
population. The growth in traffic has led fo traffic conges-
fion in the cities and conurbations which has tended to
encourage the motorist to spread the period devoted to
commuting. The result is that traffic noise remains high for
longer during the working day often affecting periods
where previously some respite in traffic noise could have
been expected. It is known that some 15% of the popula-
tions of OECD countries (ie > 120m people) are currently
exposed to noise from road traffic which is judged, by
most authorities, to be unacceptably high

The computer monitor and noise equipment in use during the
L Rolling Stones show at Wembley

[13].

The methods of attacking the problem
generally follow two main directions. The
first approach is o attempt to reduce noise
at source by limiting emission levels of
new and in—service vehicles as determined
by standard test procedures. The second
approach involves broad scale attempts to
minimise the effects of traffic stream noise
in the community. The techniques used
include road design, the erection of bar-
riers, the insulation of dwellings, route and
traffic low control and land use planning.
In addition, in the UK, individuals may
also be compensated for depreciation in
the value of their property and can, if they
wish, use the compensation for further
noise attenuation measures.

Vehicle Noise
The generation and propagation of noise
from vehicles is governed by several differ-

| ent mechanisms. At low vehicle speeds the
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You're out in the field-way out
If your portable analyzer doesn’t perform here, you
lose time, money, you could lose the job. This is the
place where a Bruel & Kjaer 2100 Series Analyzer really
proves its worth.

Engineered for accuracy

The built-in signal conditioning supports all noise and
vibration applications, without the need for additional
instruments. On-board, non-volatile RAM memory stores
data, while the built-in MS-DOS compatible disk drive
allows for downloading results and report generation
later on.

Constructed for reliability

Solidly built, with a sealed case, Bruel & Kjaer’s
portable analyzers are made to move. Rubber-gasketed
disk drive seals out water and dust. The unit is self-
contained, with an internal battery, so there are no
annoying peripherals to get tangled or lost. It's the
portable analyzer that doesn't need to be pampered.

Built for upgradability

The analyzer you buy now should meet your needs in
the future. That’s why our base models are designed for
easy upgrade to handle both sound and vibration, single
and dual channel. And since each Bruel & Kjaer analyzer
comes with an applications and instrumentation specialist,
you'll always have technical support when you need it.

Designed for easy use

Membrane-covered display panel has raised keys,
80 you know what you're punching in. The screen is the
largest on any portable analyzer, with back-light and high
resolution. The disk drive is in front, where it should be. It's
an analyzer made for the field, without unnecessary frills.

Ready for action

If the rugged, reliable, accurate 2100 Series Portable
Analyzers sound interesting, call the Bruel & Kjaer
customer support team at 081-954 2366. They can answer
your questions, send you product literature, and put you
in touch with your nearest field engineer. .

Bruel & Kjaer -

Bruel & Kjar (UK) Limited
92 Uxbridge Road, Harrow HAJ 6BZ
Tel; 081-954 2366 Telex: 934150 BK UK G Fax: 081-954 9504
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noise from the vehicles' power unit, ie the engine and its
ancilliaries, gearbox, exhaust, and cooling system ec,
will often dominate over the noise generated by the rKre/
surface interaction. However, as the speed of the vehicle
enerated by the tyres will also increase

Ke dominant noise source at

increases, noise
and will eventually become f
high passing speeds.

A review of the methods of controlling vehicle noise is
given in a separate paper by the author in this edition of
the Bulletin, Briefly, the main points to note are that over
the past two decades considerable rogress has been
made in reducing the noise producecr by the power unit
on vehicles. Projects such as the TRL Quiet Heavy Vehicle

roject were instrumental initially in demonstrating to
Eoth the industry and to the legislators that quiet vehicles
were technically feasible without incurring significant cost
penalties to the manufacturer {14, 15]. The result is that
the European Community has been able to introduce pro-
gressively more stringent noise limits for all new vehicle
types. For example, since 1982 the noise limits for some
vehicles have been reduced by more than 9 dB(A) [16,
17, 18]. In oddition, further significont reductions in
power unit noise have recently been accepted by the
European Commission which are planned to come into
effect for all new vehicle types by the mid 1990s.

Tyre/surface noise
Apart from progressively reducing the noise limits for
power unit noise the EC has also made recommendations
that a separate test procedure and noise limits for vehicle
tyre noise should be introduced. These recommendations
reflect the reclisation that simply limiting the noise from
the power unit alone will not greatly effect the noise emit-
ted by passing vehicles operating at both mederate and
igh passing speeds where tyre noise will tend to dom-
inate. Assuming the potentially conflicting requirements
of low noise and safety performance can be resolved
then it is anficipated that type-approval procedures for
tyres could be inroduced in the latter half of the 1990s.
In addition to these recent moves towards developing
regulatory controls for tyre noise, considerable research
effort has been focussed on both tyre and surface design
to reduce noise. The factors affecting tyre noise are main-
ly the speed of rotation of the tyre and the texture pattern
applied fo both the tyre and road surface. Genera"y,
however, the tread pattern has a smaller influence on tyre
noise than the texture variations that can occur on road
surfaces. For this reason, therefore, it is generally con-
sidered that there are greater opportunities to reduce
mre/surface noise by changing the road surface texture
an by re—design of the tyre. This view seems to be sup-

and propagation and the characteristics of the road sur-
face. It has been established, for example, that there is a
relationship between vehicle noise and the surface macro-
texture (ie large scale asperifies in the surface). Macro-
texture has also been shown to be important in governing
the number of accidents on a road and so there appears
to be an important connection between tyre/surface noise
and salfety. In general surfaces which provide high noise
levels are also sofer and more durable surfaces.

The research has also tended to focus on attempting to
discover surface designs which provide the elusive com-
bination of good safety characteristics and low noise lev-
els. For example, considerable interest has been centred
on road surface materials which have an open or porous
structure. These materials have been found to offer the
advantage of significantly lowering the noise levels com-
pared with alternative non—porous conventional road
pavements. In addition, they also provide benefits in
terms of the rapid removal of surface water which helps
to reduce the risk of skidding accidents and reduces the
incidence of ponding and spray generated by the traffic
during periods of wet weather.

Mathematical models have been developed and val-
idated for porous surfaces and are currently being used
to define the road surface specifications to help reduce
traffic noise further. Future developments in the field of
road surface design for low noise may include new road
surface materials such @s porous concrete, exposed
aggregate concrete and new forms of surface overlays to
repair worn and damaged existing road surfaces.

VIBRATION
CONTROL
BY DESIGN

Do you need to specity, supply or install steel
spring or rubber isolators for the control of
structure-borne noise and vibration?

Do you need proper analysis and calculations to
demonstrate correct selection to avoid excessive
vibration amplitudes or machine noise trans-
mission?

Are you particularly interested in isolating
television and sound studios, heating and
ventilation machinery or diesel generators?

Christie & Grey have over 75 years experience
and the latest computer techniques for solving
the problems of structural isolation,

We also manufacture, supply and install the
isolators.

ported by experience which has shown that despite con-
siderable investment in tyre noise research particularly by
the tyre manufacturers, there has not been a great deal
of progress in producing quieter tyres. In fact, it appears
that for car tyres at Ieust, the noise levels have increased
slightly in recent years due to progressive use of low
aspect ratio tyres for reasons of style.

Work on road surface design has concentrated on
establishing the relationships between noise generation

CHRISTIE & GREY LIMITED
Universal House,
Morley Road
Tonbridge

Kent TN9 1 RA.
Tel: 0732 366444
Fax: 0732 770048

/
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Road Design and Alignment

The noise radiated by traffic streams can be influenced
- by both the vertical and horizontal alignment of the road.
For example, the road may be placed in a cutting where
the sides of the cut then act to screen a sensitive area.
Where a higher degree of noise aftenuation is required,
the use of covers, enclosures or tunnels can be con-
sidered. However, the high cost of these constructions
generally prevents their use in most situalions.

A more cost effective method may be to erect a barri-
er or screen alongside a road. The main requirement is
that the barrier should be sufficiently high and long
enough to provide a reasonable vertical and horizontal
overlap with the line of sight of the road from the recep-
tion point. Current research into noise barriers is attempt-
ing to establish more cost effective designs. The most
promising of these new designs are being tested at the
full scale noise barrier test facility ot TRL and production
prototypes will be installed ot roadside locations, hope-
fully, in the near future.

Traffic management

Concentrating traffic on a few main routes, thus reducing
noise levels on minor roads, can provide considerable
benefits to large numbers of people. For example, halv-
ing the traffic low on a lightly trafficked residential sireet
may reduce noise by 3 dB(A} and yet the number of vehi-
cles that are redirected could be quite small and easily
absorbed info neighbouring roads purpose built to take
higher traffic flows. Other techniques include restricting
access or imposing restrictions on the use of noisy vehi-
cles during certain times of the day. For example, night
bans have been introduced on the operation of heavy
vehicles in some areas. Some countries have also intro-
duced the concept of 'low noise vehicles' which are
authorised to enter a protected area covered by traffic
restrictions. The use of by—passes can provide substantial
benefits by taking traffic away from populated areas.
Reductions in accidents and journey fimes are also ben-
efits resulting from by-pass construction.

Land Use Planning
Noise impact control can be achieved by appropriate
management of the land adjoining a major transport
route. Appropriate techniques include:
Using the natural land form and planting to screen the
road from sensitive areas.
Placing noise compatible activities such as car parks
and commercial facilities between the noise source
and the noise—sensitive areas.
Using cluster development concepts for housing est-
ates rather than ribbon development where the first
row of housing fend to take the full impact of the
noise.

Building design and insulation

Improvements to the acoustic insulation of buildings can
be considered for new buildings, where layout and insu-
lation can be considered as part of the overall design
obijectives, as well as existing buildings where some form
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of retrofit may be needed.

Doors and windows provide the most obvious com-
ponents of low sound insulation in a building. However,
good quality double windows with at least 100 mm of
gap between the panes can achieve a sound insulation of
approximately 35 dB when fully closed which is only
slighty less than that normally achieved by a solid parti-
tion wall. It should be noted, however, that tightly closed
or sealed windows cannot be used for natural ventilation
and a mechanical ventilation system must also be pro-
vided if the degree of sound insulation is to be effective
under all conditions. It follows that dll vents and inlets
should be located away from noisy facades or should be
fited with baffles so that they do not provide paths for the
transmission of sound.

in several countries legislation has been introduced
which provide powers for the road authorities to offer
sound insulation treatment to property affected by noise
from road traffic. In the UK, for example, the Land Com-
pensation Act 1973 provides powers for Highway
Authorities to insulate buildings against noise caused by
the construction and use of new or improved roads. The
Noise Insulation Regulations, which first came into effect
in 1973 ({later modified in 1975 and 1988), stipulate the
conditions for entilement to the sound insulation treat-
ment of residential property, and the method to be used
to determine eligibility [19]. The method specified in the
1975 Regulations was that given by the Technical Mem-
orandum 'Calculation of Road Traffic Noise' (CRTN). The
latest edition was developed at TRL [20].

It should be noted that CRTN describes procedures for
both predicting and measuring the noise from road traffic
and is intended to be used as a general purpose pre-
diction method as well as a standard for calculating enti-
tlement as part of Regulations. It is used, for example, to
assess the effect of traffic noise on properties by the
Department of Transports' Manual of Environmentcl
Appraisal {(MEA). The MEA provides the assessment
framework used by highway authorifies fo compare the
environmental impact of alternative options for proposed
road schemes [21].

CROWN COPYRIGHT 1992. The views expressed in this
Contribution are not necessarily those of the Department
of Transport. Extracts may be reproduced except for com-
mercial purposes, provided the source is acknowledged.
The work described forms part of a Department of Trans-
port funded research programme conducted by TRL and
is published by permission of the Chief Executive TRL.

P M Nelson
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CEL instruments are af the forefront
of noise measurement both in the
environment and workplace.

The latest technology and
stringent manufacturing
standards have been comhined
to keep CEL products ahead
hoth in performance and price.

The full range of CEL products
and support services can be
tound in the new CEL
catalogue.

Lucas CEL Instruments Limited
35-37 Bury Mead Road Hitchin
Herts 8G5 1RT England

Te!: 0462 422411

Fax: 0462 422511

CEL*268
Environmental Noise Meter
1 This is one of the new generation of
B (EL mefers with a neat, software
| controlled, keypad to control its range
of powe:ful features.
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NOISE & VIBRATION CONTROL
Products and Systems for the
Building Service Industry and
the Industrial Sector

LAAC 30 Lead Faced Acoustic Louvre Screen
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SAL's Sound Conditioning systems have been in service for over 20 years in offices, banks
and other major open plan environments.
The full range of products offered includes sound conditioning/masking systems, specialist
PA systems etc.
Sound For further information please contact:-
Atte_nuators Peter Whitmarsh, Sound Attenuators Limited,
a Limited Saxon House, Downside,

Sunbury on Thames Mx TW16 6RX
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Building Research Establishment

RESEARCH ON NOISE
AND SOUND
INSULATION

The Building Research Establishment is the UK's
main centre for research into building and the control
of fire. It offers the chance to do first class research
with modern facilities and to see the results applied in
practice.

The Energy and Environment Group of BRE includes
a section which conducts research on sound
ingulation and noise as it affects people in and around
buildings. New staff with new ideas are required to
support an expanding research programme which
includes thecretical and experimental work. This work
provides a foundation for new regulations and
standards.

Subjects currently under study include: SEA
modelling of sound transmission within buildings,
propagation of noise from factories, measurement of
environmental noise, and human response to noise.
The work is conducted in-house and by contracts with
leading research crganisations. Good in-house
instrumentation, computing and test buildings are
available and BRE staff are encouraged to publish
and to participate in international scientific links.

New staff are required at SO, HSC and SSO level to
contribute to and manage this programme.
Applications are invited from people with an interest in
the physical and subjective aspects of the work. A
good first degree and for HSO and SS0O posts some
experience of relevant research is essential.

Three year appointments, extendible subject to
review, are envisaged. Starting salaries range from
£11,871 to £22,012 including £725 Quter London
Weighting. Relocation assistance may be given.

BRE has an active sports and social association and
has a good range of facilities on site.

For an application form and further details please
contact:

Recruitment Section,

Building Research Establishment,

Garston,

Watford WD2 7JR.

Telephone 0923 664745

{answering service operates outside office hours).
Forms should be returned by 2 October 1992.
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01dB

01dB specialises in the research and
development of sound and vibration meas-
uring equipment.

The company philosophy is to replace
traditional acoustic measurement devices
with a single portable computer. This has
resulied in the ARIA system - recision
digital processor card combined witﬁ appro-

riate software modules.

ARIA provides an adaptable approach -
it can be customised using simple sofiware
commands fo provide an efficient and ver-
satile measurement solution. Each program
has been produced to the highest inter-
national standards - the system has been
verified as having Type 1 performance by a
European standards laboratory. When com-
Eared with dedicated analysers ARIA offers

oth value for money - ARIA is modular -
and impressive presentation - ARIA uses
industry sft:ndc&rciP printers such as laserjets.
Each specialist module solves particular
measurement problems found in environ-
mental noise, building acoustics and sound
intensity analysis and has been developed
with centres of excellence as quality solu-
tions fo practical acoustic problems. Each
program guides the operator through a
measurement and has a built-in help system
fo minimise errors. Predictive programs for
room and outdoor acoustics a?low a single
instrument to be used for caleulations, engi-
neering investigations, research duties or as
part of a teaching program.

All this power is compactly housed in a
single computer fo provide an integrated
and user friendly measurement centre.

ARIA - The future of acoustics today.
01dB, le Grandclément, 113 rue du Ter
Mars, 69100 Villeurbanne, France, Tel: +33
78 53 96 96 Fax: +3378 3302 12.

Anthony Best Dynamics Lid

Anthony Best Dynamics Lid are exhibiting
a range of their computer based noise an
vibration measurement systems. Also on
display is the new space cdlibrator, CAS-
CADE for use where tonal noise is to be

e

measured in non ideal environments. N
ABD’s measurement systems arose in
response to requirements identified during
noise and vibration consultancy projects.
Most are multichannel systems 2;signed fo
carry out complex tasks in an industrial envi-
ronment with non-specialist operators.

PLATO is the order locked analysis system
for rotating machinery noise or vibration.
Typical uses are measurement of gearbox
noise on test rigs and in-vehicle, measure-
ment of hydraulic system noise and pressure
pulsations and measurement of  vehicle
exhaust noise. A recent application is qual-
ity control testing of the dynamic response of
vehicle bodies.

RAMS is a sixteen channel frequency
analysis system with all the usual cross chan-
nel facilities plus time scheduling routine for
unattended operation over long periods.

CARDS is a time domain andlysis system
which is used for such diverse activities as
quality contro! of rubber mountings and
measurement of transients in automotive
electronic systems.

Also available are the model analysis
program VIBAS, and the condition mon-
itoring program, ROMACOM.,

Most of ABD’s measurement and analysis
programs use the same hardware, the
CED1401 intelligent data interface. Many
clients buy complete turnkey measurement
systems, which could include the test rig.
DSP based andlysis is also available, giving
real time 1/3 octave analysis up fo 20 kHz
ond allowing complex tasks to be under-
taken, such as indoor simulation of vehicle
pass Ey noise tests with the vehicle on a roll-
ing road.

Anthony Best Dynamics Llid, Holt Road,
Bradford on Avon, Wiltshire, BA1S 1JA,
Tel: 0225 867575

Braunstein und Berndt

SOUNDPLAN - The computer program
for outdoor noise simulations.

SOUNDPLAN offers an effective solution
for simple noise questions, as well as simula-
tions for more complex topographical con-
siderations in urban and industrial environ-
ments. All relevant propagation data are
stored in the customized geographical data




base.
Data are collected for the:

* Jocation and description of emitters

e location of obstacles, berms, barriers

and elevation information

¢ location and description of the reflec-

tive properties of walls and buildings

* |ocation of receivers

Calculations are implemented as a ray
tracing algorithm, which scans from the
receiver over the intervening topography.
SOUNDPLAN evaluates the effects of dis-
tance, diffraction, reflection and ground
absorption for each ray.

Results are then incorporated info a
sound level diagram, which visualizes the
combination of direct and reflected sound at
the receiver.

The calculation algorithms are user select-
ed and fulfil the following guideline require-
ments: VDI 2714/2720, OAL 28 and 30,
RLS-90, DIN 18005, Schall 03, Common
Nordic Norms, Calculation of Road Traffic
Noise (DTp and Welsh Office).

Optional modules include: Wall Design,
Graphics and Noise Maps.

SOUNDPLAN was developed in Ger-
many for city and industrial planning and
acoustical engineering purposes. More than
300 site licences have been issed inter-
nationally.

Braunstein und Berndt, Industriestrasse 4, D-
7057, leutenbach 3, Germany, Tel: +49 {0)
7195 67631 Fax: +49 (0)7195 63265.

Bruel and Kjzer

This year marks Bruel & Kjaer's 50th
Anniversary and our stand at eurosnoise
'92 demonstrates the commitment to custom-
er service, innovation and market leading
technology which have been the hallmarks
of Bruel and Kjser’s first half century.

This year has seen a number of important
additions to the Bruel and Kjer product
range and some of the most recent of these
new instruments and transducers will be on
display.

The range of portable frequency anal-
ysers which started with the 2143 now con-
sists of nine different analysers including the
new 2148 Dual Channel FFT analyser and
the 2140 Industrial Analyser which will

both be on the stand.

The Deltatron accelerometer range was-
introduced in July and at present comprises
a range of three accelerometers each with
integral electronics. These accelerometers
incorporate Bruel & Kjzer's accelerometer
experience in an industry standard format
and at an extremely competitive price.

This summer also saw the release of the
extended software for the 3550 Multi-
channel Analyser System which was
released last year. This software extends the
already comprehensive range of processing
capabilities in the 3550 and includes time
history and time capture functions amongst
others.

A key to Bruel & Kjser's success has been
the customer services provided to back Uﬁ
the range of instrumentation, services whic
become more important every year. These
services have been further enhanced this
year in a number of key areas. In July the
calibration laboratory at the Harrow office
was awarded NAMAS accreditation for
microphones and calibrators. Accreditation
for more instruments is expected soon. Full
details are available on the Bruel and Kjeer
stand.

Bruel & Kjzer (UK) Ltd, 92 Uxbridge Road,
Harrow, HA3 6BZ, Tel: 081 954 2366 Fax:
081 954 9504.

Bruel & Kjzer (UK) is a Key Sponsor of the
Institute.

Cirrus Research plc

Cirrus Research plc, winners of the
Queen’s Award for Export in 1991, will
exhibit a diverse range of noise measuring
instruments whose applications range from
the simple to the highly sophisticated.

The recently introduced CRL 251 and CRL
252 digital sound level meters exemplify
simplicity. Both these instruments measure
sound level in dB{A) and dB(C) on Fast,
Slow, or Impulse responses. The CRL 251 is
a precision Type 1 meter, whereas the lower
priced CRL 252 is a more general purpose
Type 2 unit.

For those situations where individual
work patterns cannot be predicted or con-
tinual monitoring is required then dosimetry
is a recognised solution and Cirrus CRL 701
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data logging dosimeter simultaneously mon-
itors Leq, up fo 3 dose values, true Peak and
stores short Leq data for later analysis via a
computer.

Tﬁe new CRL 703A dual range precision
sound level mefer is ideal for noise con-
sultants and environmental health officers
alike providing a powerful data storing
sound level meter with full software support
including programmable events and a re-
deFinabPe keypad to increase operational
flexibility.

Making a welcome introduction will be
the new CRL 236A short Leq meter which
now benefits from a much increased data
store of over 950,000 elements, a real time
clock and on-site read out of Ln’s. This meter
is designed for remote operation, can be
easily operated over modems and is able fo
control an outdoor microphone’s actuator
allowing regular calibrations to be carried
out.

Finally representing sophisticafion, both
the permanent and portable CRL 243 noise
monitoring ferminals will be available for
examination along with the associated
measurement software. Whilst originally
designed for airport noise monitoring duties
these units find applications wherever con-
tinuous or long-term noise monitoring is
required.

Cirrus Research plc - noise monitoring
from simple to sophisticated.

Cirrus Research plc, Acoustic House, Brid-
lington Road, Hunmanby, North Yorkshire
YO14 OPH, Tel: 0723 891655 Fax: 0723
891742
Cirrus Research plc is a Key Sponsor of the
Institute.

Civil Engineering Dynamics Lid

The practice was originally formed in
1948 to deal with problems of noise and
vibration in heavy industries.

Over the decades, this specialist service
has developed and grown to cater for the
wider applications, covering assessment of
transportation  systems, commercial, res-
idential, leisure facilities and modern day
processing industries.

Our services include on site noise and
vibration monitoring, and computer analysis

of a wide variety of structures. w

We act as expert witnesses on many var-
ied cases and our engineers are also mem-
bers of related International and British
Standards Committees.

Our computer software for dynamic anal-
ysis of structures and soil structure inter-
action problems is available for sale.

We have a range of noise and vibration
fest equipment available for hire, and also
welcome sales enquires for the Nomis Engi-
neering Seismograph.

The Nomis Seismograph is used for mon-
iforing vibration; it gos disc-data storage
facililg and software for post processing. It
can be accessed through tef:aphone ines,
and can also be interfaced with alarms, for
site and conditioning monitoring.

We are happy to informally discuss
client's requirements and welcome the most
difficult of engineering problems.

* Civil Engineering Dynamics ltd, 33 Lovisville

Road, [ondon SWI17 BRI, Tel: 081 672
8298 Fax: 081 672 7582.

Getzner Werkstoffe

Structure borne noise and vibration is
becoming more of a concern due to the high
demands which have arisen in the past few
years. A simple solution to many of these
problems could be Sylomer® produced by
the Austrian based company Getzner.

Sylomer® is an elastic polyurethane
material used in areas of building construc-
tion, machinery installation and railway
track construction where high demands are
made on efficiency, durabilitr and econ-
omy. As a result of its excellent technical
Frczferﬁes and ease of use, Sylomer® is
inding increasing application in the build-
ing industry.

Sylomer® is used as an elastic foundation
to directly isolate vibration from pumps, air
conditioners, furnaces and as a tull surface
elastic base isolating machine vibrations in
production rooms.

Sylomer® is also proven for passive iso-
lation from structure borne noise from rail
and road traffic in a wide range of construc-
tion types from residential to specialist
laboratories. These high demands can be

/
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AUTUMN CONFERENCE 1992 - Speech and Hearing

Formal Presentations

Adaptation and Normalisation

PERCEPTUAL COMPENSATION FOR THE EFFECTS OF REVERBERATION
ON AMPLITUDE-ENVELOPE CUES TO THE 'SLAY'-'SPLAY' DISTINCTION »
A J Watldns. TWO-STAGE UNSUPERVISED MODEL ADAPTATION TO
IMPROVE THE PERFORMANCE OF CONNECTED-WORD RECOGNITION »
J N Holmes. SPEECH RECOGNITICN IN NOISE USING MODEL BASED
ADAPTATION STRATEGIES * M Kadikmanathan. SPEAKER ADAPTATION
FOR CONTINUQUS DENSITY HMMs BASED ON KALMAN FILTERING ANAL-
YSIS « C Chan, J EM Tyler, | G MacKenzie & S J Cox. NOISE ADAPTIVE HID-
DEN MARKOV MODELS « S V Vaseghi & B P Miner.

Auditory Modelling

INVESTIGATION OF PHONETIC CLASSIFICATION USING A COMPUTA-
TIONAL MODEL OF AUDITORY PROCESSING = A Daring, A Faulkner, M
Huckvale & § Rosen. ASSESSMENT OF RELATIVE SYLLABLE STRENGTH
VIA AN AUDITORY MODEL « A/ FPalterson, A Culler, S Bulterfield & M Aller-
pand OUTER HMAIR CELL ACTIVE NON-LINEARITIES IN A COMPUTA-
TIONAL MODEL OF THE AUDITORY PERIPHERY « C Giguere & P ¢ Wood-
fand. SPEECH RECOGNITION IN NOISE: COMPARING AN AUDITORY
MODEL WITH HUMAN PERFORMANCE « W 2 Ainsworth & G F Mayer.
INTERFACING AN AUCITORY MODEL TO A PARAMETRIC SPEECH REC-
OGNISER « & W Beet & | R Gransden.

Speech Synthesis

PROSODIC ASSIGNMENT IN SPRUCE TEXT-TO-SPEECH SYNTHESIS « M
A A Tatham & E Lewis. ARTICULATORY COPY SYNTHESIS USING MULT)-
PLE CODEBCOKS + A R Greenwood & C C Goodysar. PHYSIOLOGICALLY
CONTROLLED VOICE SOURCE MODELS FOR DIFFERENT SPEAKERS » C
Sewulf. ON THE PHONETIC INTERPRETATION OF RHYTHM IN NON-
SEGMENTAL SPEECH SYNTHESIS » / Local A TONAL ATTRACTOR MOD-
EL OF ENGLISH INTONATION PHONOLOGY AND ITS IMPLICATIONS FOR
FO IN SYNTHETIC SPEECH » T Giloft,. METHODOLOGICAL ASPECTS OF
THE IMPLEMENTATION OF EMOTIONAL CHARACTERISTICS IN SYN-
THESISED SPEECH « £ Abadjieva, { R Murray & J L Amott.

Spoken Language and Dialogue

RESULTS OF AN EXERGCISE TO COLLECT 'GENUINE' SPOKEN ENQUIRIES
USING WOZ TECHNIQUES » A Moore £ S Browning. THE PHONOCLOGICAL
ANALYSIS QF SPEECH STYLE « S M Williams, L A Boucher & § P Whiteside.
THE DESIGN AND EVALUATION OF DIALOGUES FOR AUTOMATED TELE-
PHONE SERVICES » J C Foster, R Dutton, M A Jack, S Love, I A Nairn, N Ver-
geynst BYPASSING COMMUNICATIONAL DIFFICULTIES TO ALLOW SATIS-
FYING CONVERSATIONAL PARTICIPATION BY A NON-SPEAKING
PERSON « N Aim, J L Amott & | R Murray. FUNDAMENTAL RESEARCH
UNDERLYING THE DESIGN OF AN AUTOMATED DICTATION SYSTEM » ./
Monaghan.

Poster Presentations

UNIT INVENTORY AND MODEL STRUCTURE FOR VOCABULARY-
INDEPENDENT HMM RECOGNITION « W Hoimes, L Wood & D Pearce. SUB-
SCRIBER- A PHONETICALLY ANNOTATED TELEPHONY DATABASE = A
Simons & K Eawards. THE DEVELOPMENT OF THE SPEAKER INDE-
PENDENT ARM CONTINUOUS SPEECH RECOGNITION SYSTEM * M/ Aus-
self EXPERIMENTS WITH THE SYLK SPEECH RECOGNITION SYSTEM « £
D Green, L A Boucher & N R/ Kew. A COMPARISON GF HIDDEN CONTROL
NEURAL NETWORKS AND HIDDEN MARKQV MODELS « G D Tattersal|G £
lee & § G Smyth WELSH LETTER-TO-SOUND RULES FOR TEXT-TO-
SPEECH SYNTHESIS « 8 Witams. REAL TIME PITCH EXTRACTION WITH
REAL WORLD CONSTRAINTS » £ M Bames & J A § Angus. INTELLIGIBILITY
TESTS ON DEREVERBERATED BINAURAL SPEECH « # [ Stringer £ A [
Frew. ON THE FUNCTION OF INTONATION IN DISCOURSE: INTONATION
WITHIN THE FRAMEWORK OF CONVERSATIONAL GAMES + J Howilko.
PITCH SYNCHRONISATION FOR FREQUENCY-DOMAIN ANALYSIS = A/ H
Simons. THE SPEECH FILING SYSTEM: A TOOL FOR COOPERATIVE
SPEECH RESEARCH = M O Edginglon, € M Bames, J A § Angus and D M
Howard. EVALUATION OF SPEECH RECOGNITICN BY SYNTHESIS IN
COMPARISON WITH CONVENTIONAL HMM RECOGNITION = £ Moye.
SPEAKER VERIFICATION USING CONNECTED WORDS « MM/ Caray 8 £ 5
FParris. THE SPEECH ACTIVITY CENTRE: A SPEECH TRAINING AID FOR
PRE-LINGUAL CHILDREN = J/ A § Angus & M Bennet EVALUATION AND
OPTIMISATION OF A SEGMENTER FOR A PC-BASED PRONUNCIATION
TEACHING SYSTEM » F A Mcinnes, F Carraro,5 M Hiller & £ J Aooney. AN
IMPROVED COMPUTER MODEL OF AFFERENT NEURAL PROCESSING
FROM THE COCHLEA TO DORSAL ACOUSTIC STRIA » M J FPont & S J
Mashar, MAXIMUM LIKELIHOOD AND MAXIMUM MUTUAL INFORMATION
TRAINING OF CONTINUOUS DENSITY HIDDEN MARKOY MODELS -
EXPERIMENTS ON THE E-S8ET * & Kapadia, V Vallchev & S J Young. A
COMPARISON OF NEURAL-NETWORK AND HIDDEN MARKOV MODEL
\QPPHOACHES TO THE TIERED SEGMENTATICN OF CONTINUOUS

SPEECH « M Huckvale. PHONETIC LABELLING STANDARDS FOR
SEGMENTATION AND LABELLING OF TELEPHONE QUALITY
SPEECH » £ Sco#t, R Lickley, K Eowards, A Simons. A DECISION
TREE APPROACH TO TASK-INDEPENDENT SPEECH RECOGNI-
TION » 5 A Downey & M J Russell PALM: PSYCHO ACOUSTIC
SPOKEN LANGUAGE MODELLING « X Morton. THE DESIGN AND
PERFCRMANCE OF TWO ACCENT DIAGNCSTIC 'SHIBBOLETH'
SENTENCES « £ Eawards, J Laver, M Jack & A Simons. STATISTICAL
RELATIONSHIPS BETWEEN AUDITORY AND ACOUSTIC RECORDS
OF INTONATION » A Ghali & P Aoach. THE ROLE OF HARD-WIRING
IN THE PERCEPTION OF SPEECH + S J/ Masharr & M J Pont. A
LARYNGOGRAPHIC STUDY OF THE SPEAKING AND SINGING
VOICES OF YOUNG CHILDREN » # White & G F Walch. THE DESIGN
OF A SPEECH DATABASE FOR WELSH DIPHONE EXTRACTION » 8
Withams, CYBERSPACE IN REAL TIME VISUAL DISPLAYS » 2 Rossit-
or & D M Howard. ACOUSTIC CUES TO BREATHINESS: A TRUE
MARKER OF SPEAKER GENDER * G Dempstar. AN INFORMATION-
THEOQORETIC METHCODOLOGY FOR SPEECH RECOGNITION
ASSESSMENT, WITH APPLICATION TO THE SYLK SYSTEM « X A
Kew, L A Boucher & P D Gresn. A COMPUTER CONTROLLED SYS-
TEM FOR ASSESSING AND CLASSIFYING NOISE INDUCED HEAR-
ING LOSS = D Brown & T Goodrich. SPEECH AIDS FOR THE HANDI-
CAPPED: DESIGN AND DEVELOPMENTS AT THE UNIVERSITY GF
HERTFORDSHIRE + ¢ Chaspen. CORRELOGRAMS AND AUDITORY
IMAGES » M Allerhand & R Patterson. A HYBRID GRAMMER-BIGRAM
LANGUAGE MODEL WITH DECODING OF MULTIPLE (N-BEST)
HYPOTHESES FOR SPEECH RECOGNITION » C J F Jones, J H
Wiight & £ N Wriglsy. FINDING THE N-BEST PHRASES IN A CON-
TINUOUS SPEECH RECOGNITION SYSTEM WITH PARTIAL TRACE-
BACK +« M Kadirkamanathan. APPLICATION OF AN ARCHI-
TECTURALLY DYNAMIC NETWORK FOR SPEECH PATTERN
CLASSIFICATION  V Kadikamanathan & M WNiraryan. IMPROVE-
MENTS TO A KEYWORD RECOGNITION ALGORITHM « £ 5 Parnis &
M J Carsy, NOISE MASKING IN THE MFCC DOMAIN FOR THE REC-
OGNITION OF SPEECH IN BACKGROUND NOISE+ A P Varga &£ B A
Metior. CONTROL OF SPEECH SYNTHESIS USING PHONETIC FEA-
TURES = J /s, DSP-56000 BASED REAL-TIME ELECTRO-
LARYNGOGRAPHICALLY-DERIVED CLOSED QUOTIENT » O M
Howard & P £ Gamer. LEXICAL EFFECTS ON PHONEME PER-
CEPTION IN SPOKEN JAPANESE WORDS * § Amano. FEATURE
HISTOGRAMS AS A MODEL OF SPEECH PERCEPTION « A Ling-
gard, P Linford & J Oglesby. DEVELOPMENT OF A MULTILINGUAL
SPEECH INTERFACE FOR A CAR PHONE « W A Answorth & 5§ A
Pralt, TWO DIMENSIONAL REPRESENTATION OF PHONEMES OF
THE ENGLISH LANGUAGE « £ M Eliis & A J Robinson. USE OF PAL-
ATE SHAPE DATA IN AN ENHANCED ELECTROPALATOGRAPHY
SYSTEM « W8 ¢ Chiv & C H Shadls. THE ASSESSMENT OF SPEAK-
ER VERIFICATION SYSTEMS * W Millar, J Oglosby, M Pawlewski & J
Tang. SPEECH AIDS FOR THE HANDICAPPED » C Bootle & A King.
THE COMPUTER AIDED LEARNING ENHANCEMENT PROJECT
(CALE) » C Cheapen & J Monaghan. MODELLING AUDITORY SCENE
ANALYSIS: A REPRESENTATIONAL APPROACH + G J/ Brown & M
Cooke. A MULTIPLE SPEAKER PHONEME DURATIONAL MODEL « C
M Tuerk & A J Robinson. A SEGMENTAL STATISTICAL MODEL FOR
SPEECH PATTERN PROCESSING +« M J Russell ANALYSIS-
RESYNTHESIS: MODELLING SELECTED PHONETIC SEGMENTS
OF A WOMAN SPEAKER WITH A GENERAL NORTHERN ACCENT »
S P Whiteside. INFERENCE OF LETTER PHONEME COR-
RESPONDENCES USING GENERALISED STOCHASTIC TRANS-
DUCERS » R W P Luk & R f Damper. AN ALPHANET APPROACH TO
CONTINUOUS SPEECH RECOGNITION » ./ § Bndils, L. Dodd & P Now-
a/ RESULTS FROM A PILOT LONGITUDINAL STUDY OF ELECTRO-
LARYNGOGRAPHICALLY DERIWED CLOSED QUOTIENT FOR
ADULTS SINGERS IN TRAINING « D M Howard & D Rossifer. THE
ACOUSTICS ENVIRONMENT IN HIGHER EDUCATION CLASS-
ROOMS, DO OVERSEAS STUDENTS FACE GREATER DIF-
FICULTIES DISCRIMINATING SPEECH THAN HOME STUDENTS « £
Canning. A LOW COMPLEXITY, VARIABLE RATE SPEECH CODER
FOR DIGITAL TELEPHONE ANSWERING MACHINES « C/ Pamis & D
¥ K Wong. TOWARDS A USABILITY MEASURE FOR AUTOMATED
TELEPHOMNE SERVICES » 5 Love, A Duffon J C Foster, M A Jack, 1A
Nairm, N Vergeynst & F W M Stentiford, A DYNAMIC LEVEL BUILDING
ALGORITHM FOR LARGE VOCABULARY LEXICAL ACCESS « F
Nows/! A TRANSFORM METHOD FOR GENERATING PER-
CEPTUALLY BIASED SPECTROGRAMS » M O Fdginglon & J A §
Angus. A NEW ANALYSIS TECHNIQUE FOR FRICATIVE CON-
SONANTS » C H Shadls, A Moulivier, C Dobelke. SPEAKER VER-
IFICATION USING ORTHOGONAL LINEAR PREDICTION = £ Abad-
jieva. RESURRECTION OF SPEECH INTELLIGIBILITY TESTS IN
AUDIQOLOGY = A 0 Wnght MAPPING THE AUDITORY SCENE:;
INVESTIGATING TEMPORAL PROXIMITY * S A Williams, KL Baker &
R { Nicolson. AN EXAMINATION OF THE POTENTIAL OF CROSS-
MODAL ENHANCEMENT TCO IMPROVE SPEECH-LEARNING IN THE
DEAF / HEARING IMPAIRED CHILD = S Benfon. J




CALL FOR PAPERS

Underwater Acoustics Group
International Conference

ACOUSTIC CLASSIFICATION AND
MAPPING OF THE SEABED

University of Bath, 14 - 16 April 1993

Classification of the seabed and understanding the physical processes operating at the benthic boun-
dary layer is fundamental to many civil and defence requirements.

Since the Institute of Acoustics conference entitled Acoustics and the Seabed held nearly 10 years ago,
significant progress has been made both in innovative concepts and implementations using advanced
technologies. This conference has been conceived as a forum for the presentation and discussion of
the major advances in the acoustical study and characterisation of the seabed. The status of the confer-
ence is underwritten by the international experts who have agreed to present keynote papers and to set
the scene for supporting contributed papers. All papers wilt be published in a special volume of the Pro-
ceedings of the Institute of Acoustics (1993}, which will be available at the conference.

The Keynote Speakers and the provisional titles of their presentations are
Denzil Taylor-Smith, University of North Wales, UK, Geophysical-Geotechnical Predictions

Larry Mayer, University of New Brunswick, Canada, A Multi-Faceted Acoustic Ground
Truthing Experiment in the Bay of Fundy

Christian de Moustier, Scripps Institute of Oceanography, Swath Mapping of the Seabed

Jacque Guigne, Guigne International, Newfoundland, High Aesolution and Broadband
Processing of Benthic Seabed Acoustic Images

Laurie Linnett, Heriot Watt University, UK, Aemote Sensing of the Seabed Using Fractal
Technigues

Bob Chivers, University of Surrey, UK, Real Time Acoustic Surveying of the Seabed

Lloyd Huff, Nautical Charting NOAA, USA, High Resolution Multi-beam Focussed Sidescan
Sonar

Prospective authors are invited to submit abstracts as soon as possible but before 19 October 1992.
Guidance on acceptable subject matter may be had both from the range of topics addressed by the
keynote speakers and from the following non-exciusive list:

Advanced sidescan sonars systems: Side scan processing for seabed classification:
Swathe sounding systems (interferometric and multibeam): Data presentation including
correlation of bathymetric and sidescan images: High resolution sub-bottom profiling
including parametric and chirp techniques: Normal incidence seabed classification:
Techniques for measuring acoustic and engineering properties of the seabed: Acoustic
backscatter from the seabed.

Successful authors will be notified by 16 November 1992. Full iength manuscripts will be due by the end
of January 1993. The Conference Notice will be issued at the end of November 1992 and will contain
the Provisional Programme and the Registration Form.

For further information please contact the Conference Convenors:

N G Pace, School of Physics, University of Bath, Clavertonn Down, Bath, Avon BA2 7AY.
Tel: 0225 826826 Ext 5274 Fax: 0225 826110

D N Langhorne, Defence Research Agency, Bincleaves, Weymouth, Dorset.

Tel- 0305 823883 Ext 492 Fax: 0305 766114




CALLS FOR PAPERS

ACOUSTICS '93

a joint conference of

THE INSTITUTE OF ACOUSTICS (IOA)
and
LA SOCIETE FRANCAISE D'ACOQUSTIQUE (SFA)

University of Southampton - England
21 - 23 April 1993

The I0A is pleased to announce that the Council of SFA has accepted an invitation to take part in the
annual spring conference of the |OA to be held at the University of Southampton in April 1993, the year of
the thirtieth anniversary of the founding of the Institute of Sound and Vibration Research.

A joint scientific committee will plan the technical programme. The joint chairmen are Frank Fahy of IOA and
Emile Luzzato of SFA. Papers and abstracts may be written in English or French, but all oral presentations
will be made in English.

Abstracts, of 200 words in length, are invited for the following topics, which have been agreed by the two
societies as constituting areas of substantial common interest to their respective members, and which wili
form the principal structured sessions of the conference:

machinery noise - prediction, measurement and control * environmental noise -
prediction, rating and control ¢ transportation vehicles - exterior and interior noise
prediction and control ¢ factory nofse - prediction and control by design ¢ active
vibration control « non-linear sound and vibration ¢ audio-frequency vibration analysis,
measurement and control » pipe noise and vibration + musical acoustics * underwater
acoustics * noise and vibration in aerospace technology ¢ student paper session

Abstracts may also be submitted on other topics for consideration by the scientific committee; they are also
required for papers submitted by bona-fide undergraduate or graduate students for the student paper
sessions, but full written papers will not be needed.

The abstracts should arrive before 31 October 1992 at the latest. Submissions are unlikely to be accepted
after this closing date. Full papers, which will be published in Proceedings of the Institute of Acoustics, Vol-
ume 15 (1993), will be required for printing by 31 January 1993. Camera ready paper based on a normal
length of 8 pages will be supplied, along with word-processor formatting instructions.

This conference will be the occasion of the presentation of the Institute’s 1993 Rayleigh Medal and the 1992
Tyndall Medal, and plenary lectures will be presented by the medallists. Guest lecturers from SFA will
review recent progress made in France in three major areas of acoustics. There will also be a special award
for the best student presentation.

There will be a Civic Reception at Southampton Art Gallery, the Conference Dinner will be in the Great Hall
of the city of Winchester and a visit is being arranged to a National Trust house and garden for
accompanying persons.

The Registration Fee for IOA and SFA members will be £165 + VAT and £195 + VAT for non-members; this
covers lunches and refreshments. Accommodation will be available in the University Hall of Residence at
£20 + VAT per night and local hotel accommodation can be arranged. Daily registration will also be
available. :

Abstracts, in English or French, should be sent to either:-

Professor FF J Fahy FIOA Dr E Luzzato

ISVR EDF/DER-

University of Southampton Department Acoustique
Southampton SOg 5NH 1, avenue du General de Gaulle
UK 92141 Clamart CEDEX

Tel: +44 (0)703 592291 France

Fax: +44 (0)703 593033 Tel: +33 (1) 47 65 37 06

Fax: +33 (1) 47 65 39 78




WINDERMERE CONFERENCES

REPRODUCED SOUND 8

Provisional Programme

@,
: University of Keste » MUSIC-INDUCED HEARING LOSS IN MUSICIANS
Prediction and Simulation PLAYING DIFFERENT MUSICAL INSTRUMENTS ¢ & Mawhinny & G C
Z PREDICTIVE REALITY - IS IT SCIENCE OR FALLACY? £ Ampe| Tech- McCuliagh, University of Ulster
nology Visions » SPECIFICATION AND AUTHENTICATION OF AUDIBLE
m SIMULATION {AURALISATION) SYSTEMS K 0 Jacob, M Jorgensen & C Environmental Noise Control at Qutdoor Events
> B leker, Bose Corporation ¢ THE HISTORY OF CONTROLS OVER OUTDOOR CONCERT NOISE -
. ; OR HOW WE GOT TO WHERE WE ARE O 7ravor-Jones, Rende! Sci-
< Multi-channel Radio Microphone Systems ence & Environment » PROPAGATION FROM HIGH-POWERED SOURC-
m AIRSPACE MANAGEMENT - AN QVERVIEW 8 Copsy, ASP Frequency ES OUT OF DOCRS &G Kerry, Universily of Salford «» ENVIRONMENTAL
Management +MEETING THE CRITERIA - A MANUFACTURER'S VIEW- NOISE CONTROL IN THE NEW HEALTH & SAFETY EXECUTIVE POP
POINT f Wykes, Micron Ltd « MULTI-CHANNEL RADIO MICROPHONE CODE A Dove, Health & Satety Exscutive » NOISE CONTROL AT GLAS-
SYSTEMS ./ Haug, Beyer Dyrnamic » COMPUTER SUPPORT IN MULTI- TONBURY FESTIVAL £ Anderson, Mendip DC +ROCK MUSIC AT MAINE
CHANNEL RADIO MICROPHONE APPLICATIONS M Kushn, Sennhsissr ROAD, MANCHESTER - A NOISE TOLERANT ZONE? S Gragery, Man-
Eloctronics + chester City Counci » NOISE CONTROL AT ALL NIGHT ACID HOUSE
' RAVES X Dibble, Ken Dibble Acouslics =
BS7443 and Speech Intelligibility
BS7443 AND SPEECH INTELLIGIBILITY IMPLICATIONS - AN over- | STI Measurement Workshop
VIEW P Bamett, AMS Acoustics + A COMPUTER-BASED SYSTEM FOR STI MEASUREMENT USING TEF £ Christenssn, Techron inc » ST
ASSESSING SPEECH INTELLIGIBILITY D Brown, Cirrus Research » STI MEASUREMENT USING MLSSA D Rice, MLSSA Corp » STI MEASURE-
MEASUREMENTS IN STADIA P Mapp, Pater Mapp Associates + SPEECH MENT USING THE B&K TYPE 4225 M Armstrong, Bruel & Kjaer +
TRANSMISSION INDEX - PRACTICAL INTERPRETATION AND LIMITA-
TIONS P W Bamsit & R O Knighl, AMS Acoustics Recording Studio Design
e AIR STUDIOS CONSTRUCTION PROJECT: OVERVIEW £ Hamis, Air
Loudspeaker Systems and Array Characteristics Studios » AIR STUDIOS CONSTRUCTION PROJECT: ACOUSTICS AND
BASICS OF LOUDSPEAKER INTERFERENCE EFFECTS X O Jacob, NOISE CONTROL R Gailbraith, Sandy Brown Associates » AIR STUDIGS
Bose Corporation * VIRTUAL ARRAY LOUDSPEAKER SYSTEMS K For- CONSTRUCTION PROJECT: ROOM PERFORMANCE A Munro, Munro
sythe, EAW « A LOUDSPEAKER SYSTEM WITH ACTIVE TRANS- Associates « THE ABBATOIR, BIRMINGHAM - UB40'S NEW STUDIO
MISSICN LINE LOADING P Darlingtor (1}, K P Roungkvist (2), M § Neil- COMPLEX X Dibbis (1), D Snead (2} & K Green (3}, (1} Ken Dibble Acous-
son (Z) & G C Nichoison (1), (T) University of Salford (2) Odense Teknikum tics, (2) UB4O/DER Intemational, (3) Tillsx + ALTERNATIVE DIFFUSER
+ SOUND REINFORCEMENT DESIGN FOR INDOOR ARENAS C Jans- SEQUENCES /4 5 Angus, University of York ¢
son, Acoustic Dimensions » CLUSTER TECHNOLOGY AT LONDON
OLYMPIA P W Bamet, AMS Acoustics « Ambisonics
. AMBISONIC SURROUND SOUND - AN OVERVIEW & Garmman, Nimbus
Music Induced Hearing Loss Records + IMAGE PRESERVATION IN STEREQ SOUND REIN-
HEARING LOSS AND MUSIC - A STUDY OF THE AVAILABLE LIT- FORCEMENT SYSTEMS A Sobaol, AKG » EXPERIENCE WITH A LARGE
ERATURE K Dibble, Ken Dibble Acoustics « AUDIENGE AND EMPLOYEE AREA 3D AMBISONIC SOUND SYSTEM O G Matham, University of York
NOISE EXPOSURE IN THE NEW HEALTH & SAFETY EXECUTIVE POP » MULTI-CHANNEL AMPLIFICATION SYSTEM FOR THEATRE AND
CODE A Dove, Heafth & Safety Executive » COCHLEAR MECHANICS - CONFERENGE AUDIO SYSTEMS € Riethof, Kaienberweg, Netheriands
THE WORKINGS OF THE EAR C Aross, University of Sussex = PREV- A PUBLIC ADDRESS TIME ALIGNMENT INSTRUMENT JA S Angus & A
ALENCE OF MUSIC-INDUCED HEARING LOSS J J Knight, Consultant + M Claxton, University of York » THE USE OF BINAURAL TECHNIQUES IN
DISCO DEAFNESS - EVIDENCE FROM YOUNG PEOPLE £ F Evans, THE EVALUATION OF CONCERT HALL ACOUSTICS £ & Scarborough,

Engineering Presentation
THE BOSE PANARAY SYSTEM WILL BE DEMONSTRATED PRIOR TO THE EURCPEAN LAUNCH IN SPRING 1993 K Jacob & D Bel| Bose Corporation

Reproduced Sound 8 Autumn Conference 1992:
Organised in collaboration with AES, APRS, Speech and Hearing
ABTT, SCIF. Organised by the Speech Group
Programme Committee Chairman: Ken Dibble Programme Commitiee Chairman: Dr W A Ainsworth FIOA
Venue: Hydro Hotel, Bowness on Windermere Venue: Hydro Hotel, Bowness on Windermere
Dates: 29 October - 1 November 1952 Dates: 19 - 22 Novernber 1992
Registration: from 4pm on 29 October Registration: from 4pm on 19 November
Conference Fee: includes all conference papers, entry to all Conterence Fee: includes all conference papers, Saturday
saessions, workshops and demonstrations, Saturday lake trip, lake trip, social programme including the Institute and Exhib-
social programme including the Institute and Exhibitors’ recep- itors' receptions. £155 + VAT for contributors and members of

tions. £175 + VAT for contributors, members of the Institute or the Institute: £205 + VAT for non-members. There is a special
any collaborating organisation: £220 + VAT for nan-members. rate of £95 + VAT for a limited number of bona-fide full-time

A limited number of one-day registrations will be available research students

Residence Fee: Delegate £140 + VAT (single room occu- Residence Fee: Delegate £140 + VAT (single room occupancy
pancy in the hotel, all meals including the Conference Banquet in the hotel, all meals including the Conference Banguet with
with wine as served). Accompanying Non-delegate sharing wine as served). Accompanying Non-delegate sharing rcom

room with delegate £115 + VAT, meals as for Delegate with delegate, £115 + VAT, meals etc are as for the Delegate
Manufacturers' Exhibition Manufacturers' Exhibition

Social and Accompanying Non-delegates programme Social and Accompanying Non-delegates programme
Trains: main cnes from Euston will be met at Oxenholme Trains: main ones from Euston will be met at Oxenhclme
Proceedings of the Conference: available at registration; £40 Proceedings of the Conference: available at registration; £50
(members) including postage for those not attending {members) including postage for those not attending

Fax the Institute o +44 (0)727 50553 for a registration form and further detalls. Indicate which conference.
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4 met by few materials where moisture and
soil as well as earth pressure, which means
high static load, can cause problems.

Examples of such constructions are illus-
trated in Getzner's technical literature. Their
service does not stop here however. The
company offers an extensive technical back
up service using modern equipment to sim-
ur::lfe conditions and provide solutions. This
is precisely why they have made their name
over the last 1; years,

Supply and technical back up is provided
through Getzner's UK distributors:
Croxton & Garry Ltd, Curtis Road, Dorking,
Surrey RH4 1XA, Tel: 0306 886688 Fax:
0306 887780.

Ecophon Pilkington

Ecophon Pilkington offer a range of ceil-
ing systems and wall panels specifically
designed to control acoustics in a wide
range of different applications.

The high density, resin bonded glass
wool tiles provide a unique combination of
total moisture resistance with high sound
absorption  coefficients. They are also
robust, easy to install and maintain and will
not sag, warp or deteriorate even in the
most extreme conditions.

A wide range of products is available,
from the cost-effective Apollo range suitable
for general use to specidlist systems, such as
Hygiene, which is designed to withstand
regular washing with detergent and presure
washing. Ecophon’s curved 'S' Line and
flexible tiles give the scope for effective inter-
ior design e%ects; System Enire gives easy
access fo services in the ceiling void; and
Super G panels are ideal for areas such as
sports halls where high impact is likely.

Whatever the ap;ﬂication - factory, hotel,
hospital, leisure complex, school or office -
Ecophon’s comprehensive and versatile
range of high performance, top quality ceil-
ing tiles and wall panels can help to ensure
an attractive, peaceful, comfortable environ-
ment,

Ecophon International, Ramsdell, Basing-
stoke RG26 5PP, Tel: 0256 850977 Fax:
0256 850600.

Ferguson & Timpson

Ferguson and Timpson ld provides a
comprehensive service to industry in the field
of noise control.

Extensive stocks of noise control material
are held which can be supplied in sheet or
roll form. The material range covers a wide
variety of specifications ang is able to meet
most customers requirements. A first class
selection of adhesives and self-adhesive is
available which can operate under the most
demanding conditions. The Glasgow-based
manufacturing division is registered with BS
Quadlity Assurance to BS5750 Part 2: 1987
ISO 9002:1987) and is fully equipped to
aminate and die-cut the range of noise con-
trol materials and to supply finished parts
ready for application to customers equip-
ment.

The company’s Glasgow based Rubber
Moulding Division has ~developed special
techniques for the successful moulding of
polynorbornene compounds that provide
excellent vibration damping characteristics.

A sheet metal fabricating subsidiary com-
pany based in Bromborough provides a
design, manufacturing and installation ser-
vice for custom-built acoustic enclosures.
These enclosures are used successfully
thoughout industry for both ‘in-plant' appli-
cations and to enable ori inar equipment
maufacturers to achieve their customers'
noise level specifications.

Service is available throughout the UK
from branch offices located in London, Birm-
ingham, Hull and Liverpool.

Ferguson & Timpson Lid, 5 Atholl Avenue,
Hillington, Glasgow G52 4UA, Tel: 041
882 4691 Fax: 041 810 3402, Telex:
77108 FTHO G.

Ferguson & Timpson are Sponsor Members
of the Institute.

Hewlett-Packard

At euroenoise '92 Hewlett-Packard
will be displaying a selection of instru-
mentation from their Dynamic Signal Anal-
yser range spanning portable to multi-
channel FFT and real fime acoustic solutions.
In particular the recently released HP3569A
portable low cost frequency analyser will be
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available demonstrating real time octave
analysis, sound pressure, sound power,
sound intensity and reverberation measure-
ments. Incorporating the latest DSP tech-
nologies full time octave measurements are
performed for analysing rapidly changing
signals or for compliance testing. In addition
a variely of solutions using synthesised
octave displays from narrow band FFT data
will be shown.

Details of HP's range of transducers for
noise, vibration and structural measurements
will also be available including accel-
erometers, microphones, power supplies,
calibrators and sound intensity probe.
Hewlett-Packard ltd, Cain Road, Bracknell.
Berkshire RG12 1HN, Tel: 0344 362346

Fax: 0344 362905.

KEMO Lid

Kemo specialises in the design and pro-
duction of electronic filters of all kinds. These
filters, and the many specialised systems
which incorporate trnem, find numerous
applications not only in the measurement
and evaluation of noise, but also its control
and modification.

The range extends from simple filter mod-
ules (inc|u3ing digitally programmable ones
with up to 16 bit performance) for use at
the component level, through versatile labor-
atory filter instruments, to high density multi-
channel systems with transgucer and com-
puter inferfaces.

At euroenoise '92, KEMO will be
showing a diverse selection from its product
range, including one of the new VSg Spec-
trum Shapers. This is a high performance
adjustable filter bank which allows very pre-
cise control over the frequency response of
an input spectrum. Many other similar prod-
ucts are in the design stage, and our engi-
neers will be available to discuss such sys-
tems as programmable multichannel graphic
equalisers, and wide frequency range, wide
dynamic range real-time spectrum analysers
and monitors.

The latest in laboratory filter instru-
mentation will also be on show, dem-
onstrating the ergonomic benefits which
microcontroller techniques can bring to
these traditional workhorses.

Kemo lid, 12 Goodwood Parade, Upper
Elmers End Road, Elmers End, Beckenham,
Kent BR3 3QZ, Tel: 081 658 3038 Fax:
081 658 4084, Telex: 8953189 KEMO G.

Larson*Davis Laboratories

LARSON'DAVIS are manufacturers of
superior noise and vibration monitoring and
analysis instrumentation.

The product line includes:

'Environmenkﬂ noise analysers (for long

and short term applications)

ePersonal noise exposure meters

eIntegrating sound level meters

*1/1 and 1/3 octave band analysers

*Precision integrating portable real fime,

FFT and soung intensity analysers
*Microphones and accessories
*Computer programs or direct printer
output for data retrieval
Flexibility is a key concept in the design of
L*D instruments allowing the customer o
build a package which ideally suits his
application but more importantly, affording
him the capability to expand his system
through growth and change in requirements

New instruments on display at the exhibi-
tion include:

The Model 2800/2900 single and dual
channel precision redltime sound level
meters witﬁ digital fractional octave and FFT
facilities as standard. The Model 2900 can
be used with the intensity probe Model
2250. Both instruments are battery or mains
operated and are truly portable.

The Model 820 is a hybrid of the
extremely popular Model 870 and is used
as a precision integrating sound level meter
and environmental noise analyser for short
and long term applications. Tﬁe instrument
is comlpact in size without restrictions in
capability.

The Model 705 Noise Badge™ is the
most advanced personal noise dosimeter
currently available. The Noise Badge™
weights less than three ounces and meas-
ures 3 x 2.2 inches, The instrument is man-
aged from a simple to operate computer
program which enables the instrument to be
set up and subsequently downloaded, show-
ing time history data, Leg, C and linear
weighted Peak data as well as statistical dis-

/
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There are established agents throughout
Europe and details of these are available
from the exhibition stand. Demonstration
will continue throughout the exhibition and
the UK agents Industrial and Marine Acous-
tics Ltd will be in attendance.
LARSON*DAVIS laboratories, 1681W,
820N, Provo, Utah 8461, USA, Tel: 801
375 Q177 Fax: 801 3750182

Lucas CEL

Lucas CEL Instruments, who have recently
received BS5750 approval for their quality
assurance management  system, w?ll be
introducing a new environmental noise
mefer at euroenoise '92. A software driv-
en keypad has replaced conventional
switching in the new ﬁrpe 1 CEL-268 pro-
viding the operator with finger-tip access to
a powerful ‘array of features including @
60,000 value non-volatile memory.

The Type 1 instrument offers a 10-140 dB
measurement range in three overlapping
sub-ranges which enable the instrument to
be used for measurements ranging from the
asessment of noise in residential areas, at
construction sites and for the noisiest activ-
ities such as shooting and motor sports.

The processing power of this compact
hand-held instrument can be used to meas-
ure, evaluate, store and post process the
information to resolve complex enviromental
problems on site.

A variety of menus can be scrolled
through the CEL-268's liquid crystal display
from which the operator selects measure-
ment criteria and duration (using the instru-
ment's real time clock)} and measurement
results can be presented in a number of
ways including period leq and Lns, Short
Legs, Event Prc?File and Accumulative Results.

lucas CEL will also be offering the pop-
vlar CEL-393 Precision Computing Sound
Level Meter ot a special euroenoise '92
price; full details will be available on the
stand.

Lucas CEL Instruments Ltd, 35-37 Bury Mead
Road, Hitchen, Herts SG5 1RT, Tel: 0462
422411 Fax: 0462 422511,

Lucas CEL Instruments is a Key Sponsor of
the Institute.
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Meyvis en Co, BV

Meyvis Novitec, European distributor of
Rion sound and vibration measuring instru-
ments is Froud to present a range of instru-
ments of this well-known Japanese man-
ufacturer.

The Rion programme includes a wide
range of sound level meters, portable vibra-
tion meters, frequency anaclyzers, level
recorders, measurement microphones and
accelerometers.

We would like to draw your special
attention fo the recently introduced precision
integrating impulse sound level meter model
NI.-?4, with integral octave and third octave
filiers, non-volatile memory, RS-232-C inter-
face and optional printer.

A unique instrument is the hand-held real
time octave band analyser model NA-29E
which provides real-time spectrum display in
the palm of your hand.

Looking forward to meeting you at Stand
no. 8.

Meyvis en Co BV, PO Box 265, Bergen op
Zoom, The Netherlands, Tel: (31) 1640
0000 Fax: {31) 1640 66651.

Neutrik Marketing Lid

Neutrik Marketing Lid will be displaying
the Cortex CF100 Audio Workstation at the
euro+noise '92 Exhibition.

The concept of the Audio Workstation is
that of a high quality universal measurement
and analysts system. The equipment con-
tains & digital signal processors (DSP
56001}, which gives the unit a very large
amount of processing power. The speciral
dynamic range of the system is up fo
100 dB. There is a wide range of analysis
software available including:

* Psychoacoustic analysis with calculation

of loudness, sharpness, roughness, fluc-

tuation strength and annoyance

« Audio editor for recording, editing and

reproduction of time functions {mono and

stereo, additional RPM recording)

e Filter software (mono and stereo), RPM

tracking

e Order tracking analysis

o Convenﬁona? ana?;sis such as FFT,

third octave, and level meter
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* Signal synthesis

* Room acoustic analysis and frequency

response measurement

* Various utilities

The psychoacoustic quantities are cal-
culated  according to scientifically rec-
ognised procedures (Dr Zwicker). Loudness
and one-third octave spectra are calculated
from digital band filters in real fime, strictly
according fo the DIN/ISO standards and
not from an FFT core. Loudness analysis is
binaural, in real time and considers the post
masking effects of the human hearing sys-
tem.

The Audio Workstation is available in
two versions, CF100 and CF90. The CF90
Universal Analyser is the portable version of
the Audio Workstation. For binaural signal
recording the Arfificial Head, KU100, is
also available.

For further information see us on Stand

19.
Neutrik Marketing Llid, Eardley House, 4
Uxbridge Street, Farm Place, Kensington,
London W8 75Y, Tel: 071 792 8188 Fax:
071792 8187.

Quest Electronics / P C Werth Ltd

As the UK’s leading suppliers of audio-
logical and noise measurement instru-
mentation, P C Werth announce the opening
of their Electro-acoustic Calibration Labor-
atory, providing calibration (traceable to
notionar measurement standards} and per-
formance comformity testing of sound level
meters, calibrators, personal sound expo-
sure meters and audiometric equipment.

P C Werth are the sole UK jistribuiors for
the Quest sound measurement and analysis
equipment. The very latest dosimeters and
sound level meters have been introduced
specifically for companies seeking fo evalu-
ate noise in the workplace in accordance
with the recently introduced EEC noise leg-
islations.

Their best selling QUEST-128 Noise Log-
ging Dosimeter is a compact, pocket size
noise analyser. It provides computerised
dosimetry and data logging functions with
direct readout and printout of all accumulat-
ed data. It is used as a survey instrument, a
community-airport noise monitor, and an

-

industrial noise dosimeter. \
P C Werth Lid, Audiology House, 45 Night-
ingale Lone, london SW12 85P, Tel: 081

675 5151 Fax: 081 675 7577.

The Noise Control Centre

The euroe*noise '92 exhibition provides
the Noise Control Centre with a timely
opportunity to present itself to the dis-
tinguished assembly of acoustic consultants
attending and specking at this inaugural
conference.

The Noise Control Centre, formerly
known as Bestobell Acoustics, has more than
20 years of experience in providing prac-
tical advice and solutions, as well as a wide
range of acoustic materials and products to
a broad spectrum of industries.

lts present comprehensive materials range
and expertise is the result of a continuing
commitment to offer the specifier the correct
material for the project and not second best.
Never better demonstrated than by the last-
est base medium to be included into their
range, Melatech, arguably the most revolu-
tionary palliative acoustics material to be
developed in the past 10 years. Based upon
Melamine resins and blown into a light-
weight open cell foam, Melatech is extreme-
ly versatile and can be converted into a
myriad of Class O sound absorbing products
ie profiled faced ceiling and wall tiles, sus-
pended absorber baffles, screen facings,
anechoic wedges, attenuator and plenum
linings.

For futher information regaring Melatech

foam and the rest of the Noisco range of
materials products and services please visit
us at Stand 10 in the exhibition area.
The Noise Control Centre, Charles House,
Toutley Road, Wokingham, Berkshire RG11
S5QN, Tel: 0734 774212 Fax: 0734
772536.




Technical Contribution

CONTROLLING VEHICLE NOISE - A GENERAL

REVIEW
Paul Nelson FIOA

Introduction

Of dll the disadvantages associated with road traffic,
noise is the most commonly cited. The reasons are obvi-
ous; it is ubiquitous and it influences many aspects of our
daily lives, affecting our ability to concentrate at work
and to relax at home. It causes annoyance when it dis-
turbs an activity, interferes with communication and
affects sleeping patterns. Stress may be introduced by
the presence of noise, and stress may then induce phys-
iological changes in the body and a general decline in
health and wellbeing.

In the last twenlty years, exposure to traffic noise has
risen steadily as a result of the combination of growth in
urbanisation and increased mobility by the population.
Changes in travel patterns and behaviour of drivers have
also helped to spread the intrusion of noise. The growth
in traffic has led to traffic congestion in the cities and
conurbations which has tended to encourage the motor-
ist to spread the period devoted to commuting. The result
is that traffic noise remains high for longer during the
working day often affecting early morning and late eve-
ning where, previously, some respite in kaffic noise
could have been expected.

The reduction of traffic noise exposure by controlling
the sources of noise is an obvious starting point, because
the need to control noise by secondary measures such as
road design or land use clearly depends on how success-
ful controlling noise at source has been. However, a
more important consideration is that the secondury forms
of noise control tend to be expensive, with the costs load-
ed on society rather than onto the user or producer of
vehicles.

There is, clearly, more than one approach to source
control. The most obvious is to quieten the vehicles them-
selves through technical improvements to the noise pro-
ducing components. However, it is clear that as advane-
es are made to reduce the component sources of vehicle
noise it is also necessary to consider the road surface on
which the vehicles run. The surface design can greatly
influence the overall levels emitted, particularly for vehi-
cles travelling at moderate and high speed. In addition,
source control can be extended to the drivers as driving
style can influence the noise emitted and in some cases
there may even be deliberate modification of the vehi-
cle's exhaust.

The achievement of significant reductions in the noise
emitted by vehicles requires both ingenuity and sub-
stantial investment in research. Since the benefits pro-
vided by such investment are intended primarily for soci-
ety at large rather than the individual producers and
users of polluting products, there is often little prospect of
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significant commercial gain. It is not surprising, therefore,
that manufacturers, particularly of commercial vehicles,
have in the past been reluctant to pioneer the research
needed to develop quiet vehicles.

It is necessary, therefore, for incentives to be estab-
lished to encourage appropriate technological innova-
tion. Legislative action may be required fo limit noise and
test conditions have been prescribed for both new and in-
service vehicles. However, other forms of incentive can be
contemp!uted such as licence fees or taxation dependent
on noise output in an altempt to create a market sensitive
to vehicle noise. Such a market will encourage consumers
to buy quiet vehicles which, in turn, will encourage man-
ufacturers to develop the products required.

It is dear from the above that a successful vehicle
noise confrol strategy requires a balanced approach
involving both an understanding of the technological
advances that can be made coupled with the sensitive
application of political, economic and social incentives.
This paper is concerned with examining these various
issues.

The Sources and Control of Vehicle

Noise

General Characteristics of Vehicle Noise

Traffic noise results from the collective contribution of the
noise produced by individual motor vehicles. These vehi-
cles vary enormously in terms of their type and noise
emission characteristics. Private motor cars form the larg-
est group, the great majority of which are powered by 4
cylinder, in - line, water cooled diesel or petrol engines
with o capacity of between 1 and 2 litres and engine
powers typically ranging between 20 and 100 kw.
Heavy commercial vehic?es are generally powered by
diesel engines with engine powers in the range 150 -
250 kW, Between these two groups, there exists a less
well defined range of vehicles which is mainly composed
of light commercial vehicles in which petrol and diesel
power units are equally common. Motorcycles form the
smallest of the main groups.

The relative contribution or ranking of different vehicle
types can be examined by comparing the peak noise lev-
els of passing vehicles in traffic. An example of vehicle
noise data collected at the roadside is shown in Figure 1.
The Figure gives cumulative distributions of noise levels
generated by various categories of vehicles operating in
a wide range of urban traffic conditions. The distributions
were compiled from over 22,000 vehicle pass-by events
[}

The Figure shows clearly that there is a very wide
range of noise emitted by vehicles in urban traffic; in this
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SOUNDSOAK PANELLING PROVIDES A
PERFECT CONFERENCE ROOM ENVIRONMENT

TYPICAL SOUNDSOAK SOUND ABSORPTION O SAB

Frequency Hz NRC | 125 | 250 | 500 | 1000 | 2000 | 4000
SOUNDSOAK CLASSIC | 0.60 | 007 | 037 | 082 | 070 | 0.71 | 068
SOUNDSOAK ENCORE | 0.55 | 0.15 | 035 | 050 | 060 | 067 | 0.7

Soundsoak Acousticalwall panels meet all
necessary British Standard Fire
Regulations. In addition the high sound
absorption qualities of Soundsoak make it

ideal for;
SOUNDSUAK Music, Drama and Sound Recording
AVAILABLE WITH ENCORE AND CLASSIC Studios, Classrooms, Offices,
FABRICFINISHES, (NSTRLLATION Conference and General meeting
AND SOLD & DUETS rooms.

ARCHITECTURAL FEATURE ACCESSORIES

Armstrong Work Industries Ltd, Architectusal Building Products Division é BEVOND THE FUNCTIONAL : THE BEAUTIFLL ;

Armstrong House, 38 Market Square, Uxbridge, Middiesex UEB8 ING Tel: 0895 251122 Fax: 0895 274287




PRECAST ABSORBENT NOISE EXCLUSION LINEAR SYSTEM
BARRIERS . An acoustically efficient, visually attractive and cost effective

method of dealing with highway noise
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overall noise levels, improves
sound insertion loss and
improves driver comfort.

HOMOGENEOUS BARRIER
No warping or cracking - prevents
concentrated sound leakage.

STRENGTH AND DURABILITY "ﬁ‘
Withstands the elements.
Resists mechanical attack.

STABILITY
Resists lateral wind loads.

BUILDABILITY
Rapid erection. Economical - no
large, expensive foundations.

FIRE RESISTANCE

Class ‘O’ Spread of Flame.
Maximum fire resistance. N ]
No flammable coatings.
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Choice of colours and textures to Wi i
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CV Buchan Limited
Drake House, Gadbrook Park, Rudheath,
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Boral Edenhall Concrete Products Limited, . .
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Fig. 2. Comparison of average frequency spectra
for motorcycles of different engine capacities.
Source ref [2].

example the range is from 57-92 dB{A). The quietest
vehicles were petrol cars and the noisiest were heavy
trucks with engine powers exceeding 150 kW. The differ-
ences between the two groups average 12 dB(A).

It is interesting to note that small motorcycles with
engine powers in the region of 10 - 20 kW tend to pro-

uce more noise than some medium powered com-
mercial vehicles with engine powers in the region of
100 kw.

The frequency spectra of vehicles can differ appre-
ciably depending upon the type of vehicle and its mode
of operation. Most vehicles generate a significant fre-
quency peak associated with the firing frequency of the
engine. For heavy diesel powered trucks, this will gener-
ally be in the 50-100 Hz region, whereas for cars the fir-
ing frequencies are higher at typically 150 Hz. In gener-
al, mid frequencies are affected by a wide range of both
mechanical and combustion related sources and the
spectrum has, as a result, a broad band nature in this
region which is not generally characterised by significant
frequency peaks. At frequencies above about 3 kHz most
vehicle spectra exhibit a decay of about 20 dB per ten
fold increase in frequency.

Motorcycles exhibit different spectra depending upon
the capacity of the motorcycle and upon whether its
engine is 2-stroke or 4-stroke. Some of these differences
are illustrated in Figure 2 which compares average fre-
quency spectra for large and medium capacity motor-
cycles. The frequency spectra of the large capacity
machines shows a marked fall off with frequency where-
as the smaller capaciiy motorcycles have o much flatter
shape with a higher rafio of high to low frequency con-
tent. It has been reported that the noise signified by the
flatter spectrum is judged to be harsher and subjectively
more annoying than that produced by the large capacity
machines [2].

A similar result was reported by Zwicker when com-
paring the noise from two moforcycles of similar make
ond engine power [3]. One of the motorcycles had been

quietened by several dB{A) but, as a result of the engi-
neering changes made 1o the vehicle, the resulting noise
had a much flatter frequency spectra than the unmodified
motorcycle. When loudness levels were calculated for the
two motorcycles it was found that the quietened motor-
cyc|e gave Q much higher loudness |ewj suggesting that
the vehicle with the lower dB(A} level would be judged to
be subjectively much noisier.

Individual Sources of Vehicle Noise

{i) Power frain noise and rolling noise

The sources of vehicle noise have been identified as the
power unit {i.e. engine, air inlet, exhaust and cooling sys-
tem), transmission, rolling noise [i.e. cerodynamic and
tyre/ road surface), brakes, body ratties and load. For
the purpose of this paper all sources related fo the power
unit and transmission will be regarded as power train
noise and all others will be termed rolling noise.

The relative importance of these sources depends
upon the fype of vehicle and the operaling conditions, A
comparison between power train noise and rolling noise
at various speeds for typical light vehicles {< 1.5 tonnes)
and heovy vehicles is shown in Table 1.

It can be seen that rolling noise has a negligible effect
on the noise from heavy vehicles for low vehicle oper-
ating speeds but at speeds above about 20 km/h for cars
and 80 km/h for heavy vehicles, rolling noise contributes

Road Speed | Vehicle | Rolling | Power train | Total
[km)lja) class noise noise noise
dB(A) dB{A} dB{A)

20 |heavy® | 61 78 78
ight | 58 64 65

80 heavy 79 85 86
light | 76 74 78

Table1. Comparison of ro”iniand power frain noise levels
* Heavy vehicles are > 1525 kg unladen weight
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significantly to the overall noise level. At a speed of
40 km/h ér cars, rolling noise is the dominant noise
source.

These results illustrate that rolling noise can influence,
to the extent of dominating, the overall noise emitted by
vehicles operating at moderate and high speeds. A fur-
ther point fo note is that while significant reductions in the
noise produced by the power train are feasible, these
effects will not be fully realised, for a substantial range of
vehicle operating conditions, unless the rolling noise com-
ponents are also reduced.

(i) Engine Noise

From a noise and vibration viewpoint, automotive
engines are highly complex systems involving interacting
dynamic forces operating upon a complicated structure
of varying stiffness, damping and response character-
istics. For convenience engine noise sources may be
broadly clossified as either ‘combustion’, 'mechanical' or
'gas flow' in origin. Gas flow noise is that associated pri-
marily with the exhaust and cooling fan.

The problems associated with combustion are primari-
ly the concern of diesel engines. Gasoline engines only
produce significant combustion noise when the combus-
tion is abnormal due, say, fo some fault in the ignition
system. The diesel engine operates at high thermal effi-
ciencies, lean unthrotiled mixture strengths and relatively
high cylinder pressures. These conditions lead to rapid
rates of pressure rise and gas load in the cylinders which,
in turn, causes both structure radiated noise, exhaust
noise and the characteristic diesel combustion 'knock'.

The rate of rise in cylinder pressure is of fundamental
importance in noise control for diesel engines. Rapid
pressure rise rates are responsible for high noise levels
particularly in the mid to high frequency range (1 -
4 kHz). The characteristics for a direct injection (DI} diesel
differ substantially, in this respect, from an indirect injec-
fion diesel (IDi). The rate of cylinder pressure rise for a D
engine is typically twice that of an IDI and the noise levels
are, as o result, significantly higher for a DI engine.
Turbo charging a DI engine is the usual way of smooth-
ing the pressure rise fo reduce noise levels.

Mechanical noise may originate from many different
sources on an engine. The most common and significcnr
mechanical sources are piston slap, bearing noise, gear
and fiming drive noise, valve train impact noise, and fuel
injection pump and injector noise. In many instances, the
sum total of these sources may exceed the combustion
noise particularly at high speeds and high piston leads.

The surface of an engine is usually a significant radi-
ator of noise. The crankcase, cylinder head, sump and
rocker cover are the main components. The noise gener-
ated depends largely upon their stiffness and mass, and
upon the radiation efficiency of the surface.

Idle noise is a particular characteristic of diesel
engines and does give rise fo problems particularly in the
case of diesel passenger cars. Gasoline cars do not gen-
erally give rise to noise problems at idle because the
engine is heavily throtfled under these conditions. The
diesel engine, however, is unthrotiled at idle and this,
together with the high compression ratio, {typically 2.5
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times that of a gasoline engine) causes very high piston
loading resulting in piston slap. These effects not only
crecteiigh sound pressure |evefs

rapid cylinder pressure rise, give a marked impression of
impulsive noise, which is regarded by most people to be
subjectively objectionable.

In summary, the main methods of controlling engine
noise include:

1. Controlling combustion noise by smoothing the pres-
sure rise in the cylinders. This can be achieved by con-
trolling more closely the injection of the fuel into the cyl-
inders either by staging the injection, retarding the
ignition or by turbocharging.

2. Reducing mechanical noise by refinements to piston
design to reduce piston slap, atfention to gear profiles to
reduce mesh impacts and ‘chatter', smoothing the drive
of timing gears by repositioning and closer attention to
alignment.

3. Reducing structure radiated noise by stiffening panels
to change the natural frequency. Using damped panels
or laminated panels to reduce surface vibration, and the
isolation of engine structures using resilient mounts and
gaskets.

4. Use of covers and shields fitted over the engine
compartment.

{iii} Exhaust noise

Exhaust pulse noise can be reduced through the use of
chambered silencers which can consist of either resistive
or reactive elements. Silencers which rely on resistive or
absorptive chambers are generally goocr at reducing the
high ffequencies in the exhaust spectrum. However, their
low frequency performance is generally poor unless the
silencer can be made very larga. This type of silencer is
also less durable than the reactive type because of the
effects of high temperatures and corrosive products in the
exhaust on the oEsorpﬁve materials used. Reacting or
reflecting silencers attempt to reflect sound back to the
engine usually by introducing changes in cross-section of
the piping or, more commonly, by connecting the main
gas flow pipe to large chambers. These silencers offer the
advantage of low back pressure and can also be effective
at low frequencies provided the outflow chambers can be
made large enough. Unfortunately in the case of large
diesel powered vehicles, constraints of space, weight and
engine performance often make adequate silencer design
difficult.

In general, improvements in exhaust noise can be
obtained by careful consideration of the chamber vol-
umes and their positioning along the main gas flow pipe.

Considerable improvements have been made in
recent years in the modelling of exhaust silencers such
that it is now possible to design silencers mathematically
given the insertion loss requirements and the gas flow
and engine characteristics [4].

Additionally exhaust noise may be controlled by
atiention to the control of cylinder pressure at the point
where the exhaust valve opens. This can be achieved
through modifications to the valve geometry and fo the lift
and closing characteristics as determined by the cam
profile.
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Transducer Design

Simrad Subsea has a vacant position in the
transducer development department for an
acoustics engineer.

Simrad Subsea has 40 years experience as a
manufacturer of underwater acoustic instru-
ments for fishery, ocean science, offshore and
naval use. We develope and produce in-house
an extensive range of transducers: wide band
hydrophones, single-beam and split-beam
echo sounder transducers and sonar arrays
{lines, cylinders and spheres). Qur facilities in-
clude an indoor test tank and a floating test
barge.

SIMRAD

Subsea
Simrad Subsea A/S
P O Box 111 N-3191, Horten , Norway
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COUSTONE

Solves the Noise Problem
Now also available in
Soundwall Barrier System
* Totally effective sound insulation and
absorption for traffic noise barriers
Weather and frost resistant
Self cleaning
Durable impact resistant
Colour choice virtually infinite
Full design and erection service

Further information from Eric Chadwick or Mike Hadfield at:

SOUND ABSORPTION Lid.

Unit 6, Bentwood Road,
Carrs Industrial Estate, Haslingden,
Lancs. BB4 5HH
Tel: (0706) 213477 Fax: (0706) 214147

/
~

_/

THEASSOCIATIONCOF NOISECONSULTANTS
6 TRAP ROAD, GUILDEN MORCEN, NR, ROYSTON, HERTS. $G8 0JF  TEL: 0763 852958

Membership of the Association is open to bona fide
consultancy practices able to demonstrate to the satis-
faction of the Association's Council that the necessary
professional and technical competence is available,
that a satisfactory standard and continuity of service
and staff is maintained and that there is no significant
interest in acoustical products. Members are required
to carry a minimum level of professional indemnity
insurance, and to abide by the Association's Code of
Fthics,

Current Members

Acoustical Investigation & Research Organisation Ltd
Acoustics, Energy & Noise Control
Anthony Best Dynamics Ltd
APT Acoustics
Ashdown Environmental Ltd
Aspinwall & Company Ltd
W S Atkins Engineering Sciences
BDP Acoustics Ltd
Bickerdike Allen Partners
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Hann Tucker Associates
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Kelston Consultants
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Ken Dibble Acoustics
Mclaren Ward and Partners
Michael E House FIOA MBAC
Moir, Hands & Associates
Oscar Faber Acoustics
Philip Dunbavin Acoustics Ltd
Rendel Science & Environment
Rupert Taylor FIOA
Sandy Brown Associates
Sharps Redmore Partnership
Sound Research Laboratories Ltd
The Walker Beak Mason Partnership
Tim Smith Acoustics
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Dr H P Verhas
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{iv} Fan noise

Noise from the cooling fan can be an important noise
source particularly on large commercial vehicles where
large airflows are required in order to stabilize engine
temperatures. The main noise arises from a combination
of the airstream, the rotation of the fans' blades past
fixed objects, and mechanical noise caused by vibration
of the fan and cowling. Fan noise increases with both fan
power and blade tip speed and so methods of noise con-
trol involve techniques to reduce the speed of the fan
whilst maintaining sufficient airflow to cocl the engine.
The symmetry of the blade layout can introduce tonal
characteristics to fan noise which can raise noise levels
and cause annoyance and so altention is also given fo
the layout of the blades.

Additionally, the fan can be driven through a thermal-
ly actuaied clutch. In many cases the ram airflow is of
sufficient volume to satisfy medium to high vehicle speed
cooling requirements and the fan will, therefore, be auto-
matically declutched for much of its operation. Tests car-
ried out in the US, for example, showed that the 'fan on'
time could be as low as 1% for heavy trucks [5].

{v} Transmission noise.

There is litle evidence of noise problems created by
transmission noise fo date although it is likely that this
source of noise will need to be treated in the future as
other major sources are reduced. The main sources of
noise are related to the meshing of gear teeth which
translate vibrations fo the housing or mountings. Improve-
ments can be made by improving gear tooth profiles and
drive shaft alignment.

{vi) Tyre and road surface noise

It has already been stated that rolling noise can have a
considerable influence on the total noise emitted by mov-
ing vehicles. By far the most important component of roll-
ing noise is that generated by the action of the vehicles
tyres rolling over the road surface. The mechanism of
noise generation is, however, complex and at present not
fully understood.

The main factors affecting tyre noise are the speed of
rotation of the tyre, the type of tread pattern and materi-
al, and the texture applied to the road surface. It is inter-
esfing fo note that changes to the tread pattern and tyre
construction generally have a much smaller effect on tyre
noise than c?\cxnges made to the road surface material
and texture pattern. For this reason it is generally con-
sidered that there are greater prospects for controlling
this form of noise by changing the road surface design
rather than by changing the tyre design.

This view has been underlined, in recent years, by the
development of open textured road surfaces which offer
the dual advantages of good skidding resistance qualities
in wet weather and high acoustical absorption character-
istics. As a result, these surface types provide both a
good standard of safety for the motorist and substantial
reductions of both tyre noise and power train noise from
vehicles,

In broad terms open textured porous road surfaces
can reduce the total noise emitted by vehicles by, typ-
ically 3-4 dB{A) and, with suitable optimisation, greater

reductions are technically possible. This result would
appear to apply to all vehicle operating conditions and
not just fo conditions existing on motorways and high
speed roads. At present, considerable research effort is
being devoted to improving the durability of this type of
road surface and, in some countries, versions oF this
material are already being laid as standard on a lorge
proportion of the major road network.

{vii} Other sources of noise

Aerodynamic noise generated by the air flow over the
surface of the vehicle is not a significant source of exter-
nal noise at normal road speeds. low frequency wind
flutter can be especially troublesome due to resonance of
the air space inside the cab or saloon of a vehicle as air
streams past an open or semi-open window. Generally
the frequencies are in the 10-20 Hz range. The remedy is
to improve the cerodynamics of the vehicle so that the air
flow is deflected past the window.

Brake squeal can be a significant source of noise.
Vibration of the brake drum or disc would appear to be
the likely cause although litle has been done to study this
particular source of noise.

Noise from compressed air braking systems on com-
mercial vehicles can also give rise to high noise levels
during braking. A possible remedy is to include some
form of air brake silencer at the venting points.

Noise arising from the vehicle's body including noise
generated by the load carried by the vehicle does give
rise fo complaints from the public. Although this is not a
question which could be dealt with by purely design con-
siderafions, it follows that good body design and road
mainfenance would help to reduce both load and body
noise.

Quiet Vehicle Development

(i) Engineering projects

Since the early 1970's several countries have initiated
research and development projects aimed at producing
vehicles with substantially reduced noise levels.

A review of these projects was carried out in 1983 for
the European Commission as part of the considerafions
given to the establishment of new type approval limits for
the European Community [6]. Some details of the results
obtained are given in Table 2 together with data
obtained more recently from other sources. The data
have been arranged according to vehicle type and dis-
criminates between vehicles which have been constructed
to production standards, ie designed for in-service opera-
tion, and those which were developed as research vehi-
cles. In each case the noise levels quoted were obtained
according to the procedure detailed in ISO R 362 [7].

Passenger Cars: The data on passenger cars show
that, generally, experimental prototypes developed over
a decade ago were capable of meeting the noise limit of
77 dB(A) specified in the current European Directive and
some of these vehicles were capable of meeting the more
stringent target of 74 dB(A) which is the limit proposed
by the EC for the car group for the mid 1990s. Most of
the reductions reported were achieved through refine-
ments fo the engine and by attention to exhaust noise.
Engine and transmission encapsulation had not been
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5 - - i — F room for adequate exhaust silenc-
Vehicle type | Description Engine | Vehicle | Noise leve Date o ing and for acoustic insulation
Power | Status dB(A) completion ich  will b offect engine
(kw) Before Alter w 'F will - not - a 9
cooling.
Passenger Diesel {F) 34 P 77 75 1983 The data given in the Table
cars Diesel (F) 36 E 81 77 1975 show that several development
Ee" °= (8} 36 E ;g ;3 .}gg] programmes have resulted in the
Pz:% {G} 33 E 81 7; 198} production of_commerciul c;rehic.:les
Diesel (G} 51 E 80 74 1981 with substanticlly reduced noise.
Diesel (G} 64 E 81 77 1975 Many programmes have favoured
Petro| (Clif coo|ed) (G) 147 E 82 73 1977 engine encapsulqﬁon to qchieve
Petrol (water v }{G) 147 E 82 78 1977 the degree of quietening desired.
Trucks and 5delive8{ 4895 p | 8390 7681 1983 Encapsulation has the advantage
Buses lorries {G) 65 P B 80 1988 that it can be introduced relatively
SEUFOP)G& Belive")’ I°”)’ Eg; gg E gg gg }ggg quickly and can, in some cases,
apan elive or . .
P De|ivez |orz ] 4 3 o0 74 1081 be retrofitted .to' existing model;,
Delivery lorry (G) 187 E o2 80 1979 but has potentia dlsadvonfc:g_esr in
Tractor (UK) 207 E 88 85 1978 terms of weight and servicing
Tractor J) 216 E 89 85 1978 penalties. Examples of successful
533:*{":’)""’0“ stte 223 € 87 85 1978 engine encapsulation freatments
Tractor (J) 228 P .80 ) are mainly to be found in Ger-
Tractor {F) 255 { P 92 81 1981 many, the UK and the USA.
Tractor UK; 256 P 88 88087 }ggg In Germany 130 dir cooled
Tractor (UK 260 E ?1-94 81- : ; ; i -
Tradior () e E 8o 84 1694 delivery lorries with engine com
Urban bus {F) 195 E 88 85 1078 partment encqp§ulatlon have
Urban bus {F) . p 89 78-82 1979 been put into service by the Fed-
Urban bus (J) P B7-90 80-84 1980 eral Post Office. In addition the
Trucks & Tractor 173 | E 92 82 1976 rated speed of the engines was
Buses (USA) | Tractor 176 P 88 82 1982 reduced and turbocharging was
¥rcctor g?g II; gg ;g }gg} introduced to both compensate
ractor H f dt
Tracor 235 | E 94 83-87 | 1976 for the slight loss of power an b
Tractor 555 p o4 78 1976 reduce combustion noise by
smoothing the pressure rise in the
2-wheeled Moped (G) 6 P 80 73 1981 cy]indernghe gverc:" noise [evels
vehicles M/cycle (G & N) 19.8 P 86 80 1984 )
228 p °0 79 1984 were reduced by, on average,
37.3 P 85 79 1984 14 dB(A) giving 77 dB(A)} under
igg g gg ;g }ggj the standard test.
. An example of a low noise
60.4 E gg gg }g% water cooled heavy tractor unit
q;ierened to 80 dB(A}-). iT th[eQ ?—R})
ish Quiet Heavy Vehicle
Table 2. Quiet vehicle development projects. . !
E= Experimental vehicles: P= Production prototype. Wh'c_h was deve|op‘ec| fo Fi"o
F= France, G= Germany, N =Netherlands, J= Japan, UK= United Kingdom. duction standards in the late

1970s. This vehicle incorporated

established significantly in the passenger car sector.
However, in West Germany a fleet of diesel taxis had
been fitted with encapsulated engines to reduce noise
and these were run normally in service. The treated vehi-
cles were reduced from 80 dB{A) to 74 dB(A) and, sub-
jectively, are reported to be very acceptable, comparing
favourably with equivalent gasoline powered vehicles.
Trucks and buses: The most substantial vehicle quie-
tening programmes have been on trucks and buses. The
most difficult type of truck to quieten is the heavy artic-
vlated tractor. Commercial interests require these vehicles
to maximise both the engine power and the carriage
space while both national and international regulations
impose restrictions on the length and width of the total
vehicle. These two constraints interact to minimise the
tractive unit space such that there is often litle spare
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a tunnel enclosure over the engine and gearbox and also
included a large mixed flow fan to ensure adequate cool-
ing. Substantial modifications were made to the exhaust
system which was designed to meet fairly stringent
engine back pressure constraints and low frequency
noise emission targets. This latter feature was considered
to be an important consideration regarding the subjective
impression of the noise produced by the vehicle.

Several countries set up publicly funded development
programmes in the late 70s and early 80s in order to
assist industry to develop quietened trucks which would
meet the limits infroduced by European Directives in the
late 1980s. The British QHY 90 programme is an exam-
ple but other programmes have existed in Germany,
France, and The Netherlands [8, 2,10,11].

Data on buses tends to be fairly limited, but complete
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to Industrial Noise
Problems...

Whether vou want to reduce
noise from a diesel generator,
screen a condenser or provide
an acoustic plant room for
refrigeration compressors,
Acoustat can provide the
complete service.

Acoustat Ltd

Harbour Rd, Portishead, Bristol BS20 9DE.
Tel: 0275 846074. Fax: 0275 844893
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MOIR, HANDS
& ASSOCIATES
Acoustic Consultants

These positions demand a degree in a relevant science or
engineering subject and several years' practical experience in
acoustic design, the control of noise and in the solution of
problems due to structural vibration. Candidates will need to
demonsirate an ability to handle projects on their own
initiative.

The practice is completely independent from any manufacturer
or supplier and offers impartial, unbiased advice to its clients.
Our past success ensures that new work flows in by referral
and recommendation.

A small selection of current projects is:

Heathrow Terminal 3 Extension Cambridge University Laboratories
IBM Headguarters Bedfont St. John's College Auditorium
Barnsley Hall Business Park Excelsior Works Cldbury

tloover Building Refurbishment Tesco Composite Distribution Centre
Video Studios Scho Institute of Animal Health Compton

We are retained as expert witnesses in a number of current
planning appeals.

There are prospects of immediate appointment to
associateships for exceptional candidates and real prospects {or
partnership’ status. Our remuneration philosophy is géared to
personal motivation with a large percentage of pay directly
related to the financial returns from each consultant's specific
clients or projects.

Write with CV to:

Mr E. Hands, Moir, Hands & Associates, 1 Station Road,
Amersham, Bucks HP7 0BQ. Telephone: 0494 725530.

COATINGS FOR ACOUSTIC
CONTROL

+ AUDEX Acoustic Plasters achieve a high
degree of sound absorption across the entire
frequency range. With a choice of three
systems AUDEX can provide the perfect
solution to any sound absorption problem.

¢ MANDOLEX MX11 Anti-Drumming
Compound is an effective panel damping
material. Class 0 to the Building Regulations
for Fire Propagation, MANDOLEX MX11 is
suitable for use on all types of panels
including those used for rain screens, tunnel
Iinfngs or in underground stations.

@A|
organisation
Mandoval Coatings Limited, Lawn Road Industrial Estate

Carlton-in-Lindrick, Nr. Worksop, Notts. $81 9LB
Tel: 0909 540444 Fax: 0909 733637 Telex 858094
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engine encapsulation for rear engine urban buses is now
quite common. In Germany, for example, 90 percent of
new buses registered have encapsulated engines. In
broad terms buses with encapsulated engines marketed
in Europe have noise levels in the range 77-82 dB{A).
Coaches can also be considered as candidates for
engine encapsulation, but due to the generally higher
engine power, cooling is more difficult and design con-
siderations generally restrict the space available for high-
er duty fans.

Two wheeled vehicles: The principal noise sources on

a motorcycle are the exhaust, induction and mechanical
noise, with induction noise usually being more important
than on other types of vehicle. In general, improvements
to intake and exhaust silencing can lead to improvements
of 3-7 dB{A), whilst additional treatments to the fairing
around the engine can give further reductions with 6-
10 dB{A) ahenuation technically possible. The pro-
grammes carried out in Germany for the Federal Environ-
mental Agency show that motorcycle noise can be
reduced to below 80 dB{A} for a broad range of pro-
duction vehicles without significant loss of power [12].
Future Development of Quiet Vehicles.
Most of the successes so far in quietening vehicles have
relied upon relatively minor modifications to existing
engines and components coupled with the use of enclo-
sures or shields over the engine and/or gearbox. The
presence of shields or enclosure panels on vehicles is not
generclly liked by the vehicle designer because they
bring with them the attendant problems of engine cooling
and increased weight, maintenance problems and costs.

Since the development and testing of the early quiet
vehicle prototypes, substantial gains have been made in
both the understanding of the nature of the problem of
vehicle noise quietening and in the development of
sophisticated signal processing fechniques for both
source identification and analysis. Dynamic finite element
analysis, a daunting and questionable approach for
engines 15 years ago, is almost accepted as a roufine
today and will continue to improve, enabling the design-
er to predict engine noise at the earliest possible design
stage. Vehicle and component manufacturers are, there-
fore, now armed with a formidable battery of analysis
equipment which can greafly simplify a complex noise
Eenerotion problem and make designing a quiet engine

om scratch a realistic possibility.

High on the list of priorities for the design of low noise
engines must be a good structure design. Future designs
will undoubtedly incorporate some form of stiffening to
introduce greater rigidity of the engine structure in the
region of the crankshaft. This need not necessarily
increase the mass of the engine. In fact the techniques of
structural optimisation often lead to a reduction in both
weight and noise. For example, the Brifish QHV engine
was 50 kg lighter and 10 dB{A) quieter following struc-
tural changes made to the baseline engine.

Other important structural components include the
sump and the valve and timing covers. Future designs of
these components will tend to reduce the use of alumin-
ium and pressed steel with resulting increased use of
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highly damped materials such as laminated steel or plas-
tic. Additionally, greater use will be made of isolation

techniques to decouple a potentially noisy component

from a radiating surface. The use of new materials such
as NIM's {new inorganic materials) potentially offers
exciting prospects for the designer. Sucr\ materials, con-
sisting of ordinary cement and a small proportion of
bonding polymer, have excellent low noise properties
and above ah/cre extremely cheap. Tests on these materi-
als have shown that prototype cam covers con reduce
cam noise by 5-7 dB(A) compared with a conventional
stamped steel cover [13].

Perhaps surprisingly, car engines present some of the
ireotest challenges for the future. Market forces dictate
that future generation car designs will need fo put more
emphasis on fuel economy with the result that gasoline
engines are being developed with leaner fuel mixtures
and faster burn combustion characteristics leading,
potentially, to problems with higher combustion noise lev-
els. Other reasons for noisy spark ignition engines are
the use of lighter structures, again for increased econ-
omy, and the increasing use of lightweight engine covers
ond sumps.

For small diesel engines, lurbocharging will generally
benefit noise, fuel economy and emissions and, although
traditionally it has mainly been used to improve engine
power on DI diesels for commercial vehicles, it is likely
that turbocharging will also be used in the future for
noise control on light duty diesel engines. Combustion
excilation control at idle is of great importance, especial-
ly for passenger car applications. Great improvements
are being made with IDI engines but the small D still has
some way to go to match the performance of gaseline
engines. ’

A great deal of aftention is now being placed on
'noise quality'. Hitherto, much of the emphasis in reduc-
ing vehicle noise has been directed towards the control of
noise as determined by reductions on the dB{A) scale.
Noise quality considerations are primarily concerned
with how the sound of the engine or vehicle is perceived
by the listener. For the car manufacturer 'noise quality’
means that the vehicle should not only have o low noise
level but should also sound 'good'. There is a market for
better sounding cars and much work is being done to
understand and engineer improvements in this respect
[14, 15, 16).

These considerations are not limited, however, to the
car group manufacturers as noise qualify also has an
important role to play for the legislator. Ultimately the
success of any noise control policy is judged by the
improvements in the impact of noise on people. 'Noise
quality' considerations are, therefore, also concerned
with ensuring that vehicle noise quietening policies not
only produce lower numbers on some physical scale but
also lead to products which are perceived to be cor-
respondingly better.

In this respect, it has already been suggested that the
quality of noise of motorcycles can be greatly affected by
the ratio of high to low frequencies in the vehicle's noise
spectrum [2, 3] and the scale of loudness suggested by
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Zwicker [3] has been suggested as offering a much better
degree of correlafion with the perception of motorcycle
noise than a simple scale such as dB{A). More recently,
work carried out on assessing the noisiness of cars and
trucks has confirmed that the scale of loudness is more
closely correlated with peoples' subjective perception of
vehicle noise than more conventional measures such as
dB{A) [17,18). The results of these studies would appear
to suggest that it may be necessary in the future to
change the way in which vehicle noise is measured if sig-
nificant improvements are to be achieved in reducing the
perceived noisiness of vehicles.

It should also be noted that the low frequencies emit-
ted by some vehicles can give rise to environmental prob-
lems involving both vibration and noise effects in build-
ings. These effects can cause severe disturbance,
particularly for people living close to roads, and are not,
at present, considered in ony noise control policy. Con-
sequently, there is o case to be considered whereby
future generation vehicles are required to satisfy more
than one criterion associated with noise emission
performance.

Finally, it is important to reiterate the importance of
tyre/road surface noise on vehicle noise generation. As
the noise from the power units of vehicles is reduced then
the noise from the tyre/road surface interaction will
begin fo dominate over an increasingly wider range of
vehicle operating speeds. This has already reached the
stage where it influences the noise levels generated by
vehicles undergoing type approval testing. This means
that without some improvements in this source of noise,
further reductions in total vehicle noise will be limited and
eventually will reach the point where no further improve-
ments can be made as judged by the current methods of
testing. Since the road surface design is not within the
control of the vehicle manufacturer, this is clearly a ques-
tion which must be taken into account in setting future
vehicle noise limits.

Vehicle Noise Legislation

Test Methods and Limit Values.

i} Type approval regulations:

Various regulations and test methods apply fo noise emis-
sions from road vehicles. For simplicity, world-wide vehi-
cle noise legislation can be split into three major regions:
Europe (EEC), the USA and Japan. However, it should be
recognised that other countries also have vehicle noise
controls. For example, Switzerland which currently
imposes the most stringent noise limits of any country.

The test method used in the EEC is based upon the
'full acceleration' test specified in the International Stan-
dard, 1ISO R362 [7]. Full details of this test are given in
the Standard and in appropriate Direcfives, but briefly,
the test requires the vehicle to be driven through a test
site at full acceleration from a steady speed in low gear.
The gear selected depends upon the vehicle type and
upon the transmission system used. The peak noise level,
measured on the dB(A) scale at a distance of 7.5 metres
from the centre of the test track, determines the test level.

Table 3 summarises and compares the noise limits in
force in different countries as measured according to the
ISO R362 test procedure. In the US the test method used
[19] employs iﬁe same full acceleration as the EEC test
but the measurement distance is different {50 feet). In the
Table, therefore, 6 dB{A) has been added to the US limits
to make them correspond to European levels, Included in
the table are the limit values opplied in Switzerland and
the limits for different vehicle categories recommended by
the OECD Conference on Noise Abatement Policies
which was held in 1980 [20]. The current EEC limit val-
ves given in the Table came info effect in October 1988
or October 1989, depending upon the vehicle category.
(i} In-use controls
The test methods and limit values given in the previous
section provide a means of controlling and monitoring
the noise emission performance of new vehicle types
prior to their registration

and entry info service.
Once these vehicles are

registered the question

Counlry Pass'ger Small  Small  Heavy Bus Heavy Bus  M/cycle arises as to whether fur-
car van bus lorry lorry ther checks are needed

<3.5¢ «3.5t  <150kW <150kw =150kw =150 kW 500 cc during the lifetime of the

EECP 77 7879 7879 83 8 84 83 86 ;’:h'des Jo ensure f*hﬂf
) ey continue to conform
Switzerland 75 77 77 82 80 84 82 80 to the standards ach-
Japan 78 78 78 83 83 83 83 75 ieved at |ype approvoll
USA - - - 86 83 86 83 83 Such in-use tests have
OECD* 75 75 75 80 80 80 80 75 been introduced in many
countries but there is, as

Table 3. Motor vehicle noise limits in different countries® - values are in dB{A)

9based on {ISO R 362) procedure:

< proposals for 1990,

b EEC Member Countries are: Belgium, Denmark, France,
Germany, Greece, Ireland, ltaly, Luxembourg, Netherlands, Portugal, Spain, United Kingdom:

yet, no international agr-
eement as to the pre-
ferred method of testing
or to the limit values that
would be applied to dif-
ferent vehicle categories.
At present roadside
checks have been large-
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as to cause excessive noise.

Close proximity Date of Another form of in-use control is to ensure that
stationary implementation vehicles are fitted with appropriate sifencers by
noise level prohibiting both the sale and use of motorcycle

Two-wheeled motor vehicles 99 Junel1984 exhaust systems which do not conform to the
{>125 cc) original equipment performance specification.
Motor driven cycles 95 June1986 The UK is in the process of making regulations to
{125 cc) prohibit the sale of non-approved systems. A Brit-
Passenger cars 103 June 1988 ish Standard [22] has been developed with the
Small-sized trucks and buses 103 June 1989 manufacturers and user organisations to dllow
(GVW < 3.51) conformity to be determined. Similarly, in France
Medium-sized trucks and buses 105 June 1989 there has been a ban on the importation of non-
{GVW > 3.5t PS < 200} approved motorcycle replacement silencers since
Large-sized trucks and buses 107 June 1989 1981.
{GVW > 3.5t PS > 200) Future Developments of Vehicle Noise Regu-
Large-sized and small-sized 110 June 1989 lations in the EEC
special motor vehicles i) Type approval testing and limit values
Before discussing the ?uture development of the
Table 4. In-use limits for motor vehicle noise (Japan} EEC vehicle noise Directive it is worth examining
the changes that have been achieved to date.

ly limited to visual or aural inspections of exhaust systems
ér mechanical defects.

There are, however, a few exceptions where measure-
ments have been employed to determine offending vehi-
cles. In Australia, for example, some states have intro-
duced roadside noise checking with on the spot fines for
offending owners. Most of the testing has been on cars
and motorcycles using the ISO R362 test method. In some
other states in Australia, likely offending vehicles are
'spotted' by central state agency officers and the owners
are then sent a notice requiring them to present the vehi-
cle for test at a registered test station. In this case the
owner has the opportunity to rectify the vehicle before it is
tested.

In Japan close proximity noise measurements are car-
ried out on vehicles in-use. The current test is similar to
that specified for exhaust noise festing in the international
standard 1SO 5130 [21]. In this test the measurement
microphone is positioned close to the exhaust outlet and,
with the vehicle stationary, the vehicle engine is deceler-
ated either from 1/2 or 3/4 rated speed depending
upon the maximum rated speed of the engine. This form
of close proximity testing was introduced in Japan in
1986 for motorcycles, in 1988 for cars, and in 1989 for
lorries. Table 4 lists the close proximity noise limits
applied to different vehicle categories in Japan. Vehicles
failing the roadside test are instructed to have the prob-
lem rectified by a garage. If this is not done then the
owner may be liable for prosecution.

Although the methods of checking in-use noise levels
are primarily aimed at identifying vehicles that are pro-
ducing excessive noise usually as a result of some fault
with the vehicle, some couniries have also introduced
measures which are not specifically related to vehicle
faults but which are directed ot the manner of use of the
vehicle. For example, the British Construction and Use
Regulations restrict the use of car horns at night and for
stationary vehicles. There are also measures which stip-
ulate that the vehicle should not be driven in such a way
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The first EEC Directive reloting to the per-
missible noise from vehicles was issued in 1970 [23],
and has since been amended several times [24-26] with
the current regulatory levels decided in 1984 [27]. Table
5 shows the timetable of Directives issued by the EEC, the
dates of implementation and the limit values for different
vehicle categories. It can be seen that although there was
no apparent activity during the 1970's, there have been
considerable developments during the 1980's with three
major changes to the regulations implemented since
1982, It is important to note that, apart from the reduc-
tions in the limit values that can be seen in the Table, the
introduction of Directive 81/334/EEC in 1985 dlso sig-
nified a change in the test procedure which effectively
meant that the noise regulations were more stringent even
though the limit values were unchanged ot that fime. This
change affected passenger cars and vans with a gear
box of more than 4 forward gears, and trucks and buses.
The changes meant that for many trucks the noise limits
were effectively lowered by, typically, 2-3 dB{A).

Taking this change into account, it can be seen that in
less than ten years there was a considerable tightening of
the vehicle type approval noise regulations in Europe and
for some vehicle types this meant a reduction of more
than 9 dB{A} in the level of permissible noise.

Since the introduction of the current limits in October
1988, o European Commission working Group known as
ERGA-Noise has considered further changes to the
motor vehicle noise Directive ond has made rec-
ommendations to the Commission for a further reduction
in the limit values. It is intended the new limits will take
effect from the 1st October 1996 for new type approvals.
The proposed limits are included in the final column of
Table 5.

It can be seen that the reductions proposed also mark
a substantial reduction in vehicle noise with cars reduced
by a further 3 dB{A) and heavy trucks by 4 dB{A) from
the current limits. The proposed limits will also achieve
the long term objective of reducing the noise from all
vehicles undergoing type testing to 80 dB(A} or below.
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Dunlop Acoustic Wall Ties

We currently have available limited stocks of Acoustic Anti-Vibration Wall
Ties (Dunlop type 15-3255-2). These are suitable for sound studio cavity
wall construction, and are galvanised steel with rubber mount.

Delivery is available ex-stock @ £4.00 each plus VAT and delivery.
Ring Sally on 081-747 4300, quoting reference 0485782.
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by the ERGA fWc:arking

. T Group did not refer to this

Ve Motor vehicle noise limits in dB{A) 'Prcl>'po_sed Draft Standard, it is under-

ehicle imits P

category 70/157/EEC | 77/212/EEC | 81/334/EEC | B4/424/EEC | 1995/96 5“_’[Td_ that the C°I:',‘""55'°“

1970 1982 1985 1989 will incorporate this spec-

ification in the Directive

Passenger car 82 80 80 77 74 when the 1ISO Standard is

Small van <3.5¢ 84 81 81 78-79 7677 finally adopted. It is antic-

Bus <150kW 89 82 82 80 78 ipated that provided the DIS

Bus >150kW 91 85 85 83 80 is accepted by membc'ar

Lorry <175kW 89 85 86 81 77 countries the Standard will

Lorry 75-150kW 89 86 86 83 79 be ratified by ISO by the

! end of 1992.

Lorry >150kW 4 88 88 84 80 (i) Type approval testing
for tyres

Table 5. Schedule of Directives for vehicle noise limits in the EEC Apart from modifications to

{Motorcycle limits are currently specified in Directive 87/56/EEC) the test procedure to mini-

mise the influence of tyre/

(ii} Influence of tyre/surface noise

Consideration was given by the ERGA-noise Working
Group to the problem of accounting for the influence of
tyre noise generated during the vehicle type approval
test. Recent research has shown that tyre/surface noise is
increased when the tyre is accelerated due to the
increased tyre deformations that occur in the contact
patch under conditions of high drive axle torque [28].
This additional socurce of noise can influence the total
noise generated by vehicles undergoing type approval
tesfing and could prevent, in some cases, the limit values
being achieved. For example it has been estimated that,
typically, cars generate about 70-73 dB(A) during the
lype approval test from the tyre/surface interaction
alone. The proposal therefore contains suggesfions for
amending the fest procedure so that the levels of tyre
noise are reduced. Briefly the amendment specifies a
lower entry speed for vehicles being tested and, for cer-
tain heavy vehicles, a lower gear ratio would be selected
than is required for the current method of test. Research
carried out primarily in Germany has established that
these modifications to the test procedure achieve a sig-
nificant lowering in the noise Eom the tyres due to the
lower approach speed specified and the lower gear
rafios, but do not affect the total noise generated by the
power unit [29].

Another problem associated with tyre/surface noise is
that since its contribution does affect the level of noise
emitted under type approval conditions, the certification
level actually achieved for a given vehicle does depend
upon the test track where the test was carried out. The
variations between tracks due to the surface alone can be
3-4 dB(A). Clearly, this is undesirable, particularly, as the
noise regulations are international with type approval
testing stations in different countries, and it is necessary
fo remove this particular inadequacy in the method of test
as soon as possible.

An 1SO Working Group has prepared a Draft Inter-
national Standard (DIS} which speciftes more closely the
design and construction of the track surface for vehicle
noise testing [30]. Although the recommendations made
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surface noise in the type
approval fest, the ERGA group also proposed that type
testing for tyres should be introduced when the new limits
for vehicle type approvals take effect. The EC has accept-
ed these proposals and has commissioned research to
develop an appropriate test procedure. It is anticipated
that the results of this study will be available to the Com-
mission during 1993.

{iv) Type approval testing for compressed air braking
systems

The ERGA proposals also contain suggestions for testing
the noise produced by compressed air braking systems
on road vehicles. It details a method of testing the service
brake, parking brake and pressure regulator compressed
air noise and specifies the maximum permitted sound
level from these sources. Concern has been expressed by
some member countries, however, that the proposed test
is not sufficiently representative of normal braking condi-
tions and that the limit values proposed are not achiev-
able without the use of air brake silencers, There was
also a concern that the use of air brake silencers could, in
certain cases, compromise the operation of anti-lock
braking systems. It appears, therefore, that further con-
sideration of both the test method and the limit values are
needed before firm proposals can be made for the type
testing of noise from air brake systems.

(v) Longer term considerations

While the agenda for the future development of the EEC
motor vehicle noise Directive would appear to be setiled
for the next few years, at least in outline, it is useful to
consider now how further changes might be introduced
at a later stage as this will help to give direction to the
establishment of any further research which moy be
needed.

The most fundamental question which would need to
be addressed in any further consideration of reducing the
noise limits from vehicles, is whether the most benelicial
route is to continue to reduce noise emission in terms of a
single number on the dB(A) scale or whether some addi-
tional form of control is needed. A possible additional
measure is to impose a dB(C) limit for certain categories
of vehicles to control the emission of low frequency noise.
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It is known that the low frequencies in the vehicle's emis-
sion spectrum can cause buildings to vibrate causing con-
cern and annoyance to the occupants and can influence
the overall perception of the quality of noise emitted by
the vehicle.

Alternatively consideration should be given to the use
of more sophisticated physical scales of measurement.
There is a growing awareness that the dB{A} scale, which
has proved to be of considerable value for a wide range
of noise control applications, does not necessarily oFEar
the best correlation with the perceived noisiness of vehi-
cles particularly as vehicles become quieter. It is quite
possible, theretore, that by progressively reducing noise
by imposing more stringent limits on the levels of dB[A)},
the resulting vehicles will not necessarily sound less noisy.
Conversely, it is also possible that substantial improve-
ments in the quality of the noise can be achieved without
affecting the levels of dB[A) generated by the vehicle.
Clearly there is little merit in imposing Fun‘g:er reductions
in the limit values and thereby imposing further tech-
nological constraints on the vehicle industry if the result-
ing noise benefits are not clearly perceived by com-
munifies exposed to the noise.

The scale of loudness would appear to offer disfinct
advantages over the dB(A) in this respect. The measure
itself is much more sensitive to the response of the human
hearing system since it takes info account the varying
nature of the sensitivity of hearing to both frequency and
infensity of the sound as well as taking account of the
selective masking of sounds of different frequencies in the
sound spectrum. It is a well established fact that a sound
which has its component frequencies well separated in
different critical frequency bands in the audible range
will sound louder than a sound of equal acoustic energy
but where the spectral components overlap and are con-
tained within fewer critical bands.

Loudness measures have not, so far, received any
serious attention by the legislators primarily because the
equipment needed to measure sound on this scale has
been both expensive and cumbersome. This situation is
changing so that it is now possible to measure a form of
loudness using hand-held instrumentation and it is likely
that further advances will be made as the market for
loudness measurement instrumentation expcnds.

{vi} In-use testing

It was pointed out previously that there was no inter-
nationally accepted method of controlling noise from
vehicles in-use although several countries were using
some form of in-use checking and enforcement. In the
future there may be an increasing need fo be able fo
monitor vehicles once they have been registered because
of the greater possibility that quiet vehicles can become
noisy due to poor maintenance or tampering. The main
problems that have to be faced in developing in-use reg-
ulations are to ensure that any test method which is
adopted clearly and unequivocally identifies vehicles pro-
ducing excessive noise and is also simple to carry out
and is cheap to administer. In particular future develop-
ments of an in-use test method would need to -

(i} Allow roadside checks to be carried out in a varie-
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ty of ambient noise conditions. This would probably
necessifate the use of a close proximity test on a sta-
tionary vehicle. :
(i) Require the measurement microphone to be placed
so that it is sensitive to exhaust system failures as well
as faults with the power unit.
(iii} Ensure that the vehicle is operated such that the
noise produced during the test was reasonably cor-
re[atecr with the noise it would produce during a type
approval test.
Although some attempts have been made to provide a
methoc? of general application for in-use testing [31],
there still remain some difficulties in dealing with gasoline
powered vehicles. At present, there are no indications
that in-use testing will Ee introduced on an international
basis in the near future.

Economic Instruments for Vehicle Noise

Abatement

Although the imposition of vehicle noise limits provides a
convenient means of enforcing the adoption of new tech-
nologies, the method does have its limitations. Principal-
ly, the process tends to be rather slow fo react to chang-
ing feci:nofogies and, therefore, it is not a particular?y
good instrument to encourage innovation. Indeed, it has
been necessary, in some cases, for Government fo initial-
ly finance the development work needed to prove the
technical and economic feasibility of quiet vehicles before
appropriate and more stringent regulations can be intro-
duced. This, of course, reflects the natural reticence by
the manufacturer to provide new technology without
there being an obvious market for change with resulting
economic benefits to the industry.

An alternative and also complementary approach is
to attempt to create a market for quiet vehicles by the use
of economic incentives. Some economic instruments are
intended to encourage the users and manufacturers to
realise, in monetary terms, the costs imposed on society
by the noise that is created. This 'polluter pays' concept
imposes some charge or fax related to the noise pro-
duced, thus encouraging the producer to abate the noise
in order to reduce the costs and, therefore, increasing the
demand for quieter vehicles; at the same time the rev-
enues raised from the charge compensate society for the

_nuisance caused. The process of charging the polluter

therefore has both an incentive and o redistributive or
financing role.

Additionatly, economic incentives can take the form of
a tax concession, grant or subsidy to industry or to
research organisations to promote the development and
use of quiet vehicles and low noise vehicle components.
Motor Vehicle Noise Charges
For many years, noise charges have been applied suc-
cessfully to civil aircraft operations whereby a noise tax is
incorporated into the landing fee. The intention is to
encourage operators to reduce operational costs by using
quieter aircraft and to provide a source of financing to
pay for dlternative noise abatement measures such as
sound insulation of buildings. The imposition of a similar
system for road vehicles has, however, met with consid-
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erable opposition and, as yet, no country has put into
practice a charging system for road vehicle noise.

One of the reasons for this opposition is related to the
considerable difficulty in establishing o direct link
between a scale of taxation and the noise impact pro-
duced. This arises because although the noise potential of
a vehicle can be established by, say, a type approval
test, the noise impact subsequently produced when the
vehicle enters into service depends greatly upon the driv-
ing style adopted and the usage made of the vehicle by
the owner. Furthermore, unlike the aircraft operator, the
driver of a motor vehicle is not a 'stationary transactor'
who can be easily identified and controlled. Consequent-
ly, the view has been taken that an impact related tax
imposed on the user will not provide the benefits desired.

Additionally, noise charges are seen by some com-
mentalors as providing a way of paying for the right to
pollutle and that excessive noise should be prohibited
instead of compensated. Such arguments are valid pro-
vided the charge is set at too low a level so that the noise
producer finds it cheaper to pay the charge rather than
to abate the noise. If the price is high enough to act as an

Type of vehicle Tox deduction
3% 7.5%

Heavy trucks »3.5¢ <83 <77

Heavy trucks >3.5¢t <85 <79

& >147 kw

Buses >3.5¢ <79 76

Buses »147 kw <82 <79

Table 6. Quadlifying vehicle noise levels for tax relief
in the Netherlands in dB[A}

incentive for the reduction of noise then the argument dis-
appears. Nevertheless, the difficulty in finding the ‘right
price' to charge for noise continues to generate both con-
troversy and indecision and this has undoubtedly conirib-
uted to the lack of progress to date in developing vehicle
noise charging policies.

Grants and Subsidies

(i) Grants

As a complement to regulations, some countries have
provided research and development grants to both man-
ufacturers and research organisations to help finance the
development of low noise vehicles and components.

In Germany, a research programme was launched in
1978, sponsored by the Environment Agency (UBA)
which was aimed at producing production prototype
vehicles with low noise emission characteristics [9]. Gov-
ernment sponsorship amounted to approximately Dm 8
million spread over a five year period.

In France, research on quietening vehicles was car-
ried out through the Programme Thematic Actions {ATP)
which was active between 1971 and 1982, Public fund-
ing was administered through the INRETS (formally IRT)
organisation with government sponsorship in the region

of FF20 million [10].

In the United Kingdom a programme known as the
QHV?0 was initiated. This programme was managed by
the Transport Research Laboratory and the Department of
Trade and Industry and provided support to develop a
range of production prototype quieter vehicles. The
QHV90 programme was funded half by industry and
half by Government and cost approximately 10 million
over a period of 6 years [8].

(ii} Subsidies

Another fype of incentive is the granting of subsidies or
tax relief to stimulate investment in quiet vehicle develop-
ment, In the Netherlands a tax re|ie? scheme has been in
operation since 1980 which provides financial incentives
to private sector companies investing in low noise vehi-
cles. The amount of relief is in the range 3.0-7.5% of the
price of the vehicle depending upon the weight, power
and noise level of the vehicle. It is estimated that, current-
ly, 70% of trucks and buses registered since 1980 have
benefitted from this policy measure. In the first six years
of operating the scheme a fotal of 36 million guilders
have been saved by private sector companies in terms of
reduced taxes. The tax bands and noise level require-
ments for different vehicle cotegories are summarised in
Table 4. The potential disadvantages of such schemes are
that there is an additional cost in implementing and
administering what is essentially a complex taxation sys-
tem, and that there is no cerfainty that the quieter vehi-
cles, which attract the lower tax when the vehicles are
first registered, remain quiet in service.

Another form of subsidy involves dllocating grants to
operators to purchase soundproofing kits for in-service
vehicles. In France, for example, the government gives a
50% subsidy on the extra cost of purchasing retrofitted
"hush kits' for urban buses.

Other Forms of Economic Incentive

A form of noise charge has been introduced in the Neth-
erlonds for mainly financing purposes. The tax is levied
as an additional charge on fuel and the revenues gath-
ered are used to finance the Dutch noise abatement pro-
gramme [3]. This form of taxation represents a charge on
the actual use of the vehicle and is not really linked to the
infrinsic noise output of each vehicle type. Consequently,
a driver of a car with high fuel consumption producing
low noise emission will pay more tax than a driver of a
car with good fuel economy producing higher noise lev-
els. The noise tax does, however, relate to the total mile-
age travelled which implicitly places a higher burden on
the users of vehicles which impact, environmentally, most
people. The tax is approximately 0.9% of the cost of gas-
oline and 1.2% of the cost of diese! fuel indicating that
there is also some discrimination against noisier diesel
powered vehicles.

Restrictions on the use of noisy vehicles at certain
fimes of the day and area have been put into operation
in many countries. Although this can be regarded as
mainly a traffic contral measure it does also provide an
economic incentive because it promotes the production
and purchase of quiet vehicles.

Germany has introduced the concept of 'low noise
vehicles' which are authorised to enter a protected area
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ST TR T T
traffic. The vehicles' engine speed,
i s = noise and exhaust noise were con-
Vehicle Engine Driving  Time taken ~ Mean Noise Fuel tinuously monitored. From these
P ’?E\‘fﬁr style 'fn‘l"'s’i;r? : e’;%i’:em Ie;g]t;qu SC’(‘:E%% measurements the total noise ata 7.5
Gotbelmin) T metre distance was calculated. These
values are listed in the Table. In this
Cars 53 T 38 $1 50 72.6 29.8 case the Laeq is the energy level aver-
o e aged over the driving period. Drivers
75 ': 33 ‘]?lgg gzg 21.6 were instructed to either drive
: aggressively or to drive passively.
- T gg %288 ggg 134 It can be seen that the passive
' drivers gained considerably in terms
37 T gg ?ggg 238 2l of f'ue! saving with onlc)g s;lna” ir_1cre|os-
es in journey time and the noise lev-
51 T gg ?288 2;8 e els were substcnficjfy _redu?ed. The
average noise reduction for cars
M/eydles | 13(250] T gg gggg Zgé was, approximately, 5 dB(A) and for
34(350)  H 28 3750 790 wlangyelege s 3 CHLA |
L 30 5800 730 Similarly, it has been suggested |
44(570) H 29 3350 72.6 that driving style can influence the
L 30 5100 645 noise levels produced by commercial
66(1000) H 3 2750 76.2 vehides [34]. The German Federal
L 34 1650 68.2 Environment Agency (FIGE) have
: B i | | measured the noise levels from com-
H denotes driver instructed fo drive aggressively with high engine speeds g!r?:;!rf:[ vﬁg::;:lez:eerb;?:! c";d c:?;i;itr}:e
L denotes driver instructed to drive passively with low engine speeds ; 4 o 9
Numbers in brackets are the cubic capacities in cc course in economical driving. It was
found that after taking the course the
Table 7. Influence of driving style on noise, fuel consumption and journey time. i:ﬂuizgsu;f)fg: Zt,g:(e]l;:’eﬁlzl%s :::j

————— " the noise levels by about 5 dB(A).

Restraint Measures.

covered by traffic restrictions. Vehicles qualify as 'quiet
The imposition of speed limits in urban streets is an often

vehicles' if they comply with the following sound levels.

Engine power <75 kw 77 dB(A) used traffic restraint measure generally introduced for
" 76-150 kW 78 dB(A) reasons of safety. Although the reduction in speed
e > 150 kW 80 dB(A) expected from such a restraint will generally lead to

reductions in noise, this is not specifically a question

Driver Behaviour which should be dealt with in this paper on source con-

Apart from vehicle class or category the noise generated
by an individual vehicle depends upon the mode of oper-
ation. In particular, the noise depends upon the oper-
ating speed of the vehicle, the gear selected and whether
the vehicle is accelerating or decelerating. These features
are a constantly varying feature of traffic as drivers
attempt to cope with the traffic and road conditions
encountered as part of normal driving. However, no two
drivers will react in exactly the same way to a given con-
dition as driving styles are known to differ substantially.
Consequently, some drivers will drive less aggressively
than others, in a given situation, resulting in a potential
saving in fuel and a reduction in the noise produced. The
question is whether driver behaviour variations produce
a potentially useful means of controlling noise and wheth-
er, in fact, behaviour can be influenced to a significant
degree.

Effect of Driving Style

A comprehensive study of the influence of driving style
has been carried out in West Germany [33]. Table 7
summarises some of the results. Different passenger cars
and motorcycles were driven along a 10 km route in city
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trol. However, the imposition of speed limits can also
influence driving style and behaviour. For example, in a
study carried out in Aachen in West Germany it was
found that after the speed limit on several city roads was
changed from 50 km/h to 30 km/h the noise levels were
reduced partly, as expected, from the reduced speeds of
the traffic but also because of changes to the driving style
adopted [35]. It appeared that drivers who were restrict-
ed to 30 km/h would accelerate and decelerate less
aggressively than when driving in a street with a higher
speed limit. It is estimated that the noise reduction attrib-
utable to driver behaviour chonges were between 2-
4 dB(A) depending upon the speed actually achieved.
The effect of driving style on fuel economy can be
considered as a useful proxy for noise control. Con-
sequently if measures can be introduced to influence
behaviour to reduce fuel consumption then some noise
benefits should also accrue. For example, the use of
cruise control and speed limiting devices fitted to vehicles
could be expected to produce some benefits. Similarly,
instrumentation which provides the driver with a regular
update on fuel consumption performance could result in
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more economical driving with associated noise benefits.
Tampering

Another form of driver behaviour that can cause noise
levels to increase is tampering with the vehicle. This is
mainly a problem associated with small 2-stroke motor-
cycles where it is relatively easy to remove the exhaust
baffles from the silencer. It is possible that this form of
tampering results in a small, but probably unnoticeable,
increase in power for some motorcycles. However, when
this is coupled with the noise increase, which can be as
much as 20 dB(A), this can give the impression of a more
significant increase in power. Additionally, some owners
of motorcycles deliberately fit replacement silencers
which give a nofional increase in power coupled with an
increase in noise over the original equipment silencer.
Such actions are difficult to control via in-use enforcement
because of the high costs involved. A more appropriate
method is to infroduce regulations which ban the sale of
poor quality silencers as has been introduced in France
(see the section above on Future Developments of Vehicle
Noise Regulations in the EEC).

Summara/ and Conclusions

This paper has attempted to draw together some of the
more important issues regarding the control of vehicle
noise. While a great deal of the emphasis has been
directed towards the prospects for reducing noise from
vehicles through technological development of the vehicle
and its components, it is clear that a successful outcome
requires a balanced approach involving both progress in
the physical reduction of noise and sensitive application
of political, economic and social incentives. In addition,
this paper should not be viewed in isolation from other
methods of controlling noise from traffic. Indeed, some of
the issues discussed, such as road surface design and
vehicle speed restrictions, are also topics which have
application in other areas of noise control. The paper has
also indicated that different methods of control through
regulation and other forms of incentive are in place in
different countries. It is useful, therefore, to compare
experiences and ideas in order to generate better control
methods for the future.

Any attempt to control noise must start from an under-
standing of the sources of that noise. Undoubtedly, dur-
ing the past decade considerable advances have been
made in this respect and, as a result, the design engineer
is now much better placed to incorporate low noise con-
cepts at an early stage in the design of new vehicle fypes.
The result is that most vehicles from the smallest motor-
cycle to the most powerful truck can be quietened to the
extent that it is now possible to think in terms of all pro-
duction vehicles achieving the much publicised target of
80 dB(A) or below under the standard test. This par-
ticular target has been a long term objective of several
governments and, in 1977, was declared as a target for
all vehicle categories by the European Council of Min-
isters. It was undoubtedly partly the reason why the
ERGA-noise Working Group recommended lowering the
vehicle noise limits to 80 dB(A) or below by the mid
1990s.

Apart from recommending lower noise limits for the
1990's, the ERGA group has identified the need to estab-
lish separate test procedures for the vehicle power train
and rolling noise sources (tyres). With the quieter vehicles
envisaged for the 1990's, the contribution from the vehi-
cles tyres will become progressively more important often
dominating the total noise from the vehicle at moderate

assing speeds. Research is presently underway to estab-
[i)sh appropriate test procedures for tyres with the objec-
tive of introducing type approval in an EC Directive by
the mid 1990s.

In the longer term it has been argued that future con-
siderations concerning the setting of vehicle noise limits
should consider the most cost effective means of reducing
the impact of vehicle noise. Although this may mean low-
ering the noise limits according to the technological pos-
sibilities for each vehicle group, this process, taken in iso-
lation, may not be the most effective solution.
Considerable attention has been centred recently upon
the concept of noise quality and, in particular, the use of
loudness measures as a means of establishing more accu-
rately the perceived noisiness of vehicles. In future, there-
fore, regulatory authorities will need to consider the pos-
sibility that the continuing use of the scale of dB(A) alone
is insufficient to ensure that future generation vehicles will
be perceived to be satisfactorily quiet across the broad
range of listening conditions relevant for traffic noise
nuisance.

The use of economic incentives to encourage the
development and use of quiet vehicles is largely an
untapped form of control. Vehicle noise charging
remains a possibility although no country has introduced
this form of incentive to date. The use o?subsidies or tax
concessions in association with regulations are seen by
some regulatory authorities as offering promising
approaches to encourage innovation. Others are, how-
ever, less supportive and point to the disadvantages of
additional costs of implementation and market place dis-
tortions which might arise from different noise taxation
policies adopted in different countries. The concept of
quiet zones with access limited to 'low noise vehicles'
can, in principle, provide both incentive to the man-
ufacturers and the users and offers an attractive solution
to control noise impact on a limited scale. However, this
again raises potential implementation problems if stan-
dards are not harmonised between regulatory authorities
who may wish to operate in these areas. The concept of
harmonisation of standards is similarly important on an
infernational scale as different requirements between
countries can impose difficulties both for operators of
vehicles and manufacturers who, in the absence of har-
monisation, are faced with an array of noise limits for
their products depending upon their export markets.

The influence of the driver on the generation of noise
from vehicles can be considerable and this can be influ-
enced particularly when coupled with traffic restraint
measures such as speed limits. Educating drivers to be
more aware of the possibility of conserving fuel can have
a benefit in terms of noise control and generally there is
no conflict between adopting a driving style which
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improves fuel efficiency and one which reduces noise
emission.

In conclusion, it is clear that today there is a much
greater awareness of the quality of the environment and,
with the increased affluence enjoyed by industrialised
societies, there is also a greater willingness to pay to
improve it. As traffic volumes grow the conflict between
demands for mobility and efficiency and environmental
quality will infensify. Hence the question of controlling
noise to acceptable levels is likely to be of growing
importance.
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To be dble to publish a book primarily devoted to ones
own work is an unusual privilege which has fallen upon
the authors. They have carried out very specific work in
active control, primarily in the area of free field systems
and describe this with useful background and back-up
material. The authors are control engineers and the book
is written from this perspective, rather than that of an
acoustical engineer, enabling acousticians to gain a
different, possibly wider, view of the fopic.

Following a short introductory chapter, Chapter 2
gives an account of the development of active noise
cancellation from Lueg in the 1930s fo Olsen and others
in the 1950s, following through Jessel and Kido in the
1960s to the explosion of interest which occurred in the
1970s and 1980s and is still continuing. This chapter
concludes with a review of the current technology of
active control and is particularly well referenced, with
about 250 listings. The process of field cancellation is
considered in Chapter 3. General theoretical conditions
for noise cancellations are developed, leading to o three
dimensional description of cancellation in the medium
and quantitative measures of this.

Chapters 4 and 5 cover controller design and system
stability. Feedback and feedforward control systems are
defined and developed as block diagrams, leading to
general analytical expressions for the required controller
transfer functions. Stability criteria, based on Nyquist,
are developed for the feedback loop. These are then
applied to the three dimensional spatial systems, which
the authors have developed in considerable detail in
their journal publications.

The following two chapters describe aclive noise
control systems with fixed and adaptive controllers. The
transfer functions are developed and measurement
methods described. Digital implementation is referred to
and an overall description given, but without design
defail. System identification in adaptive control s
discussed in some depth, leading to algorithm design.

Chbapter 8 concentrates on self-tuning active control
systems and their implementation on a digital processor
through correct input signal conditioning, design of a
robust algorithm, self tuning, data quantisation format.

The final chapter reviews prospects for active control
and concludes that 'much remains to be done,
particularly in realistic industrial approaches." This book
is o useful compilation of the authors' work which,
because of its individual, free space approach stands
separately from much other work on the subject. The
reviewer also feels that there have been sufficient
indusirial applications, particularly in the USA, to prove
active attenuation as a valid and practical technique.

H G leventhall

Acoustics Bulletin September / October 1992

15 July 1992

Mr Henderson: To ask the Secretary of State for
Employment: (1) what was the implementation date of the
Noise at Work Regulations 1989; what action is taken by
the Health and Safety Executive to ensure that employers
comply with them; how many employers have been
prosecuted under the regulations for each year since they
came into force; and if she will specify the regulations
involved in each case; (2) what groups are exempt from
the requirements of the Noise at Work Regulations 1989;
{3) how many employees are estimated by the Health
and Safety Executive to be exposed to noise at or above
85 dB(A).

Mr Mcloughlin: The Noise at Work Regulations 1989
came into force on 1 Janvary 1990. Since their
introduction, health and safety inspectors have promoted
awareness of and compliance with the regulations
through widespread advisory and enforcement action.
Wide publicity has been achieved through a series of
free leaflets and extensive guidance. One employer has
been prosecuted for breach of regulafions 4, 8, 9 and
11. In oddition, 948 improvement nofices and 54
prohibition nofices have been issued. The Health and
Safety Executive estimates that about 1.7 million workers
are exposed to noise levels above 85 dB{A).

The regulations apply to all workers covered by the
Health and Safety ot Work etc, Act 1974, except the
crews of sea-going ships and aircraft or hovercralts
moving under their own power. They do not apply to
workers in the offshore industry.

Mr Henderson: To ask the Secrefary of State for
Employment how many Health & Safety Executive
inspectors are specialists in noise control.

Mr Mcloughlin: The Health & Safety Executive has 12
specialist noise inspectors. They are supported by
administrative & research staff with specific qualifications
in noise. All general Health & Safety Executive inspectors
have received training in noise control.

Mr Henderson: To ask the Secretary of State for
Employment how much revenue has been received from
the sale of literature and videos published by the Health
& Sdfety Executive related to the Noise at Work
Regulations 1989.

Mr Mcloughlin: Revenve received by the Health and
Safety Executive from the sale of publications related to
the Noise at Work Regulations 1989 up to 1 July 1992
amounts to approximately £68,000. No videos have
been produced by the HSE relafing to these regulations.
Mr Henderson: To ask the Secretary of State for
Employment {1) how the requirements in the noise
directive on audiometry are being implemented in the
United Kingdom; {2) what measures the Health & Safety
Executive has taken to ensure that employees exposed to
noise at or above 85 dB{A) know they are entitled to a
free hearing test through the national health service.

Mr Mcloughlin: EC directive 86/188/EC on the
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protection of workers from noise at work requires that
workers exposed to 85 dB{A} or more should have
access to hearing check by a doctor. Anyone who is
worried about any aspect of their health, including their
hearing, dlready has access to the full range of NHS
services.

The Health and Safety Executive has published a free
leaflet for employees outlining the main requirements of
the regulations and odvising them about the risks fo
hearing of noise at work. The leaflet contains advice to
workers to consult their doctor if they think there is
something wrong with their hearing. The HSE's noise
guide No.1 also draws attention to employers
responsibilities to provide information and advice to
employees.

Mr Henderson: To ask the Secretary of State for
Employment what plans exist in the Health and Safety
Executive or European Commission to reduce the first
action level of the Noise at Work Regulations 1989; and
what [evel is proposed.

Mr Mcloughling: The European Directive on which the
Noise at Work Regulations are based is to be reviewed
by 1994. The European Commission is considering a
proposal for a directive on the protection of workers
from physical agents. This would replace the directive on
noise and require a revision of the Noise at Work
Regulations,

Mr Henderson: To ask the Secretary of State for
Employment if the Health and Safety Executive will
update its publication, '100 Practical Solutions of Noise
Control at Source'.

Mr Mcloughlin: The Hedlth and Safety Executive is
currently examining whether o second edition of its
publication titled '100 Practical Applications of Noise
Reduction Methods' would be useful.

Mr Henderson: To ask the Secretary of State for
Employment what noise surveys have been carried out in
her Department's buildings, since the enactment of the
Noise at Work Regulations 1989.

Mr Mcloughlin: There are nearly 2,000 buildings in the
Employment Department group. The information
requested is not held centrally and could be provided
only at disproportionate cost.

16 July 1992

Mr Mallon: To ask the Secrefary of State for Transport
what legislation, regulations or guidelines exist to limit
the impact of (a) aircraft noise (b) vehicle noise or (c)
other noise pollution.

Mr Norris: | will write to the hon. Member.

Mr Mallon: To ask the Secretary of State for Transport
(1) what plans he has to introduce regulations to control
aircraft noise; {2) what responses he has received from
N. Ireland based individuals or organisations in
response to the consultation paper, 'Control of Aircraft
Noise'.

Mr Norris: The consultation paper 'Control of Aircraft
Noise' was published last August. More than 550
responses have been received including one from
Northern Ireland. The responses are being carefully
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considered and an announcement of conclusions will be
made in due course.

The United Kingdom has supported international
agreements to phase out of operation older, noisier
subsonic civil jet aircraft certified to 'Chapter 2'
standards. These aircraft will be phased out between
1995 and 2002 and regulations to that effect will be
introduced in due course.

Motorway Sound Barriers

Sir Michae! Grylis: To ask the Secretary of State for
Transport what plans he has to provide effective modern
sound barriers to reduce the noise of the new feeder
roads off the M25 between the M3 and M4 junctions.

Mr Kenneth Carlisle: Noise barriers are proposed at o
number of locations adjacent to the proposed new link
roads between junctions 12 and 15 of the M25. The type
of barrier to be used has not yet been decided. A
number of possible options are being considered.
Aircraft Noise

Mr Mallon: To ask the Secretary of State for Northern
Ireland what plans he has to introduce regulations to
control aircraft noise.

Mr Atkins: Aircraft noise at airports is subject to control
under the provision of section 12 of the Aerodromes Act
{(Northern Ireland) 1971. There are no present plans to
invoke these provisions.

Mr Mallon: To ask the Secretary of State for Northern
Ireland if he will undertake a review of the mechanisms
for controlling aircraft noise.

Mr Atkins: | have plans to do so as part of a general
review of current airport legislation.

Noise at Work Regulations 1989

Mr Henderson: To ask the Secretary of State for
Employment what estimate has been made of the cost to
employers of complying with the Noise at Work
Regulations 1989 in 1990 and 1991.

Mr Mcloughlin: The Heclth and Safety Commission
published a consultative document in 1987 on the draft
Noise at Work Regulations. This included an assessment
of the costs and benefits of the proposed regulations,
which estimated their total cost to be between £240
million and £320 million, spread over a werking lifetime.
The main costs were likely to arise from the requirement
for noise assessment, £20 million, personal protection
programmes for those exposed to noise above 85 dB{A),
£127 million, and those for noise reduction measures for
exposures above 90 dB{A}, £85 million to £175 million.
Noise

Mr Adley: To ask the Secretary of State for the
Environment if he will include rights, within the citizen's
charter, for those living alongside, or underneath, the
creators of environmentally damaging noise.

Mr McClean: {holding answer 13 July 1992): | refer the
hon Member to the answer | gave to the hon. Member for
Devizes (Mr Ancram) on 7 July, Official Report, column
154, on the proposed charter for local authority
environmental services. We would expect such a charter
to include rights for people who are disturbed by certain
noisy activities.

Extracts provided by Rupert Taylor FIOA. o
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News from the Industry

New Products

FABRITRAK

HDS Panel

FABRITRAK, to compliment their in-
situ fabric covering system, have
introduced a high performance
custom made acoustic panel.

The HDS acoustic panel is a
lightweight uPvc framed panel for
use in acoustically sensitive areas,
for example, music rooms, audi-
toria, school halls and offices.

The HDS Acoustic  panel
comprises a uPvc frame, a high
specification mineral fibre core and
a fabric covering. The core is
consiructed of compressed lamellas
encapsulated in a covering of
acoustically  transparent  glass
tissue. The fabric covering is of an
acoustically  transparent  Hame-
proofed fabric.

Individually made to acoustician
and architect specification the HDS
panel has many features not previ-
ously available on the market.

Further details in the form of @
data sheet, fabric colour cards and

test reports are available from
Fabritrak, Fabritrak House, 21 High
Street, Redbourn, Herts AL3 7LE. Tel
0582 794626, Fax 0582 794645.

LUCAS CEL
INSTRUMENTS

Environmental Noise Meter

A software driven keypad has
replaced conventional switching in
the new CEL 268 Environmental
Noise Meter.

This gives the operator finger-tip
access o the meter's powerful array
of features including its 60,000
value, non-volatile memory.

The Type 1 instrument uses
microprocessor  technology to
provide a 10 - 140 dB measure-
ment range in three overlapping
sub-ranges. The processing power
of this compact, hand-held instru-
ment can be used to measure, eval-
vate, store and post process the
information necessary to resolve
complex environmental problems on
site,

A variely of menus can be
scrolled through the CEL 268's
liquid crystal display from which the

operator selects measurement crite-
ria and duration (using the instru-
ment's real time clock). Measure-
ment results can be presented in o
number of ways including Period
Leq, Lns, Short Legs, Event Profile
and Accumulative Results.

These can be output to the
screen and stored in the non-volatile
memory. The storage capacity {up
to 60,000 values) means that inten-
sive monitoring sequences can be
underfaken to provide complete
noise histories and the data is held
in the memory even if the instrument
is switched off. Post measurement
processing is then made possible by
connecting the CEL 268, via ifs
serial interface, to any industry stan-
dard PC. Results can also be output
directly to @ Centronics printer.

The CEL 268 complies with
IEC651, IEC804 and ANSI S1.4.

A data sheet on the CEL 268 can
be obtained from Lucas CEL Instru-
ments Ltd, 35-37 Bury Mead Road,
Hitchin, Herts, SG5 1RT. Telephone
0462 422411,

LUCAS CEL is a Key Sponsor of the
institute.
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News from the Industr
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SALEX ACOUSTIC
MATERIALS

lllbruck Range
Having recently been appointed UK

distributors  for Germaon noise
conlrol materials  manufacturers
llbruck GmbH, Colchester based
Salex Materials Ltd {SAM) now
have a product range incorporating
the very latest in foam technology
which complements perfectly their
own extensive range of fibre based
products.
The lllbruck range offered by Salex
includes :

Suspended absorbers - flat and

tubular

Profiled foams - pyramid and

waffle

Low frequency absorbers

Waterproof absorbers

Ceiling files

Mobile screens

Wall panels

Studio absorbers
Further details can be obtained
from: Alon Franks, Salex Acoustic
Materials td, Crown Gate,
Wyncolls Road, Severalls Industrial

Park, Colchester C04 4HT. Tel:
0206 852525, Fax: 0206 854445,
SALEX GROUP is a Speonsor
Member of the Institute.

ICATS

Portable Structural Testing and
Analysis System

ICATS, the Imperial College based
Engineering  Software  company,
announces the availability of its
portable modal testing and struc-
tural system which will initially be
priced at £9,950.

The system is stated to be both
one hundred percent portable and
self-contained for a complete modal
survey of small and medium size
structures.

It presents an excellent oppor-
tunity for newcomers to the subject
of modal analysis and it also caters
for the needs of vibration engineers
who need fo acquire and analyse
data on site.

The portable system is also very
useful as a means of checking/
validating results from much larger
laboratory-bound workstation-based

The portable structural testing
and analysis system consists of: 7
Diagnostic Instruments PL202 FFT
analyser for frequency response
function (FRF) measurements;
Laptop 386SX computer with
4Mb RAM and 40Mb hard disk;
PCB hammer kit and accel-
erometer;
MODENT suite of programs for
data  transfer and integrated
structural analysis;
Documentation, tutorials and the
most authoritative textbook on the
subject - 'Modal Testing: Theory
and Applications'.
Further details may be obtained by
contacting David Robb, ICATS,
Imperial College of Science, Tech-
nology and Medicine, Mechanical
Engineering Department, Exhibition
Road, London SW7 2BX.
Tel: 071 225 8973 Fax: 071 584
1560

Material for inclusion in this section
should be sent to John Sargent
MIOA at the Building Research
Establishment, Garston, Walford,
Herts WD2 7JR

/

Professional Indemnity Insurance

Specialist for the acoustic industry
Quotations gladly arranged

Policies can be tailored to individual
requirements

for further details please contact

systems.
\

NOISE MEASUREMENT

HIRE SERVILE

CALIBRATION
No. 0237

A full range of

* sound level meters,
* noise dosemeters
e analysers

e allied equipment

Alan Stiff

Lowndes Lambert UK Limited
incorporating Chandler Hargreaves (EA) Lid

15 Wentworth Close,
Fornham St Martin
Bury St Edmunds P28 6XE

Tel 0284 752264 Fax 0284 706700
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is now available for hire or
purchase

Lucas CEL Instruments Limited

35-37 Bury Mead Road, Hitchin, Herts. SG5 1RT
Tel: 0462 422411 Fax: 0462 422511
Telex: 826615 CEL G

- /
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News from the Industry

News Items

AGLV Acquires Bruel &
Kjeer

A press release states that Bruel &
Kjeer has been acquired by giant
German holding company AGIV
which last year turned over DM 8.1
billion (£2.8 billion).

AGIV's intended strategy s
stated to be to secure the future of a
unique family business, which for
50 years has enjoyed a formidable
reputation for the technological
quality of its products, through a
curital injection of DKR 350
million [over £30 million).

Bruel & Kjaer's expertise is to be
found today in numerous measure-
ment systems in health and salety
and environmental  monitoring,
design verification, production test,
process control, machine condifion
monitoring, structural trouble shoot-
ing, and medical diagnosis.

Acquisiion by AGIV will not
significantly affect the applications

areas in which Bruel & Kjaer is
active, but rather will allow the
company fo accelerate the develop-
ment of its product portfolio.

Bruel & Kjeer's UK managing
direcior Mark Appleyard states that
he is able to reassure customers that
Bruel & Kjeer will not only continue
to support existing products but will
increase  condition  monitoring
systems, high-performance portable
digital signal analysers, and prod-
ucts for environmental markets.

The transfer of the entire family
shareholding to AGIV took place on
August 15th, 1992.

Bruel & Kjeer's 2300 employees,
1600 of whom are based at the
company's headquarters in Neerum,
Denmark, joined the 37,000 AGIV
employees in three hundred enfer-
prises in the mechanical engi-
neering, electrical engineering, elec-
tronics, power generation, building
and haulage industries.

BRUEL & KJAR is a Key Sponsor of
the Institute,

DIGISONICS

New European Office

Professor Geoff Leventhall will
head the company's new European
office in the South Bank Tech-
nopark, 90 London Road, London.

Dr Leventhall will work with
European firms interested in devel-
oping applications of Digisonix'
proprietary active sound and vibra-
tion control technology. Digisonix, a
division of Nelson Industries, Inc., is
known for its expertise in applying
the best of both active and passive
technology to solving sound and
vibration problems.

Dr Leventhall is a past president
of the Insfitute, Deputy Chairman of
the UK Noise Council and a former
director of the International Inskitute
of Noise Control Engineering.

Digisonix is the leading supplier
of active sound and vibration
control systems for industrial fan
and commercial heating, ventilating
and air conditioning applications in
the United States. <

Portable — Battery Operated
20 Nonvolatile Memories
Screen Dump to Optional Printer
RS232, Serial and Parallel Outputs
Precision Preamp and Air Condenser Microphone
Class lll Filter Selectivity
dBm, dBV, and AC Volts Measurement
Built-in BASIC
A Growing List of Software Options

The PC-40 Computer Controlled
Spectrum Analysis
System from lIvie

The PC-40 computer controlled spectrum analysis
system from lvie represents a solid advancement
in instrumentation flexibility. In addition to its
standard features, available software options allow

for the measurement of RTgy and for PC-40 to PC

€ Ivie PC.40

vk

mentation.

transfer of data files for manipulation and docu-
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P.O. Box 91, Newport, Gwent.

Tel: 0633 252957
Fax: 0633 252958
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The Salex Group Manufacturing Companies:

Sound Attenuators Limited

Sound Attenuators Industrial Limited
Salex Acoustic Materials Limited

HEAD QFFICE & FACTORY LONDON
Easigates Saxon House
Colchester Downside

Essex Sunbury-on-Thames
O 2TW Middlesex

Tel: 0206 866911 TW16 6RX

Tel: 0932 765844

MANCHESTER YORK SCOTLAND

Six Acre House Bolan House Suile 1

Town Square 19 Front Strest Levet 9

Sale Acomb The Plaza Tower
Cheshire York East Kilbvide,
M33 1X2 Y02 3aw G4 1LW

Tel: 061 969 7241 Tel: 0904 798876 Tel: (3552 20055




P> - ACOUSTIC ENCLOSURES

- WEATHER RESISTANT ACOUSTIC LOUVRES

— VIBRATION CONTROL DEVICES

— FLEXIBLE CONNECTORS & EXPANSION JOINTS
— STUDIO DESIGN & BUILD

— ABSORPTIVE NOISE ATTENUATORS

~ PULSATION DAMPENERS

— BLOW DOWN SILENCERS

— GAS PRESSURE REDUCTION SILENCERS

- REACTIVE BLOWER & COMPRESSOR SILENCERS
— ISOLATED FLOORS, WALLS & CEILINGS

- JACK UP FLOATING FLOORS

- ACTIVE NOISE CONTROL

— ISOLATED INERTIA BASES

~ AUDIOMETRIC BOOTHS

— ANECHOIC & REVERBERATION CHAMBERS

- PACE ROOMS -
- ACTIVE NOISE CONTROL
A

QUALITY ASSURANCE TO B-‘S 5750
4
Usually working in con]unct1on Wlth the clients design
team, AES have conceived many thousands of .
Industrial and Environmental Noise Control schemes
in the UK and Overseas. . “h ¢
PO Pty . e
Subsequent manufacture and supply of the hardware,
by AES, has turned good theoretical practice into a
- successful cost effectlve and practlcal solutlons é
i ) :
If you require this service, we have nat10r1w1de “
technical coverage ready and able to advise on most
aspects of acoustics and vibration control. '
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Please contact us for further information and advice.
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ACOUSTIC
ENGINEERING
SERVICES

Acoustic Engineering
Services Limited

Allied House
Abbot Close
Oyster Lane
Byfleet

Surrey KT14 7]JN

Tel: 0932 352733
Telex: 946695
Fax: 0932 355265
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